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Preface

The first edition of Sheep and Goat Medicine was published in 
2002, with me as the only editor and primary author. The second 
edition, published in 2012, was improved over the first edition by 
asking Dr. Baird to also be an editor. His work helped the content 
tremendously. In this, the third edition of the book Sheep and 
Goat Medicine, we have added Cervid and changed the name to 
Sheep, Goat, and Cervid Medicine. This new rendition, with the 
addition of cervids (deer, elk, etc.), came about by way of a phone 
conversation in 2015 with Dr. Baird, when I asked him, “If  
Elsevier asks us to re-edit/write ‘The Book’ again, how would you 
change it?” He said, “Add deer and other cervids, as farm raising 
those critters is becoming a big industry here in the Midwest 
(USA).” Great recommendation! I had an interest in cervids, as 
part of my MS degree dealt with mercury toxicity in WTD 
(White Tailed Deer), but I remained very limited in my cervid 
knowledge base. I also had a difficult time finding readily acces-
sible information that could help me with cervid medicine for our 
university practice. In late 2016, Ms. Jennifer Flynn-Briggs, of 
Elsevier, contacted me about editing/writing a new edition of the 
book. We discussed the addition of cervids and settled on the term 
“Cervid Medicine,” as the book Nutrient Requirements of Small 
Ruminants: Sheep, Goats, Cervids, and New World Camelids (2007), 
NAS/NRC had set the precedence to use that term to encompass 
many of the “cervidae” family that may be encountered by prac-
ticing veterinarians. Once they agreed to that change, I told the 
folks at Elsevier I would only take on the task if Dr. Baird would 
reprise his role from the second edition, and if we could add two 
other exceptional large-animal veterinarians as editors, Drs. Misty 
Edmondson (Professor of Large Animal Medicine, Auburn Uni-
versity) and Thomas Passler (Associate Professor and Food Animal 
Medicine Section Chief ). Like Dr. Baird, both Drs. Edmondson 
and Passler had superbly written chapters in the second edition of 
this book. Both these clinicians, like Dr. Baird, had a wealth of 
small ruminant knowledge and experience. Dr. Passler’s PhD was 
in virology of white-tailed deer, and Dr. Edmondson had been a 
food animal clinician at Auburn University’s CVM (College of 
Veterinary Medicine) from 2004 to 2018 and she had assumed 
the role as the predominant small ruminant veterinarian much of 
that time. Thankfully, the folks from Elsevier agreed. We formatted 
the editing process, where each editor would plan, pick new authors 
where needed, oversee the writing, and edit the final version of 
certain chapters. Dr. Baird oversaw Chapters 3, 4, 10, 11, and 18 
(Fluid Therapy and Parenteral Nutrition, Oral-Esophageal Diseases, 
Diseases of the Integumentary System, Diseases of the Musculosk-
eletal System, and Anesthetic and Pain Management, respec-
tively) and contributed to the surgery sections for each chapter; 
Dr. Edmondson oversaw Chapters 5, 8, 12, 15, and 16 (Diseases 
of the Gastrointestinal System, Theriogenology of Sheep, Goats, and 
Cervids, Diseases of the Urinary System, Diseases of the Mammary 
Gland, Diseases of the Hematologic, Immunologic, and Lymphatic 
Systems [Multisystem Diseases], respectively); Dr. Passler oversaw 

Chapters 7, 9, 13, 14, and 17 (Diseases of the Respiratory System, 
Diseases of the Endocrine System, Diseases of the Neurologic 
System, Diseases of the Eye, and Diseases of the Cardiovascular 
System, respectively); and I oversaw Chapters 1, 2, 6, 19, 20,  
Appendix 1 and Appendix 2 (Physical Examination, Handling, 
and Restraint of Sheet, Goats, and Cervids, Goats, and Cervids, 
Feeding and Nutrition, Internal Parasites of Sheep, Goats, and 
Cervids, Herd and Flock Health, Field Necropsy and Diagnostic 
Tests, Commonly Used Drugs and Vetrinary Feed Directive in 
Sheep, Goats, and Cervids, and Reference Intervals and Conver-
sions). The authors were charged with re-writing where needed, 
updating all information, and adding cervids to each chapter and 
the appendices. In addition to the editors, we asked Dr. Cliff 
Shipley (2017 ACT (American College of Theriogenologists) The-
riogenologist of the Year, Professor of the University of Illinois, and 
noted small ruminant veterinarian) to help us add some of the deer 
and other cervid information to Chapters 1, 4, 8, 10, 11, and 19, 
and he did a great job. Dr. Kelley Steury, a diagnostic specialist at 
the Al State Diagnostic Laboratory, found many of the figures used 
in multiple chapters, mainly of white-tailed deer. We have added 
new authors and/or co-authors to all chapters except Chapters 3 
and 13. Chapter 20 (Necropsy) was added to the second edition, 
written by Dr. John Roberts (Auburn University), and was an ex-
cellent tool for use on necropsy in sheep and goats. In this third 
edition, Drs. Heather Walz and Jenny Pope covered necropsy on 
sheep and goats very well and aimed much of the new material and 
many of the figures toward cervid and field necropsy. In a very far-
sighted and novel move, Drs. Walz and Pope wrote their chapter 
with the potential use of all the editions. We added many very 
knowledgeable and experienced clinicians. I have always had a 
(bad?) habit of wanting to learn from new folks, and the authors.

I am very blessed to have been able to work with three awesome 
and very talented editors. The book would not have happened if it 
were not for Drs. Baird, Edmondson, and Passler. They all are such 
a credit to the veterinary profession, and it was a joy to be able to 
watch, read, and learn from them. I was able to read the entire book 
after all authors, then editors, had finished each chapter. I learned 
so much, and hope all the readers/users of this book do, as well.

Finally, I would be remiss if I didn’t mention several clinicians 
who, either directly or indirectly, contributed to this undertaking. 
Dr. Christine Navarre (chapter author in the first two editions); 
the late Drs. Bob Carson, Alan Heath, and Tom Powe; and  
Drs. Dwight Wolfe, Darrel Rankins, Jim Wenzel, Gatz Riddel, 
Debra Taylor, Julie Gard, and Hui-Chu Lin all had a great and 
positive influence on the all three editions of this book.

Keep the Faith
David G. Pugh, BSA, DVM, MS, MAG,  

DACT, DACVN, DACVM
Southern Traxx Veterinary Services

Waverly, AL 36879
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1
Physical Examination, 
Handling, and Restraint of 
Sheep, Goats, and Cervids
RICARDO M. STOCKLER, JENNA WORKMAN STOCKLER, 
CLIFFORD F. SHIPLEY, AND DAVID G. PUGH

Introduction
In general, there are three parts to any physical examination:  
history, distance examination, and the actual “hands-on” system-
atic examination. This three-part approach is true for individual 
patients and for a herd or flock evaluation.

A systematic method allows the practitioner to assess all body 
systems in an organized and comprehensive manner. The develop-
ment of a problem list and their localization to a body system in 
conjunction with a thorough history and understanding of the 
patient`s husbandry and the farm management practices will un-
doubtedly offer enough evidence for the practitioner to create a  
list of acceptable differential diagnoses. All of the aforementioned 
(history, physical examination, and farm management practices) 
will lead to a diagnosis, the institution of a treatment plan, and 
improvement of the herd or flock management practices.

History
Questioning the owner or farmhand for basic information such as 
breed, age, sex, production level, and purpose (pet, wool, leather, 
meat, milk, antler size, etc.) is imperative. Medical history includ-
ing when the perceived problem started, initial signs and symp-
toms, duration of the current disease, core vaccination history, as 
well as reproduction and production status are critical questions 
to ascertain the answers to. On-farm treatment details regarding 
antimicrobials administered, amount and route of administration, 
and response to therapy are important moving forward with the 
treatment of the disease. The authors realize owner experience and 
ability to provide specific details vary significantly from farm to 
farm, however, any information gathered is known to be relevant 
and should be taken into consideration. Questions regarding 
housing and detailed dietary routine are also important aspects to 
consider in any individual clinical case. When assessing a herd or 
flock problem, full understanding of overall husbandry (housing, 
feeding, animal movement, population density, etc.), as well as 
herd health information (see Chapter 19) are imperative and will 
further guide the veterinarian towards a solid diagnosis.

Visual Examination
Initial evaluation of the group or individual is critical; at this time 
the practitioner has the ability to appreciate individual animal or 
group behavior and interaction in their natural environment. 
Small ruminants (sheep, goats, and cervidae) are prey animals by 
nature and want to remain with the group even if they are sick. 
The veterinarian should be suspect of those animals that segregate 
themselves, do not interact as usual (pets), or are physically unable 
to ambulate. It should not be assumed that all animals within the 
herd or flock are well just because the individual patient appears 
to be keeping up with the rest of the group.

Visual examination allows the veterinarian to observe any of 
the following: abnormal respiratory pattern, the presence of ocu-
lar or nasal discharge, lethargy, active diarrhea or a stained peri-
neal area, rumen tympany, rumination activity via cud chewing, 
lameness, swollen joints, and submandibular edema (“bottle 
jaw”). Further assessments can be made related to body condition 
score, conformation, and mental status. Mentation and neuro-
logical assessment/clinical signs not limited to depression, head 
pressing, opisthotonos, strabismus, and circling (see Chapter 13) 
are syndromes commonly noted in small ruminants with many 
disease processes.

Body condition scoring of both the herd or flock and the indi-
vidual animal is a great tool to prompt more attention to on-farm 
problems, such as inappropriate dietary management and internal 
parasitism. Both distance examination and hands-on palpation are 
necessary for complete body condition scoring (BCS) of the herd 
or flock (Table 1.1; see Chapter 19). Cervids are often scored 
similar to sheep and goats but, to the authors’ knowledge, no of-
ficial BCS system has been proposed or accepted for white-tailed 
deer or mule deer. A score from 1 to 5 is also used, taking into 
consideration overall appearance, fat deposits over the ribs, hook 
and pin bones and over-the-chest area (Table 1.1). Using a scoring 
system similar to sheep would be acceptable assuming that the 
parameters are clearly defined. A cervid’s hair coat will usually not 
hide body condition to a great extent, so a practiced eye should be 
able to determine with some accuracy a BCS for the individual 
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animal as well as for the herd. An attentive observer may identify 
additional sick animals that may have initially been overlooked by 
the owner/producer (Figure 1.1).

Farmed cervids may also have rough hair coats from “barber-
ing.” This is a condition that may occur when one or more 
animals eat/chew/pick at others’ hair. It may manifest itself as one 
or all animals in a group. Careful observation of the pattern and 
frequency of the hair loss will lead to a proper diagnosis. Hair is 
broken or pulled out and there is no itch involved. The cervids 
also cannot pull hair where they can’t reach (head if self-inflicted) 
or where they resist such activity from others.

Once the thorough history is gathered and a focused observa-
tion performed, the clinician than proceeds to the medical  
systematic “hands-on” physical examination.

Systematic Physical Examination
Several approaches may be taken to accomplish this step. Consis-
tency in execution of the examination makes it extremely doubt-
ful the practitioner will overlook any system. Having knowledge 
of the normal physiological parameters is imperative. Table 1.2 
shows a comprehensive summary of values the practitioners is 
expected to remember.

For biosecurity purposes, the veterinarian and assistant(s) must 
always wear gloves and protective clothing when handling ani-
mals. Human protection against zoonotic pathogens and the 
transmission of communicable diseases between cohorts of  
animals and between farms must be conveyed to assistants and 
instituted by the attending veterinarian.

Head and Neck Examination
Objectives:
 1. Symmetry
 2. Skin condition
 3. Oral and ocular examination

Evaluation of symmetry of the head, neck, ears, eyes, and 
muzzle is important as potential abnormalities due to congenital 
defects, trauma, or neurological disease may be diagnosed. Swell-
ing under the chin is frequently consistent with submandibular 
edema, often associated with hypoproteinemia associated with 
protein-losing enteropathy due to heavy parasitism. Masses that 
lead to abscessation and are adjacent to a peripheral lymph node, 
submandibular or pre-scapular may be linked to Corynebacterium 
pseudotuberculosis infection. Swelling at the level of the larynx may 
be an indication of goiter caused by an enlarged thyroid gland  
(see Chapter 9). Horns and wattles should also be evaluated as 
they are normal structures in many breeds. A central whorl of hair 
is usually found in polled goat breeds, whereas horned breeds may 
have palpable horn buds with overlying whorls of hair. Wattles 
can be present in both males and females.

Overall skin and hair or wool condition must be evaluated. Alo-
pecia, the presence of ectoparasites (lice, mites, and ticks), dermatitis 
(see Chapter 10), and location of the lesions assist the veterinarian 
in making a diagnosis and guiding further diagnostic testing. Pres-
ence of crusting or vesicular lesions at the mucocutaneous junctions 
of the face are often a sign of contagious ecthyma, a zoonotic disease.

Oral examination is conducted with the help of a flashlight and 
speculum; in some cases sedation may be warranted. Evaluating for 

• Fig. 1.1 Distance observation as an assessment of overall health of the flock/herd. Body condition scoring 
and disposition of the individuals are evaluated during this time.

TABLE 
1.1 Body Condition Scoring of Sheep, Goats, and Cervids.

Body Condition Score Spinous Processes Transverse Processes Loin Eye Muscle
Fat Cover Over
Loin Eye Muscle

Score 1 Sharp and prominent Sharp Shallow None

Score 2 Sharp and prominent Smooth, slightly rounded Medium depth Little

Score 3 Smooth and rounded Smooth, well covered Full Medium

Score 4 Palpable as firm line with pressure Not palpable Full Thick

Score 5 Not palpable Not palpable Very full Very thick
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structural abnormalities (e.g., presence of cleft palate), teeth condi-
tion, presence of prognathism and brachygnathism, and mucosal 
lesions such as vesicles or ulcerations is easily achieved during the 
examination. The presence of a foul oral odor could be an indica-
tion of disease associated with the oral cavity, gastrointestinal  
system (specifically the rumen), or respiratory tract. Teeth eruption 
and wear patterns can be easily used to estimate the age of sheep 
and goats (Table 1.3, Figure 1.2). Conversely, cervidae are mostly 
aged via eruption and wear of the premolars and molars. Typically, 
eruption of premolars starts at 1.5 years wear and full eruption and 
wear of molars occurs by 3.5 years. Wear is then evaluated until all 
premolars and molars reach the gum line at approximately 10 years 
of age and various wear patterns of the cusp and dentine help to 
determine the age of the animal (Table 1.3).

Detailed aging information is available from most wildlife and 
hunting agencies. The most accurate way to determine age is to 
submit to a laboratory for examination of annular rings.

The use of this method to age the animal becomes less accurate 
once all of the permanent incisors have erupted and are in wear. 
Abnormal wear patterns or poor dentition (loose teeth, absence of 
teeth, and tooth root abscess) may be contributors to a chronic 
weight loss complaint, especially in situations of competition for 
food (see Chapter 4).

The assessment of hydration status and FAMACHA scoring is 
accomplished during the ocular examination. Eyeball recession 
and eyelid skin tenting are the two reliable methods to subjectively 
determine the hydration status of the animal. FAMACHA scoring 
(see Chapter 6, Box 6.2 & Figure 6.2 and Chapter 19) is recom-
mended to be part of the routine care of any herd or flock as an 
important aspect of parasite management and control. The con-
junctival membrane color is used to estimate systemic perfusion. 
(Figure 1.3). Oral mucous membranes should not be used for this 
assessment as many breeds have a pigmented oral cavity and the 
rough nature of the mouth may portray an erroneous estimation. 
As a general rule, pale membranes may indicate anemia, most 
likely due to intestinal parasitism (Haemonchus contortus infection) 
or coccidiosis. Jaundice or icteric mucous membranes may indicate 
a hemolytic crisis or liver disease, such as copper toxicity, and  
congested (red in color) membranes may be indicative of  
fever, septicemia, or toxemia.

TABLE 
1.2 Normal Physiological Parameters of Sheep and Goats.

Parameter Sheep Lambs Goats Kids Cervidsa

Rectal temperature (°F) 102–103.5 102.5–104 100.5–103.5 102–104 99–106

Rectal temperature (°C) 39–39.7 39.5–40 38–39.7 39.5–40 37.5–41.6

Pulse (beats per minute) 70–80 80–130 70–90 90–150 85–225

Respiration (breaths per minute) 12–20 20–40 15–30 20–40 16–20

Rumen contraction rate
(per minute)

1–2 – 1–2 – 1–3

Puberty (months) 5–12 – 4–12 – 6–16

Estrus (hours) 36 – 12–24 – 24

Estrus cycle (days) 16–17 – 18–23 – 17–22

aIn cervids, the physiological parameters vary greatly depending on environmental factors and the circumstances of those parameters, e.g., during sedation or anesthesia.

TABLE 
1.3

Estimating Age of Sheep, Goats, and Cervids 
by Teeth Eruption.

Estimating Age of  
Sheep and Goats Using  
the Incisors (I)

Estimating Age of Cervids  
Using the Premolar and  
Molar Eruptionsa

Deciduous Eruption Age Fawn–6 months old

I1 Birth–1 week Five or fewer teeth present and the 
third premolar (tooth 3) has three 
cusps

I2 1–2 weeks 1½ years of age

I3 2–3 weeks Tooth 3 (third premolar) has three 
cusps. Tooth 6 has erupted and  
is slightly visible just above the 
gum line

I4 3–4 weeks 2½ years of age

Permanent Lingual crest on all molars are sharp 
and pointed. Tooth 3 now has two 
cusps. Back cusp of tooth 6 is 
sharp and pointed

I1 1–1.5 years 4½ years of age

I2 1.5–2 years Lingual crest on tooth 4 rounded off, 
and in tooth 5 blunt. The dentine 
in tooth 4 is twice as wide as the 
enamel. The dentine in tooth 5 is 
wider than the enamel.

I3 2.5–3 years 6½ years of age

I4 3.5–4 years Tooth 4 is worn completely smooth; 
no enamel ridge should be visible 
in the center of tooth 4. Small 
enamel ridge will be present in 
center of tooth 5 and tooth 6.  
Lingual crest on tooth 5 is almost 
worn away and rounded in tooth 6

aCain and Wallace: A Guide to Age Determination of White-Tailed Deer Austin, TX: Texas Parks 
and Wildlife, 2003.
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Cardiovascular Examination
Objectives:
 1. Auscultate both left and right side skin conditions
 2. Presence of jugular vein distention
 3. Peripheral perfusion
 4. Peripheral edema

Auscultation of both the left and right side of the thorax is 
imperative. Assessment of rate, rhythm, character, and intensity 
of the heart sounds should be performed. Auscultation of the 
heart is accomplished by moving the stethoscope over the loca-
tion of the valves and determining the point of maximal inten-
sity. The pulmonic valve (low third intercostal space, below  
the elbow), the aortic valve (high fourth intercostal space, above 
the elbow), and the left (mitral) atrioventricular (AV) valve (at the 
low fifth intercostal space, at the level of the elbow) are found on 
the left chest. The right AV valve or tricuspid valve (high fourth 

intercostal space, above the elbow) should be auscultated on the 
right side.

As a general rule, normal heart rate should vary between 70 
and 90 beats per minute in adults and between 80 and 130 beats 
per minute in neonates. There is physiological variation according 
to environmental conditions (i.e., ambient temperature) and situ-
ations that cause hyperexcitability (i.e., aggressive handling or 
movement). Anemia, murmurs, pain, heart failure, and infectious 
and inflammatory processes are certain conditions known to  
effect the heart rate.

Observing for jugular pulses and palpation of distal append-
ages, such as tip of the ears and limbs are indicators of appropriate 
peripheral perfusion when warm. Distention of the jugular veins 
and the presence of pulsations may indicate heart failure.  
Peripheral edema is known to be consistent with either hypopro-
teinemia or congestive heart failure and warrants further investi-
gation (see Chapter 17).

• Fig. 1.2 The practitioner may insert the index finger inside of the sheep/goat mouth, laterally, and with 
the other hand lower the bottom lip allowing exposure of the incisors. The approximate age may be  
determined according to Table 1.3.

• Fig. 1.3 To FAMACHA score sheep and goats, the practitioner gently pushes the upper eyelid medially 
and rolls the lower eyelid ventrally to access conjunctival membrane color.
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Respiratory Evaluation
Objectives:
 1. Observe and record rate at a distance first
 2. Auscultate both left and right side

The clinician must be aware that the respiratory system should 
be examined in conjunction with the cardiovascular system and 
drawing major conclusions without examining both may impair 
the ability to accurately determine a diagnosis.

On average, the normal respiratory rate should vary between 
10 and 30 breaths per minute in adults and between 20 and  
40 breaths per minute in neonates. The rate can be obtained by 
observing the movement of the coastal arch and nostrils from a 
distance. In cervids, similar rates to sheep and goats can be ex-
pected, however, cervids are highly sensitive to excitement and 
may be hard to evaluate except at a distance. Neonates may “hold” 
their breath (mule deer fawns especially) when hiding as a reflex 
to avoid predators.

As noted for the cardiovascular system, environmental condi-
tions and systemic illness are known to influence respiratory rate 
and must be taken into consideration when appropriate. Animals 
in apparent respiratory distress, either dyspneic or tachypneic, 
with open mouth breathing, flaring the nostrils, abducted elbow 
stance, and with excessive abdominal effort must be evaluated 
critically and efficiently. Air flow should be symmetric from both 
nostrils. Mild, clear, serous nasal discharge is a common finding, 
especially in sheep; however, excessive clear to mucoid to purulent 
exudate must be explored.

Bilateral auscultation of the lung fields should be performed in 
a systematic approach. The margins of the lung fields are as fol-
lows: the cranial border is deep to the triceps, the dorsal border 
extends from the point of the shoulder to the last rib, and the 
caudoventral border arches from the point of the elbow to the last 
rib. Bronchial sounds usually are loudest over the craniodorsal 
lung fields at the level of the tracheal bifurcation. Generally, tra-
cheal sounds should be absent. When tracheal disease is present, 
wheezes can be auscultated, indicating tracheal collapse; obstruc-
tive lesions and crackling sounds are characteristic of tracheitis. 
Elicitation of a cough can be achieved with minimal compression 
of the trachea and pharyngeal region. The normal animal will 
cough one to two times, while the diseased patient coughs repeat-
edly and often with forced effort.

Crackles are auscultated when air moves through inflamma-
tory fluid in the alveoli, whereas wheezes are reverberations of air 
moving through inflamed, narrowed airways. One must remem-
ber that significant lung pathology may be present and not neces-
sarily appreciated on auscultation. Coughing, nasal discharge, 
dyspnea with a fever, and severe open mouth breathing may be 
the only indication of lung pathology.

Upper airway diseases, such as rhinitis, tracheitis, foreign body, 
and compressive lesions, are usually characterized by a loud, 
harsh, dry, nonproductive cough of acute onset. Lower airway 
diseases, such as pneumonia, pulmonary edema, lung abscessa-
tion, and lungworm infection, are characterized by a chronic, soft, 
productive cough. Animals with lower airway disease typically 
cough infrequently and will swallow after coughing, which is dif-
ferent from animals with upper airway diseases who typically do 
not swallow after coughing.

Cervids can be difficult to assess due to restraint in drop chutes 
(poor access) or because they are highly excited. Many that have 
respiratory disease may have advanced disease that has consoli-
dated portions of the lung, leading to “dead” spots that show no 

air movement/sounds. They are poor anesthetic as well, so evalu-
ation is difficult at best. Ultrasound, transtracheal wash, radio-
graphs, and other diagnostic tools can be used as well, but  
risk/benefit ratio and economics must be taken into consideration 
(see Chapter 7).

Gastrointestinal Examination
Objectives:
 1. Examination extends from mouth to rectum
 2. Auscultation, palpation, and observation

The gastrointestinal system is one of the largest and most im-
portant in the body. Evaluation should be performed in a system-
atic and stepwise fashion from the mouth to rectum. The mouth 
should be examined for the presence of vesicles, ulcerations, swell-
ings, and ptyalism. Inspection of the teeth for wear and soundness 
is important, and the upper dental pad should also be evaluated 
for evidence of abnormal wear. Although not easy to examine, and 
sedation or anesthesia may be necessary for a complete examina-
tion, the molars should be sound and present as their role in 
mastication of forages before swallowing and in proper cud chew-
ing is critical. The use of a mouth gag and a bright light source is 
helpful. It is important to take into consideration that wear pat-
terns may present in different ways and are dependent on the 
environmental conditions and primary diet of the herd or flock. 
The practitioner can then make a judgment of whether the wear 
pattern is abnormal or normal for the living conditions of the 
animal. Often, culling of lambs or kids is needed due to poor 
dentition.

The neck area is examined via thorough palpation. Masses, 
enlarged lymph nodes, or swelling may be causing esophageal 
compression and subsequent obstruction/choke. Rumen tym-
pany, ptyalism, bruxism, and pain are common clinical signs that 
may be associated with esophageal disease.

It is wise if the clinician examines one side of the animal first, 
as this will help to avoid missing any aspect of the examination. 
On the left side of the animal, the rumen constitutes the major 
forestomach. Due to its size, the rumen may give an asymmetrical 
appearance to the abdominal contour favoring a larger “bulge” to 
the left side, which is considered normal and is expected. Healthy 
rumen striation consists of a gas cap dorsally, fiber mat in the 
middle, and fluid (digested ingesta) ventrally. Using the stetho-
scope, the practitioner should auscultate and perform succussion 
(i.e., shaking) of the abdomen. Within the left paralumbar fossa, 
rumen contractions can be auscultated in the healthy animal 
(sheep, goats, and cervids) at a rate of one to two primary contrac-
tions (active rolling of the ingesta) and one secondary rumination 
(eructation) per minute. A solid understanding of the individual 
or herd/flock dietary management and medical history, along 
with a physical examination, helps the practitioner determine the 
primary cause of rumen fill. Ballottement of the paralumbar fossa 
while listening with the stethoscope is imperative to support ab-
normal findings related to the striation of the rumen, displaced 
abomasum, and ascites. Auscultation of the right paralumbar 
fossa will allow the practitioner to evaluate the cecum, spiral co-
lon, and small intestines. Illness associated with of any of these 
structures will lead to fluid and gas accumulation and distension 
of the viscus in the upper right quadrant. Dilation lower on the 
right side of the animal may be related to abomasal impaction, 
late gestation, or a severe rumen impaction.

If bilateral abdominal distention is seen, one may suspect vagal 
indigestion syndrome (chronic indigestion, failure of the omasal 
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transport, or pyloric stenosis), ileus, or free fluid accumulation. 
This fluid accumulation could be caused by diffuse peritonitis, 
ascites due to protein losing enteropathy, liver failure, or severe 
congestive heart failure.

Body temperature should be taken rectally observing common 
biosecurity practices. Normal temperature typically varies from 
100.5° F to 103.5° F. In general, sheep tend to have a higher body 
temperature than goats, and cervids typically fall in the same 
range (101.5° F–102.5° F) with variations due to age, activity 
level, and environmental temperature. The practitioner must dis-
tinguish between true hyperthermia and a febrile response. A  
febrile response is more likely to be associated with an inflamma-
tory or infectious process, whereas hyperthermia is going to be 
associated with the location of the patient (e.g., barn, paddock, 
pasture, etc.), behavior (e.g., hyperexcitability does increase body 
temperature), and environmental conditions (e.g., high tempera-
ture and humidity).

The authors would like to stress that obtaining body tempera-
ture should be the first procedure to be performed when examin-
ing sheep and goats and the results interpreted in conjunction 
with other clinical signs.

Fecal consistency and staining of the perineum, tail, and back 
of legs is a good way to assess the history of diarrhea. A thorough 
history of dietary management and fecal examination (fecal float 
or fecal egg count) is the only way the practitioner will reliably 
make a diagnosis and then recommend a targeted treatment.

In young stock, the authors recommend full examination of 
the umbilical structures both externally and internally. The use of 
ultrasound imaging if pain or swelling is found is highly valuable. 
Any signs or history of diarrhea in lambs, kids, or fawns must be 
addressed quickly as it can be life threatening. Lastly, atresia ani 
and atresia coli have been reported in kids and lambs, so the prac-
titioner needs to be sure there is a patent anus and fecal passage 
present (see Chapter 5).

Urogenital Examination
Objectives:
 1. Examination from a distance
 2. History
 3. Ultrasound imaging

The examination commences at the external genitalia of both 
males and females. In males, the prepuce should be free of adhe-
sions, swelling, or any signs of trauma. The preputial opening 
should be evaluated for the presence of crystals, blood, excessive 
dryness, scabs, or ulcerations since any of these may be indicative 
of urethral calculi, obstructive urolithiasis, or ulcerative posthitis.

Urine samples in both sheep and goats can often be obtained 
by briefly occluding the nostrils. Young cervids can be encouraged 
to urinate with gentle stimulation. Older cervids that are bottle 
raised may be able approached for a “free catch” urine sample.

The penis is difficult to examine without the use of sedation or 
anesthesia (cervids). The authors strongly recommend the use of 
acepromazine or a benzodiazepine (see Chapters 8, 12, and 18) 
for sedation and relaxation. Rams and bucks can be placed in 
lateral recumbency or sitting up on their rump (preferred method) 
by an assistant, then the practitioner pushes the prepuce caudally 
while pushing the sigmoid flexure cranially. Once exteriorized, the 
practitioner can hold the penis using gauze. The surface of the 
penis should be examined for color, scabs, and any traumatic le-
sions. Palpation of the penis may reveal the presence of uroliths, 
swelling, or a focal area of pain. The urethral process in sheep and 

goats should be examined closely for the presence of a urolith or 
sandy grit, which may be indicative of urolithiasis or urethral 
blockage. Cervids do not have a urethral process.

Frequently, the presentation of a sheep or goat with suspected 
urogenital disease involves standing in a stretched out position, 
intermittent straining, vocalization, and wagging of the tail when 
attempting to urinate. This stance is often confused by owners 
and their perception is that the animal is constipated when in all 
actuality the animal has a urinary obstruction. History of inability 
to urinate followed by relaxation and acute abdominal distention 
may indicate rupture of the urinary bladder, whereas caudal ven-
tral edema (often reported by the owner as “broken penis”) may 
indicate distal urethral rupture.

It is important to take into consideration, contrary to what is 
commonly done in small animal practice, catheterization of the 
urethra is difficult in does and ewes owing to the presence of the 
urethral diverticulum at the floor of the pelvis and close to impos-
sible in bucks and rams. Multiple anatomic locations in male 
anatomy (urethral process, sigmoid flexure, urethral diverticulum) 
are difficult to traverse with a catheter. Attempts to pass a urinary 
catheter can actually cause more harm due to severe trauma 
caused by the procedure.

The testicles are gently palpated to ensure they are not adhered 
to the scrotum, and there are no signs of epididymitis, orchitis, and 
poor testicular tone, which are often associated with suboptimal 
sperm production. In breeding males, the phrase “big is beautiful, 
mobility meaningful, resilience respectable, softness suspicious” is 
helpful to remember when evaluating males for breeding sound-
ness. In addition, the scrotum should be free of traumatic lesions 
with intact skin. Signs of dermatitis due to ectoparasites, frostbite, 
or asymmetry are undesirable findings (see Chapter 8).

In females, the labia of the vulva is examined for their color, 
size, and presence of discharge. Pale mucous membranes may be 
an indication of anemia, whereas hyperemia and swelling may 
indicate the onset of estrus or an impending parturition. If calculi 
or sandy grit is found attached to the hairs below the urethral 
orifice, urolithiasis is suspected and the practitioner must evaluate 
further. Reproductive history is important when it comes to 
evaluating a potential vaginal or uterine discharge. Color, consis-
tency, and volume are a good start as they may characterize a late 
estrus discharge, a postpartum normal lochia, or an infection. 
Lochia is considered a normal finding between days 0 and 21 post 
parturition. The finding of large protruding vulvar labia or clito-
ris, or a short anogenital distance is suggestive of an intersex 
condition (see Chapter 8).

In both males and females with suspected obstructive uroli-
thiasis, an enlarged bladder may be palpable extending from the 
pelvis to the abdomen; in this case, the authors recommend fur-
ther examination using ultrasound imaging. Caution should be 
used when applying manual pressure to the abdomen because 
there is a risk of rupturing the bladder and causing more pain to 
the patient (see Chapter 12).

Musculoskeletal Examination
Objectives:
 1. Examination from a distance
 2. History
 3. Knowledge of foot conditions
 4. Imaging examination

First, posture and locomotion are evaluated at a distance for 
both sheep and goats, as well as cervids. The animals are then 
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observed as they walk away from and towards the practitioner. It 
is important to note that lameness issues often present in a variety 
of ways and because of the prey mentality of small ruminants, the 
lameness may be very subtle. The patient may prefer to not bear 
weight on the limb at rest and use it sparingly while in motion, or 
may bear weight at rest and hop on three legs while in motion.

All claws should be observed for appropriate wear, hoof-wall 
separation due to white line disease, and defects in the sole. The 
interdigital space should be checked for pain, exudate, or a foul 
odor. The coronary bands should be observed for pain, swelling, 
ulceration, or separation from the foot. Separation of the hoof wall 
from the hoof in cervids is a common sequelae to hemorrhagic 
disease survivors. All joints should be palpated and checked for 
appropriate range of motion. Older and/or heavier small rumi-
nants may have “clicking” within their joints indicating chronic 
osteoarthritis or overuse of the joint(s). This may or may not be an 
abnormal finding but should be recorded in the medical record.

In young stock, septic joints are typically diagnosed before 
swelling is ever a problem. It is an extremely painful condition 
affecting one or more joints and likely a sequelae from failure  
of passive transfer. Many of these patients present with non–
weight-bearing lameness rather than swelling being noticed at one 
or more of the joints.

In goats, hygromas and synovitis secondary to caprine arthritis 
encephalitis infection can be differentiated on clinical examina-
tion. Hygromas are nonpainful, whereas synovitis typically is a 
painful condition.

Fractures must be evaluated immediately. The age of the ani-
mal, location of the fracture, and intended purpose (pet or pro-
duction animal) will allow for an appropriate treatment plan and 
prognosis. Prognosis is also easily determined by radiographic 
examination (see Chapter 11).

Nervous System Examination
Objectives:
 1. History
 2. Examination—localizing the lesion
It is imperative for the practitioner to always wear gloves when 
interacting with an animal showing neurological disease. In gen-
eral, the neurological examination should start by obtaining a 
thorough history of the patient. The examiner should have a full 
understanding of the animal’s diet and behavior within the past 
24 to 48 h, housing and environment, new additions to the herd, 
travel, and interaction with wildlife.

From a distance, gait, posture, and overall behavior when in-
teracting with herd or flock mates and with humans must be 
noted. Known traumatic events must be taken into consideration.

Clinical signs will help the practitioner to localize the lesion to 
the peripheral or central nervous system.

In sheep, goats, and cervids, infectious peripheral nerve disor-
ders are less common than traumatic events leading to peripheral 
nerve damage. The peripheral nerves and their most likely clinical 
presentation when traumatized are summarized in Table 1.4. 
Often, one or more lesions is appreciated on clinical examination 
and this is attributable to multiple nerve roots or pathways being 
affected (e.g., complicated dystocia followed by traumatic obstet-
ric maneuvers).

Sciatic and obturator nerve paresis and paralysis are the most 
common peripheral pelvic limb disorders. Radial nerve paralysis 
is the most common nerve palsy affecting the thoracic limb in 
sheep, goats, and cervids.

The central nervous system is divided into four major ana-
tomic sites to which clinical signs may be localized: cortical, 
cerebral, cerebellar, and spinal cord. Diseases at any of these  
locations may be characterized by alterations in mentation, gait, 
posture, and spinal reflexes. The common clinical signs associ-
ated with the location in the nervous system are summarized in 
Table 1.5.

Chapter 13 discusses in detail differential diagnoses for each 
location, treatment, and prognosis associated with nervous system 
diseases.

Mammary Gland Examination
Objectives:
 1. Production history
 2. Reproduction history
 3. Examination

TABLE 
1.4

Typical Clinical Signs Associated 
With Peripheral Nerve Disease.

Peripheral Nerves Clinical Signs

Femoral nerve Inability to bear weight and advance the 
limb, absent patellar reflex

Sciatic nerve Knuckled fetlock with dropped hock and  
intact patellar reflex

Peroneal nerve Hyperflexed fetlock, overextending the hock, 
and inability to extend digit

Obturator nerve Inability to adduct limbs

Tibial nerve Knuckling of fetlock but no dropped hock

Radial nerve Inability to advance the limb

TABLE 
1.5

Typical Clinical Signs Associated With Central 
Nerve Disease.

Area Affected Clinical Signs

Cortical and cerebral Changes in mentation with normal 
gait, posture, and spinal reflexes

Cortical Head pressing, propulsive walking, 
convulsions, and blindness

Cerebellar and spinal cord Altered gait and posture with normal 
mentation

Cerebellar Ataxia with normal strength and 
proprioception, truncal sway,  
hypermetria and head tremor

Spinal cord Increased extensor tone and exag-
gerated spinal reflexes or paresis 
to paralysis with decreased spi-
nal reflexes

Brain stem Change in mentation, gait, posture, 
and spinal reflexes may or may 
not be present. Cranial nerve  
deficits which may manifest as 
head tilt, flaccid tongue, facial 
paralysis, circling, or ptosis
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If in lactation, both halves of the mammary gland, teats, and 
teat sphincter are observed and palpated for symmetry, size,  
conformation, temperature, and consistency. Infectious and non-
infectious mastitis is detrimental to the production life of the  
female, and can be a life-threatening disease if not treated 
promptly and correctly.

It is recommended to first and foremost gather a complete his-
tory and observe the young stock. Problems associated with the 
udder can be appreciated first in the lambs or kids that are weak, 
show poor body condition, or are failing to gain weight. Malnour-
ished neonates can be an indication of poor milk production or a 
painful udder in the dam that has resulted in the dam not allow-
ing the neonate to nurse.

The presence of edema that extends symmetrically and cranial 
ventral to the udder is a common finding shortly after parturition, 
especially in first-time ewes or does. A diffusely hard or firm udder 
noted in the first few days after lambing may indicate ovine pro-
gressive pneumonia (OPP) infection in sheep or caprine arthritis 
encephalitis (CAE) in goats. Low milk production and no signs of 
clinical mastitis are a common occurrence in most cases of OPP 
and CAE (see Chapter 16).

Aside from palpation of the mammary gland, if the doe is in 
lactation, the practitioner must remove a few streams of milk from 
both sides to assess patency of the sphincter. Color, consistency, 
and presence of abnormal clots or flakes in the secretion should 
prompt the practitioner to investigate further. The California  
Mastitis Test (CMT) can be used to determine if a subclinical mas-
titis is present and if further culture of the secretion is necessary.

Prepartum mastitis, although uncommon in small ruminants, 
can be caused by a herd/flock mate suckling or by a pathogen. 
This condition must be evaluated and treated promptly as it can 
severely affect colostrogenesis and ability to lactate after the birth 
of the offspring (see Chapters 15 and 19).

Lymphatic Examination
Objectives:
 1. History of Corynebacterium pseudotuberculosis (CL) in the herd
 2. Examination

It is part of the physical examination to palpate all the periph-
eral lymph nodes. Submandibular, retropharyngeal, parotid, pre-
scapular, prefemoral, and supramammary (in females) are the 
most common palpable lymph nodes. It is important to note that 
often the practitioner will be unable to physically feel them, either 
because they are too small, or in wool breeds of sheep, the thick 
wool will impair access to them.

The authors recommend that attention be paid to lymph 
nodes that are enlarged and draining purulent exudate. CL infec-
tion is known to be the most common disease associated with 
draining lymph nodes in small ruminants and is extremely conta-
gious in nature and is considered a zoonotic pathogen. Cervids 
commonly have lymph node involvement with Fusobacterium  
infections (see Chapter 16).

Integumentary Examination
Objectives:
 1. Examination
 2. Environment

Lesions like abrasions, lacerations, papules, pustules, scabs, and 
hair or wool loss are clinical signs associated with and indicative  

of dermatological issues. Always take into consideration the season 
and type of environment where the animals are being housed. 
Haired breeds of sheep e.g., Barbados, Katahdin, St. Croix, etc.) 
and goats will shed winter coats in the spring. Wooly sheep  
(e.g., Dorset, Suffolk, Merino, Corriedale, etc.) need to be sheared 
at least once a year, during the summer months. Wool blindness  
is a term often used by producers in reference to sheep with exces-
sive wool above their eyes leading to their sight being physically 
impaired. In these cases, shearing of the periorbital area must  
be performed to avoid further damage, such as severe dermatitis 
and eye damage.

In cases where the practitioner encounters a flock with more 
than one case of poor wool quality, nutrition issues should always 
to be discussed. Hairiness or abnormal wool pigmentation, such 
as presence of brown fibers over the nape of the neck in wool 
sheep, may indicate border disease infection. Table 1.6 summa-
rizes the most common clinical signs associated with skin or coat 
diseases in sheep and goats (see Chapter 10).

Restraining and Handling

Handling Sheep, Goats, and Cervids
Biosecurity. The practitioner should always be aware of 

potential zoonotic diseases during routine handling of small 
ruminants. Protective clothing and gloves should be worn at 
all times when visiting a herd or flock, and while interacting 
with animals. Clothes must be changed and footwear thor-
oughly washed between farms as it can easily serve as a fomite 
for infectious and contagious pathogens. As mentioned earlier, 
part of the physical examination is to learn about the herd 
health status through the use of historical information. This 
information will help the practitioner to identify the potential 
risk for the presence of zoonotic disease within a flock or herd. 
Segregation of sick animals and dedicated areas for lambing or 
kidding are strongly recommended to avoid and prevent 
pathogen transmission.

To prevent the introduction of new diseases to an established 
herd or flock, a prepurchase examination performed by a veteri-
narian is strongly recommended. Although prepurchase examina-
tions do not guarantee the future health of that individual at the 

TABLE 
1.6

Typical Clinical Signs and Their Associated 
Differential Diagnosis.

Clinical Signs Potential Common Etiologies

Pruritus Mange, allergy, and scrapie

Hair loss Ringworm, mange, and nutrition

Skin nodules Abscesses, pustules, and demodectic mange

Dandruff Dry environment and often poor or improper nutrition

Crustiness Chorioptic mange (under the dew claws), fungal or 
bacterial dermatitis

Sunburn Hairless parts of the body in white animals (often 
seen on the top line, tip of nose, ears). Must  
differentiate from photosensitization

Barbering Chewing, biting, pulling of hair or wool by self or others
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future farm, it serves as an assurance that at that point in time 
there is a healthy female or breeding male. Aside from obtaining 
historical data from the herd/flock as a whole, the veterinarian 
must also ask directed questions concerning vaccination history, 
dietary protocols, and if any previous health events have occurred. 
It is also imperative that the practitioner question whether any 
treatments have been performed and by whom. Also, the veteri-
narian may decide to perform diagnostic tests including serology 
(for caprine arthritis encephalitis, caseous lymphadenitis, paratu-
berculosis, etc.), serum biochemistry, complete blood count, and 
a fecal examination. A reproductive or breeding soundness ex-
amination in both males and females may be indicated. It is 
strongly recommended that the new owner quarantine new ani-
mal additions a minimum of 4 weeks with no physical or visual 
contact with existing animals. Thirty days is known to be suffi-
cient for most of the diseases that are worrisome and for those 
animals to show clinical signs. The authors understand that quar-
antine may be logistically difficult for some herds/flocks. Quaran-
tine allows new animals the chance to acclimate to the environ-
ment, diet, and behavior patterns, allowing a stress free and 
productive atmosphere (see Chapter 19).

Behavior and Facilities. The use of behavior patterns and 
handling principles like “flight zone” and “point of balance”, as 
well as providing appropriate facilities are the hallmark to success-
fully and safely working with sheep, goats, and cervids.

Once one enters the animal’s flight zone, to the point where they 
feel threatened, the animal will walk/run away and face the person 
to assess the situation. The way the farmer or the veterinarian han-
dles this situation is exactly the way the animal will handle it. That 
is, if the practitioner enters the flight zone calmly, the animal will 
behave calmly; if the person aggressively and loudly runs or walks 
towards the animal, the normal behavior is to also run. It is im-
perative to remember sheep, goats, and cervids are typically small 
and fast, yet extremely strong. They can injure themselves and/or 
injure the people that are attempting to work with them. In tightly 
enclosed spaces, some cervids will choose to fight and have been 
known to cause injury or death, especially males with antlers.

The level of the shoulder is known to be the point of balance. 
When working a herd or flock, the location where the people 
managing the animals are standing or moving about makes a 
significant difference in how effectively and timely the job can be 
executed. Standing in front of the chute or alleyway intended for 
the animals to walk through is counterproductive. If the desire is 
to encourage the animals to walk forward, the practitioner must 
stay behind the point of balance (behind the level of the shoul-
der). If the goal is to encourage the animal to back up, then the 
individual may walk past the level of the shoulder; this will invari-
ably make the animals walk backwards. Having knowledge of 
behavior patterns in sheep and goats is a fundamental part of  
successful handling (Table 1.7).

TABLE 
1.7 Typical Behavior Characteristics of Sheep and Goats.

TYPICAL BEHAVIOR CHARACTERISTICS

Activity Sheep Goats Cervids

Food preference Grass and succulent herbage Browse (weeds, leaves, twigs) Browse broadleaf herbaceous weeds, leaves 
and tender twigs, and grass

Food variety Accept monotonous diet Require variety Require variety

Habitat selection Lowlands or hilly grasslands Climb rocks and elevations Hardwoods, croplands, brush lands, and  
pastures

Antagonistic behavior Butt head on Sideways hooking motion

Fighting Butt Rear on hind legs Bite and push

Sexual behavior Less herding Herding of females Fallow deer tend to maintain sexual segrega-
tion and make lion-like vocalizations

Newborn young  
behavior

Remain by dam 
(“lying in”)

Freezing some distance from the 
dams (“lying out”)

First days, they hide in tall grass becoming 
more active the second week of life

Alarm signal Snort and stamp forefoot Frequent high pitched “sneeze” Snort or whistle, groan, or bleat when  
predators are around

Alarm Form compact bunch Form thin line Run

Hornless condition Fertile Sterile (usually) in males N/A

Tail Hangs down Stands up Down when calm/up with alarm

Beard Absent Present in buck and some females Absent

Wattles Absent May be present Absent

Hear a low flying plane Frightened and likely to run Often stand and watch Alarm/run

Stress Results from isolation or subjuga-
tion to unfamiliar environment

More of a problem in young kids 
and doelings

Segregation or confinement
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Another crucial aspect of managing small ruminants is that the 
farmer must be able to gather, restrain, and handle animals with 
minimal stress. Injury prevention for both animals and personnel is 
crucial. Small ruminants will readily follow one another and will 
move away from things that frighten them. They move better 
around slight corners or curves and will not move toward an area 
that appears to be a dead end. Sheep and goats will move away from 
buildings and prefer to move uphill. Lit areas are preferred as the 
animals will resist movement into dark barns, alleys, and chutes. 
Handling areas should be well lit and free of objects that may proj-
ect shadows into the visual path. Solid sides in alleyways will help 
maintain forward momentum and minimize attempts at escape.

Well-planned working facilities to deal with a flock of sheep 
for example, are known to provide the desirable details mentioned 
above. Commercially available chute systems (Figure 1.4A) placed 
in an appropriate, well-lit location that is free of random loose 

objects, allows the flock to ease their way into the holding area. 
This is considered one of the best-known ways to work a flock 
(Figure 1.4B).

If a chute system is not available, the farmer should consider 
moving the flock into a small paddock or stall as a group  
(Figure 1.5). It is wise to always try to work the flock together, 
even though you may not need all animals present in that group. 
Sheep have an extremely strong flocking instinct, therefore, if one 
animals is seen segregated and away from the flock, the practitio-
ner and famer must investigate further. Once the group is in a 
small area, the practitioner carefully and calmly enters the area to 
attempt to catch an individual animal. Always remember they can 
be flighty animals and if necessary, they will give their full poten-
tial to escape by head butting or jumping.

To catch a sheep, the handler can cup a hand under the ani-
mal’s jaw, grasping the bony part of the jaw—not the throat. 

A

B

• Fig. 1.4 A. Commercially available chute restraint system to facilitate herd work. (Photo courtesy Sims 
Pond Farm.) B. Operating the chute system to safely restrain the animals allowing routine livestock 
procedures to be performed. (Photo courtesy Hunt Road Katahdin Sheep Farm.)
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• Fig. 1.5 Depicted in this image is an example of a corral area. If a chute system is not available, small 
groups are moved into these smaller areas allowing herd work to be performed.

• Fig. 1.6 Proper method of individual animal restraint.

Once it has been caught, a second hand should be placed behind 
the head below the animal’s ears. It is important to note that for 
better control, the animal’s nose should be pointed upward to 
stop its forward motion, as sheep have a lot more power when 
the head is down. The handler should never grab the sheep by 
the wool or hair. A crook or lariat also is an acceptable catching 
device. A sheep can be handled using various handling points—
for example, under the mandible, tail, and flank (Figure 1.6). 
After it has been caught, a sheep can be “tipped” on its rump for 
examination, shearing, foot trimming, and other routine proce-
dures (Figure 1.7).

Goats are different in many respects when it comes to handling 
and to the facilities needed to work them. Goats are not as concerned 
about herding, but rather they develop close relationships with cer-
tain herd mates and can be seen playing and socializing. Goats typi-
cally spread out while browsing and ruminating. To catch a goat, the 
use of the horns as “handles” is an acceptable way to get a hold on 
them (Figure 1.8A, B); restraint by their ears is painful and consid-
ered abusive. Goats housed with a collar or halter can be caught using 
this, with the handler looping an arm around the animal’s neck. It is 
strongly recommended not to hold a goat by its hindlimbs as it 
may possibly dislocate a hip joint in an attempt to escape.

• Fig. 1.7 Series of images on how to tip a sheep and place it on its rump. This is a common method 
used to restrain adult sheep, allowing a multitude of livestock procedures to be performed (e.g., foot  
trimming, shearing).
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A

B

• Fig. 1.8 A. This image shows how to properly restrain a sheep and a goat by the head. In horned 
breeds, it is important to note that the horns must be held at the base. B. This image shows a restraint 
table with solid cushioned sides for cervids and manual restraint of the horns.

Special handling facilities for cervids will include a drop chute 
(Figure 1.9) and a box system leading to the chute, or box stalls 
with remote door opening to minimize animal-human contact 
(Figure 1.10). Animals may actually be calmer in the dark and 
work better through the facility. Training the animals to use the 
facility is very important and will result in less stress to the ani-
mals and handlers. Small fawns may be restrained manually, but 
larger fawns and adults may injure themselves or the handlers if 
not sedated or restrained in a chute. Cervids can strike with their 
front feet, or males in hard antler may charge and attempt to gore 
a handler. Shields may be used, but properly designed facilities 
usually do not require handlers to enter small confined areas. 
Extremely tame cervids may lie down and refuse to move in some 
cases and may have to be manually pushed or prodded into a 
chute or pen.

Fencing for cervids may be dictated by state statute. Most 
cervid fencing comes in 8- or 10-foot heights and is high-tensile 

• Fig. 1.9 Commercially available chute restraint system to facilitate herd 
work of cervids.
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net wire. White-tailed deer rarely use shelters. Fawns will hide 
under or behind objects placed in the pasture for shade and adults 
will seek out shade in hot weather, but most will not use buildings 
or shelters as do sheep, goats, or cattle. Mule deer do tend to use 
buildings more, primarily in the summer to escape flies and exces-
sive heat.

Bottle-raised fawns will need approximately 6 to 8 square feet 
of area minimum per head while in a pen. As they grow, the deer 
are typically turned out into larger areas. Stocking densities are 
usually given in animals per acre with ranges from 4 to 10 adults 
per acre. The authors believe that stocking density for cervids 
should be based on animal units used in sheep and cattle produc-
tion which takes into account local climate and soil conditions. 
Overstocking should be discouraged and leads to destruction of 
trees, shrubs, grasses, and forbs. If all the forage has been de-
stroyed, the pen is overstocked, and a reduction in animal num-
bers should be carried out.

Restraining for Examination and Procedures
General Considerations. There is no single best way the 

practitioner should use to restrain small ruminants for an examina-
tion or to perform a common livestock procedure. Using the  

information above, and typically if the animals are well socialized 
and behaved, often the job can be done without extra personnel or 
elaborate restraining devices. If a large herd or flock is being 
worked and there has previously been minimal animal handling, 
planning ahead on how to best use a facility and restraining devices 
is highly recommended for human and animal safety, as well as 
efficiency.

Once the animal is caught, the practitioner can place a sheep 
or goat into lateral recumbency if needed. With goats, the practi-
tioner leans over the goat (in this case, from the left) and grasps 
the goat’s left pelvic limb with the right hand and the goat’s left 
thoracic limb with the left hand. The goat is then lifted and leaned 
into the practitioner and placed on the ground. The practitioner’s 
knee can be paced on the animal’s neck (Figure 1.11).

When the head is examined, one should always pay attention 
to horned animals, as they can suddenly use the horns as a safety 
mechanism, putting humans at risk of serious injuries. The ability 
to control the head of a horned goat or cervid depends on the 
temperament of the animal, as well as on the skill and strength of 
the handler (Figure 1.8A, B). After the head is stabilized, the ani-
mal’s ears, eyes, nose, and mouth can be inspected, blood can be 
drawn from the jugular vein, or a subcutaneous or intramuscular 
injection can safely be given. For an oral examination, the use of 

• Fig. 1.10 Deer-holding working facilities with individual stalls with solid walls and automatic doors.

• Fig. 1.11 This series of images shows how to place a goat in lateral recumbency. The practitioner may 
carefully apply pressure on the neck using his/her knee. Attention to the horns is imperative to avoid trauma.
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a speculum and light source is strongly recommended to ensure a 
clear view of the oral cavity and prevent the animal from biting 
instruments or the practitioner’s fingers.

Once again, small fawns may be manually restrained as de-
scribed previously. Larger fawns and adults cannot usually be 
safely handled in any way other than a drop chute/box or under 
sedation/anesthesia.

The choice of appropriate restraint technique is dependent on 
the preference and experience of the clinician. Restraint will also 
depend on the clinical condition and disposition of the patient, as 
well as the procedure needing to be performed. For welfare rea-
sons, the practitioner should always be mindful that restraint 
methods are used for safety of humans and animals and often 
chemical restraint is necessary rather than the use of excessive 
force.

Once the practitioner has concluded the examination and 
prior to the institution of any treatments, it is imperative to con-
sider the animal’s intended use (e.g., leather, meat, breeding,  
exhibition, or pet). Injection reactions can be detrimental to the 
quality of the carcass of animals intended for human consump-
tion and can be aesthetically unappealing in animals intended for 
shows and exhibitions. Meat producers prefer that injections be 
placed in the neck, which yields a meat cut of low value. Breeders 
prefer the axilla, in which a nodular mass of scar tissue will  
not be visible and cannot be readily mistaken for caseous lymph-
adenitis. Subcutaneous injections should always be used in  
preference to intramuscular, obviously taking into consideration 
that the label of the medication in question calls for a subcutane-
ous route of administration. Less pain and mild to no muscle 
damage are known to be the major reasons for the preferred sub-
cutaneous route.

Oral medications are often used. With the head properly sta-
bilized as described above, a drenching gun, oral or dose syringe 
(with a metal tip), orogastric intubation, and balling guns are 
typically the instruments used to deliver oral medications to 
sheep, goats, and cervids. The dose syringe, drench gun, and  
balling guns are to be inserted well into the cheek pouch via the 
commissure of the lips, and the medication delivered slowly but 
consistently, always allowing the animal to swallow. The practitio-
ner should avoid tilting the head upward to prevent aspiration 
pneumonia and choking.

Almost all cervidae except bottle-raised animals (and even 
most of them) resent restraint and will struggle, fight, and risk 
injury to themselves and those attempting restraint. Small fawns 
may be restrained by lifting them off the ground with an arm 
behind rear legs, an arm in front of the shoulders and under neck, 
and squeezing tightly against the body. Covering of the eyes with 
a mask will help reduce struggling and stress and is recommended 
in all sizes of cervids even when anesthetized (Figure 1.12). Cap-
turing and handling cervids for more than a few minutes will put 
them at risk of capture myopathy and as such, their temperature 
should be monitored and a plan in place to avert or treat. Ice 
packs, cold water, alcohol, enemas, intravenous (IV) fluids, etc. 
have all been used to treat hyperthermia. Strict attention to the 
weather and working the animals at the appropriate time of day 
is essential. Cervidae can be successfully examined in a drop chute 
designed for restraint, but this must be carried out quickly to 
avoid injury and capture myopathy. If a detailed physical exami-
nation is warranted and the animal is deemed healthy enough to 
undergo general anesthesia or profound sedation, it is probably 
more appropriate to anesthetize/sedate than to use physical  

restraint. Appropriate selection of tranquilizers and anesthetics 
that can be reversed or are known to cause the least number of 
side effects should be used. Supplemental oxygen may be helpful 
but is not always available or appropriate in field situations where 
almost all cervid work occurs.

• Fig. 1.12 Field anesthesia of cervids. The practitioner should use a towel 
to cover and protect the eyes, along with leg ropes to tie the legs as an 
adjunct restraint method. Care should be taken to avoid injury. The clini-
cian should consider applying a sterile ophthalmic ointment to the eyes in 
order to avoid corneal drying during prolonged procedures.
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A well-designed program is paramount to the successful imple-
mentation of all other aspects of flock health, production, and 
profitability. This third edition, now entitled Sheep, Goat, and 
Cervid Medicine, has been expanded to include cervid species. In 
the context of this chapter, sheep, goats, and cervids will be col-
lectively referred to as “small ruminants”. The goal in feeding 
sheep, goats, and cervids is optimal health as reflected in produc-
tivity, reproduction, and performance. The information presented 
here is based on peer-reviewed research data, but many interpola-
tions and approximations are suggested for users.

Small ruminants can convert browse, forages, and other feed-
stuffs barely usable for more commonly encountered livestock 
species, into usable animal products (e.g., meat, milk, fiber, ant-
lers, etc.), or to reach peak performance (e.g., pet, show, breed-
ing). These small ruminant species exhibit a high degree of mobil-
ity of the lips and tongue, which allows selective consumption  
of plants and other foodstuffs available in the environment. Like 
other ruminants, small ruminant species can be characterized  
by their grazing preferences.1 Sheep are grass or roughage grazers 
and tend to graze higher-quality portions of the plant. Goats, as 
active foragers, tend to select highly digestible portions of grasses 
and can use browse that is woody or stemmy and will readily 
consume flowers, fruits, and leaves. In general, goats select grass 
over legumes and browse over grass with preference to graze along 
fence lines and in rough or rocky pasture areas. Goats typically 
perform poorly compared with sheep or cattle on flat, improved, 
monoculture pastures but usually flourish in areas featuring 
browse or numerous plant species to graze. Goats tend to be par-
ticular about their diet, and may refuse to consume feedstuffs that 
have been soiled. If given a choice, many meat goats (e.g., Kiko, 
Spanish, Boer, Tennessee Wooden Leg) prefer a diet of 15 to 20% 
grasses and 80 to 85% browse1 and are effectively utilized for 
brush management in many regions of the world. Goats main-
tained for brush control should be closely monitored for changes 
in bodyweight (BW), body condition score (BCS—Figure 2.1; see 
Chapter 1, Table 1.1; Chapter 19, Table 19.3, and https://www.
purinamills.com/deer-feed/education/detail/body-condition-
score-for-deer), hair coat, and signs of toxicosis.

The cervids are obligate herbivores with diets including grass, 
small shrubs, and leaves. They forage selectively on easily digest-
ible vegetation rather than consuming all available food.2 Deer in 
the “wild” have diets that are comprised of mainly forbs and 
browse (80% or more), about 5% grasses, and 15% fruits and 
acorns.3 Among cervids, the white-tailed deer is a concentrate 
selector, whereas wapiti and caribou/reindeer are classified as  

having intermediate type diets.4,5In captivity, white-tailed deer are 
usually raised as grazers or allowed to selectively browse.

Table 2.1 shows probable dietary preference differences be-
tween some free grazing/browsing small ruminants as a percent of 
their diet.5a,6 Whenever browse, with its deeper root systems, is 
the predominant forage consumed, mineral uptake may be greater 
than that expected with consumption of grasses grown on the 
same land. Sheep, goats, and cervids also are excellent converters 
of browse and brush to meat, fiber, and milk, but they are raised 
mostly as grazing animals. The digestibility of browse is variable, 
but in many instances may be as high as 70%, which could sup-
port many classes of goat or cervid production.

Water
Water is an essential nutrient and the major constituent of an 
animal’s body. If an animal were deprived of all nutrients, it would 
succumb to water deprivation first. Although small ruminants 
may survive despite loss of most of their body fat and up to 40 to 
50% of their total body protein, a water loss of only 10% can 
prove fatal.

Small ruminants may be very particular about sources and 
quality of their water. A fresh, clean, nonstagnant source of water 
should be available at all times. Water sources should be easily 
accessible, safe, should be monitored so they are not a source of 
toxins and/or pathogenic organisms, and kept clean. A paved 
surface, or clean, dry rocks of 8 to 10 feet diameter around the 
water tanks/troughs helps prevent unsanitary conditions and may 
decrease the incidence and spread of disease (e.g., foot rot) in 
sheep, goat, and farm-raised cervid operations. Anecdotally, in 
paddocks, dominant buck deer may limit water access to subordi-
nate bucks, thus water consumption must be more closely moni-
tored under some management conditions.

Daily water intake can be affected by several factors, including 
age, growth rate and stage of production, diet, etc. Pregnancy and 
lactation increase water requirements and consumption. In addi-
tion, water intake is greater for females carrying twins than for 
those carrying only a single fetus.7 Likewise, lactating ewes or does 
consume twice as much water as that typical for nonlactating  
females: 7 to 15 L/day versus 3.5 to 7 L/day, respectively (e.g., a 
lactating doe will require about 1 L/,quart of water for every 1/2 
L/pint of milk produced). When high-protein diets are being fed 
or when mineral consumption increases, water consumption also 
increases. Sheep may increase their water intake 12-fold during 
summer over that during the winter months.7 Animals grazing 
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Transverse process

Spine detected only as a line

Fat cover thick

Muscles full

Transverse
process
cannot
be felt

Condition 4

Spine smooth rounded

Moderate fat cover

Muscles full

Transverse
process smooth
rounded

Fingers need
hard pressure
to find ends

Condition 3

Spine prominent and smooth

Feel for the spine in the center of the sheep’s
back behind its last rib in the front of its hipbone.

Feel for fullness of muscle and fat cover.

Feel for the tips of the transverse processes.

Thin fat cover
Muscles medium
depth

Transverse
process rounded

Fingers go under
with pressure

Condition 2

Spine not detectable: fat
dimple over spine

Condition 5

Fat cover dense
Muscles very full

Transverse
process not
detectable

Transverse process
sharp

Fingers easily
pass under

Condition 1

Spine prominent and sharp

No fat cover

• Fig. 2.1 Body condition scores (BCSs) for sheep. These drawings show a cross-section through the lumbar 
region and depict the fat covering (or lack thereof). (A) BCS of 1. The spinal and transverse processes are 
sharp and no fat is detectable on the loin area. Plan: Complete physical examination, parasite evaluation, 
clinical chemistries, and possible other tests (specialized testing: CL, Johne’s, OPP/CAE, etc.), slow introduc-
tion of good quality hay, parasite control; additional therapy should be used with care as hepatic function may 
be compromised. (B) BCS of 2. Animals are still thin, with prominent spinal ridge and slightly rounded trans-
verse processes. The examiner’s fingers can be passed under the edge of the transverse processes. Plan: 
Proceed as with BCS 1, however, some grain can be slowly introduced into the diet. Increasing grain intake 
before breeding (flushing) will be of some benefit. (C) BCS of 3. Animals have a smooth, slightly rounded 
spinal ridge and transverse processes. Slight pressure is required to palpate the transverse process.  
Plan: Similar to BCS 2; however, many animals should be maintained in this “preferred” level of fat covering. 
Increasing grain intake before breeding (flushing) will be of some benefit. (D) BCS of 4. These animals are fat. 
The spinal processes are barely palpable. Plan: Consider decreasing feed intake and body fat covering in all 
but pregnant animals. Be cautious of pregnancy toxemia in late gestation. Increasing grain intake before 
breeding (flushing) will be of little or no benefit. (E) BCS of 5. These animals are obese, with a midline concav-
ity running over the spinal process. Plan: Decreasing feed intake in all but pregnant animals. Be cautious of 
pregnancy toxemia in late gestation. Increasing grain intake before breeding (flushing) will be of no benefit. 
NOTE: Because these scores are broad, many owners or managers round up to half-scores (e.g., 2.5) if  
the animal has more fat covering then one score but not quite as much as the next whole number score. 
 (Personal communication, Jayne Pugh, RD, LD, MEd, SouthernTraxx Farm.)1 (Reprinted with permission 
from the Oregon State University Extension Service: Thompson J, Meyer H: Body Condition Scoring of Sheep 
Oregon State University. OSU Extension Catalog: https://catalog.extension.oregonstate.edu. EC 1433, 1994.)

https://catalog.extension.oregonstate.edu
https://catalog.extension.oregonstate.edu
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lush spring pastures, for which the forage water content may  
exceed 80%, consume markedly less water than those restricted to 
dry hay, which may only contain 12 to 15% water. Water quality 
also can affect daily water consumption. For maintenance, indi-
vidual goats and sheep usually consume 3.5 to 15 L of water/day.8

Water varies in quality according to the amount and type of 
contaminant. The most common dissolved substances in water 
are calcium, magnesium, sodium chloride, sulfate, and bicarbon-
ate.8 If the salts of these minerals are present in high enough 
concentrations, depressed performance, illness, and occasionally 
death can result. In addition to causing various specific problems 
in animals, dissolved salts have additive effects on suppression of 
production and health. As salt concentrations increase, water 
consumption usually is depressed, with young animals generally 
being more affected than adults. Over time, animals tend to adapt 
to water with high concentrations of dissolved salts. However, 
rapid or abrupt changes from water with relatively low dissolved 
salt concentrations to water with high concentrations of dissolved 
substances are poorly tolerated.8–11 High sulfate concentrations in 
the range of 3500 to 5000 parts per million (ppm) may result in 
suppressed copper absorption from the intestine. Nitrates and, 
less commonly, nitrites occasionally are encountered in toxic con-
centrations from ground water. Most safe, drinkable water has a 
pH of 7 to 8. As the alkalinity of water increases, its suitability for 
consumption decreases.

Although water contaminated with coliform bacteria has been 
associated with disease in humans, only rarely is coliform con-
tamination of drinking water implicated as an agent of disease in 
sheep and goats. In general, only very young animals are affected. 
Goats tend to adapt to high ambient temperatures better than do 
other domestic ruminants and require less water evaporation to 
control body temperature.12 In addition, goats possess the ability 
to reduce urine and fecal water losses during times of water depri-
vation. Water requirement data for cervids are not available but 
Nagy and Peterson12 showed that some deer species (mule deer and 
reindeer) have water “economy” which may be superior to sheep.

Farmed small ruminants should have access to a continuous 
supply of fresh, clean, palatable water, which is free from excessive 
concentrations of sulfur, iron, toxins and other pollutants to  
ensure that productivity is not compromised.

Energy
Energy generally is the first limiting nutrient under most practical 
conditions where sheep and goats are maintained throughout the 
world. Energy requirements vary greatly depending on level and 
stage of production, level of activity, and intended animal use. 

Except in situations in which rapid growth rates are desired or 
milk production is to be maximized, the energy requirement usu-
ally can be met with medium-to high-quality forage. Under 
maximal production pressures however, some sort of supplemen-
tation may be required. Energy-deficient diets can result in poor 
growth rates, lower BCSs, decreased fiber production, reduced 
fiber diameter, decreased immune function, subfertility, and in-
creased susceptibility to parasitic diseases and other pathologic 
conditions. Angora goats and many wool breeds of sheep are 
prone to various fiber production changes, whereas cashmere 
goats may be less susceptible. The onset of puberty in small rumi-
nants appears to be associated with lean/fat ratio, and reproduc-
tion partially is determined by energy balance in sheep, goats, and 
cervids. Small ruminants with less body fat and muscle are usually 
older at first estrus cycles, have lower pregnancy rates, and have 
lower twinning rates.

The greater portion of the energy that is utilized by sheep and 
goats comes from the breakdown of structural carbohydrates from 
roughage. Therefore, roughage should constitute the bulk of their 
diet. Energy can be expressed in terms of the net energy system 
(calories) or in terms of total digestible nutrients (TDN) as a 
percentage of the feed. The two expressions are interchangeable 
with use of various prediction equations; in this chapter, TDN is 
used as the measure. Currently, most feed and forage testing labo-
ratories estimate TDN using the Van Soest fiber analysis. A more 
comprehensive formula was developed by Weiss13 and is used by 
most commercial labs for estimating TDN for forages and total 
mixed rations. A representative sample is analyzed for neutral and 
acid detergent fiber contents, and then TDN is predicted based 
on one or both of these values. This system works effectively for 
most forages but is less reliable for feeds that are high in starch 
(e.g., corn). In general, warm-season, perennial grass hays are ap-
proximately 50 to 54% TDN, whereas many of the cereal grains 
usually are 80 to 90% TDN. Most forages in the green, vegetative 
state are approximately 62 to 70% TDN on a dry matter basis. 
Steamy, dry, poor-quality hay is less than 50% TDN. By compar-
ing these typical values with the requirements of various classes of 
sheep and goats, keepers can ascertain when supplemental energy 
sources are needed for forage-based rations. For example, a 150-lb 
ewe requires a diet containing 52.5% TDN for maintenance and 
66% for the first few weeks of lactation, with a steady increase 
from 53 to 66% TDN during gestation. Therefore, the dry (non-
lactating), nonpregnant ewe could use low-quality forage, but the 
pregnant or lactating ewe needs a diet of lush, vegetative forage. 
If a good-to-excellent forage is unavailable, some type of energy 
supplement is required for the ewe in late pregnancy or while 
lactating. Similar supplementation may be indicated for goats: a 
110-lb doe requires a diet containing 53% TDN for maintenance 
but higher amounts during pregnancy and lactation.6

A variety of options are available for energy supplementation. 
Cereal grains are commonly used, corn being the most common 
as it is dense in energy, and most of that energy is in the form  
of starch. When appreciable levels of starch are supplemented  
to ruminants consuming forage-based diets, the general re-
sponse is a decrease in forage intake and digestibility. However, 
the energy status in the sheep or goats receiving corn supple-
mentation will be improved because of the energy from the 
corn. Goats are less adaptive to high concentrate diets compared 
to cattle and sheep. Several other cereal grains are available  
for use as energy supplements for ruminants consuming forage-
based diets (e.g., grain sorghum, oats, barley, rye). Other non-
traditional energy supplements are soybean hulls, corn gluten 
feed, and wheat middlings. Soybean hulls, the outermost layer 

TABLE 
2.1

Diet Preference Differences Between Different 
Ruminants.4–7

TYPE OF DIET (%)

Animal Species Grasses

Broadleaf  
Weeds and  
Legumes

Browse  
(Shrubs  
or Trees)

Sheep 45–55 30–40 10–20

Goats 20–30 10–30 40–60

White-tailed deer 10–30 30–50 30–50

Elk, red, and fallow deer 30–60 40–50 10–30
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of the soybean, are composed of abundant quantities of digest-
ible fiber. Unlike corn, soybean hulls do not suppress fiber diges-
tion but may increase hay digestibility. Even though soybean 
hulls have TDN values ranging from 65 to 70% less than corn, 
they produce similar results when used as an energy supplement 
for ruminants consuming forages. Wheat middlings, a byprod-
uct of wheat milling, elicit similar responses. Beet pulp, citrus 
pulp, and brewer’s grains all are byproduct feedstuffs that can  
be effectively used in both sheep and goat feeding. These  
byproduct-type feeds often are much more economical than 
corn. All byproduct feeds should be analyzed for composition 
and used accordingly in diet formulation.1

Another source of energy supplementation is fat. In general, 
total fat content should not exceed 8% of the diet, or 4 to 5% as 
supplemental fat. High levels of fat supplementation depress fiber 
digestion by bypass fats and may be used in dairy goat diets, but 
are not generally used for meat goats. In the southern United 
States, where cotton production is prevalent, whole cottonseed, 
which contains approximately 24% fat, is used as an energy sup-
plement for both sheep and goats. In animals of both species, the 
diet should be supplemented with no more than 20% of the daily 
intake as whole cottonseed, assuming that the remainder of the 
diet contains no fat.1 Energy requirements of free-ranging cervids 
are difficult to determine, but are discussed in the 2007 Nutrient 
Requirements of Small Ruminants; Sheep, Goats, Cervids and New 
World Camelids.6 However, energy requirements and adequacy 
of farmed cervids may be extrapolated from the National  
Research Council (NRC)6 and by using BCS (see Chapter 1, and 
https://www.purinamills.com/deer-feed/education/detail/body-
condition-score-for-deer ).

Protein
As a general rule, a minimum of 7% dietary crude protein is 
needed for normal rumen bacterial growth and function for 
sheep, goats, and deer. Crude protein (CP) for fawns should be up 
to 20% for body mass development as well as for achieving opti-
mal first-year antler growth. The CP level for bucks should be on 
an average 16%. If dietary protein drops below 7%, forage intake 
and digestibility are depressed. Protein deficiency is associated 
with decreased fiber production, slowed growth, decreased im-
mune function, anemia, depressed feed use, edema, and death. All 
of the protein reaching the small intestine is found in bacteria or 
protozoa or dietary protein that escaped ruminal digestion. The 
quality (amino acid content) of the bacterial protein is surpris-
ingly quite good. Therefore, the quantity of dietary protein  
provided to adult ruminants is much more important than the 
quality. The opposite is true of the pre-ruminant lamb or kid. If 
lambs or kids are fed a milk replacer, it should be composed of 
milk byproducts to provide an adequate amino acid composition 
for maximal growth.1

Crude protein content varies widely among the various feed-
stuffs. Warm-season, perennial grass hay samples can range from 
less than 6% to more than 12% crude protein, whereas legumes in 
the vegetative state may occasionally be more than 28% crude 
protein. The protein content of plants declines with maturity. As 
with energy needs, crude protein requirements vary with the ani-
mal’s stage of production. For maintenance, ewes and does of most 
weight classes require a diet containing 7 to 8% protein. During 
lactation, both ewe and doe require 13 to 15% crude protein  
in the diet, depending on the number of offspring suckling. Sup-
plementation of protein may be necessary for heavy-producing 

animals. Whenever grass hay is fed, protein deficiency should be a 
concern, particularly for growing or lactating animals. The most 
consistent sign of protein deficiency in lactating animals is poor 
weight gain or slow growth in their lambs or kids, particularly with 
twins or triplets.6 Many plants browsed by small ruminants are 
legumes and will average 17 to 20% crude protein.

Typical protein supplements include the oilseed meals (cot-
tonseed meal, soybean meal), commercially blended supplements 
containing both natural protein and nonprotein nitrogen (NPN) 
(e.g., range cubes, pellets, or molasses-based products), and vari-
ous byproducts (e.g., whole cottonseed, corn gluten feed, dried 
distiller’s grains). Protein should be fed to meet, but not greatly 
exceed, requirements. Excess protein usually results in increased 
feed costs and higher rates of disease (e.g., heat stress, pizzle rot). 
The excess protein cannot be stored in the body.1

Providing NPN is an inexpensive way to increase the protein 
concentration of rations for sheep or goats. NPN includes any 
source of nitrogen in the nonprotein form, but the most com-
monly used type is urea. Whenever NPN is used, the diet should 
have sufficient amounts of highly fermentable energy compo-
nents. Feeding grain with NPN can result in a decrease in rumen 
pH. In this altered environment, the ability of the ruminal urease 
enzyme to ferment urea is depressed, resulting in a slower release 
of or breakdown to ammonia and carbon dioxide (CO2). Slowing 
this metabolic pathway allows for more efficient protein synthesis 
by the rumen microbes. By contrast, diets of poor-quality rough-
age result in a higher rumen pH and enhanced urease activity. 
These conditions result in a quicker release of ammonia, a poorer 
“marriage” of chains of carbon atoms and nitrogen for microbial 
protein synthesis, and a potential increase in the incidence of urea 
or ammonia toxicity. Whenever NPN is added to the diet, feeds 
containing a urease enzyme should be limited or avoided. Such 
urease-containing feeds include raw soybeans and wild mustard. 
Signs of urea or ammonia toxicity, which may be fatal, include 
dull or depressed demeanor, muscle tremors, frequent urination 
and defecation, excessive salivation, increased respiration, ataxia, 
and tetanic spasms. Treatment includes the infusion of a 5% ace-
tic acid solution (vinegar and water) into the rumen through a 
stomach tube. In severe cases, rumenotomy and fluid therapy may 
be required.

The following guidelines are useful when feeding urea as a 
protein source:
 1. Never use urea for more than one-third of the protein in the 

diet or more than 3% of the grain portion of the diet.
 2. Ensure that a highly fermentable source of carbohydrates (e.g., 

corn, milo) is fed along with NPN.
 3. Avoid the sudden introduction of urea into the diet. Introduce 

over a minimum of 8 to 10 weeks.
 4. NPN and silage should not be fed to sheep and goats until the 

rumen is fully developed.
 5. Ensure proper mixing of feedstuffs whenever urea is used.
 6. Urea is not fed as frequently to goats compared with cattle. 

However, it is acceptable to feed urea with corn if it is more of 
an economical option compared to another protein source 
(cottonseed or soybean meal).
For example, if 1 lb of urea plus 6 lb of ground corn is cheaper 

than 7 lb of cottonseed meal or soybean meal, then the 
former diet may be efficiently fed. However, if 7 lb of either 
the cottonseed or the soybean meal is less expensive, the 
urea should be avoided.

 7. If the crude protein of the diet is greater than 14% of the di-
etary TDN, NPN is of little value. For example, if TDN is 

https://www.purinamills.com/deer-feed/education/detail/body-condition-score-for-deer
https://www.purinamills.com/deer-feed/education/detail/body-condition-score-for-deer
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45%, which is typical of many dry hays during winter, NPN 
is of limited or no value if the crude protein of the diet is 
greater than 6.3% (45 3 0.14 5 6.3).
Because of variable dietary intake and its relationship to body 

condition scoring, NPN is best used in sheep or goats with BCSs 
greater than 2.5 out of 5; they should be avoided in animals with 
a BCS of less than 2. If NPN is offered to animals, it should be 
fed daily because less is used for protein synthesis if the supple-
ment is fed less frequently. In one report, the inclusion of NPN 
in poorly digestible forage diets for lambs resulted in increased 
weight gain and wool production, and decreased signs of parasitic 
nematode infestation.14,15 The fiber production is also impacted 
by season, breed type, species, frequency of shedding, scurf, and 
fiber CP. The antler growth in cervids is also impacted by protein 
level in the diet.16,17 There is lack of data for protein needs for 
wool- and fiber-producing ruminants.

Protein requirements of cervids, as with other small ruminants, 
change throughout the year according to season, physiological 
needs, age, and activity. The metabolizable protein needs of cer-
vids are published by NRC.6 Doe deer need higher amounts of 
protein intake when pregnant and lactating, while adult bucks 
require more protein for antler growth.18 The hardened antlers of 
a white-tailed deer contain about 45% protein.18 If dietary pro-
tein intake is deficient during the spring and summer (in North 
America), bucks will produce smaller antlers. Regardless of age, 
bucks need on average 16% protein in their diets from spring 
through summer for optimal antler growth.19 However, buck 
fawns require higher concentrations of protein (up to 20% of the 
ration) than older bucks to achieve optimal first-year antler 
growth.19

Minerals
Clinicians generally consider seven macrominerals and eight mi-
crominerals when assessing mineral nutrition for sheep and goats. 
The designations macro and micro do not reflect the relative im-
portance of the mineral but rather characterize the amount of 
each that is required as a proportion of the diet. Macromineral 
needs usually are expressed as percentage of the diet, whereas 
micromineral needs generally are expressed as ppm or mg/kg (ex-
ample: 100 ppm is equal to 1.6 ounces per 1/2 ton15). The seven 
commonly assessed macrominerals are calcium, phosphorus, so-
dium, chlorine, magnesium, potassium, and sulfur. The eight 
microminerals are copper, molybdenum, cobalt, iron, iodine, 
zinc, manganese, and selenium. Trace mineral deficiency is less 
common than energy, protein, or macromineral deficiency. Such 
deficiencies evolve slowly over time and rarely lead to the dramatic 
effects on productivity and body condition seen in protein defi-
ciency.6 In some cases of mineral deficiency, liver biopsy is the 
diagnostic tool of choice. The technique for liver biopsy is covered 
in Chapter 5. Hair analysis is of limited diagnostic value.15 Serum 
may be useful for zinc concentrations if special trace mineral tubes 
are used for blood collection. Whole blood may be useful for di-
agnosing dietary selenium status. Mineral nutrition should be 
assessed from a local standpoint as some soils are inherently defi-
cient in certain minerals or are acidic, thus, the plants grown in 
these areas are likely to be mineral deficient. As many plants ma-
ture, most minerals have lower bioavailability to animals grazing 
on them, while many browse or forbs have higher mineral bio-
availability than grasses.15 Various other factors can also affect soil 
mineral levels, including soil salinity. Table 2.2 shows minimum 
and maximum requirements for macro- and microminerals for 

goats.19 The mineral requirements for cervids have not been com-
pletely determined,6,18,20 but other ruminant guidelines may be 
applicable.

Calcium and Phosphorus
Calcium (Ca) and phosphorus (P) are interrelated in body func-
tions and are therefore discussed together. Nearly all of the cal-
cium in the body, and most of the phosphorus, is found in the 
skeletal tissues. Diets deficient in calcium and phosphorus may 
delay growth and development in young lambs and kids and pre-
dispose them to metabolic bone disease (e.g., rickets, osteochon-
drosis) (see Chapter 11).21 Likewise, calcium and phosphorus 
deficiencies in lactating ewes and does can dramatically reduce 
milk production. Calcium and phosphorus are very important 
minerals for antler growth in cervids, as hardened antlers are com-
posed of about 22% calcium and 11% phosphorus.18,20–22

Between these two minerals, phosphorus is usually the most 
expensive macromineral. When supplying mineral to a 150-lb 
(68.2 kg) goat, it is estimated that 46% of the annual cost is  
phosphorus alone.15

Serum phosphorus concentrations are not highly regulated but 
are still maintained between 4 and 7 mg/dL for sheep and be-
tween 4 and 9.5 mg/dL for goats. Phosphorus deficiency is the 
most commonly encountered mineral deficiency in range- or 
winter-pastured animals, as most forage tends to be high in cal-
cium and relatively low in phosphorus, and is true especially for 
legumes. Beet pulp and legumes, such as clover and alfalfa, are 
good to excellent sources of calcium. For lactating dairy goats and 
sheep, supplemental calcium and phosphorus are necessary to 
meet high demands for milk production. Range goats may need 

TABLE 
2.2

Macromineral and Micromineral Requirements 
of Goats.1,7

Mineral Minimum Maximum

Macrominerals, % of Diet

Calcium (Ca) 0.30 0.80
Phosphorus (P) 0.25 0.40

Sodium (Na) 0.20 —

Potassium (K) 0.80 2.0

Chloride (Cl) 0.20 —

Sulfur (S) 0.20 0.32

Magnesium (Mg) 0.18 0.40

Microminerals, ppm in Diet
Iron (Fe) 50 1000
Copper (Cu) 10 80

Cobalt (Co) 0.10 10

Zinc (Zn) 40 500

Manganese (Mn) 40 1000

Selenium (Se) 0.10 0.30

Molybdenum (Mo) 0.10 3

Iodine (I) 0.50 50
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less supplemental phosphorus than sheep because of their prefer-
ence to browse the parts of plants that tend to accumulate phos-
phorus. Phosphorus serum concentrations of less than 4 mg/dL 
may indicate phosphorus deficiency.6 Phosphorus deficiency 
results in slow growth, listlessness, an “unkempt” appearance, 
depressed fertility, and depraved appetite or pica.6

Small ruminants fed high-grain or high-concentrate diets typi-
cally need supplemental calcium and little to no additional phos-
phorus. Grains are relatively low in calcium but contain moderate 
to high concentrations of phosphorus. Although serum calcium is 
tightly held in a narrow range, serum concentrations consistently 
below 9 mg/dL are suggestive of chronic calcium deficiency.6 
Chronic parasitism can lead to a decrease in body stores of both 
calcium and phosphorus.6 Common calcium supplements in-
clude oyster shells and limestone. Defluorinated rock phosphate 
is an excellent source of phosphorus. Dicalcium phosphate and 
steamed bone meal (when available) are good sources for both. 
The calcium-to-phosphorus ratio should be maintained between 
1:1 and 2:1.6

Phosphorus is the most limiting mineral for growth and repro-
duction for wild herbivores.22,23 While the research data is lim-
ited, the phosphorus requirement for body growth of 6.5 g P/kg 
BW gain for goats is recommended for cervids,6 however, the 
phosphorus requirement for bucks is related to antler weight and 
antler growth rate with the maximum demand in the final 20% 
of the growth period (approximately 49 days). Diets with 0.64% 
calcium and 0.56% phosphorus appear to be optimal for body 
and antler growth in some studies.24

Sodium and Chlorine
Sodium and chlorine are integral components of many bodily 
functions. Salt (sodium chloride [NaCl]) is the carrier for most ad 
libitum mineral supplements. If salt is not offered ad libitum, it 
should be incorporated into a complete ration at a level of 0.5% 
of the diet. Sodium, predominantly an extracellular ion, is impor-
tant for normal water metabolism, intracellular and extracellular 
function, and acid-base balance. Sodium is seldom a problem 
except when animals are fed grain-based diets. Conversely, chlo-
ride is an intracellular ion, functioning in normal osmotic bal-
ance, and is a component of gastric secretions. Sheep or goats that 
are deficient in salt intake routinely chew wood, lick the soil, or 
consume other unlikely plants or debris. The NaCl content of 
feeds may be increased to 5%, particularly for feeding males, to 
help increase water intake and reduce the incidence of urolithiasis 
(see Chapter 12).1

Sheep and goats, and probably cervids, have a natural drive for 
NaCl in the diet. An important consideration is the decision to 
use a salt-containing mineral mixture to ensure that mineral in-
take is consistent, since individual consumption may vary drasti-
cally. Furthermore, improperly prepared salt mixtures or blocks, 
feed supplements, liquid feeds, or certain types of food or water 
contamination may be associated with drastically altered mineral 
consumption.

Salt may be used as an intake limiter for energy-protein sup-
plements for sheep and goats. A 10 to 15% NaCl mixture of two 
parts ground corn and one part soybean meal contains approxi-
mately 20% crude protein. The addition of salt usually limits  
intake of this mixture to 0.45 kg/day in the adult goat or sheep. 
Whenever using salt-limited feeding, the keeper should take care 
to introduce the feedstuffs slowly over 2 to 3 weeks and provide 
access to adequate quantities of fresh clean water. Only white salt 

should be used as an intake limiter. If trace mineral salt or ionized 
salt is used, mineral (e.g., copper, iodine) toxicity is likely, par-
ticularly in sheep. The sodium requirement for cervids is recom-
mended as 9.0 mg/kg BW for maintenance25 and 3.2 mg/kg BW 
for reindeer/caribou. Sodium deficiency is common worldwide 
while chlorine deficiency has not been shown.26 Chlorine require-
ments are not available for cervids, but the sheep and goat values 
are recommended.

Magnesium
Magnesium is important for normal functioning of the nervous 
system and required for many enzymatic reactions. Skeletal mag-
nesium can be used by the animal during times of deficiency, but 
the skeletal magnesium reserve is much smaller than the calcium 
reserve. Many fast-growing heavily fertilized cereal grains or grass 
pastures are deficient in magnesium. Magnesium absorption is 
depressed by high concentrations of plant potassium or rumen 
ammonia. Legume and legume-grass mixed pastures are good 
sources of magnesium. A magnesium deficiency can lead to a 
clinical manifestation known as grass tetany in either sheep or 
goats.6 Magnesium toxicity is very rare. The magnesium data are 
not available for cervids. The value for goats is recommended.

Potassium
Potassium functions as an intracellular ion and is required for 
normal acid-base balance and is an integral component of many 
enzymatic pathways. The requirement is between 0.5 and 0.8% of 
the diet, depending on the stage of production. Most grains con-
tain less than 0.4% potassium, whereas fresh green forages gener-
ally contain more than 1%. Dormant forages, however, may have 
much lower potassium concentrations.1

Potassium deficiency or toxicity is rare in sheep and goats. 
However, deficiency may occur in highly stressed animals being 
fed diets composed mostly of grain. Therefore, in stressful situa-
tions (such as weaning), supplemental potassium may be indi-
cated for animals fed predominantly on grain.6

Sulfur
Sulfur, a component of many bodily proteins, is found in high 
concentrations in wool and mohair, in keeping with the large 
amounts of sulfur-containing amino acids (cystine, cysteine, and 
methionine) in keratin. Sulfur deficiency can reduce mohair pro-
duction in Angora goats.28,29 The general recommendation is to 
maintain a 10:1 nitrogen-to-sulfur ratio in sheep and goat diets.6 
Ideal ratios are 10.4:1 for maximal gains and 9.5:1 for maximal 
intake in growing goats.28 However, a ratio as low as 7.2:1 has 
been suggested for optimal mohair production.29,30 If the forage 
has a low sulfur content, or if large quantities of urea are used in 
the diet, weight gain and fiber production can be increased by 
providing supplemental sulfur.

In both sheep and goats, sulfur deficiency may result in an-
orexia, reduced weight gain, decreased milk production, decreased 
wool growth, excessive tearing, excessive salivation, and, eventu-
ally, death. Browsing animals, such as goats, may ingest enough 
tannins to decrease sulfur availability. Sulfur deficiency also de-
presses digestion, decreases microbial protein synthesis, decreases 
use of NPN, and lowers the rumen microbial population. When-
ever NPN is fed to fiber-producing animals, sulfur supplementa-
tion is indicated. With the possible exception of oats and barley, 
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the sulfur content of most cereal grains usually is low to deficient, 
although corn-soybean diets usually meet requirements for the 
ruminal synthesis of sulfur-containing amino acids.1

Sulfur toxicity is occasionally seen in settings where calcium 
sulfate is used as a feed intake limiter. It also occurs when am-
monium sulfate is fed as a source of NPN or as a urinary acidifier. 
If sulfur is supplemented in the form of sulfate, toxicity may  
occur, particularly if the sulfur content is greater than 0.4% of the 
diet.6 Sulfate can be reduced to sulfide in the rumen or lower 
bowel. Sulfide in large enough concentrations can result in  
polioencephalomalacia that is only partially responsive to thia-
mine (see Chapter 13).

In the southeastern United States, the use of ammonium sul-
fate as fertilizer has markedly increased due to the rising cost of 
commercial nitrogen. If signs of marginal trace mineral deficien-
cies begin to appear in any group of sheep or goats, forage sulfur 
concentrations should be measured. An excess of dietary sulfur 
can lead to deficiency of any of several trace minerals (e.g., copper, 
zinc) without causing any overt toxicity problems. Some feed 
byproducts such as distillers’ dried grains with solubles contain 
higher levels of sulfur, so caution must be taken to adjust the right 
amount of inclusion in the diet.1

Copper
Copper deficiencies can be primary, as a result of low intake, or 
secondary, caused by high concentrations of molybdenum, sulfur 
and/or iron, or other substances in feedstuffs. In the rumen, cop-
per, molybdenum, and sulfur form thiomolybdates, which reduce 
copper availability. Specifically, the ability of copper to function 
as part of the enzyme systems needed for specific biochemical re-
actions is depressed. This impairment in metabolism results in 
clinical signs of deficiency. Other factors that alter copper absorp-
tion include high concentrations of dietary cadmium, iron,  
selenium, zinc, and vitamin C as well as alkaline soils. Zinc sup-
plementation in the diet to a concentration higher than 100 ppm 
will reduce availability and liver stores of copper. Roughage grown 
on “improved” (fertilized, limed) pastures is more likely to be 
deficient as liming reduces copper uptake by plants. Many fertil-
izers contain molybdenum which can further complicate copper 
availability. Good-quality lush grass forages have less available 
copper than most hays. Legumes have more available copper than 
most grasses. Liver copper reserves last up to 6 months in 
sheep.6,31

Copper Deficiency. Signs of copper deficiency include micro-
cytic anemia, depressed milk production, lighter or faded-looking 
hair color, poor-quality fleeces, heart failure, infertility, increased 
susceptibility to disease, slowed growth, enlarged joints, lameness, 
gastric ulcers, and diarrhea. Copper deficiency also depresses the 
immune response of the animal. These signs appear to be more 
severe with primary copper deficiencies than with a lowered cop-
per-molybdenum (Cu:Mo) ratio. The Cu:Mo ratios of at least 4:1 
are considered ideal.31 Liming can increase molybdenum in forage 
and disturb the Cu:Mo ratio. Sheep with copper deficiency have 
inferior wool that lacks both tensile strength and crimp and is 
characterized as “stringy” or “steely”. Growing lambs and kids  
are most susceptible to copper deficiency, followed by lactating 
females.1

Several breed differences have been observed with regard to 
copper metabolism. For example, some Finnish-Landrace sheep 
may have lower serum copper concentrations than in Merinos, 
which in turn have lower serum copper levels than in British 

breeds at similar levels of intake.32 Milk usually is deficient in 
copper, whereas molybdenum is concentrated in milk.

Anecdotal reports indicate that goats offered only sheep min-
eral that contains molybdenum, but little to no added copper, 
may succumb to copper deficiency. The risk of this deficiency may 
be magnified in pygmy goats and young, growing animals.  
Merino sheep and dwarf goat breeds require 1 to 2 ppm more 
copper than other breeds. Copper is absorbed more efficiently by 
young animals than by adults.6

Very young lambs or kids born from copper-deficient ewes and 
does can present with enzootic ataxia or swayback. The swayback 
condition of lambs or kids usually is seen at birth but may be 
diagnosed in animals up to 3 months of age. Neonates may expe-
rience a progressive ascending paralysis due to impairment of the 
central nervous system development. Manifestations of this ataxia 
include muscular incoordination, especially in the hind legs, and 
failure to nurse. Most neonates die within 3 to 4 days of onset of 
the first clinical signs and symptoms. The prognosis of older ani-
mals depends on the severity of the condition. Rear limb ataxia, 
muscle atrophy, and weakness are noted in lambs or kids from  
2 weeks to 3 months of age.1

A definitive diagnosis is made with necropsy. Histopathologic 
examination of the spinal cord reveals myelin degeneration  
and cavitations of cerebral white matter. Liver copper concentra-
tions are invariably depressed, typically less than 8 ppm. Preven-
tion and treatment consist of copper supplementation (using oral 
supplements, copper needles, a trace mineral mixture, or inject-
able copper) and maintaining an appropriate dietary copper-to-
molybdenum ratio.

If copper deficiency is suspected, the copper, molybdenum, 
sulfur, and iron concentrations of the diet should be deter-
mined. To confirm copper deficiency, the nutritionist or clini-
cian should measure body tissue concentration. Serum copper 
commonly is used to determine body copper status, however 
much of the copper is bound in the clot, making plasma a more 
reliable indicator of body copper status. Unfortunately, from a 
body assessment standpoint, blood copper concentrations may 
be falsely increased by stress or disease. If serum copper is 
overtly low and animals were not stressed during sampling, cop-
per deficiency is likely. If serum copper concentrations are used 
for assessment, and copper concentrations fall within normal 
ranges, additional copper supplementation is of little or no 
value. An exception is in those cases in which serum copper is 
normal but dietary molybdenum is high, or the Cu:Mo ratio is 
less than 4:1. In such cases, the assayed copper may not be avail-
able for use in body metabolism. The dietary Cu:Mo ratio 
should be maintained between 5:1 and 10:1. Liver is the best 
tissue to use in determining body copper status, but it is a poor 
indicator of short-term copper balance. If liver copper is mar-
ginal, but plasma or serum copper is in the normal range, the 
animal may have a favorable response to copper supplementa-
tion. In such instances, dietary copper probably is deficient, and 
the liver stores of copper are being depleted. If a herd problem 
seems likely, the clinician should sample not only a cross-section 
of ages and production status, but also as many symptomatic 
animals as possible.

Forage samples should be taken for copper and trace mineral 
analysis. Core samples of hay should be properly collected. Feed 
samples should be placed in plastic bags, not brown paper boxes 
or bags. Dietary copper should range between 4 and 15 ppm. In 
areas where copper deficiency is a problem in goats, a mineral 
mixture with 0.5% copper sulfate should be offered on a  
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free-choice basis, however, this level of copper may be toxic for 
sheep.6 In extremely deficient areas, copper needles can be adminis-
tered orally, or copper can be injected parenterally (see Chapters 8, 
11, and 13).

Copper Toxicity. Copper toxicity is a much larger problem in 
both wool and hair sheep than in goats or cervids. Angora  
goats appear to be more susceptible than either meat or dairy 
goats.15

In sheep, the magnitude of difference between copper defi-
ciency and copper toxicity is quite small. Copper toxicity can 
occur in sheep as a result of simple mixing errors during the for-
mulation of mineral premixes, or from feeding mineral mixes 
formulated for species other than sheep. It can also be exacerbated 
by the ingestion of toxic plants (e.g., lupines, alkaloid-containing 
species) and stress. Sources of toxic copper concentrations include 
premixes, trace mineral supplements made for species other than 
sheep, copper sulfate–containing foot baths, feedstuffs containing 
high levels of copper (horse, hog, or chicken feeds), and some 
nontraditional feedstuffs (broiler litter). Signs of copper toxicity 
include increased respiration, depression, weakness, hemoglobin-
uria, and icterus, with sudden death in some instances. Gross 
histopathologic findings in affected animals include signs of a 
massive hemolytic crisis and dark, hemoglobin-filled kidneys. 
Treatment includes administration of d-penicillamine (26 mg/kg 
once a day for 6 days) and ammonium tetrathiomolybdate  
(1.7 mg/kg intravenously [IV] every other day for three treat-
ments). The control of methemoglobinemia should be specifically 
addressed (see Chapter 12). As reported earlier, goats, like cattle, 
are more resistant to copper toxicity than sheep, with diets of 100 
to 150 ppm fed to Nubian goats showing improved growth and 
performance without any adverse signs of toxicity.33 The 2007 
NRC6 recommends the same copper requirements for cervids as 
for sheep and goats.

Cobalt
Cobalt (Co) is used by rumen bacteria in the formation of vitamin 
B12. Co is the only known animal requirement as a constituent 
of vitamin B12 which has 4% cobalt in its chemical structure.30 
It is deficient in some highly organic or poorly drained soils.  
Cobalt deficiency in sheep or goats is characterized as a classic B12 
deficiency, with signs and symptoms including lack of appetite, 
emaciation, anemia, and “wasting disease”. Cobalt deficiency is as-
sociated with white liver disease, although phosphorus and copper 
deficiencies and chronic parasitism also play roles in pathogenesis. 
Animals with this condition have excessive ophthalmic discharge, 
and their skin becomes extremely pale. Necropsy reveals a fatty liver 
(see Chapter 5).

To determine whether a cobalt deficiency exists, the clinician 
must evaluate the complete diet. In cobalt deficiency, serum or 
urinary methylmalonic acid is increased, while serum vitamin 
B12 and liver cobalt concentrations are depressed. Diagnosis may 
be difficult, however, because of the normally low tissue concen-
tration of cobalt. A diet with a cobalt concentration of 0.1 ppm 
is adequate in most instances, but dietary levels below 0.06 ppm 
should be considered deficient. The 2007 NRC Committee6 
recommends 0.11 mg Co/kg Dry Matter (DM, which is 0% 
water) for maintenance for goats and 0.10 to 0.20 mg Co/kg 
DM for sheep. If a frank deficiency exists, a cobalt-supplemented 
trace mineral mixture should be fed ad libitum. Cobalt toxicity 
is of minimal concern with most sheep and goat operations  
under typical conditions in North America.6

Iron
Iron deficiency in sheep and goats is quite rare under grazing 
conditions. However, lambs or kids raised in total confinement, 
deprived of access to pasture, and housed in earth-floored stalls or 
paddocks may become deficient. Iron deficiency is exacerbated 
when young animals are fed a milk replacer deficient in iron as 
newborn kids and lambs are born with minimal iron stores. Iron 
is an important component of hemoglobin, and a deficiency can 
result in microcytic-hypochromic anemia. Iron deficiency is a rare 
problem in adults, except in cases of excessive parasitism.

In kids and lambs with diagnosed iron deficiency, iron dex-
tran (150 mg given intramuscularly) at 2- to 3-week intervals 
may prove a valuable therapy.27 Parenteral iron dextran may be 
toxic, and caution is indicated with its use.27 If selenium defi-
ciency also exists, the use of iron dextran can result in painful 
muscle reactions. The dietary iron requirement generally is 30 to  
40 ppm. The maximum tolerable level of dietary iron is 500 mg/kg 
DM for sheep and goats,33 but limited data is available for 
cervids.34 Anecdotally, iron concentrations in water high enough 
to “stain white linen” may provide aid to the depressed absorp-
tion and possible deficiency of zinc, copper, manganese, and  
selenium.

Iodine
Iodine (I) deficiency is more common in certain geographic re-
gions of North America, particularly the “Northern Tier” of the 
United States. Iodine availability is depressed by methylthiouracil, 
nitrates, perchlorates, soybean meal, and thiocyanates. Minerals 
that interfere with iodine absorption include rubidium, arsenic, 
fluorine, calcium, and potassium. Iodine appears to be most avail-
able for use by the body during winter months and during lacta-
tion. The form or “state” in which iodine exists in the feed alters 
availability—iodates are absorbed more readily than iodides. 
Signs of iodine deficiency are goiter, poor growth, depressed milk 
yield, pregnancy toxemia, and reproductive abnormalities includ-
ing abortion, stillbirth, retained placentas, irregular estrus,  
infertility, depressed libido, and birth of small, weak, and either 
hairless or short- and fuzzy-haired newborns. Lambs or kids born 
to iodine-deficient dams may have enlarged thyroid glands. Af-
fected kids can be treated with 3 to 6 drops of iodine (Lugol’s 
solution) daily for 7 days. An iodine deficiency has been reported 
as goiter in neonates.1

An enlarged thyroid in the kid commonly is a congenital prob-
lem unassociated with dietary iodine. After a thorough examina-
tion of the diet, if iodine deficiency is still suspected, the clinician 
can measure the serum or plasma thyroxine levels, which are low-
ered in deficient states, to assess the body status. Iodine is readily 
absorbed, so most sources will work well in salt-mineral mixtures 
or feed supplements. Iodine levels of 0.8 ppm for lactating ani-
mals and 0.2 ppm for nonlactating ewes or does usually are suf-
ficient for normal function. Applying iodine (1 to 2 mL of tinc-
ture of iodine or Lugol’s solution) to the skin of a pregnant female 
once each week is a labor-intensive but rewarding method of pre-
venting iodine deficiency-induced hypothyroidism. Hyperiodin-
ism occasionally is associated with the feeding of kelp or related 
plants in mineral mixtures. This clinical problem may be encoun-
tered in the occasional pet or dairy goat. Simply removing the 
iodine source may be all that is required for treatment of toxicity.6 
A 0.26 mg I/kg DM is recommended for growth for white-tailed 
deer in the United States.6 The recommendations for iodine for 
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cervids for other physiologic states are the same as for sheep and 
goats6 (see Chapters 8 and 9).

Zinc
Zinc deficiency-related disease or dysfunction has been reported 
in sheep and goats. Zinc availability is improved with the presence 
of vitamin C, lactose, and citrate in the diet. Oxalates, phytates, 
and large dietary concentrations of calcium, cadmium, iron, mo-
lybdenum, and orthophosphate all depress zinc availability. Zinc 
concentrations usually are higher in legumes than in grasses, but 
legumes invariably contain large concentrations of calcium, which 
can depress zinc availability. The bran and germ of cereals usually 
contain high levels of zinc but tend to be less available. Signs of 
zinc deficiency include dermatitis and parakeratosis, depressed 
milk production, impaired appetite, poor feed utilization, slowed 
growth, increased susceptibility to foot rot, diminished hair 
growth on legs and head, swollen joints, poor growth, decreased 
reproductive performance, reduced testicular development, im-
paired vitamin A metabolism, and increased vitamin E require-
ments. Male goats appear to be more sensitive to the potential for 
adverse effects of marginal zinc intake.

When zinc deficiency is suspected, the clinician should care-
fully sample all constituents of the diet. Serum or plasma should 
be properly collected into tubes specifically designed for trace 
mineral analysis in royal blue top or trace mineral tubes. Hemo-
lysis alters the accuracy of serum and plasma samples because red 
blood cells have high zinc concentrations. Liver samples yield the 
most reproducible measurements of the zinc status of the animal. 
Both polystyrene containers and brown paper bags may be con-
taminated with zinc and should not be used for sample collection. 
Diets containing 20 to 50 ppm of zinc usually are sufficient, ex-
cept for animals that consume a high percentage of legumes in 
their diets. In these instances, a chelated form of zinc is indicated. 
Providing trace mineral–salt mixes with 0.5 to 2% zinc usually 
prevents deficiency.1 The difference between required and toxic 
amounts is quite large, so zinc toxicity is rare under most condi-
tions.6 The sheep and goat values are recommended for cervids6 
(see Chapters 10 and 11).

Selenium
The absorption of selenium from the small intestine is enhanced 
by adequate dietary levels of vitamins E and A, and histidine. 
Large dietary quantities of arsenic, calcium, vitamin C, copper, 
nitrates, sulfates, and unsaturated fats inhibit selenium absorp-
tion. Legumes usually are a better source of selenium than are 
grasses, which in turn are superior to cereal grains.

The signs of selenium deficiency include retained placentas 
and nutritional muscular dystrophy, particularly of the skeletal 
and cardiac muscles of fast-growing young lambs or kids. Other 
signs associated with insufficient selenium include poor growth, 
weakness or premature birth of lambs or kids, depressed immune 
function, mastitis, and metritis. Most often, selenium deficiency 
is observed in lambs between birth and 8 weeks of age.

Serum selenium concentrations are difficult to interpret be-
cause they may reflect dietary intake over the past 2 to 4 weeks. 
Whole blood selenium is reflective of dietary selenium intake over 
the past 1001 days.1,35

Liver biopsy is the most accurate method for diagnosing sele-
nium deficiency35 (see Chapter 5). From a practical standpoint, 
the authors preference is to use whole blood selenium to  

determine selenium adequacy. Diets containing 0.1 to 0.3 ppm 
of selenium usually are adequate. The upper limit (0.3 ppm) 
should be fed during the final trimester of pregnancy. Mineral-
salt mixes should contain between 24 and 90 ppm selenium in 
deficient regions. Of course, dietary limits may be restricted to 
different levels in different countries and regions of the United 
States. In cases of frank deficiency, injectable vitamin E and sele-
nium preparations may be given. However, selenium supplemen-
tation through feed is more effective than by injection. Selenium 
toxicity may occur, but deficiency is the more prevalent problem. 
Toxicity is characterized by wool break, anorexia, depression, 
incoordination, and death.6 There are limited studies on sele-
nium requirements of cervids so NRC6 recommends sheep and 
goat values for cervids. However, most North American plants 
contain high levels of selenium due to the type of soils and the 
accumulation of capacity of the plants, so the serum and liver 
selenium levels are adequate in northern cervids (see Chapter 8 
and 11).

Vitamins
Because a healthy rumen and intestinal tract normally synthesize 
B vitamins, the only vitamins needed in the diets of nonstressed 
animals are the fat-soluble vitamins: A, D, E, and K. Supplemen-
tal water-soluble vitamins may be required in animals with altered 
rumen function, parasitized, on low-fiber/high-concentrate diets, 
high dietary sulfate intake, or being given long-term antibiotic 
therapy.15

Vitamin A
Vitamin A is involved in numerous bodily functions. It is essential 
for growth, proper skeletal development, normal reproduction, 
vision, and epithelial tissue integrity. Signs of vitamin A defi-
ciency include weight loss, depressed immune function, night 
blindness, decreased fertility, and hair loss. Vitamin A can be 
stored in the liver for 4 to 6 months or longer. Green, vegetative 
forage meets the daily vitamin A requirement for sheep and goats, 
which is 105 international units (IU)/kg BW/day for nonlactating 
animals.6 During late gestation, the requirement increases to 
150 IU/kg/day, and for lactation, 175 IU/kg/day. For conversion 
purposes, one retinol equivalent (RE) is equal to 3.33 IU. Plants 
are not a source of preformed vitamin A but instead contain ca-
rotenoid precursors for vitamin A.6 Formulated feeds should 
contain near 5000 IU/lb of vitamin A for small ruminants.15

Hay that is brown and dry, or has been stored for long periods 
probably is deficient in vitamin A. Vitamin-mineral supplements 
that also contain oxidizing agents (e.g., copper, iron) are subject 
to oxidative destruction during storage. Although the label may 
indicate that vitamin A is present, its activity may be minimal. 
There is no controlled data on vitamin requirements for cervids, 
but based on extrapolations of requirements for sheep, the vita-
min A requirement would be from 21.1 to 35.2 RE/kg BW.36 
Cervids may be provided with additional RE to enhance the 
growth and development of antler.23,37

Vitamin D
Vitamin D requirements generally are met when the animals are 
exposed to sunlight. In confinement feeding operations or during 
sustained overcast or cloudy conditions, vitamin D should be 
supplemented. Vitamin D deficiency can occur in heavily woolled 
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lambs raised with limited access to sunlight or sun-cured forages. 
Winter months tend to be the most common time for marginal 
blood vitamin D concentrations.

Vitamin D along with calcium and phosphorus, is important 
for normal bone integrity. Deficiencies can result in rickets (see 
Chapter 11). Plants, both fresh and in the form of hay, particu-
larly sun-cured hay, contain abundant quantities of ergocalciferol 
(vitamins D2 and D3). The vitamin D requirement for sheep is 
5 to 6 IU/kg BW/day, except for early-weaned lambs, which have 
a requirement of 6 to 7 IU/kg/day.6 For conversions, 1 IU of vi-
tamin D equals 0.025 mg of crystalline D3.6 Vitamin D require-
ments for cervids may be extrapolated from sheep data, as limited 
information is available. Vitamin D would be critical for antler 
growth and development. Short day length and cloudy days may 
pose a problem with adequacy unless vitamin D is added to diets 
of farmed-raised cervids. Properly managed habitats involving 
brush management can also help provide adequate amounts of 
this nutrient. Formulated feeds should contain near 2000 IU/lb 
of vitamin D activity for small ruminants.15

Vitamin E
Vitamin E is a biologic antioxidant that plays a major role in 
maintaining cell membrane integrity. It is closely associated with 
selenium in its mode of action, and a deficiency of either can lead 
to white muscle disease, depressed immune function, and subfer-
tility in sheep and goats. Lambs from vitamin E–deficient ewes 
may exhibit stiffness, paralysis, and pneumonia. If a higher- 
than-expected incidence of infection and disease is noted in the 
herd or flock, the keeper or clinician should investigate adequacy 
of vitamin E intake. In selenium-deficient areas, young lambs 
generally should be given extra vitamin E and selenium by injec-
tion. Vitamin E is poorly stored in the body, making daily intake 
crucial. Most good-quality forages contain vitamin E, however 
females consuming poor-quality hay, particularly in selenium-
deficient areas, will require supplementation. Feeds rich in vitamin 
E include alfalfa meal, cottonseed meal, and brewer’s grains. Some 
feedstuffs (e.g., corn, feeds containing high levels of sulfur, onions) 
decrease vitamin E availability.1 The 2007 NRC7 recommen-
dation for vitamin E requirements of small ruminants is 5.3 IU/
kg BW/day. This recommendation is for all classes of sheep and 
goats.6 Although vitamin E requirements of cervids are not fully 
understood, those of cervids raised in captivity maybe five- to 
tenfold greater than other livestock species. Formulated feeds 
should contain near 80 IU/lb of vitamin E for small ruminants17 
(see Chapters 8 and 11). Although vitamin E requirements of 
cervids are not fully understood, those of cervids raised in captiv-
ity may be five- to tenfold greater than other livestock species.38 

Vitamin K
If a ruminant animal is healthy, the keeper does not need to 
supplement vitamin K. Vitamin K is important for normal blood 
clotting and vision. In healthy animals it is produced in suffi-
cient quantities in the rumen and lower gut. The vitamin require-
ments for sheep and goats is shown in Table 2.3.6

Mineral Feeding
A salt block or loose salt is just that—a block or loose mixture of 
NaCl. Trace mineral salt in block or loose form is composed of 
usually 98 to 99% NaCl with added trace microminerals. The 

adequacy or content of certain minerals in the block or loose salt 
mixture generally is not specified. The nutritionist or clinician 
should carefully evaluate the type of salt-mineral supplement that 
is being offered to sheep or goats.1

Most adult ewes consume around 0.3 to 0.8 kg of a mineral 
mix per month, or approximately 10 to 28 g daily. Sheep and 
goats maintained in dry lots usually consume more than this, 
whereas those that graze or browse on range consume less. Al-
though commonly used, salt blocks are inappropriate for both 
sheep and goats, and their use can lead to inadequate mineral 
intake and the occasional broken tooth.1

Complete mineral mixtures should be used for animals grazing 
poor-quality forages, and for breeding, pregnant, and lactating 
animals. A useful mixture of 40% dicalcium phosphate and 60% 
trace mineral salt offered ad libitum generally provides an effective 
yet inexpensive salt-mineral supplement. If vitamin E supplemen-
tation is required, 1 kg (21/4 lb) of a vitamin E supplement 
containing 44,100 IU/kg can be combined with 22.7 kg (50 lb) 
of trace mineral salt. If animals consume 10 to 17 g of the mixture 
daily, requirements for vitamin E should be met. In situations in 
which the amount consumed may not be adequate to meet these 
requirements, the keeper can monitor intake by weighing the 
mineral being offered weekly. If animals are not consuming 
enough of the supplement, the addition of corn, molasses, or 
soybean meal may enhance intake. If too much of the mixture is 
being consumed, the addition of white salt will curtail intake. 
Mineral feeders should be located where they can remain dry to 
avoid “caking”. Mineral supplementation should be based in in-
dividual farm practices, forage analysis, stage of production, and 
breed. As a general guide, mineral supplementation should be 
year-round.1

Feed Additives
To date, very few feed additives have been approved by the U.S. 
Food and Drug Administration (FDA) for use in sheep and goats. 
For a list of approved antibiotics, see Appendix l. An explanation 
of the Veterinary Feed Directives is discussed in Appendix l.

Two ionophores, lasalocid and monensin, are approved by the 
FDA as feed additives for control of coccidiosis in sheep and 
goats, respectively. Both are approved for confinement feeding 
only, and neither is approved for use in animals whose milk is to 
be used for human consumption in the United States. Feeding 
these ionophores to ewes or does 30 days before they give birth 
can reduce the shedding of infective oocysts and may decrease 
pasture contamination and resultant coccidiosis infection in 
young lambs or kids. Both agents have value in improving weight 

TABLE 
2.3 Vitamin Needs of Sheep and Goats.7

Vitamins Suggested Feeding Rates

A 5000 IU/lb of feed

D 2000 IU/lb of feed

E 80 IU/lb of feed

K Properly functional rumen can produce adequate 
amounts of vitamin K so not generally recommended

IU, International Unit.
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gain and feed efficiency in adults and young growing animals. 
Ionophores also enhance propionic acid fermentation in the  
rumen, thereby increasing the pool of glucose precursors and aid-
ing in the prevention of pregnancy toxemia in late-term ewes and 
does. These drugs have the added benefit of decreasing the inci-
dence of free-gas bloat in animals on high grain–low forage diets 
(e.g., show lambs, feedlot lambs).1

Decoquinate is another anticoccidial feed additive that is li-
censed for use in sheep and goats in the United States. However, 
it is not approved for use in animals producing milk for human 
consumption. Decoquinate acts early in the life cycle of coccidia, 
before they can cause gastrointestinal damage, thereby preventing 
some of the more serious consequences of infection. Decoquinate 
is very safe and can be added to feed, mineral mixtures, and milk 
or milk replacers. Lambs or kids at risk for the development of 
coccidiosis secondary to stress or environmental contamination 
and ewes or does in late gestation are likely candidates for the use 
of this feed additive. To maximize their effectiveness, decoquinate-
containing feeds should be provided continually for a minimum of 
28 days (see Chapter 6 and Appendix 1).

The dewormer, morantel tartrate, is approved as a feed additive 
for goats to control gastrointestinal nematodes. Anthelmintic feed 
additives are valuable for use in animals that are difficult to  
handle individually because of temperament or lack of facilities. 
However, if anthelmintics are fed continuously and consistent 
therapeutic intake is not met, anthelmintic resistance will occur.

The anionic salts ammonium chloride and ammonium sulfate 
are urinary acidifying agents that help prevent certain types of uroli-
thiasis when added to the diets of rams, bucks, and wethers. Uroli-
thiasis may occur in males consuming high-grain diets due to a 
smaller urethral diameter as compared with females. This is particu-
larly true in pet goats, breeding bucks or rams, and feedlot lambs. 
These anionic salts tend to be unpalatable and in effective doses of 
200 mg/kg/day, their use may result in depressed feed intake.

The term yeast culture refers to yeast and the medium on which 
it is grown. This product can be dried, preserved, and used as a 
feed additive. Although the mode of action has not yet been de-
termined, the feeding of some yeast cultures may stimulate dry 
matter intake and fiber digestion, especially in mildly stressed 
animals. These yeast cultures may stimulate the growth of ruminal 
bacteria, which utilize lactic acid. The quality of these prepara-
tions should be examined closely before their use. Yeast culture 
may be useful in easing animals into grain-rich diets and minimiz-
ing rumen upset during the diet transition phase.

Buffers are salts that resist pH changes, whereas neutralizing 
agents neutralize acid and therefore increase pH. Some feed-grade 
buffers include sodium bicarbonate, sodium sesquicarbonate,  
sodium bentonite, and calcium carbonate. Magnesium oxide, so-
dium carbonate, and sodium hydroxide are neutralizing agents. 
Buffers and neutralizing agents can be added to high-grain diets 
(e.g., diets fed to feedlot lambs, show lambs, and dairy animals) 
to help limit the rapid changes in ruminal pH associated with the 
ingestion of excessive concentrates. Sodium bicarbonate probably 
is the most widely used of these agents. The response to feeding 
buffers appears to be variable, except when they are used in dairy 
animals receiving high-grain diets. Buffers are of less value when 
forage-based diets are fed. In dairy goats and sheep, buffering 
agents improve milk production, minimize milk fat depression, 
decrease the incidence of lactic acidosis–rumenitis complex, and 
improve overall health. These buffers may be fed ad libitum to 
dairy goats, included in a total mixed diet at around 1%, or top-
dressed onto the feed.1

Fiber
Fiber is an important component of the diet of a ruminant ani-
mal. Without adequate fiber in the diet, normal rumination does 
not occur. In sheep, feeding a concentrate-based diet with limited 
amounts of fiber results in “wool pulling” as the animals seek a 
roughage source. To promote a healthy rumen, the dietary fiber 
content generally should be greater than 50%.

Fiber also is required in the diet to maintain acceptable levels 
of milk fat. The particle size of the fiber is important. It is gener-
ally accepted that a minimum particle size of 1 to 2.5 cm is  
appropriate to stimulate normal rumination, although the effect 
of smaller particles is not well documented in sheep and goats. 
Pelleted roughage does not meet the requirement for fiber size. 
Animals being fed pelleted forage or lush pasture should be of-
fered hay.1,15,39

Pelleted Feeds
The process of pelleting compacts feeds by forcing them through 
a die. Pelleting of feeds decreases waste, enhances feed utilization, 
allows for easier storage and mechanization, and decreases labor. 
However, it usually increases the total feeding cost. Compacting 
the feed ingredients reduces or eliminates ‘fines’ and dust particles, 
thereby increasing palatability. The pelleting process reduces sepa-
ration and feed sorting by the animal, preventing the intake of 
only certain parts of the total feed. Because pelleting usually en-
tails grinding, particle size usually is reduced, somewhat improv-
ing digestibility. However, feeding pellets can result in decreased 
milk fat in dairy animals, an increased incidence of ulcers and 
choke, and urolithiasis in males. Pelleted rations may increase the 
incidence of phosphatic calculi, owing to decreases in saliva pro-
duction, thus lowering phosphate excretion by the gastrointestinal 
tract (GIT). Pelleted rations can therefore increase urinary excre-
tion of phosphorus. Pelleted rations also are associated with in-
creased mucoprotein excretion in the urine. Pelleting also may 
reduce the content of vitamins A, E, and K, or destroy these nu-
trients outright, in the feed. In formulating pelleted feeds, manu-
facturers should fortify these nutrients in the pellet. The animal 
keeper or producer should weigh the costs versus benefits of pel-
leted feedstuffs.1

Feed Analysis
Both sheep and goats can derive nutritional value from numerous 
feeds. A listing of a wide array of feeds and their nutritional con-
tent can be found in the 2007 NRC6 recommendations for small 
ruminants. For simplicity, energy values are reported as TDN. 
Most commercial labs are using a comprehensive TDN formula 
developed by Weiss13 for forages and total mixed rations. Many 
feeds have limitations on their use because of such factors as fat 
content, palatability, moisture content, antinutritional factors, 
and other attributes beyond the scope of this discussion.

To analyze the nutrient content of a given feedstuff, the clini-
cian must obtain a representative sample. For hay analysis, ran-
dom sampling of approximately 10% of the bales is adequate. 
With large round bales, a core sample into the round surface of 
the bale to a depth of approximately 78 cm is ideal. Most sam-
pling devices provide an approximate 2.5-cm-diameter core from 
the bale. All the core samples should be combined into one  
container and thoroughly mixed. From this combined mix, the 
clinician should properly package a subsample of approximately 
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0.22 kg and send it to a laboratory for analysis. Samples of silage 
and other high-moisture feeds should be frozen before shipment 
to the testing laboratory. To analyze bulk feeds that are stored in 
bins or other storage facilities, the clinician should take several 
random grab samples as the feed is being augered or unloaded.

Forage can be evaluated by appearance, albeit with much less 
accuracy than with some sort of laboratory analysis. Green, leafy 
forage that is free of mold or weeds usually is more nutritious. 
Goats tend to select leaves when fed hay; thus, hay analysis may 
not always apply to nutritional intake.

After a representative sample arrives at the laboratory, it is ana-
lyzed for a variety of nutritive components. First, the sample is 
assayed for moisture content. Most feeds contain approximately 
10 to 15% moisture, or possibly less in arid environments. The 
dry matter of a feed is therefore important, and for comparison, 
the nutrient content of the feed is reported as percent dry matter. 
If the moisture content exceeds 15%, mold contamination is 
typically a problem. In addition, total ash content also may be 
determined and amounts of individual minerals measured. Total 
ash content may be of value for analysis of various byproduct 
feeds in which dust or soil contamination may be a problem.1

Fiber refers to the diet’s cellulose, hemicellulose, lignin, and 
poorly to slowly digestible portions of feedstuffs. Most laborato-
ries use the Van Soest procedure, which is based on the use of 
detergents. The first step is to boil the sample in a neutral deter-
gent solution and separate the cell contents from the fiber. The 
undissolved fraction is referred to as the neutral detergent fiber 
(NDF). This NDF fraction is then boiled in an acid detergent 
solution to dissolve the hemicellulose, which leaves behind the 
acid detergent fiber (ADF). This fraction is dissolved in 72% sul-
furic acid, which solubilizes the cellulose. The remaining lignin 
and silica are separated by ashing the sample. The NDF is an es-
timate of the amount of hemicellulose, cellulose, and lignin the 
sample contains, whereas the ADF estimates the amount of only 
cellulose and lignin. As the NDF content of a feedstuff rises, the 
bulkiness of the feed also increases—that is, NDF is negatively 
correlated with dry matter intake.15 As the ADF content of a feed 
rises, its digestibility is decreased. Pelleting or grinding usually 
results in a greater dry matter intake, even for feedstuffs with rela-
tively high NDF content. Based on the determined levels of the 
various fiber fractions, prediction equations are used to compute 
TDN content and various other values for energy content (e.g., 
metabolizable energy, net energy).

The last major nutrient that is measured is crude protein. The 
sample is analyzed for nitrogen content, and then crude protein is 
calculated as percent nitrogen multiplied by 6.25. The crude pro-
tein value cannot indicate if any or how much of the protein has 
been damaged by heat. Heat damage often results in decreased 
digestibility. This method of protein analysis does not differentiate 
between NPN and natural protein. Protein content reported as 
digestible protein is formulated from crude protein content.  
Unfortunately, digestible protein is of limited practical value in 
developing rations. Additionally, samples may sometimes be ana-
lyzed for fat. Table 2.4 illustrates sample hay analyses.

Different testing laboratories use different equations to predict 
energy values. One such equation in common use is as follows:

TDN (%) 88.9 [0.793 ADF (%)]� ��

The equation balances using either the ADF (39%) or the TDN 
(58.09%) values from the analysis provided in Table 2.4. In 

contrast with this simple equation, the various net energy predic-
tion equations use cubic and quadratic terms, which are much more 
complex. One of the most commonly used prediction equation for 
TDN was developed by Weiss13 for plant origin feed ingredients, 
forages, and total mixed rations given below.

TDN 0.98 (100 NDFn CP ash EE)
e-0.012 ADDIN CP 2.25 (EE-1)

0.75 (NDFn-Lig) [1-(lig//NDF).667] 7

where

Neutral detergent fiber nitrogen-free (NDFn))
NDF-NDICP (% of DM)

Neutral detergent ins

�

ooluble crude protein (NDICP)
Neutral deter

�
ggent insoluble nitrogen (NDIN) 6.25�

ADIN is expressed as a percent of total nitrogen (ADIN/N 3 
100). All other values are as a percent of DM.

The NDF fraction can be used to estimate the animal’s volun-
tary dry matter intake:

Dry matter intake (% of BW) 120 divided by5 NNDF (%)

Again, using the information from Table 2.4, the equation is 
solved as follows:

Dry Matter intake 120 divided by 62 1.9� � 44 of body weight

Thus, animals provided with the hay in Table 2.4 would con-
sume approximately 1.9% of their BW in dry matter.

Another nutritional measure that may be reported on a  
forage analysis is relative feed value (RFV), which is calculated 
as follows:

RFV digestible dry matter (%) dry matter in� � ttake (%)
divided by 1.29

TABLE 
2.4 A Sample Analysis for Fescue Hay.

Constituent
Content Determined  
on Dry-Matter Basis

Moisture 12.75%

Dry matter 87.25%

Crude protein 12.31%

Fiber
NDF 62.00%
ADF 39.00%

Total digestible nutrientsa 58.09%

Net energy: lactation∗ 1.31 mcal/kg

Net energy: maintenance∗ 1.25 mcal/kg

Net energy: grain∗ 0.58 mcal/kg

NDF, Neutral detergent fiber; ADF, acid detergent fiber.
aCalculated from prediction equations.
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Where digestible dry matter (%) 5 88.9 – (0.779 3 ADF [%]). 
For this example, therefore, the equation is completed as follows:

RFV (58.52 1.94) divided by 1.29 88� � �

RFVs can exceed 100 and often do so for good-quality alfalfa. 
However, this measure does not take into account the crude pro-
tein content of the forage, which must be evaluated separately. 
The poorer the quality of a forage, the longer it requires for  
digestion. Poor-quality forage remains in the rumen for a longer 
period, thereby indirectly limiting feed intake. Keepers purchas-
ing feeds would do well to make decisions based on RFV. During 
diet formulation, however, TDN and protein concentrations 
most often are used as guidelines.

Balancing a Ration

Substitution Method
The substitution method for balancing a ration works best when 
only two or three feedstuffs are used in the animal nutritional plan. 
In this chapter, pounds, rather than kilograms, are used in demon-
strating this method of ration calculation. In the following example, 
a diet composition is determined for a group of ewes with an aver-
age BW of 150 lb. These animals also are in late gestation, with a 
high expectation for twinning. Some grass hay is available and has 
been analyzed to contain 51% TDN and 8.8% crude protein. Both 
corn and soybean meal can be purchased as needed. Daily require-
ments can be determined from the NRC recommendations.7 Dry 
matter intake is predicted to be 4.0 lb/day, and the ewes require 2.7 lb 
of TDN and 0.42 lb of protein. If x 5 lb of hay, then 4.0 – x 5 lb of 
corn. TDN can then be determined as follows:

RFV (0.51) ( ) 0.881 (4.0 ) 2.7� � � �x x

Where 0.51 and 0.881 are, respectively, the proportion of TDN in 
the hay and in the corn and 2.7 is the daily TDN requirement in 
pounds. Solving for x indicates that feeding 2.2 lb of hay and 1.8 lb 
of corn per day (dry matter basis) will provide the ewe’s energy needs.

The next step is to determine the protein adequacy. The pro-
vided hay contributes 0.19 lb of protein (2.2 3 0.088); the corn 
contributes 0.18 lb of protein (1.8 3 0.1). Total daily intake of 
protein is therefore 0.37 lb (0.19 1 0.18). However, because the 
protein requirement was determined to be 0.42 lb, the diet is still 
deficient by 0.05 lb (0.42 2 0.37), a protein source such as soy-
bean meal can be used to supplement the grain (corn). The net 
gain in protein for this substitution is 0.34 lb for every pound of 
soybean meal substituted for corn (0.44 2 0.1). Dividing the 
deficiency (0.05 lb) by the net gain in protein gained by substitut-
ing soybean meal for corn (0.34 lb) indicates that the ration can 
be balanced by adding 0.15 lb of soybean meal and subtracting 
0.15 lb of corn. The final daily ration is therefore 1.65 lb of corn, 
0.15 lb of soybean meal, and 2.2 lb of hay.

For conversion of this ration composition on an as-fed basis, 
and for simplicity’s sake in this example, all feeds are assumed to 
be 90% dry matter. Therefore, the amount of each feedstuff 
should be divided by 0.9, resulting in 1.8 lb of corn, 0.17 lb of 
soybean meal, and 2.4 lb of hay.

From a practical standpoint, we recommend offering the ewe 
free-choice hay, supplemented with 2 lb of a corn–soybean  
meal mixture that contains 90% corn and 10% soybean meal. 

This ration is fed until lambing commences, at which time the 
diet is reformulated to meet the demands of lactation.

Fixed Ingredients Method
Presented next is a method of balancing a ration using a fixed set 
of ingredients. In this example, three different grain sources are 
used: corn, oats, and wheat. The diet is balanced for 30-lb kids 
growing at a rate of 0.20 lb/day. In addition, cottonseed hulls are 
available as a roughage source and cottonseed meal is a source of 
protein. The wheat was purchased at a bargain price but feeding 
wheat in large amounts is associated with potential problems. 
Therefore, wheat is limited to 15% of the diet. In this example, 
the owners have requested that equal quantities of corn and oats 
be used in the diet formulation. The daily requirements for these 
goats are as follows: dry matter intake of 0.9 lb, protein intake of 
0.119 lb, and TDN intake of 0.59 lb. First, the nutrients being 
provided by the fixed level of wheat should be taken into account:

Daily intake lb 15% 0.135 lb of wheat/� � �0 09. dday
TDN from wheat 0.135 lb 0.8735 0.12 lb� � � oof TDN

Protein 0.135 0.151 0.020 lb of prot� � � eein

Subtracting these amounts from the requirement yields the  
following results:

Dry matter 0.135 0.765
TDN 0.59 0.12 0.

� � �

� � �

0 90.
447 lb

Crude protein 0.119 0.020 0.02 lb� � �

An equation similar to that in the previous example, in which x 5 
pounds of cottonseed hulls and 0.765 – x 5 1:1 mixture of corn 
and oats, is now used to solve for TDN:

0 45. ( ) 0.8275 (0.765 ) 0.47x x� � �

where 0.451 is the TDN content of the cottonseed hulls and 
0.8275 is the TDN content of a mixture of equal parts of corn 
(0.881) and oats (0.774), [0.881 1 0.774]  2 5 0.8275. Solv-
ing for x reveals that balancing the ration requires 0.52 lb of cot-
tonseed hulls and 0.24 lb of the corn1 oats mix, which equates 
to 0.12 lb (0.24 lb  2) of each.

So far, the ration consists of 0.52 lb of cottonseed hulls, 0.135 lb 
of wheat, 0.12 lb of corn, and 0.12 lb of oats. The hulls provide 
0.022 lb of protein (0.52 lb 3 0.042), the corn provides 0.012 lb 
of protein (0.12 lb 3 0.10), and the oats provide 0.016 lb of 
protein (0.12 3 0.132). Total protein in the ration thus far is 0.05 lb 
(0.022 1 0.012 1 0.016). The requirement is 0.099 lb, leaving a 
deficit of 0.049 lb.

Cottonseed meal can be substituted for some of the grain. An 
equal mix contains 11.6%, so the net gain of the substitution is 
32.7% (44.3 to 11.6%). Therefore, to balance the ration, the 
keeper should add 0.15 lb (0.47 lb  0.327) of cottonseed meal 
and take out 0.075 lb of corn and 0.075 lb of oats from the diet. 
The final daily ration is shown in Table 2.5.

Pearson Square
The Pearson square is a simple tool that is quite useful for blend-
ing two ingredients on the basis of one nutrient.1,15 In the following 
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example, corn and soybean meal are blended to attain a concen-
trate mixture of 16% crude protein. The square is formed by 
placing the percentage of the nutrient that is desired in the center 
and then placing the percentages of the nutrient present in the 
two feeds at the left corners:

Corn 10.0%

48.1%

16%

32.1 parts corn

6.0 parts soybean mealSoybean meal

38.1 total parts

The square is solved by subtracting diagonally across the square 
without regard to the sign of the differences (in other words, no 
negative numbers) and recording the difference at the right cor-
ners. Using the individual and total parts, the percentage of each 
ingredient can be calculated:

32 1 38 1 84 25
6 38 1 15 75

. . .
. .

5

5

corn
soybean meal

Therefore, a mixture composed of 84.25% corn and 15.75% 
soybean meal mixture yields a feed with a crude protein content 
of 16%. This quick method can be used to determine content for 
any class of nutrient.

Calculating Requirements for Phosphorus 
and Calcium Supplementation
The next example illustrates a method for calculating require-
ments for phosphorus and calcium supplementation, using the 
84.25% corn–15.75% soybean meal mixture from the previous 
example. Values for the calcium and phosphorus content of these 
two feedstuffs are from the 2007 NRC recommendations for 
small ruminants.6

Calcium Content Phosphorus Content

Corn grain, grade 2 0.02% 0.33%
Soybean meal, mechanically 

extracted
0.26% 0.62%

All values are provided on a dry matter basis. Calcium supple-
mentation is with limestone, and phosphorus supplementation is 
with dicalcium phosphate. The corn–soybean meal mixture com-
poses 97% of the diet. This allows for the addition of a calcium 
and phosphorus source (dicalcium phosphate); a calcium source 
(limestone) can be added for needed trace minerals, as well as a 
urine acidifier (if needed). Corn therefore makes up 81.7% of the 
diet (84.25% 3 0.97), whereas soybean meal composes 15.3% of 
the diet (15.75% 3 0.97). Based on an assumed requirement of 
0.5% for phosphorus and the percentage of phosphorus in dical-
cium phosphate (18.5%), the amount of phosphorus supplemen-
tation (as dicalcium phosphate) can be calculated by multiplying 
each feed ingredient by the percent phosphorus in that feed and 
adding the results

0 5 81 75 0 0033 15 3 0 0062 0 185. ( . . ) ( . . ) ( . )� � � � � �X

where 0.5% is the daily phosphorus requirement, 81.75% is the 
percentage of corn in the diet, 0.0033 is the percentage of phos-
phorus found in corn, 15.3% is the percentage of soybean meal 
in the diet, 0.0062 is the percentage of phosphorus found in soy-
bean meal, X is the amount of dicalcium phosphate required for 
supplementation, and 0.185% is the percentage of phosphorus in 
dicalcium phosphate. The equation is solved as follows:

0 5 0 27 0 095 0 185
0 5 0 365 0 185

. . . ( . %)
. . ( .

� � � �

� � �

X
X 00

0 5 0 365
0 75

)
( . . )

.
� �

�

divided by 0.185 X
X

Therefore, dicalcium phosphate must make up 0.73% of the 
diet to satisfy the phosphorus requirement.

It is now possible to solve for the required calcium supplemen-
tation in the form of limestone, based on a daily requirement of 
0.6% and the percentages of dicalcium phosphate in the diet 
(0.73%) and of calcium in limestone (38%):

0 6 81 75 0 0002 0 0026
0 73 0 22

. ( . . ( . )
( . . )

� � �

� �

+ 15.3
�� �( . %)X 0 38

Where 0.6% is the daily calcium requirement, 81.75% is the 
percentage of corn in the diet, 0.0002 is the percentage of calcium 
found in corn, 15.3% is the percentage of soybean meal in the 
diet, 0.0026 is the percentage of calcium found in soybean meal, 
0.73% is the percentage of dicalcium phosphate in the diet, 
0.22% is the percentage of calcium in dicalcium phosphate, X is 
the amount of limestone required for supplementation, and 
0.38% is the percentage of calcium in limestone. The equation is 
solved as follows:

0 6 0 016 0 04 0 16 0 38
0 6 0 216 0

. . . . ( . )
. . ( .

� � � � �

� � �

X
X 338

0 6 0 216
1

)
( . . )� �

�

divided by 0.38 X
X

Therefore, limestone must make up 1% of the diet to satisfy 
the calcium requirement.

The ration calculated in the previous examples would therefore 
be composed of the following:
•	 Corn	81.7%
•	 Soybean	meal	15.3%

TABLE 
2.5

Final Daily Ration Determined Using a Fixed Set 
of Ingredients.

Component lb Dry Matter lb as Feda % as Fed

Cottonseed hulls 0.52 0.58 58.0

Wheat 0.135 0.15 15.0

Corn 0.045 0.05 5.0

Oats 0.045 0.05 5.0

Cottonseed meal 0.15 0.15 17.0

aTo calculate “lb as fed” values, the keeper should determine the percentage of dry matter 
and divide it into the amount of dry matter being fed (e.g., cottonseed hulls, 0.52 lb at 90%  
dry matter, or 0.52  0.9 5 0.58 lb of feed). In this example, all feeds are 90% dry matter.
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•	 Dicalcium	phosphate	0.73%
•	 Limestone	1%
•	 Total	ration	98.73%

Values for this ration are on an as-fed basis. With the standard 
addition of 0.5 lb (equivalent to 0.5%) of sodium chloride and 
0.05 lb (equivalent to 0.05%) of trace minerals, the resultant 
mixture is 99.28% complete on a dry matter basis.

Langston University in Langston, Oklahoma, sponsors a web-
site that allows owners, producers, caregivers, nutritionists, and 
veterinarians to balance total rations, calculate calcium and phos-
phorus requirements, estimate supplemental concentrate, and 
other diet and nutritional calculations for goats ( http://www.
luresext.edu/?q5content/nutrient-requirement-calculator-and-
ration-balancer ).15

The Pearson Square and simultaneous algebraic equations are 
common methods of ration balancing, but the use of computers 
has made the ration-balancing job much easier. There are many 
programs available for balancing rations for sheep and goats in the 
United States,40 including Iowa State University Brands software, 
FeedForm from Cornell University, CAPRICORN 2010 devel-
oped by the University of California at Davis, the University of 
Maryland software for sheep and goats, Montana State Universi-
ty’s Sheep Ration Program, and Langston University’s nutrient 
requirement calculator and ration balancer for goats. There is a 
Canadian web-based program called SheepBytes Ration Balancer. 
Some of the software is available free of charge while others are 
fee-based.

Body Condition Scoring
Theoretically, animals in livestock enterprises should be provided 
with the exact amount of nutrients required for each stage of 
production; however, this usually is not practicable under field 
conditions. The animals will therefore be subject to seasonal peri-
ods of undernutrition and overnutrition. A useful tool in assessing 
the overall nutritional status of the flock or herd is body condition 
scoring. Cervids are difficult to check for BCS due to handling 
difficulty. The scoring system most commonly used for sheep and 
goats has a range of 1 to 5, with a BCS of 1 assigned to extremely 
thin animals and a BCS of 5 to those that are extremely obese. 
One BCS change is equal to 11% BW change in sheep.41–43 BCS 
is accomplished by palpating a relaxed sheep or goat for the  
degree of fat covering on the spinous processes and transverse 
processes in the lumbar region1 (Figure 2.1; see Chapter 1). Be-
cause more than 85 to 90% of all healthy ewes receive a score of 
2, 3, or 4, half-scores often are assigned for greater accuracy.42–44 
For example, if the general score is higher than a 3 but not quite 
a 4, the animal should be assigned a BCS of 3.5. Ideally, a major-
ity of the flock should have a BCS of 2.5 to 3 at breeding and 
parturition.

If the flock animals were scored 45 days before parturition, and 
the average was less than 2.5 to 3, the keeper should increase the 
flock’s energy intake so that an average BCS of 2.5 to 3 is attained 
by the time of parturition. Animals in thin body condition at 
parturition give birth to weaker babies and generally produce less 
milk during early lactation. An ideal BCS is especially important 
in accelerated breeding systems, in which the females are rebred 
within 60 to 90 days of parturition. Likewise, if the average BCS 
at 30 days before breeding is less than 3, the keeper should con-
sider “flushing” the females (recommended flushing regimens are 
discussed later in the chapter). Moreover, condition scoring all of 
the females allows the keeper to move the thin females, those with 

a BCS less than 2, into one feeding group while leaving the oth-
ers, those with a BCS higher than 3, in another feeding group. 
This allow the thin females to receive additional supplementation 
without the risk of over conditioning in the remainder of the 
ewes.

The BCS of goats can be used on two scales: a scale of 1 to 5 
is used for meat, dairy, and fiber goats, but when goats are used 
for vegetation management or for a browsing project, a scale of 1 
to 9 is used.43 Goats should at a BCS 3 to 3.5 at the browsing 
initiation (6 out of a possible BCS 9) and not below a BCS 2.5  
(4 out of possible BCS 9) at any time.44,45 Most healthy goats 
should have a BCS of 2.5 to 4.0 while a BCS of 1.0, 1.5, or 2.0 
indicates a management or health problem. BCS must be deter-
mined by touching and feeling an animal. BCS in goats is  
described in Chapter 1, and in Chapter 19.

A body condition scoring system of 1 to 5 is used in reindeer 
and caribou, 1 indicating emaciated and 5 as obese. BCS is mea-
sured for degree of fatness and performed by palpating the rump, 
ribs and withers.44,45 The BCS system is popular in field condi-
tions for assessing the relative body conformation of red deer 
hinds in New Zealand, but it lacks sufficient precision to truly 
reflect the magnitude of live weight changes for individual hinds 
during late pregnancy (150 to 220 days).46 See also Chapter 1, 
Table 1.1, https://www.purinamills.com/deer-feed/education/
detail/body- condition-score-for-deer, and for both white-tail 
deer and mule deer, http://www.albertadeer.com/pdfs/AWMDA-
Body-Condition-Scoring.pdf. Feeding and management of cer-
vids using BCS is similar to other small ruminants.23

Feeding Programs
In North America, most farm flocks of sheep and goats are main-
tained on pasture- or range-based systems. Worldwide, approxi-
mately 80% of all nutrients for sheep and goats are derived from 
forage.1 Both species are adept at converting forage into high-
quality products for human consumption and use. Whenever 
sheep, and possibly goats, graze large pastures or range, their 
maintenance energy requirements may be more than 60% higher 
than those of animals raised in dry lots.6 The more walking re-
quired or the larger the range, the more work the animal must 
perform to consume enough forage to support maintenance, 
growth, lactation, and fiber production.

Pastures
Producing and providing good-quality forage ultimately will  
reduce feeding costs and increase overall health, and usually re-
sults in a more profitable farming operation. In a typical fall 
breeding–spring lambing operation, supplemental grain feeding 
can be kept to a minimum if a good forage management program 
is followed.15,47

A variety of perennial grasses (e.g., fescue, orchard) can be used 
by sheep and goats. Strategic incorporation of legumes (e.g., clo-
ver) and some annual grasses (e.g., ryegrass or small grains) can 
provide excellent nutrition for the flock. The addition of 30% 
legumes to a grass pasture improves the nitrogen content of the 
soil and increases pasture productivity. A pasture with 30% le-
gumes is expected to increase animal productivity by 20% com-
pared with a similar quality pasture with no legumes. Clover can 
be part of temporary pasture programs, or overseeded onto winter 
pastures. Legumes improve the nutritional value of a pasture but 
may predispose animals grazing the pasture to formation of calcite 
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calculi or bloat. Pastures that are approximately 40 to 50% clover 
should be avoided within 1 month of breeding through parturi-
tion, owing to the potential for intake of excessive phytoestrogens. 
Still, the benefits far outweigh the problems when legumes are 
used judiciously.1

When possible, a pasture grazing system should include warm-
season perennial grasses for use by the ewes after weaning. During 
early gestation, these same grasses can be used as mature forage. 
Approximately 60 days before parturition and through the first  
90 days of lactation, the females can graze on cool-season annual 
grasses. In some environments, the warm-season grasses then be-
gin their seasonal production. With this system, very little supple-
mental feeding is required. So long as quantity of the various 
forages is not limited, grain supplementation usually is not re-
quired. In practice, however, weather typically limits forage quan-
tity for 60 days or more each year. A good-quality, pasture-based 
forage feeding system often requires minimal energy and protein 
supplements for nonlactating, nongrowing animals. Stockpiled 
forages can be an economical source of nonharvested feedstuffs 
and are most efficiently utilized when “strip grazed”. With use of 
winter annual pastures for grazing, allowing the forage to reach a 
height of 8 inches before access by animals, strip grazing, and 
limiting grazing all enhance efficiency of utilization.

For proper forage management, adequate acreage in grazeable 
land and several pastures are needed for a rotational grazing pro-
gram. Forage requires some periods of rest from grazing to main-
tain optimal productivity. Therefore, pasture rotation is essential.

The pasture layout does not need to be elaborate or to com-
prise many small paddocks. However, pastures do need to be di-
vided for proper maximization of forage production. Approxi-
mately six to ten separate paddocks or pastures are desirable, and 
further subdivisions can be added as needed. The divisions should 
be based on the productivity of the soil and natural breaks in the 
topography. They will not necessarily be of equal size. The forage 
should be grazed in a way that optimal leaf material is produced. 
Depending on the time of year and amount of moisture, the 
length of time grazing an area and rest between each rotation will 
vary. For example, the keeper may decide to have the flock graze 
each of ten paddocks for an average of 3 days at a time. At the end 
of the rotation, the first paddock has had 30 days of rest and 
should have good forage regrowth. This type of grazing manage-
ment may not necessarily increase animal gains, but it may in-
crease the land’s carrying capacity as well as the overall quality of 
the pastures. Pasture rotation systems that increase grass produc-
tion do not necessarily aid in parasite control. Between four and 
six ewes (and their lambs) and five to eight does (and their kids) 
can be maintained on the same amount of land that will support 
one cow and her calf. In woodland or brushy areas, the same land 
that will nutritionally support one cow and her calf will provide 
enough forage for approximately ten does and their kids.

A complete mineral supplement should be offered at all times. 
An adequate mineral supplement for animals grazing grass pasture 
contains 15 to 30% salt, 6 to 12% calcium, 6 to 12% phospho-
rus, and 1 to 4% magnesium (except in early spring when mag-
nesium should be 8 to 14% of the minerals). Trace minerals 
suitable for the area and soil type also should be offered.

Range
Many of the world’s sheep and goats graze on range lands. The 
common goal for all range land enterprises is to use as much 
standing forage as possible, with minimal use of harvested forage 

or other supplements. When grazing sheep and goats, the grazing 
height should be 4 inches above the ground to reduce internal 
parasite infection and pasture maintenance.48 Supplemental feed-
ing should be practiced only when nutrient demands far exceed 
the nutrient supply of the forage. Some deficiencies are acceptable 
because of the female’s ability to regain body condition during the 
period from weaning until breeding.

The amount and type of supplementation needed are variable 
across range conditions. The two most important factors in sup-
plementation decisions are stage of animal production (e.g., 
growth, gestation, lactation) and weather conditions (e.g., mois-
ture or snow cover). A good range mineral mixture includes equal 
parts of dicalcium phosphate and trace mineral salt. The trace 
mineral–salt component should be designed for the local forage 
and soil types. When supplements are fed in troughs, they should 
be moved at least once a week to avoid trampling of grazing areas 
and manure accumulation, and to reduce parasite infections. In 
general, phosphorus should be supplemented under most range 
land conditions. Regardless of its composition, the salt-mineral 
supplement should be made available on a free-choice basis as the 
only source of salt.

Additional supplements containing protein or energy may be 
used as needed. Body condition scoring can help in making the 
decision to supplement energy.48 If the level of desirable perfor-
mance can be attained by using a supplemental grain in amounts 
equal to 0.5% of BW or greater, feeding grain can be economical. 
If greater quantities of grain are needed, negative effects on for-
age use (e.g., depressed digestibility of forage) are possible. Sev-
eral grain byproducts are acceptable supplements for ruminants 
consuming a forage-based diet. For example, soybean hulls and 
wheat middlings can provide economical supplies of energy 
without negative effects on forage use. Protein supplements in 
the form of soybean meal or cottonseed meal are often used and 
may actually enhance the digestibility of moderate- or poor-
quality forage.48,49

Whenever hand feeding is difficult, salt-limited rations may be 
useful for range-fed sheep or goats used for brush control. De-
pending on requirements, supplemental energy (e.g., corn, oats) 
or protein (e.g., cottonseed meal, soybean meal) should be ground 
and mixed with salt in a 3:1 to a 6:1 salt-to-grain ratio, depending 
on intake. If intake is too great, more salt should be added. If 
intake is too low, salt should be reduced. In all cases, only white 
salt (NaCl) should be used. The use of salt-limited feeds decreases 
trace mineral intake. If trace mineral deficiencies exist while using 
salt-limited feeds, the keeper should add a suitable trace mineral 
salt to the feed in quantity such that trace mineral consumption 
does not exceed 0.02% of the animal’s weight. Salt-limited sup-
plemental feeding should be introduced slowly over 2 to 3 weeks. 
Animal performance should be monitored daily, particularly in 
times of stress (predator attacks, weather changes).

Confinement Feeding
Confinement feeding of sheep or goats in various small vegetation-
free enclosures or dry lots is used in certain locales for all or part 
of the year. In climates with colder winters and areas that lack 
winter grazing, some producers move sheep, and occasionally 
goats, to a sheltered dry lot or barn for protection. Such situations 
usually require more start-up money for construction of a barn to 
house animals, feeding floor or lot, and water system than that 
would be needed for range or pasture operations. Confinement 
management also may increase the incidence of some contagious 
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diseases, external parasites (particularly during winter), feeding 
costs, bedding costs, and the need to handle and dispose of ma-
nure. Nevertheless, the advantages can more than outweigh the 
disadvantages in operations where a cheap source of feed and la-
bor is available.

When properly performed, confinement or dry lot feeding can 
all but eliminate two of the most serious problems with sheep and 
goat production: internal parasites and predators. However, dur-
ing confinement feeding, some access to outdoor dry lots is 
needed to improve hoof and udder health and to decrease the 
need for supplemental vitamin D. Because no grazing is allowed 
and feedstuffs (hay, silage, grains) are fed in bunks or other types 
of feeders, production losses resulting from parasites can be cur-
tailed. Also, less energy is required for maintenance, as walking to 
a feed bunk uses less energy than is required for grazing. Animals 
require 2 to 4 h to consume the same amount of dry matter from 
hay that is consumed in 16 to 22 h of grazing pasture. Heavy-
woolled breeds of sheep in full fleece require 1.5 times more space 
in a confined area than those that have been shorn. Adult sheep 
and goats require 0.6 and 0.3 m, respectively, of linear bunk space 
per animal.

With confinement systems, ewes and does are more easily 
separated by age (ewe lambs, adult ewes) and production (lactat-
ing, dry or early lactation, late lactation). The ability to feed 
groups separately can improve the use and efficiency of available 
feedstuffs while helping to decrease the incidence of some produc-
tion diseases (e.g., pregnancy toxemia, hypocalcemia). A dry lot 
program can be used not only during winter, but also when pas-
ture becomes scarce, or for feeding young lambs or kids for rapid 
gains.

In dry lot feeding, sheep or goats may be fed hay, silage, “hay-
lage” (hay silage), or green chop. For hay feeding, “square” bales 
are associated with less waste, but they tend to be more expensive 
than larger, round bales. Nutrient loss from round bales can be as 
high as 50%. Storing hay in a shelter above the ground, and feed-
ing hay above the ground in a rack or feeder will reduce waste.

The dietary habits of sheep and goats vary and affect intake. 
However, dietary preference appears to be a more important lim-
iting factor in the use of certain feedstuffs in goats. The smell, 
taste, and variety of feeds also affect intake. Silage can be fed  
to sheep and goats, but animals of both species may take time to 
adapt to its smell and consistency. Silages should not be fed to 
sheep and goats until their rumen is fully developed. Sheep and 
goats appear to be more susceptible to infection from Listeria 

monocytogenes; silage that has been poorly packed, exposed to air, 
or has not attained a low enough pH (less than 4.5) may be con-
taminated with Listeria or mold. Such silage should be avoided, as 
should bundle-fed, uneaten, frozen, moldy, or spoiled silage. Hay 
silages (haylage) and corn silage should have pH values of 3.8 to 
4.5 and 4.0 to 4.2, respectively. Corn silage will invariably be 
deficient in both protein and calcium. (Note: Adding 20 lb of 
urea, 2 lb of limestone, and 4 lb of dicalcium phosphate per ton 
of silage will improve nutritional content.)

Feed bunk design should minimize animal contamination. 
Adults and kids (lambs) should be prevented from crawling into 
feed containers and soiling the feed.

Dry lot feeding is of value in implementing a parasite control 
program. If oral anthelmintics of the benzimidazole class are to 
be used in a deworming program, forcing the animals to fast or 
feeding dry hay for 12 to 24 h before deworming and then pro-
viding dry lot feeding for as long as 72 h will improve the results. 
This technique also allows for parasite egg-laden feces to be 
“cleaned” or passed from the bowel before the animals are placed 
on a safe pasture. Animals may then be moved to pasture after 
deworming in a relatively parasite-free state, reducing pasture 
contamination.

Farmed cervid diets should be predominantly composed of 
leafy natural browse, legumes (e.g., clover or alfalfa), and good 
quality grass hays. As with other small ruminants, cervids should 
be grouped by production status. Grain or grain-based pellet feed 
is also commonly fed in cervid confinement systems. Many pel-
leted feeds are commercially available as supplements for browse-, 
grass-, and legume-fed confined cervids (Clifford Shipley, Univer-
sity of Illinois, Personal communication via e-mail). Integrating 
sound, herd health, and dietary principles implemented, along 
with the use of BCS to adjust intake, is critical in feeding all small 
ruminants. Examples of confinement or dry lot rations are shown 
in Table 2.6.

Feeding the Adult Male
Males should enter the breeding season in good body condition 
without excessive fat. Rams and bucks should be maintained at a 
prebreeding body condition score of 3 to 4, because they may lose 
more than 10 to 12% of their BW in 1 1/2 months of a breeding 
season. Body condition scores should be assessed as part of a 
breeding soundness evaluation approximately 2 months prior to 
breeding.

TABLE 
2.6 Example Rations for Dry Lot Feeding for Nondairy Animals (lb/day).

150-POUND EWE 70-POUND DOE

MAINTENANCE GESTATION LACTATION MAINTENANCE GESTATION LACTATION

Ingredient A† B† A B A B A B A B A B

Alfalfa hay 2.9 4.25 5.5 2.0 2.8 2.6

Grass hay 2.9 3.6 4.8 1.67 2.3 2.2

Corn 0.25 0.75 1.0 1.0 0.33 0.5 0.4 0.4

Soybean meal 0.15 0.75 0.4

†A and B are different sample diets for each stage of production.
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It usually is beneficial to feed a concentrated energy-protein 
supplement to the males beginning approximately 4 to 6 weeks 
before the breeding season. Depending on the body condition 
and size of the males and quality of forage, a daily ration of 6 to 
8 lb of forage and 1 to 2 lb of 12 to 14% crude protein concen-
trate usually suffices. A good-quality supplement for grass-based 
forage is 80% corn and 20% soybean meal. After the breeding 
season, some concentrate may need to be fed to help the animals 
regain an adequate body condition. Breeding males should be fed 
supplements as early as 6 to 7 weeks or at least 3 weeks before 
breeding in order to produce fertile semen which begins 40 to  
60 days before it is deposited in the female reproductive tract. 
Cervid bucks tend to lose large amounts of weight pre- and post-
breeding season, thus, greater nutrient requirements during the 
recovery period must be addressed in order to prepare them  
for the following season’s antler growth and breeding season 
(Communication via e-mail, Clifford Shipley, University of Illinois).

For the remainder of the year, adult males can be maintained 
on good-quality hay. If grass forage is fed, animals should have 
free access to a mixture of 50% dicalcium phosphate and 50% 
trace mineral salt. If legumes constitute a significant portion of 
the diet, a mixture of 50% trace mineral salt, 25% dicalcium 
phosphate, and 25% defluorinated rock phosphate can be offered. 
In both instances, these mineral-salt mixtures should be the only 
source of salt offered to encourage adequate intake. The trace 
mineral component should be designed for the local soil types. 
For sheep, low-copper mineral mixtures are optimal, but goats can 
safely consume trace mineral mixtures made for cattle. Because of 
the possibility of urolithiasis in males, the keeper should take steps 
to prevent stone formation by adding ammonium chloride or 
other urine acidifiers to the mineral mixture.

Feeding the Female
Breeding females have different nutrient requirements as the stage 
of production changes. Although requirements are much lower 
for maintenance than for lactation, meeting these requirements is 
important for efficient production. Body condition scoring all 
females every 2 to 3 weeks is an important and cost-effective 
management tool. Mineral feeding as described for the adult male 
is applicable for the female.

Maintenance
During maintenance, the objective is to maintain the female’s 
weight and health and replenish any losses experienced during 
lactation. Most pasture or range settings provide adequate levels 
of nutrient intake to maintain dry, nonpregnant sheep and goats 
for this entire period. If extremes in environmental conditions 
occur (e.g., drought, snowfall), some supplemental feeding is  
required.

Breeding
At the time of breeding, the practice of flushing females has been 
used with some success. The basic premise is that increased nutri-
tion, specifically energy, just before and during the early breeding 
season increases the ovulation rate and thus the lambing or kid-
ding rate. The female’s age and body condition, and the time of 
year all affect the response to flushing. Mature females in marginal 
body condition usually respond best to flushing. Moreover, the 

practice appears to be more beneficial in attempts to breed the 
group early or late, as opposed to during the peak of breeding 
season. Over-conditioned females either do not respond or appear 
to respond only marginally to flushing. Flushing can be accom-
plished by the provision of lush pastures or by supplementation 
with approximately 0.14 kg (0.33 lb) to 0.45 kg (1 lb) of a 10 to 
12% crude protein grain per head per day. It is best to begin the 
hypernutrition approximately 2 weeks before the males are intro-
duced and continue for an additional 2 to 3 weeks into the breed-
ing season.

The benefits of flushing include increased body condition, in-
creased ovulation rate, and increased number of lambs born. Ad-
equate body condition is necessary for acceptable conception 
rates. Outside certain biologic limits, a flushing effect is not ob-
served. For example, an extremely thin (BCS 1) female probably 
will not achieve an increased ovulation rate because she is too thin 
to have normal reproductive cycles. However, within normal 
ranges (BCS 2.5 to 3) the ovulation rate appears to respond to  
a short-duration increase in energy and, to a lesser extent, to  
increased protein intake (Figure 2.1; see Chapter 19). Flushing 
does not always increase lambing or kidding rates. However, it 
does increase the number of females cycling early in the breeding 
season, resulting in birth of a greater proportion of the offspring 
early in the lambing or kidding season. In females, a BCS at or 
just under 2.5 to 3 is optimal for most breeding flocks.

Early to Middle Gestation
After the female has conceived, early gestation is the time of par-
tial fetal and placental development. Nutrition is important for 
adequate development, but requirements are not greatly increased 
over those of maintenance. If the diet is lacking in energy, protein, 
and certain minerals, placental development may be poor, result-
ing in poor fetal growth. A reduction in lamb survival rates at 
birth can result from inadequate feeding during early gestation. 
Likewise, adequate nutrition is required for proper attachment of 
the embryo to the uterus. Midterm stress abortions can occur in 
Angora goats as a result of energy deficiency. This stress effect is 
more common in range conditions, particularly after a weather 
change, predator attack, or decreased feed intake. The incidence 
can be minimized by not breeding the female until she has at-
tained 60 to 70% of her projected mature weight, and by main-
taining a steady nutritional state during pregnancy.27

During early gestation, ewes and does can be maintained on 
winter range, pasture, or moderate-quality hay, but grass-quality 
grass hay, grass-legume, or small-grain pasture would be best. If 
corn silage is fed, ewes and does at this stage may need 1/4 to 1/3 lb 
of a protein supplement daily. Some supplemental grain may be 
needed with seasonal decreases in feed availability or with weather-
associated increases in feed requirements. Females should be fed 
to maintain a BCS of 2.5 to 3 during early gestation. The scores 
should be assessed every 2 to 3 weeks, and any flock condition 
score change acted on immediately.1

Late Gestation
The nutrition of the female during the last 6 weeks of gestation is 
extremely important. Approximately 70% of fetal growth occurs 
during this period. Inadequate nutrition can result in poor colos-
trum production, low birth weight in both lambs and kids, lower 
energy reserves in the newborn animals, and increased death losses, 
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especially during cold and inclement weather. Birth weight is an 
important factor affecting newborn survival. It can be influenced by 
breed, number born, age of dam, and the dam’s preparturient diet. 
Extremely low birth weights, less than 4–5 lbs, in lambs can result 
in increased mortality during the first 24 h of life. Conversely, over-
feeding of energy can result in obesity and contribute to dystocia. 
Proper nutrition is crucial. In general, more problems result from 
underfeeding than from overfeeding during late gestation.

The process of converting dietary energy into fetal growth is 
quite inefficient. Because 70 to 80% of fetal growth occurs during 
the final 6 weeks of gestation, the dam’s energy requirements in-
crease substantially. In many instances, the only way to provide 
the extra nutrition is to increase the amount of concentrate being 
offered. This sharp increase in energy requirements is com-
pounded if the pregnancy involves multiple fetuses. A large uterus 
filled with several fetuses physically limits rumen capacity. In such 
cases, the mature female may not be able to consume enough for-
age to meet her needs. The keeper may then wish to feed a supple-
ment of between 1/3 to 1 lb and between 3/4 to 2 lb of grain per 
day for goats and sheep, respectively. A ration of free-choice grass 
hay, 1 to 2 lb of a 20% protein range cube (depending on female 
size), usually will suffice.

During late gestation, feeding regimens should be designed to 
minimize use of energy supplied by body fat reserves. This consid-
eration is especially crucial for ewes during late gestation. Exces-
sive catabolism of body fat can result in pregnancy toxemia. The 
dam is at greater risk for this condition with concurrent stress 
from an environmental factor or disease. Pregnancy toxemia is 
characterized by a buildup of ketones in the blood secondary to 
accelerated fat catabolism. Affected ewes appear listless and have 
a distinct acetone smell to the breath.

Maintaining the flock at BCSs of 2.5 to 3 and promoting ad-
equate energy intake during late gestation will help prevent preg-
nancy toxemia. During late gestation, ewes with a single fetus may 
consume as much as 3.5 to 4% of their BW in dry matter in grain 
or excellent-quality forages. Intake may reach 5% in some does. If 
poor-quality forage is fed, these pregnant females may be able to 
consume only 2 to 3% of their BW in dry matter. Treatment can 
be successful, but as is the case with all nutritional problems, 
prevention is the best strategy. Ewes should be fed approximately 
1 kg (2.2 lb) of a cereal grain (e.g., corn, oats) during the final 
month of gestation to prevent pregnancy toxemia.

Goats also can develop pregnancy toxemia but appear to be 
more resistant (see Chapter 5 and 8). Dairy goats that are grazing 
or being fed good-quality grass hay can be fed 0.5 to 1 kg (1 to 2 
lb) of a 16% crude protein grain per 100 lb of BW daily during 
the final 11/2 months of gestation. The amount of grain may need 
to be adjusted depending on body condition.

In addition to promoting the birth of healthy lambs and/or 
kids, and preventing pregnancy toxemia, adequate nutrition dur-
ing this time frame promotes significant mammary development 
during the last 30 days of gestation. Stillbirths, pregnancy tox-
emia, and poor milk production all are indicators of feeding an 
energy-deficient diet in late gestation. Adequate nutrition should 
be provided to support milk and colostrum production.

Feed or mineral supplements that contain added ionophore, 
antibiotics, or decoquinate may help control or prevent coccidio-
sis, abortion, and pregnancy toxemia (see earlier under “Feed 
Additives,” as well as Chapters 5 and 6 and Appendix 1). The ad-
dition of antibiotics in feeds requires a veterinary feed directive as 
of 2017 (see Appendix l).

Lactation
In both sheep and goats, milk production peaks within 2 to  
3 weeks after parturition and then declines rather rapidly to a low 
by 8 to 10 weeks after parturition. In dairy-breed animals, this 
drop in milk production is less profound. A dam nursing a single 
kid or lamb produces less milk than a female nursing twins or 
triplets. This is because one lamb or kid is unable to consume the 
full amount being produced, allowing a reduction in total mam-
mary output. A dam nursing twins produces approximately 30% 
more milk than one nursing a single. Likewise, a lactating dairy 
goat being milked two to three times per day for maximal produc-
tion also produces greater amounts. A dairy goat usually weighs 
10% of a dairy cow’s weight but may require 12 to 14% of the 
nutrients. Lactating does may be capable of consuming 4 to 5% 
or more (up to 10 to 11% in some females) of their BW in dry 
matter, making feed intake the most important limiting factor 
affecting milk production.

Milk production during the first 4 weeks of lactation is impor-
tant for good lamb and kid growth. If milk production is lacking, 
the lamb or kid can compensate by increasing solid feed con-
sumption. Because feed is less digestible than milk, suckling ani-
mals cannot consume enough feed to make up for a milk defi-
ciency and may therefore exhibit suppressed growth rates during 
early lactation.

Underfeeding energy during late gestation or early lactation 
results in greater-than-expected death losses in lambs, particularly 
twin lambs. Depressed milk production results in lambs that are 
“scruffy,” poorly kept, thin, and weak. Necropsy findings in af-
fected lambs are nondescript — the GIT is filled with straw and 
the animal has little or no abdominal fat. Lambs older than  
1 month are less likely to starve as they begin to eat on their own 
(see Chapter 20).

During peak lactation it is nearly impossible for a doe or ewe 
to consume enough feed to meet her nutrient demands. During 
this time, good- to excellent-performing dairy animals use body 
fat to make up for this deficit and therefore experience a down-
ward shift (often by more than 1 point) in BCS. This degree of 
loss is the reason why an adequate body condition before parturi-
tion is paramount. To make efficient use of her body fat, a doe or 
ewe must have adequate levels of protein in the diet. Whenever 
diets containing large quantities of cereal grain are fed, some form 
of a rumen buffer should be included in the diet or offered on a 
free-choice basis.

Because feed intake can limit production in heavy-producing 
dairy animals, increasing the diet’s energy density in early lacta-
tion may be required. The addition of fat to the diet is an excellent 
way to increase the energy density of the diet. As a general rule, 
supplemental fats should not exceed 4 to 5% of the diet. Oil seed 
(whole cottonseed), when locally available, is an excellent source 
of additional energy in the diet. Approximately 2 to 3% of the 
added fat can effectively come from oil seeds. If more fat is 
needed, 2 to 3% more fat can be added in the form of specialty-
feed fats, including calcium or magnesium salts or fatty acids. 
These specialty fats are expensive but, for the most part, bypass 
the rumen. The fatty acids and calcium or magnesium salts are 
broken apart for digestion in the small intestine.

Obviously, the concentrate portion of the grain can be ad-
justed on the basis of BCSs. These recommendations show the 
importance of adequate protein concentrations for maximal milk 
production. Whole cottonseed can be included in the diet of 
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lactating animals as an excellent source of both energy (greater 
than 90% TDN) and protein (21 to 23% crude protein). Whole 
cottonseed should account for no more than 20% of the diet. The 
requirements of most lactating ewes can be met by feeding 3.2 to 
3.6 kg (7 to 8 lb) of a 12 to 14% crude protein, 55 to 60% TDN 
diet. If hay is fed, a grass-legume or legume-only hay helps supply 
protein demands. If silage (approximately 2 to 3 lb) is fed, then a 
protein supplement (1/4 to 1/2 lb), grain supplement (1 to 1.5 lb), 
and ground limestone (0.02 to 0.04 lb) should be offered. If grass 
hay is offered (approximately 2 to 4 lb), then a protein supple-
ment (1/3 lb) and grain (1 to 2 lb) should be provided. With the 
exception of dairy goats or ewes, milk production decreases 
quickly. By 8 to 10 weeks postpartum, it has become an insignifi-
cant nutrition source for the suckling lambs or kids. Up to this 
point, the dam’s requirements can be met by grazing moderate-  
to good-quality pasture or range. If animals are grouped and  
fed by production, first-lactation dams with one kid or lamb 
should be fed with mature females with twins. Also, if these first-
lactation dams have twins, they should be fed with mature dams 
with triplets.

Some dairy goats are susceptible to production of “off-flavor” 
milk. Cabbage, onions, wild garlic, and some species of weeds or 
browse all can negatively affect milk flavor. If certain feed sources 
cannot be avoided, feeding these off-flavor producers just after 
milking may limit some of their ill effects. Still, avoiding the  
offending feedstuffs is the best method of prevention. Other non-
feed influences on milk flavor are disease (metritis, mastitis), filthy 
living conditions, and gastrointestinal upset.

Feeding the Lamb or Kid

Bottle Feeding
Rearing orphaned lambs or kids on milk replacer is quite expen-
sive and labor-intensive. If at all possible, keepers should  
attempt to graft the orphans onto another dam, feeding them  
on milk replacer only if this cannot be accomplished. Ideally, 
orphans need to consume small quantities of milk many times 
per day, which generally is not possible for most sheep and goat 
producers. Many cervid farms prefer to “bottle feed” doe fawns 
to adapt them to human handling. Bottle feeding buck fawns 
should be discouraged, as they may be unpredictably aggressive 
if kept as pets. Most producers feed “bottle babies” only one to 
three times each day (see Chapter 19). Many dairy kids or lambs 
are removed from their dams somewhere between birth and  
72 h of age and fed as orphans. The most economical way to 
raise orphans is to get them onto a dry concentrate feed as soon 
as possible.

The newborn needs to receive 10 to 20% of its BW in co-
lostrum, preferably within 3 to 12 h after birth. If it is not 
available from the dam, frozen colostrum supplies can be 
thawed and used. Colostrum absorption decreases rapidly 
from birth through 36 h of age. Hemolytic crisis has been 
observed in some lambs fed cow colostrum. Still, cross-species 
colostrum is better than no colostrum. Dairy cow colostrum 
usually is available but is relatively dilute in its immunoglobu-
lin content. Any colostrum fed to an orphan should be free of 
caprine arthritis encephalitis (CAE) and Johne’s disease. If 
lambs or kids are unable to nurse, they need to be tubed. To 
pass a tube for feeding, lay a 14–18 French, rubber feeding 
urethral catheter along the lamb or kid from the tip of the 
nose, along the neck so the tip lies at the last rib. Mark the 

tube at the level of the nose. Gently open the neonate’s mouth 
and pass the tube over the tongue, into the esophagus, and 
until the mark is just in front of the mouth. The tube can usu-
ally be palpated just to the left of the larynx as it passes into 
and down the esophagus.

After the initial amount of colostrum is fed, additional feeding 
should be withheld for as long as 5 h in newborn animals that are 
to be bottle-raised. This strategy encourages sucking, easing the 
transition and aiding in training to a bottle, nipple pail, or bucket. 
If the owner wishes to feed by hand, a lamb nipple attached to a 
soda bottle is an effective system. The nipple should be placed in 
the mouth by the handler while the newborn’s jaw moves in a 
chewing motion. This usually stimulates the nursing reflex in all 
but very weak newborn animals. Lambs or kids left with their 
dams for more than 2 days require longer training to become  
accustomed to a bottle or pail.

When a doe or ewe has too little milk to support more than 
one newborn, it is imperative that sufficient colostrum be given to 
all. The keeper should then leave the strongest, most vigorous 
newborn with the dam and raise the weakest artificially. Although 
immunoglobulins may not be absorbed after 12 to 36 h, colos-
trum is a rich source of vitamin A, energy, protein, and local gut-
acting antibodies. It also acts as a laxative. If possible, colostrum 
should be fed for 2 to 3 days.

If lambs or kids are to be hand-fed, feeding 10 to 20% of their 
BW in the form of good-quality milk replacer divided into four 
equal daily feedings usually is adequate. Milk replacers for goats 
should be around 20% protein and 20% fat, with most of the 
protein supplied by an animal source (whey proteins). If the milk 
replacer appears brown, the protein sources may have been over-
heated, resulting in decreased digestibility. Antibiotics are com-
monly added to help reduce the incidence of bacterial respiratory 
and enteric diseases. Milk replacers should be fortified with vita-
min A (20,000 to 30,000 IU/kg of dry matter), vitamin E (30 to 
40 mg/kg of dry matter), and vitamin D (2500 to 3500 IU/kg of 
dry matter). If lamb milk replacers are used for goats, they should 
be diluted, because they contain more fat than naturally occurs in 
goat milk. Good-quality milk replacers designed for calves may be 
fed to goats and lambs in small quantities in several feedings  
(10 to 20% of BW divided into four to six equal feedings). When 
mixing milk replacers, the keeper should take care to ensure that 
the powder and water are properly mixed into a suspension. Fre-
quent feeding of small quantities will help reduce the incidence of 
bloat. By the third week of life, some kids or lambs can be 
switched to a twice-daily feeding regimen. Because milk replacers 
are expensive, animals should be weaned as soon as possible. If 
lambs or kids are underfed or fed a poorly digestible replacer, they 
may become emaciated, weak, or comatose, and death is possible. 
Inadequately fed lambs or kids have lower-than-normal blood 
glucose and at necropsy will be found to be devoid of fat stores. 
The abomasum in starved neonates often becomes impacted with 
hair or poorly digestible items.1

The most efficient and least labor-intensive system is to place 
the orphans on a self-feeder using refrigerated milk or milk  
replacer (see Chapter 19). This strategy helps limit milk con-
sumption so that the orphans nurse more frequently through-
out a 24-h period. A self-feeder regimen in effect imitates the 
normal dam-newborn nursing regimen. Keeping the milk cold 
also may help prevent spoilage and lessen the extent to which 
the milk replacer separates out of suspension. In addition, kids 
or lambs using a self-feeder should have access to an extremely 
palatable dry feed. In orphaned lambs or kids, solid feed should 
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be introduced as soon as possible. Offering 1/4 lb per day of a 
mixture of corn, oats, alfalfa pellets, molasses, and soybean 
meal that provides 14 to 16% crude protein works well. Top-
dressing the feed with a dry milk replacer also may stimulate 
early intake of the dry feed. Other ingredients known to be 
extremely palatable to young ruminants are soybean  
hulls and various sources of bran, including wheat bran (see 
Chapter 19).

Creep Feeding
The term creep feeding refers to the use of supplemental feed for 
the nursing lamb or kid. The goals of a creep-feeding program are 
to promote an adequate intake with a palatable feed and to  
provide all necessary nutrients in the most economical regimen 
possible. Winter-born lambs or kids are more often creep fed. 
Similarly, show animals are creep fed to grow them bigger and 
faster. Both lambs and kids use feedstuffs more efficiently before 
weaning.

Lambs and kids will only nibble at the creep feed until they are 
3 to 4 weeks old. Nevertheless, the creep feed should be made 
available as soon as possible to help orphans get used to eating 
from one location and to help establish rumen function. The 
feeder should be placed in a dry, well-lighted area where lambs  
or kids can easily gain access but still retain visual contact with 
their dams, and kept clean, with a minimum of 2 feet of bunk 
space per lamb or kid. A variety of methods can be employed to 
maximize the acceptance of the creep area. Strategies include 
hanging a light over the creep feeder, retaining one or two dams 
and their offspring in the area for a few days (with limited feed, 
of course), and putting all of the animals in a small, confined 
space adjacent to the creep area.15

Creep feeds do not have be complex, but must be palatable 
because of competition with milk. Pelleting or coarse grinding 
feeds usually increases intake. Fine grinding usually results in de-
creased intake as animals’ age, particularly lambs. Pellets should 
be small enough for consumption. In goats, pellet size larger than 
5 to 7 mm may decrease intake. After the lambs or kids have be-
gun to consume the creep feed, cheaper ingredients can be used 
for a more cost-effective regimen. Until the animals reach 3 to  
4 weeks of age, however, palatability is the key to successful creep 
feeding. If increased performance is to be attained from creep 
feeding lambs, they must consume more than 0.23 kg (0.5 lb) 
daily from 3 weeks of age to weaning. Low-fiber creep feeds, usu-
ally about 10%, containing 16 to 20% protein usually work best. 
Enhanced performance may be attained if salt (0.5% of the creep 
feed), ammonium chloride (0.2 kg/440 kg of feed, or 10 lb/ton) 
and vitamin E are added to most creep feeds. Some examples of 
creep feeds are shown in Table 2.7.

In general, creep feeding should provide an additional 0.5 kg 
of gain for each 1.8 to 3.2 kg (4 to 7 lb) of feed consumed. The 
level of efficiency will vary from one set of conditions to another, 
but generally, when feed costs are low and sale prices are high, 
creep feeding usually is profitable. The creep feeding is generally 
more cost-effective with lambs than kids. In the final analysis, the 
feasibility of creep feeding is determined simply as a matter of 
feed costs versus animal sale prices.

Weaning
Lambs and kids can be weaned as early as 3 or 4 weeks, but better 
results may be obtained if weaning is delayed until 8 to 12 weeks. 

Because of labor constraints, many keepers attempt to wean milk 
replacer–fed young as early as possible. Milk replacers typically 
contain 30 to 32% fat, 22 to 24% CP, and 22 to 25% lactose. 
Kids of most meat and dairy breeds should weigh at least 9.1 to 
11.4 kg (20 to 25 lb) and consume 0.23 kg (0.5 lb) per day of a 
16 to 18% crude protein grain at weaning.1

Because weaning is such a stressful event, the immediate goal 
should be to get the lamb or kid accustomed to eating out of feed 
bunks and drinking from a water trough. The decision to wean 
lambs or kids depends on age, season of birth, whether they have 
been consuming creep feed, existing parasite or predator prob-
lems on the farm, market price, and available labor. Feed bunk 
location is important in encouraging newly weaned animals to 
consume adequate amounts of dry matter. If excellent-quality 
forage is available, it can be used as the sole source of feed. A 
good strategy is to place the feed bunks perpendicular to the 
fence line so that the weanlings are forced to see and possibly 
investigate the feed as they walk, usually continually, the fence 
line. For the first 2 days of the weaning period, good-quality hay 
should be offered on a free-choice basis. The weanlings should 
then be introduced to a concentrate feed offered at a level of ap-
proximately 1% of BW per day. A lamb weighing 31.8 kg (70 lb) 
consumes approximately 0.32 kg (0.75 lb) per day. After the 
lambs or kids have been introduced to the grain, the keeper can 
gradually increase the amount.

Some managers prefer to remove all grain supplements and 
place the dam on a poor-quality forage 1 week before weaning. 
This reduces milk production and decreases the incidence of mas-
titis. By 7 months, most dairy breed kids should weigh between 
27.3 and 36.4 kg (60 to 80 lb). A good-quality mineral mixture 
should be offered on a free-choice basis. Potential replacement 
animals should be identified and fed a regimen to minimize exces-
sive fat deposition and maximize postweaning growth rates. The 
same guidelines described for mineral feeding in the male (50% 
dicalcium phosphate and 50% trace mineral salt) are applicable 
for weanlings.

TABLE 
2.7 Sample Creep Diets for Lambs and Kids.a

Element
Sample  
1 (%)

Sample  
2 (%)

Sample  
3 (%)

Sample  
4 (%)

Ground corn 33 60 63 40

Oats — — — 11

Soybean hulls — — 10 —

Soybean meal 6 8.5 10 6.5

Alfalfa hay 55 25 — 35

Bran — — 10% —

Molasses 5 5 5 6

Trace mineral salt 0.5 0.5 0.5 0.5

Ammonium chloride 0.5 0.5 0.5 0.5

Limestone — 0.5 1 0.5

aDiets 1, 2, and 3 should be fed with an excellent quality hay offered on a free-choice basis. 
Diet 4 is a complete, pelleted feed
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Finishing
Finishing of lambs for slaughter can be accomplished in a variety 
of ways. No one perfect diet for finishing has been defined. In-
stead, each feeding facility accomplishes the goal by using feed-
stuffs that are available and economical to the geographic area. 
Feedlots designed specifically for goats are not as common as 
those designed for lambs. Most goats are slaughtered off forage-
based diets with little use of concentrate feeding.

At slaughter, the lamb should have approximately 0.23 to  
0.46 cm of backfat. However, the amount of backfat often depends 
on specific market preferences. Slaughter weights have a wide 
range because of the variation in frame size among North American 
sheep, although they generally fall between slightly below  
45.4 kg (100 lb) and 68 kg (150 lb). Ideally, the lambs should be 
marketed at the proper degree of finish, regardless of their weight. 
Feeding beyond the lamb’s ideal finish results in higher cost of gain 
because of decreased feed efficiency. Adding lean muscle is much 
more energy efficient than adding body fat. Blackface sheep and 
meat goat breeds generally finish at greater BWs.

If high-quality forage is available, lambs can be finished on it. 
This regimen generally works best for smaller, younger lambs. 
Older, heavier lambs require some concentrate feeding. For ex-
ample, a small-framed lamb born in January in the southeastern 
United States could be ready for slaughter in June having been 
grazed on only cool-season annual grasses (ryegrass) or grass- 
legume pastures. By contrast, a large-framed, spring-born lamb in 
the western United States may come off range in the fall at  
6 months weighing 31.8 to 41 kg (70 to 90 lb) and need a con-
centrate-based diet to be finished by 1 year.

Many lambs in North America are finished in a feedlot or dry 
lot. These lots vary in size and may be open areas, confinement 
barns, or a combination of both. An excellent feeding regimen is 
stepwise feeding, whereby lambs, and occasionally kids, are given 
more grain as they get larger. By the end of the finishing period, 
many animals typically are consuming approximately 80% con-
centrate and 20% roughage. However, when given free access to 
both roughage and concentrate, lambs consume approximately 60 
to 70% concentrate and 30 to 40% roughage. A variety of cereal 
grains, including corn, oats, barley, milo, and to some extent 

wheat, can be used by lambs. Amounts used are based on local 
economics. A protein supplement may be included depending on 
the amount of protein being provided by the roughage source. 
Alfalfa commonly is used as a roughage source because of its wide 
availability, and animals feeding on it may not need additional 
protein. Mineral and vitamin premixes also are added to some 
diets. Because the finishing period usually involves instituting 
diets that emphasize grains, the nutritionist or clinician must be 
aware that excessive grain intake can predispose animals to uroli-
thiasis, enterotoxemia, and bloat.

Processing of grains, with the possible exception of sorghum, 
does not appreciably increase lamb performance. Cracking, rolling, 
or flaking milo to break the hard seed coat increases its usability in 
lambs. Feeding other grains whole tends to decrease the incidence 
of acidosis and other digestive disturbances. Pelleting bulky rations 
may be of some benefit because of the increased level of consump-
tion. Pelleted feeds help ensure a more uniform intake and they are 
less dusty and easier to handle. The most important factor to con-
sider with regard to pelleting or other processing is the potential for 
the lamb or kid to “sort” the feed and consume only a portion of 
the diet. Sorting feed is more of a problem with self-feeding and 
group feeding. Thus, pelleted feeds are best used in free-choice, self-
feeding systems. For example, if the protein, mineral, and vitamin 
premix is a loose meal, cracking the grain may be beneficial in 
minimizing sorting, despite its lack of effect on usability. Such feed 
formulations, however, are more expensive, and their use may be 
associated with an increased incidence of some diseases.

As stated earlier, goats generally are not finished in commercial 
settings. In North America, most meat goats are slaughtered by 
the consumer, in small, local processing facilities, or within niche 
marketing systems. With some exceptions, goats tend to be sold 
in small groups over the course of the year. Because of this method 
of marketing, goats generally are kept on a forage-based diet 
rather than maintained with year-round feeding of grain. Still, 
some feedlots, or “grain on grass” operations, do exist. If a group 
of kids is placed on a concentrate-based diet for finishing,  
the same basic principles discussed previously for lambs apply. 
Table 2.8 provides examples of growing and finishing diets for 
lambs and kids. Growing diets, which contain 14.5% protein  
and 68% TDN, are used for younger, lighter lambs and kids. 

TABLE 
2.8 Sample Grower and Finisher Diets for Lambs and Kids.

Element Grower 1 (%) Grower 2 (%) Grower 3 (%) Finisher 1a (%) Finisher 2a (%) Finisher 3a (%)

Corn 33.5 28.5 32.1 73.2 76.0 74.6

Alfalfa 55 — — 20 — —

Grass hay — 50 — — 17 —

Cottonseed hulls — — 40 — — 14

Soybean meal 5.5 15 21 — — 4

Molasses 5 5 5 5 5 5

Trace mineral salt 0.5 0.5 0.5 0.5 0.5 0.5

Limestone — 0.5 0.9 0.8 1.0 1.4

NH4Cl 0.5 0.5 0.5% 0.5 0.5 0.5

aFinisher diets should contain enough limestone (or other calcium source) to provide a 2:1 calcium-to-phosphorus ratio.
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Finishing diets, which contain 10% protein and 80% TDN, are 
more effectively fed to older, heavier animals.

Regardless of the species being fed, the introduction of energy-
dense diets in a feedlot setting is stressful and associated with 
many metabolic diseases. The nutritionist or clinician should en-
sure that animals being fed in the finishing stages be slowly intro-
duced to these diets and vaccinated for Clostridium perfringens 
serotypes C and D infection and possibly other diseases (e.g., 
contagious ecthyma, pasteurellosis) that are locally problematic. 
On arrival at the finishing facility, animals should be offered free 
access to a good-quality legume-grass hay, fresh clean water, and a 
mineral mixture. Animals should be introduced to the finishing 
diet slowly over a 2- to 4-week period. For males, ammonium 
chloride or other urine acidifiers should be fed to prevent uroli-
thiasis (see Chapter 12). Rumen buffers, antibiotics, ionophores 
(see earlier under “Feed Additives”), and free-choice hay all are 
effective in minimizing some production diseases.

Feeding Yearlings

Females
Each sheep and goat enterprise is unique in terms of overall goals. 
Some operations place importance on breeding ewes and does so 
that they have their first offspring by 1 year of age. Other farms 
or ranches may find it much more practical and economical to 
breed their animals to have their first offspring as 2-year-olds. A 
ewe’s lifetime production can be as much as 20% greater if she is 
bred as a ewe lamb rather than as a yearling.50

If the goal is to have the females lamb or kid as yearlings, nutri-
tion is crucial from weaning to breeding. Yearlings should be 
maintained on a steady growth plane.

Depending on their weaning weights, most females need to 
gain between 0.11 and 0.23 kg (0.25 to 0.5 lb) per day from 
weaning until breeding. Replacement yearlings should be kept on 
the best available pasture. In most instances, this management 
approach will require some supplemental energy or concentrate 
feeding. Concentrate feeding of 1/2 to 2 lb (depending on breed, 
species, size, and so on) of a 12 to 14% crude protein should be 
offered in settings of poor-quality forage. Overfeeding young fe-
males, however, can result in excessive fat deposition in the mam-
mary glands and decreased lifetime milk production.

If females are to be bred as yearlings, a moderate growth rate is 
most desirable. The female should obtain 65% of her projected 
mature weight by the time of breeding. In reality, a range of 
weights probably exists within which small-framed sheep and 
goats may have acceptable conception rates at 55 to 60% of their 
projected mature weights, whereas some large-framed animals 
may need to be closer to 70% of their mature weights. So long as 
a good, well-planned forage system is available, females can 
achieve desired weight gains with little or no grain supplementa-
tion. Sheep or goats that can successfully breed out of season 
should be bred at 13 months so they can lamb or kid at  
18 months. This approach requires less nutritional input than 
breeding 7-month-old females, but still provides an acceptable 
generation interval for increased female productivity. After the 
females have been bred, moderate and steady weight gain is desir-
able until parturition, with a weight goal of 85 to 90% of the 
projected mature weight by 1 year of age.

Good-quality grass pasture will need to be supplemented with 
additional energy and protein sources. Animals maintained on 
grass-legume mixtures will require less supplementation.

Regardless of the breeding system, animals should be weighed 
and body condition scored regularly whenever possible. If the 
BCSs of the group begin to drop below 2.5, the keeper should 
offer a source of supplemental energy. Conversely, if the scores rise 
above 3.5, less energy supplementation is needed. A good-quality 
mineral mixture as described for adult males is appropriate for use 
in yearlings.

Males
Feeding developing males is quite straightforward. They should be 
developed using as much forage as possible, with just enough 
supplemental feeding to produce desirable gains (0.34 kg or  
0.75 lb/day). This goal is easily accomplished with good genetics. 
Growing males should be offered a good-quality mineral mixture 
as described previously, with the keeper taking steps to prevent 
urolithiasis and other production-related diseases.

Feeding Show Animals
All show animals should be offered a good-quality mineral mix-
ture and given free access to fresh, clean water.

Lambs
Feeding show lambs should be as simple as possible while provid-
ing the desired rate of gain and appropriate “bloom”. Ideally, the 
lamb should be fed 30 to 40% of its total daily intake as good-
quality hay or forage; the remaining 60 to 70% of the diet should 
be in the form of a concentrate or grain mixture (Table 2.9). A 
lamb can eat as much as 3 to 4% of its BW daily. At least 0.45 kg 
(1 lb) of hay per day should be fed with the concentrate. Lambs 
should be gradually exposed to increasing concentrate portions of 
the feed, taking 10 to 14 days to make the transition from little 
grain to the full amount. Feeds should never be switched abruptly, 
and fresh, clean water should always be offered on a free-choice 
basis.

Mature Sheep
Mature show ewes and rams should consume approximately 1.36 
to 2.27 kg (3 to 5 lb) of concentrate per day, depending on their 
size. They also should be offered good-quality hay on a free-choice 
basis. The requirements for mature sheep are found in the 2007 

TABLE 
2.9 Concentrate Mixes for Show Lambs.a

Element Sample 1 (%) Sample 2 (%)

Corn 50 45

Oats 35 —

Soybean hulls 10 40

Soybean meal 10 10

Molasses 4 4

Mineral mix 1 1

aAnimals should be introduced to high-grain diets slowly over 2 to 3 weeks.
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NRC recommendations for small ruminants.6 Adult show ani-
mals should be maintained in good condition but should not be 
obese. A good exercise regimen is necessary to prevent over- 
conditioning. When possible, forcing animals to graze or walk 
some distance from grain to hay to water may prove valuable.

Show Goats
The feeding of young meat goats for show is similar to the feeding 
of show lambs, as discussed previously. The recommended ap-
proach is to use a simple diet that provides the desired level of gain 
and degree of bloom.

Feeding for Fiber Production

Sheep
Wool production is highly heritable; however, nutrition can affect 
wool growth and character. Within certain biologic limits, energy 
intake is directly proportional to wool production,49–52 although 
separating protein effects from energy effects is difficult. So long 
as the minimal protein requirement is met, additional dietary 
protein does not appear to increase wool growth. Wool does con-
tain an abundance of the sulfur-containing amino acid, cystine. 
Accordingly, feedstuffs rich in sulfur-containing amino acids are 
important for optimizing wool growth.

In general, the effects of nutrition on wool production are  
associated with quantity rather than quality. Increased nutrient 
intake can increase wool production, within limits. However, 
quality can be affected during periods of severe nutrient depriva-
tion. Under these conditions, fiber diameter is decreased. Extreme 
underfeeding can result in weak fiber with limited value.1,6

The nutritional status of the ewe during gestation can influ-
ence the wool production of subsequent offspring. Kelly and 
colleagues51 bisected embryos to produce clones that were then 
placed in ewes fed at maintenance or submaintenance energy and 
protein levels from days 50 to 140 of gestation. The lambs that 
were born to ewes fed a submaintenance diet produced 0.136 kg 
(0.3 lb) less wool from 0.4 to 1.4 years of age. The wool from 
these lambs was coarser than that produced by lambs born to 
ewes fed at a maintenance level. These effects have been attrib-
uted to decreased hair follicle development in fetuses whose dams 
were fed deficient diets, and they continue for the rest of the 
offspring’s life.52

Goats
Angora goats produce large quantities of fiber per unit of BW. The 
2 to 3.6 kg (4.5 to 8 lb) of mohair obtained with each cutting can 
greatly increase nutritional demands. As with wool, mohair pro-
duction can be improved with increased energy intake. However, 
protein appears to elicit more of an effect on mohair growth than 
that on wool growth. Whereas cashmere wool appears to be only 
minimally affected by dietary manipulation, increasing dietary 
protein above requirements increases mohair volume and fiber 
diameter.1 In Angora does fed isocaloric diets containing either 
12% or 19% protein, an increase in grease fleece weight (of ap-
proximately 0.57 kg [1.25 lb]) and fiber diameter were noted with 
the higher protein intake.49 Mohair also contains abundant 
amounts of sulfur, so sulfur-containing amino acids are important 
in Angora goat nutrition. Qi and co-workers28,29 indicated that 

the NRC-recommended6 10:1 nitrogen-to-sulfur ratio for 
maximal mohair production may be on the low side and sug-
gested that a ratio of 7.2:1 may be more useful. Therefore, if NPN 
is used as a protein source, sulfur supplementation is necessary.

Ranged Angora goats should receive nutritional supplementa-
tion during late gestation and early lactation. Salt-limited feeds 
can be used to control both energy and protein consumption 
under range conditions. Cottonseed or soybean meal (or other 
protein sources), corn, and salt (noniodized, nonmineralized) can 
be added at a 1:3:1 ratio. The keeper should introduce the supple-
ment slowly, adding more white salt if the animals are overcon-
suming and decreasing salt if they are under-consuming. This 
salt-limited feeding system can be an effective way to increase 
energy and protein intake for range-fed goats (and possibly 
sheep). Careful intake monitoring is important.

Adequate shelter should be provided to fiber-producing ani-
mals, particularly young animals and Angora goats, that have just 
been sheared. In early spring or late fall, animals may be suscep-
tible to cold stress for as long as 4 weeks after shearing. The provi-
sion of shelters or wind breaks and an additional 0.23 to 4.5 kg 
(0.5 to 1 lb) per day of an energy supplement (cracked corn) 
above the normal feeding regimen can help minimize freezing and 
stress loss.

Feeding Pet and Geriatric Sheep and Goats
Pet sheep and goats can live much longer than animals in  
production units. The principles of nutrition presented through-
out this chapter apply to the proper feeding of pet animals as 
well. The only dietary formulation, manipulation, or plan that 
appears to be associated with increased longevity is lowered in-
take. Thus, keepers should strive to maintain a proper body 
condition and weight in pet animals to help them achieve a long 
healthy life.

Obesity is a constant and major problem in the pet population 
and includes both sheep and goats. Pet goats tend to be more 
commonly affected by overfeeding-related diseases than are sheep 
or goats in production units. With the exception of feedlot ani-
mals and those being prepared for shows, pet sheep and goats are 
overrepresented in cases of obesity, bloat, acidosis or ruminitis, 
and urinary calculi. The increased prevalence of these disorders is 
related to a lack of knowledge about feeding in many owners, 
inactivity of the animals, and pet status with its lack of perfor-
mance or production goals. A barn or paddock layout that neces-
sitates walking, client education, and proper diet design all are 
essential to combat obesity and will increase the pet animal’s long-
term health. Forcing animals to walk (e.g., for grazing or access to 
water, salt, or minerals) will enhance the chances of the weight 
loss program’s success. Weight loss programs should never be in-
stituted in pregnant animals and should be avoided until after 
midlactation.

A weight loss program should begin with a complete physical 
examination, an accurate weight measurement, determination of 
BCS, and a complete blood count and serum chemistry analysis 
when possible. If the animal has no overt disease, the weight loss 
program should set goals for weight and BCS and a plan to attain 
these goals in approximately 4 to 8 months. A generic weight loss 
diet modification might be as follows: (1) first 4 to 6 weeks: feed 
moderate-quality grass hay at 2% of BW (accurate weight of ani-
mal and hay); (2) second 4 to 6 weeks: feed moderate-quality 
grass hay at 2% of target weight. (Note: The hay should be 8 to 
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10% crude protein; free-choice water and a mineral mixture de-
signed for the farm should be provided; and accommodation for 
some form of exercise should be made.)

BW and condition loss are common problems among geriatric 
animals. A complete physical examination, complete blood count, 
and serum chemistry analysis may be indicated to identify ongo-
ing disease processes. Older animals may require special feeding to 
address dental disease, parasite damage to the bowel, and other 
general health problems. Good-quality hay, moistened pellets, 
lush forage, and palatable concentrates often are required for ani-
mals with dental disease (see Chapter 4).

Allowing older animals ready access to feed, particularly if 
their social status has changed, along with longer periods of 
noncompetitive time to consume it, will help maintain good 
body condition. Because many geriatric animals have arthritic 
conditions, minimizing excess BW, properly trimming feet, and 
placement of water and feed such that animals are not forced to 
walk great distances all are valuable in case management. Diets 
designed for the geriatric horse can be used for some geriatric 
small ruminants but should be avoided for any sheep or to goats 
with a history of hepatic disease, as the copper concentration is 
greater than 10 ppm. If the animal has renal disease, the protein 
content of the diet should be maintained at 7 to 8%, and the 
calcium-to-phosphorus ratio should be kept at 1:1. A good-
quality granular mineral mixture of equal parts dicalcium  
phosphate and trace mineral salt should be offered on a free-
choice basis.

If older animals are losing weight, the keeper can slowly in-
crease caloric intake by 7 to 10% in the form of fat. However, 
protein, fats, and copper should be restricted in animals with he-
patic disease. Animals with hepatic or renal disease may benefit 
from the addition of B vitamins, given orally or parenterally. If 
renal disease is present, the protein requirement should be met 
but not exceeded. If anorexia is a problem, varying the diet, offer-
ing lush grazing, and adding energy-dense feeds are useful strate-
gies. Obviously, all husbandry practices that aid in overall health 
(e.g., proper shelter, deworming) will enhance long-term survival.

Nutritional Disorders
The most common nutrition-related diseases seen in late gesta-
tion in goats and sheep are pregnancy toxemia (discussed in  
Chapter 8), hypocalcemia, and hypomagnesemia.

Hypocalcemia
Hypocalcemia can be a problem in dairy goats and, to some 
extent, in ewes, meat and fiber goats, and pet animals. This 
condition usually becomes apparent shortly before or after par-
turition and is a result of low concentrations of serum calcium. 
Some cases also are complicated by hypophosphatemia and hy-
permagnesemia or hypomagnesemia. Ewes appear to be most 
susceptible in late gestation and early lactation, particularly 
when experiencing some sort of stress (e.g., hauling, predator 
attack, lack of feed). Sheep may succumb to hypocalcemia from 
6 weeks before to 10 weeks after parturition. The greatest de-
mand for calcium for the nondairy animal occurs 3 to 4 weeks 
before parturition in females with more than one fetus, as a re-
sult of the calcification of fetal bones. Goats may have hypocal-
cemia before parturition. In high-producing dairy goats, the 
disease generally occurs after the dam gives birth. With any 

abrupt demand for calcium, the body requires 1 or more days to 
accrue the necessary enzymes capable of mobilizing bone stores 
of calcium. High intake of calcium, phosphorus, or some cat-
ions (potassium, sodium) decreases the production of parathy-
roid hormones. During decreased parathyroid function, less 
1,25-dihydroxycholecalciferol is produced. Lack of this hor-
mone results in lowered absorption and mobilization of calcium 
from the intestines and bones. Low dietary calcium or increased 
amounts of dietary anions enhances the production and release 
of parathyroid hormones.

Clinical Signs. Early in the course of the disease, affected ani-
mals exhibit a stiff gait, tremors, and tetany. They also experience 
decreased rumen motility and may be ataxic or constipated. As 
the disease progresses, increased heart and respiratory rates in-
crease, regurgitation of rumen content, bloat, and depression to 
the point of opisthotonos may be noted. Corneal and pupillary 
light reflexes are normal at first but become depressed before dis-
appearing entirely. The rectal temperature usually remains in the 
normal range but may be slightly low.

Diagnosis. Diagnosis usually is based on a history and signal-
ment conducive to development of hypocalcemia, as well as on 
response to therapy. Serum calcium concentrations less than  
4 to 5 mL/dL in sheep and goats are fairly diagnostic of this  
condition.

Treatment. In clinical cases, immediate treatment is needed, 
usually in the form of IV administration of calcium borogluconate 
(50 to 100 mL of a 23% solution). Subcutaneous delivery of these 
calcium solutions or the oral administration of a calcium gel de-
signed for cattle, but based on sheep or goat BW, will help prevent 
relapse. If the subcutaneous route is chosen to develop a “reservoir” 
of calcium for affected animals, solutions containing dextrose or 
numerous electrolytes should be avoided, as the use of some of these 
preparations has been associated with abscess formation. During 
treatment, cardiac monitoring is indicated, and therapy should be 
slowed or stopped if arrhythmias develop. If the treatment is suc-
cessful, the animal will stand and urinate within 20 minutes. If left 
untreated, affected animals usually die.

Prevention. To prevent or minimize the risk of hypocalcemia, 
particularly in dairy goats, the diet should be low in calcium, with 
a low cation-to-anion ratio. The dietary modifications used for the 
prevention of milk fever in cattle may be of value in dairy sheep 
and goats. Therefore, reducing or eliminating diets rich in cations 
(alfalfa) or in calcium and phosphorus in the late dry period may 
aid in prevention. Many legumes are rich sources of potassium 
and calcium and can therefore contribute to hypocalcemia. Im-
mediately after parturition, the levels of calcium in the diet should 
be increased. This strategy improves calcium reabsorption for 
bones and absorption from the intestine. Hauling or other forms 
of stress should be minimized in sheep and goats during the final 
3 weeks of gestation. Even with this strategy, some incidence of 
hypocalcemia may occur.1,6

Hypomagnesemia
Hypomagnesemia, manifesting as grass tetany, can be a problem 
in sheep and, to a lesser extent, goats grazing on lush, rapidly 
growing forage. This is rarely seen with browsing goats. It usually 
occurs during the early spring on pastures that are well fertilized 
with nitrogen and potassium. A combination of elevated nitrogen 
and potassium levels in the forage leads to a reduced absorption 
of magnesium from the GIT.
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The primary problem in hypomagnesemia is reduced absorp-
tion by the animal, rather than low plant concentrations. Sheep, 
and goats that graze lush cereal grains (e.g., wheat, rye), particu-
larly in early lactation or late gestation, are predisposed to this 
condition. Any type of stress (e.g., weather changes, transporta-
tion, and predator attack) can increase blood concentrations of 
free fatty acids, and excess blood from fatty acid concentrations 
depresses blood magnesium. Other forms of hypomagnesemia 
occur during winter when animals are fed poor-quality grass hay 
(with low magnesium content) and in lambs or kids fed only low-
magnesium milk replacers. Kids or lambs with access to grain or 
legume-grass hay are more resistant to hypomagnesemia. Ewes 
with poor dentition and those that lose excessive weight during 
winter are prone to develop the condition.

Clinical Signs. Hypomagnesemia generally occurs in ewes 2 to 
4 weeks after lambing. It is more common in females that had 
twins. Affected animals are excitable and may exhibit paddling 
convulsions, clonic-tonic muscle spasms, and an increased respi-
ratory rate. They also may simply be found dead in the pasture. 
Rectal temperature commonly is normal. Convulsions may be 
triggered by any number of stimuli, from being chased by preda-
tors to acute changes in weather patterns. Lambs or kids with  
the milk replacer–associated form of hypomagnesemia usually are 
anorexic and hyperexcitable and may salivate profusely.

Diagnosis. Diagnosis often is based on signalment and his-
tory, as well as response to treatment. Serum magnesium levels 
less than 1.5 mg/dL may be indicative of this disease and levels 
less than 1 mg/dL should be considered diagnostic. Postmortem 
serum samples are of limited value. Magnesium concentrations in 
cerebrospinal fluid (for 12 h after death), urine (for 24 h after 
death), or anterior eye chamber fluid (for 48 h after death) are 
useful postmortem tests.1

Treatment. Treatment consists of the intravenous administra-
tion of a solution which contains 20 to 25% calcium borogluco-
nate and 4 to 5% magnesium (50 mL). Oral calcium magnesium 
gel and subcutaneous injection of calcium-magnesium salts both 
are beneficial to prevent relapse.

Prevention. Because grass tetany results from a reduction in 
available magnesium, a number of methods can be used to in-
crease consumption. Properly balanced fertilizers and magnesium 
compounds can be applied to the soil to increase plant concentra-
tions of magnesium. The addition of such compounds is helpful 
but not very economical, because as noted, the primary problem 
with the occurrence of hypomagnesemia is reduced absorption by 
the animal, rather than low plant concentrations. Therefore, pre-
vention is best accomplished by offering high-magnesium mineral 
supplements before the growth of lush spring forage and several 
weeks prior to lambing or kidding. Most mineral supplements 
with high levels of magnesium are unpalatable, so feeders should 
be checked frequently to ensure proper consumption. To enhance 
intake, the keeper can mix magnesium oxide with molasses, corn, 
salt, or other feedstuffs. Daily consumption is important, because 
magnesium in a readily usable form is poorly stored in the body. 
An average adult lactating ewe needs 7 to 9 g of magnesium oxide 
daily. An economical supplement is a 1:1 mix of trace mineral salt 
and magnesium oxide, but this combination appears to be unpal-
atable. A more acceptable substitute may be equal parts of ground 
corn, trace mineral salt, and magnesium oxide. Other palatable 
grains can be used in place of the corn. Legumes (e.g., alfalfa, 
clover, bird’s foot, kudzu) are much better sources of both calcium 
and magnesium, and their inclusion in a pasture helps reduce the 
incidence of hypomagnesemia.6 Maintaining a high soil pH 

(greater than 5.5) enhances magnesium availability and intake  
by plants. The inclusion of vitamin D (5 to 10 IU/kg/day) in a 
milk replacer helps prevent hypomagnesemia in lambs or kids fed 
indoors.

Urolithiasis
Urolithiasis is a common and frustrating problem for owners of 
male sheep and goats, particularly pet goats, and for clinicians 
involved in their management. This condition is encountered in 
intact or castrated male goats and sheep.1 In Chapter 12, the 
pathophysiology and clinical signs of urolithiasis and therapeutic 
modalities of relevance are covered in greater detail than that 
provided here.

Formation of phosphatic calculi is seen with management 
practices that allow feeding of high-concentrate, low-roughage, 
low calcium-to-phosphorus ratio, high-magnesium diets, and al-
kaline urine. High-grain diets result in the excretion of large 
amounts of phosphorus in the urine. Oxalate calculus formation 
is associated with the consumption of oxalate-containing plants 
(Table 2.10). Urinary stones are composed of salts and minerals 
arrayed in a crystal lattice surrounding an organic nidus. The ni-
dus forms when urine mucoproteins or mucopolysaccharides and 
saturated urine precipitate to form crystals. Urinary mucoprotein-
mucopolysaccharide production is increased with ingestion of 
estrogenic compounds, inadequate levels of vitamin A, consump-
tion of certain feedstuffs (e.g., cottonseed meal, milo), use of 
pelleted diets, and rapid growth of the animal.1,6,27,53

Dietary risk factors for urolithiasis include high-grain–low-
roughage diets, decreased formation of saliva, an increased amount 
of phosphorus excreted in the urine, and increased levels of di-
etary magnesium. Calcium-to-phosphorus ratio should be main-
tained between 2:1 and 2.5:1. Cereal grains have an abnormal 
calcium-to-phosphorus ratio of 1:4 to 1:6.15,27 Low-forage, high-
concentrate diets traditionally are deficient in vitamin A or its 
precursors. Vitamin A deficiency can result in desquamation of 

TABLE 
2.10 Plants With a High Oxalate Content.

Common Name Species Designation

Halogeton Halogeton glomeratus

Lamb’s quarters or fat hen Chenopodium album

Pokeweed Phytolacca Americana

Russian thistle Salsola kali

Purslane Portulaca oleracea

Bassia Bassia hyssopifolia

Pigweed Amaranthus retroflexus

Soursob Oxalis cernua and Oxalis pes-caprae

Greasewood Sarcobatus vermiculatus

Dock and orchard sorrel Rumex acetosella and Rumex acetosa

Cultivated rhubarb Rheum rhaponticum

Sugar beet leaves Beta vulgaris

Fungi Aspergillus niger and Aspergillus niger
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cells lining the urinary bladder, which may serve as a nidus for 
stone formation. Clinical signs may include dysuria, stranguria, 
hematuria, urine dribbling, vocalization, prolonged urination, tail 
flagging, colic, and bruxism. A complete examination should be 
performed, an appropriate diagnosis made, and immediate medi-
cal or surgical therapy instituted1 (see Chapter 12).

Access to fresh, clean water is crucial to the prevention of this 
condition. Water should be abundant, fresh, clean, palatable,  
and readily accessible. In many geographic regions, maintaining 
water supplies requires more attention during winter months. 
The addition of sodium chloride to the diet (3 to 5% of the  
dietary dry matter intake) will increase water consumption, and 
the excess chloride ions may reduce production of calculus-
forming salts.27 Diets and feedstuffs rich in cations (e.g., alfalfa, 
molasses-sweet feed) should be avoided. An anionic diet increases 
the urinary excretion of hydrogen ions, decreases urinary pH, 
increases urinary excretion of calcium, and decreases the precipi-
tation of struvite.27 The diet should be balanced for macrominer-
als (i.e., calcium, phosphorus, magnesium, and sulfur). The  
addition of calcium carbonate or calcium chloride to the diet to 
attain a 2 to 2.5:1 calcium-to-phosphorus ratio, with the dietary 
magnesium content kept to , 0.6%, may be required. Pelleted 
rations probably should be avoided or used at a minimum in 
animals with a history of urolithiasis or in those prone to it,  
because such feed is associated with both an increase in muco-
protein matrix formation and urinary excretion of phosphorus. 
All cereal grains (e.g., corn, oats, milo) are high in phosphorus 
and relatively low in calcium, so their consumption should be 
minimized. If cereal grains are fed, calcium should be added to 
the diet to maintain the proper calcium-to-phosphorus ratio 
(2:1). The addition of chlortetracycline or tetracycline and beta-
carotene or vitamin A to complete diets, mineral mixtures, or 
feed supplements also can be helpful. Diets containing 30% 
green forage probably are sufficient in beta-carotene content.27,53 
In cases of calcium oxalate or calcium carbonate calculi, feeding 
legumes (e.g., alfalfa, clover, kudzu) should be limited. All of the 
plants listed in Table 2.10 are associated with formation of oxa-
late calculi, so their ingestion should be avoided or minimized. 
Management practices used to minimize oxalate stone formation 
include slow introduction to new grazing or browse and control 
of plants that accumulate oxalates (e.g., by application of 2,4- 
Dichlorophenoxyacetic acid to pastures).1

Dietary protein should be fed to meet, but not greatly exceed, 
requirements for maintenance or growth, because excessive pro-
tein intake (e.g., pet goats, feedlot lambs) can result in an in-
creased urinary output of the mucoprotein. Dietary estrogenic 
compounds, including phytoestrogens, should be minimized or 
avoided because they may be associated with an increase in 
secondary sex gland size, and in the output of urinary mucopro-
tein. Many legumes (e.g., white clover) contain estrogenic com-
pounds or have inappropriate calcium-to-phosphorus ratios and a 
larger-than-necessary protein content, contributing to formation 
of some types of stones. Although legumes in hay and forage may 
improve growth and productivity, they should be used and fed to 
calculi-prone males with caution. Urine pH should be maintained 
at or slightly less than 6.8. The addition of cationic salts to the 
diet may aid in reducing urinary pH and aid in reducing the in-
cidence of urolithiasis. Many anionic salts appear poorly palat-
able, but can be added to the feed or mixed with honey and 
sprayed onto forage to ensure adequate intake. Calcium chloride 
or ammonium chloride can be fed at 1 to 2% and 0.5 to 2%  
of the total diet, respectively. When individual medication is  

cost-prohibitive, providing a loose mineral mixture with an an-
ionic salt can provide some protection (e.g., 2.5 lb of ammonium 
chloride well mixed with 50 lb of trace mineral salt, provided as 
the only source of available salt). Vitamin C (3 to 4 mg/kg/day) 
also can help maintain pH balance, but administering the vitamin 
often enough for it to be of practical value may be difficult and 
may predispose animals to urinary oxalate crystal formation. All 
urinary stones should be submitted for laboratory analysis to aid 
in the development of a preventive plan for the rest of the flock.1

Gastrointestinal Parasites
Dietary manipulation and or supplementation of specific nutri-
ents has gained attention in aiding the control of internal para-
sites.54–56 Feeding practices that increase stocking rates and pas-
ture parasite contamination with nematode parasite eggs magnify 
internal parasitism in grazing animals. Sheep, goats, and cervids 
share most of the same species of internal cestodes, nematodes, 
and trematodes (see Chapter 6). GIT parasitism has a negative 
effect on both energy and amino acid metabolism and also in-
creases requirements of these nutrients in sheep and goats. This 
effect is due to an increase in GIT protein turnover, a nutritional 
cost for increased immune stimulation by the parasites, direct 
GIT blood loss, and possibly a reduced feed intake.6,52,57–59 GIT 
parasites appear to have a greater effect on protein requirements 
than on energy. Increasing dietary metabolizable protein intake in 
the face of subclinical parasitism may help meet production goals 
in some instances.57–60 Compared with most other amino acids, 
the sulfur-containing amino acids are influenced to a greater ex-
tent by parasitism, which can have a negative effect on wool and 
fiber production.

The strategy of feeding supplemental metabolizable protein 
improves resilience and resistance to parasites in sheep, particu-
larly if the protein source is not degraded in the rumen.61–63 The 
quality of the diet appears to be more significant than the quan-
tity.64 Feeding the bypass protein fish meal (8%) to parasitized 
sheep in late gestation has been shown to reduce Trichostrongylus 
colubriformis and Trichostrongylus circumcincta burdens by a factor 
of three to four and to improve body condition and BW.58 
Rumen-protected methionine also has a positive effect on wool 
production and weight gain in T. colubriformis–infected lambs.65 
Supplementation with soybean meal and energy also will be ben-
eficial to maximize resilience.1,6 Dietary supplementation appears 
to affect parasitism most profoundly if targeted. That is, when 
specific nutrients are deficient in the diet and the animal’s stage of 
development, or when health status dictates requirements for 
those nutrients are greatest, then those nutrients (e.g., protein, 
carbohydrates, copper, and phosphorus) are supplemented. An 
example of targeted supplementation is the addition of protein to 
the diet during early pregnancy, which may promote immunity to 
parasitism at parturition in sheep.56,63,66,67 In animals with access 
to forage containing plants with condensed tannins, expected 
benefits include reduced gastrointestinal parasite burden, altered 
parasite life cycle, reduced parasite larval numbers, and stimula-
tion of the host’s immune system.68–70 Many plants containing 
condensed tannins also are legumes, which also will improve pro-
tein intake (e.g., sulla, lucerne, peanut skins, Sericea lespedeza).70 
However, tannin feeding is not without drawbacks. Some associ-
ated problems include depression of food intake, and binding of 
dietary proteins and digestive enzymes resulting in a decrease in 
protein supply and digestion, and injury to parts of the GIT.71 
With feeding of condensed tannins, a balance must be drawn to 
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maximize the positive effects on gastrointestinal parasite control 
while minimizing some of their deleterious effects. Much of the 
browse and forbs currently used in small ruminant production 
systems will have 17 to 20% crude protein and significant 
amounts of condensed tannins. An added benefit is that animals 
browsing above ground level may have reduced exposure and in-
gestion of infective nematode parasite larvae. Mineral nutrition 
also appears to be critical in enhancing internal parasite con-
trol.72–74 The administration of copper oxide boluses to sheep and 
goats appears to aid in nematode parasite control; however, di-
etary supplementation of copper sulfate has failed to achieve the 
same goal.72,73

Ensuring adequate nutrient intake (energy, protein, macro-
minerals, and trace minerals), supplementation with rumen by-
pass protein, targeted nutritional supplementation, allowing ac-
cess to browse containing condensed tannins, good grazing 
strategies (e.g., reduced stocking rates, pasture rotations), logical 
anthelmintic usage (e.g., targeted parasite control, use of only 
effective anthelmintics), and selecting and breeding animals with 
superior parasite resistance are needed in implementing a parasite 
control program67,71 (see Chapter 6).
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3
Fluid Therapy and 
Parenteral Nutrition
SANDRA D. TAYLOR AND A. N. BAIRD

Introduction
Fluid therapy is an important component of management for 
many diseases that affect sheep, goats, and cervids. Dehydration 
and hypovolemia can occur secondary to decreased fluid intake or 
excessive fluid loss from diarrhea, hemorrhage, excessive saliva-
tion, third space loss, and polyuria. Serum electrolyte distur-
bances and acid-base imbalance can occur in conjunction with 
fluid depletion and must be considered when making a fluid 
therapy plan. Hypoglycemia is of particular concern in neonates 
given their lack of glycogen storage capacity. Other indications for 
fluid therapy include diuresis in cases of toxin exposure and acute 
kidney injury (AKI), failure of passive transfer (FPT), hypother-
mia, malnutrition, and trauma. A variety of fluid compositions 
are available for intravenous (IV) administration and are depen-
dent on the underlying disease process, the fluid deficit, rate of 
loss, serum electrolyte and glucose concentrations, and acid-base 
status. Parenteral nutrition (PN) is not commonly used in sheep, 
goats, and cervids due to budgetary constraints, but should be 
considered in animals with prolonged anorexia, dysphagia, severe 
gastrointestinal disease, or pregnancy toxemia.

Body Fluid Physiology
Total body water is the sum of fluids contained in the intracellular 
and extracellular fluid compartments and makes up approxi-
mately 60% of body weight in adult small ruminants.1

The extracellular fluid compartment is subdivided into inter-
stitial and intravascular compartments, with interstitial fluid in-
cluding transcellular fluid, cerebrospinal fluid, joint fluid, and 
fluid within the gastrointestinal tract. Approximately two-thirds 
of total body water is intracellular fluid (40% of body weight), 
and one-third is extracellular fluid (20% of body weight). Of the 
extracellular fluid components, 75% is interstitial fluid while 
25% is intravascular fluid. Total body water can vary with age and 
fat content. Neonatal sheep, goats, and cervids have more extra-
cellular fluid than adults, with total body water approaching 80% 
of body weight. Fat has a relatively low water content, so over-
conditioned animals contain lower total body water compared to 
lean animals.2

Dehydration is loss of total body water, and occurs when water 
losses exceed water gains. When dehydration is mild, normal 
physiologic mechanisms may be adequate to restore water  
balance by activating thirst. Fluid replacement is necessary during 

moderate to severe dehydration. In dehydration, the immediate 
source of water lost from the body is the extracellular fluid com-
partment, with the majority of water lost from the interstitial 
pool. This will be followed by a fluid shift from intracellular to 
extracellular compartments in order to preserve the effective  
circulating blood volume, protecting against development of hy-
povolemic shock. With continuing dehydration, electrolytes are 
depleted and tissue hypoxia can occur.

Clinical Assessment
When performing a physical examination, it is important to de-
termine hydration status. Clinical signs of dehydration include 
enophthalmos (eyeball recession), tacky mucous membranes, and 
prolonged cervical skin tenting. The general demeanor of the ani-
mal is also correlated with the degree of dehydration. Estimating 
the severity of dehydration is important in order to calculate the 
fluid deficit and formulate a fluid therapy plan. Extrapolation 
from an experimental study in calves can be used to assess hydra-
tion status in small ruminants and cervids (Table 3.1).3 Less than 
4% dehydration cannot be determined from a physical examina-
tion, but may be used to calculate a fluid deficit when there is a 
history of fluid loss. Increases in packed cell volume (PCV) and 
total plasma protein concentration may be observed in dehy-
drated animals, but these findings are non-specific. Furthermore, 
animals with anemia and hypoproteinemia (e.g., gastrointestinal 
parasitism), as well as concurrent dehydration might present  
with a normal PCV and total plasma protein concentration; thus, 
alterations in these laboratory values must be interpreted with 
caution. It is also important to assess tissue perfusion during a 
physical examination. Clinical signs of hypovolemia (decreased 
intravascular fluid volume) include tachycardia, tachypnea, cool 
extremities, poor peripheral pulse pressure, and decreased urine 
output. Blood lactate concentration is often elevated in hypovole-
mic patients since decreased tissue perfusion leads to anaerobic 
metabolism, of which lactate is a byproduct.

Routine laboratory testing, including serum biochemistry and 
venous blood gas analyses, can be helpful in guiding fluid and 
electrolyte therapy. Serum concentrations of electrolytes (sodium, 
potassium, chloride, calcium, magnesium, and phosphorous), 
glucose, urea nitrogen, creatinine, and bicarbonate can be altered 
due to an underlying disease process or from dehydration. Pre-
renal azotemia is a common finding in dehydrated animals, and 
might lead to AKI if left untreated. Hypoglycemia is a common 
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appropriate for most adults and 18-gauge, 2-inch (5.1-cm) cath-
eters appropriate for most neonates.4 A detailed description of 
proper jugular catheterization technique is described elsewhere.5 
Fluid lines can be taped to horns or antlers when possible to  
decrease the likelihood of damage occurring to the fluid line  
(Figure 3.1); however, goats are especially keen to chew through 
fluid lines and should be monitored closely.

Volume and Rate
When formulating a fluid plan, the fluid deficit, maintenance 
requirement, and estimate of ongoing fluid losses (if present) 
must all be considered (Table 3.2). It is also important to deter-
mine if the animal requires a “shock dose” (resuscitation dose) of 
IV fluids, which is indicated in cases of severe dehydration or 
hypovolemia.

Deficit. The fluid deficit is calculating by multiplying the ani-
mal’s weight in kg by the estimated percentage of dehydration 
(Table 3.2):

Body Weight in kg Estimated Percentage of( ) � Dehydration
Fluid Deficit in L

( )
�

TABLE 
3.1

 

Physical Examination Parameters Associated 
With Percentage of Dehydration, Extrapolated 
from Experimental Induction of Dehydration 
and Diarrhea in Calves.

finding in sick neonates and requires immediate dextrose  
administration. With respect to acid-base status, acute diarrhea, 
obstructive urolithiasis, and grain overload often result in  
metabolic acidosis, while intestinal obstructions typically cause 
hypochloremic metabolic alkalosis (see Appendix ll).

Fluid Plan

Route of Administration
The two primary routes of fluid and electrolyte administration 
in small ruminants and cervids are oral and IV. In cases of mild 
to moderate (, 8%) dehydration in animals with a healthy 
gastrointestinal tract, oral fluids are preferred given their low 
cost and utilization of normal physiology. Oral fluids are most 
commonly administered through an orogastric tube, but  
small amounts can be given through a syringe. Pre-ruminant 
animals can be fed through a feeding tube that does not extend 
beyond the mid-esophageal region; this allows stimulation of 
the esophageal groove and subsequent diversion of milk into 
the abomasum for digestion and absorption. Finally, fluid can 
be administered through a rumenostomy in rare cases (see 
Chapter 5). Two other routes of fluid administration less fre-
quently used are intra-peritoneal and intra-osseous. Intra- 
peritoneal fluid administration may be performed with a cath-
eter via the flank or caudal ventral paramedian area of the 
animal. Care should be taken to avoid the intestinal tract when 
placing the intra-peritoneal catheter. This is most useful in  
neonates needing small volumes of fluid that can be physically 
restrained while the fluids are given. This technique can also  
be useful in neonates that are difficult to maintain with an  
IV catheter because of activity or housing with the dam and 
other neonates. Intra-osseous fluids can be administered when 
collapse of the vascular system prevents IV access. Intra-osseous 
fluid administration usually involves placing a cannulated screw 
through cortical bone to access the medullary cavity. This cre-
ates a high pressure-low volume system and should be limited 
to animals either in life threatening shock with no vascular  
access or those suffering from thrombophlebitis.

In cases of moderate to severe ( 8%) dehydration or in 
dehydrated animals with a diseased gastrointestinal tract (e.g., 
enterocolitis, ileus, obstruction, etc.), IV fluid administration  
is necessary. Catheterization of the jugular vein is a relatively 
simple procedure, with 16-gauge, 3.25-inch (8.3-cm) catheters 

• Fig. 3.1 Fluid line secured to the antlers of a 4-year-old male white-tailed 
deer.

4–6%  
(mild)

7–9%  
(moderate)

 10% 
(severe)

Globe recession 2–3 mm 3–4 mm 6–8 mm

Oral mucosa Moist Tacky Dry

Cervical skin tent 4–5 s 5–7 s  8 s

Demeanor Standing, 
bright

Sternal, quiet Lateral,  
depressed

Constable PD, Walker PG, Morin DE, et al: Clinical and laboratory assessment of hydration  
status of neonatal calves with diarrhea, J Am Vet Med Assoc 212:991, 1998.

TABLE 
3.2

Fluid Plan Components Including Deficit, 
Maintenance, Ongoing Losses, and “Shock 
Dose,” with Associated Formula or Fluid Rate.

Fluid Plan Components Formula/Rate

Deficit (BW* in kg) 3 (% dehydration) 
5 Deficit (L)

Maintenance Adults: 50 mL/kg/day
Neonates: 80 mL/kg/day

Ongoing losses Estimated amount per day

“Shock dose” 50–80 mL/kg

*BW = body weight.
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when administering PN or fluids containing . 2% dextrose, as 
severe hyperglycemia might result.

Fluid Type
The two main fluid types used in veterinary medicine are crystalloids 
and colloids. Crystalloids are solutions that contain electrolytes  
and solutes that can enter all body fluid compartments. Crystalloid 
fluids can be classified as isotonic, hypotonic, or hypertonic

Isotonic Crystalloids. Isotonic crystalloids contain an osmolarity 
(mOsm/L) that is similar to extracellular fluid (e.g., plasma), which 
allows for initial intravascular volume expansion followed by absorp-
tion of fluid, electrolytes, and non-electrolyte solutes over  
20 to 30 minutes. In general, 25% of the administered volume re-
mains in the intravascular space, while 75% is absorbed and distrib-
utes into the interstitium. Replacement solutions include lactated 
Ringer’s solution, Hartmann’s solution, Normosol-R (Hospira, Inc., 
Lake Forest, IL), Plasma-Lyte A (Baxter, Deerfield, IL), Plasma-Lyte 
148, and Vetivex pHyLyte (Dechra Veterinary Products, Overland 
Park, KS) (lactated Ringers and Hartmann’s are generic) Injection 
pH 7.4 (Table 3.3). Although 0.9% sodium chloride is isotonic, it 
is “unbalanced” in electrolyte composition compared to plasma, and 
its acidic pH precludes its use for many conditions, especially those 
resulting in metabolic acidosis. Indications for 0.9% sodium chlo-
ride administration include metabolic alkalosis (e.g., gastrointestinal 
obstruction or stasis), obstructive urolithiasis, ruptured urinary blad-
der, and some cases of hyperosmolar syndrome. Isotonic bicarbonate 
(1.3% NaHCO3; 150 mEq HCO3

2/L) is an alkalinizing solution 
that can be used to correct metabolic acidosis (e.g., D-lactic acidosis 
in lambs and kids, rumen acidosis secondary to grain overload, and 
pregnancy toxemia).10,11 To determine the HCO3

2 deficit in such 
cases, the following formulas can be used:

Adults: mEq HCO deficit
base deficit body

3
�

� � weight kg 0.3( ) �

Neonates: mEq HCO deficit
base deficit bo
3
�

� � ddy weight kg 0.6( ) �

The base deficit is obtained from a venous blood gas analysis 
or can be estimated by subtracting the serum TCO2 (plasma bi-
carbonate) from 24 mEq/L. Approximately half of the HCO3

2 
deficit should be replaced within 2 to 4 h. Patient reassessment 
may indicate that the remainder of the HCO3

2 deficit should 
be replaced over the following 8 to 12 h, but in many  
cases, fluid therapy and concurrent treatments have corrected the 

As a general rule, approximately half of the fluid deficit is given 
immediately, with the remainder of the deficit replaced within  
6 to 8 h. If hypoproteinemia is present, the fluids should  
be given at a slower rate to minimize the potential for edema 
formation.

Maintenance. Maintenance fluid requirements are based on 
fluids lost through normal physiologic processes, including urina-
tion, defecation, respiration, sweat, salivation, and lacrimation. 
Maintenance fluid requirements are somewhat variable depending 
on physiologic demands (e.g., pregnancy, lactation, age), but the 
following rates are typically adequate when formulating a fluid 
plan and are based on water requirements in goats (Table 3.2)6:

Adults: 50 mL/kg/day (2 mL/kg/h)
Neonates: 80 mL/kg/day (3.5 mL/kg/h)

Ongoing Losses. The most common cause of ongoing fluid loss 
in small ruminants is diarrhea, which is often caused by gastrointes-
tinal parasitism (e.g., trichostrongylosis, coccidiosis).7,8 Acute or 
chronic hemorrhage can occur secondary to Haemonchus contortus 
infection, with severity of disease associated with the number of lar-
vae present.9 If anemia develops quickly, hypovolemia might be seen 
on initial presentation. In cases of chronic haemonchosis, anemia 
develops more slowly and is not often associated with dehydration; 
however, in both situations, a whole blood transfusion might be in-
dicated. A precise measure of ongoing losses is difficult, so estima-
tions based on observation are typically used. Less common causes of 
ongoing fluid loss in small ruminants include excessive salivation 
(e.g., oral lesions from foot-and-mouth disease), saliva loss (e.g., 
esophageal obstruction), third-space loss (e.g., neoplasia, chronic 
parasitic pneumonia), and polyuria (e.g., chronic renal disease).

In severely dehydrated and/or hypovolemic animals, a “shock 
dose” may be administered IV to expand the intravascular volume 
and facilitate tissue perfusion. The “shock dose” for sheep, goats, 
and cervids is 50 to 80 mL/kg, half of which may be given as a 
bolus. The remainder of the “shock dose” may be given over the 
course of 2 to 3 h and should be included in the fluid deficit  
replacement calculation.

Continuous rate infusion (CRI) is ideal in most cases in which IV 
fluids are required; however, this might be impossible in certain set-
tings or circumstances. For example, even when syringe cases are 
stacked together as a barrier to protect the fluid line, it is not uncom-
mon for goats to chew through the line. In addition, the benefits of 
housing a sick neonate with its dam might outweigh the benefit of 
CRI fluid administration. In these cases, intermittent fluid boluses 
may be administered every 2 to 3 h after dividing to calculate the 
total volume needed for this period. Fluid boluses are contraindicated 

TABLE 
3.3

Isotonic Crystalloid Replacement Fluid Sodium, Potassium, and Chloride Concentrations (mEq/L) 
and Osmolarity (mOsm/L) and pH.

Sodium Potassium Chloride Osmolarity pH

LRS*/Hartmann’s 130 4 109 272 6.5

Normosol-R 140 5  98 294 6.6

Plasma-Lyte A 140 5  98 294 7.4

Plasma-Lyte 148 140 5  98 294 5.5

Vetivex pHyLyte 140 5  98 294 7.4

0.9% NaCl 154 0 154 308 5.5

*LRS: lactated Ringer’s solution
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acidosis. Isotonic bicarbonate can be made by adding 154 mL of 
8.4% NaHCO3 to 1 L of sterile water.

Hypotonic Crystalloids. Hypotonic crystalloids contain a 
lower osmolarity than extracellular fluid, rapid administration of 
which can result in intracellular fluid shifts and subsequent cere-
bral edema. For this reason, hypotonic crystalloids are never used 
to correct dehydration or hypovolemia. Hypotonic maintenance 
solutions include Normosol-M, Plasma-Lyte 56, 0.45% sodium 
chloride/2.5% dextrose, Vetivex 18 (0.18% sodium chloride,  
4% glucose monohydrate), and 5% dextrose in water (D5W). 
Normosol-M, Plasma-Lyte 56, 0.45% sodium chloride/2.5% 
dextrose, and Vetivex 18 contain less sodium compared to iso-
tonic replacement fluids, with Normosol-M and Plasma-Lyte 56 
also containing more potassium. Maintenance fluids are appropri-
ate for animals on long-term (i.e., . 3 days) maintenance fluid 
therapy, because their relatively lower sodium and higher potas-
sium concentrations compared to isotonic replacement fluids 
more closely mimic normal plasma concentrations. It is impor-
tant to remember that although D5W has an osmolarity of  
252 mOsm/L, the glucose is immediately oxidized to CO2 and 
water, resulting in administration of free water in vivo; therefore, 
D5W is rarely used.

Hypertonic Crystalloids. Hypertonic crystalloids have a higher 
osmolarity relative to extracellular fluid, and are considered a sup-
plement to isotonic crystalloids. The most common hypertonic 
solution available in veterinary medicine is hypertonic saline (7 to 
7.5%) and is given at a dose of 4 mL/kg.12,13 Administration of 
hypertonic saline results in a rapid increase in plasma osmolarity, 
followed by a fluid shift from the interstitial fluid compartment 
into the intravascular space. Thus, hypertonic saline might be indi-
cated in hypovolemic shock, but must be followed with isotonic 
replacement fluids. Hypertonic crystalloids should be avoided in 
cases of acute hemorrhage, as increases in blood pressure can inhibit 
clot formation.

Crystalloid Additives. In many cases, crystalloids should be 
supplemented with electrolytes or dextrose. Calcium borogluconate 
(23% solution) can be added at 25 mL/L in anorexic patients or 
those with hypocalcemia. Bicarbonate-containing solutions should 
not be mixed with calcium as this will result in precipitate forma-
tion. Anorexic animals should also receive potassium chloride (KCl) 
at 20 to 40 mEq/L since hypokalemia is a common sequelae of 
decreased feed intake. Hypophosphatemia may be associated with 
starvation or pregnancy toxemia, and is most safely treated orally 
(see later). However, for severe hypophosphatemia, 0.6 mL/kg of 
10% sodium monophosphate can be given IV slowly.14 Dextrose 
supplementation is necessary in cases of hypoglycemia caused  
by anorexia in neonates, and in adults with pregnancy toxemia. 
Neonatal lambs and kids do not have sufficient glycogen stores to 
tolerate anorexia and can become hypoglycemic within hours of 
decreased milk intake. A commercially available 50% dextrose solu-
tion can be added to isotonic fluids to make a 1 to 10% dextrose 
solution, depending on the degree of hypoglycemia. Generally, the 
rate of administration should be 2 to 4 mg/kg/min, but might need 
to be given more quickly during a hypoglycemic crisis. Animals 
with pregnancy toxemia might also present with severe hypogly-
cemia and require aggressive dextrose administration. Undiluted 
50% dextrose can be administered IV, or can be added to isotonic 
crystalloids to make a 10% dextrose solution (200 mL of 50% 
dextrose/L). The rate of administration should be 2 to 4 mg/kg/
min, which can break the cycle of negative energy balance. In  
cattle, rapid administration of 50% dextrose undiluted as an IV 
bolus contributes to hypophosphatemia through insulin-regulated 

activation of phosphorus uptake by skeletal muscle cells.15 It is 
unknown if this occurs in small ruminants or cervids, but serum 
phosphorus concentrations should be monitored if this therapy  
is chosen. Once an animal with pregnancy toxemia is stabilized, 
dextrose can be administered IV as a 1 to 2.5% isotonic solution  
to provide a source of energy. Although CRI fluids are preferred, 
boluses of 200 to 280 mL of 2.5% dextrose solution (5 to 7 g  
glucose) administered every 4 h have been recommended as a  
treatment option.16 Calcium borogluconate and KCl may also be 
added to CRI fluids, especially when anorexia persists. Some  
patients with pregnancy toxemia require PN to provide sufficient 
energy during late gestation. It is important to monitor blood glu-
cose concentrations every 2 to 4 h in animals receiving IV dextrose. 
If hyperglycemia develops, insulin (long-acting protamine zinc) can 
be given at 0.4 mg/kg subcutaneously (SC), with subsequent 
monitoring of blood glucose concentrations.

Colloids. Colloids are fluids that contain high molecular weight 
compounds that remain in the intravascular space following IV 
administration. These compounds act similarly to albumin by 
maintaining osmotic pressure within the vascular space, and are 
often used to maintain intravascular fluid volume in animals with 
hypoproteinemia. Plasma and whole blood are considered natural 
colloids, while hetastarch, tetrastarch, and dextrans are synthetic 
colloids. Commercial plasma and synthetic colloids are often cost-
prohibitive in small ruminants and cervids, but should be consid-
ered in select cases. Plasma is recommended for neonates with FPT 
at a dose of 20 to 40 mL/kg.17

Whole blood transfusions are indicated in patients with ane-
mia and clinical signs of hypoperfusion, including weakness, pale 
mucous membranes, tachycardia, and tachypnea. In general, 
whole blood transfusions in small ruminants and cervids are rec-
ommended when the PCV is # 12% in cases of chronic anemia, 
or # 15% in acute cases.18 In cases of acute hemorrhagic shock, 
at least half of the estimated blood loss should be replaced if pos-
sible. Otherwise, the following formula should be used to deter-
mine the amount of blood to transfuse, assuming blood volume 
is 8% of body weight in kg:

Blood volume to be replaced L

body weight

( ) �

kg 0.08
Desired PCV Recipient PCV

Don
( ) x x

�

oor PCV

Whole blood should be administered at 1 to 5 mL/kg/h IV 
for the first 30 minutes, followed by 10 to 20 mL/kg/h until  
the desired volume is replaced. Vital signs should be monitored 
every 5 minutes throughout the transfusion; signs of anaphylaxis  
(Type I hypersensitivity) include pyrexia, tachycardia, respiratory 
distress, urticaria, facial edema, muscle fasciculations, hiccup-
ping, salivation, and lacrimation. Treatment for anaphylaxis in-
cludes discontinuation of the transfusion and administration of  
0.03 mg/kg epinephrine IV. If urticaria or facial edema develops, 
diphenhydramine at 2 mg/kg can be given IV slowly. Blood do-
nors should be healthy, non-pregnant adults and confirmed nega-
tive for caprine arthritis encephalitis virus (CAEV), brucellosis, 
tuberculosis, Q fever (Coxiella burnetii), Anaplasma ovis, Myco-
plasma ovis, and Corynebacterium pseudotuberculosis.18 As a general 
rule of thumb, the donor can safely donate 15 mL/kg of blood at 
one time.

A whole blood transfusion might also be indicated for hypo-
proteinemia when the cost of commercial plasma is prohibitive. 
Caution should be used in hemoconcentrated animals, given the 
risk of iron toxicity.
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Oral Fluids
Oral fluids are practical and cost-effective, and can be used to re-
hydrate small ruminants and cervids with mild to moderate dehy-
dration. However, a healthy gastrointestinal tract is necessary to 
achieve proper absorption of fluids and electrolytes, and to pre-
vent further morbidity in cases of gastrointestinal disease. The 
healthy rumen is capable of absorbing large volumes of water and 
electrolytes, with optimum absorption occurring when the plasma 
osmolality (mOsm/kg) is slightly higher than rumen osmolality.19 
Therefore, administration of oral fluids that are hypo-osmotic is 
ideal. Commercially available oral rehydration solutions for calves 
can be used in small ruminants and cervids. These solutions con-
tain variable concentrations of electrolytes with or without dex-
trose and alkalizing agents (e.g., bicarbonate, acetate, propionate). 
Alternatively, oral electrolyte solutions can be made by adding the 
following per liter of water:
•	 7	g	NaCl
•	 1.5	g	KCl
•	 0.5	g	CaCl2

Correction of electrolyte and acid-base disturbances can also 
be achieved through oral fluid therapy. In sheep and goats with 
diarrhea and subsequent metabolic acidosis, a combination of IV 
and oral alkalizing fluids can be beneficial.10,20 Small ruminants 
and cervids with hypokalemia may be supplemented orally with 
10 g KCl per 100 kg body weight, every 12 h. Animals with star-
vation or prolonged anorexia might have hypophosphatemia, 
which can be treated with 1 to 2 sodium phosphate enemas  
(4.5 oz/13 mL each) in oral fluids.4 Given the high osmolarity of 
the enema solution, each 13 mL bottle should be diluted in at 
least 50 mL of water. Finally, does and ewes with early signs  
of pregnancy toxemia may benefit from oral propylene glycol  
as a glucose precursor (15–30 mL every 12 h). Rumen transfauna-
tion and oral vitamin B complex supplementation are also  
recommended.

Although a fluid plan should be calculated as described above 
to determine the amount of fluids that should be administered, 
oral fluids (in L) can be safely administered at a dose of 3.5% of 
body weight in kg. For example, a 20 kg goat can safely receive 
0.7 L (700 mL) of oral fluids at one time.

Parenteral Nutrition
Parenteral nutrition is an effective means to provide nutrients to 
animals with prolonged anorexia, dysphagia, or an unhealthy gas-
trointestinal tract that cannot tolerate enteral feeding. Intravenous 
dextrose supplementation only provides up to 25% of the patient’s 
maintenance energy requirement, so animals with anorexia for  
. 3 days should be considered candidates for PN. Total PN (TPN) 
contains dextrose, amino acids, and lipids and is designed to meet 
the total energy requirement of the patient. Partial PN (PPN) refers 
to solutions with only partial components (e.g., no lipids) or to 
solutions given at a rate that only partially meets the patient’s total 
energy requirement. The cost of TPN often precludes its use in 
sheep, goats, and cervids, so PPN is used more commonly.

It is important to use aseptic technique when mixing PN solu-
tions, with amino acids added first, followed by lipid (if applicable), 
and then dextrose.4 If possible, a dedicated port in a double-lumen 
polyurethane catheter should be used for PN, with IV fluids and/or 
medications delivered through a separate port. Animals on PN are 
at high risk for development of thrombophlebitis and septicemia, 
so it is critical to maintain an aseptic fluid line and injection site 

adapter. The PN solution and associated fluid lines should be 
changed daily. While on PN, the patient should be monitored 
closely for fluctuations in serum glucose concentrations, electrolyte 
abnormalities, or acid-base disturbances. If TPN is used, increases 
in serum lipids might occur. A fluid pump should be used to deliver 
PN accurately. It is important to remember to adjust the rate of IV 
fluid administration based on the rate of PN administration if both 
are given concurrently. If insulin is being administered to control 
hyperglycemia associated with PN administration, insulin therapy 
should be discontinued 24 h prior to discontinuation of PN.  
The rate of PN should be gradually decreased over 24 to 48 h before 
it is discontinued.

The recommended formulation for PPN in sheep, goats, and 
cervids is:4
•	 5	L	balanced	isotonic	crystalloid	fluids
•	 500	mL	50%	dextrose	(1.7	kcal/mL	5 850 kcal)
•	 1	L	8.5%	amino	acids	(0.34	kcal/mL	5 340 kcal)
•	 20	mL	B-complex	vitamins
•	 6 KCl (20 to 40 mEq/L)
•	 6 Calcium borogluconate 23% (25 mL/L)

The rate of PN is based on the daily caloric requirements 
during illness, and utilizes the following equation: 140 kcal/kg0.75 
body weight in kg. To calculate, enter the animal’s body weight in 
kg into a scientific calculator, and then press the “xy” or “^” key; 
enter 0.75, followed by enter (5). Multiply this number by 
140 to obtain the kcal/day required for maintenance energy. The 
PPN solution above contains 0.24 kcal/mL. It is recommended to 
start PPN at 25% of the patient’s daily requirement and increase 
by 25% every 12 to 24 h. For example, a sick 20 kg goat has  
a daily caloric requirement of 1324 kcal/day (200.75 3 140). 
Twenty-five percent of this requirement 5 331 kcal/day. Given 
that the PPN solution above contains 0.24 kcal/mL, the PPN rate 
should be set to 57 mL/h initially ([331 kcal/24 h] / 0.24 kcal/mL), 
and then increased by 25% every 12 to 24 h. An easier estimate 
using this PPN formulation is to start at a rate of 6% of body 
weight in kg, divided by 24 to set a rate in mL/h. For example, 
6% of 20 kg 5 1.2 L, divided by 24 h 5 50 mL/h.

If TPN is indicated and affordable, the following formula is 
recommended:5

(Remove 400 mL from balanced isotonic crystalloid fluids 
before adding the following:)
•	 100	mL	50%	dextrose	(1.7	kcal/mL	5 170 kcal)
•	 200	mL	8.5%	amino	acids	(0.34	kcal/mL	5 68 kcal)
•	 100	mL	20%	lipids	(2	kcal/mL	5 200 kcal)
•	 4	mL	B-complex	vitamins
•	 6 KCl (20 to 40 mEq/L)
•	 6 Calcium borogluconate 23% (25 mL/L)

This TPN solution provides 0.44 kcal/mL. As above, initiating 
treatment at 25% of the daily caloric requirement is recom-
mended. Therefore, a sick 20-kg goat has a daily requirement of 
1324 kcal/day (200.75 3 140). Twenty-five percent of this require-
ment 5 331 kcal/day. Given that this TPN solution contains 
0.44 kcal/mL, the TPN rate should be set to 31 mL/h initially 
([331 kcal/24 h] / 0.44 kcal/mL). Using this TPN formulation, 
an estimation that uses a starting rate based on 4% of body weight 
in kg can be used; for example, 4% of 20 kg 5 0.8 L, divided by 
24 h 5 33 mL/h.

Take Home Points
 1. The most common cause of dehydration and hypovolemia in 

small ruminants is diarrhea from gastrointestinal parasitism.
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 2. Small ruminants and cervids with . 8% dehydration should 
be treated with IV fluid therapy.

 3. When formulating a fluid plan, the fluid deficit, maintenance 
fluid rate, and ongoing losses (if applicable) must be considered.

 4. Hypotonic fluids should never be used to correct dehydration 
or hypovolemia.

 5. Dextrose supplementation at 2 to 4 mg/kg/min IV is indicated 
in hypoglycemic neonates and in adult females with pregnancy 
toxemia.

 6. Oral fluid therapy is a practical and cost-effective method for 
treating mild to moderate dehydration in animals with a 
healthy gastrointestinal tract, given the rumen’s vast capacity 
for fluid and electrolyte absorption.

 7. Parenteral nutrition, either total or partial, should be considered 
in animals with prolonged anorexia or pregnancy toxemia.
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4
Oral-Esophageal Diseases
A.N. BAIRD AND CLIFFORD F. SHIPLEY

Although oral-esophageal conditions make up a very small part of 
small ruminant practice, when present they can cause a significant 
productive and economic loss to the flock or herd in question. 
When a practitioner is called upon to investigate oral-esophageal 
conditions it is very important to gather a thorough history of 
illness, management procedures, and treatments; to observe the 
animals as they move and eat (looking for normal eructation and 
rumination); and to evaluate the body condition of several ani-
mals. A cursory examination of the oral cavity can be done with 
the aid of physical restraint, a mouth gag, and a good light. The 
gingiva is normally pale pink in color. Some cases of gingivitis are 
seen and frequently are associated with more serious tooth prob-
lems and even tooth loss in the year or two to come. While mild 
gingivitis is very common, it is uncommon to see any significant 
oral disease related to mild cases. More severe redness and edema 
diffusely throughout the mouth may affect deeper tissues causing 
periodontal disease which will lead to tooth loss and the inherent 
conditioning problems. If this becomes a significant problem in a 
given group, one should perform regular oral exams to identify 
changes in the teeth and determine if any management or diet 
changes can be made that might help the herd performance.1

A thorough oral examination of small ruminants can be a 
challenge. The small ruminant has a relatively narrow interman-
dibular space and the mouth does not open as widely as some 
other species. Sedation or a short-acting anesthetic should be 
considered when one needs to perform a very thorough oral 
examination on an individual animal (see Chapter 18 and  
Appendix l). With appropriate restraint, the lips can be reflected 
to expose the buccal surface of the incisors and gingiva. Further 
retraction of the lips may lead the animal to open the mouth so 
you can see the lingual surface of the incisors and part of the 
tongue. The incisors should be checked for normal tooth erup-
tion, along with wear and loss of teeth. One should also note 
any abnormal inclination of the incisors that lead to incorrect 
occlusion with the dental pad. The animal will usually be mov-
ing the mouth in a chewing motion so a prolonged study of the 
oral cavity is not practical. Palpation of the cheeks can give some 
insight as to the health of the cheek teeth. Direct visualization 
of the cheek teeth requires a mouth gag and light source. Even 
then, a thorough examination is difficult because the animal will 
continue to chew against the mouth gag. The cheek teeth should 
be checked for abnormal wear, such as wave mouth and loss of 
teeth, which lead to long growth of opposing teeth or food im-
paction in empty spaces. Molars will often be black because of 
grass staining, which has no deleterious effect.2 The mandible 
should also be carefully palpated to determine any bony swelling 
which may coincide with tooth root disease.1

Dental care such as floating or clipping abnormally growing 
teeth may be considered on a case-by-case basis. One probably 
does not want to start a management program that includes a lot 
of such dental care. It can be time consuming and may serve to 
propagate more bad teeth in the herd. It also runs the risk of mak-
ing tooth problems worse if the sensitive pulp cavity is exposed in 
the shortened tooth. In the case of shortening a cheek tooth that 
is overgrown because of a missing apposing tooth, this floating is 
only a short-term help since the missing tooth is really the reason 
for the problem. Each owner must make management decisions 
in animals with sufficiently abnormal teeth where grazing and 
maintaining body condition is a problem. That decision centers 
on supplemental feeding to maintain the animal in production 
versus culling. The owner must make that decision based on costs 
of supplemental feeding, as well as replacement costs and confine-
ment facilities to allow supplemental feeding.1

Loss of incisors is very important to the productive life of an 
animal in most management systems which require a lot of graz-
ing. The normal mouth should consist of short, closely arranged 
incisors. Incisors may become short and peg-like in some young 
animals because of rough grazing. This may become a problem in 
the long run due to decreased grazing efficiency in these animals. 
Long teeth with spaces between may be a predictor of teeth  
that will be lost in the future and cause significant nutritional 
problems.

Small ruminants will frequently have chronic conditions  
before being brought to the attention of a veterinarian, largely 
because they are grouping animals and individual changes in food 
intake, body condition, and production are not noticed as quickly 
in the group as they are in animals that are raised more as indi-
viduals. Sheep with poor teeth may have lost a lot of weight before 
being noticed by owners, since they stay with the flock and are 
seen to eat (although not very efficiently) and move normally.3

Cervids may have increased numbers of teeth and jaw  
problems due to their proclivity to run into fences and other solid 
objects when frightened, resulting in injuries. They almost always 
need tranquilization or anesthesia, and proper handling equip-
ment for proper examination and treatment (see Chapter 1). 
Traumatic injuries commonly encountered in cervid production 
range from broken mandibles and maxillas to broken teeth and 
serious degloving injuries of the lip and face. Wiring, pinning, 
and other repair have good overall success if carried out in a 
timely manner (see Chapter 11). Soft tissue injury to the muzzle 
can be treated with surgical debridement and wound closure with 
absorbable sutures (Figure 4.1 and 4.2). Daily care is very difficult 
due to their nature, so repair and turn out are generally best with 
observation done remotely without exciting the animal. Tame 
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useful.8 It is also a helpful imaging tool when obtaining biopsies 
of soft tissue masses or lymph nodes. The wool in the area will 
inhibit good contact with the probe, so clipping will be more 
important in sheep than goats, although depending on the loca-
tion and length of hair, the goat will often need to be clipped to 
allow a meaningful study of the area. Thoroughly soaking the area 
to be examined with alcohol followed by ultrasound gel is helpful 
to obtain a good quality image since it removes small air pockets 
and provides uniform coupling of the gel with the skin. Superfi-
cial lesions such as lymph nodes or palpable masses are best visual-
ized with a high frequency probe 8.0 to 7.5 MHz range. Deeper 
structures such as muscle abscesses and retropharyngeal lymph 
nodes often require imaging with lower frequency, such as with a 
5.0-MHz probe to get better penetration of the ultrasound beam 
into the deeper tissues. The trade-off is a loss in resolution, but 
visualization of the deeper tissues is gained. The sonographic ap-
pearance of abscesses can vary. Depending on maturity and con-
tents, an abscess can look anechoic (black) to hypoechoic (gray) 
with ultrasound imaging. If the abscess contains thick caseous 
material, the abscess can appear hypoechoic and similar in 
echotexture to a lymph node. Gas within an abscess will often 
appear as small, hyperechoic foci that have a “comet-tail” associ-
ated with them. Abscesses with a very fluid-like center often  
appear black, or anechoic.

Ultrasound imaging to search for a foreign body is often very 
rewarding. Foreign material such as wood can be missed on plain 
film radiographs but easily seen with ultrasonography. Foreign 
material such as wood, bone, or metal will produce a linear, hy-
perechoic focus with “shadowing.” The foreign material strongly 
reflects the ultrasound beam so that a black shadow, or “tail,” is 
formed below the foreign body. Draining tracts often have fluid 
or gas within them that can be followed with ultrasound imaging. 
The foreign body itself is often surrounded by a hypoechoic rim 
of fluid. Ultrasound-guided biopsy of a soft tissue mass is ex-
tremely useful in obtaining a sample for histopathologic evalua-
tion and diagnosis. The biopsy instrument can be visualized using 
ultrasound imaging to guide the needle to the correct location 
and avoid vasculature within the mass to be biopsied. Ultrasound-
guided biopsies are commonplace in veterinary medicine but 
underutilized in ruminants and other large animals.

Radiography adds information to conditions of the head, par-
ticularly the teeth. Tangential views, typically lateral (Figure 4.3) 
and dorso-ventral (Figure 4.4) projections are often needed to 
make an accurate diagnosis and to localize an abnormality. 
Oblique views are especially helpful when looking at tooth condi-
tions. In oblique views, tooth roots can be evaluated without su-
perimposition of the contralateral arcade. The angle of obliquity 
is approximately 30 degrees (from lateral) with the x-ray beam 
directed ventral to dorsal. The affected side should be placed 
against the cassette. In the 30-degree left ventral–right dorsal 
view, the right mandible and left maxilla will be profiled on the 
image. Oftentimes it is helpful to also take the opposite oblique 
view so that the tooth roots of both arcades can be compared 
without superimposition of other teeth. Occasionally a 45-degree 
oblique can be useful to evaluate the crowns of the teeth without 
superimposition. Tooth root abscesses, broken teeth, skull frac-
tures, and nasal or sinus masses are a few conditions about which 
skull radiography provides important diagnostic information.

Contrast radiography can be quite useful when looking at 
conditions of the esophagus.9 Barium is the contrast media of 
choice unless a perforation is suspected, in which case an iodine-
based contrast agent should be used. A contrast study of the 

• Fig. 4.1 A 4-year-old red deer with a lip avulsion.

• Fig. 4.2 The same red deer as in Figure 4.1, postoperatively. The doe 
was pregnant at the time of injury and maintained the pregnancy to deliver 
healthy twin fawns, in spite of injury, anesthesia, and surgery.

animals generally do well with care as in other domestic species 
although they may develop resentment to regular treatment and 
will be better if left alone or treated with a remote delivery system. 
Animals that cannot chew may be offered “gruel” (e.g., 1 lb alfalfa 
pellets with ½ to 1 gallon of water, depending on desired consis-
tency) or other feeds that they can consume.

Diagnostic Procedures
Ultrasonography has become increasingly popular in all aspects of 
veterinary medicine including small ruminant and cervid prac-
tice.4–7 While ultrasound examinations have been used for some 
time in reproductive examination, there are more and more rea-
sons to use it in any soft tissue abnormality. Conditions discussed 
in this chapter on head, oral cavity, and esophagus are no excep-
tion. Ultrasonography can delineate abscess cavities, follow drain-
ing tracts, look for foreign bodies, and also help in evaluation of 
esophageal obstruction. Color Doppler and three-dimensional 
ultrasonography technologies are making this modality even more 
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effect on the contrast is to perform the study under general anes-
thesia with the animal positioned so that the opening is dorsal. 
Towel clamps can also be used to help close the opening around 
the catheter. In all cases, an initial film/image should be made 
before contrast is injected. The clinician may need multiple films 
to make sure the draining tract is completely filled. In some in-
stances, the radiograph is exposed toward the end of the injection 
so that it is under pressure.

Endoscopic examinations may be useful for the diagnosis of 
pharyngeal and esophageal conditions.11 The small relative size of 
the sheep, goat, and cervid nasal passage prohibits nasal endos-
copy with most of the endoscopes of 10 mm or greater diameter 
that are used in large animal practice. Smaller diameter “pediatric” 
endoscopes may be used but again adequate restraint for a thor-
ough examination that is safe for the animal and the equipment 
is difficult to accomplish in the nonsedated small ruminant. The 
oral pharyngeal region and esophagus may be examined endo-
scopically through the mouth using a tube speculum to protect 
the endoscope from the damage by the teeth, but we still advise 
heavy sedation or anesthesia for the best results and safety.

Oral Cavity
The muzzle and oral cavity of sheep, goats, and cervids are char-
acterized by very mobile lips which are thin relative to larger ru-
minants such as cattle. There is an obvious philtrum in the upper 
lip. The tongue and palate are smoother than that of cattle. The 
mouth is relatively narrow in sheep, goats and cervids, when com-
pared with cattle, which makes examination of the teeth and oral 
cavity more difficult. Consistent with all ruminants, the dental 
pad is located rostral to the palate where upper incisors are found 
in other species.12 Small ruminants have three pairs of lower inci-
sors and one pair of lower canine teeth which look and function 
just like the incisors. (Therefore, for the purpose of this discus-
sion, we may take the liberty to refer to those canine teeth as inci-
sors when discussing the front teeth as a group.) The dental for-
mula for sheep, goats, and most cervids is: 2(Di0/3, Dc0/0, 
Dp3/3) for deciduous teeth and 2(I0/3, C0/1, P3/3, M3/3) for 
permanent teeth. Some elk and reindeer may retain upper ca-
nines. Deciduous teeth are in place by 4 weeks of age in sheep and 
goats. Aging based on tooth eruption is performed by looking at 
the incisors and canine which make up the four pairs of rostral 
mandibular teeth in sheep and goats. Aging of deer over 1 year 
relies on cheek teeth eruption and wear, or more accurately, mi-
croscopic evaluation of cementum annuli of the first incisor. The 
eruption time in these teeth may vary by 6 months or more, de-
pending mostly on nutrition (Table 4.1). The canine is the most 
unpredictable of these teeth in time of eruption and may even be 
absent in some mature sheep. One study determined that up to 
15.4% of 266 sheep studied lacked either one or both canine 
teeth which can interfere with aging by tooth eruption.13

The periodontal ligament holding incisors is relatively large 
compared to other animals of similar size. This wider ligament 
allows the movement in the incisors normally seen in ruminants. 
The normal incisors in sheep and goats are loose enough to be 
moved a couple of millimeters with gentle digital pressure. The 
movement minimizes trauma to the cartilaginous dental pad with 
occlusion and actually aids in cutting plant stuffs when grazing. 
However, this also predisposes the small ruminants to loss of the 
incisors over time with grazing. The loss of the incisors can be 
problematic to the individual animal that loses the teeth, as well 
as it being a serious herd management problem with certain rough 

•  Fig. 4.3 Lateral radiograph of a 4-year-old red deer showing normal 
dentition as well as the sparse covering of incisors and lip avulsion. The 
animal is under general anesthesia so the endotracheal tube is in place 
and the pulse oximeter is seen attached to the tongue.

•  Fig. 4.4 An intra-oral ventro-dorsal radiograph of the deer in 
Figure 4.3 showing normal incisors and mandibular symphysis.

esophagus (esophagram) will determine types of diverticulae, lo-
cations, and some information on obstructions of the esophagus. 
While it is not likely to become a common procedure in small 
ruminants, computed tomography and three-dimensional recon-
struction have been used in veterinary medicine to discover and 
describe esophageal diverticula.10

Fistulogram is another valuable contrast study that can be used 
in evaluating draining tracts. This procedure can determine the 
extent of a draining tract, outline radiolucent foreign bodies, and 
identify a piece of infected bone or other structure that needs to 
be removed surgically. A fistulogram is performed by injecting an 
iodinated contrast agent into the hole of the draining tract. Typi-
cally, a small catheter such as a polyethylene urinary catheter is 
used so that it can be inserted a short way into the tract. Enough 
contrast should be injected to completely fill the draining tract. If 
the opening of the draining tract is ventral to the bulk of the tract, 
a Foley catheter can be used with the balloon inflated to keep the 
contrast within the tract. Another method to overcome gravity’s 
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TABLE 
4.1.

Ages of Permanent Tooth Eruption in Sheep, 
Goats, and White-tailed Deer.

grazing pastures, if a large percentage of the flock suffers incisor 
loss, especially at a relatively young age. The loss of incisors can 
lead to poor performance by the individual animal or herd due to 
poor nutrition.1 Loss of incisors is not as dramatic an issue for 
goats, which are primarily browsers, as opposed to sheep that 
graze closely. Goats will normally lose incisors at an older age  
than sheep but maintain body condition better than sheep after 
incisor loss.14

Incisor loss may be due to sandy soils and wear on teeth from 
picking up soil when grazing. The teeth also wear on sides as well 
as the crown, prompting one to think other reasons exist for the 
excessive wear of the incisors. Acid soils may contribute to this 
tooth loss as tooth dentine is demineralized when exposed to 
calcium and phosphate ions at a pH consistent with some forage 
and soils.15

One study of sheep from one herd culled due to disease or 
slaughter for meat found 34% of the animals had abnormalities 
of the incisors but only one-third of that group showed clinical 
disease and all those sheep also had significant conditions of the 
molars. Other sheep presented for necropsy had significant disease 
of the molars at a rate of 84%. One-third of those animals also 
had advanced incisor disease. Primary dental abnormalities are 
seldom treated but can be responsible for weight loss, culling, and 
disease.16 Farm-raised deer may develop wear of incisors as they 
age, since they do not face many of the natural challenges of deer 
in the wild (Figure 4.5). This incisor wear and loss must not be 
overlooked in older farm-raised does that start to lose condition. 
The same deer in the wild would not likely survive.

Dental health and the resultant ability (or inability) of sheep 
to graze is a very important factor in cull rates of sheep. This is 
especially true in some countries where grazing may be a more 
important nutritional factor than those in which a lot of supple-
mental feeding is done. In some management systems it is  
financially feasible to move older ewes with a poor dentition to 
supplemental feeding to get another year or two of production 
from that ewe rather than to cull and have to replace the ewe in 
the flock. This true cost of incisor loss includes increased costs of 
supplemental feed, lost productive years of ewes, replacement 
costs for culled ewes, lost production of wool and offspring in 

• Fig. 4.5 Worn incisors in a 19-year-old white-tailed deer.

ewes with poor dentition, and decreased prices of ewes sold with 
unsound mouths. “Broken mouthed” is a term used to describes 
sheep with one or more missing incisor while “gummy” describes 
a sheep with all the incisors missing.2

Contrary to the looseness of the incisors, the cheek teeth are 
very stable with ligamentous support and bone so as to serve the 
purpose of grinding food stuff and cud. Improper wear of cheek 
teeth may occur as a herd problem when ewes develop higher than 
normal rates of pregnancy toxemia related to inability to take in 
enough nutrition to normally maintain the pregnancy and body 
condition. Abnormal wear or lost cheek teeth may lead to cheek 
and gingival abrasions from the remaining teeth growing in the 
absence of apposing teeth, and thus causing trauma to the  
oral cavity. The inefficient chewing and painful oral cavity will 
eventually lead to poor body condition.1

As mentioned earlier, sheep are more adversely affected by lost 
incisors than goats; however, goats still have dental issues that can 
affect body condition. They may have cheek teeth that wear un-
evenly causing sharp points that can damage soft tissues of the 
mouth and make chewing painful. Some may have tooth root 
abscesses that make the teeth cold-sensitive, thus decreasing water 
intake. The cheek teeth normally have sharp edges on the lateral 
aspect of the maxillary teeth and medial aspect of the mandibular 
teeth. If these areas are associated with soft tissue injury, abnormal 
chewing and loss of condition, the abnormal points may need to 
be reduced by filing or cutting, either with dental floats of ap-
propriate size to file the hooks, or cutting with pliers or gigli wire. 
Goats that are having trouble with cheek teeth may chew only on 
one side of the mouth or else drop food. Some will act hungry but 
will not eat because of mouth pain. Oral tumors such as sarcoma, 
adenosarcoma, osteoma, fibrosarcoma, and fibroma may cause 
loose teeth, lost teeth, and mouth pain in some older goats. Cheek 
tooth root abscesses may show some firm swelling of the area of 
the affected root. Some respond at least temporarily to broad-
spectrum antibiotics for several weeks. Most will not be healed by 
antibiotics alone and it is often difficult to financially justify  
surgical extraction or peri-apical curettage on any but the most 
valuable goats.14 Cheek teeth abnormalities are more difficult to 
determine because examination and visualization of the cheek 

Permanent Tooth

AGE OF ERUPTION

Sheep & Goats White-tailed Deer

Incisor 1 1 to 1.5 years 5 to 6 months

Incisor 2 1.5 to 2 years 10 to 11 months

Incisor 3 2.5 to 3 years 10 to 11 months

Incisor 4 3.5 to 4 years 10 to 11 months

Premolars 1.5 to 2 years 6 months to 2.5 years

Molar 1 3 months 6 months

Molar 2 9 to 12 months 6 months

Molar 3 1.5 to 2 years 1.5 to 2 years

All cervids have similar eruption dates but vary between and even among different species.  
Most aging of cervids after 11 months based on teeth is done after harvest by examination of 
wear and eruption of cheek teeth, or alternatively by microscopic evaluation of the first incisors.
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teeth can be a challenge. While gingivitis may lead to abnormal 
wear and even loss of cheek teeth, the first clinical sign of cheek 
tooth loss may be loss of body condition. Upon closer observa-
tion, one may see cheek swelling from impacted food stuffs or 
palpate lost teeth. With loss of teeth, the opposing teeth then grow 
longer without normal wear. Food may impact where the tooth was 
lost or sharp points form on the remaining tooth that may damage 
soft tissue structures of the cheek, gum, and tongue.17

Sheep with poor dentition that has caused lacerations in the oral 
cavity will lose body condition because the oral pain prevents 
proper food intake. Some may have saliva wetting the jaw from 
drooling. Halitosis may also be noted. Cheek teeth abnormalities 
frequently cause swellings in the cheek from either oral lesions or 
impacted food stuffs. Occasionally, the swelling may be retained 
cud which can be mistaken for some soft tissue swelling by visual 
observation alone. Oral examination has already been described. 
Molar teeth abnormalities may lead to short jerky jaw movement 
sometimes with the mouth slightly open. With excessive quidding, 
fibrous feed may be seen at the commissure of the mouth. Radio-
graphs can be helpful to evaluate cheek teeth with the appropriate 
oblique view to avoid superimposition of tooth roots. The best in-
formation can be gained if the animal is under general anesthesia 
for the radiographic study. Palpation of the mandible may detect 
missing teeth or sharp points on cheek teeth. Cheek tooth abscesses 
with draining tracts are not frequently seen in sheep.3

The mandible may develop osseous swellings that can be  
readily discovered on physical examination by palpation of the 
mandible. Some of these swellings are due to periostitis around 
tooth roots. Many are of little significance and resolve without 
treatment. Indeed, some may go unnoticed by the owners. Ones 
that become too large to ignore, or cause grazing issues, are prob-
ably due to abscessation of tooth roots. These are seldom herd 
problems and while surgical intervention may improve the condi-
tion, it is often more involved than is reasonable for all but the 
most valuable of small ruminants. Conflicting results have been 
achieved by antibiotic therapy but that is usually worth an at-
tempt to improve the animal’s condition, especially in cases such 
as pregnant females, in order to get healthy offspring.1

Fluorosis
The skeletal lesions of fluorosis are not usually apparent until after 
dental fluorosis is appreciated in the animal. The dental abnor-
malities are noted because the toxic level of fluoride disrupts the 
normal deposition of mineral in developing teeth. The dental 
abnormalities are therefore dependent on the length of time of 
exposure and the age of the animal. The clinical signs are not  
apparent until long after the exposure to the fluoride. The  
clinical signs seen of abnormal dental development include a 
faster wearing of the teeth that have discolored, and chalky and 
pitted enamel. The dental abnormality observed may be as simple 
as a groove around a pair of teeth when the animal is exposed to 
toxic levels of fluoride for a short time period.17 Goats with 
chronic fluorosis have reduced serum levels of copper, iron, man-
ganese, and nickel compared with normal goats.18 Sheep with 
chronic fluorosis show altered tissue levels of copper, magnesium, 
manganese, calcium, and zinc.19

Malocclusion
Malocclusion of the incisors with the dental pad can have a nega-
tive effect on grazing efficiency and therefore, body condition and 

production. Brachygnathia (parrot mouth) occasionally occurs as a 
congenital defect in which the incisors meet caudal on the dental 
pad, or in severe cases, behind the dental pad on the palate.1 Some 
reports suggest brachygnathia inferior is heritable (far from simple) 
with an oligogenic pattern including dominant and recessive loci 
with further modifying loci likely. Craniofacial abnormalities seen 
with brachygnathia inferior may be related to viral infections, plant 
alkaloids, or teratogenic drugs.20,21 Surgical treatment for this 
condition has been described in horses22 but the cost of treatment 
and low chance of perfect results would make this feasible in very 
few small ruminants. The equine upper incisors allow an anchor 
point to secure retardation wires to treat these cases. However, the 
lack of upper incisors in ruminants make growth retardation of the 
maxilla more difficult. The possible heritable nature of the condi-
tion leads one to question the ethics of treatment. If an owner 
chooses to have this condition treated, the clinician should treat 
early and refer to equine references for more details. The best 
course of action for these animals is probably to simply cull the 
animal and decrease losses. More often, the incisors are anterior to 
the dental pad which does interfere with grazing. This can be from 
the angle or length of the incisors, or the relative lengths of the 
mandible and maxilla. The length and angle of the incisors change 
with age. The angulation of the incisors leading to abnormal occlu-
sion is thought to be more a product of periodontal disease than 
any heritable predisposition by some authors.1 However, others 
believe incisor malocclusion of both undershot mandible (brachyg-
nathia) and overshot mandible (prognathia) are hereditary.2 Abnor-
mal dentition has been reported in cervids suspected to be 
secondary to trauma, or possibly genetic as a result of in-breed-
ing.23

Chlamydia pecorum has been shown to cause fetoplacental le-
sions and abortion in goats. The aborted kids had brachygnathia 
as well as other skeletal abnormalities including anasarca, intra-
muscular edema, and palatoschisis.24 Brachygnathia may be seen 
with other more significant, even life-threatening congenital 
anomalies. Severely affected animals may be stillborn.25 Temporo-
mandibular joint luxation has been reported in a goat. The animal 
presented for weight loss and inappetence. The mandible was 
displaced to the side, teeth were malaligned, and the animal was 
resistant to open the mouth. A radiographic examination of this 
goat confirmed the temporomandibular luxation and the goat was 
culled rather than treated.26

Pharyngeal Lesions
Growing lambs can have a necrotic stomatitis caused by Fusobacte-
rium necrophorum. This has also been reported in goats.27 This may 
be related to poor hygiene when lambs are being raised on milk 
replacer or following trauma from oral dosing with medication or 
oral fluids. Breaks in the oral mucosa become infected. The lamb 
will be a poor grower because of oral pain leading to decreased feed 
intake. They also often have wet matted hair around the mouth 
from excessive salivation. Respiratory signs may be seen as the  
infectious agent migrates to the lungs where abscesses form.  
Pleuritis occurs with the abscesses and this is not often responsive 
to treatment. The breath is malodorous. Penicillin (50,000  
International Units [IU]/kg) for at least a week is the treatment of 
choice. Prevention is superior to treatment and simply involves 
good hygiene in bottle-raising lambs and taking proper care when 
using a dosing instrument to give any oral medications.

Pharyngeal lesions are common after balling gun use or 
drenching young lambs. Unfortunately, this injury may not be 
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appreciated until the wound has abscessed and either compressed 
the larynx to cause abnormal breathing or even migrated to the 
cervical vertebral canal causing neurologic signs. Thorough  
examination and visualization (or endoscopy) require at least very 
heavy sedation and is best done under general anesthesia.3 
Pharyngeal abscesses from any organism can develop secondary to 
trauma of the pharynx while administering oral medication, 
whether liquid or capsule formulations. Trauma to the pharyngeal 
wall by the tip of the instrument cannot only allow secondary 
infection of the wound, but often introduces medication directly 
into the tissue planes where it acts as a foreign substance causing 
irritation and an inflammatory reaction. The infection may mi-
grate to the cervical spinal cord where swelling places compression 
on the cord leading to paresis.3,28 It may otherwise cause compro-
mised breathing or painful swallowing. The pharyngeal discom-
fort will lead to decreased food intake so that weight loss may be 
one of the first signs noticed by owners. The history of recent 
drenching (less than 2 weeks earlier) will assist with the diagnosis. 
By the time clinical signs are seen, the prognosis for response to 
treatment with antibiotics is poor. One should likely consider 
euthanasia. Certainly, proper techniques and prevention will be 
much better than attempted treatment.3

Herd outbreaks of pharyngeal abscesses can be sometimes seen 
following administration of medications via a drenching gun. 
Some reports describe a morbidity of up to 15%. Some animals 
show acute signs that lead to death (malignant edema) while oth-
ers may linger several months with weight loss before dying or 
being euthanatized. Some have an abscess that forms in the 
mouth or pharynx which then fistulates to drain through the skin 
of the face.28

Actinobacillosis will occasionally be associated with facial sub-
cutaneous abscesses which can drain through the skin, or rarely, 
into the pharyngeal region. When this occurs, it is usually due to 
sheep grazing pastures with thorns or some potential traumatic 
plant that causes oral lesions which become infected. As long as 
no clinical signs of decreased food intake or difficult breathing 
occur, no treatment is required. If breathing noise occurs due to 
pharyngeal compression, treat with steroids and antibiotics, al-
though the prognosis is poor if this occurs.

A common presentation in white-tailed deer is feed impaction 
of the cheek (Figure 4.6). This condition can be a one-time event 
or may turn into a chronic impaction that may lead to pressure 
necrosis of the cheek with subsequent stoma, loss of teeth, infec-
tion, and even death. Several theories exist and it may be due to 
one or more of these factors: meningeal worm (Parelaphostrongy-
lus tenuis) migration affecting cranial nerve function, malalign-
ment of teeth, injury, infection (usually from Fusobacteria 
spp.), or arterial worm (Elaeophora schneideri).29 A thorough 
examination may reveal the problem but not always. Treatment 
with antiinflammatories, antibiotics (usually long acting that  
will be effective against Fusobacteria spp.), and deworming to kill 
migrating larvae may be effective in some cases. It should be noted 
that meningeal worm infection in cervid species other than white-
tailed deer is almost always fatal.

The molars and premolars of most cervidae erupt and wear in 
a regular fashion and will be worn out by 10 or so years of age. 
Aging tools exist to help the practitioner to properly age most 
cervids, or it may be appropriate in some cases to send complete 
central incisors, including all of the root to the laboratory for  
aging by microscopic evaluation of cementum annuli. Some cer-
vidae will live to 20 years or longer in captivity if proper nutrition 
is available. Incisor eruption, wear, and angle are generally consid-
ered to not be an accurate way to age cervids. Most are concen-
trate selectors and as such, may not establish wear patterns that we 
see in grazing species. Likewise, their mouths and lips are devel-
oped for the selection of highly nutritious small parts of growing 
plants and shrubs.

Malocclusion does occur in cervids but is infrequent. The most 
common defect that has been observed is “undershot jaws” or 
brachygnathia. Most of these animals do well in a pen-reared situ-
ation but should probably not be retained in a breeding program 
as inheritance may be possible (Figure 4.7).

Necrotic stomatitis due to Fusobacterium necrophorum or Fuso-
bacterium varium may be the number one killer of white-tailed 
fawns in certain areas of the country. Infection is thought to be 
due to eruption of teeth causing openings for the bacteria to enter 
or from fawns mouthing objects as they start to explore and eat 
solid feed. Severe infections that get into bone are usually fatal. If 
caught early, aggressive treatment with high doses of penicillin or 

• Fig. 4.6 Feed impaction in the cheek of a white-tailed deer. • Fig. 4.7 Brachygnathia in a white-tailed deer.
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another antibiotic that is effective against the bacteria may be suc-
cessful. Supportive care and supplemental feeding or tubing may 
increase the odds of survival. Septicemia and pneumonia are also 
common sequelae to infection, and abscesses, both internally and 
externally, are also seen frequently.30

Conditions of the Head and Neck
There are reports of 2- to 4-year-old sheep developing a firm 
swelling of the rostral mandible, known as dentigerous or odon-
togenic cysts. The incidence may be high enough to have a sig-
nificant effect on the flock as a whole. The swellings are osseous 
and result in the displacement or absence of one or more teeth. 
Radiographically, the swelling demonstrates a classic “cystic”  
appearance with teeth in or near the cystic area. Microscopically, 
one appreciates a cavity of thin alveolar bone lined with stratified 
epithelium and filled with sterile fluid. The cause of this cystic 
lesion is not known. The swelling is seen occasionally in flocks 
with abnormal wear of temporary teeth. Some investigators have 
suggested this disease to be a type of dental malpositioning and 
maleruption. One yet unproven theory is that the cysts are due to 
an abscess of the periodontal tissues during the development of 
the permanent incisors.31 The affected animals are usually culled 
when the tooth loss prevents normal grazing to maintain body 
condition. A rostral mandibulectomy is a treatment option for 
this condition only if the owner wishes to alleviate the animal’s 
pain and is willing to supplement feeding, since the animal would 
be rendered unable to graze. Odontogenic cysts have been re-
ported in sheep31 and it is reasonable that they may be seen in 
goats and deer. However, they are seen much more frequently in 
dogs32 and less so in horses,33 calves,34 and people.35

A differential list for soft tissue swellings of the head and neck 
region includes thymic hyperplasia, thymoma, wattle cysts, sali-
vary mucocele, caseous lymphadenitis (CLA), as well as some 
esophageal lesions which will be covered elsewhere in this chap-
ter.17,36 Thymic hyperplasia is seen as soft swelling on the ventral 
aspect of the neck in very young goats. This is a normal enlarge-
ment that may be seen as early as 2 weeks of age and will usually 
resolve by 6 months. This does not require any treatment. The 
clinician needs only to recognize the cause of this swelling should 
the owner inquire.

A thymoma is a tumor that affects older goats. The swelling 
associated with this tumor may be observed at the thoracic inlet 
or some of the tumors will be in the thoracic cavity. Thymomas 
often have no clinical significance and are an incidental finding at 
necropsy. They can become large enough at the thoracic inlet to 
impinge on the esophagus and cause signs of esophageal obstruc-
tion such as bloat due to difficulty in swallowing or eructation.

Wattle cysts are swellings at the base of a wattle. The wattle 
itself serves no real purpose and some producers may request 
wattle removal for cosmetic reasons if they are not symmetrical. 
The presence of wattle cysts may also cause a producer to want the 
cyst removed in a show animal. While the location of the swelling 
is diagnostic for the wattle cysts, the size may range from barely 
noticeable to several centimeters in diameter at the base of the 
wattle. The cysts are inherited and therefore will be seen more 
often in some family lines. Aspiration of these cysts is not cura-
tive. Histopathology of the removed cysts reveals stratified squa-
mous epithelium with mature hair follicles.

Another differential for facial swellings are salivary cysts also 
known as salivary mucoceles. These cause fluid-filled swellings 
that do not cause pain to the animal. They are either on the side 

of the head or the intermandibular area depending on whether 
they are associated with the parotid or submandibular salivary 
glands. The cysts can be surgically removed and the salivary duct 
ligated.36 Occasionally, the duct may be lacerated and result in a 
chronic draining tract which discharges saliva excessively when 
the animal eats. These should also be treated by ligation of the 
duct and subsequent shrinkage of the associated gland.

CLA will cause enlargement and abscessation of lymph nodes 
of the head and neck. The causative agent of CLA is Corynebacte-
rium pseudotuberculosis. The disease is on all continents and can 
affect all breeds of goats. The spread may have been enhanced by 
the popularity and importation of Boer goats over the last  
20 years. The organism can survive for several months in the en-
vironment after drainage of an abscess. Then, other animals are 
infected by contamination of an open wound. The wound does 
not have to be more than a skin break from head butting or even 
browsing forage. The organism can be spread by contaminated 
equipment such as shears or tattoo pliers or affected animals. The 
incubation period is 2 to 6 months. Sheep more often than goats 
will have internal lymph node abscesses and abscesses of internal 
organs with hematogenous spread of CLA. Animals with external 
lymph node abscesses may not show other clinical signs but those 
with internal abscesses may exhibit progressive weight loss or even 
respiratory signs if the thoracic nodes are involved.17 Further discus-
sion of diagnosis and treatment (control) will be found elsewhere.

Head and neck soft tissue swellings are very common in white-
tailed deer. Bucks engage in hard antler fight almost continuously 
during rut, and infections around the antlers and regional lymph 
nodes are common.29 These infections can be from almost any 
bacteria, but most frequent isolates that the authors have seen are 
Fusobacteria spp., and Trueperella pyogenes. If an abscess is diag-
nosed, drainage should be done with lavage of the cavity with 
appropriate agent. Sometimes systemic antibiotics are warranted 
as these infections may be spread through the lymphatic system or 
migrate to the brain through the calvarium. Use of a long-acting 
antibiotic at time of treatment is best and then long-term follow-
up treatment using remote delivery is usually done.

Soft tissue swelling in fawns and does is also common and is 
typically due to the same bacteria as with the bucks. Treatment is 
essentially the same. Prevention is difficult but people have used 
autogenous vaccines in high-risk endemic herds. Clean, dry pens 
and not overstocking is very important in the control of these 
abscesses.

Viral Diseases

Foot-and-Mouth disease
Foot-and-mouth disease (FMD) is a highly contagious viral dis-
ease of tremendous economic and biosecurity importance to the 
cloven-hoof livestock industry as a whole. The etiologic agent is a 
picornavirus. Small ruminants may have mild clinical signs but 
more importantly may serve as a source of infection for other 
animals.37,38 Therefore, small ruminants must be included in vac-
cination programs in areas battling disease outbreaks in other 
species.39 However, work in the Sudan suggested small ruminants 
were not nearly as important to the spread of FMD as cattle.40

Sheep may put other species at risk through movement and 
contact because of mild clinical signs usually exhibited or carrier 
animals that have recovered from the clinical disease.41 Young 
sheep and goats that are infected will show more severe signs and 
suffer a higher death rate. The oral lesions of FMD include vesi-
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cles that progress to mucosal erosions.37,38 When sheep show oral 
lesions, the differential lists must also include contagious ecthyma 
(orf ) as well as traumatic oral lesions that have no infectious  
component.38

The ulcers are also seen at the coronary band as per the name 
FMD.42 The first clinical signs seen may be acute severe lameness 
in sheep.43,44 Erosions are commonly seen on dental pads.43 How-
ever, up to 27% of sheep known to be infected with FMD did not 
show clinical signs of erosions or lameness.45 Sheep are susceptible 
to infection by respiratory contact and contamination of skin 
breaks with the virus.46

Laboratory testing is required to determine the specific vesicu-
lar disease since clinical signs are similar. In the United States (and 
many other countries), government authorities should be enlisted 
to help with diagnosis and disposition when FMD is suspected. 
FMD is the most important disease constraint to international 
trade of livestock and animal products. The virus is sensitive to 
pH ranges below 6 and above 9 but is resistant to alcohol, ether, 
chloroform, and detergents.46

Deer are susceptible to FMD and display the characteristic 
signs that are seen in other cloven-hooved animals (see earlier 
description). The main concern is with wild deer carrying and 
spreading the disease to cattle, sheep, goats, and swine. Contained 
farmed herds would be treated as any other susceptible domestic 
species. In a 1924 FMD outbreak in California, 22,000 black-
tailed deer were killed to stop the spread of the disease. In some 
deer and traditional domestic livestock-dense areas of the country, 
it may be necessary to kill a substantial number of wild deer to 
control the spread of the disease.29

Contagious Ecthyma (ORF)
Contagious ecthyma (also known as orf and sore mouth) is a quite 
common disease of sheep and goats caused by a poxvirus. The 
classic clinical signs are crusty scabs affecting the mucocutaneous 
junction of the nose and mouth. There may also be proliferative 
lesions affecting the oral mucosa.47 The oral lesions are usually 
seen in young animals born into endemic herds. Immunologically 
naïve older animals may develop clinical signs when exposed to 
clinically normal carrier animals.48 Orf lesions are differentiated 
from oral lesions of FMD and Bluetongue by the clinical signs of 
crusty scabs as opposed to erosions and ulcerative lesions. The 
clinical signs of contagious ecthyma are usually self-limiting in  
3 to 6 weeks. Severely affected animals may require supportive 
care and assisted feeding if the mouth is sore enough to prevent 
nursing or if ewes have udder lesions significant enough to pre-
vent the young from nursing. Humans can be infected by the  
virus as well as act as vectors transmitting the virus from one  
animal to another so extreme care should be taken to use protec-
tive gloves when handling affected animals.49,50

Animals usually show immunity for 2 to 3 years after a clinical 
case of orf although some may show clinical signs 1 year after 
disease. Lesions are usually milder and respond more quickly dur-
ing subsequent infections.36 Eighteen outbreaks of orf over 4 years 
in India (6 sheep, 12 goat) had morbidity rates of 18.93% for 
goats and 21.50% in sheep while mortality rates were 2.53 and 
1.10% in those species, respectively. Kids were more likely to have 
lesions on the gums and tongue than older animals.51 Contagious 
ecthyma is endemic in northeastern Brazil.52 One lamb flock af-
fected by an orf outbreak in addition to the signs of crusty nos-
trils, lips, and muzzle had significant facial swelling with pitting 
edema. The disease ran its course but the healed animals showed 

some hair loss at the sites of the facial edema.53 While most cases 
of orf have healing of the clinical lesions in weeks there is a report 
of sheep showing clinical signs for as long as 6 months. The scabs 
of the chronic form were well adhered to the skin and caused 
bleeding when removed.54

One survey of 48 goat flocks in Argentina found that 81.2% 
identified contagious ecthyma as an infectious disease problem on 
the premises.55 There has been a report of orf in five sheep from 
three flocks in the United States that exhibited proliferative skin 
lesions on the limbs that were painful to touch and caused the 
sheep to be reluctant to move. The lesions did not spontaneously 
resolve as is the case with most cases of orf. The disease also ap-
peared to be less contagious than classic orf in sheep. All these 
animals were euthanized after lack of response to imperative treat-
ment with antibiotics and topical medications, or spontaneous 
resolution of signs. This stresses that while this disease is usually 
diagnosed on clinical signs and course of disease, not all cases  
are classic.56

Contagious ecthyma has been reported in several species of 
cervidae and there are case reports of human disease (orf ) that 
have been contracted from exposure to cervidae.29 Pox virus has 
also been reported from white-tailed deer in Florida.29 Diagnosis 
is rare and treatment is limited to benign neglect unless secondary 
bacterial infection is suspected, in which case systemic antibiotics 
may be helpful. Prevention through vaccination may be helpful in 
affected herds, but proof of disease and the subsequent use of ei-
ther sheep vaccine or an autogenous vaccine should be carefully 
considered before implementing.

Bluetongue
Bluetongue is an arthropod-transmitted orbivirus that affects all 
ruminants. Clinical signs are seen more often in sheep than other 
ruminants. Animals infected by Bluetongue can show reproduc-
tive disorders but the disease is discussed here because vasculitis 
causes clinical signs associated with the head and oral cavity, as 
well as other organs. Rarely, the tongue may indeed be cyanotic 
(or blue), but more commonly, there will be edema present in the 
muzzle. Oral lesions may include erosions progressing to ulcers of 
the dental pad and commissures of the lips. While this is not a 
thorough description of Bluetongue, it is included here because 
the disease belongs on the differential list of viral diseases causing 
oral lesions. Treatment is basically supportive care, especially feed-
ing, in cases where the mouth becomes very sore due to the oral 
ulcers.57

Bluetongue causes economic losses from mortality, reduced 
production, poor wool growth, and reduced reproductive perfor-
mance including ram infertility.44 In domestic ruminants, sheep 
may be more frequently affected with clinical signs than other 
animals. The clinical signs of bluetongue are associated with  
injury to small blood vessels. Fetal infection can be due to trans-
placental transmission.58,59

Bluetongue vaccines are being developed and show some 
promise, but at time of writing, there are no commercially avail-
able vaccines.60,61 Successful vaccines may be useful in Bluetongue 
endemic areas to limit the economic impact of this condition.

Bluetongue (BT) virus and epizootic hemorrhagic disease virus 
(EHD) cause similar disease in white-tailed and mule deer and are 
difficult to distinguish from each other. Hemorrhagic disease is 
the most appropriate terminology but regionally, it is usually re-
ferred to as BT or EHD. This arthropod-borne orbivirus causes 
severe losses in both wild and farmed cervidae and has several  
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serotypes that affect the animal systemically. Morbidity and  
mortality rates may vary depending on region and serotype, but 
morbidity of 90% or more is commonly reported, with matching 
mortality rates. Control of the midge through management of 
breeding sites, flight paths, and feeding areas may be effective. 
Application of insecticides directly to the animals or to site barri-
ers where the midges land may also be effective. Fogging, misting, 
or spraying of premises with insecticides is done by many produc-
ers in endemic areas. Worries of resistance and killing of nontarget 
species are the two main concerns with this approach. Vaccination 
is currently either through autogenous vaccines or experimental 
vaccines. Serotype cross protection is not effective, so vaccines  
either have to contain the proper antigens or have core antigen 
capability. New vaccines are expected in the very near future  
that will hopefully prevent this disease (Lee Constaedt, Personal 
Communication, March 23, 2018).

Diseases of the Esophagus
The esophagus is dorsal to the trachea in the anterior one-third of 
the neck, then is found just to the left of the trachea until moving 
dorsal again near the thoracic inlet. The thoracic esophagus passes 
in the mediastinum, dorsal to the base of the heart and tracheal 
bifurcation. Then it continues straight back through the medias-
tinum ventral to the aorta and through the esophageal hiatus of 
the diaphragm. The outer layer of the esophagus in the cervical 
region is adventitia, while serosa covers the thoracic and perito-
neal parts of the esophagus. The muscular tunic of the esophagus 
is made of striated muscles in outer and inner layers of spiral  
fibers. The muscular layer readily separates from the submucosa 
and mucosa when incised. The submucosa is very loose while the 
mucosa is normally in longitudinal folds in the normal relaxed 
esophagus. The folds obviously flatten as the esophagus dilates for 
passage of food material. The vascular supply to the esophagus is 
segmental with little collateral circulation which makes it very 
important to preserve vasculature when performing surgical inter-
vention with the esophagus.12,62

Esophageal Obstruction
The lumen of the esophagus narrows at the thoracic inlet and 
again at the esophageal hiatus of the diaphragm.62 These two areas 
are the common areas where choke will occur. Obstruction of the 
esophagus is less common in small ruminants than in cattle. A 
review of esophageal obstruction in cattle suggested manual re-
trieval of obstructing material from the anterior esophagus rather 
than pushing the obstruction into the rumen when the distal 
esophagus was occluded.63,64 Esophageal obstruction is more 
common in sheep than goats. Fortunately, choke in sheep is usu-
ally due to feed pellets being consumed too quickly for saliva to 
moisten it. As such, most of the obstruction caused by feed will 
resolve relatively quickly as the feed becomes moist in the esopha-
gus. Affected animals may look anxious and be salivating because 
of the inability to swallow. Because of the normal ruminant 
physiology and need to eructate, the ruminant with a complete 
esophageal obstruction will develop ruminal bloat.65 The practi-
tioner should first attempt to pass a stomach tube to resolve the 
obstruction. A mouth gag should be used to hold the mouth open 
and the well-lubricated stomach tube should be carefully passed 
to avoid causing more trauma to the esophagus. If this is not suc-
cessful and the animal is bloating, one should quickly perform a 
rumenostomy to relieve the bloat or at least decompress the ru-

men via a large gauge needle (or intravenous catheter) placed into 
the rumen through the left flank. While the catheter may be 
quicker, it may also allow contamination of the abdominal cavity 
with rumen contents.

The emergency rumenostomy can be performed with a small 
volume of lidocaine for local anesthesia in the left flank. A 2-inch 
skin and body wall incision is adequate to grasp the distended 
rumen and exteriorize it enough to secure the serosal layer to the 
muscular body wall with four sections of continuous absorbable 
suture. The rumen may then be incised and the mucosal layer 
sutured to the skin. This rumenostomy can be reversed once the 
esophageal obstruction and secondary bloat have been resolved 
(see Chapter 5).

If the obstruction does not resolve on its own in a reasonable 
period of time (hours), further intervention is warranted. One 
may again carefully attempt to pass a stomach tube to break down 
the obstruction. Another method is to anesthetize the animal and 
intubate with the cuff inflated to prevent aspiration as one passes 
a stomach tube to the obstruction to lavage the esophagus in an 
effort to hydrate and break down the obstruction. One may also 
attempt to massage the obstruction toward the mouth during this 
lavage. Obstructions of prolonged duration may lead to mucosal 
damage of the esophagus and subsequent scarring with stricture 
formation.66 A stricture may lead to future obstructions and mean 
a poor prognosis for the animal.

Esophagotomy
If the esophageal obstruction does not resolve with conservative 
management, surgery may be indicated.67 An esophagotomy is 
not a commonly done procedure, and as such, the practitioner 
may wish to refer any animal valuable enough to pursue this treat-
ment rather than attempt it under less than ideal situations. This 
is especially true since an esophagotomy is not an emergency 
procedure in the ruminant; a more commonly done and less dif-
ficult rumenostomy can prevent life-threatening aspects of esoph-
ageal obstruction allowing release of ruminal gases and allowing a 
path to meet caloric and hydration needs of the animal with a 
complete esophageal obstruction.68 With that said, the esoph-
agotomy is best done with the animal under general anesthesia for 
ease of exposure and closure (see Chapter 18). The surgery is done 
with the animal in dorsal recumbency. An orogastric tube is 
passed to the level of the obstruction to help identify the proper 
location. Alternatively, an endoscope may be placed into the 
esophagus to the level of the obstruction. This allows visualization 
of the obstruction as well as transillumination of light to direct 
the incision and dissection. It is preferable to make the esophageal 
incision immediately distal to the obstruction in healthy esopha-
geal tissue. An obstruction near the thoracic inlet may dictate that 
the esophageal incision be made proximal to the obstruction. This 
allows for primary closure of the healthy tissue or gives the option 
of leaving the esophageal incision open as an esophagostomy to 
facilitate feeding while allowing the inflamed part of the esopha-
gus to return to normal before the temporary esophagostomy 
heals by second intention. This point is actually less critical in 
ruminants since the rumenostomy can provide the same feeding 
access.

Primary closure of an esophagotomy incision can be more diffi-
cult to manage in ruminants than other species because of the eruc-
tation done by ruminants.  Non-ruminant species would be held off 
food and water while providing parental fluids for several days to 
allow healing of the incision. Upon incision, the mucosa easily  
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separates from the muscular layer of the esophagus. The mucosa is 
the holding layer of the esophageal closure. It is recommended  
that the mucosa be closed with small suture in a simple continu-
ous pattern with knots in the lumen. The muscular layer can then 
be closed. Care should be taken to preserve the blood supply of 
the esophagus. The skin and muscles should be closed in a routine 
manner. A drain should be placed next to the esophagus to  
remove (and detect) any leakage from the esophageal closure.69

Megaesophagus
Megaesophagus was reported in a 2-year-old goat that presented 
with intermittent regurgitation and swelling of the distal neck. 
The diagnosis was made by endoscopic examination and positive 
contrast radiographs. The animal was not treated.70 The diagnosis 
is suspected based on clinical signs but contrast radiography is 
useful in making the definitive diagnosis.71

Megaesophagus has been reported in two sheep and two 
goats,72 a ram,73 and is uncommonly seen in other ruminants.65 
The most common clinical sign associated with megaesophagus is 
regurgitation soon after eating.73

Miscellaneous Esophageal Conditions
The esophagus can have diverticulum formation following trauma 
from intraluminal obstruction or extraluminal injury. The diver-
ticulum can cause obstruction by allowing food stuffs to pack into 
the lesion. The diverticula are described as traction or pulsion 
depending on shape. Clinical signs may be distention of the 
esophagus noted in the neck area or recurrent, usually mild, 
esophageal obstruction. The practitioner may see the diverticulum 
with endoscopy, but contrast radiographs are the best way to 
identify the type and full extent of the diverticulum.

There is a report of a kid presenting shortly after birth with a 
subcutaneous swelling that when aspirated contained milk. Aspi-
ration would decrease the size of the swelling but it enlarged again 
after nursing. Further examination determined the kid to have a 
congenital fistula of the proximal esophagus that communicated 
with the subcutaneous space.74 This particular lesion is certainly 
rare but goats tend to be prone to a number of congenital condi-
tions.

The authors acknowledge the work of Dr. Debra K Baird on 
the previous edition of book in this chapter.
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5
Diseases of the 
Gastrointestinal System
JENNA E. BAYNE AND MISTY A. EDMONDSON

Infectious and noninfectious diseases of the gastrointestinal tract 
(GIT) are very common in small ruminants. A complete history and 
thorough physical examination are of utmost importance in the char-
acterization of gastrointestinal disease in small ruminants, with atten-
tion made during the physical examination to body condition score 
(BCS), abdominal contour, manure characteristics, and motility of 
the reticulorumen. Combined use of auscultation, percussion, and 
ballottement over the entire abdomen should be carried out, espe-
cially given preclusion of rectal palpation in sheep, goats, and most 
cervids. Even with a complete physical examination, localizing the 
exact nature of GIT disease can be difficult. The physical examination 
can be augmented using ancillary tests, including the assessment of 
clinicopathological parameters including rumen fluid evaluation, as 
well as the use of imaging modalities. If indicated, an exploratory 
laparotomy can serve both as a diagnostic and therapeutic tool.

Diagnostic Procedures

Basic Laboratory Studies
Basic clinicopathological analyses include a complete blood cell 
count (CBC), serum biochemistry, and urinalysis. These tests, 
along with diagnostic imaging, help define the differential list gen-
erated from the physical examination. Furthermore, they can be 
helpful in determining the severity of disease, prognosis, and re-
sponse to therapy with serial evaluation. Rarely, a specific disease is 
identified based on clinicopathological tests. Usefulness of the CBC 
includes the evaluation of the erythrogram and leukogram to char-
acterize the severity of anemia, dehydration, and inflammatory re-
sponse. Interpretation of the packed cell volume (PCV) should be 
done in conjunction with total protein concentration as well as the 
estimation of dehydration on physical examination. An anemic or 
dehydrated hypoproteinemic animal may have a normal PCV and 
total protein. Both the CBC and serum biochemistry can be helpful 
in determining the presence and severity of an inflammatory disease 
process. Changes in the total and differential white blood cell 
counts indicate acute or chronic inflammation, ranging from neu-
tropenia and a degenerative left shift to a mature neutrophilia. In-
creases in globulins or fibrinogen suggest a chronic inflammatory 
disease. Low protein levels, especially albumin, need to be further 
evaluated for the potential of chronic blood loss due to gastrointes-
tinal parasitism, infiltrative bowel disease, liver dysfunction, third-
space compartmentalization, or protein loss through the kidneys. 

Liver disease should be suspected if liver enzymes or bilirubin levels 
are increased. However, liver enzyme concentrations can be normal 
in the presence of chronic liver disease. Also, albumin levels rarely 
drop in ruminants with liver disease as they do in other species. 
Liver function tests may be performed, including measurement of 
bile acids and blood ammonia concentrations. Point-of-care (POC) 
meters for the stall-side measurement of blood glucose, L-lactate, 
and ketone concentrations have been evaluated in cattle and small 
ruminants.1–4 Urine strips for the detection of ketone bodies are 
also useful in monitoring ewes and does at risk for pregnancy tox-
emia. Changes in electrolytes are common with gastrointestinal 
diseases, especially in anorexic animals or those with profound diar-
rhea. Electrolyte measurements are also useful in the formulation of 
treatment plans. Although abomasal disease is rare in small rumi-
nants, a metabolic alkalosis with hypochloremia and hypokalemia 
may be observed. Gastrointestinal stasis can result in hypokalemia, 
hypochloremia, and a mild hypocalcemia. In the case of surgical 
intestinal obstructions, small ruminants can develop severe meta-
bolic acidosis due to ischemic necrosis of tissues and shock. The 
major biochemical changes commonly associated with diarrhea are 
metabolic acidosis, with the loss of sodium and bicarbonate in diar-
rheic feces, and the presence of azotemia and hypoproteinemia. 
Renal disease should be ruled out in these cases.

Normal ranges for clinicopathologic laboratory values are 
available in Appendix II, Tables 1 to 5 and are published else-
where. However, familiarity should be made with normal values 
of both a CBC and serum biochemistry as established by the 
laboratory commonly used for analyses in their practice.

Rumen Fluid Analysis
Rumen fluid analysis is useful in characterizing the health of the 
forestomach and aids in differentiation of diseases, including types 
of vagal indigestion, ruminal acidosis, and potential intoxications. 
Collection of rumen fluid can be via orogastric or nasogastric intu-
bation or percutaneous rumenocentesis. Regardless of method 
chosen, proper restraint of the animal and suitable equipment  
(Figure 5.1) should be used to avoid trauma to the esophagus or 
abdominal viscera and damage of equipment (e.g., chewed tubes). 
To perform percutaneous rumenocentesis, a 16- to 18-gauge, 
3-inch (7.6-cm) needle is inserted into the rumen fluid below the 
fiber mat. The site for rumenocentesis can be estimated by ballotte-
ment or percussion of the left flank (approximately 5–10 cm  
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caudal to the last rib along an imaginary line drawn at the level  
of the patella)5 or, alternatively, at a ventral location caudal to the 
xiphoid and to the left of midline.6 Use of sedation and/or a local 
block with 2% lidocaine may be necessary in fractious or patients 
likely to struggle. The site is clipped and aseptically prepared. The 
needle is introduced forcefully, in one swift motion. Once the  
rumen is entered, fluid is aspirated with a syringe. If the needle 
becomes obstructed with ingesta, a small amount of air or fluid 
should be forced backed through the needle. Rumenocentesis car-
ries the advantage of avoiding salivary contamination of the sample, 
which can occur during orogastric intubation, as well as possibly 
being less stressful to the animal. The procedure does carry a slight 
risk of peritonitis, which is minimized through proper restraint. 
Rumenocentesis is contraindicated in pregnant females.5,6

Once collected, rumen fluid is analyzed for color, odor, pH, 
motility and types of protozoal species present, methylene blue 
reduction (MBR) time, Gram-staining characteristics, and chlo-
ride concentration. Normal rumen fluid characteristics are listed 
in Table 5.1. The pH of rumen fluid can be measured on pH 
strips with 0.5 increments or the use of sophisticated handheld 
meters. The sample pH will be falsely increased with salivary con-
tamination.7 Microscopic examination of a drop of fresh, warm 
fluid under a cover slip examined at 403 to 1003 allows visual-
ization of protozoa species, with no special staining required 
(Figure 5.2). Routine Gram staining is performed on a dried, 
fixed slide.5 The MBR reflects the activity of bacterial fermenta-
tion in the rumen. It is performed by mixing 1 mL of 0.03% 
methylene blue with 20 mL of rumen fluid at normal body tem-
perature and measuring the time required to return to the appear-
ance of a control tube.5 Rumen chloride concentrations can be 
determined from the supernatant of a centrifuged sample. Rumen 
chloride concentrations are minimally impacted by saliva con-
tamination and a time lag between sample collection and analy-
sis.5 Normal rumen fluid is aromatic, olive to brownish-green, 
and has a pH between 6.5 to 7.5 depending on the diet fed.  
Microorganisms include a mixed population of large and small 
protozoal species with active motility and a predominance of 
gram-negative rods. Normal rumen chloride concentration is less 
than 30 mEq/L and MBR should be less than 6 minutes.6 
Changes observed in anorexic ruminants include thinner, darker 

fluid, with an increase in pH (7–7.5), and a reduction in the spe-
cies and motility of protozoa present. In acute ruminal acidosis, 
the fluid is fetid, yellow to grey, with a low pH (, 5.2), and dead 
or no protozoa are present with a predominance of gram-positive 
rods (Lactobacillus species).5,8 The MBR is prolonged with any 
type of indigestion/digestive disorder in which inactivity of the 
microflora is present. Increased rumen chloride concentrates indi-
cate an abomasal or proximal small intestinal obstruction, either 
functional or mechanical, as a result of the internal reflux of hy-
drochloric acid from the abomasum into the reticulorumen.9

Abdominocentesis
Abdominocentesis is useful in the assessment of abdominal dis-
ease in ruminants and aids in the differentiation and diagnosis of 

• Fig. 5.1 Passage of an orogastric tube through a mouth speculum made 
from a polyvinylchloride (PVC) pipe. To avoid oral and esophageal trauma, 
the animal should be well restrained, and the tube should be lubricated 
and passed slowly down the esophagus.

TABLE 
5.1

Normal Rumen Fluid Characteristics of Sheep 
and Goats.

• Fig. 5.2 Fluid obtained by rumenocentesis should be examined for both 
bacteria and protozoa. A drop of rumen fluid is placed on a microscopic 
slide and viewed under a coverslip. At low power (403), normal rumen 
fluid will be observed to contain 35 to 40 organisms per field from several 
populations of protozoa, as seen here. Both low numbers and loss of 
motility signal a need for medical intervention or transfaunation.

Characteristic Normal Finding

Color Green

Odor Aromatic

pHa 6.5–7.5

Protozoab Mixed sizes and species rapidly moving

Methylene blue reduction timec 3–6 minutes

Gram stain Gram-negative rods predominate

Rumen chloride Less than 25–30 mEq/L

aUse pH paper with at least 0.5-unit gradations.
bPlace a drop of fluid on a warm slide and cover with a coverslip. Examine under 1003 
magnification.
cMix one part 0.03% methylene blue to 20 parts rumen fluid. Measure time for blue color to 
clear to match a control tube of fluid.
Data from Nordlund KV, Garrett EF: Rumenocentesis: a technique for collecting rumen fluid for  
diagnosis of subacute rumen acidosis in dairy herds. Bovine Pract. 28:109, 1994; Keefe GP, 
Ogilvie TH: Comparison of oro-ruminal probe and rumenocentesis for prediction of rumen pH in  
dairy cattle, Proceedings of the 30th Annual American Association of Bovine Practice Convention,  
1997, 168; Smith MC, Sherman DM: Goat medicine, 2nd ed., Ames, Iowa: Wiley-Blackwell, 2009
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ascites, peritonitis, strangulating intestinal lesions, enteritis, uro-
peritoneum, and abdominal neoplasia. There is normally a small 
amount of transudative fluid present in the peritoneal space. 
Characterization of peritoneal fluid as a transudate (low protein 
concentration and cell count), modified transudate (normal or 
mild increase in cell count with increased protein concentration), 
or exudate (increased protein concentration and cell count) is 
important from a pathophysiological standpoint and allows re-
finement of possible differentials for the abdominal disease pre-
sent. Characteristics of peritoneal fluid from healthy sheep and 
goats are similar to cattle: transparent, colorless to slightly yellow, 
, 5 g/dL protein, and less than 5000 to 10,000 cells/mL.10,11 
Peritoneal fluid protein concentration can be measured using a 
refractometer. Other biochemical analyses may include determi-
nation of creatinine (e.g., to diagnose uroperitoneum), L-lactate, 
D-dimer, and glucose concentrations.12,13 Cytologic examination 
is needed to characterize the types of cells present, the morphol-
ogy of those cells, and to assess the presence of phagocytized 
bacteria. Typically, the cell population is made up of large mono-
nuclear cells, lymphocytes, and non-degenerative neutrophils. 
Lymphocytes comprise , 20% of cells present, and a few mast 
cells or plasma cells may be seen.10 Both the absolute number and 
proportion of cell types present need to be considered. Changes 
in peritoneal fluid cytology following exploratory laparotomy, 
rumenotomy, and enterotomy are reported in goats.14–16 Two 
methods can be used. The first technique involves tapping the 
cranial abdomen at its lowest point cranial to the umbilicus and 
slightly to the right of midline (Figure 5.3). This technique is use-
ful in conditions with a significant amount of free fluid such as 
uroperitoneum. When using the cranial abdominal site, one 
needs to avoid the prepuce in males and the mammary veins in 
females.6 The second technique is a four-quadrant approach, as 
ruminants are very proficient at walling off inflammatory and 
infectious foci (e.g., peritonitis), which can hinder successful fluid 
collection. The two cranial sites are slightly caudal to the xiphoid 
and medial to the milk veins on both sides. The two caudal sites 
are slightly cranial to the mammary gland and to the left and right 
of midline.5 For either technique, manual restraint with sedation 
is recommended; the use of real-time ultrasonography may help 
locate fluid pockets. Importantly, amniocentesis or allantocentesis 
can occur at these sites during gestation and caution is warranted.

An 18- to 20-gauge needle or teat cannula can be used for fluid 
collection. The site should be clipped and prepped using sterile 
technique and local anesthesia provided when a teat cannula is 
used. Fluid should be collected in an ethylenediaminetetraacetic 
acid (EDTA) tube for cytological analysis and a sterile red top 
tube or suitable inoculation vial for aerobic and anaerobic culture. 
Abdominal fluid can be difficult to obtain because of the small 
amounts normally present in both small ruminants. It is impor-
tant to minimize the ratio of EDTA to fluid in the sample because 
EDTA can falsely increase the protein levels. Using EDTA tubes 
made for small animals, filling tubes to at least one-quarter full, 
or shaking excess EDTA out of large tubes resolves this problem. 
Air-dried, unstained slides should be prepared and shipped with 
EDTA tubes for samples shipped to an external laboratory for 
analysis.10

Radiography
Radiography of the abdomen can be performed in small rumi-
nants using small animal techniques. In adult small ruminants, 
the rumen normally fills the entire abdomen. In cattle, radiogra-
phy is a useful tool in demonstrating reticular metallic foreign 
bodies and changes suggestive of traumatic reticuloperitonitis.17,18 
Radiography of the abdomen may also demonstrate the displace-
ment, distortion, distention, or superimposition of abdominal 
structures, as well as the presence of soft tissue opacities, gas-fluid 
interfaces, or abnormal gas inclusions.19 Contrast techniques are 
useful for diagnosis of atresia of the rectum or colon. Unlike in 
small animals, contrast techniques are not possible for character-
izing small intestinal problems in small ruminants because the 
rumen dilutes and slows passage of the contrast media.

Ultrasonography
Ultrasonography is well suited for examination of the ruminant 
GIT and other abdominal viscera. Ultrasonography allows the 
characterization of contour, dimensions, content, and motility 
patterns of the forestomach and intestines, as well as the presence 
of masses, intraluminal and free abdominal fluid, and lesions 
within the parenchyma of abdominal viscera. Ultrasonography 
also can be used to guide fluid and tissue sampling for abdomino-
centesis and biopsy of organs or masses, respectively.20 Normal 
parameters for the forestomach compartments, small and large 
intestines, liver, and spleen have been described in small rumi-
nants.21,22 Imaging is best achieved using a linear or convex trans-
ducer with a frequency of 3.5 to 5.0 MHz. The reticulum is im-
aged in the cranioventral abdomen, bilaterally, as a crescent-shaped 
structure immediately adjacent to the diaphragm. Goats demon-
strate monophasic, biphasic, and triphasic reticular contrac-
tions.23 The rumen is visualized in the 8th through 12th intercos-
tal spaces (ICS) and flank on the left, and from the 12th ICS and 
flank on the right. The rumen wall appears as a thick echoic line, 
and the ability to differentiate the gas cap, fiber mat, and fluid 
layer is variable. Rumen motility is discerned indirectly by 
changes seen in layering of the ruminal content. The dorsal and 
ventral rumen sacs are most easily distinguished caudally by the 
presence of the longitudinal groove.24 The omasum is found on 
the right side from the 6th to 11th ICS (mainly in the 8th and 
9th ICS), appears as a crescent-shaped echoic line medial to the 
liver, and moves passively with respiration due to its proximity to 
the diaphragm. Due to the gaseous nature of omasal content, the 
omasal leaves and omasal wall furthest from the transducer cannot 

• Fig. 5.3 Ventral and caudal sites for performing abdominocentesis. The 
needle indicates the ventral site. The caudal site is the clipped area below 
the flank.
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be visualized.25 The abomasum is visualized along the ventral 
midline and to the left and right paramedian areas as a heteroge-
neous, moderately echoic structure with echogenic stippling.  
Visualization of abomasal folds as prominent echoic bands is pos-
sible in approximately two-thirds of goats.26 Examination of the 
small intestine takes place from the 8th to 12th ICS and the flank 
on the right side, from dorsal to ventral midline. Similarly, the 
large intestine (i.e., spiral colon and cecum) is visualized in the 
right flank. The descending duodenum can be differentiated 
based on proximity to abdominal wall and location between two 
serosal layers of greater omentum, whereas the jejunum and ileum 
cannot be differentiated from each other. Normal luminal diam-
eters and wall thickness of the small intestine are described in 
normal goats.27 The spiral colon and cecum are visible in the cau-
dal right flank. The spiral colon often located medial to the small 
intestine, is garland-like in appearance, and visualization of only 
the wall closest to the transducer is possible due to intraluminal 
gas, which is also true of the cecum.27 Ultrasonography of the 
liver for position, parenchymal and surface appearance, as well as 
visualization of the caudal vena cava, portal vein, and gall bladder 
are evaluated on the right side between the seventh and ninth ICS 
(largest visible extent of liver) and variably between the fifth to 
sixth and the 10th to 12th ICS. The parenchymal pattern of the 
normal liver consists of numerous fine, homogeneous echoes 
(Figure 5.4). On cross-section, the caudal vena cava is triangular 
in shape and is visualized in approximately 75% of goats in the 
11th and 12th ICS. The portal vein always has a more ventral 
position and is closer to the liver surface compared with the cau-
dal vena cava. It is circular to oval in cross section, with stellate 
ramifications into the liver parenchyma, and typically is visualized 
in all ICS in which liver is visible. The gall bladder is variable in 
shape and size, depending on amount of bile present and is visual-
ized in most goats from the 9th to 10th ICS.28 The spleen is 
visualized on the left side from the 11th and 12th ICS, situated 
between the rumen and abdominal wall. The parenchymal  

pattern consists of numerous, homogeneous, weak echogenic 
shadows.29 Description of ultrasonography of the urinary and fe-
male and male genital tracts can be found in Chapters 12 and 8, 
respectively.30

Other Imaging Modalities
Although limited in its availability to referral centers, character-
ization of the thorax and abdomen in goats using computed 
tomography (CT) has been described.31–34 Use of CT and mag-
netic resonance imaging (MRI) is of considerable expense and 
requires general anesthesia in most cases. However, given the use 
of sheep and goats as animal models for human medicine, as 
well as the growing popularity of goats as companion animals, 
the application of these imaging modalities will likely continue 
to increase.

Laparoscopy
Laparoscopy is more commonly used as a reproductive tool, but 
it also can be used diagnostically as an alternative to exploratory 
laparotomy in small ruminants.17–21 General anesthesia is recom-
mended to allow more inflation of the abdominal cavity and thus 
a more thorough examination, but laparoscopy can be done with 
sedation and local anesthesia at portal incision sites. The tech-
nique for laparoscopic exploration of the abdomen used for cattle 
and llamas can be modified for use in sheep, goats, and cer-
vids.18–21 Laparoscopic evaluation of the abdominal cavity is usu-
ally done via a ventral approach with the animal secured in dorsal 
recumbency. The abdominal cavity can be inflated with CO2 by a 
needle, teat cannula, or after placement of a laparoscopic cannula. 
A time-saving method is to use suture to make a “bite” through 
the skin and into the external rectus sheath which can be used to 
tense the body wall. A stab incision can then be made in the skin 
and external rectus sheath before introducing a guarded trocar 

A B

• Fig. 5.4 A. Ultrasound image of the right abdomen obtained from the right eighth intercostal space in a 
3-year-old La Mancha cross doe, showing the right liver lobe with the characteristic hepatic and portal 
veins represented by the small, tubular anechoic structures within the liver parenchyma. The ventral bor-
der of the lung is seen on the left side of the image. This ultrasound scan was obtained using a 7-MHz 
microconvex transducer. Dorsal is to the left of the image. B. Ultrasound image of the right abdomen 
obtained from the right ninth intercostal space of the same animal as in A, demonstrating normal right liver 
lobe and gallbladder. The gallbladder appears as an anechoic, fluid-filled structure directly adjacent to the 
right liver lobe. This ultrasound scan was obtained using a 7-MHz microconvex transducer. Dorsal is to 
the left of the image. (Courtesy Dr. Karine Pader, Purdue University.)
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into the abdominal cavity while tensing the abdominal wall with 
the previously placed suture. The laparoscope can then be  
placed through the trocar and the abdomen inflated while visual-
ized through the scope. The clinician places the cannula in the 
inguinal area as described for laparoscopic insemination (see 
Chapter 8). This technique allows a more efficient use of time and 
minimizes the likelihood that the omentum will be “ballooned”. 
Laparoscopic placement into the right side allows visualization of 
most of the abdominal organs (Figure 5.5 A, B, C). Obviously, 
the clinician should avoid the rumen when introducing the lapa-
roscope into the abdomen. This procedure may be enhanced by 
lowering the head or rear of the animal, allowing better visualiza-
tion of the entire abdomen. Visualization of the abdominal cavity 
and the ability to manipulate organs will be greatly improved by 
fasting the animal 24 to 48 h or at least decreasing the bulk in the 
diet. Respiration must be monitored closely, and assisted ventila-
tion should be available during this procedure because inflation of 
the abdomen and lowering of the head can put pressure on the 
diaphragm.

Exploratory Laparotomy
Exploratory laparotomy can be a valuable diagnostic tool in 
evaluating gastrointestinal diseases when other tests indicate ab-
dominal disease. It is often indicated in the ruminants presenting 
for acute abdomen. In some cases, therapeutic surgical proce-
dures can be performed at the same time. The technique of ex-
ploratory laparotomy used in cattle can be adopted for small 
ruminants with the understanding that these animals are more 
likely to lie down during surgery. Therefore, standing surgery is 
the exception, with most performed with the patient in lateral or 
dorsal recumbency.

For this procedure, small ruminants should be heavily sedated 
or placed under general anesthesia. Use of a high-volume lumbo-
sacral epidural can augment sedation and minimize the use of 
inhalant anesthetics needed. The use of perioperative antimicrobi-
als and nonsteroidal antiinflammatories (NSAIDs) should be 
based on the clinical status of the animal, diagnostic findings 
found at surgery, as well as the environment in which the surgery 

A B
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• Fig. 5.5 A laparoscopic examination (performed using a 10-mm-diameter direct vision scope) of the 
abdomen in a 2-year-old Pygmy buck. A. The muscle fibers of the diaphragm are evident cranially in the 
center of this photograph. A small part of the liver is in the lower left of the image. B. The larger organ in 
the center of this photograph is the cecum. It normally appears darker in comparison with other portions 
of the intestine and contains ingesta of a doughy consistency. C. This photograph shows part of the liver 
on the right body wall.
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takes place. Antimicrobial agents are not necessary for elective 
exploratory surgery performed aseptically, in a hospital setting, 
and without complications. However, antimicrobials are indi-
cated under field conditions if infection is present, and if the 
forestomach or intestinal tract is opened (i.e., clean-contaminated 
surgery). A combination of ceftiofur (1.1–2.2 mg/kg intravenous/ 
intramuscular/subcutaneous [IV/IM/SC] twice a day) and pro-
caine penicillin G (22,000 IU/kg IM twice a day) or potassium 
penicillin (22,000 IU/kg, IV, every 6 h) can be administered  
until clinicopathological tests and bacterial culture results indicate 
an absence of infection. Use of NSAIDs (e.g., flunixin meglu-
mine, 1.1 to 2.2 mg/kg, IV, every 12–24 h) for pain control  
and potential antiendotoxemia effects should be utilized when 
indicated. Other medications for control of pain may be required 
in some small ruminants, such as the short-term use of opioids 
(see Chapter 18). Postoperative care should include fluid therapy and 
rumen support (e.g., transfaunation, B-vitamins, highly palatable 
diet) in depressed and anorectic patients.

Liver Biopsy
Liver biopsy in sheep, goats, and cervids is performed using a 
similar technique used in cattle, but access to the liver in small 
ruminants is more limited. Therefore, whenever possible, ultra-
sound guidance is recommended. The biopsy is performed in the 
standing animal that is well restrained and sedation used as neces-
sary. The recommended biopsy site is the ninth intercostal space 
slightly above an imaginary line drawn from the point of the elbow 
to the craniodorsal angle of the paralumbar fossa (Figure 5.6).6 
Other techniques, including laparoscopic liver biopsy are de-
scribed.35–39 The site should be surgically prepared and a local an-
esthetic (2% lidocaine) infused subcutaneously. A small scalpel 
blade is used to make a stab incision through the skin. A 14-gauge, 
11.5-cm liver biopsy instrument (e.g., Tru-Cut biopsy needle) is 
inserted through the incision and the intercostal muscles and into 
the liver. The biopsy instrument is directed toward the opposite 
elbow, but the use of real-time ultrasonography greatly aids in de-
termining the direction and depth needed (2 to 4 cm).5 Perfora-
tion of the gall bladder as well as large vessels along the caudal 
border of the rib should be avoided. Samples can be submitted for 
culture (in a sterile plastic or glass tube), histopathologic study (in 

formalin, at a 10:1 ratio of formalin to tissue), or mineral analysis 
(in a trace element or plastic tube). The laboratory should be  
contacted for appropriateness of sample containers and specific 
instructions. When performing a liver biopsy for mineral  
analysis, the clinician should rinse the biopsy site with distilled  
and deionized water after sterile preparation to minimize sample 
contamination. Samples for mineral analysis should not be placed 
in formalin. Closure of the skin incision can be accomplished by 
suture or stapling, or if it is small enough, the wound can be left 
alone to heal by second intention. Fly repellent should be applied 
to the site as needed. Use of antimicrobials is at the discretion  
of the veterinarian, and should be considered in regions where 
Clostridium novyi or Clostridium haemolyticum are prevalent.39 
Vaccination status for clostridial diseases should be up-to-date, and 
if there is any doubt, a toxoid vaccine given before or at the time 
of biopsy.

Diseases of the Forestomachs

Bloat
Bloat is less common in sheep compared with cattle, despite sheep 
having more selective eating habits (e.g., leaves over stems) and a 
tendency to select legumes over grasses which would promote the 
occurrence of bloat. Sheep are more tolerant than cattle to non-
scabrous diets, as well as more tolerant of increases in intrarumi-
nal pressure. Dramatic increases in intraruminal pressure in sheep 
results in rapid changes in the frequency and type of ruminal 
contraction patterns responsible for eructation, promoting evacu-
ation of intraruminal gas.40 Goats are less commonly affected than 
sheep, and deer are remarkably resistant to bloat.

Bloat results as a failure in eructation of gases produced by 
microbial fermentation in the rumen. Most commonly, eructa-
tion fails because the gas remains trapped as tiny bubbles through-
out the rumen ingesta (i.e., frothy bloat).41 Other variations of 
this type of bloat include foamy or slime bloat, dependent on the 
class of animal and diet fed (e.g., high concentrate diets).42,43 
Another type of bloat is the build-up of free gas in the rumen with 
concurrent failure to eructate (e.g., free-gas bloat).44 An example 
is the presence of an intraesophageal foreign body (e.g., potato, 
sugar beet) impairing eructation.

Pathogenesis. Acute, frothy bloat commonly occurs in ani-
mals grazing pastures of bloat-provoking forages. These include 
alfalfa, clovers (red, white, alsike, ladino, and sweet clover), and 
certain cereal grains, in contrast to forages relatively resistant to 
bloat such as sainfoin, birds-foot trefoil, and crown vetch.45 Field 
conditions allowing rapid vegetative growth and ingestion of  
legumes during the vegetative (i.e., prebud) stage pose particular 
bloat risk, but bloat can occur on dry forage and at full bloom. 
Bloat-promoting forages are prone to rapid cell disruption and 
degradation with the release of soluble proteins and other constitu-
ents. The highly soluble plant protein ribulose-1,5-bispho sphate 
carboxylase/oxygenase is especially important in contributing to 
the formation of stable foam in the rumen.46,47 This entrapment 
of gas within the rumen contents is the primary cause of frothy 
bloat. The stable foam prevents the coalescence of gas bubbles as 
well as the clearance of the cardia, impairing eructation. Frothy 
bloat can also occur on high-grain diets with limited roughage 
content. Plant factors that suppress bloat include condensed tan-
nins, higher stem to leaf ratios, and plant lipids.

Reports of frothy or free-gas bloat are rare in farmed deer. A 
low incidence of frothy bloat likely reflects differences in forage 

• Fig. 5.6 Liver biopsy: after the skin is clipped, anesthetized, and asepti-
cally prepared, the surgeon makes a stab incision in the skin and intro-
duces a 14-gauge biopsy needle.
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browsing preferences, feedstuffs, pastures typically utilized on 
farmed deer operations, and an inherent ability of the rumen flora 
and physiology to consume and tolerate high tanniferous forages. 
For example, deer have a high concentration of proline-rich  
tannin-precipitating protein in their saliva, as well as alterations in 
rumen microflora that accommodate high tannin-containing di-
ets. By forming insoluble complexes with plant proteins, tannins 
limit the production of stable foam in the rumen and prevent 
bloat in cattle, small ruminants, and deer species.48,49

The occurrence of slime (frothy) bloat under feedlot conditions 
(i.e., high grain diets) has a similar pathogenesis with the formation 
of a stable foam in the rumen, preventing eructation. When large 
amounts of corn or other cereal grains (e.g., barley) are fed, an ex-
cess release of mucopolysaccharides and other constituents from 
rumen bacteria and protozoa occurs. This alters the rumen fluid 
viscosity and allows a stable slime (or foam) to form.42,43 Com-
pounding the issue is a reduction in the amount of saliva contribut-
ing to the rumen liquor due to reduced rumination on diets lacking 
adequate fiber. Saliva normally acts as a buffer and limits the forma-
tion of a stable foam. Also, episodes of ruminal acidosis, commonly 
encountered on high-grain diets, can contribute to alterations in 
rumen motility patterns and the development of free-gas bloat.43 

In the case of free-gas bloat, failure to eructate has a variety of 
causes. Physical obstruction of the esophagus with intraluminal 
foreign bodies (e.g., feedstuffs, masses) or extraluminal compres-
sion of the esophagus (e.g., enlarged mediastinal lymph nodes, 
thymoma) can result in bloat, ranging from mild to severe rumi-
nal tympany, depending in the completeness of obstruction. 
Diseases of the rumen wall can result in mechanical disruption of 
normal motility patterns, impairing eructation. Systemic diseases, 
damage to the nerves innervating the esophagus and forestomach, 
electrolyte imbalances, endotoxemia, and pain can impair eructa-
tion.50–52 Use of alpha2-agonists (e.g., xylazine) can impair reticu-
lorumen motility, thereby altering eructation.53,54

Clinical Signs. Clinical signs of frothy bloat and free-gas bloat 
due to physical obstruction of the esophagus can be severe and 
life-threatening compared with bloat due to rumen wall or sys-
temic diseases. Ruminal tympany is observed in the left paralum-
bar fossa which can extend above dorsal mid-line. The animal may 
appear anxious and demonstrate a tense abdominal wall and signs 
of colic. Changes in abdominal contour may be subtle and diffi-
cult to fully appreciate in heavily fleeced animals. The rumen may 
be either hypomotile or hypermotile. Due to compression of the 
diaphragm and lungs, respiratory distress with flaring of nostrils, 
open mouth breathing, and an altered stance are common. Death 
can be rapid if ruminal tympany is left untreated.40,50

Diagnosis and Treatment. Bloat is a medical emergency, ne-
cessitating decompression of the rumen and stabilizing the animal 
before a thorough workup is performed. If the animal is not in 
immediate danger of dying, an orogastric tube can be passed. 
Most cases of free-gas bloat are relieved with passage of the tube. 
A thorough history and complete physical examination are then 
indicated to find the cause of the free-gas bloat. If the bloat is not 
relieved with passage of an orogastric tube, the tube should be 
removed and examined for evidence of froth. Frothy bloat can  
be treated with poloxalene (44 mg/kg) or dioctyl sodium sulfosuc-
cinate (DSS) (28 mL [1 oz]) delivered by orogastric tube. If frothy 
bloat is due to high-concentrate feeding, the pH is less than 5.5 
and may be treated with mineral oil (100 mL, PO) and/or polox-
alene. In emergency situations, other surfactants and detergents 
may be attempted, including peanut oil (20 to 50 mg/kg), vege-
table oil (100 to 200 mL), and hand soap (10 mL).

If the animal is in severe respiratory distress, the clinician 
should insert a trocar or large needle into the rumen at the para-
lumbar fossa. If gas does not escape, or froth is seen coming out 
of the trocar, an emergency rumenotomy is indicated. With oc-
currence of bloat in multiple animals of a pastured group, the 
entire group should be removed from the pasture and reintro-
duced slowly after gradual acclimation. If only one or two cases of 
bloat are encountered, the healthy animals can remain on the of-
fending pasture, but grazing should be limited to ensure gradual 
acclimation.

Prevention. Prevention of frothy bloat includes pasture man-
agement and use of antifoaming agents. Cultivated pastures 
should be seeded to grass-legume mixtures, with fertilizing and 
grazing management maintaining 50% or less of bloating legumes 
on pasture, depending on the incidence of bloat, as this percent-
age may need to be decreased to , 25 to 30%.41 Use of non-
bloating legumes in grass mixes may be used depending on  
geographic location as well as nutritive and carrying capacity  
of pastures required. Under intensive grazing conditions, manage-
ment of exposure (e.g., creep, swath grazing with 24–48 h  
of wilting) and use of legume varieties engineered to possess  
less bloat risk can be utilized (e.g., AC Grazeland).55,56 Grazing 
legumes with high leaf-tannin concentrations (e.g., arrowleaf clo-
ver, kudzu) usually are safer because tannins form insoluble com-
plexes with legume proteins, which help break down stable foam 
in the rumen.41 Monitoring of pasture conditions and recognizing 
weather events that impact the incidence of bloat should be 
viewed with respect to effects on plant growth. Examples are the 
avoidance of grazing during the presence of heavy dew (morning 
and evening), recent heavy rains, and frost. Important is the rec-
ognition that alfalfa still poses a bloat risk even after a killing frost 
and the observation of the predominant forage present on pas-
tures in order to assess the bloat risk (e.g., regrowth of alfalfa faster 
than grasses in the fall or the selective grazing habits of  
the herd).45

Limiting access to offending pastures and feedstuffs, with slow 
introduction over the course of 2 to 3 weeks, should be carried 
out. Prior to introduction to offending pastures or feedstuffs (and 
when intermittently housed off pastures, e.g., overnight), sheep or 
goats should be fed to satiety with a coarse roughage. Offering 
supplemental roughage (e.g., grass or cereal hays) while on bloat-
provoking pastures can be attempted but ensuring intake can be 
problematic and economically cost prohibitive.

Natural and synthetic surfactants are effective in preventing 
bloat when administered at the recommended levels. Use of po-
loxalene is widely used in cattle and appears to be efficacious in 
sheep, although the level required in sheep may be higher per unit 
of bodyweight (BW) compared with cattle and more variable in 
its control.57 Inclusion of poloxalene in concentrate feed mixes as 
either a top-dressing or as pelleted premix can be fed twice daily 
at a rate of 2 to 4 g/100 kg BW. Water-soluble formulations de-
livered in metered-water sources have been found efficacious in 
grazing sheep and are available in other countries.56,58 Inclusion in 
mineral supplements (e.g., salt molasses blocks, liquid molasses 
lick feeders) is another alternative. However, ensuring adequate 
intake of poloxalene from water sources and mineral blocks can 
be variable and should be monitored under extensive grazing 
conditions, with blocks most useful in small pastures. The efficacy 
and economic validity of these uses in small ruminants have not 
been critically evaluated under field conditions. Caution is war-
ranted with respect to copper levels in minerals intended for cattle 
use when used in small ruminants. Use of poloxalene-containing 
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products should be continued for 1 to 2 weeks prior to moving 
animals onto bloat-promoting pastures.

Oils (e.g., soybean, corn, peanut, olive) and emulsified tallow 
also exhibit good bloat control. However, disadvantages include 
rapid degradation in the rumen, requiring large doses. Mineral oil 
is effective but is problematic due to its laxative effect and impair-
ment of vitamin A metabolism in the rumen.

Free-gas bloat from concentrate feeds can be controlled by 
slow introduction to these feeds to allow for rumen adaptation, 
proper balancing of a ration, type of grain and its processing, and 
bunk management, as well as the inclusion of ionophores in the 
diet.43 Monensin (15 mg/head/day in sheep and 1 mg/kg/day in 
goats) and lasalocid (0.5 to 1 mg/kg/day in sheep and goats) both 
decrease the formation of free ruminal gas.59 By enhancing propi-
onic acid formation, these drugs not only reduce the amount of 
methane produced in the rumen but also improve the efficiency 
of nutrient assimilation from feedstuffs.43

Bloat in lambs and kids can have the same causes as in adults 
but also can be caused by improper milk feeding. Overfeeding, 
feeding of large infrequent meals, and feeding spoiled or cold milk 
have all been associated with bloat in lambs and kids. Rapid over-
distention of the abomasum and improper chemical or physical 
composition of milk replacers both will inhibit rumen motility, 
leading to bloat. Even though the feeding of cold milk has been 
associated with bloat, the practice can be used effectively in or-
phan feeding programs. Lambs and kids tend to limit their intake 
of cold milk after they have become accustomed to a free-choice 
feeding system that delivers refrigerated milk. Milk usually is 
placed in the rumen when animals are tube-fed; this may result in 
milk spoilage.

Simple Indigestion
Simple indigestion is a mild form of upset of reticulorumen func-
tion caused most often by a change in feed. This can be the sud-
den addition of grain or other concentrates to the diet, or altera-
tion of the energy provided, such as a change in grain processing. 
Changes in pasture and hay or ingestion of toxic plants or moldy 
hay or grain can also cause simple indigestion. Clinical signs in-
clude reduced feed intake to anorexia, diarrhea, and bloat, which 
are mild in their characteristics and short-lived, often resolving 
within 1 to 2 days. Minimal to no changes in rumen fluid char-
acteristics may be observed depending on the cause. Most mild 
cases of simple indigestion resolve without therapy. Appropriate 
steps should be taken if the cause can be identified.

Rumen Acidosis
Ingestion of rapidly fermentable sugars and starches, such as corn 
and small cereal grains (e.g., barley, wheat, oats) as well as bread, 
candy, apples, and fruits can result in dramatic changes in ruminal 
fermentation and the development of ruminal acidosis. The com-
mon name for this condition is “grain overload”. The type of  
grain processing (e.g., flaking, rolling) reduces the size of the feed 
particles and allows more rapid fermentation by rumen bacteria. 
Rumen acidosis commonly follows excessive consumption of  
offending feedstuffs (accidental or inappropriate ration formula-
tion), abrupt changes in the diet not allowing for adaptation of 
the rumen microflora, inconsistent delivery of ration, or mixing 
errors. The severity of the disease depends on the composition of 
the feed, particle size, amount of feed consumed, and the period 
of adaptation to the diet.

Pathogenesis. Under normal conditions, a low concentration 
of lactate is found in the rumen and is rapidly metabolized by lac-
tate utilizers such as Selenomonas ruminantium and Megasphaera 
elsdenii. The introduction of high-concentrate diets with rapidly 
fermentable sugars and starches leads to unbalanced ruminal  
fermentation and the accumulation of lactic acid.60 Initially, the 
excess fermentable carbohydrates cause a general increase in the 
growth rate of all bacteria with a resultant increase in volatile fatty 
acid (VFA) production, which lowers ruminal pH. Bacterial species 
tolerant of lower ruminal pH, specifically Streptococcus bovis, out-
pace other bacterial species, resulting in increased lactate produc-
tion. An increase in lactate concentration further decreases the ru-
men pH, and eventually it falls to a level where death of protozoa 
and gram-negative bacterial spp. occurs. In addition, the growth of 
S. bovis is inhibited and only very acid tolerant lactate-producing 
Lactobacillus spp. predominate. The rumen pH can decrease to 5, 
and in severe cases to less than 4.0. Lactate production (L- and  
D-isoforms) continues to increase.61,62 The osmolality of the rumen 
fluid increases which pulls fluid from the systemic circulation and 
interstitium into the rumen. Stasis of reticulorumen motility, mu-
cosal damage, and absorption of lactic acids, inflammatory media-
tors, as well as bacteria and endotoxins into the peripheral circula-
tion results.63–65 Clinically, dehydration, hypovolemic shock, acute 
inflammatory response, and metabolic acidosis result.63 Depending 
on the severity of metabolic derangement, thiamine deficiency and 
the development of polioencephalomalacia (PEM) can occur.66 
Sequelae of severe ruminal acidosis or recurrent bouts of subacute 
ruminal acidosis may include laminitis, mycotic ruminitis, and oc-
casionally liver abscessation; although, the latter is far more com-
mon in cattle than in small ruminants.65,67–69

Clinical Signs. Clinical manifestations vary with the amount 
and type of feed ingested and the time since ingestion. Clinical 
signs first appear 12 to 36 h after ingestion of the offending  
feed, ranging from anorexia, depression, reduced rumen motility, 
nasal discharge, and diarrhea. The presence of weakness, ataxia, or 
recumbency can develop in animals suffering from circulatory 
shock and severe metabolic derangements. Dehydration usually is 
severe, and evidence of toxemia is present (e.g., tachycardia, al-
tered body temperature, infected mucous membranes, and scleral 
vessels). Rumen stasis, ventral abdominal distension, and a fluid-
filled rumen are found on abdominal auscultation and percussion. 
Signs of abdominal pain, such as bruxism, stretching, and kicking 
at belly may be observed. Osmotic diarrhea commonly occurs, 
which can worsen the severity of dehydration. Diarrhea can range 
from pasty feces to soupy, watery diarrhea with the presence of 
whole grain/corn. Neurological deficits such as blindness, ataxia, 
head pressing, opisthotonus, seizures, and other abnormalities can 
develop due to thiamine deficiency PEM, as well as other meta-
bolic derangements and endotoxemia.

Diagnosis. Examination of rumen fluid should be carried out 
in suspected cases of ruminal acidosis. Rumen fluid is milky col-
ored, foul smelling with acidic odor, and has a reduced pH (below 
5.5). Protozoa numbers and types are markedly reduced with 
poor to absent motility. Methylene blue reduction time is mark-
edly prolonged (. 9 minutes) in most cases. The normal 60:40 
ratio of gram-negative to gram-positive bacteria is altered with a 
predominance of Gram-positive rods (Lactobacillus spp.). Rumen 
lactic acid concentration is increased.62 Clinicopathologic labora-
tory data include hemoconcentration (increased PCV and total 
protein), prerenal azotemia, and metabolic acidosis, characterized 
by a low blood pH, low blood bicarbonate concentration, and a 
negative base excess.62,70 Renal compensation results in acidic 
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urine production after 12 h, along with an increase in urine- 
specific gravity.70 Dehydration and impaired tissue perfusion, as 
well as an overwhelming delivery of inflammatory mediators and 
endotoxins to the liver can result in increased liver and muscle 
enzymes, depending on the severity of the disease. Changes in the 
leukogram and acute-phase proteins reflect an acute inflammatory 
response, ranging from normal to a degenerative left shift as well 
as increases in haptoglobin, ceruloplasmin, and reduced albumin 
concentration.63 The transketolase test performed on peripheral 
blood can be used to determine the active thiamine status of the 
animal.66 Increases in cerebrospinal fluid (CSF) leukocyte counts 
and total protein have been reported in sheep.71

Treatment. Treatment is aimed at correcting dehydration, 
metabolic acidosis, toxemia, and shock as well as the removal or 
neutralization of the offending feedstuff. Use of IV isotonic crys-
talloids supplemented with bicarbonate should be administered. 
Ideally, bicarbonate supplementation would be based on serum 
biochemistry analysis but can be empirically based on estimated 
base deficit. In certain instances, calcium may be indicated and 
can be added to the IV fluids (as calcium gluconate). The clinician 
should avoid mixing calcium salts and sodium bicarbonate.  
Administration of parenteral NSAIDs to alleviate pain and poten-
tiate toxemia are indicated (e.g., flunixin meglumine 1.1 to  
2.2 mg/kg, IV). Use of parenteral antibiotics is indicated in most 
cases, given a high likelihood of bacterial translocation and bacte-
remia. The systemic antimicrobial of choice is penicillin (procaine 
penicillin G, 22,000 IU/kg, IM, q12h, or potassium penicillin 
22,000 IU/kg, IV, q6h) due to anaerobes being the most likely 
offending organisms. Use of oral fluids to restore hydration is 
contraindicated and counterproductive, as fluid absorption is 
impaired, and administration can worsen rumen distention and 
abdominal discomfort. Administration of agents to neutralize the 
rumen pH, such as magnesium hydroxide and magnesium oxide 
(1 g/kg, PO) can be sufficient in mild cases. However, if much of 
the feed is still in the rumen, these two alkalinizing agents will 
only work temporarily. The use of oral antibiotics is likely coun-
terproductive, as their administration negatively impacts the re-
growth of the healthy rumen microflora. Oral antibiotics are 
contraindicated as they have poor bioavailability (e.g., neomycin). 
If available, the animal should be transfaunated daily with rumen 
fluid from a healthy donor until rumen motility and appetite are 
restored. More effective, is the prompt removal of the offending 
feedstuff in order to curtail fermentation. Ruminal lavage is likely 
futile in most small ruminants, given the size limitation of orogas-
tric tubes to allow sufficient bore diameter without becoming 
blocked with feed. Rumenotomy is indicated in severe cases of 
ruminal acidosis to remove the offending feed.

After the rumen pH is corrected, transfaunation of the sheep or 
goat with 1⁄2 to 1 L of rumen fluid from a donor animal (cow or 
small ruminant) is beneficial. Thiamine supplementation (vitamin 
B1, 10 mg/kg, SC, q6–8h) is indicated until rumen function is 
restored and is of utmost importance in animals demonstrating 
clinical signs suggestive of PEM. Supportive care should also in-
clude provision of grass hay and water when rumen motility returns 
in order to prevent excessive ruminal distention. With aggressive 
treatment, the prognosis for short-term survival is good. Delays in 
seeking medical treatment can result in poor outcomes and death 
in severe cases. Sequelae to ruminal acidosis (previously discussed), 
can significantly impact long-term survival and production.

Prevention. Prevention must involve addressing inappropriate 
management practices that put animals as risk for the develop-
ment of ruminal acidosis, especially in classes of sheep and goats 

being fed high-grain rations (e.g., club lambs, feedlot lambs, dairy 
goats). A balanced diet with adequate forage and fiber should be 
formulated, properly mixed, and consistently delivered, along 
with adequate feeder/bunk space. The crude fiber content should 
constitute a minimum of 20% of the diet’s total digestible nutri-
ents (TDN). For example, if the TDN is 75%, the minimum 
acceptable crude fiber is 15%. Crude fiber levels lower than this 
can be fed for short periods if the rumen is properly adapted, but 
problems may nevertheless occur. In sheep and goats unaccus-
tomed to high-concentrate rations, gradual introduction to in-
creasing rates of inclusion should take place over several weeks, to 
allow for adaptation of the rumen microflora. In addition to a 
well-formulated ration, inclusion of rumen modifiers such as buf-
fers, yeasts, and direct-fed microbials may also be utilized. Rumen 
buffers may improve milk production, increase feed intake, and 
increase rate of gain. Sodium bicarbonate probably is the most 
commonly used buffer; it can be offered on a free-choice basis or 
included in the diet as 1% of dry matter intake. Calcium carbon-
ate or limestone (both of which have low rumen solubility) and 
magnesium oxide (which has poor palatability) also can be in-
cluded in the feed. Magnesium oxide should be limited to 0.5 to 
0.8% of the dry matter intake.

In the United States, direct-fed microbials refer to a source of 
live (viable), naturally occurring microorganisms which are used 
for supplementing microbes and modulation of the rumen micro-
biota, with the goals of maintaining a stable rumen pH, decreas-
ing lactic acid, optimizing VFA production, and improving nutri-
ent digestibility. Single or mixed bacterial cultures, as well as 
different species of yeasts can be found in commercial products, 
including Lactobacillus acidophilus, Propionibacterium freuden-
reichii, Megasphaera elsdenii, and Saccharomyces cervisiae.72 Use of 
a yeast-based culture (S. cerevisiae) demonstrated a positive effect 
in the treatment and prevention of ruminal acidosis and potential 
sequelae in sheep under experimental conditions.73,74 However, 
much research is needed as to the efficacy and proper use of pre- 
and probiotics in small ruminants.75

Reticulitis, Rumenitis, and Parakeratosis
Pathogenesis. Reticulitis and ruminitis can result from chemical 

or mechanical damage to the mucosal lining of the reticulorumen. 
The most common cause of chemical damage in sheep and goats is 
rumen acidosis. Rumenitis associated with a high carbohydrate 
supplemental feed has also been reported in white-tailed deer.76 
However, ingestion of caustic toxins also can damage the mucosa. 
Mechanical damage can occur from ingested foreign bodies or ru-
men bezoars. In cattle, viruses such as the agents of bovine virus diar-
rhea and infectious bovine rhinotracheitis can infect the rumen wall. 
Similar viruses have yet to be identified in sheep and goats.

After the mucosa has been damaged, secondary infection by 
bacteria or fungi can occur. Previous treatment with oral antibiot-
ics may predispose animals to development of fungal infections  
of the rumen wall, especially if the mucosa is already damaged. 
Actinobacillosis, actinomycosis, and tuberculosis rarely affect the 
rumen wall. Tumors of the rumen wall also have been reported. 
Not all of these causes of reticulitis and ruminitis have been re-
ported in sheep, goats, and cervids, but all are potential problems.

Clinical Signs. The clinical manifestations of these diseases are 
vague. Anorexia and forestomach hypomotility may be the only 
clinical signs.

Diagnosis. Confirming a diagnosis of these diseases also may 
prove difficult. Samples of rumen fluid may show only changes  
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associated with anorexia (alkaline pH, decreased numbers and mo-
tility of protozoa, prolonged MBR time; see Table 5.1 for normal 
values). Occasionally, fungal organisms may be seen on Romanowski  
(Diff-Quick)-stained slides of rumen fluid. In such cases, a diagnosis 
of fungal ruminitis should be made. An exploratory laparotomy and 
rumenotomy may be required to identify foreign bodies or masses. 
Rumen parakeratosis is characterized by dark, thickened, and 
clumped rumen papillae. It is seen mainly in feedlot lambs that 
consume finely ground or pelleted rations. The parakeratotic rumen 
papillae are fragile and vulnerable to damage which can increase the 
risk for development of rumenitis (Figure 5.7).

Treatment and Prevention. Treatment depends on the incit-
ing cause. Dietary changes should be made to decrease energy 
density and increase fiber intake. Mild ruminitis may subside with 
time and supportive care (e.g., transfaunation, fluid support, 
high-quality feed). Fungal rumenitis can be treated with oral thia-
bendazole, 25–44 mg/kg, when available. Severe changes may 
lead to scarring and permanent impairment of rumen function.

Diseases of the Reticulorumen

Traumatic Reticuloperitonitis
Traumatic reticuloperitonitis (hardware disease) is an uncom-
monly reported condition in small ruminants, unlike cattle in 
which hardware disease is a primary cause of vagal indigestion. 
The selective grazing and browsing habits of sheep and goats, re-
spectively, likely limit the intake of sharp, metallic objects such as 
wire, nails, and needles. Goats appear to be affected more com-
monly than sheep.77 Penetration of a foreign body through the 
reticular wall can result in reticulitis, localized or diffuse peritoni-
tis, abscessation and adhesion formation, as well as the develop-
ment of pleuritis, pericarditis, or myocarditis if the foreign body 
penetrates the diaphragm into the thoracic cavity. Clinical signs 
include depression, anorexia, poor body condition, reluctance to 
ambulate, altered rumen motility (e.g., bloat, vagal indigestion), 
and abdominal pain.78 Involvement of the pleura or pericardium 
can present with signs of respiratory distress and heart failure.79 

Abscessation and draining tracts of the thorax and forelimbs may 
be present.77 A thorough workup is required to determine the 
cause of vagal indigestion and the potential internal sites involved. 
This may include the use of radiographs and ultrasound, as these 
imaging modalities will help determine the extent of infection 
and the most suitable approach to treatment. An exploratory 
laparotomy can be both diagnostic and therapeutic. Physical ex-
amination and diagnostics will direct the surgical approach used 
(e.g., left versus right flank), as well as the need for a rumenotomy. 
Most animals will require stabilization with fluid therapy as well 
as long-term antibiotics and supportive care. Reticuloperitonitis 
carries a guarded to poor prognosis.78,80

Rumen Impaction
Rumen impaction as the result of feeding inappropriate forages or 
feedstuffs (e.g., high fiber diets with low digestibility; Ficus esqui-
roliana), sand ingestion, or consumption of indigestible foreign 
material (e.g., plastic) can lead to the disruption of normal reticu-
lorumen motility and function, as well as partial or complete 
blockage of the omasal orifice.81,82 Malnutrition and unbalanced 
dietary habits results in pica and ingestion of indigestible foreign 
materials and is of growing concern worldwide. Goats reared  
in suburban and urban environments are particularly at risk.83 
Clinical manifestations are non-specific, such as depression, weak-
ness, anorexia, and ruminal atony. A firm rumen can usually be 
palpated in the left flank. Signs of vagal ingestion such as ruminal 
tympany and scant dry feces may be present. Prolongation of 
methylene blue reduction time reflects poor anaerobic fermenta-
tion in the rumen.82 Oral fluids containing magnesium sulfate 
(60 g), mineral oil, or DSS administered daily for a week may 
resolve fibrous and sand impactions, but a rumenotomy is re-
quired in severe cases and for impactions involving indigestible 
foreign materials. Prevention includes use of feed troughs and 
racks to elevate feedstuffs off the ground to minimize sand intake 
as well as ensuring a properly formulated diet, including the pro-
vision of a loose mineral source.84

Rumenotomy. Exploratory celiotomy is both a diagnostic and 
therapeutic intervention in ruminants with vagal indigestion. The 
decision to perform a standing left or the right flank, or use of 
other positions in recumbency, will be dictated by physical ex-
amination, clinicopathological tests, and the temperament and 
stability of the patient. A standing or recumbent left flank celi-
otomy and rumenotomy is suited for type II vagal indigestion 
(e.g., hardware disease, perireticular abscess). A right-sided ap-
proach (right flank, right paramedian, or right paracostal) for  
exploratory celiotomy is suitable for type III and IV vagal indiges-
tion (e.g., abomasal impaction, pyloric obstruction). Many small 
ruminants may become recumbent during a standing flank ap-
proach. Recumbency can be facilitated by using a lumbosacral 
epidural anesthesia and sedation or by inhalant general anesthesia 
in very fractious animals. In nonemergent situations, the rumen 
fill should be minimized by withholding feed for 24 h. However, 
many cases present as an emergency. Perioperative antibiotics 
should be administered and be efficacious against anaerobes. Ex-
amples commonly used include procaine penicillin, ampicillin, 
and oxytetracycline. Use of nonsteroidal anti-inflammatories (e.g., 
flunixin meglumine, meloxicam) is indicated perioperatively. IV 
fluids should be used to correct dehydration and cardiovascular 
shock, both concurrent with and following surgery, as needed.

A brief description of a left flank celiotomy and rumenotomy 
is described herein.78,85–87 In-depth review of other surgical and 

•  Fig. 5.7 An 8-year-old female white-tailed deer’s rumen showing en-
larged ruminal papillae. The pen-raised doe had signs of chronic acidosis/
ruminitis prior to death. She was in a pen with other does being offered an 
ad lib grain/carbohydrate feed with minimal forage. The rumen had en-
larged, hardened, and fused together papillae, and diffuse, severe ruminal 
hyperkeratosis. (Courtesy of Dr. Kelley Steury, ALVDL, Auburn, AL.)
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laparoscopic celiotomy approaches can be found elsewhere. The 
surgical site encompasses an area including the last two to three 
intercostal spaces cranially to the paralumbar fossa, extending 
caudally to the tuber coxae, and from dorsal midline to the lower 
abdomen. The surgical site is clipped and aseptically prepared.

A routine vertical incision is made through the skin and  
abdominal muscles in the middle of the left paralumbar fossa. 
Because the abdominal wall is relatively thin, and the rumen may 
be very distended, the surgeon should take care not to enter the 
rumen or bowel. To allow exploration and potential evaluation of 
the rumen, the body wall incision must be of adequate size to  
allow the surgeon’s hand and forearm to comfortably enter the 
rumen without undue tension on the rumen wall. Once secured 
and incised, the rumen incision will be smaller than the body wall 
incision and should be considered. Thorough exploration of the 
abdomen should take place before the rumenotomy is performed 
(and is absolutely contraindicated after the rumenotomy is per-
formed). Attention should be paid as to the presence of adhesions 
and perireticular abscesses while palpating the diaphragm and 
reticulum. After abdominal exploration, the rumen is secured to 
the skin by creating a watertight seal with continuous suture. The 
watertight seal is critical in preventing abdominal contamination. 
A monofilament (or coated) type of suture on a cutting needle 
should be used in a Cushing’s pattern. It is important to exterior-
ize a generous part of the dorsal rumen sac to facilitate the cre-
ation of the rumenotomy without disrupting the rumen-to-skin 
seal. To prevent or minimize leakage, the rumen suture bites 
should be through the seromuscular layer but should not pene-
trate the mucosa, which could lead to leakage at closure. The  
suture line is started dorsally at the 12 o’clock position and con-
tinued ventrally until the 6 o’clock position is reached. A similar 
suture line is started on the other side dorsally and continued 
ventrally, overlapping with the initial suture line to prevent gap-
ping and abdominal contamination at the 6 o’clock position. Two 
separate suture lines are used to limit the circumferential decrease 
in lumen size created by one suture line pulled tightly. Once the 
rumen is sutured to the skin, the rumen-skin suture line is care-
fully checked for a good seal (Figure 5.8). The rumenotomy inci-
sion is then made in the center of the exposed, secured rumen 
(Figure 5.9). The rumenotomy incision should be large enough to 
allow entry of the surgeon’s hand into the rumen, but care must 
be taken to ensure inadvertent incision of the skin-rumen seal 
does not take place (e.g., 3-cm ventral to 12 o’clock position and  

extending to 3-cm dorsal to the 6 o’clock position). Once the ru-
men has been secured and opened, no other modifications should 
be made to the rumenotomy. Depending on the character of the 
rumen contents, the rumen can be evacuated by hand or by creat-
ing a siphon with a large-bore stomach tube. The surgeon then 
explores the reticulum and rumen in its entirety, ensuring palpa-
tion of the ruminoreticular fold, esophageal orifice, and omasal 
orifice. All foreign bodies should be removed, regardless of 
whether they are penetrating or nonpenetrating. To facilitate find-
ing ferromagnetic foreign bodies, a magnet can be held in the 
surgeon’s hand while sweeping the reticular wall. An ultrasound 
probe (5-MHz sector) within a rectal sleeve can also be taken into 
the rumen to help identify adhesions and abscesses. Advancement 
of a hand through the reticulo-omasal canal is not typically fea-
sible in small ruminants but may cautiously be attempted in large 
sheep and goats. Confirmed perireticular abscesses tightly adher-
ent to the reticulum can be opened into the reticulum using sharp 
incision.

Closure of the rumen is performed in two layers. Absorbable 
suture in a simple continuous pattern is used to close the rumen 
lumen for the first layer. Surgeon preference may dictate the use 
of a double-layer inverting pattern as described by Niehaus.87 
Once the initial layer of rumen closure is complete, the site is 
copiously lavaged with sterile saline. All soiled materials (e.g., 
gloves, gowns, drapes) are then removed and replaced, and sterile 
instruments used in the second part of closure. The second layer 
of the rumen closure is with absorbable suture in an inverting 
pattern (e.g., Cushing, Lembert). Suture of this second layer 
should start at the 12 o’clock position of the rumen incision, and 
retention sutures securing the rumen to the skin are removed as 
needed to free enough rumen for closure. When the second layer 
closure (Figure 5.10) is complete, the rumen is cleaned with moist 
sponges before being returned to the abdominal cavity. Again, it 
is emphasized that exploration of the abdominal cavity at this 
point is associated with an increased incidence of septic peritonitis 
and is contraindicated. The muscle and skin are inspected for 
gross contamination and cleansed with moist gauzes as needed. 
Routine closure of the muscle layers and skin are performed, 
based on surgeon’s preference. Given that some contamination 
will occur during the procedure, incisional infections should be 
anticipated. The ventral aspect of the skin closure should include 
two to three interrupted sutures to allow drainage, if necessary, 
postoperatively.

• Fig. 5.8 Rumenotomy: the rumen is secured to the skin with a watertight 
seal, ready for the rumenotomy incision.

• Fig. 5.9 Rumenotomy: rumen contents are visible through the rumen-
otomy incision.



74 CHAPTER 5 Diseases of the Gastrointestinal System

The sheep or goat should be observed closely by the clinician 
for signs of complications, including the major complication of 
peritonitis as well as incisional infection, abscessation, or dehis-
cence, and hernia formation. Given the nature of the procedure 
(i.e., clean-contaminated surgery), incisional infections can occur, 
and ventral drainage may need to be established by removing the 
most ventral two to three interrupted sutures of the skin closure. 
The skin sutures can be removed in 10 to 14 days after surgery. 
Antibiotic therapy (e.g., procaine penicillin at 22,000 IU/kg, IM, 
q12h or potassium penicillin 22,000 IU/kg, IV, q6h) should be 
continued for at least 5 days. The need for prolonged antibiotic use 
in uncomplicated cases may be of questionable value in cattle, but 
this has not been critically evaluated in small ruminants.87,88 How-
ever, medical management of concurrent diseases may include 
long-term antibiotic therapy (e.g., treatment of local or generalized 
peritonitis). Postoperative antiinflammatory medication and pain 
control are indicated. Reestablishing rumen flora and rumen mo-
tility using rumen transfaunate as well as maintaining the patient’s 
hydration with oral or IV fluids should be performed.

Diseases of the Abomasum

Abomasitis and Abomasal Ulcers
Several clostridial species are implicated as a cause of abomasitis 
in small ruminants. Sheep are more commonly reported com-
pared with goats. Most cases present as sudden death, with the 
occasional observation of animals with severe abdominal pain, 
depression, and prostration early in the course of disease. Death 
can be within hours. Braxy is a necrotizing and hemorrhagic ab-
omasitis of sheep caused by Clostridium septicum. Overgrowth of 
the clostridial species is proposed to be associated with recent 
frosts, snowfalls, or the feeding of frozen feedstuffs resulting in 
hemorrhagic, necrotic abomasitis with fatal enterotoxemia. Braxy 
is reported in Europe, Africa, and the Middle East and infre-
quently in the United States. Braxy-like lesions caused by C. sep-
ticum have been demonstrated in sheep under experimental con-
ditions as well as naturally occurring disease in lambs, with 
evidence of suppurative abomasitis with extensive edema, emphy-
sema, and necrosis of the abomasal wall on histopathology.89,90

Similar abomasal disease characterized by hemorrhage, necro-
sis, and potential ulcers is reported in pre-ruminant lambs caused 
by Clostridium sordellii, Clostridium fallax, and Sarcina ventriculi. 

A high incidence is observed in 3- to 10-week-old lambs and 
kids.91–95 The presence of severe gaseous distention of the aboma-
sum was often observed in cases with Sarcina-like bacteria, 
whereas hemorrhage and ulcer were more often observed with 
clostridial species.92 Sarcina species are anaerobic, Gram-positive 
bacteria that occur in cubical packets, able to grow at very low pH 
conditions, and ferment sugars with significant gas production. 
The ability to tolerate low pH and the presence of sufficient fer-
mentable carbohydrates in milk or milk-replacer fed lambs and 
kids may allow this bacterial species to overgrow in the aboma-
sum.95 Predisposing factors for abomasal bloat and hemorrhage in 
young lambs and kids may include free-choice milk replacer feed-
ing regimens at inappropriate temperature and frequency as well 
as iron deficiency.95–97 Iron deficiency may promote the ingestion 
of soil-containing clostridial and Sarcina species.

Abomasitis and abomasal ulcers in adult small ruminants, 
apart from clostridial diseases, are poorly documented and likely 
uncommon. Implicated risk factors include abrupt feed changes 
or inappropriately formulated rations (e.g., course feed, pelleted 
feed) with resultant rumenitis and ruminal acidosis. Heavy-metal 
intoxication can produce severe abomasitis and ulceration. Small 
ruminants with systemic illnesses, such as pasteurellosis or preg-
nancy toxemia, may develop abomasal ulcerations.98 The poten-
tial role of a mineral deficiency (e.g., copper) has not been proven. 
Phycomycotic ulceration of the abomasum has been reported in 
sheep. Fungi species involved likely represent secondary invasion 
of disrupted and damaged mucosa due to an underlying digestive 
disturbance.99 Abomasal ulcers have also been reported in white-
tailed deer with ulceration occurring at the abomasal-pylorus and 
at the abomasal-duodenal junction. All deer reported had other 
concurrent disease.100

Clinical Signs and Diagnosis. The diagnosis of these condi-
tions due to clostridial diseases is by postmortem examination. 
Overgrowth of clostridial species occurs quickly after death neces-
sitating timely collection of samples for anaerobic culture and 
molecular diagnostics.

Abomasitis and abomasal ulcers may present with vague clini-
cal signs or be asymptomatic. If abdominal pain is the main pre-
senting sign, other causes of acute abdomen need to be ruled out. 
Bleeding abomasal ulcers may present with melena. No definitive 
antemortem diagnostic tests are available. Fecal occult blood test 
results can be negative in ulcerative disease, as well as confounded 
by the presence of gastrointestinal parasites.101

Treatment. Treatment in suspected antemortem cases of clos-
tridial abomasitis is unsuccessful. Use of therapies for the treat-
ment of stomach ulcers in monogastric animals can prove ineffec-
tive in ruminants, due to the rumen and the delay and dilution of 
medications before they reach the abomasum. Most research on 
oral antacid therapy in ruminants has been carried out in milk-fed 
calves, which presents suitable therapies in preweaned lambs and 
kids. These include coating agents (e.g., sucralfate), acid neutral-
izers (e.g., aluminum and magnesium hydroxide), histamine 
type-2 receptor antagonists (e.g., cimetidine, ranitidine), and 
proton pump inhibitors (e.g., omeprazole).102–104 Use of intrave-
nous formulations of H2-antagonists or proton-pump inhibitors 
(e.g., pantoprazole) may be attempted in sheep and goats but 
likely are cost prohibitive.105,106 Diet formulations contributing to 
underlying mucosal damage should be addressed. Buffers can be 
added to the feed.

Prevention. Vaccinating against clostridial diseases may de-
crease the occurrence of abomasal hemorrhage. Ideally, ewes and 
does are vaccinated prior to parturition to maximize specific  

• Fig. 5.10 Rumenotomy: the final inverted closure of the rumenotomy 
incision.
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immunoglobulins in colostrum consumed by the neonate. Lambs 
or kids on farms where such disease has been a problem can be 
vaccinated with multivalent bacterins against clostridial infections 
during the first week of life.

Abomasal Impaction
Abomasal impaction can occur with the feeding of poor-quality 
roughage, but it can also be seen with foreign body obstruction of 
the pylorus. An example of the latter is the presence of abomasal 
phytobezoars as described in South African goats and sheep.107 
Goats appear to be more commonly affected than sheep, and Boer 
goats are more commonly affected than Angora goats. Pregnant 
animals may be more prone to impaction due to poor-quality 
roughage, whereas younger goats (6–12 months of age) appear  
to be at particular risk for the development of abomasal phytobe-
zoars. In the South African condition, the composition of aboma-
sal phytobezoars is made up of pappus hairs of certain Karoo 
bushes.108

Clinical Signs and Diagnosis. The onset of disease is insidious 
and affected animals usually are anorexic, depressed, and are in 
poor body condition. Distention of the ventral abdomen is char-
acteristic, and in some cases the firm abomasum can be palpated 
through the abdominal wall on the right side. With deep ab-
dominal palpation, the presence of phytobezoars may be appre-
ciable. Sudden death is possible in the case of acute pyloric or 
intestinal obstruction with subsequent rupture of the intestinal or 
gastric wall. Clinicopathologic evaluation may be normal, or mild 
hypochloremic metabolic alkalosis may be present with increased 
rumen chloride concentration.

Treatment. Treatment of abomasal impaction due to poor 
quality forage most often requires dietary changes and oral ad-
ministration of mineral oil. Abomasotomy can be attempted, al-
though it has rarely been reported in small ruminants. For this 
procedure, the animal is positioned in dorsal recumbency and 
placed under general anesthesia. The abomasum can best be visu-
alized through a right paramedian incision. The prognosis is poor 
for both conservative medical management and surgical interven-
tion. The possibility of an underlying abomasal emptying defect 
should be considered. In the case of abomasal phytobezoars, the 
offending feedstuff should be removed from the diet. Surgical re-
moval is the only treatment option.107

Prevention. Dietary manipulation to improve feed or forage 
quality is the best means of prevention.

Abomasal Emptying Defect
Abomasal emptying defect is a disease of predominantly Suffolk 
sheep, 2 to 6 years of age, which manifests as chronic, progressive 
weight loss and anorexia with abdominal distention. The duration 
ranges from several days to months. The disease is frequently re-
ported in the post-lambing period (within 30 days), although it 
appears variable in onset relative to parturition and is reported in 
rams.109,110 Although Suffolk is the predominant breed, cases in 
two Hampshire, one Dorset, and one Texel sheep are reported.111–113 
It is considered sporadic in occurrence, but herd outbreaks have 
been documented.114 The underlying cause is unknown. Based on 
histological changes observed in the celiacomesenteric ganglion of 
affected sheep, a proposed pathophysiologic mechanism is altera-
tion of autonomic innervation. Observed lesions, affecting only 
sympathetic nerves, suggest exposure to an excitotoxin resulting in 
an acquired dysautonomia.114 Unlike abomasal impaction, this 

disease is due to increases in concentrate feeding associated with 
diet changes occurring at the time of lambing. The clinical signs 
are chronic weight loss, abdominal distention, and anorexia. 
Clinicopathologic laboratory findings reflect dehydration and 
metabolic alkalosis with hypochloremia. Rumen chloride concen-
tration is increased due to abomasal reflux. Liver enzymes are in-
creased in most cases, reflecting an increase in intra-abdominal 
pressure and impairment of the liver’s vasculature which results in 
congestion, ischemia, and leakage of enzymes from damaged hepa-
tocytes.115 At necropsy, the abomasum is markedly distended, and 
the contents may be liquid or dry in character. Attempted treat-
ment has included the use of laxatives, cathartics, motility modi-
fiers (e.g., metoclopramide, neostigmine), and abomasotomy, with 
poor short- and long-term outcomes reported. The disorder carries 
a poor to grave prognosis.109

Azalea, Laurel, and Rhododendron Toxicity
Many plants of the Ericaceae family, including rhododendron, 
azalea, and laurel species contain diterpene grayanotoxins (also 
known as andromedotoxin). Ornamental and naturally occurring 
varieties are found in North America. All parts of the plant are 
potentially toxic. In cattle, Rhododendron has a toxic dose of 0.2% 
BW, while Kalmia has a toxic dose of 0.4% BW.116 Toxic doses of 
0.1% and 0.2 to 0.6% in goats and sheep, respectively, are re-
ported.117 The Japanese Pieris (Pieris japonica) is another broad-
leaf evergreen shrub that contains grayanotoxins and has resulted 
in small ruminant poisonings.118–120 Grayanotoxin exerts its ef-
fects by binding to voltage-gated sodium channels of cells, espe-
cially neurons. Binding of the toxin modifies the configuration 
and prevents the inactivation of the sodium channel, thus render-
ing the neuron in a prolonged, depolarized (activated) state.116 
Cattle, sheep, and goats may present within hours of plant inges-
tion with evidence of GIT irritation (e.g., salivation, vomiting), 
cardiac arrhythmias, and neurological symptoms. Collapse and 
sudden death can occur in severe cases. Aspiration pneumonia  
of rumen contents is a significant sequela and common cause  
of death.

Clinical Signs. History may include the inadvertent feeding of 
plant clippings or access to stands of toxic plants, especially if al-
ternative forage sources are scarce. Clinical signs include saliva-
tion, bruxism, vomiting, diarrhea, and colic. Other signs may 
include nasal discharge (with attempts to vomit), epiphora, and 
ataxia. Onset of clinical signs can be within 4 to 16 h of  
ingestion and occur with ingestion of only a few leaves. As severe 
intoxications progress, depression, collapse (bradycardia and  
hypotension), opisthotonus, and coma can occur.117,121,123 Intoxi-
cated sheep and goats are at a significant risk for aspiration pneu-
monia which can result in death.

Diagnosis. The diagnosis of this condition usually is based on 
clinical signs coupled with a history of ingestion of one of the 
offending plants. Identification of plant parts in ingesta is a diag-
nostic tool, as well as the identification of grayanotoxins in feces, urine, 
vomitus, and rumen contents using liquid chromatography-mass  
spectrometry analysis.117

Treatment. Intoxicated animals may recover in 1 to 2 days 
without any therapy if the offending plants are removed from the 
diet and ingestion was minimal. However, the administration of 
activated charcoal (2 to 9 g/kg orally), atropine (0.05 to 0.2 mg/
kg, IV), antiarrhythmic drugs, thiamine (10 mg/kg, SC, q6–8h), 
laxatives, and IV fluids may be indicated. The risk of aspiration 
pneumonia is high in affected animals and should be treated with 
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appropriate antibiotics (e.g., procaine penicillin, oxytetracycline). 
The risk of aspirating orally administered medications should be 
heavily weighted against their use, especially when vomiting is 
frequent. IV lipid emulsion therapy has been used for Pieris inges-
tion in goats with recovery from severe clinical signs reported to 
occur within hours of administration118 (Figure 5.11).

Prevention. Mountainous or hilly areas should be fenced to 
prevent animal access to toxic plants. Alternate forage sources 
should be offered during times when grazing or browsing is scarce 
to limit the intake of poisonous weeds. Feeding shrubbery clip-
pings is discouraged.

Diseases of the Intestines

Diarrhea in Lambs and Kids: Overview
Diarrhea in lambs and kids is a complex, multifactorial disease 
involving the animal’s susceptibilities, the environment, nutrition, 
infectious agents, and management. Decades of research have 
been devoted to the study of the pathophysiology of infectious 
diarrhea in calves; the pathophysiologic picture in lambs and kids 
is quite similar. Despite improvements in management practices 
and prevention and treatment strategies, diarrhea is still the most 
common and costly disease affecting neonatal ruminants.124–128

Some general preventive measures (e.g., improved sanitation) 
will decrease the risk of diarrheal disease from any cause. By con-
trast, specific control measures such as vaccination require the 
definition of a specific cause of diarrhea. Table 5.2 lists the agents 
most likely to cause diarrhea in lambs and kids, tissues or other 
samples required for diagnosis, and commonly used test methods. 
The color and consistency of the feces and any gross lesions can 
appear similar with numerous diseases. Laboratory identification 
of infectious agents and tissue histopathologic examination are 
therefore key to establishing a diagnosis (see Chapters 16 and 20). 
Because autolysis and secondary bacterial invasion of the gut be-
gin within minutes of death, necropsy samples taken immediately 
from euthanized lambs and kids yield the most reliable diagnostic 
material. Mixed infections with two or more pathogens are com-
mon, and clinically important farm-specific pathogens change 
from year to year.126–130 In some cases, an underlying nutritional 
deficiency or excess may be present, concurrently with infective 
disease. The clinician should therefore take a variety of samples to 
ensure identification of all pathogens and predisposing factors 
involved; continued reevaluation of the causes of diarrhea is  

•  Fig. 5.11 Azalea Toxicity. A 3-year-old Kiko buck that presented for 
projectile vomiting (note beard stained from ruminal contents) and colic 
(note stretched out appearance due to abdominal pain).

TABLE 
5.2

Diagnostic Samples and Testing Methods Required for Differentiation of the Most Common Causes 
of Infectious Diarrhea in Lambs and Kids.

Causative Agent Sample Required Test Methoda

Escherichia coli 2–3 g feces
Formalin-fixed small intestine

Culture and serotyping for K99 and F41, PCR
Histopathologic examination

Rotavirus 2–3 g feces or colonic contents
Formalin-fixed small and large intestine
Frozen small and large intestine

EM, ELISA, VI, CF tests, PCR assay
Histopathologic examination
VI, FA test, IP assay

Cryptosporidia 2–3 g feces
Air-dried fecal smear
Formalin-fixed small and large intestine

FA test, fecal flotation, PCR
Acid-fast stain
Histopathologic examination

Salmonella 2–3 g feces
Formalin-fixed small and large intestine
Frozen small and large intestine and mesenteric lymph nodes

Culture, PCR assay
Histopathologic examination
Culture

Giardia Wet mount of feces
Feces

Iodine staining
ELISA, FA test, PCR

Clostridium perfringens Frozen small intestinal contents and abomasum, small and large intestine
Formalin-fixed abomasum and small and large intestine

Culture, toxin identification
Histopathologic examination

Coccidia 2–3 g feces
Formalin-fixed small and large intestine

Fecal flotation
Histopathologic examination

aEM, Electron microscopy; ELISA, enzyme-linked immunosorbent assay; VI, virus isolation; CF, complement fixation; PCR, polymerase chain reaction; FA, fluorescent antibody; IP, immunoperoxidase
Data from Rings DM, Rings MB: Managing Cryptosporidium and Giardia infections in domestic ruminants. Vet. Med. 91:1125, 1996; Cohen ND, et al: Comparison of polymerase chain reaction and 
microbiological culture for detection of salmonella in equine feces and environmental samples. Am. J. Vet. Res.57:780, 1996; Drolet R, Fairbrother JM, Vaillancourt D: Attaching and effacing Esche-
richia coli in a goat with diarrhea. Can. Vet. J. 35:122, 1994.
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crucial. Evaluation of material from multiple cases, with a focus 
on those in the acute phases, is important. Although examination 
of antemortem fecal samples can be diagnostic, laboratory testing 
of tissue samples may yield better results.

Treatment and preventive measures for specific diarrheal  
diseases are the focus of the remainder of this section, which is 
followed by sections on general supportive treatment and control 
measures for all infectious diarrheal diseases.

Causes of Diarrhea in Neonatal Lambs and Kids
Four major pathogens cause diarrhea in lambs and kids during the 
first month of life: enterotoxigenic Escherichia coli (ETEC), rota-
virus, Cryptosporidium species, and Salmonella species. The rela-
tive prevalence of these infectious agents varies greatly among 
studies. This variability probably results from differences in loca-
tion, season, and diagnostic techniques and the occurrence of 
mixed infections. Other, less common causes of diarrhea in neo-
nates are Giardia infections and nutritional diarrhea.

Enterotoxigenic Escherichia Coli
Pathogenesis. ETEC employs two virulence factors to cause 

disease. The first is the ability to attach and colonize the intestinal 
villi, which is accomplished by means of fimbriae or pili. The 
most important fimbriae in lambs are K99 and F41.131 The fim-
brial antigens can be recognized from samples sent for analysis in 
most diagnostic laboratories and are important in identifying this 
agent as a cause of diarrhea. After the organism attaches to the 
villi, it produces the second virulence factor, enterotoxin. Entero-
toxin interferes with the normal physiology of the gut, with resul-
tant diarrhea.131 Calves have an age-associated resistance that 
probably is related to the blocking of fimbrial attachment to the 
gut, so ETEC diarrheal disease occurs mainly in calves younger 
than 1 week of age.132,133 The mode of infection is fecal-oral.

Clinical Signs. ETEC diarrhea is seen in lambs and kids 
younger than 10 days of age but is most common at 1 to 4 days, so 
age-related resistance also may be a factor in newborns of these spe-
cies.126,130 It usually manifests as an outbreak in lambs and kids 
between 12 and 48 h of age. Because ETEC causes a secretory-type 
diarrhea, bicarbonate loss in the diarrhea leads to severe acidosis, 
with lambs and kids quickly becoming dehydrated and recumbent. 
However, many infected animals die before developing diarrhea. 
Affected neonates are depressed, stop nursing, and may show exces-
sive salivation. Fluid sequestration in the abomasum produces a 
splashing sound on movement. This condition is associated with 
high mortality if animals are not treated promptly.130,131

Diagnosis. Fecal culture and serotyping for the K99 and F41 
fimbrial antigens constitute the basis for diagnosis. Because many 
nonpathogenic E. coli bacteria are normal gut inhabitants, growth 
of this organism on cultures usually is an insignificant finding.131 
Occasionally, the bacteria do not express the fimbrial antigens in 
culture, so ETEC cannot be ruled out if the culture is negative for 
K99 and F41.134 Histopathologic evidence of colonization of the 
small intestine can support a diagnosis.

Treatment. Supportive care consisting of fluid therapy with 
either oral, IV, or SC administration of a polyionic solution is the 
mainstay of therapy. The use of oral antimicrobial agents is con-
troversial. Although antibiotics may kill the ETEC, they also may 
interfere with normal gut flora. If fluid support is provided, the 
diarrhea usually subsides without antibiotic treatment. Neverthe-
less, oral neomycin (10 to 22 mg/kg twice daily) or trimethoprim-
sulfa (30 mg/kg PO) and systemic ampicillin (10 to 20 mg/kg IM 

twice a day) or amoxicillin (10 to 20 mg/kg IM three times a day) 
may be beneficial. NSAIDs are indicated to decrease inflamma-
tion of the gut and provide some analgesia. The use of flunixin 
meglumine (1–2 mg/kg IM) has been shown to decrease fecal 
output in ETEC infections in calves135 and appears to be benefi-
cial in lambs.

Prevention. Vaccination of ewes and does with bovine ETEC 
vaccine before they give birth is recommended to increase passive 
immunity in the neonate.126,127,131 Monoclonal and polyclonal 
antibody products for calves may be beneficial during an outbreak 
if administered to lambs or kids within the first 12 h of life.  
The use of neomycin (10 to 12 mg/kg PO twice daily) in lambs 
that appear clinically normal may help stop the progression of an 
outbreak. Shearing ewes prepartum to minimize fecal ingestion by 
neonates and ensuring that newborns ingest adequate colostrum 
both will help decrease the incidence of this disease. Making sure 
that ewes and does have a 2.5 to 3.5 BCS at parturition and are 
fed adequate diets in the final 2 months of gestation will increase 
the chance of adequate colostrum manufacture by the dam.

Rotavirus
Pathogenesis. Lambs and kids are infected with group B ro-

taviruses whereas most other animals, including cervids such as 
roe deer, and human beings are infected with group A rotavi-
ruses.136 Rotaviruses infect villus tip cells of the small intestine, 
which results in villus atrophy and malabsorptive diarrhea.137

Clinical Signs. Rotavirus generally causes diarrhea in 
lambs and kids 2 to 14 days of age, but older animals also can 
be affected. Young animals can become very depressed and 
dehydrated.126,136,138,139

Diagnosis. Detection of the organism by electron microscopy 
of fecal or colonic samples or by immunologic techniques applied 
to feces or tissue sections is the basis of diagnosis.136,139 Because 
these organisms are sloughed with the villus tip cells they infect, 
and viral antigens are complexed with the animal’s antibodies, tis-
sue samples from acutely infected animals are of highest diagnostic 
value.140 Rotavirus has been detected in animals without diarrhea, 
so other causes of diarrhea should be investigated as well.127,129

Treatment and Prevention. Rotavirus diarrhea is treated 
with supportive care. Prevention by vaccination of small rumi-
nants with bovine rotavirus vaccines before they give birth is rec-
ommended to increase passive immunity in neonates.126,127

Cryptosporidium Species
Pathogenesis. Cryptosporidium parvum is a protozoan that 

can cause a malabsorptive diarrhea similar to that seen with rota-
virus infection. Unlike other protozoal agents, such as the one 
that causes coccidiosis, cryptosporidia do not require fecal excre-
tion for sporulation to infective stages.141 They sporulate in the 
gut, whereupon approximately 20% become immediately infec-
tious to other villus tip cells without leaving the intestines. This 
method of autoinfection can result in severe disease that may be 
sustained for long periods. Because some of the oocysts also are 
immediately infectious when they are shed in feces, spread of in-
fection may be rapid.

Clinical Signs. Cryptosporidia can cause diarrhea in small 
ruminants at 5 to 10 days of age.127,142,143 Affected animals often 
are active, alert, and nursing. The diarrheal stools usually are very 
liquid and yellow. Diarrhea can range from mild and self-limiting 
to severe, especially with mixed infections.127,129,142,144 Relapses 
are quite common, and this organism usually occurs as a compo-
nent of mixed infections.
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Diagnosis. Acid-fast staining of air-dried fecal smears is a 
quick and easy method of diagnosis. Examination under 403 to 
1003 magnification reveals round protozoa that have taken up 
the red color of the carbol fuchsin portions of the stain on a green 
background (Figure 5.12). Although cryptosporidial infection can 
be diagnosed by fecal flotation testing, the very small size (4 to  
6 mm) of these organisms makes this method difficult and subject 
to false-negative results.145,146 Both immunologic and polymerase 
chain reaction (PCR) techniques have been developed to improve 
detection limits.145,147 Cryptosporidia also can be identified on 
histopathologic examination. Cryptosporidiosis is a zoonotic dis-
ease, and people can become infected from handling infected 
animals or feces.141

Prevention. No consistently effective treatment for crypto-
sporidiosis in ruminants has been identified. However, proper 
hydration and electrolyte balance should be maintained, along 
with other supportive care. Prevention through decreased expo-
sure of neonates to organisms in the environment is critical, espe-
cially exposure of neonates at birth.148 On farms endemic with 
coccidiosis or during an outbreak, improved hygiene may be of 
benefit (e.g., precolostral intake udder wash, feeding only low-
heat-pasteurized colostrums, isolation of all exposed animals). 
Anecdotal reports suggest that decoquinate and monensin sodium 
may be useful in control of cryptosporidiosis. Decoquinate (2.5 mg/
kg PO) fed to does and kids may be useful in decreasing morbid-
ity and mortality associated with cryptosporidiosis in goat  
kids.149 Treatment in all affected animals also should include 
fluid-electrolyte therapy.

During an outbreak, affected animals should be isolated from 
the rest of the flock. No new animals should be added to a pen in 
which the disease has been diagnosed. Keepers should depopulate 
pens in which the disease has been diagnosed and attempt to clean 
the environment. Cryptosporidiosis can be particularly difficult to 
control because of the organism’s persistence in the environment 
and resistance to most chemical disinfectants. Ammonia (5–10%) 
and formalin (10%) seem to be the most effective agents, but, due 
to the potential for toxic effects, caution is indicated with the use of 
either chemical.142,150 Feeders should be constructed to minimize 

fecal contamination. Early results are favorable for vaccine develop-
ment in cattle, and vaccination may prove to be the best control 
method in the future.151 Cryptosporidiosis is potentially a zoonotic 
disease; clinicians and keepers should therefore exercise great cau-
tion when handling affected animals, and well-planned biosecurity 
programs should be instituted (see Chapter 19).

Salmonella Species
Pathogenesis. The bacterial genus Salmonella has thousands 

of serotypes, all of which can potentially cause diarrhea in ani-
mals. Salmonellae can cause diarrhea in small ruminants of any 
age.126,127 These microbes produce enterotoxins, are invasive, and 
cause severe inflammatory disease and necrosis of the lining of the 
small and large intestines.

Clinical Signs. Affected animals younger than 1 week of age 
are more likely to die acutely before onset of clinical signs, whereas 
animals older than 1 week are more likely to have diarrhea.127,130,152 
An acute onset of fever, depression, tenesmus, and shock occasion-
ally is observed. Salmonella-induced diarrheal stool is more likely 
to contain blood.127 Enteric salmonellosis also is a zoonotic disease 
that warrants implementation of protective measures.

Diagnosis. A diagnosis of Salmonella diarrhea is based on 
culture of the organism in feces or tissues and characteristic 
changes on histopathologic examination of the small and large 
intestine.153 More sensitive PCR techniques for identifying Sal-
monella species in feces are being developed.154 The diarrheal feces 
occasionally may contain fibrin, but many animals die before this 
development is observed. The clinician may note leukopenia or 
leukocytosis in the CBC results.

Treatment. Therapy for Salmonella-induced diarrhea involves 
supportive care and possibly parenteral antimicrobial therapy. The 
use of antimicrobial agents is controversial and probably does not 
influence the gastrointestinal infection. Nevertheless, because 
Salmonella is an invasive organism, parenteral use of antimicrobial 
agents may be beneficial in preventing septicemia. Antimicrobial 
susceptibility patterns are difficult to predict for Salmonella spe-
cies, so antimicrobial therapy should be based on culture and 
sensitivity results. Ceftiofur sodium (1.1–2.2 mg/kg IM twice 
daily) or trimethoprim-sulfadiazine (15 mg/kg SC once a day) 
can be administered until antimicrobial sensitivity results are 
available.

Prevention. Latent carriers of Salmonella can potentially shed 
organisms to other animals, particularly when they are stressed.127 
Newly introduced animals should be isolated for 1 month, and 
fecal culture should be considered.127 Bleach (sodium hypochlo-
rite) and chlorhexidine are effective disinfectants to apply to the 
premises and animal handling/feeding equipment during an out-
break. Identification of carrier animals by fecal culture is recom-
mended for herd problems. Vaccine efficacy is questionable,  
and to date its effects have not been thoroughly evaluated in sheep 
and goats.155

Giardia. Giardia-induced diarrhea is more commonly seen in, 
but not limited to, 2- to 4-week-old lambs, kids, and fawns.127,156 
The diarrhea usually is transient, but infected animals can continue 
to shed cysts for many weeks, even when they appear to be clini-
cally normal.145,157,158 Therefore, simply finding the pathogen in 
feces does not mean that it is the cause of the diarrhea, especially 
in older animals. Giardia can be found in herds without any his-
tory of neonatal diarrhea, so finding Giardia in herds in which 
newborn animals are experiencing diarrhea is of questionable rel-
evance.159 However, these animals may be a source of infection for 
others and possibly humans.145,156 Identification of the organism 

• Fig. 5.12 Red-staining Cryptosporidium on a blue-green background in 
a fecal smear prepared with an acid-fast stain. This protozoal parasite 
induces villus atrophy and decreased digestion.
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on iodine-stained wet mounts of feces or tissue is the classic 
method of diagnosing giardiasis, but more sensitive immunologic 
techniques are now available.145,156 Infected animals can be treated 
effectively with fenbendazole (5–10 mg/kg twice daily for 3 days 
or once daily for 5 days).145 Giardiasis has historically been treated 
with oral metronidazole (50 mg/kg once a day for 5 days). How-
ever, use of this drug class in food animals is currently illegal in the 
United States. Giardiasis is potentially a zoonotic condition.

Nutritional Diarrhea. Infectious agents are not the only cause 
of diarrhea in neonates. Nutritional problems can result in diar-
rhea, but cases related to nutrition are underreported in the lit-
erature because the resulting diarrhea usually is mild and subsides 
without treatment. Nutritional diarrhea is most common in or-
phaned animals and usually is a result of improper management 
practices such as use of poor-quality milk replacers, mixing errors, 
or infrequent feeding of large amounts (see Chapter 2). Diarrhea 
resulting from consumption of lush pasture or high-energy ra-
tions also is commonly seen and usually is self-limiting. The inci-
dence of this form of gastric upset can be minimized by a slow 
introduction (over 2–3 weeks) to energy-dense diets.

In calves with infectious diarrhea that develop maldigestion or 
malabsorption, secondary nutritional diarrhea may result from an 
inability to digest carbohydrates (lactose, xylose).160,161 This diges-
tive defect has been reported in goats and also is probably a cause 
of diarrhea in lambs.162 Diarrhea resulting from primary lactose 
deficiency also has been reported in calves.163 Calves on poor-
quality milk replacers can develop an overgrowth of normal enteric 
E. coli, resulting in diarrhea.164 If lactose intolerance is suspected, 
decreasing the amount of lactose fed and using commercially avail-
able lactose enzymes may alleviate clinical problems.

Causes of Diarrhea in Older Lambs, Kids, 
and Fawns
The most common cause of diarrhea in older lambs and kids is 
nematode infestation. Other major causes of diarrhea in older 
small ruminants are Clostridium perfringens infection and coccid-
iosis. Coccidiosis is covered in Chapter 6. Giardia has been re-
ported to cause weight loss without diarrhea in 2- to 3-month-old 
lambs.165

Clostridium Perfringens. C. perfringens types A, B, C, and D 
all can cause diarrhea in lambs and kids, but type D is the most 
common etiologic agent in the United States.127,130,166,167

Pathogenesis. Clostridial diarrhea occurs in peracute, acute, 
and chronic forms and commonly is called enterotoxemia or over-
eating disease. In type C infection, a beta toxin can cause acute 
hemorrhagic enteritis. Type C infection is seen mostly in lambs or 
kids younger than 3 weeks of age. An epsilon toxin is responsible 
for pathologic findings in type D infections. Enterotoxemia usu-
ally is seen in rapidly growing feedlot lambs on high-concentrate 
rations. It also is associated with other feeding changes, including 
changes in type of pasture. However, it occasionally has been re-
ported in the absence of any dietary changes, particularly in  
goats.127,130,168 This disease commonly occurs in the fastest-
growing and most well-conditioned animals. Even vaccinated 
herds (again, more usually goats) can be affected, so it should not 
be ruled out despite confirmation of previous vaccination.127

Clinical Signs. The peracute form of clostridial infection is 
characterized by the rapid onset of severe depression, abdominal 
pain, profuse and bloody diarrhea, and neurologic signs. Death 
occurs within hours of onset of clinical manifestations. Sudden 
death may occur without diarrhea. Sudden death following the 

onset of neurologic signs is more common in sheep, whereas goats 
are more likely to show signs of diarrhea before death.127 Similar 
but less severe signs are seen in the acute form of the disease. The 
chronic form occurs more commonly in goats.127,167

Diagnosis. Antemortem diagnosis is based on clinical signs. At 
necropsy, C. perfringens can be cultured from intestinal tissue 
samples. The significance of a positive culture can be difficult to 
interpret, however, because these organisms can be a normal com-
ponent of the gut flora but subsequently proliferate after death. 
This is true especially of type A, for which a role in actual disease 
is controversial.169 Histopathologic examination of sections of the 
gut can be helpful. Identification of the toxins (namely, the epsilon 
toxin) in intestinal contents is required for a definitive diagno-
sis.127,130 Because the toxin degrades within several hours of death, 
its absence does not preclude enterotoxemia as a diagnosis166 
(Figure 5.13).

Treatment. Treatment is rarely effective but consists mainly 
of aggressive supportive care. C. perfringens type D antitoxins 
(15–20 mL SC) can be administered to animals during an out-
break of enterotoxemia if clinical signs are noted. The antitoxin 
may be more effectively used as a preventive early in an outbreak 
of the disease. During an outbreak, any animals that have not 
been vaccinated should be given the antitoxin and vaccinated 
with the toxoid simultaneously; those previously vaccinated 
should receive a booster vaccination.

Prevention. Routine vaccination should start at 4 to 6 weeks 
of age and be followed by a booster 3 to 4 weeks later. In settings 
in which the disease has become endemic, lambs or kids can be 
vaccinated and given antitoxin during the first week of life. Yearly 
vaccination, preferably a few weeks before the ewes and dams give 
birth, increases colostral immunity in neonates and improves pre-
vention programs. Goats may not respond as well to vaccination as 
sheep do, so biannual, triannual, or quarterly vaccination is recom-
mended, especially in herds in disease-endemic areas.127,162 Vacci-
nation with only C. perfringens type C and type D vaccines and 
tetanus toxoid is superior to the use of more polyvalent clostridial 
vaccines.127 Reducing the energy density of the diet and avoiding 
sudden dietary changes or alterations in the feeding routine are 

• Fig. 5.13 A field necropsy of a 10-week-old intact, male Boer cross kid 
with watery diarrhea demonstrated necro-hemorrhagic enteritis. Labora-
tory diagnostics demonstrated Clostridium perfringens as the cause, and 
histologic examination of tissues was consistent with this diagnosis. The 
kid had no history of vaccination. (Courtesy of Dr. Kelley Steury, ALVDL, 
Auburn, AL.)
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crucial to prevention. Control of internal parasites, particularly 
tapeworms, may further reduce the incidence of these disorders.

Miscellaneous Causes of Diarrhea in Kids, 
Lambs, and Fawns
Adenovirus, caprine herpesvirus, coronavirus, Campylobacter je-
juni, Escherichia fergusonii, Yersinia species, and Strongyloides 
papillosus can cause diarrhea in lambs, kids, and fawns of various 
ages.125,127,129,170 An adenovirus-induced hemorrhagic enteropa-
thy has been seen in a captive, black-tailed deer herd.171 Entero-
hemorrhagic E. coli (EHEC) and enteropathogenic E. coli 
(EPEC) also have been isolated from feces of both diarrheic and 
normal lambs and kids.172–176 These E. coli serotypes are K99- 
and F41-negative. Culture and serotyping of these organisms 
from feces and tissue samples with typical histopathologic lesions 
are diagnostic. Although ETEC disease is not zoonotic, EHEC 
and EPEC can potentially affect humans and cause foodborne 
illness.

Treatment of Lambs and Kids With Diarrhea
Although specific therapies are available for some causes of diar-
rhea, many animals need to be treated for dehydration and meta-
bolic acidosis regardless of the inciting cause. Animals with only 
mild diarrhea, especially mild nutritional diarrhea, may not re-
quire therapy unless they become dehydrated. If kids or lambs 
become less than 8% dehydrated and are only mildly depressed 
but still willing to nurse, they can be treated with oral electrolytes 
designed for calves. Fluids can be administered by bottle or  
by feeding tube (, 18- to 24-inch, 3/8-inch diameter, catheter 
tip) if the animal will not nurse. The keeper or the clinician 
should carefully adjust the amount of fluids for lambs and kids 
(250–500 mL [8–16 oz], as opposed to 4 L in a calf ). Because 
most electrolyte solutions designed for calves contain glucose, 
they should be refrigerated after they have been mixed and any 
leftovers discarded within 24 h. IV fluids may be needed to treat 
more severe dehydration. If the lamb or kid is too weak to stand, 
IV fluids are indicated. Isotonic fluids containing electrolytes 
should be given to replenish losses. Glucose can be added  
to make a 1 to 2.5% solution. Sodium bicarbonate also may be 
administered, especially if the dehydration is severe. A rule of 
thumb is to give one-fourth of the calculated fluid needed as  
isotonic bicarbonate (1.3%). Extra potassium (10–20 mEq/L) can 
be added to fluids, because most animals are severely dehydrated 
from diarrhea and depleted in potassium, even though their blood 
potassium levels may be elevated. If extra potassium is added, 
acidosis must be corrected concurrently. After correcting the  
dehydration, the keeper or the clinician can offer oral electrolyte-
enriched fluids to replace ongoing losses caused by continued  
diarrhea (see also Chapter 3).

Removing milk or milk replacer from the diet is not recom-
mended. Young animals need nutrients, and even high-energy, 
glucose-containing electrolyte solutions are no substitute for milk. 
Animals should continue to receive milk replacer in normal 
amounts or be allowed to nurse; oral electrolytes also can be given 
if necessary. Animals being hand-fed should be offered small 
amounts frequently to help minimize problems. Electrolytes 
should never be mixed with milk but should instead be given in 
separate feedings. If lactase deficiency is suspected, lactase drops 
or capsules (available in health food stores) can be added to milk 
or milk replacer.162

NSAIDs (e.g., flunixin meglumine, 1.1–2.2 mg/kg IV, or  
ketoprofen, 3 mg/kg IV) are beneficial, especially if toxemia is 
involved, as in ETEC, enterotoxemia, and salmonellosis. Antimi-
crobial agents should be reserved for proven outbreaks of salmo-
nellosis and for animals with other causes of diarrhea that do not 
respond to fluid therapy and NSAIDs; these drugs should be ad-
ministered only parenterally. Oral coating agents and antacids are 
popular, but such agents have not been shown to be beneficial, 
and their use is not therapeutically logical in light of the patho-
genesis of these diseases. The therapeutic use of probiotics is 
questionable, but anecdotal reports suggest they may be beneficial 
in reestablishing the normal flora of the small intestine. Our own 
rule of thumb is that nothing should be given orally except milk, 
oral electrolytes, and possibly probiotics.

General Control Measures for Infectious 
Diarrhea
Ensuring adequate intake of high-quality colostrum and minimiz-
ing stress are important for prevention of all neonatal diseases. A 
normal lamb or kid will stand and nurse within 45 minutes to  
1 h of birth. The ingestion of colostrum within 2 to 3 h is  
essential in preventing hypothermia and hypoglycemia and de-
creasing the incidence of various diseases. Lambs or kids born as 
twins or triplets, weak or injured neonates, those born during  
severe weather, those born from a dam with dystocia, and those 
delivered by cesarean section all are candidates for colostrum 
supplementation. Supplemental colostrum should be good- 
quality colostrum from females that have tested negative for  
Johne’s disease, ovine progressive pneumonia (OPP), and caprine 
arthritis encephalitis (CAE). Mixing colostrum from several cows 
decreases the incidence of the “cow colostrum–associated” hemo-
lytic disease sometimes seen in lambs. If the lamb or kid is unable 
to nurse, it should be tube fed 50 mL/kg of colostrum. The vet-
erinarian or animal handler can sit comfortably holding the lamb 
or kid in sternal recumbency in the lap. A 12 to 14 French soft 
feeding tube is then lubricated, inserted into the side of the 
mouth, and passed slowly to the depth of the thoracic inlet. If the 
tube is placed in the trachea, the lamb or kid will show signs of 
discomfort and may shake and cough. The tube may be palpated 
on the left side of the throat. After correct placement of the tube, 
colostrum can be administered by gravity flow.

Antepartum shearing of the dam may decrease the likelihood of 
ingestion of feces by lambs. Good sanitation in lambing and kid-
ding areas is paramount in management programs that stress pre-
vention. The presence of organic matter interferes with the effec-
tiveness of many disinfectants, so removal and proper disposal of 
feces, carcasses, and placentas are essential. When disposing of 
waste material containing either Cryptosporidium or Giardia, the 
keeper should be careful to avoid contaminating water sources. 
Infected animals should be isolated to prevent spread of the infec-
tion throughout the flock or herd. In general, infected animals 
should remain in the environment where the infection was first 
diagnosed, because it is already contaminated. Removing pregnant 
ewes or dams to a clean area before lambing or kidding helps 
minimize the continued spread of disease. If possible, lambs and 
kids already born but not showing clinical signs should be removed 
to a third area. If “safe” pastures are maintained for internal nema-
tode control, they are ideal for use in an emergency situation to 
control these diseases (see also Chapter 6). Although some animals 
may appear normal, they may be incubating and possibly shedding 
the infective agents of disease. If such animals are moved with 
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pregnant females, they can be a source of contamination in a clean 
area. If healthy lambs and kids cannot be moved to a third, rela-
tively safe area, they should be left with the clinically infected ani-
mals because they have already been exposed.

Diarrhea in Adult Sheep and Goats
The list of considerations in the differential diagnosis for acute 
and chronic diarrhea in small ruminants is extensive.1,2 The most 
common cause of diarrhea in adult sheep and goats is parasitism; 
another major cause is Johne’s disease. Parasitism is discussed in 
Chapter 6. Other causes of acute diarrhea include rumen acidosis, 
peritonitis, endotoxemia, and ingestion of toxins. The list of tox-
ins that cause diarrhea also is very long, and often diarrhea is not 
the primary clinical sign. Some of the more commonly encoun-
tered toxins that produce diarrhea are arsenic, salt in toxic 
amounts, levamisole, copper, oak, selenium, and pyrrolizidine al-
kaloids.1 Salmonella infection and chronic enterotoxemia can 
cause diarrhea in adult animals. Coccidiosis can occur in adults 
under severe stress or in animals that possess limited immunity 
because of lack of exposure. Hepatic and renal disease and copper 
deficiency sometimes are accompanied by chronic diarrhea, but 
weight loss is a more common sign in adults.

Johne’s Disease. Johne’s disease, also called paratuberculosis, is 
a chronic wasting and diarrheal disease caused by the bacterium 
Mycobacterium avium subspecies paratuberculosis. All ruminants, 
including cervids, are thought to be susceptible to infection. 
While varying from each herd/flock, the prevalence of Johne’s in 
most ruminants, including cervids, increases when animal density 
is higher.3 Transmission of the organism is primarily by the fecal-
oral route. Young animals are more susceptible to infection than 
adults. It can be transmitted through milk and the placenta.

Pathogenesis. Bacterial shedding in feces and milk and trans-
placental transmission are more common in animals showing 
clinical signs.4–6 Therefore, the offspring of infected animals, and 
especially the offspring of animals showing clinical signs, are more 
likely to acquire the infection than other members of the flock/
herd. After an animal is exposed, it will either clear the organism 
or acquire a chronic, persistent infection. The infection most 
commonly is isolated to the ileal regions of the small intestine 
where it causes granulomatous thickening of the intestinal wall 
and subsequent malabsorptive diarrhea. Infected animals may be 
asymptomatic for years.

Clinical Signs. Morbidity rates are low (approximately 5%), 
but for every infected animal with clinical signs, several are in the 
subclinical state and may be a source of both horizontal and verti-
cal transmission.4 Both sheep and goats appear to remain asymp-
tomatic until they reach 2 to 7 years of age. The most consistent 
clinical sign in sheep, goats, and cervids is chronic weight loss. 
Chronic diarrhea occurs in approximately 20% of cases.4 Signs 
may appear with or be exacerbated by stress, especially after par-
turition.4,5 Hypoproteinemia and chronic mild anemia are the 
only consistent findings from clinicopathologic laboratory tests. 
Submandibular edema may develop as a consequence of low pro-
tein levels in infected animals, and because parasitism is ubiqui-
tous, an accurate diagnosis may be difficult.

Diagnosis. Diagnosis is by culture of the organism from feces. 
Such testing unfortunately takes between 8 and 14 weeks but can 
identify 40 to 60% of clinically infected goats. Feces of nonin-
fected sheep and goats within heavily infected herds can yield a 
positive culture from oral-fecal pass-through of the organism. 
Sheep strains of Johne’s disease and some goat variant strains seem 

to be more difficult to culture in media used to identify cattle 
strains of the disease. Therefore, fecal culture in sheep and goats 
appears to be of limited benefit in a clinical setting.5,6 A relatively 
inexpensive and easily performed method of identifying approxi-
mately 50% of all clinically infected animals is acid-fast staining of 
fecal smears.4,5 A PCR fecal assay also is available, but its sensitivity 
is lower than that of fecal culture. Good diagnostic results can be 
obtained with serologic testing for antibodies (e.g., agar gel im-
munodiffusion [AGID] test, enzyme-linked immunospecific assay 
[ELISA], complement fixation test) in animals showing clinical 
signs. The specificity of all of the serologic tests is greater than 95% 
in sheep and goats with signs of clinical disease, although the sen-
sitivity is not as high.5–8 Therefore, a positive serologic test result in 
an animal showing clinical signs indicates that the animal has 
Johne’s disease. However, the disease cannot be ruled out with a 
negative test result. Identification of subclinically infected animals 
using serologic tests is more problematic. A sensitivity of approxi-
mately 50% is all that should be expected. With the ELISA and 
complement fixation test, cross-reactivity with Corynebacterium 
pseudotuberculosis may occur, thereby limiting the value of such 
testing in flocks with caseous lymphadenitis infections.5,9 ELISA 
performed on milk samples from goats had reduced sensitivity but 
increased specificity (less cross-reaction) compared with serum 
ELISA.10 Sheep and goats appear to respond differently with re-
gard to the formation of antibodies. In sheep, antibodies tend to 
develop in the later stages of the disease, whereas antibodies may 
be detected much earlier in the goat. Necropsy diagnosis is based 
on the finding of thickened, corrugated intestines, especially in the 
area of the ileum. Acid-fast staining of impression smears (taken 
from the ileum and ileocecal lymph nodes) can help yield a quick 
diagnosis. The staining of numerous clumps of acid-fast rods is 
highly suggestive of Johne’s disease.

Prevention. Johne’s disease has no effective treatment, so pre-
vention and control are imperative. However, preventing the in-
troduction of Johne’s disease into a herd can be difficult. Because 
animals with subclinical infection may not shed the organism or 
shedding may occur in only small quantities, fecal culture is help-
ful only if a positive culture is obtained. The sensitivity of sero-
logic tests of animals with subclinical disease is low and variable 
among flocks.5,6 Negative test results in subclinically infected ani-
mals are common. However, the specificity of serologic tests re-
mains high, so a positive test result is a valid reason to not pur-
chase an animal.5 Because Johne’s disease also occurs in cattle, 
supplemental colostrum supplies should come only from dairy 
herds free of Johne’s disease.

After Johne’s disease is diagnosed in a herd, several control 
measures should be implemented. Sanitation is important, because 
the organism is highly resistant in the environment (i.e., capable of 
surviving longer than 1 year under most conditions).6 Reduced 
stocking rates, frequent cleaning of pens, and use of automatic 
waterers will decrease fecal transmission. Keepers and herdsmen 
should cull the offspring of infected animals. Culling animals 
based on the results of flock/herd -wide AGID testing or ELISA 
and fecal culture is recommended. Animals should be tested at 
least once a year. More frequent testing as resources allow will 
speed the identification of infected animals. A vaccine for cattle is 
available only in some locales, and clinicians or keepers may re-
quire official permission for its (extra-label) use in sheep and goats. 
Vaccination for Johne’s disease in cattle does not eliminate infec-
tion but can decrease herd prevalence, delay the onset of clinical 
signs, and decrease cross transmission by infective bacterial shed-
ding in the feces.
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Intestinal Obstruction
Any cause of intestinal obstruction that occurs in other ruminants 
may occur in sheep, goats, and cervids. Obstructive diseases of  
the intestinal tract may be divided into two general categories — 
strangulating and nonstrangulating (simple and functional). Ex-
amples of strangulating lesions include intussusception and torsion 
of the mesenteric root, whereas simple, nonstrangulating obstruc-
tions include enteroliths and phytobezoars. Functional, nonstran-
gulating lesions are most commonly associated with inflammation 
or infection, often presenting as intestinal ileus.187 Most of these 
diseases produce abdominal pain and occasionally abdominal dis-
tention. Diagnosis is based on physical examination but distin-
guishing true obstruction from functional obstruction can be dif-
ficult. Abdominal radiographs and ultrasonography can help 
differentiate among differential diagnoses with further support 
given with the use of clinicopathological analyses (e.g., rumen fluid 
analysis, abdominal fluid analysis). On occasion, a “target-shape” 
lesion of an intussusception may be found via ultrasonography.188 
However, exploratory surgery may be required to obtain a definitive 
diagnosis and should be considered a reasonable diagnostic and 
therapeutic intervention in a small ruminant presenting for an 
acute abdomen. Clinical signs suggestive of obstructive intestinal 
diseases include vocalization, kicking at the abdomen, frequent ly-
ing bouts, and even recumbency with severe pain. The heart rate is 
increased due to hypovolemia and pain. Changes in the abdominal 
contour may become apparent with the development of low, bilat-
eral abdominal distention, depending on the amount of fluid build-
up in the intestinal tract proximal to the obstruction. Manure may 
be scant or absent with changes in appearance such as the presence 
of melena or mucus. The initial colic episode may be followed by 
chronic low-grade pain and signs suggestive of peritonitis.187

Intussusception
Intussusception is the telescoping of one segment of intestine into 
an adjacent segment. Any segment of the intestine can be affected, 
but the ileum and ileocecal junction are the most common areas 
involved. The condition is more commonly reported in young 
animals but can occur in mature animals. In this condition,  
one segment of the intestine telescopes into an adjacent segment 
(intussusceptum and intussuscipiens, respectively), resulting in 
narrowing of the intestinal lumen and blood supply compromise. 
The initiating cause is not always known, but suspected predispos-
ing factors include segmental motility differences caused by en-
teritis (e.g., coccidiosis), intestinal parasitism (e.g., Oesophagosto-
mum infestation), and intestinal masses.189–193 Clinical signs and 
diagnosis are as described earlier. Treatment requires surgical cor-
rection, as well as fluid therapy and supportive therapy.

Torsion of the Root of the Mesentery 
and Cecal Volvulus
Torsion of the root of the mesentery and cecal volvulus can occur 
sporadically in small ruminants. Clinical signs include extreme 
abdominal pain, rapidly progressive abdominal distention, and 
circulatory collapse. Immediate surgical correction and circula-
tory support are needed.187

Foreign Body Obstruction
Ingested foreign bodies or bezoars can obstruct portions of the 
intestines.194–198 The signs are similar to those of obstruction 

caused by other small intestinal accidents and depend on which 
part of the intestine is blocked. In some cases, the obstructing 
body can be seen with use of radiography or ultrasonography. 
Surgical removal is required for treatment.

Intestinal Atresia
Intestinal atresia can affect singly, or in combination, the seg-
ments of the small intestine, large colon, rectum, or anus, and are 
reported in common food animal species.199–205 Apart from atre-
sia anovaginalis (i.e., presence of a rectovaginal fistula), all cases 
are lethal if not surgically corrected. The clinical presentation of 
affected lambs and kids is progressive abdominal distention with 
failure to produce feces, as well as signs of abdominal pain, inap-
petence, weakness, and dehydration. In the case of atresia ani, lack 
of an anus is apparent, and bulging of the perineum may be ob-
served when the animal strains or with abdominal palpation. A 
thorough physical examination is important for the discernment 
of other congenital abnormalities present.205,206 Radiography (in-
cluding contrast fistulogram) and ultrasonography of the abdo-
men, pelvis, and perineum may help classify the type of anorectal 
malformation present. Definitive diagnosis of atresia conditions 
of the colon and small intestine may require an exploratory celi-
otomy. The presence of other congenital abnormalities should be 
thoroughly evaluated on physical examination.

Surgical repair techniques are described for atresia ani and 
atresia coli in ruminants; however, based on economical and prog-
nostic considerations, surgical correction of atresia ani is far more 
likely to be a viable option compared with atresia coli in small 
ruminants. A description of the surgical correction of atresia ani 
is reviewed later, whereas the reader is referred elsewhere for the 
detailed descriptions of creating a permanent colostomy and end-
to-end anastomoses for the treatment of other intestinal atresia 
conditions.207–209 Although not necessarily lethal, surgical correc-
tion of rectovaginal fistulas (as well as rectourethral and rectove-
sicular fistulas) should also be advocated, as the condition predis-
poses to urinary tract infections and can result in dilation of the 
rectum oral to the fistula, resulting in constipation and abdominal 
pain. Three basic classifications of intestinal atresia classification 
are described in animals. Type 1, membrane atresia, is caused by 
a membranous diaphragm occluding the lumen of the intestine. 
Type 2, cord atresia, is characterized by a fibrous band or muscu-
lar cord-like remnant of the gut connecting the two blind ends of 
oral and aboral intestinal segments. Type 3, blind end atresia, is 
caused by an absence of a segment of the intestine with uncon-
nected ends and a corresponding gap in the mesentery. The  
etiopathogenesis of intestinal atresia conditions is likely multifac-
torial, including reported heritability in lambs. Affected animals 
should not be used for breeding purposes, ideally with neutering 
of the animal concurrently at the time of surgical correction of the 
atretic condition.207

Preparation of the animal for surgery should include stabiliza-
tion including the administration of intravenous fluids where 
appropriate. Surgical correction of atresia ani is best achieved in 
animals in which a bulge in the perineal skin where the anus 
should be is appreciable. The procedure is performed using epidu-
ral anesthesia with or without light sedation, depending on the 
tractability of the animal. General anesthesia may be more ap-
propriate in cases where extensive tissue dissection is anticipated. 
The animal is positioned in sternal recumbency with the perineal 
area clipped and aseptically prepared. A 1- to 1.5-cm diameter 
circular incision is made through the skin and subcutaneous  
tissues at the location of the bulge (or where the anus would  
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normally be located). Blunt dissection is performed cranially to 
identify the rectal pouch. The pouch is gently retracted caudally 
with tissue forceps, and the rectum is sutured to the subcutaneous 
tissue with four to six interrupted sutures. The rectal pouch is 
incised, and the rectal mucosa sutured to the skin in a simple in-
terrupted pattern or in a simple continuous pattern performed in 
quadrants. In females with rectovaginal fistulas, these should be 
located and transected prior to suturing the rectum to the perineal 
skin.207,210

In most cases, the absence of functional anal sphincter muscu-
lature is apparent during surgery and fecal incontinence is com-
monly encountered postoperatively. Postoperative care should 
include antibiotics and the use of laxatives (e.g., mineral oil) as 
indicated. Cases of atresia ani amenable to surgical correction 
carry a relatively good prognosis given the animal is not severely 
debilitated at the time of initial presentation.

Intestinal Ileus
Ileus of the small intestine is a functional, nonstrangulating ob-
struction most often secondary to abdominal pain, inflammation, 
or infection, resulting in the absence of intestinal motility. The 
animal’s failure to pass ingesta leads to signs like those of other 
obstructive lesions discussed earlier. The cause of ileus may be 
unclear, but the condition is often secondary to systemic disease 
or as a complication of previous surgery (i.e., postoperative ileus). 
The same factors that can result in rumen stasis (e.g., abdominal 
inflammation, pain) may result in intestinal stasis and ileus. Treat-
ment includes fluid therapy to address electrolyte derangements 
and dehydration, as well as the administration of NSAIDs for 
control of pain and inflammation. Administration of a lidocaine 
continuous-rate infusion, as commonly used in horses, may be 
considered with the caveat of potential lidocaine toxicity.211,212 
Use of prokinetic drugs is poorly described in small ruminants 
and should be used with caution, especially if the underlying 
cause is unknown (i.e., contraindicated in true obstructive dis-
ease).213 If signs persist, however, surgical exploration is indicated.

Peritonitis

Pathogenesis
Anatomically, the peritoneum is divided into two continuous 
parts, the parietal and visceral peritoneum. The parietal perito-
neum lines the diaphragm, abdominal wall, and pelvic cavity, 
whereas the visceral peritoneum encloses the intra-peritoneal or-
gans and forms the omentum and mesentery. Normally, a small 
amount of fluid lies between the parietal and visceral peritoneum, 
which is transparent and straw-like in color with a total protein 
concentration less than 3 g/dL and a total nucleated cell count of 
less than 5000 cells/µL.214–216 Inflammation of the peritoneum 
can be infectious or noninfectious (traumatic, chemical, or neo-
plastic) in etiology. Classifications of peritonitis include: cause 
(primary or secondary); onset and duration (peracute, acute, or 
chronic); location (localized or diffuse); and whether bacteria are 
present (i.e., septic or aseptic). Septic peritonitis is most common 
in ruminants. Common causes of septic peritonitis include rup-
ture of gastrointestinal viscera (e.g., intestine secondary to ob-
struction; rupture of the abomasum secondary to abomasitis or 
abomasal ulcers), leakage of bacteria and intraluminal contents 
from ischemic or compromised viscera (e.g., ischemic intestine, 
uterine tears, urolithiasis), iatrogenic (e.g., trocarization of the 
rumen for bloat), and complications associated with surgical  

manipulation and entry into abdominal viscera (e.g., leakage at 
resection and anastomosis site).217

Clinical Signs
Signs of peritonitis are often nonspecific and are dependent on 
the stage, extent, and severity of the underlying condition. Clini-
cal signs include altered body temperature, depression, anorexia, 
dehydration, and reduced gastrointestinal motility, including ab-
dominal distention, reduced fecal output, and colic. The presence 
of fever is variable, and the systemic effects of dehydration, bacte-
remia, and endotoxemia typically manifest as tachycardia, tachy-
pnea, and injection of mucous membranes. Peracute cases may 
present as sudden death, whereas chronic cases may include 
weight loss, poor body condition, intermittent diarrhea, or lack of 
fecal production with changes in abdominal contour.

Diagnosis
Abdominocentesis is important for the definitive diagnosis of 
peritonitis. Fluid should be collected in an EDTA tube for cyto-
logic analysis, protein concentration, and Gram staining; in plain 
sterile tubes for aerobic and anaerobic culture; and in a lithium 
heparin tube if biochemical analysis is needed. The gross appear-
ance of abdominal fluid can be suggestive of peritonitis, including 
an increase in the amount of fluid, and changes in the color, trans-
parency, viscosity, and odor (e.g., cloudy, turbid, or red-tinged, to 
thick and purulent in character). Increases in total white blood 
cell counts, the percentage of neutrophils, and total protein con-
centration are observed.218–221 In septic peritonitis, degenerative 
changes to neutrophils may be appreciable and, on occasion, in-
tracellular bacteria are observed on cytologic examination.215 
Aerobic and anaerobic culture of abdominal fluid, including anti-
microbial sensitivity testing, is indicated for proper treatment. A 
Gram- stain may aid identification of bacteria and assist in the 
choice of antimicrobial therapy before culture results are known 
(or in the absence of a positive culture). Failure to identify or 
culture bacteria should not rule out a diagnosis of septic peritoni-
tis. Septic peritonitis usually involves a mixed bacterial population 
depending on the source of peritoneal contamination. Common 
bacterial isolates from exudative peritonitis include the Entero-
bacteriaceae, obligate anaerobic bacteria, and gram-positive or-
ganisms. Rumen bacteria are typically gram-negative anaerobes, 
whereas E. coli and other enteric species are common if the intes-
tine is the source of infection.218

Use of ultrasonography may be useful in detecting increased 
amounts and changes in peritoneal fluid, as well as locating fluid 
pockets for abdominocentesis.222 Hematologic and biochemical 
parameters reflect changes expectant of a systemic inflammatory 
response or sepsis (e.g., an inflammatory leukogram and, in severe 
cases, a degenerative left shift). Exploratory laparotomy may be re-
quired to identify the presence and source of abdominal infection.

Treatment
Treatment includes supportive, antibiotic, and surgical therapies. 
Supportive therapy includes crystalloid fluid administration to cor-
rect shock and electrolyte imbalances. Other supportive measures 
include NSAID medications (e.g., flunixin meglumine) for their pain 
control and anti-endotoxemia effects, as well as transfaunation. Sys-
temic broad-spectrum antibiotic therapy is indicated with appropri-
ate changes made when culture and susceptibility results are available. 
Surgical therapy includes peritoneal debridement, irrigation, and 
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drainage. This may entail surgical correction of leaking abdominal 
viscera and physical removal of gross contamination. Use of abdomi-
nal drains can be problematic in ruminants, often readily becoming 
clogged with fibrin. The prognosis is guarded, especially if an intesti-
nal rupture has occurred.217

Rectal Prolapse

Clinical Signs, Classification, and Pathogenesis
The typical presentation of a rectal prolapse is a mucosal mass 
(types I, II, and III) or tube (type IV) protruding beyond the anus 
with variability in the extent of edema, bruising, inflammation, 
and necrosis present. Type I rectal prolapse involves only the rectal 
mucosa and submucosa which can be symmetrical or asymmetri-
cal in its protrusion from the anus. Type II rectal prolapse is a full 
thickness prolapse of all or part of the rectal ampulla. Type III 
rectal prolapse is a continuation of a type II rectal prolapse, with 
the addition of a variable amount of small colon intussuscepted 
into the rectum. Type IV rectal prolapse involves the intussuscep-
tion of the peritoneal rectum and variable length of the small 
colon through the anus.223 Types I to III palpate as a continuous 
protrusion from the mucocutaneous junction of the anus, whereas 
type IV is tube-like in appearance and forms a palpable trench 
inside the rectum on manual palpation. Rectal prolapse is more 
common in sheep than in goats and is often associated with short 
docked tails in lambs.224 Producers should be encouraged to dock 
tails at the level of the attachment of the caudal tail fold rather 
than close to the body, as the latter is associated with an increased 
incidence of rectal prolapse. Other causes of rectal prolapse in-
clude excessive straining associated with diarrhea (e.g., coccidio-
sis, salmonellosis), chronic coughing, and tenesmus associated 
with dystocia or urolithiasis.225 Over-conditioning (i.e., fat ani-
mals), grazing lush pastures or feeding of legumes (e.g., alfalfa, 
clover), and use of growth implants are also implicated as risk fac-
tors for the condition.226 Regardless of the cause, eversion and 
exposure of the rectal mucosa results in irritation and inflamma-
tion, which causes further straining, which results in a vicious 
cycle of more and more tissue becoming prolapsed. Venous drain-
age of the prolapsed tissue may become compromised, further 
contributing to the swelling. Exposed tissue becomes edematous, 
inflamed, and eventually necrotic.

Treatment
Management of rectal prolapse includes the immediate resolution 
of the prolapse as well as addressing predisposing risk factors or 
causes for increased straining (e.g., treatment of coccidiosis). The 
type of rectal prolapse and severity of damage to the exposed tis-
sue plays an important role in the type of treatment method se-
lected. In general, the rectum recovers relatively well from injury 
and an attempt to salvage the prolapsed tissue should be made 
whenever possible, albeit within reason, as deep necrosis or exten-
sive trauma to the tissue may necessitate surgical resection. A 
caudal epidural using 2% lidocaine should be performed to  
facilitate examination and cleansing of the prolapsed tissue while 
eliminating straining and providing adequate anesthesia for place-
ment of a purse-string suture and surgical procedures, if necessary. 
Depending on the tractability of the animal, sedation may be re-
quired. In sheep with extremely short-docked tails, a lumbosacral 
epidural may be easier to perform and more likely successful in 
providing complete anesthesia of the perineum. In very mild, 

early type I cases, frequent topical application of hemorrhoidal 
ointment and replacement of the everted tissue may be successful 
and preclude the use of a purse-string suture. Another quick and 
inexpensive treatment option for mild cases is the injection of 
counterirritants (e.g., Lugol’s iodine) in the retroperitoneal, peri-
rectal space, either alone or in conjunction with a purse-string 
suturing.227 The solution is injected using an 18-gauge needle, 
deeply (5 cm) within the soft tissues around the anus at the 12, 3, 
and 9 o’clock positions. Injection at the 6 o’clock position is 
avoided to prevent swelling and obstruction of the urethra.228 
Although the earlier suggestions are quick and inexpensive, reso-
lution of a rectal prolapse often requires one of the following 
treatment options. These include: (1) replacement of the prolapse 
and placement of a purse-string suture, (2) amputation using  
a prolapse ring, (3) submucosal resection, or (4) resection and 
anastomosis.223,225,229 In the case of type IV prolapses, an explor-
atory celiotomy with resection of affected tissue and an end-to-
end anastomosis may be indicated. With all treatment options, 
restricted feeding for 24 to 48 h and the administration of  
mineral oil (or other appropriate laxatives) is recommended. 
Elimination of risk factors, such as the feeding of dusty hay, as 
well as the treatment of diarrhea or pneumonia should be carried 
out following replacement of the prolapse, as these conditions 
lead to increased abdominal pressures due to coughing or strain-
ing. In animals where correction of the rectal prolapse is cost-
prohibitive, immediate harvest or euthanasia is recommended. 
Tetanus prophylaxis should be provided. Antibiotics used should 
be effective against anaerobes (e.g., penicillin), and their use is 
indicated when extensive necrosis and tissue damage is present 
(even if the prolapse is successfully replaced) or when surgical 
techniques are performed.

The use of an epidural anesthetic (e.g., 2% lidocaine,  
0.5 mL/45 kg of BW) to decrease straining and ease pain associ-
ated with the procedure is required, regardless of treatment option 
used. The reader is referred to Chapter 18 for description of both 
caudal and lumbosacral epidural procedures. Combining xylazine 
(0.01–0.03 mg/kg) with 2% lidocaine may provide longer  
analgesia and reduced straining than that obtained by lidocaine 
anesthesia alone. In animals with irretractable straining, use of an 
alcohol epidural with either isopropyl alcohol or ethanol may be 
required to prevent straining for extended periods. This type of 
anesthesia is permanent and is not without risk, as its use causes 
demyelination of both sensory and motor nerves.228 Potential 
complications include sciatic nerve damage, injection site necro-
sis, and the inability to pass feces. Therefore, it should be reserved 
for salvage purposes in animals intended for harvest. Because of 
the potential sciatic nerve damage, the clinician should perform a 
test injection of 2% lidocaine before using alcohol, to ensure the 
epidural is effective in eliminating straining with no apparent 
ataxia or muscle weakness in the hindlimbs. Following the test 
injection, a mixture of equal parts lidocaine and alcohol is used at 
the site previously injected.228

Replacement and Purse-String Suture. This technique is 
indicated for the treatment of salvageable rectal prolapses. Follow-
ing epidural anesthesia, the prolapsed tissue is thoroughly evalu-
ated, and the perineum and prolapsed tissue cleansed with a mild 
antiseptic. Edema can be reduced with the temporary topical  
application of hyperosmolar solution, such as granulated sugar or 
hypertonic saline. The prolapsed tissue is coated with lubricant 
(e.g., petroleum jelly) and gently manipulated back into its nor-
mal position. Placement of a purse-string suture is accomplished 
using appropriately sized nonabsorbable suture on a cutting  
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needle, with tissue bites situated at the mucocutaneous junction 
of the anal sphincter. To minimize fecal contamination and allow 
easy adjustment, the bow-knot should be situated either dorsal or 
lateral to the anus. To facilitate tightening of the purse-string su-
ture, an appropriately sized syringe case, tube, or the clinician’s 
finger is placed in the rectum during suture tightening which is 
subsequently removed once the purse-string suture is secured. The 
purse-string suture is tightened sufficiently to prevent recurrence 
of the prolapse while allowing the passage of feces. Removal of the 
purse-string ideally should be within 1 week of placement to 
minimize suture-tract infection. If possible, topical application of 
petroleum jelly and hemorrhoidal gel daily will reduce inflamma-
tion and edema, facilitating earlier removal of the purse-string 
suture.225,230

Rectal Amputation Using a Prolapse Ring. Placement of a 
prolapse ring should be considered a salvage procedure. This pro-
cedure is often used under field conditions where surgical proce-
dures are not economically or logistically possible. The prolapse 
ring is inserted into the rectum and an elastrator band placed. If 
a ligature is used in place of an elastrator band, it should be tight-
ened sufficiently to allow purchase on the prolapse ring. Both the 
elastrator band or ligature serve to induce vascular compromise 
and necrosis of the aboral, prolapsed tissue eventually causing it 
to slough. A fibrotic band forms cranial to the elastrator band and 
mucosa subsequently grows across the area. Complications in-
clude failure due to premature dislodgement of the prolapse ring, 
rectal stricture, peritonitis, and abscess formation.229

Submucosal Resection. Submucosal resection involves the re-
moval of necrotic or traumatized mucosa while salvaging healthy, 
underlying tissue. Advantages of submucosal resection compared 
with full-thickness resection (amputation) and anastomosis in-
clude: faster healing times, less postoperative straining, minimal 
constriction of lumen diameter, salvage of healthy tissue, the main-
tenance of the main blood supply thereby minimizing postopera-
tive hemorrhage, and by not exposing the serosa, a reduction in the 
likelihood of peritonitis and perirectal abscess formation. How-
ever, submucosal resection requires more surgical time.

After surgical preparation of the perineum and prolapsed tissue, 
a piece of flexible tubing of appropriate diameter is inserted into 
the lumen of the prolapsed tissue and is fixed in place using two 
18-gauge, 15-cm (6-inch) spinal needles placed at 90 degrees to 
each other in a cross-pinning fashion. Alternatively, stylets from 
similar in length catheters can be used if appropriate spinal needles 
are not available. The needles are placed through the external anal 
sphincter and approximately 2 to 4 mm cranial to the prolapse in 
healthy tissue in order to maintain the prolapse during dissection. 
Two complete circumferential incisions are made through the 
mucosa (of healthy tissue) on either side of the tissue to be re-
moved. A longitudinal incision at the same tissue depth is made to 
connect these circumferential incisions. Deep dissection of the 
necrotic mucosa and submucosa is carried out, essentially elevating 
a strip of tissue to be removed but leaving a deep layer of healthy 
tissue. Hemorrhage is controlled by ligature of individual vessels. 
The mucosa is aligned with four simple interrupted sutures placed 
equidistant around the circumference of the prolapse, in order  
to prevent twisting of the closure. The four quadrants are then  
apposed separately in a simple continuous suture pattern, using 
2-0 to 3-0 monofilament absorbable suture material on a taper 
needle. The spinal needles are removed, and the tissue replaced 
into the rectum.225,229,231 A purse-string suture is placed as previ-
ously described to prevent prolapse of the surgical site. Postopera-
tive management is as described earlier for all treatment options. 

The use of a nonsteroidal antiinflammatory postoperatively 
should be considered for control of pain and inflammation.

Resection and Anastomosis. Resection and anastomosis may 
be indicated in types III and IV prolapses if the prolapsed tissues 
are devitalized or the amount of tissue precludes the ability of 
reduction. The procedure can be performed as for submucosal 
resection, including the pinning technique for stabilizing the tis-
sue during dissection. In contrast to the submucosal resection, 
full-thickness circumferential incisions are made through the in-
ner and outer walls of the intussusceptum (in healthy tissue) with 
removal of all necrotic tissue. All mesenteric vessels within the 
prolapse are identified and ligated during resection. The proximal 
and distal edges are apposed with a monofilament absorbable  
suture (e.g., 1–2 polydioxanone suture (PDS)) using full-thickness, 
interrupted horizontal mattress sutures circumferentially. The 
mucosal edges are then apposed with a simple continuous pattern 
using 2-0 monofilament absorbable suture (e.g., PDS), divided 
into interrupted quadrants.225 Alternatively, a stairstep amputa-
tion can be performed to maximize the length of the inner muco-
sal and submucosal layers, which facilitates easier adaptation of 
mucosal apposition of the respective segments.230 Following resec-
tion and anastomosis, the cross-pins are removed and a routine 
purse-string suture is placed. Aftercare is as for the other tech-
niques described. Antibiotics should be administered for 7 to  
10 days postoperatively and the animal closely monitored for 
signs of peritonitis and sepsis. Potential complications include 
stricture formation, dehiscence of surgical site resulting in perito-
nitis, or evisceration of intestines, adhesion formation, and  
abscessation of the perirectal tissues.

Prevention
Preventative measures should address management practices that 
predispose to rectal prolapse. Importantly in sheep, this includes 
advising producers on the appropriate length of tail docking. 
Environmental factors should be addressed, including removal of 
dusty feeds and improvements in ventilation and air quality in 
intensively housed small ruminants to minimize coughing. Pre-
vention and treatment of disease conditions, including diarrhea, 
pneumonia, and urinary calculi should be instituted. Other con-
ditions such as over-stocked or unhygienic living conditions 
should be addressed. The producer should consider culling ani-
mals with a history of rectal prolapse from the breeding flock or 
herd. Sound nutrition and feeding practices, with frequent moni-
toring of BCS to avoid over-conditioned (excessively fat) animals 
will also aid in the prevention of rectal prolapse.

Diseases of the Liver

Liver Abscess
Formation of liver abscesses usually is the result of chronic rumen-
itis in cattle, but these lesions are rare in sheep and goats. They 
may occur in feedlot lambs and kids and other animals fed rations 
high in grain. In lambs and kids, septicemia or extension of an 
umbilical vein infection can lead to formation of liver abscesses.232 
In most cases, however, liver abscess is an incidental finding. 
Weight loss, anorexia, depression, and decreased production (e.g., 
growth, milk) may be noted in affected animals.

In adults, C. pseudotuberculosis is the most common pathogen. 
Actinomyces pyogenes and Fusobacterium necrophorum also are 
cultured from abscesses.232,233 Liver enzymes may or may not be 
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elevated. Diagnostic ultrasonography of the liver may help detect 
abscesses, especially if they are numerous and widespread. How-
ever, no specific treatment or control measure is available. Many 
of the preventive protocols used for feeder cattle can be applied to 
the control of abscesses in sheep and goats. Such strategies include 
slowly introducing concentrates into the diet, offering long-
stemmed hay on a free-choice basis, and including rumen buffers 
(alkalizing agents) and antimicrobial agents in the feed.

Pregnancy Toxemia and Fatty Liver Syndrome
Pathogenesis. Fatty liver occurs in conjunction with preg-

nancy toxemia in ewes and does during the last month of gesta-
tion.234,235 It is most common in both thin or obese ewes or does 
with a single large fetus, twins, or triplets.235,234–236 During late 
gestation, particularly in obese females, the abdominal space is 
filled with accumulated fat and an ever-expanding uterus. Because 
of the lack of rumen space, these animals have difficulty consum-
ing enough feedstuffs to satisfy energy requirements. In most 
management systems, late gestation occurs during the winter 
months when less pasture is available and poorer quality feedstuffs 
are offered. Energy requirements for ewes and does carrying twins 
or triplets are greatly increased during the final 2 months of gesta-
tion, because 70 to 80% of fetal growth occurs during this time. 
Ewes with twins require 180% more energy, and those with triplets 
need 200 to 250% more dietary energy. Glucose maintenance in 
ewes pregnant with twins is significantly more prone to distur-
bance resulting in hypoglycemia than in ewes bearing single-
tons.235 Pregnancy toxemia also occurs in association with anorexia 
caused by other diseases (e.g., foot rot, OPP, CAE) or sudden 
stresses (e.g., feed or weather changes, predator attacks, hauling). 
A period of anorexia or lack of sufficient energy intake will result 
in a negative energy balance. Affected animals begin to mobilize 
body stores of fat and transport them to the liver. In the liver, fat 
is catabolized to glycerol and free fatty acids (FFAs). FFAs can be 
used in the citric acid cycle (Krebs cycle) as an energy source, but 
not in the direct formation of glucose. Anorexic animals have less 
ruminal substrate available for production of the glucose precursor, 
propionic acid. However, oxaloacetate, which is an integral part of 
the citric acid cycle, is removed from the cycle and converted into 
glucose. Depletion of oxaloacetate inhibits the normal function of 
the citric acid cycle, thereby inhibiting the use of FFAs. As the pool 
of FFAs increases, they are converted to ketone bodies or repack-
aged into lipoproteins. Because ruminants are not efficient at 
transporting lipoproteins out of the liver and back to the adipose 
stores, the lipoproteins overwhelm the liver’s ability to handle fats, 
leading to a massive buildup, and resulting in a fatty liver. Because 
less substrate is available for glucose formation, more oxaloacetate 
is “cannibalized” from the citric acid cycle, further inhibiting the 
body’s ability to use FFAs. This impairment in turn results in the 
continued accumulation of ketones. Hypoglycemia, hyperketone-
mia, and, potentially, uremia and death can occur.

Clinical Signs. Animals suffering from fatty liver or pregnancy 
toxemia become anorexic and depressed or dull, with altered  
behavior patterns, and may lag behind others in the group or 
become recumbent. Some are constipated, grind their teeth, have 
a ketone smell to the breath, demonstrate labored breathing or 
frequent urination, and suffer from dystocia. Neurologic signs 
include blindness, circling, incoordination, “star-gazing,” tremors, 
and convulsions.237–239 Death can occur if the condition is left 
untreated. In the case of fetal death in utero, maternal septicemia-
endotoxemia and death are common sequelae.

Diagnosis. Diagnosis is based on clinical signs, the presence of 
multiple fetuses, and typical clinicopathologic findings.234 CBC 
results may be normal or show an eosinophilia, neutropenia, and 
lymphocytosis. Affected animals may or may not be hypoglyce-
mic, but ketoacidosis, hypocalcemia, and hypokalemia are  
common.236–239 Liver enzymes usually are within normal limits 
but occasionally may be increased. Azotemia, both from dehydra-
tion and secondary to renal disease, is a common finding, and a 
fatal uremia may occur. Blood concentrations of b-hydroxybutyric 
acid greater than 7 mmol/L are consistent with pregnancy tox-
emia. Urinalysis will be positive for both ketones and protein.234 
Urine is collected from sheep by holding the nares and from does 
by frightening them and then allowing them a perceived escape, 
whereupon they stop, squat, and void.

Although not commonly performed, liver biopsy can help 
determine the extent of fatty infiltration. Serum protein pattern 
changes may become an available tool in the diagnosis of this 
condition in the future.236 This syndrome must be differentiated 
from hypocalcemia, hypomagnesemia, PEM, encephalitis, lead 
toxicity, and cerebral abscesses.

Treatment. Very early cases (before onset of recumbency) 
may be treated with oral or intravenous glucose. A balanced elec-
trolyte solution with extra calcium (25 mL of 23% calcium 
borogluconate/L), potassium (10–20 mEq/L), and 5% dextrose  
is needed.234 In some cases, sodium bicarbonate is valuable 
in treating acidosis (see Chapter 3). Energy intake must be  
increased, and propylene glycol can be administered (15–30 mL 
every 12 h) as a glucose precursor. Rumen transfaunation and 
supplementation with vitamin B complex (including vitamin B12, 
biotin, niacin, and thiamine) also are recommended.

After affected females become recumbent, treatment must be 
very aggressive. Flunixin meglumine (2.5 mg/kg once daily) ap-
pears to improve survivability, but should be used in conjunction 
with other therapies.234 Flunixin meglumine can be given daily in 
depressed anorexic animals, and its use appears to improve feed 
intake.234 Researchers using recombinant bovine somatotropin 
showed a response, but it was not significant in comparison with 
that in control animals.240 Removal of the fetuses is crucial in 
these cases. Chemically inducing parturition (by administering 
2.5–10 mg of prostaglandin F2a or 0.75 mg/45 kg of cloprostenol 
in does and 15–20 mg of dexamethasone in ewes) and giving  
the ewe or doe medical support (fluids, B vitamins, glucose) while 
waiting is a useful protocol in some cases. Unfortunately, during 
the time before parturition, endotoxemia from dead fetuses  
further compromises the female’s wellbeing. For this reason, we 
recommend immediate cesarean section in depressed moribund 
animals (see Chapter 8). The owner should be forewarned of the 
poor prognosis for animals already in a moribund state. Fluid 
support during and after surgery is crucial.

Regardless of the therapeutic plan, the animal should be offered 
a palatable, energy-rich, highly digestible feedstuff. The keeper and 
the clinician should take care to minimize the risk of a confound-
ing disease during convalescence (e.g., lactic acidosis, PEM).

Prevention. Fatty liver and pregnancy toxemia can be prevented 
through proper management and nutrition. Maintaining animals in 
proper body condition throughout the year and making sure energy 
and protein levels are adequate in late gestation (see Chapter 2) are 
two key preventive measures.234,237,238 The owner or manager should 
be taught to assess body condition in individual animals, avoid  
extremes in body condition, and maintain emergency stores of feed 
in case of severe weather or natural disasters. In over-conditioned 
females, the keeper should be encouraged to restrict institution of 
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weight loss programs to early gestation (if at all) and to avoid abrupt 
feeding changes, while promoting exercise (e.g., by increasing walk-
ing distances from mineral access to shelter). The requirement for 
energy may be one and a half to two times maintenance for dams 
with single fetuses and two to three times maintenance for those 
with multiple fetuses. Prevention of concurrent disease, which may 
further increase energy demands or cause anorexia (e.g., intestinal 
parasitism, foot rot), is crucial. The keeper should take care to in-
crease the grain portion of the diet slowly, and ensure the consistent 
availability of fresh, clean water, as anorexia from rumen upset can 
lead to pregnancy toxemia. Ewes should be offered 0.5 to 1 kg of a 
cereal grain (corn, oats, barley, or a combination) every day during 
the final months of gestation; does can be offered 1/2 to 1 kg of 
grain. Keepers should maintain ewes and does at a BCS of 2.5 to 3 
(see Chapter 2) throughout gestation and evaluate the animals’  
energy intake every 2 to 4 weeks.

Ultrasonography can help identify females with multiple  
fetuses. These animals should be separated into groups and fed 
accordingly.234 Ultrasonographic determination of fetal numbers 
is best accomplished between 35 and 90 days after breeding (see 
Chapter 8). Determination of fetal number may be enhanced 
with use of proper technique: shearing the hair or fiber in front of 
the udder; applying a coupling substance to the skin (e.g., alco-
hol, oil, lubricating gel); and interrogating (viewing) as much of 
the abdomen as possible while systematically moving from one 
side of the posterior abdomen to the other, to obtain an apprecia-
tion of the abdominal structures including any fetuses present.

Animal keepers and clinicians should ensure that ewes are 
healthy and free of chronic diseases (e.g., OPP, CAE, foot rot, 
chronic parasitism) and that a good-quality trace mineral salt 
mixture is available on a free-choice basis. The addition of lasalo-
cid (0.5–1 mg/kg/day) or monensin (1 mg/kg/day) to the feed  
or mineral mixture will enhance the formation of the glucose 
precursor propionic acid and improve the efficiency of feed use. 
Monensin should be used with caution, however, because associ-
ated toxicity has been reported; the agent should be composed of 
no more than 30 ppm of the complete diet. The inclusion of nia-
cin (1 g/head/day) in a feed supplement or mineral mixture will 
help prevent pregnancy toxemia. Supplementation with lasalocid, 
monensin, or niacin should begin 2 to 4 weeks before the animals 
give birth.

Shearing in the last trimester also is recommended in ewes.238 
Many sheep producers routinely clip the wool around the vulva. 
If complete body shearing is performed, the incidence of fatty 
liver or pregnancy toxemia may be decreased, by several mecha-
nisms: sheared sheep require less energy to walk and graze. 
Sheared ewes also tend to shiver on cold days, exercising the  
enzyme systems that promote the more efficient use of FFAs as 
energy substrate. These ewes tend to seek shelter during cold 
weather, which may decrease lamb losses resulting from hypother-
mia. Obviously, if ewes are to be shorn, keepers should make  
adequate shelter available.

Keepers should avoid hauling or moving females during late 
gestation. Proper predator control measures should be main-
tained. Good hoof care programs should be in place on farms or 
ranches where grazing is the predominant form of nutrient intake. 
Sheep and goats should have their teeth checked to ensure good 
dentition before the breeding season. Animals with poor teeth 
should be culled.

Measuring serum b-hydroxybutyric acid concentrations is use-
ful in assessing energy status in ewes. Values of 0.8 to 1.6 mmol/L 
suggest a negative energy balance. Keepers should take steps to 

correct the problem by feeding better-quality, more digestible 
feedstuffs.

White Liver Disease
White liver disease is a form of fatty liver disease reported only in 
Angora and Angora-cross goats and sheep. It is associated with 
cobalt deficiency.241–245

Pathogenesis. Cobalt is needed by rumen microflora to pro-
duce cyanocobalamin, or vitamin B12, which is a coenzyme for 
methylmalonyl-coenzyme A (CoA) mutase. This enzyme is in turn 
needed to convert propionate to glucose through the Krebs cycle. 
Cobalt deficiency leads to the accumulation of methylmalonyl-
CoA, or methylmalonic acid, which is converted to branched-
chain fatty acids that accumulate in the liver. Diets high in grain, 
which is fermented to propionate, coupled with deficient or  
marginal cobalt intake, may predispose to this condition. White 
liver disease has not been reported in the United States, but ill 
thrift from cobalt deficiency has been observed. It is therefore pos-
sible that the disease goes unrecognized in some cases.242–245

Clinical Signs. Signs most commonly are seen in young ani-
mals and include ill thrift, anorexia, and diarrhea; sheep may ex-
hibit photosensitivity. Clinical laboratory findings include a 
macrocytic-normochromic anemia and hypoproteinemia.232,242,245

Diagnosis. Abnormal serum or liver concentrations of vitamin 
B12 or liver cobalt levels are the basis for diagnosis. Liver cobalt 
concentrations of 0.08 6 0.02 ppm determined on a dry matter 
basis were reported in goats with white liver disease, compared with 
0.53 6 0.11 ppm in control animals.242,243

Treatment and Prevention. Sheep can be treated with oral 
cobalt (1 mg/head/day) or vitamin B12 injections. The condition 
usually can be prevented by including cobalt in the ration by feed-
ing a good-quality trace mineral salt; however, in areas in which 
cobalt is extremely deficient or absent from all feedstuffs, the oral 
administration of cobalt-containing “bullets” along with supple-
mentation with a cobalt-containing salt-mineral mixture, may be 
required.244

Copper Toxicosis
Pathogenesis. Copper toxicosis is more common in sheep 

than in goats.232,237,239 Goats appear to excrete copper more effi-
ciently than sheep and are more cow-like in their ability to resist 
toxicosis, but nevertheless are susceptible.232,237,246–248 The use of 
copper oxide wire particles to treat internal parasitism has been 
suggested as a cause of copper toxicity in goats. Toxicity results 
from chronic accumulation in the liver from the ingestion of excess 
copper in relation to molybdenum or sulfate in the diet. In sheep, 
a copper-to-molybdenum ratio greater than 10:1 leads to the ac-
cumulation of excess copper. The most common sources of excess 
copper in sheep and goats are trace mineral mixtures and feeds 
formulated for cattle or horses. Clinical signs often are absent dur-
ing the chronic accumulation phase. Onset of acute disease is re-
lated to the sudden release of copper from the liver in large 
amounts. Stress usually precipitates this acute phase. Acute release 
of copper and subsequent high blood copper concentrations cause 
an acute hemolytic crisis, resulting in anemia, hemoglobinuria, 
and acute renal failure. Existing hepatic disease (such as that 
caused by liver flukes) may predispose animals to this condition. 
Some breeds (e.g., Merino sheep) seem to be prone to copper ab-
sorption and storage problems, whereas others (e.g., pygmy goats) 
tend to be more resistant and prone to deficiency (see Chapter 2).
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Clinical Signs. Anorexia, depression, diarrhea, and weakness 
all are signs of copper toxicity. In many instances, affected animals 
are found dead with hemolysis and icterus. Abdominal pain and 
diarrhea sometimes are present. Port wine-colored urine is evi-
dence of hemoglobinuria. Hemoglobinemia produces icterus of 
the mucosal membranes and fever.

Diagnosis. Findings on clinicopathologic examination in-
clude anemia, hemoglobinemia, hyperbilirubinemia, increased 
liver enzymes, and azotemia. Urinalysis reveals hemoglobinuria 
and isosthenuria. The combination of azotemia and isosthenuria 
indicates acute renal failure. Definitive diagnosis of acute disease 
requires measurement of copper concentrations in serum. Normal 
blood copper concentrations are approximately 50 to 200 mg/dL 
in sheep and goats.249 These concentrations increase ten- to 
twentyfold with an acute hemolytic crisis.237 On necropsy, kidney 
copper concentrations are the most diagnostic tissue, because liver 
concentrations may be normal after release into the bloodstream. 
Generally, kidney concentrations greater than 100 ppm and liver 
concentrations greater than 350 ppm on a dry matter basis are 
diagnostic. If tissue copper is reported in wet weight, the conver-
sion to dry tissue weight can be estimated by multiplying the tis-
sue concentration by a factor of 3.5.

Treatment. Treatment of acutely affected animals often is fu-
tile. Appropriate management consists of supportive therapy for 
the acute renal failure and anemia and attempts to lower liver cop-
per stores. Fluid therapy for the acute renal failure (see Chapter 3) 
is of clinical benefit, and a blood transfusion may be needed if  
the PCV drops precipitously. Ammonium tetrathiomolybdate  
(1.7 mg/kg IV or 3.4 mg/kg SC on alternate days for three treat-
ments) is the most economical agent for treatment in acute cases. 
In valuable animals, oral d-penicillamine (26–50 mg/kg twice 
daily or 52 mg/kg once daily for 6 days) increases urinary copper 
excretion. Trientine is used in human beings but has shown vari-
able results in sheep. Treatment of the remainder of the flock 
should include the oral administration of ammonium molybdate 
(50–500 mg/head/day) and sodium thiosulfate (300–1000 mg/
head/day) for 3 weeks. Stress should be minimized, so keepers and 
clinicians should delay routine maintenance procedures such as 
deworming and hoof trimming until after treatment. When ap-
plicable, spraying a combination of ammonium molybdate and 
sodium sulfate onto harvested forages low or deficient in copper to 
approximate the required therapeutic amount will decrease the 
stress required in daily oral dosing of chemicals. Allowing free ac-
cess to grazing of forages high in sulfur (greater than 0.5% sulfur), 
if available, for all surviving ambulatory animals also may help to 
minimize death losses in a flock or herd. Overzealous attempts to 
clear excessive hepatic copper stores may potentially lead to defi-
ciency, excessively stress the animal, and can be costly, thus should be 
avoided. The offending source of copper should be eliminated. Cau-
tion should be taken in such cases to remove ionophores from the 
diet, because these agents may contribute to copper absorption.250

Prevention. Avoiding high dietary copper (more than 10 ppm), 
a high copper-to-molybdenum ratio (greater than 10:1) in the feed, 
use of copper-containing foot baths, and other sources of copper is 
crucial. Including supplemental molybdenum in the diet to lower 
the copper-to-molybdenum ratio to 6:1 to 8:1 is beneficial. Addi-
tion of up to 2 to 6 ppm of molybdenum may be required in many 
instances.

Often too much emphasis is placed on the trace mineral com-
ponent of the diet. The clinician should be aware that even if no 
copper is added to the trace mineral mixture and the element does 
not appear on the product label, the mineral mixture may nevertheless 

contain copper. Many components of mineral mixes are contami-
nated with copper (zinc sulfate may contain 400 ppm of copper, 
dicalcium phosphate may contain more than 30 ppm of copper). 
Therefore, the clinician needs to perform a dietary analysis to find 
and correct the problem.

Toxic Hepatitis
Pathogenesis. The liver is vulnerable to toxic insult because one 

of its major functions is detoxification. The most common plants that 
are gastrointestinal and liver toxins are shown in Table 5.3. Clinical 
signs will depend on the offending agent. Acute, severe toxicity is 
more common with chemical toxicosis, whereas plant toxins usually 
cause chronic disease. A thorough history is important, and in many 
cases, inspection of the animals’ environment is required.

Clinical Signs. The clinical signs of toxic hepatitis can be subtle 
and nonspecific. Animals may exhibit only anorexia and depres-
sion. Icterus is more common with hemolytic diseases and is not 
always seen with liver disease. Photosensitivity is a common clinical 
feature in ruminants, and hepatoencephalopathy also can occur.

Diagnosis. Clinicopathologic data are more helpful in diagnos-
ing acute toxicity. Serum aspartate aminotransferase (AST) and 
lactic acid dehydrogenase (LDH) levels can increase with hepatocel-
lular necrosis, but such changes are not liver-specific, so muscle 
injury and disease must be ruled out. These enzymes also increase if 
serum is not separated from a blood clot in a timely fashion.232 
Increased levels of alkaline phosphatase (AP) and gamma-glutamyl 
transferase (GGT) indicate biliary stasis. AP concentrations also are 
not liver-specific, but increased serum levels of GGT are very spe-
cific for liver disease. GGT also increases in some hepatocellular 
diseases, so testing for normal concentrations is important.249 Un-
fortunately, levels of all of these enzymes can be normal with liver 
disease, especially if it is chronic. Hyperbilirubinemia, hypoglyce-
mia, low blood urea nitrogen (BUN), and hypoalbuminemia are 
not always evident, as is classically taught. If hepatoencephalopathy 
is suspected, blood ammonia concentrations may be elevated. 
Blood ammonia analysis may be impracticable in the field, because 
the blood should be kept on ice and the test should be performed 
within 30 minutes of collection. To enhance the accuracy of blood 
ammonia analysis, the clinician should collect blood from a normal 
control animal for comparison. Ammonia concentrations three 
times those in the control animal are diagnostic.251 Liver biopsy 
remains the most valuable tool for diagnosing liver disease. Al-
though clotting dysfunction may occur in liver disease, it is an un-
common complication in ruminants, and risk of bleeding should 
not discourage the clinician from performing a liver biopsy.

Treatment. If the intoxication is caught in the acute stage, ac-
tivated charcoal (500 g in the adult animal) can be given. Sup-
portive care, especially fluid support with dextrose solutions, is the 
mainstay of therapy. Low-protein diets may suppress ammonia 
production temporarily, but they can be detrimental over time, 
depending on the production status of the animal. Animals exhib-
iting photosensitivity should be housed indoors if possible, and 
broad-spectrum (systemic or topical) antibiotics may be necessary 
to control secondary bacterial dermatitis. Corticosteroids (e.g., 
dexamethasone 0.1 to 1 mg/kg IV or IM) may be indicated  
in early cases of photosensitization to decrease inflammation. Neu-
rologic signs can be controlled with phenobarbital (initial dose: 
10–20 mg/kg IV diluted in saline and administered over 30 minutes; 
subsequent doses: 1–9 mg/kg IV diluted in saline, as needed, up to 
three times daily). Diazepam (Valium) is contraindicated in  
hepatoencephalopathy because it may worsen deficits.252
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Miscellaneous Liver Diseases
Congenital hyperbilirubinemia, or black liver disease, occurs in 
certain mutant Corriedale sheep.232 The underlying disorder, very 
similar to Dubin-Johnson syndrome in humans, is a genetically re-
cessive condition characterized by an abnormality in the excretion 
of conjugated bilirubin and phylloerythrin. Appearance of disease 

manifestations in animals often is related to consumption of green 
forage. Clinical signs include anorexia, photodermatitis, and ic-
terus. Liver biopsy in affected animals reveals dark pink to black 
granules in otherwise normal hepatocytes. The syndrome first 
manifests itself in lambs around 5 months of age.253

A similar condition, termed Gilbert’s syndrome in people, oc-
curs in Southdown lambs around 6 months of age. It appears to 

TABLE 
5.3 Plants That may Cause Gastrointestinal or Hepatic Disease.

Plant Comments Signs

Cocklebur Erect annual herbage in sandy soils, flood plains, 
and overgrazed pastures; seeds are toxic

Within hours to days of ingestion: anorexia, vomiting, 
colic, dyspnea, gastroenteritis, chronic hepatitis,  
hepatic damage, death

Senecio (groundsel), Crotalaria, heliotrope, 
Amsinckia (fiddleneck), Echium

Pyrrolizidine alkaloids; excreted in milk and 
urine and can cross placenta; young more 
susceptible

Dullness, weakness, weight loss, icterus, fibrosis, hepato-
cytomegaly on histopathology, bile duct proliferation, 
photosensitivity, subcutaneous edema, diarrhea

Lantana Found in sandy, tropical areas; berries, leaves, 
and hay are toxic

Chronic toxicity: slow hepatic failure, icterus, 
photosensitization, weakness, bloody diarrhea,  
cholestasis, hepatic failure

Sneezeweed, bitterweed, rubberweed Grows in overgrazed pastures; all parts of plant 
are toxic

Acute toxicity: gastrointestinal upset, depression, serous 
nasal discharge, salivation, bloat; chronic toxicity: 
vomiting, hepatic and renal congestion, gastric 
edema, aspiration pneumonia, pulmonary edema

Cabbage, kale, rape, mustard, wild  
mushroom

Remove from diet; add iodine to diet (for goiter) Gastroenteritis, hepatic necrosis, photosensitization, 
goiter, hemolysis

Horsebrush Stop grazing, keep animals indoors Itching, uneasiness, inflamed eyes, blindness, serum 
discharge from scabs; degenerative changes in liver 
and elevated liver enzymes

Clover (crimson, red, subterranean burclover) Photosensitization

St. John’s wort Perennial herb; grows along roadsides and in  
overgrazed fields; remove from diet and keep 
animals in shade

Increased respiration, diarrhea, pruritus, dermatitis, 
death

Blue-green algae Toxic after a bloom Vomiting, diarrhea, liver failure, photosensitization;  
necropsy findings include swollen bloody liver, edema 
around gallbladder, centrolumbar apoptosis, necrosis

Pokeweed Vomiting, cramps, diarrhea, weakness, dyspnea,  
prostration, tremors, convulsions

Gossypol (cottonseed) Toxicity seen in younger pre-ruminants Poor performance, convulsions, cardiac toxicity

Rhubarb Contains oxalic acid Gastrointestinal toxicity

Oak Acorns and oak buds are most toxic Abdominal pain, pseudomembranes in gastrointestinal 
tract, bloody diarrhea, depression, renal toxicity

Castor bean Beans most toxic Gastrointestinal irritation, bloody diarrhea, central  
nervous system disturbances

Mistletoe Berries not toxic Nausea, diarrhea

Other potentially pathogenic plants
English ivy
Sesbania
Narcissus
Elderberry
Spurge
Buckwheat
Queen Anne’s lace
Milkweed
Parsley, giant hogweed
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be a recessive condition characterized by decreased hepatic uptake 
of phylloerythrin and bilirubin, with concurrent renal failure.253 
Clinical signs include icterus, photodermatitis, and ulceration 
around the ears and mouth. Liver biopsy reveals normal hepatic 
tissue. In both of these conditions, affected animals should be 
kept out of sunlight and fed minimal amounts of green forage. 
Obviously, these animals should be neutered or culled.

Various tumors of the liver, including fibrosarcoma, lymphosar-
coma, and cholangiocellular carcinoma, have been reported in 
sheep and goats.252,253 The use of ultrasonography and ultrasound-
guided liver biopsy may aid in diagnosis.

Pathological Conditions of the Umbilicus
The umbilicus consists of the urachus, umbilical vein, and paired 
umbilical arteries. These umbilical remnants normally regress af-
ter birth to become a vestigial part of the bladder apex, round 
(falciform) ligament of the liver, and lateral ligaments of the blad-
der, respectively. Umbilical masses can be uncomplicated umbili-
cal hernias or involve infection of the umbilical remnants or 
subcutaneous tissues, with or without concurrent umbilical her-
niation.254 Umbilical hernias are a common congenital defect in 
ruminants. Infection of the umbilicus is a common morbidity in 
neonates associated with partial or complete failure of passive 
transfer of immunity due to inadequate colostrum intake.255 In-
fection can also be the result of environmental contamination or 
inappropriate human handling of the umbilical cord, with exces-
sive tension or torsion. Dipping navels with antiseptic solutions 
shortly after birth is commonplace and proven to reduce umbili-
cal infections under intensive rearing conditions.256,257 However, 
the overzealous use of these solutions (i.e., not allowing the um-
bilical stalk to dry) or the use of caustic agents (strong tincture of 
iodine) can cause severe inflammation and infection of the um-
bilical structures. Physical examination of an animal with an 
umbilical mass should aim to distinguish between an uncompli-
cated umbilical hernia from infection of the umbilical remnants 
with or without the presence of an umbilical hernia. Visual in-
spection and palpation of the mass includes evaluation of its size, 
shape, temperature, discharge, pain on manipulation, reducibility 
and the presence of a hernial ring. Deep palpation of the abdo-
men in a calm animal (or under sedation) may allow discernment 
of the umbilical structures involved. Ultrasonography can be used 
to determine the umbilical structures involved (and extent) as well 
as the characteristics of hernial sac contents (e.g., omentum, ab-
omasum, or small intestine).258

Uncomplicated Umbilical Hernia
Uncomplicated umbilical hernias are considered hereditary in 
cattle and are a common congenital defect in sheep.259 Although 
a genetic predisposition has not been identified in goats, all sheep 
and goat breeding stock should be free of congenital defects.260 
Umbilical hernias can also be the result of infection of the um-
bilical remnants and body wall. Surgical correction of umbilical 
hernias should be considered for those having a diameter larger 
than 2 cm (1 finger in diameter) and persisting beyond 3 to  
4 weeks in duration. Immediate surgical intervention is indicated 
in animals demonstrating signs of colic associated with hernias, 
regardless of size.

Pinning of Umbilical Hernias. Pinning techniques using umbili-
cal clamps or elastrator bands may be considered for umbilical her-
nias which are small, nonpainful, display no evidence of infection, 

and are completely reducible (e.g., do not contain any abdominal 
viscera following reduction). Pinning is most useful in females and 
should be used with caution in males due to anatomical consider-
ations and complications associated with urine scalding. The animal 
is lightly sedated, placed in dorsal recumbency, the skin infiltrated 
with local anesthetic (e.g., 2% lidocaine), and then followed by re-
duction of the hernial sac contents back into the abdomen. The skin 
is then tented away from the body wall and the clamp or elastrator 
band applied. Large safety pins can be placed in a crossing fashion 
distal to the elastrator band to keep the band immediately adjacent 
to the abdominal wall. The ensuing inflammation will cause the 
hernial ring to adhere to itself and heal within 7 to 14 days. The 
tissue distal to the elastrator band will undergo ischemic necrosis and 
will eventually slough. Tetanus prophylaxis should be provided at 
the time of pinning. The animal should be closely monitored for 
signs of colic and wound complications.7

Umbilical Hernia Surgical Resection. In large (greater than 
2 cm), uncomplicated umbilical hernias, surgical resection is the 
treatment of choice. The procedure can be carried out using seda-
tion and local anesthesia (including the use of a high epidural) or 
under general anesthesia, with the animal positioned in dorsal 
recumbency. The surgical site is clipped and aseptically prepared. 
A fusiform skin incision is made around the umbilicus, with sharp 
and blunt dissection of the subcutaneous tissues to expose the 
hernial ring at the external rectus sheath. In males, a semilunar 
skin incision and reflection of the sheath and prepuce may be re-
quired, depending on the hernia size. The abdominal cavity is 
opened just cranial (or caudal) to the hernial ring on the linea alba 
to allow digital palpation of intra-abdominal structures, including 
the presence of adhered viscera or infected umbilical remnants. 
The hernial sac is then carefully excised at the scarred edge of the 
hernial ring. Enlarged or infected umbilical remnants and adhe-
sions are excised (see later) before closure of the defect in the ab-
dominal wall. Closure of the hernial ring is performed by simple 
apposition of the incised edges of the external rectus sheath using 
an absorbable suture in a simple continuous or simple interrupted 
pattern. If significant tension on the body wall is present, a ten-
sion relieving pattern should be used (e.g., a near-far-far-near su-
ture). The subcutaneous tissue is closed in a simple continuous 
pattern using an absorbable suture, and the skin is closed based on 
surgeon preference.254,261 Alternatively, a closed herniorrhaphy 
technique, whereby the peritoneum is not incised, may be elected 
in uncomplicated umbilical hernias. Closure of the body wall is as 
described earlier. However, an open technique has the benefit of 
inspecting the umbilical remnants. Postoperative management 
includes tetanus prophylaxis, antibiotics where indicated (as in 
the case of infected umbilical remnants), exercise restriction for 1 
to 2 weeks, and the monitoring for excessive swelling, discharge, 
surgical site dehiscence, and evidence of systemic illness (i.e., 
peritonitis, sepsis).

Umbilical Infections
Infection of the umbilical remnants includes omphalophlebitis, 
omphaloarteritis, and abscessation or persistent patency of the 
urachus. Involvement of multiple umbilical structures may occur. 
A concurrent umbilical hernia may also be present. Bacterial iso-
lates from lambs and kids with omphalitis include E. coli, Trueper-
ella pyogenes, Pasteurella sp., and Streptococcus dysgalactiae.262,263 
On physical examination, the umbilicus is enlarged, painful to 
palpation, and may be actively draining purulent discharge  
(or urine) or have a scab suggestive of drainage in the past. If an 
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umbilical hernia is present concurrently, the hernia is typically 
only partially reducible or nonreducible, and the hernial ring is 
more difficult to fully discern on palpation compared with un-
complicated hernias. Deep abdominal palpation, effectively facili-
tated by proper restraint and sedation of the animal, may allow 
differentiation of the different umbilical structures. For example, 
the umbilical vein courses craniodorsally towards the liver, whereas 
the umbilical arteries and urachus course caudodorsally towards the 
bladder. However, ultrasonography of the ventral abdomen  
is the ideal method to document which umbilical structures are 
involved, as well as the presence of cellulitis, abscesses, or free 
abdominal fluid. Evidence of a patent urachus includes the pres-
ence of dermatitis, urine scalding of the ventral abdomen, and 
urine dribbling. The animal may have a history of poor weight 
gain, previous or concurrent infectious diseases (e.g., pneumonia, 
arthritis), and signs of systemic illness such as fever, depression, 
and anorexia. Use of clinicopathological analyses such as a com-
plete blood cell count, blood culture, or cytology of the peritoneal 
fluid should be based on physical exam findings suggestive of 
sepsis or peritonitis.

Treatment
Medical Versus Surgical Management of Umbilical Remnant 

Infections. On occasion, some cases of omphalophlebitis-
omphaloarteritis can be effectively treated medically with pro-
longed broad-spectrum antibiotic therapy.7 However, if medical 
therapy is ineffective, the infected umbilical remnants should be 
surgically resected. The authors prefer timely surgical removal of 
the umbilical remnants over prolonged medical therapy, the latter 
of which may fail and still require surgical intervention.

Surgical Resection of Infected Umbilical Remnants. Anes-
thesia, positioning, and preparation of the surgical site is as de-
scribed earlier for umbilical hernia repair. If extensive involvement 
of the umbilical remnants is present and prolonged or complex 
resection anticipated, general anesthesia should be considered. 
The surgical site should be of sufficient size to allow the abdomi-
nal incision to be extended cranially or caudally (depending on 
the umbilical structures involved), including the need to perform 
marsupialization of the umbilical vein or visualization of the blad-
der. Draining tracts should be sutured closed prior to surgery to 
prevent contamination of the abdomen. A fusiform skin incision 
is made around the infected umbilicus, with sharp and blunt dis-
section of the subcutaneous tissues to expose the fibrous ring. A 
small incision is made in the linea alba cranial or caudal (opposite 
to infected umbilical structure). Initially, digital palpation of the 
abdomen is performed through this small opening to identify 
involved structures and the presence of adhesions, followed by 
further opening of the abdominal wall in an elliptical fashion us-
ing scissors.254,261 The infected umbilical structures are identified 
and resected as described later. Following resection of the umbili-
cus, the body wall is closed in three layers, as described earlier for 
umbilical hernia repair as well as based on surgeon’s preference.

Omphalophlebitis
If the infection of the umbilical vein ends distally to the liver, the 
vein can be removed en bloc, with ligation prior to transection. If 
the infection extends to and involves the liver, marsupialization of 
the umbilical vein is needed. Marsupialization of the umbilical 
vein has been described in the cranial aspect of the midline surgi-
cal incision or using a separate incision lateral or cranial to the 
midline incision.254,261 The former technique is associated with an 

increased risk of herniation of the marsupialization site. In the 
latter approach, the vein is dissected free from surrounding tissue, 
covered with a finger-tip of a sterile glove (or sutured closed), and 
exteriorized through a separate right paramedian, circular inci-
sion. The vein is sutured to the rectus sheath using multiple inter-
rupted absorbable sutures, under minimal tension. In a similar 
fashion, a second layer of sutures between the vein and the skin is 
performed using either delayed absorbable or nonabsorbable su-
ture.254 The abdominal incision is then closed as described earlier. 
The venous stump end is then reopened and allowed to drain. 
Daily flushing with dilute antiseptic solution can be performed 
but should be done carefully without back pressure. The animal 
should be maintained on antibiotics until cessation of drainage, 
and healing of the venous stump is complete (typically more than 
14 days). Rarely, a second operation may be required to resect the 
marsupialized umbilical vein.254,261

Patency or Abscessation of the Urachus
The urachus is identified and traced caudally to the urinary blad-
der. The body wall incision may need to be extended caudally to 
allow sufficient visualization and exteriorization of the bladder 
apex. The urachus and bladder apex are packed off from the abdo-
men using moist lap sponges or towels. Either stay sutures or use 
of Doyen forceps can be used to facilitate sharp resection of the 
urachus and tip of the bladder apex. The bladder is closed in two 
inverted layers in a continuous pattern (e.g., Cushing, Lembert) 
using 2-0 absorbable suture material, ensuring that the bladder 
lumen is not penetrated, and a water-tight seal is achieved.254,261 
The abdominal wall, subcutaneous tissue, and skin are closed as 
described for umbilical hernia repair.

Omphaloarteritis
En bloc resection is the treatment of choice for infection of the 
umbilical arteries. Visualization of the arteries can be difficult, 
and care must be taken not to exert excessive traction during ma-
nipulation, as this can lead to tearing of the internal iliac artery. 
The arteries are ligated with absorbable suture material as deep as 
safely possible, ideally using a three forceps technique for maxi-
mum safety.254 Marsupialization of the umbilical artery is de-
scribed, but fortunately is rarely necessary.264

Prevention. Prevention of umbilical infections is based on sound 
husbandry principles. This includes ensuring adequate intake of 
quality colostrum as well as clean lambing/kidding sheds and yards. 
Depending on the management scenario, dipping of the naval with 
noncaustic antiseptics may help reduce the incidence of infection.
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6
Internal Parasites of Sheep, 
Goats, and Cervids
LINDSAY A. STARKEY AND DAVID G. PUGH

Introduction
A number of medical issues can result in decreased production 
and overt losses when it comes to rearing sheep, goats, and cer-
vids. However, endoparasitism is of greatest concern when it 
comes to the health of sheep and goats and is also an important 
factor in cervid production systems.1,2 Without proper manage-
ment and control of internal parasites, fecundity, milk yield, 
antler size, and carcass value will all suffer. According to the most 
recent National Animal Health Monitoring System (NAHMS) 
survey looking at non–predator-related animal death, internal 
parasitism was the third most common cause of death in sheep, 
accounting for 9.6% of the nonpredator related losses; further-
more, it was the most common cause of non–predatory-related 
goat deaths (22.7%).3,4

Endoparasitism often results in anemia, weight loss, decreased 
immunity, decreased reproductive capacity, decreased meat, fiber, 
or milk production, and potentially death, any of which can be 
devastating to a producer.1,2,5 To further complicate matters, his-
torically effective anthelmintic regimens are no longer as effica-
cious, if effective at all, when it comes to treating internal parasites 
of sheep, goats, and cervids. Current recommendations to address 
endoparasitism focus on implementation of a sustainable inte-
grated parasite management strategy, which can be difficult to put 
into practice.1

What follows in this chapter is a review of the relevant aspects 
of the different parasites that infect sheep, goats, and cervids in-
cluding biology, clinical signs, diagnostics, treatment, and preven-
tion measures.

Nematodes

Gastrointestinal Nematode Infections
Etiology and Life Cycle. Ruminant species share several of the 

same types of parasites, some with little host preference (e.g., 
Haemonchus contortus) and others with great host specificity (e.g., 
Eimeria spp.) Parasite variety will depend upon region, local cli-
mate, historical deworming practices, and variety of available ru-
minant hosts. The predominant gastrointestinal nematodes (GIN) 
that infect and can lead to clinical disease in sheep, goats, and 
cervids are H. contortus, Teladorsagia circumcincta, Trichostrongylus 
spp., Ostertagia spp., Cooperia spp., and Oesophagostomum spp. 

Additional parasite species such as Trichuris spp., Nematodirus 
spp., Strongyloides papillosus, and Bunostomum spp. may be identi-
fied, but are usually not of clinical importance.1,2,5 See Table 6.1 
for a more complete listing of GIN that have been described in-
fecting sheep, goats, and cervids in the United States.6 The major-
ity of these parasites reside within the abomasum or small intes-
tine of their host.

Disease resulting from gastrointestinal parasitism is usually of 
greatest concern in young, growing animals that are experiencing 
various stressors and have not yet had the opportunity to develop 
any immunity. Although infection with GIN does occur in adult 
animals (generally speaking, those . 18 months of age), the de-
velopment of clinical signs of disease secondary to parasitism are 
uncommon in the absence of additional stressors. Stressors may 
include: pregnancy, parturition, and lactation; weaning; environ-
mental extremes; overcrowding; improper nutrition, etc.1,5

The majority of the GIN are closely related and, therefore, so 
are their life cycles. In general, reproductively capable adult male 
and female parasites are present in their preferred site within the 
gastrointestinal tract (GIT). Females deposit eggs into the GIT 
which then exit the host via the feces. Egg hatching and larval 
maturation occur when the environmental temperatures (typi-
cally 10° C to 36° C) and moisture are favorable.1 Extreme heat 
or freezing along with desiccation can be detrimental to larval 
growth or survival; nonetheless, irrigation systems even in arid 
climates may allow for parasite survival in the environment.1 
First-stage larvae (L1) and second-stage larvae (L2) feed on or-
ganic material in their environment for days to weeks prior to 
molting to the infective third-stage larvae (L3). The L3 retain 
their cuticle following the molt from L2; therefore, they are less 
susceptible to environmental extremes, but also cannot feed and 
acquire additional nutrients. The L3 stage may survive for pro-
tracted periods of time (several months) in the feces or on the 
pasture awaiting entry into an appropriate host via grazing. L3 
require adequate moisture provided by rain, dew, or flooding in 
order to migrate from the feces and onto nearby graze-worthy 
forage.1,2,5,7 Upon being ingested during grazing and entry into 
the rumen, the retained cuticle is lost and the L3 are free to move 
to the preferred location(s) within the GIT, penetrate the mucosa, 
molt to fourth-stage larvae (L4), leave the mucosa, and finish  
the maturation process into an adult. Some parasite species  
have gained the ability to utilize hypobiosis (a form of arrested 
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TABLE 
6.1  Nematode Parasites of Sheep, Goats, and Cervids in North America.

Parasite Species Superfamily Predominant Host(s) Anatomical Location
Life Cycle 
Stagea

Gastrointestinal Nematodes
Gongylonema spp. Spiruroidea Ov, Ca, Ce, OU, * Esophagus/rumen/reticulum Larvated egg

Ostertagia spp. Trichostrongyloidea Ov, Ca, Ce, OU Abomasum Egg

Teladorsagia circumcincta Trichostrongyloidea Ov, Ca, Ce, OU Abomasum Egg

Haemonchus contortus Trichostrongyloidea Ov, Ca, Ce, OU Abomasum Egg

Trichostrongylus spp. Trichostrongyloidea Ov, Ca, Ce, OU, * Abomasum/Small Intestine Egg

Marshallagia spp. Trichostrongyloidea Ov, Ca Abomasum Egg

Spiculopteragia, Apteragia spp. Trichostrongyloidea Ce, OU Abomasum Egg

Nematodirus spp. Trichostrongyloidea Ov, Ca, Ce, OU SI Egg

Cooperia spp. Trichostrongyloidea Ov, Ca, Ce, OU SI Egg

Bunostomum spp. Strongyloidea Ov, Ca, Ce, OU SI Egg

Aonchotheca (Capillaria) bovis Trichuroidea Ov, Ca, Ce, OU SI Egg

Strongyloides spp. Rhabditoidea Ov, Ca, OU SI Larvated egg

Chabertia ovina Strongyloidea Ov, Ca, Ce, OU Cecum/colon Egg

Oesophagostomum spp. Strongyloidea Ov, Ca, Ce, OU Cecum/colon Egg

Skrjabinema spp. Oxyuroidea Ov, Ca, Ce Cecum/colon Egg

Trichuris spp. Trichuroidea Ov, Ca, Ce, OU Cecum/colon Egg

Nematodes of Other Organ Systems
Mammomonogamus spp. Strongyloidea Ov, Ca, OU, * Nasal cavity/larynx Egg

Dictyocaulus spp. Trichostrongyloidea Ov, Ca, Ce, OU Bronchi Larvae

Protostrongylus spp. Trichostrongyloidea Ov, Ca, Ce Bronchioles Larvae

Muellerius capillaris Trichostrongyloidea Ov, Ca, Ce Lung Larvae

Parelaphostrongylus tenuis Metastrongyloidea Ov, Ca, Ce, OU CNS Larvae

Elaeophora schneideri Filarioidea Ov, Ca, Ce, OU Blood vessels MFF (tissue)

Ca, Caprine; Ce, cervid; MFF, microfilariae; OU, other ungulate species; *, zoonotic.
aDiagnostic stage from a patent host found in fresh feces unless otherwise stated.

development) to circumvent adverse environmental conditions 
outside of the host. The L4 may remain arrested in the mucosa for 
extended periods of time, and emergence from this ‘hypobiotic’ 
state in the mucosa, corresponds with the return of environmental 
conditions conducive for larval survival outside of the host animal.

A few notable exceptions to the aforementioned life cycle exist, 
including the adaptation seen with Bunostomum spp., which not 
only utilizes ingestion of L3 by the host via grazing, but may also 
be introduced to the host through percutaneous penetration by 
infectious L3. Additionally, Nematodirus spp. undergo delayed 
egg hatching until a fully mature L3 is present within the egg and 
environmental conditions are supportive for the hatched L3. 
Trichuris spp. are another exception, in that larval stages are never 
found free on pasture. They are retained until the egg is ingested 
by the host. Other nematodes, such as S. papillosus, can go dor-
mant in the mammary tissues of the dam and may pass through 
the milk to the offspring.

The life cycles of GIN are direct, and thus rely predominantly 
upon grazing by the host in order for infection to occur. Imple-
menting strategies to disrupt the life cycle (such as removal of 
feces or creating drier environmental conditions that would not 
support larval survival) may aid in decreasing the potential for 
reinfection.

Clinical Signs. Infection with GIN may or may not cause the 
infected host to exhibit clinical signs of disease, wherein many in-
fected animals handle their parasite burden with no outward clini-
cal abnormalities. However, some individual hosts—particularly 
those that are younger, experiencing stress or immune-compromise, 
or with high numbers of parasites present—exhibit clinical signs of 
disease. Clinical signs may include diarrhea, pale mucous mem-
branes (anemia), edema (typically in the submandibular area 
[bottle jaw] or along the ventral midline), poor growth or weight 
loss, decreased milk or fiber production, and, in severe cases, death. 
Monospecific infections with one species of nematode is a rare 
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phenomenon; parasitized hosts are usually infected with several 
different species of GIN which can lead to a complex manifesta-
tion of clinical signs depending upon the quantity and variety of 
GIN present.1

Diagnosis. The aforementioned clinical signs are consistent 
with, however, not confirmatory for, diagnosing intestinal parasit-
ism, and achieving an accurate and meaningful antemortem diag-
nosis can be vital for appropriate individual animal and herd/flock 
management as it is no longer practical, from a drug efficacy and 
animal health standpoint, to deworm the entire group at timed 
intervals throughout the grazing season.8,9

Primary antemortem diagnostic options include fecal examina-
tion with quantification and FAMACHA scoring which are useful 
tools for determining which sheep or goats are most in need of 
treatment or are contributing most to pasture contamination 
(Boxes 6.1 and 6.2, Figures 6.1 and 6.2). FAMACHA scoring is 
more problematic in cervids, and other diagnostics should  
be utilized (e.g., fecal egg counts). More tertiary diagnostics  

(Box 6.3) include larval culture, differential egg-staining tech-
niques, fecal PCR, and sero-diagnostics which are designed for 
determining the species of parasites present within an animal or 
group of animals and their proportion of the overall parasite popu-
lation.8,10 Additional diagnostics such as the in vitro assays to assess 
anthelmintic resistance allow for identification and determination 
of drug efficacy or resistance in the worm population.9,10

Examination of feces without employing any quantification 
technique provides little value leaving the producer with limited 
information regarding the types and numbers of parasites contrib-
uting to the overall parasite population. Benefits of performing a 
fecal egg count (FEC) technique are twofold: (1) it can provide 
the producer with information related to the overall number of 
parasites present within an animal, and (2) it can serve as a tool 
for monitoring drug efficacy following treatment. Use of the Mc-
Master technique (Box 6.1, Figure 6.1) to determine FEC is 
widely accepted and practiced by many for determining FEC in 
sheep, goats, and cervids. Additional FEC techniques include 

• BOX 6.1  McMaster Fecal Egg Count Technique

Required Materials
Compound microscope
Scale (measured in grams)
Fecal flotation solution (see note later)
50 mL centrifuge tube with screw cap
Tongue depressor
Tea strainer or cheesecloth (optional)
Pipette (or filter pipette [optional])
McMaster (chamber) slide
Fresh fecal sample (see note below)

Note: Fecal Flotation Solutions
Several recipes exist using table salt or sugar to create a solution with a  

specific gravity measuring approximately 1.20
Example recipe

1 pound table salt
3 quarts tap water
Mix and heat to boiling while stirring
Allow to cool (some precipitate may be present)
Save the clear portion of the solution in a dispensing container at room 

temperature
Commercially available fecal solution preparations may also be purchased

Note: Collection of Fresh Feces
Use a glove to extract feces directly from the rectum if possible
Alternatively, a freshly deposited fecal sample may be collected from the 

ground
Feces should be placed in an air-tight container labeled with the date and any 

host identification information and refrigerated until testing is performed. If 
testing is delayed, eggs will ultimately mature and hatch, so it is important 
to have the feces tested as soon after collection as possible

McMaster Egg-Counting Procedure:
 1. Weigh out 2 g of feces into a 50 mL centrifuge tube and fill to the 30 mL 

mark with your flotation solution
•	 If	a	scale	is	not	available,	28	mL	of	flotation	solution	may	be	added	to	

the centrifuge tube and feces added until the total volume equals 30 
mL (this will provide a close estimation of 2 g of feces but will not be 
as accurate as using a scale)

 2. Break up fecal pellets with a tongue depressor
•	 This	may	be	facilitated	by	allowing	the	fecal	sample	to	soak	for	a	few	

minutes in the flotation solution or removing a large portion of the liquid 

and reserving it on the side, leaving only a small volume to initially  
begin homogenizing the pellets and later returning the full volume of 
flotation solution

 3. Thoroughly mix the feces with the flotation solution (by vigorous stirring 
and/or replacing the screw cap and shaking the solution)

 4. Once homogenized, the large debris may be strained out by using a tea 
strainer or cheesecloth. Removal of the large debris will make the slide 
easier to read
•	 Alternatively,	a	filter	pipette	may	be	used	to	aspirate	the	solution	while	

removing large debris
•	 If	no	straining	is	desired,	the	solution	may	be	aspirated	with	a	standard	

pipette
 5. Fill all chambers in the McMaster’s slide completely with the homogenized 

mixture
•	 It	is	important	that	the	mixture	is	not	allowed	to	sit	as	eggs	will	pas-

sively float in the solution. If more than a few seconds have elapsed  
between mixing and loading, rock the mixture in the capped tube to  
resuspend the eggs prior to pipetting

•	 If	the	chambers	to	not	fill	completely	or	contain	air	bubbles,	rinse	the	
slide and chambers with water, shake or tap to remove excess water, 
and attempt filling the chambers again

•	 Keep	the	slide	on	a	flat	surface	or	only	slightly	tilted	while	filling	by	
gently squeezing the pipette to release the liquid

 6. Allow the filled slide to sit for approximately 5 minutes prior to viewing to 
allow eggs to passively float within the chambers
•	 Do	not	allow	the	slide	to	sit	longer	than	60	minutes	as	the	liquid	may	

begin to dry out or crystallize which will alter the results
 7. View the slide using the 103 objective, focusing on any tiny air bubbles or 

the lines of the chamber (this will be the same plane of focus to find the 
eggs)

	 8.	 Count	all	trichostrongyle-type/HOTC-type	eggs	present	within	the	lined	 
portion of the chambers

	 9.	 Determine	eggs	per	gram	(EPG)	by	multiplying	the	total	number	of	 
trichostrongyle-type/HOTC-type	eggs	by	the	multiplication	factor
•	 If	using	2	g	of	feces,	28	mL	of	flotation	solution,	and	a	two-chamber	

slide that holds a total of 0.3 mL (0.15 mL per chamber), the multipli-
cation	factor	is	50	and	the	sensitivity	is	50	EPG

•	 Alteration	of	the	weight	of	feces,	total	volume	of	the	flotation	solution,	
or size/number of chambers will result in an altered sensitivity and  
multiplication factor

 10. Once counting is complete, the chambers may be rinsed with water and 
used for additional testing in the future.
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• BOX 6.2

• BOX 6.3

 FAMACHA Guidelines

 Summary of Tertiary Nematode 
Diagnostics

	1.	 Ensure	that	those	performing	the	FAMACHA	have	been	properly	trained
	2.	 Understand	the	limitation	that	the	FAMACHA	is	designed	to	detect	Haemon-

chus and that other diagnostic tools are necessary to detect other parasite 
species

 3. Examine each host at 2- to 3-week intervals (and increase the frequency  
of exams during warm, humid weather when parasite transmission is at  
its peak)
•	 Monitor	young	animals	or	those	that	exhibit	any	clinical	signs	or	 

abnormalities more closely
	4.	 Keep	a	record	of	each	individual	animal’s	results	every	time
 5. Cull animals that need treated three times more often than the herd  

average
 6. Use an integrated approach with attention to other management strategies 

to maximize health and minimize disease

 A. Larval culture
Collection of eggs in a fecal sample that are propagated through the matu-

ration process to identifiable larval stages which can be determined to 
species

Available through several diagnostic laboratories
 B. Pasture collection

Grass	samples	collected	and	larvae	present	morphologically	or	molecularly	
determined to species

Available through several diagnostic laboratories
	C.	 Differential	egg-staining	techniques

Haemonchus eggs can be stained with peanut lectin and viewed with 
fluorescent microscopy

Research tool
Research tool; not yet commercially available

	D.	 PCR	of	feces
A fecal sample can be analyzed by PCR to detect the different species 

present and their relative quantity to one another
Research tool; not yet commercially available

 E. Sero-diagnosis
Saliva, serum, milk, or feces is submitted for the detection of either  

antibodies generated against specific parasites or antigens from the 
parasites

Research tool; not yet commercially available for ruminants
 F. In vitro assays for assessment of anthelmintic resistance

Egg hatch, larval development, larval motility/migration, or larval feeding 
are measured in the presence of anthelmintic(s)

Commercial	assay	(DrenchRite®) available through select diagnostic 
laboratories, other assays available through several diagnostic  
laboratories

A

B (i) B (ii)

• Fig. 6.1 McMaster’s Fecal Egg Count. A. Examples of two-chamber Mc-
Master slides. B. View through the eyepiece of a McMaster’s slide using the 
103 objective. (i) Note the Haemonchus, Ostertagia, Trichostrongylus and 
Cooperia or other gastrointestinal strongyle ‘type’ eggs (HOTC Comples 
-type) in the field; an egg (arrow) is even under one of the lines. (ii) A small 
coccidia oocyst is located at the end of the pointer; coccidia are hard to see 
using McMaster slides due to their small size and the limitation of viewing only 
the 43 or 103 objectives (use of the 403 will scratch the top of the slide).

A B

• Fig. 6.2 Examples of FAMACHA Scoring. A. A mixed breed goat with a 
FAMACHA score of 4 in the right eye. The left eye should also be evalu-
ated prior to assigning the FAMACHA score. (Courtesy of Dr. Ricardo 
Stockler, Auburn University.) B. This mixed breed adult goat has a 
FAMACHA score of 2–3 when evaluating the right eye membranes. She 
had a packed-cell volume of 38. (Courtesy of Dr. Thomas Passler, Auburn 
University.)

modifications of the McMaster technique, the modified Stoll 
technique, the FLOTAC or mini-FLOTAC, FECPAK, or in hosts 
with suspected lower worm burdens, the Wisconsin or modified 
Wisconsin method.8,11 Regardless of which quantification method 
is used, consistent use is paramount to allow for comparisons to 
be made and conclusions to be drawn over time.1,10

Results of an FEC are reported as number of eggs per gram 
(EPG). The number of eggs present can be impacted by several 
factors:1
•	 Species	 of	 parasites	 in	 the	 population	 (Haemonchus females 

generate higher numbers of eggs than Teladorsagia or Tricho-
strongylus females).
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•	 Stages	of	parasites	in	the	population	(immature	adults	may	be	
present and contributing to disease while not yet reproduc-
tively mature and contributing to the number of eggs).

•	 Consistency	of	the	fecal	sample	(the	number	of	eggs	in	a	more	
liquid fecal sample will be diluted by the water present in the 
sample compared with a formed fecal sample).

•	 Recently	used	anthelmintic	compound.
There are also two major drawbacks with FEC techniques. The 

first is their inability to determine the species of nematodes pres-
ent in the fecal sample. This is where the tertiary diagnostics are 
of use (Box 6.3). Unfortunately, the eggs of many of the gastroin-
testinal nematode species lack any distinguishing morphologic 
characteristics unlike their adult counterparts. These eggs are 
typically classified as “trichostrongyle-type” or “HOTC-type” eggs 
due to their morphological similarities (Figures 6.1 and 6.3A). 
The acronym HOTC stands for four of the common GIN genera: 
Haemonchus, Ostertagia, Trichostrongylus, and Cooperia. Other 
genera with HOTC-type eggs include Teladorsagia, Spiculoptera-
gia, Apteragia, Bunostomum, Chabertia, and Oesophagostomum. 
Other GIN species do have eggs that are distinct from one an-
other (Figure 6.3B–D): Nematodirus, Marshallagia, Aonchotheca, 
Strongyloides, Gongylonema, Skrjabinema, and Trichuris. The sec-
ond major drawback is the requirement of special equipment 
(e.g., microscope, technique-specific equipment, and centrifuge).

When evaluating the FEC results, it is important to not  
rely solely on the number of eggs counted to make treatment 

A

C D

B

•  Fig. 6.3 Nematode eggs seen on fecal flotation. (Courtesy Jamie Butler, Auburn University.) 
A. Trichostrongyle-type or HOTC-type eggs. B. Trichuris spp. egg (*) with HOTC-type eggs and 
two Eimeria spp. oocysts (arrows). C. Large Nematodirus spp. egg surrounded by HOTC-type eggs. 
D. Strongyloides spp. larvated egg with an HOTC-type egg and Eimeria spp. oocyst (arrow).

decisions. In general, sheep, goats, and cervids may have high 
FECs in the 1000 to 5000 EPG range and not exhibit any signs 
of disease, while other animals may be in poor body condition 
with other clinical signs and have lower EPG counts. If it is 
known that H. contortus is present in the population, FECs 
greater than 2000 to 3000 may indicate a more serious infection 
that may warrant treatment. If H. contortus is not present in the 
population, FECs ranging from 500 to 1000 may be significant. 
Clinical signs (if any), fecal consistency, body condition score, 
and FAMACHA results (if available) should always be taken into 
consideration prior to making a treatment decision for an animal.

Use of the FAMACHA card and scoring system is another 
primary diagnostic option that is practiced among sheep and goat 
producers, and it can be performed without any special equip-
ment or a microscope (Box 6.2). According to the most recent 
NAHMS studies, 11.3% of sheep producers and 13.5% of goat 
producers utilize the FAMACHA with their animals.12,13 The 
FAMACHA card was named after its creator, Professor Francois 
“Fafa” Malan). It is designed specifically to assist in detecting in-
fection with anemia-inducing GIN, primarily H. contortus, and is 
of little use for detection of other GIN species. The FAMACHA 
card utilizes the coloration of the ocular mucous membranes of 
the host as a means to determine the relative packed-cell volume 
(PCV) of the host. The examiner compares the color of the lower 
eyelid conjunctiva to the five colors (ranging from red to white) 
represented on the FAMACHA card, while standing beside the 
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sheep or goat, and using the index finger to slightly and gently 
“retropulse” the globe through the upper eyelid. This will help 
expose as much conjunctiva as possible, and assess color, compar-
ing to the card for 2 to 3 seconds (see Figure 6.2). The associated 
color score (1–5) is reflective of the host’s PCV and severity of 
disease associated with H. contortus infection.14 (Alternatively, the 
PCV may be measured directly with a blood sample and the 
proper equipment.) Goats typically have a lower PCV than sheep, 
but a PCV of less than 20% (FAMACHA score 5 3) may corre-
late with the development of clinical signs associated with anemia, 
and the lower the PCV (FAMACHA score 5 4 or 5), the more 
severe the clinical signs. If large numbers of Haemonchus are pres-
ent in the gastrointestinal tract (Figure 6.4), an animal may bleed 
to death quickly; however, blood transfusions can be life-saving in 
some situations.

Should an animal die from suspected parasite-related issues, 
postmortem may be of use for addressing the remainder of the 
herd or flock. A necropsy should be performed and GIT contents 
examined for presence of parasites. Many of the adult worms are 
small and may be intimately attached to the gut mucosa and eas-
ily missed if the examiner is not careful. Any worms recovered can 
be identified to species and the gut contents can be tested for pres-
ence and quantification of parasite eggs (see Chapter 19).

A “Five-Point Check” is also used to aid in parasite diagnosis 
and decision analysis to determine which sheep and goats should 
be dewormed. This program is described in great detail by Bath 
and van Wyk14a, but may be very difficult to employ for cervid 
production units. The five categories of the Five-Point Check are:
 1. EYE by employing the FAMACHA scoring system just 

described;
 2. BACK by assigning a body condition score which is described 

in Chapter 1, Table 1.1 and Chapter 19; 
 3. TAIL or “Dag score” of 1–5, where 1 is an animal with no 

fecal soiling and a 5 is an animal with watery diarrhea extend-
ing to its hocks and possibly appearing to be sick. With a Dag 
score of 4 or 5, one should consider deworming or other meth-
ods of parasite control;

 4. NOSE by examining for anything other than normally moist 
nostrils with very scant amounts of clear discharge (Note: large 
amounts of clear discharge, and animals rubbing their faces 
against walls or posts and stomping their feet may indicate 
Nasal Bots, see Chapter 7);

 5. JAW by examination for evidence of bottle jaw or other depen-
dent edema. The 5-point check in conjunction fecal  
egg counts will greatly aid in parasite and overall health 
monitoring.
Treatment and Control Programs. Traditional control pro-

grams for gastrointestinal nematodes have relied upon the use of 
broad-spectrum anthelmintic compounds in the entire herd or 
flock at timed intervals. This approach has been termed “suppres-
sive deworming.” This overuse of once highly effective drugs has 
led to a widespread development of parasites that are resistant to 
the available anthelmintics (discussed in further detail later).10,15 
Each administration of drugs would kill off the susceptible para-
sites within the host, but a small percentage of worms would 
survive the treatments. Those survivors would be the only worms 
left in the group of animals; therefore, the only eggs continuing 
to contaminate the pastures contained drug-resistant worms. 
With continued use of the same compounds, over time, the para-
site population in the pasture transitioned to a larger proportion 
that could withstand the drugs. When those resistant parasites 
were subsequently ingested and could no longer be removed from 
the animals when dewormed, a vicious cycle ensued, resulting in 
increases in clinical disease that could not be fixed through rou-
tine deworming.

We have learned that the parasites are not evenly distributed 
amongst the animals in a group—in fact, a small portion of the 
animals contain the majority of the parasites.1,14 This ultimately 
means that only a small portion of the animals are contributing to 
the majority of the pasture contamination. We also know that 
some animals are able to handle their parasite burden better than 
others. By targeting our anthelmintic treatments at those animals 
that are suffering from clinical disease associated with the parasit-
ism or those animals contributing most to the pasture contamina-
tion, we can help to maintain refugia and decrease the overuse and 
misuse of anthelmintics. Refugia is defined as the portion of the 
parasite population that is not selected for through the use of 
anthelmintics. Sources of refugia include parasites within an ani-
mal host that is not dewormed, parasite stages within a treated 
host that were never susceptible to the anthelmintic being used 
(e.g., some dewormers are stage-specific), and all of the parasites 
on pasture at the time of deworming. This refugia population of 
susceptible parasites will help to dilute out any resistant genes 
from the worms that survived deworming in the treated subset of 
animals, thus helping to preserve the efficacy of the available an-
thelmintic compounds.16

The current recommended strategies for using anthelmintics 
are to utilize them with a targeted selective treatment (TST) ap-
proach, also known as smart drenching, of which there are many 
(e.g., FAMACHA or Fecal Egg Count/FEC), with varying bene-
fits and disadvantages.9 One disadvantage with the TST ap-
proaches is the increase in time and effort it takes to determine 
which specific parasites are present in the group and which hosts 
are the most heavily parasitized and in need of deworming. His-
torically, when all animals were treated, there was no additional 
effort required of the producer other than the time, effort, and cost 
to deworm all of the animals. Implementing a TST requires that 
the producer now employ different techniques, including consul-
tation with the veterinarian and diagnostician initially, in order to 
make the TST effective, costing time and money. The benefits, 
however, are that there are now fewer animals will need to be 
treated, thus reducing the time and effort of the deworming pro-
cess itself, less drug being used, saving the producer money, and 
the available anthelmintics remaining effective for longer, resulting 

• Fig. 6.4 Haemonchus seen in a necropsy of a ewe. Note the obvious 
“barber pole” pattern of the adult worms. (Courtesy Dr. Kelley Steury, 
Auburn University.)
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in healthier animals. Developing an effective parasite control pro-
gram involving the use of TST approaches is a continuous process 
that requires the evaluation of current strategies, the review of 
available approaches, and the updating of management prac-
tices.1,5,9 Focusing on approaches that ensure adequate dosing of 
animals with proper dosing techniques and follow-up evaluation 
of drugs for evidence of continued efficacy, should be emphasized.

Strategic deworming works best when we remember the para-
site’s life cycle and epidemiology. Recall that animals are infected 
with GIN by grazing L3-infected pastures; therefore, we must 
focus on controlling infection during the grazing season when the 
majority of parasite transmission occurs. Using a routine parasite 
evaluation technique (e.g., FEC, FAMACHA, weight, or body 
condition score) at designated time intervals (typically 2 to  
4 weeks) during the transmission season to determine the animals 
most in need of treatment is one way to implement a TST ap-
proach. By strategically deworming only the clinically ill animals 
or those responsible for the majority of pasture contamination 
during the transmission season, we will reduce pasture contami-
nation and disease while maintaining refugia.5

One exception to the recommendation to strategically deworm 
is with animals imminently destined for slaughter. All of these 
animals should be dewormed prior to shipping which will en-
hance their condition without risking the contamination of pas-
tures with resistant parasite genetics as all of these animals will be 
moved into confinement pens where grazing is not an option. 
This recommendation is not to be misconstrued as a blanket state-
ment regarding all animals that are undergoing shipping or trans-
location; if the animals are destined for pastures elsewhere, it is 
still important to use a TST approach.5

Another exception involves pregnant animals in northern tem-
perate climates in the winter. Strategically treating the animals 
with a drug that targets encysted (hypobiotic) and adult parasite 
stages as they are moved off pasture for the winter will keep the 
parasite burden low while also reducing the periparturient rise in 
FEC and pasture contamination the following spring. This strat-
egy could prove problematic in farms already dealing with multi-
drug resistant parasites, and if that is the case, some animals 
should remain untreated to supply refugia to the pasture in the 
spring, typically those that have not had high FECs or clinical 
disease in the past. This strategy is less effective in warmer cli-
mates; monitoring animals as spring approaches to identify the 
problematic animals is a more fruitful use of time and resources.5

Safe pastures are another strategy. Safe pastures are those that 
have low levels of parasites present, including those that have been 
devoid of relevant animal hosts for several months during a season 
where the climate will eliminate larvae, pastures that have been 
used for hay or crops previously, pastures that have been burned, 
or pastures that have been recently grazed by hosts (e.g., horses or 
cattle) that largely shed parasite species of little or no concern to 
sheep, goats, and cervids. If safe pastures are used, it is crucial that 
TST also be used to preserve refugia on the new pasture. If all 
animals are treated just prior to or following movement to a safe 
pasture with a suppressive deworming program, all parasite stages 
present on that new safe pasture will be resistant after a single 
round of treatment.

Tactical deworming involves the removal of worms in the hosts 
before the worms can reproduce and contribute to pasture con-
tamination, but situations where this strategy would be of best use 
can be hard to predict.5

Opportunistic deworming and salvage deworming are typically 
not very effective long-term. Opportunistic treatment involves 

deworming while the animals are already being handled or pro-
cessed for some other purpose. Although convenient, it does not 
assist with animal health or overall productivity. A producer 
would be better off to schedule other procedures around when the 
animals are being handled for parasite monitoring and manage-
ment reasons. Salvage deworming may save the lives of heavily 
parasitized animals, but if the animals must be so ill (bottle jaw, 
severe anemia, recumbency) in order to treat, productivity of the 
animal or herd/flock has already been compromised.5

With the current situation where many parasites have devel-
oped the ability to withstand treatment with multiple drug 
classes, it is imperative the producers and clinicians do all they 
can to maintain what efficacy remains and to minimize the fur-
ther development of anthelmintic resistance. This involves em-
ploying one or more TST approaches, selecting the proper drugs, 
dosages, and routes of administration, keeping accurate records 
involving diagnostics and treatment, and implementing an inte-
grated management approach which may involve alternative 
control methods (discussed in detail later). Additionally, valuable 
online resources for producers regarding parasite control  
are available (e.g., American Consortium for Small Ruminant 
Parasite Control [ACSRPC] [website www.wormx.info])9 (see 
Chapter 19)

Many cervid producers attempt internal parasite control using 
a feed containing anthelmintic, or administration of a dewormer 
via topical application, drenching, or injection whenever the cer-
vids are handled for other procedures. Necropsies of farmed 
white-tailed deer performed at the Alabama Veterinary Diagnostic 
Lab System (. 1000 from 2014 to 2018) revealed that internal 
parasites were not considered to be a significant problem. An ex-
ception may be with confinement-raised fawns reared in crowded 
conditions showing signs of poor growth and diarrhea; these ani-
mals in some instances have high Strongyloides FECs (. 1000 
EPG). Overall, for farm raised cervids, the authors recommend 
the application of control programs that are useful for sheep and 
goats be employed when possible and practical (e.g., pasture rota-
tion and management, browsing plant species with high con-
densed tannins, etc.), and to use fecal egg counts as part of a deci-
sion analysis for the need for using dewormers.

Anthelmintic Resistance
The broad-spectrum drug classes available for use against GIN in 
ruminants in the United States are listed in Table 6.2. Some of the 
listed products are approved for use in a single host species; when 
using these drugs in an extra-label fashion, particularly in food-
producing ruminants including wild cervids, clinicians should 
consult the Animal Medicinal Drug Use Clarification Act  
(AMDUCA) and the Food Animal Drug Residue Avoidance and 
Databank (FARAD). Available anthelmintics include benzimid-
azoles, nicotinic membrane depolarizers, and macrocyclic lac-
tones. Even though a product may have been labeled for a certain 
parasite when first approved, resistant GIN species have been 
documented with every single drug class available. Some drugs 
within a drug class are more potent than others, but once a parasite 
has become resistant (gained the ability to survive one drug in a  
drug class), even the more potent drugs within a drug class will 
ultimately fail. This is termed side-resistance.1,5

The benzimidazole (BZ) class includes the drugs thiabenda-
zole, fenbendazole, and albendazole. They were among the first 
broad-spectrum anthelmintics introduced in the United States. 
The efficacy of the BZ anthelmintics is improved by increasing  
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TABLE 
6.2  Commonly Used Anthelmintics Approved for Use in Sheep and/or Goats in the U.S.

DOSAGE
WITHDRAWAL  
TIMES (DAYS)a

Drug Formulation
Parasite  
Spectrum

Approved 
Host(s) Sheep Goats

Meat  
(Ov, Ca)

Milk  
(Ca only) Remarks

Fenbendazole 
(Safe-Guard)

Suspension Nematodes Ca 5 mg/kg 
(ELDU)

5 mg/kg Ov: NE
Ca: 6

NE Approved in Bighorn sheep, not for 
use in domestic sheep

In goats, 10 mg/kg is recommended 
but	is	considered	ELDU	and	will	 
require	an	extended	WDT

Albendazole 
(Valbazen)

Suspension Nematodes, 
trematodes, 
cestodes

Ov, Ca 7.5 mg/kg 10–15 mg/kg Ov: 7
Ca: 7

NE In	goats,	10	mg/kg	dose	and	WDT	of	 
7 days in meat animals are ap-
proved for liver flukes only;  
15	mg/kg	for	nematodes	(ELDU)

Do	not	use	within	30	days	of	conception

Levamisole  
(LevaMed, 
Levasole  
bolus, Prohibit)

Soluble 
drench 
powder; 
bolus

Nematodes Ov 8	mg/kg;	
1 bolus/ 
50 lb

12 mg/kg 
(ELDU)

Ov: 3
Ca: NE

NE Weighing before treatment is recom-
mended

Dehydration	increases	risk	of	toxicity—
caution when using in hot weather

Morantel tartrate  
(Rumatel	88,	
Mor-Max, 
Goat	Care	2X)

Feed premix Nematodes Ca 10 mg/kg 
(ELDU)

10 mg/kg Ov: NE
Ca: 30

0 Approved for use in lactating dairy 
goats

Ivermectin  
(Ivomec,  
Ivermectin, 
Privermectin)

Oral drench Nematodes, 
Arthropods 
(bots)

Ov 0.2 mg/kg 0.4 mg/kg 
(ELDU)

Ov: 11
Ca: NE

NE Cattle injectable form not  
recommended

Moxidectin 
(Cydectin)

Oral drench Nematodes Ov 0.2 mg/kg 0.4 mg/kg
(ELDU)

Ov: 7
Ca: NE

NE Use of cattle pour-on formulation  
is discouraged

Decoquinate	
(Deccox)

Feed additive Protozoa Ov, Ca 0.5 mg/kg 0.5 mg/kg Ov: 0
Ca: 0

NE Feed	for	at	least	28	days	during	periods	
of exposure

For prepartum use
1 kg of 13% premix in 22 kg of trace 

mineralized salt

Lasalocid  
(Bovatec)

Feed additive Protozoa Ov 1 mg/kg 1 mg/kg 
(ELDU)

Ov: 0
Ca: NE

NE Feed continuously
For prepartum use
1 kg of 6% premix in 22 kg of trace 

mineralized salt

Monensin  
(Rumensin)

Feed additive Protozoa Ca 20 g/ton
(ELDU)

20 g/ton Ov: NE
Ca: 0

NE Feed continuously
Do	not	allow	horses	or	other	equids	

access as ingestion may be fatal to 
those hosts

Ca, Caprine; ELDU, extra-label drug use; NE, not established; Ov, ovine; WDT, withdrawal time.
aThis constitutes extra-label drug use, so a withdrawal time has not been established. Current recommendations are available on the Food Animal Residue Avoidance and Depletion (FARAD) program 
website (www.farad.org).

the dose, splitting the dose into two 12-hour treatments, giving 
the dose daily for 3 to 5 days, and fasting the animal (as long as 
it is not sick or reproductively stressed) prior to treatment in 
order to slow the transit rate of gut contents.18 These adjust-
ments, however, will not be effective long-term once the parasites 
have become resistant to this class of drugs, and once resistance 
has developed, susceptibility of the parasites to this class of  
anthelmintics is not regained, even if this drug class is not used 
for years.1

Nicotinic anthelmintics (imidazothiazoles [levamisole] and 
tetrahydropyrimidines [morantel tartrate]) were the next genera-
tion of broad-spectrum parasiticides. These drugs were not used 
as frequently as the BZs, and therefore, do not experience the high 
rates of anthelmintic resistance as is seen with the BZs. Even so, 
parasite populations have developed the ability to survive treat-
ment with these classes of anthelmintics as well.1

The macrocyclic lactones (MCL) are the newest class of broad-
spectrum anthelmintics available in the United States for ruminants. 

http://www.farad.org
http://www.farad.org
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Drugs within this class include ivermectin, moxidectin, eprinomec-
tin, and others. Just like with the other drug classes, once resistance 
has been documented to one of the drugs in the class, side resistance 
will ultimately occur to the more potent drugs, especially if used 
frequently. Moxidectin is the more potent MCL available for use in 
the United States, and should be used judiciously to preserve its ef-
ficacy; it should be used only when all other anthelmintics have 
proven ineffective.1,9

One unique feature of the MCL drug class was the variety of 
ways in which they could be administered to the host, including 
oral drench, pour-on, and injectable, whereas oral formulations 
were the traditional means of administering other classes of an-
thelmintics. Data to support the efficacy of using pour-on formu-
lations of cattle MCLs in sheep, goats, and cervids (with the 
possible exception of reindeer) is not available; it is recommended 
to use oral formulations in these hosts.19 There are data to support 
the efficacious use of injectable moxidectin in goats, but not in 
sheep.20

A new anthelmintic class has been developed and is approved 
for use in countries outside of the United States, the amino-ace-
tonitrile derivatives (monepantel).21 Unfortunately, as with other 
drug classes, the parasites developed resistance to this novel drug 
class in record time.22 This drug was used the same way the his-
toric drugs were used, proving that suppressive deworming pro-
grams alone very quickly select for resistant parasites.

The only way to truly avoid the development of anthelmintic 
resistance is to never use the drugs at all, which is not a viable 
option. General guidelines for use of anthelmintics are provided 
in Table 6.2 and in Box 6.5.
•	 Sheep,	goats,	and	cervids	metabolize	drugs	at	different	rates.23 

When using cattle-approved drugs in these hosts, the cattle 
dose is usually effective for sheep and cervids, but a double 
dose is required for efficacy in goats. Levamisole is the excep-
tion, where a 1.53 dose is administered to goats rather than a 
23 dose.

•	 Oral	administration	is	preferred	for	sheep	and	goats;	pour-on	
formulations lack efficacy when applied topically to sheep and 
goats.19 Care should be taken to ensure that entire dose enters 
the rumen by using a dosing syringe to place the dose over the 
back of the tongue. Use of oral, pour-on, or injectable formu-
lations has been successful in cervids, however, elevated doses 
(compared with the cattle dose) may be required for efficacy. 
Given the large variety of cervid hosts, specifics regarding 
choice of anthelmintic, route of administration, and dose 
should be researched for each cervid host and parasitic infec-
tion in question.

•	 Accurate	weights	 should	 be	 obtained	 in	 order	 to	 provide	 an	
accurate drug dose.

•	 Withdrawal	times	are	available	through	the	FARAD	databank.
•	 It	 is	 recommended	 to	use	one	drug	 class	until	 it	 fails	before	

switching to a different drug class.19 More frequent switching 
between drug classes may accelerate development of resistance.

•	 If	multi-class	resistance	is	present	on	a	farm,	using	two	anthel-
mintic classes simultaneously has been shown to improve effi-
cacy ( e.g., fenbendazole 1 levamisole or albendazole 1 iver-
mectin). It is important to note that the full dose of both 
components be administered.19,24

•	 Fecal	 egg	 count	 reduction	 tests	 (FECRTs)	 should	 be	 per-
formed following treatment to ensure anthelmintic efficacy. 
The World Association for the Advancement of Veterinary 
Parasitology (WAAVP) recommends comparing the FEC of 
treated animals to the FEC of nontreated animals 1 to 2 weeks 

• BOX 6.4 Summary of Additional Fecal 
Diagnostic Techniques

A. Baermann Technique
Used when looking for lungworm larvae
 1. Several grams of feces are wrapped in a porous material (e.g., cheesecloth 

or chem-wipes)
 2. Fecal pouch is suspended in warm water for several hours (overnight is 

preferred) in a funnel with clamped tubing, a cone-shaped collection vessel, 
or hollow stemware
•	 The	temperature	of	the	water	stimulates	the	larvae	to	migrate	out	of	the	

feces, through the porous material, where they will sink to the bottom of 
the collection vessel and be concentrated in the narrow base

 3. Larvae may be aspirated from the bottom with a pipette or dispensed in a 
few drops if using a funnel with clamped tubing

 4. Sample should be placed on a microscope slide and viewed with a compound 
microscope

B. Sedimentation Technique
Used when looking for fluke eggs
 1. Several grams of feces are mixed with tap water
 2. Fecal slurry should be strained (cheesecloth or tea strainer) into a 50 mL 

centrifuge tube
 3. Tube can be spun in a centrifuge or allowed to sit for 10 minutes, allowing 

the eggs and debris to settle
 4. Supernatant should be poured off and the sediment resuspended with  

additional water
 5. Repeat steps 3 and 4 several times to result in a cleaner sample, ending 

with pouring the supernatant off the final time
 6. Optional: methylene blue stain may be added which will stain the debris 

while the fluke eggs will remain amber, brown in color
 7. Eggs of Fascioliasis hepatica are large and may be seen by placing sedi-

ment into a petri dish on a dissecting scope or cover-slipped slide on a 
compound scope. Eggs of Dicrocoelium dendriticum are much smaller 
and should be observed using a compound microscope

following treatment. If a group of nontreated animals is not 
available, it is possible to compare the pre- and posttreatment 
FEC among individual animals.8,10,25

•	 Fecal	 tests	 should	 be	 performed	 on	 a	minimum	of	 10	 indi-
vidual animals within the group. Evaluation of composite 
samples is not recommended as it will decrease the overall ac-
curacy of the test. Under the WAAVP guidelines, anything less 
than a 95% reduction in eggs is indicative of resistance, and 
changing anthelmintic class is warranted.10,25

•	 FECRTs	should	be	performed	every	2	to	3	years	or	whenever	
resistance is suspected.

•	 Some	diagnostic	 laboratories	provide	highly	accurate,	yet	ex-
pensive, in vitro methods to determine if anthelmintic resis-
tance is present that can be used in lieu of FECRTs.

•	 Alternative	control	methods	(described	later)	should	be	used	in	
conjunction with judicious anthelmintic use to create a com-
prehensive parasite control program.

•	 Strict	biosecurity	programs	 should	be	 in	place	 for	new	addi-
tions. Animals should be confined for 3 to 4 weeks during 
which time they are treated with at least two (if not more)  
different drug classes. Efficacy should be confirmed and the 
resulting FEC should be as close to zero as possible prior to 
integrating the animal into the flock or herd. This will limit the 
potential introduction of anthelmintic-resistant parasites into 
the flock or herd (Box 6.5, and Chapter 19).5,19
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Supplementing the diet with proteins that can bypass the rumen 
appears to increase resilience and resistance. Additional supple-
mentation with required vitamins, minerals, and energy may be 
beneficial, especially during times of increased nutrient demands 
(e.g., late gestation through early lactation). It is important to 
ensure host-appropriate supplementation for the specific animal 
host, as sheep, goats, and cervids all have different requirements. 
Taking care to ensure that nutrition is adequate will decrease the 
potential impact that parasitism may have on the host.

Genetic Selection. Animal selection is a helpful tool for inter-
nal parasite control. Certain breeds have demonstrated a genetic 
resistance to nematode infection: St. Croix, Gulf Coast Native, 
Katahdin, Red Maasai, and Santa Ines sheep and East African 
Dwarf and Saanen goats have expressed enhanced levels of innate 
resistance regarding nematode infection compared with other 
breeds.31 The disadvantage of these breeds are that they may be less 
productive or produce fewer offspring, which may preclude their 
use in certain situations. The 2011 NAHMS study revealed that 
over half of sheep producers considered the selection for genetic 
resistance an important trait when selecting breeding stock.32

Outside of breed-specific resistance to parasites, individual 
animals within a herd or flock will experience increased levels of 
immunity and resistance to parasites compared with their cohorts. 
Parasite resistance is a heritable trait, therefore, producers can 
improve the ability of their herd or flock to genetically ward off 
parasitism by culling animals that routinely experience clinical 
illness or have high FECs or anemic FAMACHA scores. Recall 
that majority of the parasites are present in the minority of ani-
mals, therefore, retaining dams that rarely if ever experience clini-
cal parasitism or need deworming will result in a herd or flock 
that is more innately resistant to parasites which can be highly 
beneficial in the changing landscape of anthelmintic resistance.5,33 
Additionally, identifying a ram or buck who has consistently low 
FAMACHA scores, low fecal egg counts, etc. in the spring has the 
potential to enhance overall herd or flock parasite resistance in 
one generation. One of the authors (DGP) includes FAMACHA 
scores, body condition score (BCS), Five Point Check, and FEC 
along with more routine breeding soundness evaluation tech-
niques (e.g., physical examination, semen evaluation, testicular 
palpation and measurement, etc.) for routing Breeding Soundness 
Evaluation and/or sire selections for a herd or flock (see Chapter 8 
and Chapter 19).

Co-Grazing (Mixing Livestock Species). In general, each ani-
mal species has its own variety of parasite fauna, and often the 
parasites that infect and cause disease in one type of animal do not 
infect a different type of animal. For example, very few parasites 
are shared between horses and cattle. Producers may exploit this 
phenomenon by grazing different groups of animals together on 
the same pasture or grazing them in sequence with one another. 
One species will consume the parasites of the other species, and 
vice versa, thus helping to clean up the pasture for one another. 
Sheep, goats, and camelids are an exception. These hosts do share 
many parasites, therefore, co-grazing of these species will not  
result in cleaner pastures.1,5

Pasture Rotation. The goal of pasture rotation is to allow 
the pasture to sit for a period of time after grazing in order for the 
forage to recuperate, thus providing more nutritious forage to the 
next set of grazing animals. It is common to use a 30-day period 
of rest, which unfortunately coincides with the developmental 
time required for many larval parasites. Placing a susceptible host 
species out on pasture that has been supporting larval develop-
ment for the previous month may exacerbate infection rather than 

• BOX 6.5  Guidelines for Use of Deworming Drugs

 1. Only treat the animals in need (Smart)
 2. Treat with an effective anthelmintic as determined by FECRT or other 

method of determining anthelmintic efficacy
 3. Weigh animals prior to treating
 4. Ensure full dose reaches rumen through proper drenching technique
 5. Fast the animal 24 hours prior to dosing (as long as they are not sick  

or stressed) to increase efficacy
 6. Split dose into two 12-hour doses
 7. If anthelmintic resistance is present, use two classes of anthelmintics  

simultaneously

Note: use of alternative control methods to create an integrated parasite control program is highly 
recommended
FECRT, Fecal egg count reduction test; TST targeted selective treatment.

These guidelines outline the basic steps in optimizing a parasite 
control program with the goals of maintaining animal health and 
the efficacy of available anthelmintics. Even with these guidelines, 
implementation is lacking. Data in the most recent NAHMS 
studies revealed the following information regarding the methods 
used by producers to prolong or improve anthelmintic efficacy: 
rotation of dewormers (70.4% sheep), more frequent deworming 
(26.9% sheep) while strategic deworming (33% sheep), and 
monitoring drug efficacy with fecal testing (10.4% sheep).12 
Furthermore, when selecting the primary method to evaluate an-
thelmintic efficacy, producers were most likely to rely upon the 
subjective general appearance of the animal (67.2%) and the least 
likely to choose objective methods such as lab testing (3.3%) or 
improved eye score (4.0%).12 Regarding treatment decisions, even 
though the majority of producers (sheep 69.1%, goat 64.0%, 
cervid 71.3%) valued the veterinarian as a source of deworming 
information, less than half (sheep 44.7%, goat 38.2%) included 
the veterinarian in the treatment decision (see Chapter 19).12,26,27

Alternative Control Methods
Nutrition. Perhaps the most important, yet easily overlooked, 

aspect regarding alternative parasite control strategies is nutri-
tion.28 Nutrients are absorbed via the gut and are partitioned to 
where they are most needed: growth, reproduction, immunity, 
etc. Animals that are adequately nourished can handle parasite 
infection better than animals that are malnourished or receiving 
an inadequate diet. Proper nutrition facilitates resilience and resis-
tance of the animal. Resilience refers to the ability to cope with the 
parasite infection, while resistance, in this regard, refers to the 
host’s ability to resist becoming infected. A properly nourished 
animal is better equipped to handle the negative physiologic ef-
fects caused by the parasite, while at the same time having a more 
sound immune system capable of keeping infections minimal (see 
Chapter 2 and Chapter 19).

Parasitism can impact appetite and interfere with the host’s 
ability to absorb and utilize nutrients. Mucosal damage incited by 
some parasites can compromise the gut’s ability to absorb nutri-
ents leaving the host to rely upon body reserves. Parasites may also 
induce a protein-losing enteropathy due to the substantial dam-
age to the intestinal cells. Decreased protein availability can lead 
to impaired immune function, as protein is an essential nutrient 
required for proper immune function. Impaired immunity leads 
to decreased host resistance to subsequent parasite infection. 
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having a beneficial pasture-cleaning effect. Depending on the 
climate, pasture rest for 3 or more months would be indicated if 
there is to be any sort of larval parasite reduction, which isn’t 
conducive to efficient forage utilization. Rotational systems also 
lend to increased stocking densities which may compound pasture 
contamination.5 In general, pasture rotation is no longer recom-
mended.9 If rotational schemes are utilized, they must be com-
bined with an appropriate TST approach to maintain levels of 
refugia in all of the pastures.

As mentioned previously in the co-grazing section, host rota-
tion may benefit a pasture. Different hosts may not share the same 
types of parasites, therefore, a producer may consider grazing 
horses on a pasture that previously held sheep, goats, or cervids to 
assist in cleaning up the pasture by the new host(s) as long as for-
age quality and quantity are not of concern.

Copper Oxide Wire Particles. The use of copper oxide wire 
particles (COWP) has shown to have anthelmintic activity against 
H. contortus of sheep and goats, but COWP should be used with 
caution in sheep, with close monitoring, so as not to result in 
copper toxicity.34,35 Doses of 0.5 to 2 g for lambs or kids and 2 g 
for ewes and does are effective as an aid or in some instances, the 
primary method of parasite control. It is still recommended to use 
COWP in a targeted or strategic manner by administering them 
to individual animals via gel caps or mixing into an individual 
animal’s ration. Because of the potential of copper toxicity in 
sheep and occasionally goats, dietary evaluation with emphasis on 
molybdenum, copper, iron, and sulfur may be required.

Additionally, recent research has suggested that using COWP 
in conjunction with albendazole administration provides a syner-
gistic effect, creating a greater reduction in the number of parasite 
eggs shed (reduced fecal egg counts) than with COWP or alben-
dazole alone36 (see Chapter 19).

Condensed Tannin-Containing Forages. Sericea lespedeza 
(Lespedeza cuneata) is a perennial condensed tannin-containing 
forage present in the United States which shows promise as a 
natural means of parasite control that can be used as an adjunct 
measure in a parasite control program. It grows during the warm 
season and can be grazed or processed as hay or pellets.37 Benefits 
of condensed tannin-containing forages include reductions in 
FEC and H. contortus present in the abomasum. Indirect benefits 
include a decrease in larvae on pasture by hindering egg hatching 
or larval development. Additionally, since many condensed  
tannin-containing forages are browse or legumes, they grow above 
the ground, resulting in an overall reduction in parasite exposure 
with a simultaneous increase in protein and nutrient intake.  
Animals grazing sericea lespedeza may need 4 weeks to adjust to 
eating it, and if provided as hay or pellets, it needs to constitute 
at least 50% of the diet. Other forages that have exhibited some 
anti-parasite activity include chicory (Cichorium intybus) and 
sainfoin (Onobrychis viciifolia)37 (see Chapter 19).

Nematode-Trapping Fungi. The use of fungi as a natural 
means of parasite control can also be exploited. Naturally occur-
ring nematode-trapping fungi are found in soil throughout the 
world and feed on free-living nematodes by using hyphal traps. In 
order for fungi to be effective at killing parasitic larvae and ulti-
mately decreasing pasture contamination, the fungi have to be 
present in high numbers within the feces.38 This can be accom-
plished through the feeding of fungal spores to the ruminants 
which will subsequently pass out and germinate in the feces where 
they can trap the parasitic larvae. The fungi that has been most 
successful at surviving GIT in ruminant species is Duddingtonia 
flagrans.39 The major disadvantages of nematode-trapping fungi 

are that a commercially available product containing the fungal 
spores does not yet exist, and the fungi have no known impact on 
adult parasites residing within the host. Should a commercial 
product become available, this biological parasite control method 
can be used in conjunction with other parasite treatment and 
control strategies to create a more comprehensive parasite control 
program.39

Vaccination. In the face of anthelmintic resistance, the devel-
opment of GI nematode vaccines is increasingly enticing. The 
barber pole worm (Haemonchus contortus) vaccine is available 
in Australia and contains purified H. contortus antigen.40 This 
vaccine is designed to reduce egg shedding and clinical disease as-
sociated with H. contortus infection. The antigens present in the 
vaccine are recovered from the gut cells of the worm. Antibodies 
generated by the sheep’s immune system will then be ingested by the 
worms in the abomasum where they will interfere with the worm’s 
ability to process nutrients, ultimately resulting in a dying or dead 
worm. The disadvantage to using antigens that are present only in 
the worm gut are that the host’s immune system doesn’t see these 
antigens during natural infection, therefore, there is no natural 
boosting of the immune response without additional vaccination 
which leads to vaccine administration four to five times each year.31

Additional vaccine targets include excretory/secretory com-
pounds of H. contortus, but have yet to yield consistent protective 
results.41

Integrated Control. The use of any of the previously discussed 
alternative control strategies as an exclusive means for controlling 
parasites would result in disappointment. Yet, these techniques, 
when employed in combination with judicious and strategic use 
of anthelmintics and pasture management, will result in an effec-
tive and comprehensive parasite control program.

In addition to these strategies for controlling parasites in the 
animals and on the premises, a biosecurity program should be 
established to prevent the introduction of new parasites or  
anthelmintic-resistant parasites to the premises (see Box 6.5; 
Chapter 19).5

Nematodes of Other Body Systems

Lungworms
Etiology, Life Cycle, and Clinical Signs. Three major lungworm 

species can be found infecting ruminants in North America: Muel-
lerius capillaris is found most commonly, followed by Dictyocaulus 
spp., then Protostrongylus spp.

The life cycle of Dictyocaulus is quite similar to the aforemen-
tioned life cycle of the gastrointestinal nematodes: larvae mature 
in the environment, L3 are ingested while grazing, and no inter-
mediate host is required. Major distinguishing features of the life 
cycle are that the adult worms are present in the bronchi instead 
of the gut, larvae (Figure 6.5) are the diagnostic stage passed in 
the feces of the host rather than eggs, and the transmission season 
for this parasite in North America is more so in the fall and winter 
months.2,6

The life cycles of Muellerius and Protostrongylus are indirect, 
requiring the presence of a snail or slug intermediate host for the 
larvae to mature to the L3 stage. Adults reside in the small bron-
chioles or lungs of the ruminant host, and L1 are passed into the 
environment via the feces or potentially in respiratory secretions. 
Since completion of the life cycle is dependent upon the presence 
of snails and slugs, the transmission season is restricted to the sea-
sons when the intermediate hosts are present: spring and summer.
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• Fig. 6.5 Lungworms. A. A composite fecal examination showing 2 Muellerius larvae (dashed arrow) 
larvae with a coiled tails, HOTC-type eggs, two Strongyloides larvated eggs (*), and an Eimeria oocyst 
(black arrow). B. Enlarged image of Muellerius larvae (dashed arrow) highlighting the detail of the kinked 
tail (HOTC-type eggs are in the background) (A and B, Courtesy of Jamie Butler, Auburn University.). C. Lungs 
from a sheep with Dictyocaulus filaria infection. (i) Atelectasis is evident in diaphragmatic lobes, and 
(ii) worms can be seen in the trachea. D. Dictyocaulus larvae recovered with the Baermann technique. 
 (Ci and ii, and D, Courtesy of Dr. John Malone, Louisiana State University.)

Of the lungworms, Dictyocaulus are the most pathogenic, fol-
lowed by Protostrongylus, then Muellerius. Clinical signs associated 
with Dictyocaulus infection are typically seen in younger animals 
and include coughing, difficulty breathing, increased respiratory 
rate, nasal discharge and unthriftiness. More severe cases may re-
sult in pulmonary edema, emphysema, and secondary bacterial or 
viral infection. Infection with Protostrongylus may be inapparent, 
but diarrhea, weight loss, or nasal discharge with increased respi-
ratory sounds and rate may be observed. Adult animals may be 
the most heavily infected with Protostrongylus compared with 

younger animals. With Muellerius infection, clinical disease is 
usually absent unless numerous parasites are present, which may 
result in coughing.2,6

Diagnosis. Since larvae are the stage present in the feces, the 
Baermann technique (Box 6.4) is the preferred diagnostic strategy 
for enhanced larval recovery and parasite identification antemor-
tem. Fecal flotation may have some limited utility for detecting 
lungworm infections as L1 will float in some flotation solutions, 
however, the specific gravity of the flotation solution may alter the 
appearance of the larvae making distinguishing morphologic 
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• BOX 6.6 Generic Biosecurity Program for 
Management of Internal Parasites

 1. Place ALL new arrivals in a secure dry lot where they are sequestered from 
the rest of the herd/flock

 2. Perform an FEC for presence of nematode eggs
 3. Treat animal with all three drug classes in 1 day once acclimated to the 

property (within a few days of arrival)
 4. Perform an FECRT 10–14 days after treating, and again 5–7 days later;  

results should be negative for both fecal exams. Animals with negative  
results on two separate tests may be placed with the flock/herd
If results are not negative, repeat deworming; do not include animals  

shedding eggs into the herd/flock

FEC, Fecal egg count; FECRT, fecal egg count reduction test.

characteristics difficult or impossible to visualize. The L1 can be 
differentiated from one another using the structure of the tails and 
other features (see Figure 6.5).2,6

Adult parasites may also be found at necropsy. Dictyocaulus are 
typically found in the bronchi of the more caudal lung lobes (see 
Figure 6.5) and you may see emphysema, edema, or studding of 
the lung surface with purulent areas. Protostrongylus adults are 
present in the smaller bronchioles and you may notice small areas 
of greyish-yellow lobular pneumonia. Muellerius infection typi-
cally results in small, focal, nodules along the surface of the 
lungs.2,6

Treatment and Prevention. Parasite elimination in the host is 
usually achieved through the use of common anthelmintics: iver-
mectin (200 mg/kg), fenbendazole (7.5 mg/kg), or albendazole 
(10 mg/kg). Larval stages of Muellerius in the host are less respon-
sive to the drugs, and using elevated doses more frequently (300 
mg/kg of ivermectin or 15 mg/kg every 35 days to 30 mg/kg every 
30 days of fenbendazole) might be required if the parasites are not 
cleared.42,43

Prevention is difficult as attempts to kill L3 on pasture or 
control the snail intermediate hosts are often unrewarding (see 
Chapter 7). A vaccine for Dictyocaulus infection in cattle is avail-
able, but not approved for use in other ruminant species.44

Brainworm
Etiology, Life Cycle, and Clinical Signs. White-tailed deer are 

the principle hosts for Parelaphostrongylus tenuis, the meningeal 
worm. However, other cervids as well as sheep and goats may  
be infected and often suffer serious complications from the  
infection.2,6

Adult worms are present in the central nervous system (CNS) 
in the venous sinuses of the meninges. Eggs make their way into 
the bloodstream, to the lungs, and ultimately to the GIT, matur-
ing to the L1 stage along the way. The L1 in the feces must find 
its way into a snail or slug, the required intermediate host in the 
life cycle. Within the intermediate host, the L1 will mature to the 
infectious L3. Ungulates are infected following accidental inges-
tion of the snail or slug. The larvae then migrate through the gut 
wall and make their way to the CNS to finish maturing to the 
adult stages.2,6

Clinical disease in deer is rare; however, in sheep, goats, and 
other cervids, infection can result in devastating neurological 
signs: ataxia, circling, blindness, paresis, weight loss, and poten-
tially death. In abnormal hosts, it is thought that the parasites 

become larger and more coiled than in white-tailed deer; varia-
tions in the host reaction to the parasite may also play a role in 
the severity of disease in abnormal hosts.2,6 Acute colitis, peritoni-
tis, and death have been reported in very young experimentally 
infected animals following the ingestion and initial migration of 
the L3.2

Diagnosis, Treatment, and Prevention. Antemortem diagno-
sis in deer involves detecting L1 in feces (Figure 6.6), which must 
be differentiated from other potential larvae that can be recovered 
in deer feces. Serologic and molecular-based detection methods 
are in varying stages of development.2 It is difficult to confirm the 
diagnosis in other ungulate hosts as the infections are rarely patent 
(no L1 present in the feces). Often the diagnosis is made pre-
sumptively or postmortem when worms are found in different 
parts of the CNS.

Treatment is often not practical or attempted. Varying degrees 
of success have been obtained using multiple high doses of differ-
ent anthelmintics alone or in combination; however, no con-
trolled studies have documented treatment efficacy against P. 
tenuis aberrant migration.45

Prevention relies upon attempted snail control (via fencing off 
high-risk snail and slug environments or use of molluscicides) and 
controlling deer movement to decrease overlap in grazing areas 
with other potential hosts.2,6 Prophylactic use of anthelmintics 
such as ivermectin or other macrocyclic lactones monthly, or daily 
pyrantel tartrate may prevent CNS signs by killing the larvae prior 
to arrival in the CNS, and may be advocated during the active 
snail season in areas where P. tenuis infection has historically been 
an issue.45

Filarial Dermatosis
Sheep, goats, and some cervid hosts may also suffer from a condi-
tion known as sorehead which is caused by infection with El-
aeophora schneideri, slender worms that live in the blood vessels. 
The parasite is transmitted between hosts through the bite of an 
infected horsefly (Tabanus spp. or Hybomitra spp.) intermediate 
host. The fly ingests microfilaria while feeding on host blood. 
Those microfilaria will mature within the fly into L3, which are 
then transmitted to a naïve host when the horsefly feeds and will 
make their way to the circulatory system where they will reside as 
adult worms.6,46

• Fig. 6.6 L1 larvae of Parelaphostrongylus tenuis recovered from white-
tailed deer feces; notice the kinked tail. (Courtesy of Dr. Yoko Nagamori, 
Oklahoma State University.)



110 CHAPTER 6 Internal Parasites of Sheep, Goats, and Cervids

Certain deer species are thought to be the natural hosts of this 
parasite. Atypical hosts may suffer from elaeophorosis, usually 
caused by the presence of the adult worms in the arteries resulting 
in lost blood flow. Sheep experience pruritic dermatitis and wool 
loss which are usually more pronounced in the poll area or around 
the coronary bands of the feet. Elk have also been reported to 
suffer from facial damage, blindness, and potentially death 
secondary to thrombosis. Other atypical hosts that have been re-
ported are red deer, sika deer, sambar, moose, goats, Barbary 
sheep, and bighorn sheep.46

Diagnosis is usually made based upon characteristic clinical 
signs, but biopsy of the affected area may allow for visualization 
of microfilariae. Detection of adults present in the arteries at  
necropsy is also diagnostic.46

No effective anthelmintics have been described, and control 
focuses on reducing the vector fly population or preventing fly 
bites.

Cestodes

Adult Cestode Infections
Etiology and Life Cycle. Having adult cestodes (tapeworms) in 

the intestinal tract sounds problematic for the host; however, the 
majority of tapeworm infections in ruminants are more of an 
aesthetic concern to the person who sees the tapeworm segments 
present in the feces rather than a cause of disease in the host. It 
has been noted that GIT tapeworm infection could lead to an-
orexia, impairment of gut motility, and in severe infections with 
many tapeworms present, possible rupture of the intestinal tract 
with subsequent peritonitis. In sheep, goats, and cervids in North 
America, the most common tapeworms inhabiting the GIT are 
Moniezia spp. with Thysanosoma actinoides a distant second.6 
Other tapeworm species may be present outside of the GIT and 
will be discussed later as they have much more potential to cause 
clinical signs of disease (Table 6.3).

The life cycle of tapeworms is more complex than that of most 
nematode species, as tapeworms require at least two different 
hosts to complete their life cycle. With Moniezia, the adult tape-
worm is present in the small intestine and is anchored to the 
mucosa by the scolex. The strobila (chain of proglottids) dangles 
in the intestine and the worm absorbs nutrients through its cuti-
cle. Each proglottid serves as an egg factory, and ultimately the 

most mature (gravid) proglottids at the terminal portion of the 
strobila are released from the worm and will pass out of the host 
in the feces. Tapeworm eggs can be present, both contained in the 
proglottid (which is visible to the naked eye), or free in the feces. 
Those tapeworm eggs are then ingested by a free-living pasture 
mite (oribatid mite) and develop within the mite to the interme-
diate tapeworm stage (cysticercoid). When a ruminant acciden-
tally ingests the pasture mite while grazing, the cysticercoid is re-
leased and matures to the adult tapeworm in the small intestine.6

Diagnosis and Treatment. Visualization of proglottids in or 
on the fecal sample is often enough for a presumptive diagnosis, 
however, identification of the parasite eggs in a fecal flotation, 
or teasing eggs out of a proglottid can confirm the diagnosis 
(Figure 6.7).

A few drugs licensed for use in sheep and goats are effective at 
treating tapeworms (see Table 6-2); praziquantel (3.75 mg/kg) has 
been shown effective, but is not approved for use in ruminants in 
the United States.47 Environmental control for this parasite is dif-
ficult to achieve as the intermediate mite host is free-living, and 
reinfection with tapeworms is likely.

Immature Cestode Infections
Etiology and Life Cycle. There are several tapeworm species 

that can use ruminant hosts as the intermediate host in the re-
quired two-host life cycle, namely Taenia and Echinococcus spp. 
(Table 6.3). Ruminants are infected with these immature tape-
worm stages (cysticercus, coenurus, or hydatid cyst) following the 
accidental ingestion of tapeworm eggs from forage or feed con-
taminated with carnivore feces. Different carnivore species are the 
definitive hosts in these tapeworm life cycles, meaning the adult 
worms are present in the carnivore intestinal tract following the 
ingestion of the intermediate tapeworm stage present in the rumi-
nant.6,48

Diagnosis and Treatment. Clinical disease is far more likely in 
ruminant hosts harboring the immature tapeworm stages which, 
depending on tapeworm species, can localize in different organs 
throughout the body. Infection with Taenia ovis (Cysticercus ovis) 
can lead to small, white nodules (cysticerci) in the muscles which 
often does not cause any clinical disease. More severe disease re-
sults from infection with Taenia hydatigena (Cysticercus tenuicol-
lis), Taenia multiceps (Coenurus cerebralis), or Echinococcus granu-
losus. The immature tapeworms develop within the liver, lungs, 

TABLE 
6.3 Cestode Parasites of Sheep, Goats, and Cervids in North America.

Parasite Species Superfamily Predominant Host(s)a Anatomical Location Dx Stagea

Moniezia spp. Anoplocephalidae Ov, Ca, Ce, OU SI Egg

Thysanosoma actinoides Anoplocephalidae Ov, Ce, OU SI/bile ducts/pancreatic ducts Egg

Echinococcus granulosus Taeniidae Ov, Ca, Ce, OU, * CNS/lung/liver Unilocular hydatid cyst (tissues)

Taenia hydatigena Taeniidae Ov, Ca, Ce, OU, * Lung/liver Cysticercus (tissues)

Taenia ovis Taeniidae Ov, Ca, Ce, OU Muscle Cysticercus (tissues)

Taenia multiceps Taeniidae Ov, Ca, Ce, OU, * CNS Coenurus (tissues)

Ca, Caprine; Ce, cervid; CNS, central nervous system; OU, other ungulate species; Ov, ovine; SI, xxx; *, zoonotic.
aDiagnostic stage from a patent host found in fresh feces unless otherwise stated.
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• Fig. 6.7 Moniezia eggs. A. Moniezia spp. eggs recovered from white-tailed deer feces. (Courtesy of 
Dr. Mani Lejeune, Cornell University.) B. Moniezia spp. to the right of two HOTC-type eggs; note the 
pyriform apparatus within the egg containing hooks. (Courtesy of Jamie Butler, Auburn University.)

brain, or other tissues and clinical signs are highly dependent 
upon the organ system in which the immature tapeworm is devel-
oping. Even if clinical signs of infection are absent, the identifica-
tion of these immature tapeworm stages at slaughter in the muscle 
or organs often leads to condemnation of the affected tissue or 
carcass resulting in an economic loss for the producer.

Detection of antibodies or antigen in serum, diagnostic imag-
ing, or PCR of biopsy may assist in achieving an antemortem 
diagnosis, however, the majority of infections are identified at 
necropsy or slaughter.8

Treatment for the immature tapeworm stages in ruminants is 
often not effective or practical. Control measures rely on reducing 
environmental contamination by treating the carnivore definitive 
hosts with a product to kill the adult tapeworms along with trying 
to prevent fecal contamination of food sources by carnivores. It is 
also recommended to prevent carnivores from scavenging on ru-
minant carcasses. These practices will effectively break the para-
site’s life cycle. Development of reliable vaccines for ruminant 
hosts are underway, and these may soon be available to aid in the 
prevention of these tapeworm infections.49–51

Trematodes
Etiology and Life Cycle. Ruminants can be host to several 

trematode (fluke) species (Table 6.4), namely Fasciola hepatica, 

Fascioloides magna, and Dicrocoelium dendriticum. These parasites 
are geographically restricted in the United States based upon their 
need for the snail intermediate hosts and the particular environ-
ment that is suitable for those snail species. The majority of liver 
fluke infections occur in the Pacific Northwest, the Gulf Coast, 
and in the Great Lakes region.2,6,52

The indirect life cycle of these flukes are similar to one another. 
Sheep, goats, and cattle are the definitive hosts for F. hepatica 
while deer and other cervids are the definitive host for F. magna; 
any ruminant can serve as the definitive host for D. dendriticum. 
The definitive host passes operculated eggs in the feces. For  
F. hepatica and F. magna, an aquatic environment is required as 
the snail intermediate host is only present in and around water. 
The miracidium is present within the developed egg and hatches 
from the egg in water where it must find and penetrate a snail 
within the first 24 to 48 hours, otherwise the miracidium will die. 
Within the snail intermediate host, the parasite asexually repli-
cates, and ultimately, cercariae are released. The cercariae are free 
in the water and will swim to and encyst upon aquatic vegetation 
as metacercariae to then be ingested by the ruminant definitive 
host while grazing.2,6,52

D. dendriticum has a terrestrial-based life cycle which includes 
two intermediate hosts: a terrestrial snail and then an ant. The 
developed egg of D. dendriticum awaits ingestion by the terrestrial 
snail, and these eggs are long-lived on pasture. Replication occurs 

TABLE 
6.4 Trematode Parasites of Sheep, Goats, and Cervids in North America.

Parasite Species Superfamily Predominant Host(s) Anatomical location Dx Stagea

Paramphistomum, Cotylophoron, Calicophoron spp. Parmamphistomatidae Ov, Ca, Ce, OU Rumen/reticulum Egg

Fasciola spp. Fasciolidae Ov, Ca, Ce, OU, * Liver/bile ducts Egg

Fascioloides magna Fasciolidae Ov, Ca, Ce, OU Liver/bile ducts Egg

Dicrocoelium dendriticum Dicrocoeliidae Ov, Ca, Ce, OU Liver/bile ducts Egg

Ca, Caprine; Ce, cervid; OU, other ungulate species; Ov, ovine; *, zoonotic.
aDiagnostic stage from a patent host found in fresh feces unless otherwise stated.
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within the snail which will then release the cercariae in slime balls 
which are then ingested by the second intermediate host, the ant. 
Dicrocoelium utilizes the additional intermediate host to facilitate 
its transmission in the terrestrial environment. Within the ant, 
the cercariae mature to metacercariae. Ants infected with Dicro-
coelium exhibit unusual behavior and they will migrate to the tops 
of the grass and stay there, thus increasing their chances of being 
ingested by the ruminant definitive host.6

Once the metacercariae is ingested by the ruminant definitive 
host, the parasite begins its migration to the final site of infection: 
the liver and/or bile ducts.

Clinical Signs. Disease with F. hepatica may be acute, sub-
acute, or chronic. Acute disease is associated with ingestion of 
many metacercariae that simultaneously migrate throughout the 
liver parenchyma, leading to destruction and hemorrhage. Con-
current infection with Clostridium novyi, the causative agent of 
black disease, may also occur in nonvaccinated animals. Clinical 
signs of acute disease include sudden death, difficulty breathing 
with pale mucous membranes, weakness, ascites, and reluctance 
to move. Subacute disease is characterized by ingestion of meta-
cercariae over a longer time frame where some are migrating 
through the liver parenchyma while others have matured to the 
point of residing and feeding within the bile ducts. You may see a 
combination of moderately severe liver lesions in conjunction 
with cholangitis. This disease manifestation may still be fatal if left 
untreated, but is not as rapidly fatal as acute disease. Subacutely, 
affected animals may exhibit reduced appetite, poor condition, 
edema, ascites, and pale mucous membranes. Chronic infection is 
the most common form of disease and is characterized by a de-
creased appetite with progressive loss of condition, weakness, and 
worsening hypoalbuminemia and anemia. Substantial scarring of 
the liver and thickening of the bile ducts (pipe-stem liver) are usu-
ally present.2,6

Clinical signs with F. magna infection are host dependent. In 
deer, the immune response results in flukes being walled-off into 
cystic structures within the liver parenchyma and clinical signs are 
usually mild or absent. However, in sheep and goats, there is no 
immune response and the F. magna flukes will migrate extensively 
throughout the liver parenchyma and infection can result in sud-
den death.6,52

Infection with D. dendriticum often does not cause any dam-
age to the liver since there is no migratory phase, however, heavy 
infections may result in cirrhosis of the liver and distended bile 
ducts. Clinical signs are often absent, but anemia, edema, emacia-
tion, and poor wool growth have been reported in severe infec-
tions.6

Diagnosis. Antemortem diagnosis of F. hepatica can be diffi-
cult as acute and subacute disease may occur in the absence of 
detectable parasite eggs in feces. Reliance upon clinical signs and 
bloodwork, in conjunction with the historic presence on that 
farm or in the area and seasonality, are more useful diagnostics 
early in infection. Eggs may be present in the feces during chronic 
infection and can be recovered through the use of a fecal sedimen-
tation technique (see Box 6.6 and Figure 6.8a&b). Fluke eggs are 
too heavy to be recovered with standard fecal flotation solutions 
and would require the use of high specific-gravity flotation  
solutions.2,8

Postmortem identification of lesions consistent with F. hepatica 
and the presence of juvenile or adult flukes in the liver or bile 
ducts can confirm infection (Figure 6.8d&e). Lesions with acute 
fascioliasis typically include an enlarged, hemorrhagic liver with 
juvenile fluke migratory tracts. Subacute lesions are similar in that 

the liver is often enlarged; however, the migratory tracts may be 
necrotic. With chronic infection, the liver tissue is more irregu-
larly shaped and firmed, indicative of scarring. Bile ducts are often 
distended and contain numerous adult flukes (Figure 6.8).2,6

Detection of fluke eggs is diagnostic for F. magna in deer 
(Figure 6.8). Infections with F. magna are not patent in sheep and 
goats and diagnosis is based upon clinical signs, a history of en-
vironmental overlap with deer, and presence of flukes or consis-
tent lesions at necropsy. Streaks of black pigment in the liver 
parenchyma are pathognomonic for F. magna infection in sheep 
and goats while adult flukes often found in large cysts within the 
liver parenchyma is typical of infection in deer (Figure 6.8). Fecal 
sedimentation for F. magna eggs is of no use in sheep and goats 
as the infections rarely reach patency.2,6

The presence of eggs in feces antemortem (detected via sedi-
mentation or high specific-gravity fecal flotation) or adult flukes 
in the bile ducts postmortem is diagnostic for D. dendriticum.

Evaluation of alternative methods for detection of trematode 
infections includes antigen or antibody detection in a variety of 
host samples, but these have yet to become routinely available.2,8

Treatment and Prevention. There are a few drugs that are ef-
fective at treating the younger stages of F. hepatica and F. magna, 
but none of them are currently approved in the United States. 
Triclabendazole is highly effective at killing young and old flukes 
but resistance to this drug is spreading.6,53 Closantel will kill 
flukes greater than 4 to 6 weeks of age, but repeat treatments may 
be necessary. Albendazole and clorsulon (in a combination prod-
uct with ivermectin) are available in the United States to treat 
adult flukes in cattle, however, the approval of these products for 
fluke control in sheep, goats, and cervids is complicated.54 Alben-
dazole at a flukicidal dose (10 mg/kg) is approved only in goats 
for F. hepatica. These drugs have some activity against F. magna as 
well, but are not 100% effective.55 Thiabendazole has been shown 
effective for treating D. dendriticum.54 Movement to a fluke-free/
snail-free pasture is always recommended in combination with 
using effective drugs.2,6,54

Preventing pasture contamination with fluke eggs during the 
transmission season is one key for fluke control. This is achieved 
by proper timing of treatment and treating all animals in the flock 
or herd if F. hepatica is diagnosed. In the southern United States, 
peak snail activity and transmission occur in the winter months. 
It is recommended to treat animals in late summer or early fall to 
kill any adult parasites in the host to prevent contamination of the 
environment with eggs as the snail activity is increasing. In the 
cooler climates, transmission is opposite and the ideal treatment 
time to prevent environmental contamination is late winter or 
early spring.

For F. magna, attempts to reduce the presence of deer in areas 
where sheep and goats graze is essential, yet, oftentimes unobtainable.

Management of snail populations is also advisable but often 
impractical. For aquatic snails, draining the pastures or fencing off 
the contaminated areas may be pursued. Molluscicides are also 
available but come with some environmental concerns. Snail con-
trol for D. dendriticum is even more difficult and the eggs are 
long-lasting on pasture.2,6

Protozoa

Coccidiosis
Etiology and Life Cycle. Diarrhea in young animals can be as-

sociated with a protozoal infection with Eimeria spp., the causative 
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• Fig. 6.8 Trematodes. A. Eggs of Fasciola hepatica; note the operculum which is more visible in the right 
image (blue arrow). (Courtesy of Jamie Butler, Auburn University.) B. Egg of Fascioloides magna recovered 
from a white-tailed deer. (Courtesy of Dr. Mani Lejeune, Cornell University.) C. Adult F. hepatica (left) and 
F. magna (right); notice the larger size and increased thickness of F. magna compared with the smaller, 
thinner F. hepatica. (Courtesy of Jamie Butler, Auburn University.) D. A large mass in the liver of a farm-
raised, mature, white-tailed deer doe, with a large cyst containing clear fluid. Black tracts can be seen on 
the surface of the liver. (Courtesy of Dr. Kelley Steury, Auburn, AL.) E. After the small cyst is 
cut open shown in Figure 6.8D, black pigmented tissue from the flukes is readily identified. (Courtesy of 
Dr. Kelley Steury, Auburn, AL.)

agents of ruminant coccidiosis (Table 6.5). Eimeria spp. are incred-
ibly host specific; therefore, they are not shared between different 
ruminant species. These parasites replicate within the cells lining 
the GIT leading to cellular destruction. The life cycle involves in-
gestion of sporulated oocysts from the environment. The parasite 
then undergoes asexual replication within the intestinal cells prior 
to the formation of gametocytes which will fuse to ultimately form 
an oocyst. Each round of asexual or sexual replication results in 
more destroyed cells. Ultimately oocysts rupture from the cell  
and pass from the host in the feces. Maturation to an infective 
sporulated oocyst can occur in as little as a couple of days in the 

environment and these infective oocysts may remain viable in the 
environment for months to years. Situations where the animals are 
crowded together and oocyst contamination in the environment is 
allowed to build up may predispose to heavier infections with the 
potential for more severe clinical disease.6,56

Clinical Signs. Animals of all ages can be infected with coc-
cidia, however, disease is most severe in younger animals (i.e., 
lambs, kids, and fawns). Clinical signs are usually amplified if the 
animals are stressed by weaning, cold weather, or relocation. In 
general, the species that preferentially replicate within the crypt 
cells of the large intestine lead to more severe disease. In sheep, 
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TABLE 
6.5 Protozoan Parasites of Sheep, Goats, and Cervids in North America.

Parasite Species Superfamily Predominant Host(s) Anatomical Location Dx Stagea

Eimeria spp. Eimeriidae Ov, Ca, Ce Abomasum/SI/cecum/colon Oocyst

Cryptosporidium spp. Cryptosporidiidae Ov, Ca, Ce, OU, * SI Oocyst

Giardia spp. Giardiidae Ov, Ca, OU, * SI Cyst or trophozoite

Toxoplasma gondii Sarcocystidae Ov, Ca, Ce, OU, * Muscle, Reproductive, CNS Cyst or tachyzoites (tissues)

Sarcocystis spp. Sarcocystidae Ov, Ca, Ce, OU, * Muscle Cyst (tissues)

Besnoitia spp. Sarcocystidae Ca, Ce, OU Subcutaneous/skin/conjunctiva Cyst (tissues)

Hammondia spp. Sarcocystidae Ov, Ca, Ce, OU Muscle Cyst (tissues)

Ca, Caprine; Ce, cervid; CNS, central nervous system; SI, xxx; OU, other ungulate species; Ov, ovine; *, zoonotic.
aDiagnostic stage from a patent host found in fresh feces unless otherwise stated

Eimeria crandallis and Eimeria ovinoidalis are considered the most 
pathogenic species. For goats, the most severe disease typically 
results from infection with Eimeria christenseni, E hirci, 
E ninakohlyakimovae, E arloingi, and E caprina. Eimeria spp. also 
cause infection in cervids. Clinical signs may be mild diarrhea 
with anorexia or reduced feed efficiency all the way to dehydra-
tion, hemorrhagic diarrhea, and death.6,56

B

A

C

• Fig. 6.9 Coccidia oocysts. A. Numerous Eimeria spp. recovered from a white-tailed deer. (Courtesy of 
Dr. Yoko Nagamori, Oklahoma State University.) B. Eimeria spp. oocysts (arrows) adjacent to HOTC-type 
eggs; note the presence of a micropyle (thinning) and micropyle cap on some of the oocysts. (Courtesy of 
Jamie Butler, Auburn University.) C. Enlarged images of Eimeria spp. recovered from white-tailed deer. 
(Courtesy of Dr. Mani Lejeune, Cornell University.)

Diagnosis. Fecal flotation can reveal high numbers of oocysts in 
patent infections; yet, it is important to note that animals may be 
clinically ill from coccidiosis before oocysts are ever shed in the feces 
(Figure 6.9). Also, clinically normal animals may shed small num-
bers of oocysts in the absence of clinical signs. Performing an FEC 
is not typically pursued for coccidia as the oocysts can be too small 
to appreciate in the standard McMaster’s slide and the numbers of 
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oocysts don’t necessarily correlate to clinical disease (Figure 6.9). 
At necropsy, a thickened, hyperemic GI mucosa may be present.  
Microscopic examination of mucosal scrapings or histologic tissue 
sections will reveal various stages of coccidia.6,56,57

Treatment and Prevention. Treatment for an animal suffer-
ing from clinical signs of coccidiosis includes anticoccidial 
therapy, ensuring proper supportive care, nutrition, and hous-
ing, and movement to an uncontaminated environment.6,56 
Several drugs have been shown effective in the treatment  
and control for Eimeria spp.; those approved for use in sheep 
and/or goats in the United States are listed (see Table 6.2).56 
Amprolium (25–40 mg/kg for 5 days) or sulfaquinoxaline  
(10–20 mg/kg for 3–7 days) has been used extra-label in sheep 
and goats, but should only be done so while following  
AMDUCA and consulting FARAD for withdrawal times.55 
Single doses of ponazuril (10 mg/kg) or toltrazuril (20 mg/kg) 
have also shown some efficacy when used extra-label.58,59 The 
entire group of young animals may be treated in an outbreak 
situation as all are likely to be infected at some level. Diarrhea 
may continue following treatment as the intestinal mucosa may 
take days to weeks to heal.

Hand-raised fawns can be given a coccidiostat such as decoqui-
nate daily, in milk. Fawns raised by their mothers are difficult to 
treat individually. Using a coccidiostat (e.g., decoquinate, rumen-
sin, etc.) in a feed may be of value for fawn coccidia control, 
however, inadequate drug intake my compromise the useof such 
a system. Water medication with amprolium or sulfadimethoxine 
may be of value, and when used, the drug-containing water 
should be the only water source. Clean, dry areas with no 
standing water for the fawns to drink from are essential. (Personal 
Communication via email, Clifford F. Shipley, DVM.)

Good husbandry is crucial to preventing coccidiosis in the 
flock or herd. Avoiding overcrowding, decreasing stress, and 
raising food and water troughs off of the ground can all help to 
decrease the risk for coccidiosis. Use of a coccidiostat in the 
water or feed may also help to reduce clinical signs associated 
with infection, but should only be utilized in times of expected 
coccidiosis risk to reduce the potential development of drug-
resistant Eimeria spp. Producers must also adjust the coccidio-
stat doses to account for increased intake as animals grow.56 Of 
all sheep operations, 39.8% used a coccidiostat in the food or 
water in 2010; ionophores were used most common in feed, and 
amprolium was most common in water12 (see Chapter 19, and 
Appendix l).

Toxoplasmosis
Etiology and Life Cycle. Any mammal can serve as an interme-

diate host for Toxoplasma gondii, ruminants included. Felines are 
the only definitive host for T. gondii and shed oocysts in their fe-
ces which will sporulate in the environment. Ruminants are in-
fected following the ingestion of sporulated oocysts in the envi-
ronment. The parasite will then spread to various tissues and 
organs throughout the body, where asexual replication during 
acute disease may result in local areas of inflammation and necro-
sis. Chronic infection is usually asymptomatic as the parasite is 
present in tissue cysts that enter a stage or dormancy awaiting 
ingestion by another host.6,60,61

Clinical Signs, Diagnosis, Treatment, and Prevention. Con-
genital infection is of concern as infection during gestation may 
lead to abortion in ewes or perinatal mortality in lambs.6,62

Diagnosis in intermediate hosts may be achieved by finding 
parasite stages present in tissue sections or aspirates. Techniques 
like immunohistochemistry (IHC) or PCR may assist in detec-
tion of the organism. The serum may also be tested for the pres-
ence of antibodies to T. gondii. 6,57,61

Treatment is not indicated in ruminants. Prevention of infec-
tion involves avoiding feline fecal contamination of feed stuffs. 
There are commercially available Toxoplasmosis vaccines for sheep 
outside of the United States, and further development of addi-
tional vaccines to limit infection or reduce or eliminate cysts in 
the intermediate hosts are underway.58,63,64

Sarcocystosis
Etiology, Life Cycle, Clinical Signs, and Diagnosis. Ruminants 

can serve as the intermediate host for several Sarcocystis spp., lead-
ing to the development of muscle cysts termed “sarcocysts.” Car-
nivores are the definitive hosts and shed infectious sporocysts into 
the environment through their feces. Following ingestion by the 
ruminant, asexual parasite replication occurs in the vascular endo-
thelium followed by ultimate formation of sarcocysts in the 
muscles which will await ingestion by the carnivore definitive 
host. Clinical signs are rarely observed in either host; however, 
infected ruminants may exhibit fever, anorexia, myositis, en-
cephalomyelitis, recumbency, or abortion. Diagnosis is usually 
made at slaughter, where the carcass may be condemned or down-
graded if muscle cysts are present.6,60

Treatment and Prevention. The use of amprolium and 
halofuginone (0.66 mg/kg orally for 2 days) may be used in sheep 
to avoid clinical disease following infection. Prevention is difficult 
as it is based upon controlling carnivore defecation and predation/
scavenging habits. 6,60
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7
Diseases of the Respiratory 
System
PAUL J. PLUMMER, KELLY M. STILL BROOKS, 
AND JENNA E. BAYNE

Anatomy
Clinically significant upper airway structures in the small rumi-
nant include the frontal and maxillary sinuses, pharynx, larynx, 
and trachea. The nasopharynx is the primary path for respiration, 
but oral respirations are anatomically possible, and “panting”  
occurs under some fairly normal conditions such as high ambient 
temperature. The laryngeal structure is similar to that in other 
species, with small V-shaped vocal folds just caudal and ventral to 
the arytenoid cartilages.1,2 The retropharyngeal lymph node is 
located dorsocaudally to the pharynx and can compress the larynx 
or trachea when enlarged or abscessed. The trachea runs down the 
ventromedial aspect of the neck from the larynx to the bronchial 
bifurcation in the thorax. It is composed of incomplete tracheal 
rings connected by a membranous wall. The tracheal diameter in 
small ruminants generally is smaller than might be expected and 
changes at the thoracic inlet. In goats the trachea narrows, 
whereas in sheep it enlarges.2

In the thorax, the trachea bifurcates into two main bronchi. 
Just cranial to this bifurcation a separate bronchus branches out 
to the right cranial lung lobe. The major lung divisions may ex-
hibit some species-specific variations, but most commonly in-
clude left and right cranial lobes, each with a cranial and caudal 
part; the right middle (cardiac) lobe; the right accessory lobe; and 
the left and right caudal (diaphragmatic) lobes. When enlarged, 
the mediastinal lymph nodes and thymus may compress or shift 
the thoracic trachea or lung. The caudal lung border is demar-
cated by the sixth rib ventrally, by the seventh rib at the lateral 
midthorax, and by the eleventh rib dorsocaudally. The intercostal 
vessels and nerves run caudally along each rib, and care should be 
taken to avoid these structures during thoracocentesis or biopsy 
procedures.2,3

Physiology
The respiratory system permits reoxygenation of pulmonary ve-
nous blood and release of carbon dioxide formed by cellular res-
piration. Effective respiration requires both alveolar ventilation 
and gas diffusion across the respiratory membrane; together, these 
two processes can be quantified by the ventilation-perfusion ratio, 
which may be altered during disease. Alveolar ventilation occurs 
through movement of gas from the terminal bronchioles and de-
pends on inspiratory tidal volume and expiratory functional 

reserve, in addition to respiratory rate. Anatomic dead space (e.g., 
nasal passages, pharynx, trachea, bronchi) does not contribute to 
alveolar ventilation. Once in the alveolus, respiratory gases must 
diffuse between the lung and capillaries. Gas movement across 
membranes is affected by the diffusion coefficient of the gas, the 
thickness of the septum, and the surface area available for diffu-
sion. Because carbon dioxide diffuses much more readily than 
oxygen and is the direct stimulus for respiration, hypoxia may 
occur without significant increases in respiratory rate. Alveolar 
septum thickness can be increased by edema and fibrosis. Surface 
area can be physically decreased by consolidation and emphy-
sema, or physiologically reduced by alteration in the ventilation-
perfusion ratio stemming from increased physiologic dead space 
or shunting of blood away from ventilated alveoli.4

Significant innate immune defenses are present in the lung. 
The sneeze and cough reflexes forcibly expel large particles and 
irritants from the upper airway. Nasal hairs and air turbulence 
over the nasal concha filter out airborne particles as small as 6 µm. 
Gravitational precipitation filters smaller particles (1–5 µm) in the 
small bronchioles. Mucociliary clearance efficiently moves trapped 
particles to the pharynx, where they are either swallowed or 
coughed out. This system is formed by mucus-producing goblet 
cells and ciliated epithelial cells that line the respiratory tract from 
the nasal passages to the terminal bronchioles. Once in the alveoli, 
particles larger than 0.5 µm come to lie against the alveolar wall 
and are cleared by alveolar macrophages or the lung lymphatic 
system. Particles less than 0.5 µm in size remain suspended and 
are exhaled without consequence.5

Diagnostic Approaches

Physical Examination and Auscultation
A thorough and unbiased physical examination is the most  
important component of the diagnostic evaluation of small rumi-
nants presented for abnormalities of the respiratory tract. With-
out a complete physical exam, important primary or secondary 
physiologic problems may be missed, and the diagnostic plan may 
be incomplete or result in failure to obtain a definitive diagnosis. 
However, complete diagnostic exams are often not a viable option 
on captive cervids. In these cases, careful observation with a spot-
ting scope, over prolonged periods of time, may be the most 
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viable option. Particular attention should be paid to nasal or ocu-
lar discharge, sneezing, coughing, general lethargy, an altered or 
increased abdominal component to the respiratory effort, and 
similar clinical signs in other animals should be considered. If 
deemed necessary, chemical restraint (darting) or evaluation of 
animals in a drop chute can be considered; however, the resulting 
stress and impact on respiratory effort and disease need to be 
considered in advance.

The physical exam should be conducted in a systematic man-
ner and must include all aspects of the respiratory system. Before 
restraining the animal, the clinician should spend a few minutes 
observing its attitude, stance, respiratory rate, and respiratory pat-
tern from a distance, because significant elevations in respiratory 
rate and pattern can occur after capture and restraint, particularly 
in animals that are less socialized. As a consequence of the flock-
ing instincts of sheep, goats, and cervids, animals standing apart 
from the rest of the flock or herd are likely to be significantly ill. 
Once the animal is caught and restrained, the practitioner should 
begin by evaluating the respiratory system starting at the head (see 
Chapter 1). The nares should be examined for evidence of serous, 
mucopurulent, or hemorrhagic discharge from one or both nos-
trils (Figure 7.1). Unilateral nasal discharge may provide impor-
tant information regarding the location of a lesion and should be 
noted on the examination form. Both nares should be accessed for 
patency by placing either a small cotton ball or a mirror in front 
of the nose and observing for movement or fogging, respectively. 
The remainder of the head should be evaluated for evidence of 
facial deformity or soft tissue swelling indicative of a localized  
lesion. The pharyngeal area should be palpated, with particular 
attention paid to the local lymph nodes. When possible, the pal-
pation should include an attempt to feel the area lateral and dorsal 
to the pharynx by placing a hand alongside the trachea and pal-
pating with gentle dorsal pressure. This area is a common site for 
retropharyngeal abscesses (often caused by Corynebacterium pseu-
dotuberculosis), which may result in considerable respiratory stri-
dor and effort. The extrathoracic trachea should be palpated from 
the pharynx down to the mediastinal entrance for any evidence of 
stricture, dilatation, or external compression. During this portion 
of the evaluation, occasional gentle squeezing pressure should be 
applied to the trachea, to determine how easily coughing can be 
induced. The mediastinal opening is another area that warrants 

palpation for evidence of space-occupying lesions or tracheal  
deviation associated with such findings.

Attention should then turn to performing a complete ausculta-
tory examination of the thorax, when possible. Owing to the 
heavy wool cover on the thorax of sheep, this exam may be of 
limited usefulness without adequate shearing. At a minimum, the 
cranioventral aspect of the thorax of sheep can be auscultated in 
the nonwooled area located immediately behind the elbow. In 
sheared or haired sheep and lambs, goats, and restrained cervids, 
the entire thorax generally can be auscultated without further re-
moval of fiber or hair. Attention should be paid to the intensity, 
duration, and character of the breath sounds, as well as the stage 
of respiration (i.e., inhalation or exhalation, early or late) during 
which they occur. In comparison with those in cattle, the normal 
airway sounds heard in sheep, goats, and cervids are much more 
obvious, owing to the thinner body wall. This perceived magnifi-
cation often results in the erroneous impression of abnormal  
respiratory sounds.

Abnormal sounds should be classified as either of two different 
descriptive types: wheezes are high-pitched, continuous musical 
sounds associated with altered airflow through larger airways. 
They are indicative of either fluid in the airway or increased veloc-
ity of air movement in the airway. Crackles are noncontinuous 
brief “popping” sounds associated with sudden opening of small 
airways or alveoli. They most commonly are heard during inspira-
tion, particularly late inspiration, and previously were described as 
“rales.” If any abnormal breath sounds are auscultated, they 
should be localized and their anatomic location recorded on the 
examination form. In most instances, the use of a rebreathing bag, 
as is common in respiratory evaluation of horses, is not necessary 
for small ruminants, owing to their relatively thin body wall.

After completion of the auscultation exam, several additional 
pieces of information should be collected. The rectal temperature 
reveals whether the animal is febrile, normothermic, or hypother-
mic. The presence of fever may provide additional evidence of an 
inflammatory process that may warrant additional diagnostic  
effort. Additionally, the nutritional status of the animal should be 
evaluated, because immune dysfunction is more common in 
young animals with less than adequate reserves of body fat. This 
assessment is perhaps best performed by body condition scoring 
of multiple animals in the same management group. Finally, the 
practitioner should spend some time evaluating the environment 
in which the diseased animal is housed. Environments with poor 
ventilation, drafts, dust, or high stocking densities may predispose 
resident animals to the development of respiratory disease; in such 
instances, appropriate treatment may require addressing the envi-
ronmental conditions.

With respiratory disease in preweaned animals, it also is worth-
while to consider the role of colostrum management and failure 
of passive transfer in the disease process. When warranted, serum 
samples from several animals can be collected and assayed for 
failure of passive transfer status. Our own preference is to test a 
group of 10 animals between 24 and 72 h of age; at least 8 of the 
10 animals should demonstrate adequate evidence of passive 
transfer (serum total protein above 5.0 mg/dL). If increased rates 
of failure of passive transfer are identified, then herd- or flock-
level changes are needed to improve immunity of this at-risk 
group.

After the physical exam has been completed, the clinician 
should use the findings to develop a comprehensive problem list 
that serves as a basis for development of a complete diagnostic 
plan and differential list. Although this step often is skipped in the 

•  Fig. 7.1 The clinician is carefully examining the nares in this well-re-
strained ewe. (Note: Both a light source and saline are available to flush 
out any material that precludes proper evaluation.)� (Courtesy Dr. A.N. 
Baird, Purdue University.)�
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interest of time, it is one of the few ways to ensure consideration 
of all possible clinical entities in the differential diagnosis.

Diagnostic Procedures
Once a complete list of diagnostic possibilities has been gener-
ated, the clinician can turn to the development of a useful and 
cost-effective diagnostic approach specific to the case. In this 
context, it is important to ascertain the expectations of the client 
with regard to desired outcome. For instance, the producer with 
29 weaned kids in group-housing, of which 10 were lost to 
pneumonia in the past week, may have very different expecta-
tions and motivations to pursue diagnostic investigation from 
those for a producer with a single animal showing clinical signs. 
Many of the usual procedures for such investigation, as de-
scribed next, may not be economically feasible or desirable if the 
producer perceives that the cost does not justify the return on 
investment. By contrast, if the results can be used to prevent 
disease in multiple animals, the motivation to pay for the diag-
nostics may be increased.

Blood Gas Analysis Blood gas analysis provides a rapid and 
useful assessment of hemoglobin oxygenation and alveolar diffu-
sion of gases. Its usefulness is, however, limited by the need for 
rapid testing and appropriate sample handling to prevent erro-
neous results. The advent of portable blood gas analyzers that 
can be carried on the ambulatory care truck make this test fea-
sible in the farm situation; in most instances, however, its 
application is limited to high-value cases in referral hospital 
settings. In our experience, an arterial blood gas sample is best 
collected from small ruminants using the brachial artery located 
on the medial aspect of the proximal portion of the front legs. 
Special blood-gas syringes are commercially available and should 
be used if accurate assessment of partial pressures is required, as 
would be the case in respiratory disease. While the animal is ly-
ing in lateral recumbency, the lower limb is extended and the 
pulsation of the artery is palpated between the index and middle 
fingers while the needle is inserted at a 90-degree angle to the 
skin. Once the artery is penetrated, the syringe is held steady 
and should self-fill. Negative pressure should not be applied to 
the syringe, because this alters gas partial pressures in the sam-
ple. Once the blood is collected, the needle should be rapidly 
sealed, typically with the rubber stopper supplied with blood-
gas syringes. Care should be taken to not introduce any bubbles 
into the syringe during this process. Arterial partial pressures of 
O2 (Pao2) should be above 70 to 80 mmHg in an animal with 
normal oxygenation. Partial pressures below that level may be 
indicative of inappropriate ventilation, poor alveolar ventilation, 
or thickened alveolar walls that impair oxygen diffusion. Nor-
mal partial pressures of CO2 in an arterial sample should be 
below 40 mm Hg, and if the sample yields a Paco2 greater than 
that value in association with a very low oxygen partial pressure, 
the possibility that a venous sample has been obtained needs to 
be considered.

Radiography. Radiographs of the thorax, neck, or head often 
are required and can be of significant diagnostic benefit. Radio-
graphs can easily be obtained using portable radiographic equip-
ment commonly available to veterinary practitioners. When uni-
lateral nasal discharge or facial deformities are observed during 
the physical exam, radiographic evaluation with both lateral and 
dorsoventral views of the head may elucidate the etiology. In 
many instances, nasal foreign bodies or sinusitis can be confirmed 
on the basis of the radiographic interpretation of the head views. 

Similarly, radiographs of the neck may provide additional evi-
dence of tracheal compression or retropharyngeal masses that may 
be associated with coughing in affected animals. Thoracic radio-
graphs can be obtained with the animal either standing or in lat-
eral recumbency, depending on the facilities available to the 
practitioner (Figure 7.2A and B).

Lung field consolidation can be readily identified by observing 
radiographic opacities in the cranial ventral lung fields, and medi-
astinal masses, often associated with caseous lymphadenitis ab-
scesses, generally are revealed as a line of masses of increased 
density coursing through the thorax at the level of the trachea. In 
rare instances, a thymoma may result in the appearance of a mass 
cranial to the heart that gives the appearance of the animal’s having 
two hearts.

A

B

• Fig. 7.2 Radiograph showing pulmonary edema related to a tracheal 
obstruction in a 6-year-old Suffolk ewe. A. Increased opacity is evident 
throughout the lungs, along with peribronchial cuffing and lack of visual-
ization of the vascular markings. It is difficult to distinguish the borders of 
the caudal vena cava because of the increased interstitial opacity. Other 
considerations in the differential diagnosis for this pulmonary pattern 
would be pneumonia and pulmonary hemorrhage. B. Lateral view of the 
caudal thorax of the same patient 24 h after treatment with a tracheotomy, 
diuretics, and antibiotics. The vascular margins are better delineated, as 
are the borders of the caudal vena cava. Interstitial opacity within the lungs 
is less than on the previous radiograph. Although mild interstitial opacity 
persists, the pulmonary edema is resolving. (Courtesy Dr. Debra Baird, 
Purdue University.)�
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Ultrasound Imaging. Portable ultrasound units are becoming 
standard equipment in many large animal clinics, affording easy 
access to this imaging modality. Many units used for reproductive 
practice are equipped with a linear, 5- to 7.5-MHz transducer. 
This type of machine can provide reasonably good-quality images 
of the thorax and adjacent soft tissues. When available, a curvilin-
ear probe provides superior image quality, but certainly is not re-
quired for diagnostic use. Appropriate patient preparation is para-
mount for obtaining a good-quality image. Wool or hair over the 
site of interest should be clipped, although the use of coupling 
agents (e.g., gel, vegetable oil, alcohol) can be helpful in some 
instances. Owing to the nature of the functioning, gas-filled lung, 
ultrasonography of the respiratory tract is more limited than that 
of other body systems. For example, ultrasound examination of 
the pharyngeal region may provide an easy means of identifying 
retropharyngeal abscesses when they are suspected from findings 
on palpation. In such cases, the probe should be placed parallel to 
the lateral aspect of the trachea and directed dorsomedially to-
wards the opposite ear. Abscesses typically have a hyperechoic 
wall, with variable echotexture of the contents.

Ultrasound imaging also can provide useful information in 
evaluation of the thorax. The clinician should become familiar 
with the appearance of normal aerated lung, allowing rapid iden-
tification of areas that lack the normal appearance. Normal lung 
is recognizable by the bright hyperechoic line of the visceral 
pleura above a classic reverberation artifact induced by the aerated 
lung. The reverberation artifact is typical of ultrasound waves hit-
ting a gas interface and consists of sequential hyperechoic lines 
spaced at regular intervals. It is important to realize that any im-
ages appearing on the screen deep to the start of the reverberation 
artifact are indeed artifacts and not images of the lung paren-
chyma (Figure 7.3). Once an appreciation for the normal appear-
ance of lung has been achieved, the thoracic exam can be system-
atically performed. With use of a linear or a curvilinear probe, the 
probe should be oriented parallel to the ribs in the intercostal 
space. We prefer to start at the most dorsal aspect of each inter-
costal space and slowly move downwards to the ventral thorax 

observing the lung surface along the path. This is repeated in each 
intercostal space moving caudally. The image quality is maximized 
by following the natural “lay” of the wool or hair (in a dorsal-
ventral direction). As the exam progresses caudally, the diaphragm 
comes into the image while moving ventrally, often with the ad-
jacent liver filling the space below. With use of this method, the 
extent of the thoracic lung field can be determined. Focused ex-
amination of the cranioventral lung fields consistently identifies 
lesions associated with bronchopneumonia; this exam can be 
performed in the nonhaired axillary region without requiring 
clipping fleece and is facilitated by “flipping” the sheep and re-
straining them on their rump. The three primary lesions that may 
be observed are parenchymal masses in the lung that are adjacent 
to the visceral pleura, lung consolidation, and the characteristic 
“comet tail” lesions associated with pleural thickening and inflam-
mation. The first of these lesions is readily identified by the obser-
vation of echo-dense masses interrupting the normal reverbera-
tion artifact of the lung. Such masses can be measured to allow for 
sequential ultrasonographic examination as a means of assessing 
treatment success or resolution of the lesion. In our experience, 
these lesions most commonly are associated with parenchymal 
abscesses. Consolidated lung is recognized on deeper imaging, 
beyond the normal lung reverberation. In many instances, the 
consolidated lung may have an appearance similar to that of liver 
(“hepatized lung”) or may be seen to contain scattered gas shad-
ows associated with presence of gas in the larger airways or in 
abscesses. “Comet tails” are recognizable as small, hyperechoic 
spots with a comet tail-shaped artifact located deep to the spot. 
These lesions are non-specific but often are associated with thick-
ening or inflammation of the pleura.

If pleural fluid is present, it is imaged as an anechoic or hy-
poechoic area in the ventral thorax, with normal lung reverbera-
tion noted at the lung-fluid interface. Because the mediastinum is 
not always easily imaged, radiographs remain the preferred imag-
ing modality for identification of mediastinal masses.

Nasal and Pharyngeal Swabs. Swabs are very useful as a 
means of obtaining material for microbiologic culture in cases of 
respiratory disease. The laboratory that will process the cultures 
should be contacted for recommendations on swab type and 
submission procedures. For instance, calcium alginate swabs and 
bleached cotton swabs have the potential to interfere with poly-
merase chain reaction (PCR) testing. Many swabs with wooden 
sticks have formaldehyde as a preservative in the wood, which 
can adversely affect bacterial growth. Similar considerations ap-
ply regarding the selection of transport media. The use of a 
guarded swab (i.e., mare uterine swabs), when available, should 
be considered to minimize contamination with oral flora. Use of 
an oral speculum (0.5- to 1.0-inch internal diameter [ID] poly-
vinylchloride [PVC] pipe, cut to length, with the ends sanded 
smooth), may help in obtaining a more reliable sample. Collec-
tion of the diagnostic sample involves simply rolling the swab 
surface on the pharyngeal mucosa around the palatine tonsil. 
Once prepared, the swab should be placed in the transport me-
dium and refrigerated unless otherwise directed by the diagnostic 
laboratory. It is important to recognize that many lung pathogens 
(particularly Pasteurella multocida and Mannheimia haemolytica) 
can be found as normal commensal flora of the upper respiratory 
tract. If the clinician wishes to evaluate the swab for presence of 
Mycoplasma spp., the laboratory should be notified and a Myco-
plasma culture requested. In most cases, pharyngeal swabs cor-
relate better with clinical disease and should be preferred when 
feasible.

• Fig. 7.3 Ultrasound image of the right cranioventral thorax obtained at 
the sixth intercostal space in a 3-year-old La Mancha cross doe with nor-
mal lungs. The linear hyperechoic structure with reflective echoes repre-
sents the normal, aerated pleural surface. This ultrasound image was 
obtained using a 10-MHz linear array transducer. Dorsal is to the left of the 
image. (Courtesy Dr. Karine Pader, Purdue University.)�



123CHAPTER 7 Diseases of the Respiratory System

Sinus-Centesis. The technique of sinus-centesis provides the 
practitioner with an option for collecting representative culture 
material from a nasal sinus. Owing to the comparatively smaller 
nasal sinuses of sheep and goats, proper selection of a site for 
sampling is critical to ensure entry into the sinus cavity. Radio-
graphic assistance in localizing the involved sinus cavity is recom-
mended. If necessary, radiopaque markers can be placed on the 
skin before exposure to ensure appropriate site selection. Once the 
site is verified, the area should be clipped and surgically prepared. 
Raising a small bleb under the skin with lidocaine provides ade-
quate anesthesia to the external surfaces but does not achieve an-
esthesia to the periosteum. Thus, the animal should be sedated or 
anesthetized (see Chapter 18 and Appendix l). If the goal is to 
collect a small sample of material for culture, a small-diameter 
bone pin or heavy-gauge cerclage wire can be guided through a 
stab incision in the skin and used to drill a small hole through the 
bone. A hypodermic needle can then be introduced into the sinus 
and a sample aspirated. Samples should be submitted for aerobic 
bacterial and fungal culture. In cases in which drainage and lavage 
is needed, a small sinus trephine can be used to create a large-bore 
opening into the sinus.

After collection of the sample, the incision should be kept 
clean and allowed to heal by second intention. The operated ani-
mals should be fed low to the ground to help facilitate sinus 
drainage, and use of elevated hay racks should be avoided until 
the wound is fully healed.

Tracheal Wash. Faced with large herd outbreaks of respiratory 
disease or a high incidence of treatment failures, diagnostic sam-
pling for determining the etiologic agent and antimicrobial sus-
ceptibility profile should be considered. Nasal swabs can be used 
in some circumstances but yield less reliable results than a tracheal 
wash. A tracheal wash provides the clinician with the opportunity 
to collect a sterile deep lung sample with minimal effort.

The animal should be standing and adequately restrained for 
this procedure. Sedation may be warranted. If a fiberoptic endoscope 
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•  Fig. 7.4 Transtracheal Wash. A. Site of access for transtracheal wash on the ventral midline in 
the midcervical region. B. Supplies for transtracheal wash procedure: 18-inch flexible wash catheter 
(1), sample vial (2), trocar removed from cannula for visualization (3), and wash cannula (4).

is available (8–9 mm diameter), it may be inserted through the 
nasal passage in some adult sheep, goats, or cervids. If this is not 
possible, the endoscope can be passed through an oral speculum. 
An endoscopic examination may allow visualization of the respi-
ratory tract, identification of exudates, and enhancement of the 
sample collection. If an endoscope is unavailable, a percutaneous 
transtracheal wash (TTW) procedure can be performed. Use of  
a commercially available presterilized, complete kit designed 
for foals, when available, enhances the ease of this procedure 
(Figure 7.4A and B). Alternatively, a hypodermic needle of ap-
propriate size to allow a sterile tube catheter (220 polyethylene) to 
pass through the bore may be used. If using the latter approach, 
care must be taken during manipulation of the catheter to prevent 
the needle bevel from cutting off the distal end of the catheter. On 
the ventral aspect of the neck, the hair or fiber should be removed 
over at least a 6-inch square of skin centered on the midline and 
located roughly one-third of the way down the neck from the 
throatlatch. The trachea should be identified and easily palpated 
at this level. The site should be disinfected using a standard surgi-
cal preparation, and a small bleb can be raised with lidocaine 
placed under the skin directly over the midline of the trachea in 
the center of the site. A stab incision should be made through the 
skin using a scalpel blade. The procedure should be performed 
using a sterile technique. If a commercial kit is to be used, the 
blunt-tipped needle and associated placement trocar should be 
identified in the kit, and the clinician should become familiar 
with their design and use before performing the procedure. The 
unit should be placed through the skin incision, and the tip of the 
trocar should be used to feel the tracheal rings while the operator’s 
opposite hand is used to stabilize the trachea. The tip of the trocar 
should be positioned on midline between the tracheal rings while 
applying firm pressure to facilitate passage of the trocar into the 
trachea. A slight “pop” may be felt as the tip of the stylet enters 
the cavity. The trocar should be advanced until it can be felt  
to fully penetrate the trachea and can be slightly advanced in a 
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ventral direction (Figure 7.5A). The stylet should be removed, 
and the aspiration catheter passed (using sterile gloves) through 
the trocar to roughly the level of the tracheal bifurcation. For 
adult, full-sized small ruminants, 12 to 15 mL of sterile saline 
should be infused into the trachea and a sterile syringe used to 
apply gentle suction as the catheter is moved back and forth in 
the trachea (see Figure 7.5B). The goal is to move the catheter 
so that its tip is in the pool of fluid created just cranial to the 
tracheal carina. Although this cannot be visualized, it can be 
located with practice in a majority of cases. If needed, addi-
tional normal saline (another 5–10 mL as indicated) can be 
instilled to increase the recovery volume. Recovery volumes 
vary considerably; however, the larger the volume recovered, 
the higher the likelihood of success for culture and cytology. 
Generally, 1 to 2 mL would be considered the minimum for 
recovery to assure a higher quality sample. The catheter should 
be removed, followed by the trocar. In cases in which a needle 
and polypropylene catheter are used, the needle should be re-
moved from the trachea before the catheter to minimize  
the risk of cutting off the distal tip of the catheter during its 
withdrawal.

Thoracocentesis. Thoracocentesis provides a reliable means of 
collecting a sample of pleural fluid for diagnostic submission. This 
is best performed in the cranioventral portion of the chest, where 
pleural fluid pools in the most dependent part of the thorax. 
While the animal is standing, this area can be evaluated by ultra-
sound imaging to identify an appropriate site as indicated by 
presence of fluid and absence of other viscera. The body wall 
thickness can be measured to assist in determining how deep to 
advance the needle to acquire the sample. Once collected, the 
sample should be evaluated for appearance, odor, and turbidity, in 
addition to being submitted for bacterial culture and cytologic 
study. The presence of a pungent foul odor often is associated with 
anaerobic infection, and treatment decisions should consider this 
possibility.

Upper Airway Disease
Stertor and stridor, sneezing, and nasal discharge are hallmark 
signs that suggest upper airway disease over pneumonia.

Rhinitis
Possible causes of rhinitis in small ruminants and cervids include 
foreign material such as from regurgitation, parasites, neoplasia, 
and other respiratory infections.

Nasal Bot Infestation
Pathogenesis. Nasal bot infestation is more common in sheep 

than in goats, and infected goats have a lower larval burden than 
that typical for sheep6; pharyngeal bot infestation is a common 
and potentially serious occurrence in North American deer popu-
lations. Clinical signs during the first spring infestation generally 
are mild, but disease severity markedly increases during subse-
quent infestations, probably owing to hypersensitization; goats 
may acquire immunity after repeated infections.5 The adult 
Oestrus ovis fly deposits larvae at the animal’s nostrils. The first 
instar larvae migrate up the nasal passages into the dorsal turbinates 
and sinuses. There, they develop over a 2- to 10-month-period to 
the third instar stage,1,7 return to the nostril, and are sneezed out 
to pupate in the soil.6 Both first instar larvae and pupae may 
overwinter.7 Cervids are generally infected with a member of the 
Cephenemyia family of bots, of which at least five species have 
been associated with disease and all have a lifecycle that closely 
mirrors that of sheep bots.

Clinical Signs. Irritation from the adult flies induces avoidance 
activities such as head shaking, head rubbing, and feet stomping; 
if the animal’s distress level is severe, grazing activity decreases.7 
Larval passage and development can cause inflammatory rhinitis 
characterized by sneezing, mucopurulent discharge, and decreased 
airflow through the nares. Sequelae can include bacterial rhinitis 
or sinusitis, and, infrequently, interstitial pneumonia secondary to 
antigen aspiration.6

Diagnosis. Sheep bot infection is associated with a profuse 
nasal discharge containing numerous eosinophils and mast cells, 
whereas deer bots often present with little to no external symp-
toms.6,8 Direct visualization of the bots or mineralized remains 
may be possible with endoscopic or radiographic imaging. In 
commercial herds, clinical signs, cytologic examination of the 
discharge, and response to therapy usually are sufficient to make 
the diagnosis.

Therapy. Treatment usually is administered for heavy late 
summer infestations or to kill overwintering bots. Ivermectin 
(0.2 mg/kg subcutaneously [SC]) is effective in killing the  
O. ovis larvae1,7,8 but requires an extended milk withdrawal 
period: 40 days if administered subcutaneously and 6 days if  
administered orally (if administered at a higher oral dose of  
0.4 mg/kg, an 11-day milk withdrawal is recommended).9 Pour-
on eprinomectin (0.5 mg/kg) may be a better choice for com-
mercial dairies because it has been shown to be effective in sheep 
against nasal bot infestation and has a zero-day milk withdrawal 
period.10,11 Anecdotal evidence and experience suggest that 
treatment of nasal bots in deer can be effectively achieved by 
use of avermectins.

Once the bots are killed, secondary bacterial infections usually 
resolve without further intervention. If indicated, however, treat-
ment is with broad-spectrum antimicrobials.8
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• Fig. 7.5 A. The middle third of the neck is aseptically scrubbed, the skin 
and subcutaneous tissue are anesthetized, a stab incision is made 
through the skin and subcutaneous tissue, a 14-gauge needle or trocar is 
passed through the incision and into the trachea, and tubing is passed 
using sterile technique just beyond the tracheal bifurcation. B. The clini-
cian injects sterile isotonic solution (12–30 mL)� through the tubing and 
then immediately performs fluid retrieval by aspiration with the syringe. 
(Note: With this method, caution should be taken to avoid cutting off the 
tube in the trachea with the sharp needle.)�
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Other Parasites
In the Himalayas, a nasal leech from standing water pools can 
cause similar clinical signs in sheep. Systemic ivermectin is inef-
fective, but direct application of ivermectin solution (0.1 mg/mL) 
to the leech kills it within a few hours. Wetting the animal’s 
muzzle encourages the leech to migrate down to the nostril open-
ing so that the ivermectin can be applied.1

On the Indian subcontinent, Schistosoma nasale infection 
(“snoring disease”) has been reported as a cause of nasal obstruc-
tion in sheep from parasite-associated inflammation and tissue 
proliferation.1,12

Enzootic Nasal Tumor
Pathogenesis. ENTV belongs to the genus Betaretrovirus in 

the family Retroviridae, and exhibits genetic organization charac-
teristic of type B and D oncoviruses.

Enzootic nasal tumors are transmissible, sporadically occurring 
tumors of the nasal passages of sheep and goats.13,14 This condi-
tion has been reported in animals as young as 15 and 7 months, 
respectively,15,16 and is believed to be caused by type D or B ret-
rovirus infection.13,17,18 These tumors can occur unilaterally or 
bilaterally and are locally invasive but not usually metastatic.14,16 
They originate from the olfactory mucosa and ethmoid or nasal 
turbinates and usually are classified as adenomas, adenopapillo-
mas, or adenocarcinomas.14–16 Other conditions on a differential 
diagnosis list for nasal masses include lymphosarcoma and fungal 
granuloma.1

Similar nasal tumors have been reported in roe deer (Capreolus 
capreolus),19 Eld’s deer (Cervus eldii),20 Fallow deer (Dama dama),21 
Persian fallow deer (Dama dama mesopotamica),22 Axis deer (Axis 
axis),23 and moose (Alces alces).19 Epidemiological characteristics 
of nasal tumors in wild ungulates suggest a similar etiology; how-
ever, a definitive retroviral etiology has not been confirmed in 
these species.

Clinical Signs. The tumor starts as small nodules that grow to 
form large nodular cystic masses, causing progressive inspiratory 
dyspnea and secondary emaciation.14–16 Inflammatory polyps 
may be present near the tumor.16,18 Primary clinical signs include 
unilateral or bilateral copious seromucous to mucopurulent nasal 
discharge with inspiratory stridor. Additional signs may include 
exercise intolerance, decreased airflow and open-mouth breath-
ing, anorexia, head shaking and sneezing, exophthalmos, and 
bony facial asymmetry.14–16

Diagnosis. Antibody responses to ENTV-1 have been demon-
strated in sheep.24,25 However, only a moderate correlation exists 
between serum ENTV antibodies and the presence of a nasal  
adenocarcinoma, and the seropositivity of the animal should  
not be used as conclusive evidence for the presence of a tumor. 
Use of reverse transcription polymerase chain reaction (RT-PCR) 
for the detection of ENTV RNA from nasal swabs has been  
demonstrated a highly specific technique for the identification  
of preclinical and clinical ENT. However, appraisal of this ante-
mortem diagnostic under extensive field conditions for the con-
trol or eradication of ENTV has not been performed to date.

A preliminary diagnosis can be made from the clinical signs 
and findings on sinus percussion. Radiographic or endoscopic 
imaging may be indicated. Definitive diagnosis requires surgical 
excisional biopsy.15

Treatment. If enzootic nasal tumor is untreated, death occurs 
within 90 days of appearance of clinical signs.14,15 Surgical 

debulking is a palliative option,15 but may not be curative.26 The 
mass can be accessed for excision by creating an I-shaped incision 
in the skin and then the nasal bones along the dorsal facial mid-
line axis, reflecting the cutaneous and bony flaps, and removing 
the nasal septum. Profuse hemorrhage is to be expected; epineph-
rine (1:100,000)-soaked gauze pads can help with hemostasis, and 
a blood donor should be readily available.26 A temporary trache-
ostomy may be needed during the surgical procedure and the 
postsurgical period.15 Herd or flock control of enzootic tumor is 
difficult in the absence of widely available commercial serologic 
tests to identify animals with preclinical disease. Enzootic nasal 
tumors can be spread by nasal discharge; infected animals should 
be isolated and culled.18

Other Causes of Rhinitis/Upper Airway Disease
Other respiratory pathogens involved in small ruminant rhinitis 
include herpesvirus and P. multocida infections. Herpesvirus in-
fection causes fibronecrotic ulceration of the nasal septum with a 
marked catarrhal rhinitis, usually accompanied by additional se-
vere systemic signs.1 P. multocida infection causes nasal turbinate 
atrophy, which can be identified at necropsy by cross-sectioning 
the head at the level of the first premolar.1 In tropical and sub-
tropical regions, an important consideration in the differential 
diagnosis for bacterial rhinitis is nasal melioidosis (caused by 
Burkholderia pseudomallei).1 Respiratory involvement is particu-
larly common in small ruminant species and may include oculo-
nasal discharge, coughing, lymphadenopathy, and pulmonary 
disease, all characterized by multiple caseous abscesses. Melioido-
sis is zoonotic and reportable in many parts of the world.27

Sinusitis
Pathogenesis. Sinusitis is a relatively rare condition in sheep 

and goats, and is usually related to dehorning infections (with 
consequent involvement of the frontal sinus) or dental abnor-
malities (with maxillary sinus involvement). Signs of frontal sinus 
infection may appear weeks to months after the dehorning pro-
cess. Multi-sinus infection can result from nasal bot infestation, 
neoplasia, facial fractures, and horn injuries.8 Facial deformities 
associated with Fusobacterium necrophorum may be commonly 
observed in cervids.

Clinical Signs. Indications of sinusitis include drainage from 
dehorning sites as well as swelling, softening, or deformities of the 
overlying facial bones. Malodor, unequal airflow, head shaking 
and rubbing, extension of the head and neck, or head resting or 
pressing also may be noted. Systemic signs such as pyrexia, an-
orexia, and lethargy may develop as well, and chronic sinusitis 
may lead to neurologic symptoms.8

Diagnosis. A presumptive diagnosis can be made from the 
clinical presentation and findings on percussion. Radiographic 
imaging is indicated for investigation of recurring or refractory 
cases. In one instance of chronic sinusitis in a pet goat, computed 
tomography was used to accurately characterize the lesion.28 An 
oral exam with the animal under light sedation should be per-
formed if dental abnormalities are suspected. Culture and sensi-
tivity testing of the sinus exudate can help direct antimicrobial 
selection.

Treatment. Basic therapy involves daily lavage of the dehorn-
ing site and sinus with a dilute antiseptic such as 0.1% chlorhexi-
dine. Lavage solution can be introduced through a teat cannula or 
16–18 French catheter. Multiple trephination sites may be needed, 
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especially in the highly compartmentalized ovine frontal sinus.8 
Trephine holes need to be large enough to establish drainage; 
14-gauge needles commonly are used for diagnostic sampling but 
are too small for lavage. Placement and ease of trephination are 
facilitated by the softer bone and the bone deformity found in 
typical chronic sinusitis cases.29 The caudal frontal sinus can be 
accessed 5 mm from the base of the horn while avoiding the fron-
tal vein in the supraorbital groove; the rostral frontal sinus lies 
medial to the orbit. Trephination borders for the maxillary sinus 
are cranial to the orbit, caudal and dorsal to the facial tuberosity, 
and ventral to the infraorbital foramen.30

Complete resolution may require a couple weeks of daily treat-
ment, because the sinus structure is complex and biofilm development 
is common. Sheep have been used in experimental models for 
antibiofilm approaches to sinusitis; early results are promising.31 
Animals showing systemic signs should be treated with antibiotics 
(penicillin, 22,000 IU/kg twice daily) and nonsteroidal antiinflam-
matories (NSAIDs) (e.g., flunixin meglumine, 1.1 mg/kg intrave-
nously [IV] twice daily, ketoprofen, 3.0 mg/kg IV or intramuscularly 
[IM] once a day, or meloxicam, 1 mg/kg orally q72 h).

Sinusitis may be prevented by bandaging open dehorning sites 
for 5 to 7 days after the procedure and by gauze-packing extracted 
tooth sockets.8

Pharyngitis
Pathogenesis. In sheep, goats, and cervids, pharyngitis typi-

cally develops secondarily to traumatic injury, with subsequent 
bacterial colonization. Inciting trauma usually is caused by dosing 
equipment, rough feeds, or foreign objects. Plastic animal health 
devices (e.g., dosing and balling guns, stomach tubes, speculum), 
especially older devices that have been roughened from chewing, 
are notorious for traumatizing the pharynx. Commonly involved 
pathogens include Trueperella pyogenes, F. necrophorum, and C. 
pseudotuberculosis.8 In deer, F. necrophorum is a leading cause of 
pharyngitis and is commonly referred to as diphtheria.

Clinical Signs. Coughing, painful swallowing, anorexia, and 
drooling are typical signs of pharyngitis. Oral malodor and dys-
pnea or stridor may be present, and the animal may stand with an 
extended head and neck. Systemic signs may include fever, dehy-
dration, and aspiration pneumonia. Hyperemia, swelling, exu-
date, and foreign material may be identified on oral exam. Mild 
lesions may resolve spontaneously, but more severe infections can 
lead to cellulitis and formation of abscesses or granulomas in the 
pharynx or lung parenchyma.

Diagnosis. Cough and a pain response may occur on palpa-
tion of the pharyngeal region. An oral exam should be performed; 
light xylazine sedation facilitates this process. Radiographic and 
endoscopic imaging may be indicated in some cases. Bacterial 
culture and sensitivity testing may help with antimicrobial selec-
tion if uncontaminated samples can be obtained.

Treatment. Pharyngitis should be treated with parenteral 
broad-spectrum antibiotics and NSAIDs. Oral medications and 
forced tube feeding are contraindicated; a temporary rumen fis-
tula can be placed if nutritional support is needed. Abscesses can 
be drained into the pharyngeal cavity and flushed with a dilute 
antiseptic, such as 0.1% or 0.2% povidone-iodine (Betadine).8

Retropharyngeal Abscesses
Although retropharyngeal abscesses can develop in association 
with pharyngitis and pharyngeal trauma, in sheep and goats they 

more commonly are due to C. pseudotuberculosis infection. Clini-
cal signs result from pressure on the pharynx and trachea and in-
clude stridor, cough, and difficulty swallowing. Diagnosis is based 
on clinical signs, palpation, and, possibly, radiographic imaging. 
To avoid contamination of the environment, C. pseudotuberculosis 
abscesses should not be lanced. Surgical removal of the retropha-
ryngeal lymph node is technically possible but difficult, owing to 
the presence of vital anatomic structures in the region. Closed-
system lavage along with either intralesional or subcutaneous  
tulathromycin (2.5 mg/kg) is as effective as traditional methods of 
lancing, draining, and flushing subcutaneous caseous lymphade-
nitis abscesses,32 and this approach may be an option if the retro-
pharyngeal abscess can be accessed percutaneously.

Laryngitis and Tracheitis
Necrotic laryngitis (necrobacillosis, “calf diphtheria”) is caused by 
invasion by the opportunistic anaerobe F. necrophorum through 
breaks or ulcers in the laryngeal mucosa. This condition is rare in 
sheep and goats but is seen more commonly with indoor housing 
systems and in feedlot environments. It is fairly common in deer, 
especially fawns. Clinical signs include a moist-sounding painful 
cough, inspiratory dyspnea, difficulty swallowing, and salivation. 
A presumptive diagnosis usually can be made on the basis of 
clinical signs, but laryngoscopic and endoscopic examinations are 
warranted with recurring or refractory cases. In cattle, most early 
cases respond well to broad-spectrum antimicrobial therapy33 and 
NSAIDs. A temporary tracheostomy may be needed until medi-
cal therapy takes effect.

Laryngeal chondritis is characterized by edema, suppuration, 
necrosis, and abscessation of the arytenoid cartilages. This disease 
has been described in Texel sheep as well as in cattle and 
horses.33–35 Breed predilections have been documented, but mode 
of inheritance is unknown.35 Clinical signs may resemble those of 
necrotic laryngitis and include increased upper airway noise, dys-
pnea, cyanosis, and possibly halitosis; if the condition goes un-
treated, clinical progression and death are expected.34,35 Diagnosis 
in live animals requires endoscopic evaluation of the arytenoids. 
Partial arytenoidectomy has been suggested as a treatment,8,34 but 
subsequent aspiration pneumonia has been observed in cattle.35 
Goulding and associates reported a successful standing permanent 
tracheostomy in a heifer; the surgery was intended as a salvage 
procedure, but the heifer was retained and bred successfully.33 If 
laryngeal chondritis is detected before cartilage necrosis, abscess 
formation, or granulation, early ovine and bovine cases have been 
successfully treated with broad-spectrum antibiotics (lincomycin) 
and dexamethasone.34,35

Laryngeal hemiplegia has been reported in an Alpine goat. No 
cause was identified on necropsy.1

Tracheitis most commonly is caused by pressure from collars 
and tethers or may result from airborne irritants such as dust and 
ammonia.1

Tracheal collapse is a rarely reported congenital condition in 
goats. In view of the surprisingly small diameter of goat tracheas, 
animals in which the condition is suspected should be evaluated 
by comparison with healthy peers. Clinical signs include stridor, 
exercise intolerance, and coughing. Affected animals may lag be-
hind their peers in growth and performance.36 One case has been 
reported in a previously asymptomatic adult goat; clinical onset 
presumably was triggered by increased respiratory effort secondary 
to pneumonia.37 Diagnosis is based on recognition of clinical 
signs and tracheal palpation aided by radiologic or endoscopic 
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examination. Successful treatment in cattle and one kid using 
surgically implanted prosthetic rings has been described.36

Cilia-associated respiratory bacillus (CAR) is a bacterium that 
causes tracheitis in laboratory rats and cattle. This bacillus also has 
been identified in tracheas from goats with chronic caprine tra-
cheitis and in lungs from kids and adult animals with enzootic 
pneumonia.38,39 The significance of CAR in small ruminant respi-
ratory disease is not yet known.

The viral agent of infectious bovine rhinotracheitis (IBR), al-
though rarely isolated from field cases, is capable of causing tra-
cheitis, cough, and nasal discharge in experimentally infected 
goats. Goat isolates are indistinguishable from those from bovine 
cases, and some researchers theorize that goats may be latent car-
riers. IBR vaccination in goats is not recommended, because it is 
not clear that the causative organism has an actual role in caprine 
respiratory disease.1

Lower Respiratory Disease

General Approach to Respiratory Disease
Respiratory disease can affect small ruminant patients of all ages 
and breeds, although certain etiologic disorders are more com-
mon in specific age groups or management systems. In general, a 
ruminant with respiratory disease exhibits a variety of clinical 
signs associated with the respiratory system, including but not 
limited to nasal discharge, tachypnea, dyspnea, and coughing. 
Auscultation of the lungs may reveal increased respiratory sounds, 
crackles, wheezes, or loss of respiratory sounds. Many cases that 
involve the lower respiratory tract are of mixed etiology, with both 
bacterial and viral components. Although the disease initially may 
have started as a condition caused by a single agent, frequently, by 
the time of presentation to a veterinarian for examination, 
secondary infections have emerged, thereby complicating diag-
nostic interpretation.

Pathogens of Mixed Disease
Pasteurella and Mannheimia should be considered together in re-
gards to pneumonia. In recent years, some of these organisms 
have undergone name changes, as pointed out when applicable.  
P. multocida and M. haemolytica (previously Pasteurella haemolytica) 
both cause pneumonia in goats, sheep, and cervids. M. haemolytica 
previously was divided into two biotypes, A and T. The biotype  
T organisms, named for their ability to utilize trehalose, subse-
quently were reclassified as Pasteurella trehalosi and then reassigned 
to a new genus named Bibersteinia trehalosi.40 These organisms are 
Gram-negative coccobacilli that grow well on blood agar, forming 
1- to 2-mm-diameter colonies. M. haemolytica type A2 has been 
isolated most commonly from goats and sheep, which is a differ-
ent strain from that commonly isolated in cattle pneumonia cases, 
M. haemolytica type A1.

Pasteurella infections frequently are secondary infections that 
follow an initial infection with one of several different viral or 
bacterial agents such as parainfluenza type 3, adenovirus type 6, 
respiratory syncytial virus, Bordetella parapertussis, and Myco-
plasma ovipneumoniae.41 These predisposing pathogens interact 
with Pasteurella to overwhelm the immune system, allowing 
secondary infection to take hold. Pasteurella produces several viru-
lence factors, including lipopolysaccharide and endotoxin, which 
are responsible for inducing physiologic changes in the respiratory 
tract that allow Pasteurella to grow and colonize.41 Stress also is 

thought to play a role in predisposing animals to development of 
Pasteurella infections. Experimentally, combined infection with 
Pasteurella and other agents results in a more severe disease process 
with slower resolution of the lung lesions.

Pasteurella infections result in pneumonia along with septi-
cemia, arthritis, and otitis media. Spring outbreaks are more 
likely in lambs 2 weeks to 2 months of age and frequently are 
seen in association with severe weather. Fall outbreaks are more 
likely to occur in 5- to 7-month-old lambs after shipment to 
feedlots. Pasteurella outbreaks are associated with morbidity 
rates of up to 50% of the flock or herd, but mortality rates 
typically are low.

Transmission of Pasteurella is through several routes. Inhala-
tion of infectious droplets from carrier animals, direct contact 
with infected animals, and lambs nursing ewes with Pasteurella 
mastitis all are possible sources of infection. A wide range of signs 
may be observed in association with Pasteurella infections. In 
some cases, the clinical presentation may be sudden death.41 In 
other cases, clinical signs may include fever (temperatures of 105° 
F to 108° F), depression, anorexia, weight loss, mucopurulent 
nasal discharge or lacrimation, tachypnea, coughing, and in-
creased lung sounds. The affected animal also may self-isolate 
from the flock. The typical course of the disease lasts anywhere 
from 12 h up to 3 days. Full recovery usually requires 14 to  
20 days. Chronic infections in lambs or kids can result in 
decreases in lung capacity, weight gain, and feed efficiency.41

Tentative diagnosis of Pasteurella infections can be made on 
the basis of a history of stress, presence of clinical signs of acute 
bronchopneumonia, and appropriate gross lesions observed at 
necropsy. Typical necropsy findings include pneumonitis with 
focal areas of acute fibrinopurulent bronchopneumonia, coagula-
tive necrosis, and fibrinous pleuritis (Figure 7.6A and B). Isola-
tion of M. haemolytica or B. trehalosi from tissues confirms a 
tentative diagnosis.

In cervids, mixed lung infections involving Fusobacterium spp. 
are commonly reported.42–45 In a survey of 23 clinical isolates 
obtained from necropsy samples of deer, the majority (18/23) 
were identified as Fusobacterium varium and only 3 of the 23 
isolates were F. necrophorum spp. necrophorum. Interestingly, the 
F. varium isolates were demonstrated to not contain a leukotoxin 
gene, the primary virulence factor recognized in Fusobacterium. 
As a consequence, the exact role that these organisms play in the 
actual pathogenesis of disease is unclear at present but they are 
widely isolated. It is likely that these organisms overgrow as part 
of a mixed bacterial disease process and treatment should be con-
sistent with that described below for other mixed respiratory 
infections.

Treatment for Pasteurella consists of long-acting oxytetracy-
cline. Sulfonamides can be given orally or added to the drinking 
water, but inconsistent dosing may result with delivery of medica-
tion in drinking water. A variety of other antibiotics have been 
reported to be efficacious in the treatment of pasteurellosis, in-
cluding ampicillin or penicillin, tylosin, ceftiofur, tulathromycin, 
and florfenicol. Low levels of antibiotic resistance are seen within 
Pasteurella and Mannheimia species.46 Tilmicosin should be 
avoided in goats on account of anecdotal reports of fatal toxicity. 
Treatment often involves extra-label drug use, and readers should 
refer to the section later in this chapter regarding therapeutics. 
Culture and sensitivity testing of a transtracheal wash sample or 
material obtained at necropsy can be used to direct antibiotic se-
lection in herd outbreaks or chronic cases, or for very valuable 
animals (see Appendix l).
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A B

• Fig. 7.6 A. Image of the right caudal lung lobe from an ovine with clinical pneumonia; dorsocaudal 
margin is oriented to the image left. Image demonstrates numerous disseminated dark abscesses near 
the parenchymal surface as well as focal areas of consolidation in the right middle lung lobe. B. Image of 
a lung of a white-tailed deer with severe fibrinous pneumonia. This lung was culture positive for Pasteurella 
multocida.

Prevention of pasteurellosis should be aimed at minimizing 
stress, an important factor in the development of the disease. At 
this time, no commercial vaccines are available for sheep and 
goats against Pasteurella or Mannheimia spp. Although commer-
cial vaccines are available for cattle, they are aimed at a different 
strain from that typically detected in sheep and goats. Research 
has shown low efficacy of the commercial vaccine against P. hae-
molytica serotype A1 when used in goats.47 Experimental intrana-
sal vaccination produced elevated antibody levels in vaccinated 
goats but did not decrease disease in the vaccinated animals.48 A 
study of vaccination of sheep in New Zealand with a commer-
cially available vaccine did not show any difference in severity of 
disease or isolation of organism between vaccinated and unvacci-
nated animals.49 Vaccination for predisposing infectious agents 
such as parainfluenza type 3, adenovirus type 6, respiratory syn-
cytial virus, Chlamydophila, B. parapertussis, and M. ovipneu-
moniae could potentially be done using cattle vaccines when 
available. At present, no vaccines aimed at respiratory pathogens 
are labeled for use in small ruminants. Therefore, with institution 
of a vaccine program using cattle vaccines, a small sample group 
should be vaccinated first and monitored for potential reactions 
or side effects before vaccinating the entire herd or flock. Other 
management areas that should be evaluated in the face of a respi-
ratory disease outbreak are ventilation and nutrition. Ventilation 
should be improved in barns to decrease the relative humidity and 
ensure adequate air exchange.

Mycoplasma Pneumonia
Mycoplasma pneumonia of sheep also is referred to as “enzootic 
pneumonia” or “atypical pneumonia.” It is a chronic nonprogres-
sive pneumonia of sheep caused by M. ovipneumoniae.50,51 P. 
haemolytica, other Mycoplasma species, and Chlamydophila psittaci 
ovis all can act as secondary invaders after a mycoplasmal infec-
tion. In one study, Mycoplasma was isolated from 90% of animals 
with proven pneumonia in a slaughterhouse survey.52 Mycoplasma 
bovis has been identified along with T. pyogenes as a cause of pneu-
monia in farmed white-tailed deer fawns.

Several predisposing factors may allow the development of 
Mycoplasma pneumonias. In addition to stress, minor viral pathogens 

also can predispose animals to Mycoplasma pneumonias. Inten-
sively reared lambs in conditions of poor ventilation or assembled 
groups of lambs in feedlots are examples of groups in which My-
coplasma pneumonias are common. Older or convalescent ani-
mals can act as a reservoir for the other animals in the pen. 
Encapsulation of the organism allows it to evade the host im-
mune system and is conducive to long-term colonization of the 
upper respiratory tract. Although pneumonia associated with  
M. ovipneumoniae is not common in goats, it has been reported 
occasionally.53

Transmission of M. ovipneumoniae is primarily through a re-
spiratory route, either by direct contact or inhalation of an aero-
sol. Mycoplasma infections cause ciliostasis in the lungs and the 
production of exudate—factors that may predispose affected ani-
mals to secondary bacterial infections.54 In some research trials, 
Mycoplasma infections appeared to limit the severity of Pasteurella 
infections.

Clinical Signs. Mycoplasma pneumonia in sheep usually is a 
mild disease. Typical clinical signs include chronic cough and 
dyspnea on exertion. When Pasteurella is involved, mucopurulent 
nasal discharge, fever, and depression also may be noted. Even in 
the presence of only mild clinical signs, Mycoplasma pneumonia 
causes a decrease in productivity in affected animals. Overall, 
Mycoplasma pneumonia is associated with high morbidity but low 
mortality, in keeping with the nonprogressive and subclinical 
nature of the infection.

Diagnosis. Diagnosis of mycoplasmal infection can be based 
on characteristic findings at necropsy. Such findings include con-
solidation of the cranial lung lobes and, occasionally, the anterior 
border of the caudal lobes. The consolidated areas appear gray to 
reddish-brown with red atelectatic areas. Gray-white nodules of a 
firm consistency also are visible on cut surfaces. Evidence of pleu-
ritis may be seen as well. Histopathologic features are those of an 
interstitial, cuffing-type pneumonia, with nodular lymphoid hy-
perplasia and mononuclear lymphocytic cuffing around bronchi-
oles and blood vessels. Exudate, composed mainly of macrophages 
and a few neutrophils, is observed within the alveoli. A character-
istic feature of Mycoplasma infections is the presence of nodular 
hyaline “scars” in the bronchial walls. In recent research, however, 
these necropsy findings were present in only 60% of cases, and the 
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remaining 40% of cases did not exhibit these pathologic fea-
tures.52 In addition to necropsy findings, culture of the organism 
in broth medium confirms the diagnosis. When samples are sub-
mitted for testing for Mycoplasma, it is important to specifically 
request this test from the diagnostic laboratory, because routine 
bacterial culture fails to grow this organism. Serologic studies can 
be performed to look for antibodies using the enzyme-linked im-
munosorbent assay (ELISA), but cross-reactivity is a possible 
concern.

Treatment. Treatment of Mycoplasma infections includes the 
use of oxytetracycline, tilmicosin, and florfenicol. Strategies for 
prevention of mycoplasmal disease include decreasing the stock-
ing density of housed lambs, ensuring adequate ventilation in 
barns, and segregating lambs by age. No commercially approved 
vaccines against M. ovipneumoniae are currently available (see 
Appendix 1). Some laboratories are making autogenous vaccines, 
which have been anecdotally beneficial but to date no scientific 
evidence of benefit of use of these vaccines has been demon-
strated.

Mycoplasma Infection in Goats
Several different but related Mycoplasma species are recognized to 
be associated with pneumonia in goats, with important differ-
ences in geographic distribution of the individual species. Col-
lectively, these organisms are categorized as the Mycoplasma 
mycoides cluster of strains, including M. mycoides spp. mycoides 
Large Colony (MmmLC), M. mycoides spp. capri (Mmc), Myco-
plasma capricolum spp. capripneumoniae (Mccp), and M. capri-
colum spp. capricolum (Mcc). Recently, this nomenclature has 
been slightly modified, with MmmLC being subsumed under 
the Mmc designation.55 This change was based on a lack of abil-
ity to distinguish the two subspecies biochemically or by 16S 
sequencing.56–60 This reclassification leaves three significant sub-
species that are associated with disease in goats (and, in some 
cases, sheep). Both M. mycoides spp. mycoides and M. capricolum 
spp. capricolum are associated with mastitis, arthritis, keratitis, 
pneumonia, and septicemia in goats.61 Both organisms have a 
worldwide distribution and have been documented in herds lo-
cated within the United States62–64 and elsewhere. One report 
found significant disease of dairy goat kids associated with M. 
mycoides spp. mycoides after apparent introduction of the organ-
ism into the herd by acquisition of a new group of animals that 
were found to be shedding these mycoplasmas in milk.62 Signifi-
cant morbidity and mortality were reported over a 1-year period, 
with necropsy demonstrating evidence of fibrinous arthritis, fi-
brinous pleuritis, interstitial pneumonia, and bronchopneumo-
nia in some kids. Management changes associated with heat 
treatment of colostrum and feeding of pasteurized milk were suc-
cessful at terminating the outbreak. In settings in which use of 
pasteurized milk is not practical, use of appropriately formulated 
milk replacer may be considered as an alternative intervention. 
This reported case also underscores the importance of biosecurity 
during herd introductions and inadequacy of colostrum manage-
ment as a source of respiratory disease (see Chapters 16 and 19). 
Giaginis and co-workers reported the successful treatment of a 
herd-level outbreak of M. capricolum spp. capricolum disease with 
parenteral long-acting oxytetracycline therapy; however, other 
researchers in Jordan have demonstrated significant resistance of 
this organism to oxytetracycline.61,65

Mycoplasma spp. should be considered in any group of small 
ruminants demonstrating respiratory disease in conjunction with 

polyarthritis or mastitis. Because mycoplasmas do not grow well 
on routine media used for bacterial culture, it is important to 
notify the diagnostic laboratory that Mycoplasma culture is re-
quired in addition to routine procedures. To ensure accurate re-
sults, the laboratory’s preferred methods for sample collection and 
transport should be confirmed. A variety of reports have demon-
strated a role of the ear mite Raillietia caprae in transmission and 
maintenance of Mycoplasma spp. in goats.66–68 The likelihood of 
Mycoplasma culture–positive earwax is increased in animals carry-
ing the ear mite67 compared with animals not infected with the 
ear mite; however, the exact role of the mites in transmission is 
still unclear. Sterile swabs can be collected from the ears of goats 
to test for the presence of subclinical carrier state. These swabs can 
be subjected to routine Mycoplasma culture or to newer PCR-
based techniques that have a higher sensitivity and negative pre-
dictive value for the carrier state.66 Clinical experience (specifi-
cally, of PJP) suggests that Mycoplasma culture is most effective 
when multiple types of Mycoplasma media are inoculated simulta-
neously, owing to differential growth on different media types.

Contagious caprine pleuropneumonia is a serious, highly 
transmissible respiratory disease of goats in Africa and Asia. It is 
caused by M. capricolum spp. capripneumoniae and is considered 
a foreign animal disease in the United States. Reports suggest that 
in many cases, entire herds of goats are affected, with mortality 
rates of 60 to 70%.69,70 The clinical picture is that of an acute 
fulminant fibrinous pleuropneumonia, typically in the absence of 
polyarthritis or mastitis. Clinical suspicion of this disease process 
warrants contacting appropriate state health officials for further 
diagnostic input.

Chlamydophila Infection
Chlamydophila has been associated with cases of pneumonia in 
goats and sheep, but the clinical significance has not been fully 
determined. It has been theorized that Chlamydophila may cause 
a primary infection, with subsequent secondary invasion by Pas-
teurella or Mannheimia, but this possibility has not yet been 
proved. Clinical signs of Chlamydophila infection include depres-
sion, fever, dry, hacking cough, nasal discharge, dyspnea, and di-
arrhea. As suggested by our own experience, this organism should 
be considered when clinical respiratory disease appears simultane-
ously with herd or flock problems with septic arthritis, infertility, 
or abortions, since these are common signs of systemic chlamydial 
infection. Diagnosis includes identification of the organism on 
stained impression smears of the lung, immunofluorescence on 
fixed tissue sections, Gimenez staining, and yolk sac inoculation 
and isolation. Antibody titers using ELISA or complement fixa-
tion as well as real-time quantitative PCR assay are now commer-
cially available and may provide more rapid and reproducible re-
sults. Available research data suggest that the PCR assay and 
ELISA show significant improvement in sensitivity over the 
complement fixation test.71,72 Necropsy findings include consoli-
dation of cranial lung lobes with interstitial changes. Histopatho-
logic examination reveals intracytoplasmic elementary bodies 
within alveolar macrophages. Edematous septa and thickened 
bronchioles also are observed. Turgid exudate can be seen when 
the lungs are compressed. Chlamydophila infections usually are 
treatable with tetracycline antibiotics, although long-term therapy 
may be necessary. Tetracyclines also can be used during an out-
break in an attempt to slow or decrease spread of the disease. 
Published research in cattle and unpublished data in goats suggest 
that this organism may be more widespread than was previously 
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believed and that disease outbreaks tend to be associated with 
changes in stress, environmental conditions, or immune status.73 
Further research is required; confirmation of these findings, how-
ever, would result in a situation in which management of stressors 
could provide the primary mechanism of disease control, as 
opposed to biosecurity.

Viral Pneumonias
Viral pneumonias generally are associated with fairly mild disease 
and clinical signs but can act as a predisposing factor for bacterial 
pneumonias. A number of viral agents have been identified as 
potential causes of viral pneumonia in sheep and goats.

Parainfluenza Type 3
Parainfluenza type 3 (PI3) is a member of the paramyxovirus fam-
ily of RNA viruses. PI3 virus infections in sheep appear to be 
caused by a serotype other than those responsible for PI3 viral 
infections in cattle and humans. Seroprevalence rates for PI3 are 
reported at 24 to 87.2%.74–77 The high end of this range suggests 
that many infections with PI3 are very mild, with few clinical 
disease manifestations.

Clinical signs associated with PI3 infections include frequent 
coughing, serous nasal discharge, and occasional ocular discharge. 
Fever is rare. Clinically apparent disease is more common in ani-
mals younger than 1 year of age. Diagnosis can be made using 
virus isolation, but infections should be less than 1 week in dura-
tion to permit a reasonable chance of isolating the virus. In herds 
or flocks in which PI3 infections are a problem, vaccination with 
a live intranasal vaccine aimed at PI3 may be attempted to de-
crease the incidence of disease. Live intranasal vaccine is available 
for cattle that could be used off-label in sheep and goats. One 
research trial showed protective effects of a commercial cattle vac-
cine in ewes and a decrease in the incidence of pneumonia in that 
flock.78

Adenovirus
Adenovirus is a DNA virus with multiple antigenic types. De-
pending on the serotype, seroprevalence ranges from 7 to 83%.76,77 
At this time, the clinical significance of adenovirus infection is not 
completely understood. Generally, adenovirus-associated disease 
is fairly mild, but the severity increases when a secondary bacterial 
infection is present. Adenovirus infections typically are seen in 
young lambs with both respiratory and enteric disease. Clinical 
signs of adenovirus infection include fever, anorexia, sneezing, 
and serous nasal discharge. Necropsy findings include atelectasis 
and hyperemia, mainly in the cranioventral portions of the 
lungs.79 Histopathologic lesions include detachment and slough-
ing of foci of epithelial cells of the terminal bronchioles and 
alveoli.79 Diagnosis of adenovirus infections is based on either 
virus isolation or paired serology samples. No vaccine for adeno-
virus is currently available in the United States.

Respiratory Syncytial Virus
Respiratory syncytial virus (RSV) is a pneumovirus that is a mem-
ber of the paramyxovirus family. RSV infection is an important 
respiratory disease in cattle, but at present its importance in sheep 
and goats is unclear. As with the other viral agents, RSV is be-
lieved to predispose affected animals to secondary bacterial 

pneumonias. Studies have shown a range of seroprevalence rates 
from 27.5 to 84.5%.74–77,80,81 Two different subgroups of RSV 
have been recognized, one in calves and goats and the other in 
sheep. Necropsy findings in experimentally infected lambs in-
cluded bronchiolitis obliterans with destruction of the mucocili-
ary apparatus, the presence of syncytial cells in alveoli, and a 
progressive interstitial reaction.82

Clinical Signs. Clinical signs of RSV infection include an-
orexia, fever, conjunctivitis, cough, tachypnea, and tachycardia. 
Thoracic auscultation reveals increased bronchial sounds and 
crackles in some cases. Friction rubs also may be auscultated in 
cases of mixed infection.

Diagnosis. Necropsy findings include a diffuse interstitial 
pneumonia, and the lungs are firm and edematous. Observation 
of syncytial cells on histopathologic examination is considered to 
be characteristic of RSV infection. Immunoperoxidase staining 
may reveal the presence of RSV antigen in epithelial cells of al-
veolar and bronchial walls and syncytial and alveolar lumens.

Prevention. Currently, no vaccine for RSV is available for use 
in sheep and goats. The use of a commercial cattle monovalent 
modified live virus vaccine against RSV has been recommended 
by some investigators in the face of an outbreak of RSV disease in 
a herd or flock, but no research has been done on the efficacy of 
this vaccine in sheep or goats. Furthermore, commercial monova-
lent vaccines for cattle are not yet available.

Herpesvirus
An ovine and caprine herpesvirus has been isolated from lung and 
nasal swabs during Pasteurella outbreaks. The role that this virus 
plays in the development of disease is unclear at this time. Ovine 
and caprine herpesvirus has been associated with rhinitis, vulvo-
vaginitis, and, in some reports, abortions. After an experimental 
challenge with ovine-caprine herpesvirus, clinical rhinitis, along 
with histopathologic lesions of tracheitis, was observed. None of 
the animals in the study, however, exhibited severe clinical disease. 
Some reports have shown that the virus may go into a latent state. 
A PCR assay specific to caprine herpesvirus is now commercially 
available. Gammaherpesviruses including OHV-2 and a closely 
related but distinct strain have been implicated in cases of clinical 
malignant catarrhal fever (MCF) in deer.

Diagnostic Plan. Box 7.1 shows an approach to diagnosis of a 
respiratory disease outbreak.

Treatment. Treatment of lower respiratory disease in sheep 
and goats is aimed primarily at the bacterial infection. Viral infec-
tions may predispose affected animals to secondary bacterial in-
fections, but viral infections alone do not typically cause severe 
clinical disease. Treatment of bacterial pneumonias should be 
based on culture and sensitivity testing of the organism in either 
tracheal or transtracheal wash samples or swabs obtained at nec-
ropsy. Until culture results are obtained, empirical antibiotic 
therapy should be initiated. Research has shown little antibiotic 
resistance in respiratory pathogens, most of which apparently are 
susceptible to commonly used antibiotics. However, some resis-
tance to tetracyclines, which are readily available over the counter 
at the present time, has been reported. If no response is seen 
within 48 h after administration of a specific agent, then an alter-
native antibiotic should be tried. Evidence of clinical response 
may include improved appetite, decreased fever (unless antiin-
flammatories have been used), and return to the animal’s usual 
attitude/demeanor. In addition to antibiotic therapy, fluid sup-
port and use of an antiinflammatory should be considered in the 
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Other Acute Respiratory Disease

Verminous Pneumonia
Three primary lungworms of small ruminants are of clinical and 
economic importance: Dictyocaulus spp. filaria (including Dictyo-
caulus viviparous and Dictyocaulus eckerti, both of which have 
been demonstrated to cross infect multiple species including 
deer), Muellerius capillaris, and Protostrongylus rufescens. Of these, 
M. capillaris seems to be the most prevalent in the United States, 
with two studies performed in the eastern states showing preva-
lence rates upwards of 60% in goat herds.83,84 In other parts of the 
world, prevalence rates of 100% in adult goats have been re-
ported.85 D. filaria has a direct life cycle, with a prepatent period 
of roughly 4 weeks after ingestion of infective larvae.86 By con-
trast, both M. capillaris and P. rufescens have an indirect life cycle 
and require an intermediate molluscan host.86 Goats appear to be 
more likely than sheep to demonstrate clinical disease after infec-
tion with M. capillaris, and the lesions more typically are intersti-
tial in goats, whereas they more often are subpleural in sheep.86

Clinical signs are highly variable and are completely absent in 
some infected animals. The most common sign of disease is a 
cough, and in some cases, secondary bacterial infections may  
occur.86 Diagnosis is made at necropsy; the diaphragmatic lung 
lobes are seen to be most affected, and nodular (M. capillaris) or 
lobular lesions that contain the worm may be present.86 One 
study that evaluated severity of the lesions showed that an average 
of 35.1% (in kids) and 23.5% (in adults) of the lung surface was 
affected by parasite lesions.85 Antemortem diagnosis traditionally 
has been obtained by means of a standard Baermann fecal exam; 
however, some evidence indicates that the Baermann procedure 
using the flask recovery method is more reliable than the funnel 
method commonly used in some laboratories.87 In that study, 
175% greater recovery rates were obtained with the flask method 
than with the funnel method. Therapy relies on traditional an-
thelmintics including moxidectin, fenbendazole, albendazole, 
oxfendazole, and ivermectin.87–92 Research suggests that some im-
mature stages of the worms may not be sensitive to all products, 
and that two or three doses administered at 35-day intervals may 
provide the greatest cure rates (see Chapter 6).93

Aspiration Pneumonia
Inhalation of significant amounts of feedstuffs or liquids leads to 
an intense inflammatory response and the development of aspira-
tion pneumonia. This clinical scenario may be secondary to dys-
phagia or laryngeal paralysis. Aspiration pneumonia also may 
occur as an iatrogenic disorder secondary to forced delivery of 
liquids or application of drenches. The severity of the condition 
reflects the type of material present and the amount of material 
inhaled. Treatment consists of broad-spectrum antibiotics and 
antiinflammatory drugs. The prognosis for animals with this con-
dition is guarded, and the condition often progresses until death 
or euthanasia supervenes.

Lentiviral Disease

Ovine Progressive Pneumonia
Ovine progressive pneumonia (OPP) is a chronic progressive 
pneumonia of sheep caused by a non-oncogenic, single-stranded 
RNA lentivirus of the Retroviridae family. OPP also is referred to 

• BOX 7.1 Approach to Respiratory Disease 
Outbreak Management

Outbreak Assessment
•	 Set	case	definition	based	on	clinical	signs.
•	 Determine	morbidity	and	mortality	data	based	on	case	definition.
•	 Identify	age	of	animal	affected.
•	 Monitor	clinical	progression	of	disease	and	response	to	treatment.

Diagnostic Sampling
Desired Samples With Acute Infections
•	 Select	on	basis	of	case	definition	above.
•	 Sample	before	treatment.
•	 Sample	four	to	six	animals	minimum	(ideally).
•	 Select	appropriate	test	for	suspected	disease	process.

Necropsy Results and Diagnostics
•	 Do	these	fit	with	the	results	for	acute	sampling?

Development of Standard Operating Procedures
Procedures	must	be	established	that	support	compliance	with	extra-label	drug	
use	requirements	and	ensure	appropriate	and	consistent	management.	Protocol	
components	include:
•	 Detailed	case	definition	and	selection	criteria	described	in	a	manner	under-

standable	by	all	personnel
•	 Decision	tree	to	determine	if	treatment	is	necessary
•	 Treatment	instructions:

•	 Drug	to	use
•	 Frequency
•	 Route
•	 Withdrawal

•	 Assessment	of	treatment	efficacy	and	retreatment	algorithm
•	 Assessment	and	modification	of	vaccine	protocols
•	 Assessment	and	modification	of	management	(failure	of	passive	transfer)	

and	facilities

Record Keeping
•	 Record	identification	data	and	findings	for	all	animals	examined	and	

treated.
•	 Maintain	drug	use	and	withdrawal	paperwork.
•	 Assess	disease	outbreak	progression	and	improvement.
•	 Generate	evidence-based	medicine	data	on	response	to	therapy.

systemically ill patient. In valuable animals with severe respiratory 
disease, if severe dyspnea is present, oxygen therapy also may be 
of some benefit. All patients with respiratory disease should be 
separated from the rest of the flock or herd if possible and given 
easy access to food and water.

Control of Respiratory Disease
Control and prevention of respiratory disease in sheep, goats, 
and deer revolve primarily around environmental and stress man-
agement. Animals should be housed in well-ventilated but not 
drafty environments with an adequate number of air changes to 
prevent accumulation of noxious odors. Adequate transfer of pas-
sive immunity from dam to offspring through the colostrum is of 
utmost importance in the prevention and control of respiratory 
disease in young ruminants. On account of the lack of commer-
cially available vaccines against all clinically important bacterial 
and viral small ruminant strains, most herd management pro-
grams do not include a vaccination plan for control of respiratory 
disease.
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as maedi-visna outside of North America. This disease plays an 
important economic role in the sheep industry in North America, 
causing economic losses related to decreased production and de-
creased sales. The magnitude of effect OPP has on the economics 
of sheep production varies with the reported study. One set of 
studies showed no negative effect on the number of lambs pro-
duced or on grease weight of fleece in a comparison of seropositive 
ewes with seronegative ewes within the same flocks.94 On the 
other hand, research also has shown an estimated 10% decrease in 
milk production associated with indurative mastitis.95 Additional 
research has shown that OPP infections can decrease weight gain 
and increase 30-day mortality rates in lambs.95,96

Once a sheep is infected with OPP, the virus persists in in-
fected monocytes and macrophages and is capable of entering a 
latent stage for an undetermined period. OPP may occur in goats, 
but very infrequently.97,98 Instances of cross-species transmission 
as well as recombination between the two viruses in vivo in 
mixed-species flocks have been reported.99,100 OPP has a long in-
cubation time, averaging 2 to 4 years. Owing to this prolonged 
incubation, clinical signs of OPP usually are seen in older ani-
mals. The seroprevalence of OPP varies depending on the region. 
One study showed a seroprevalence of 0.5% in a group of 2040 
sheep in West Texas.101 Another study showed a seroprevalence of 
49% in sheep in the Rocky Mountain region.101 Subsequent re-
search showed a prevalence of 26.8% in cull ewes in Alberta, 
Canada and a seroprevalence rate of 44% in a slaughterhouse 
survey reported from Quebec.102,103 In all published studies, sero-
prevalence increases with age.

Transmission. Transmission of OPP is through several routes. 
The most common route of transmission is through ingestion of 
infected colostrum or milk by a neonate.104 Direct transmission, 
most likely through respiratory droplets, also has been reported. 
Vertical transmission has been rarely observed.104 Close confine-
ment and more than transient exposure of uninfected animals to 
infected ones both play an important role in transmission.

The OPP virus has a strong predilection to mutate and form 
new serovars. This antigenic drift, with continual production of 
new serovars, results in different patterns of disease. Some animals 
remain asymptomatic carriers for life, without ever developing 
clinical disease, but shed infective organisms into the environ-
ment. Once an animal is infected, it remains viremic for life.

After infection has occurred, the virus localizes to the lungs, 
central nervous system, and hematopoietic tissues. Within the 
lungs, the virus stimulates the reticular cells and lymphocytes to 
proliferate. This proliferative process leads to the thickening of  
the intraalveolar septa and produces adenomatosis of the alveolar 
lining.105 OPP is a chronic degenerative condition with a slow, 
progressive nature.

Clinical Signs. Initial clinical signs may be subtle and may 
even go unnoticed, generally appearing only after periods of 
stress, exertion, or inclement weather. Initially, the producer may 
happen to observe an animal that just seems listless or dragging 
behind the flock. Regional lymphadenopathy is common in  
infected animals. Other disease manifestations may include indu-
rative lymphocytic mastitis (“hardbag,” see later), proliferative  
arthritis, and, less commonly, nonsuppurative encephalitis  
(Chapter 13).93 The affected animal gradually becomes emaciated 
despite a good appetite. Dyspnea develops and is initially appar-
ent only after exertion or exercise. In most cases, fever is absent 
unless a secondary bacterial pneumonia develops. Other findings 
may include nasal discharge and coughing, but lung auscultation 

reveals no abnormalities. As the disease progresses, open-mouth 
breathing, flaring of the nostrils, forced expirations, and worsen-
ing of coughing are noted. The clinical course may be as short as 
3 to 6 months, but in some animals, the illness may persist for 
years. Although the primary clinical signs are respiratory in na-
ture, arthritis, vasculitis, mastitis, encephalitis, and, rarely, poste-
rior paresis also may be observed. The mastitis associated with 
OPP is described as an indurative mastitis in which a large, hard 
udder is palpated but no abnormal secretions are observed. This 
condition frequently is referred to as hardbag. Posterior neuro-
logic manifestations frequently begin as ataxia, stumbling, and 
unilateral proprioceptive deficits, which progress over weeks to 
months to rear limb paralysis or occasionally quadriplegia.105 
Clinicopathologic studies occasionally reveal a moderate hypo-
chromic anemia and leukocytosis; hypergammaglobulinemia is 
observed in advanced cases. Unfortunately, the case fatality rate is 
100%, with most animals either dying or culled within 1 year of 
onset of clinical signs.

Diagnosis. Several options are available for diagnosis of OPP. 
Serologic testing includes both the ELISA and the agar gel im-
munodiffusion (AGID) test. Several ELISAs are available, and 
ELISA testing in general has been shown to be more sensitive 
than AGID testing.95,106 PCR testing also is available and is more 
economical than virus isolation. PCR testing can be used for 
confirmation after a positive result on AGID or ELISA testing.95 
Current recommendations for testing and eradication are avail-
able at the OPP Concerned Sheep Breeders Society Website 
(http://www.oppsociety.org).

Necropsy of animals infected with OPP reveals large, heavy 
lungs, two to three times the normal weight. Occasionally, verti-
cal rib impressions can be seen in the lungs owing to the degree 
of swelling of the lung tissue. The lungs are firm in consistency 
and gray-blue to gray-yellow and do not collapse.105 In some 
instances, a secondary bacterial pneumonia may be observed. 
Tracheobronchial and mediastinal lymph nodes are enlarged, 
gray to white in appearance, and bulge on cut surface.105 If evi-
dence of arthritis is observed, it is generally the appendicular 
joints that are involved. Extensive proliferation of the synovium, 
fibrosis of the joint capsule, and degenerative changes of the ar-
ticular cartilage and bone are observed.105 Findings on gross ex-
amination of the spinal cord and brain are normal. Histopatho-
logic lesions are those of a chronic, diffuse interstitial pneumonia. 
Hyperplasia of lymphoid cells around airways and blood vessels 
also are seen with an accumulation of mononuclear cells in the 
interstitium. Occasionally, characteristic changes of lympho-
cytic meningitis, choroiditis, or leukoencephalitis also may be  
observed.

Prevention. Prevention of OPP requires eliminating the virus 
from the flock. No vaccines are available for OPP. In order to 
eliminate OPP from a flock, the flock must be closed to new 
additions, and a rigorous testing and cull program must be insti-
tuted. The entire flock should be tested for OPP, and all seroposi-
tive animals along with any offspring that are younger than 1 year 
of age should be removed from the flock and raised at a separate 
facility.107 All lambs should be fed OPP-negative colostrum 
(either from a negative ewe or heat-treated), milk, or milk re-
placer. The entire flock should be tested two times a year until two 
consecutive negative results are obtained. All seropositive animals 
must be removed from the herd. Once OPP has been eradicated 
from a flock, any new additions should be quarantined and tested 
for OPP before introduction into the flock.
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Caprine Arthritis-Encephalitis
Caprine arthritis-encephalitis (CAE) is caused by a virus closely 
related to the agent of OPP (both are lentiviruses). Although re-
spiratory disease is not the typical primary clinical manifestation 
of CAE, respiratory signs can be seen as a part of the disease pro-
cess. Transmission of CAE is similar to that of OPP, primarily 
through ingestion of virus-infected colostrum or milk from an 
infected animal.108 Horizontal transmission also is possible. Inter-
stitial disease occurs with CAE and manifests as a chronic pneu-
monia with weight loss and dyspnea. The pulmonary lesions 
typically are distributed in the caudal or cranioventral lung lobes 
and closely resemble those seen in the lungs of animals affected 
with OPP. Diagnosis can be made through serologic testing or 
histopathologic examination (see Chapters 13 and 16).

Caseous Lymphadenitis
Caseous lymphadenitis is an abscess disease in sheep, goats, and, 
occasionally, deer caused by the bacterium C. pseudotuberculosis. 
This Gram-positive rod is found in manure, soil, and on the skin 
of infected herd or flock animals, and can be detected in infected 
organs upon necropsy examination. The organism is capable of 
surviving in the environment for long periods, so the environ-
ment can be a potential source of infection or reinfection. The 
organism enters the body through superficial wounds or mucous 
membranes or on contact with fomites such as shearing blades, 
feeders, grooming equipment, and bedding. Once C. pseudotuber-
culosis enters the body, it follows the lymphatics and migrates to 
the local lymph nodes; it then disseminates to the rest of the body, 
where it forms abscesses in lymph nodes.109 These abscesses can be 
found in either peripheral or internal lymph nodes. The location 
of the affected lymph nodes affects the clinical presentation. With 
involvement of the retropharyngeal or thoracic lymph nodes, the 
affected animal may display clinical signs of respiratory disease 
such as dyspnea, tachypnea, and chronic cough, in addition to 
chronic weight loss.

Diagnosis. Diagnosis of caseous lymphadenitis can be based 
on identification of abscesses on radiographs (Figure 7.7) or cul-
ture of the organism from either a transtracheal wash sample or 
an abscess. Within the thoracic cavity, abscesses can be seen in the 
lung parenchyma, mediastinal lymph nodes, or the bronchial 
lymph nodes.109 Abdominal and skeletal lymph nodes are less 
commonly affected. Internal involvement is seen more commonly 
in older animals.

Prevention. Prevention of caseous lymphadenitis is aimed at 
identifying all affected animals and removing them from the herd 
or flock. Serologic testing using the synergistic hemolysis inhibi-
tion (SHI) or ELISA test can be used to identify potential infected 
animals before the development of clinical signs or animals with 
internal involvement.110 Animals that have been previously vacci-
nated test positive on the SHI test, so serologic testing is of little 
benefit in a vaccinated flock or herd.110 Owing to the organism’s 
ability to survive in the environment, it also is important to pre-
vent contamination of the environment and transmission to other 
animals whenever possible. Good hygienic practices such as clean-
ing clipper and shearing blades can help to limit the spread of this 
disease. A vaccine is available and is labeled for use in sheep. The 
vaccine does not eliminate caseous lymphadenitis from a herd  
or flock but decreases the incidence of disease and reduces its  
severity.110 Although use of the vaccine in goats constitutes an 

• Fig. 7.7 Lateral radiograph of the pharyngeal region of a yearling ram 
with Corynebacterium pseudotuberculosis retropharyngeal lymph node 
abscess; cranial is to image left. The abscess (outlined by white arrows)� 
can be seen as a 6-cm rounded mass caudal to the angle of the mandible. 
(Courtesy Dr. Jennifer Schleining)�.

extra-label application, a vaccination program has been used suc-
cessfully in goat herds to limit the spread of disease. Severe local 
reactions, anecdotally seen more commonly when the vaccine in-
cludes clostridial toxoids, consisting of large, firm swellings at the 
vaccination site have been reported; owners must be cautioned 
regarding the potential for such reactions before use of this vaccine 
in goats.

Coccidioidomycosis
Coccidioidomycosis, caused by the soil fungus Coccidioides 
immitis, has been rarely reported in small ruminants. It is transmit-
ted through inhalation, and possibly ingestion or cutaneous abra-
sions. This disease is enzootic in the southwestern United States.

Coccidioidomycosis is not a contagious disease. Clinical signs 
include chronic weight loss and a persistent cough. Occasionally 
fever and peripheral lymph node abscesses also are observed. On 
necropsy, granulomas containing creamy purulent material are 
seen and frequently are located in the bronchial or mediastinal 
lymph nodes. Diagnosis of coccidioidomycosis relies on the use of 
either an intradermal test or a complement fixation test. Culture 
of the organism or identification on microbiologic exam also  
can be diagnostic. No treatment or vaccination is available for 
coccidioidomycosis.

Tuberculosis
Tuberculosis in sheep, goats, and deer is caused by the bacterium 
Mycobacterium bovis. Goats are affected more commonly than 
sheep. Occasionally, Mycobacterium avium and Mycobacterium tu-
berculosis also have been reported to cause small ruminant disease. 
An increase in prevalence of tuberculosis has been seen in herds or 
flocks that are in close proximity to infected cattle or wildlife.
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Transmission of tuberculosis generally is through the respira-
tory tract. Infectious organisms can be found in respiratory secre-
tions, feces, milk, urine, vaginal secretions, semen, and draining 
lymph nodes. Once the tuberculosis bacillus enters through the 
respiratory tract, it invades the local lymph nodes and causes 
granuloma formation with central necrosis of the lymph node. 
Occasionally, abdominal involvement is observed, suggesting that 
ingestion may be a possible route of transmission.

Clinical Signs. Clinical signs of tuberculosis include weight 
loss and mild respiratory signs. Early in the course of the disease, 
affected animals exhibit a deep, moist-sounding, chronic cough. 
As the disease progresses, tachypnea, dyspnea, and abnormal lung 
sounds develop.

Diagnosis. Diagnosis in sheep and goats starts with the intra-
dermal skin test at the caudal tail fold. False-positive results can 
occur with this test owing to cross-reactivity with Mycobacterium 
paratuberculosis, M. avium, or M. tuberculosis. In the United 
States, all positive or suspect test results must be reported to the 
state veterinarian, and tuberculosis itself is a reportable disease. In 
deer, the approved antemortem test for tuberculosis includes the 
cervical intradermal test and a relatively newer blood test offered 
through the National Veterinary Services Laboratory. Necropsy 
reveals granulomatous lymph nodes. The lymph nodes are encap-
sulated and contain yellow to orange, creamy to caseous purulent 
material and gritty foci. Respiratory lymph nodes are affected 
more frequently than liver or mesenteric lymph nodes and cervids 
often demonstrate involvement of the retropharyngeal lymph 
nodes. Histopathologic findings include presence of acid-fast or-
ganisms and central calcification and caseation surrounded by 
zones of epithelioid cells and Langerhans giant cells, all enclosed 
in fibrous capsules.1

Prevention. Prevention of tuberculosis is based on the identifi-
cation and culling of all seropositive animals. All animals older 
than 12 months of age on the farm should be tested annually; with 
two consecutive all-negative results, the herd or flock can be con-
sidered to be free of tuberculosis. A national program is in place in 
the United States to eradicate tuberculosis from all livestock species 
and is based on an aggressive testing and cull program.

M. bovis is a zoonotic agent, and care should be taken in han-
dling these animals.

Pneumocystis jirovecii (Pneumocystis carinii) 
Pneumonia
Pneumocystis jirovecii (formerly called Pneumocystis carinii) is a 
sporozoan more familiar as the cause of debilitating pneumonia in 
people with AIDS, although this fungus can cause infection in 
small ruminants as well. Affected animals usually have a history of 
chronic disease associated with some form of immunosuppres-
sion, allowing the pathogen to become established. Clinical signs 
include fever, weight loss, tachypnea, mucopurulent nasal dis-
charge, chronic cough, weakness, and tachycardia, with progres-
sion to death. Necropsy of lungs from affected animals reveals 
diffuse and locally extensive interstitial pneumonia. Important 
diseases to rule out in making a diagnosis are tuberculosis and 
caseous lymphadenitis. No effective treatment is available for 
Pneumocystis pneumonia.

Ovine Pulmonary Carcinoma
Ovine pulmonary adenocarcinoma (OPA) also is known as sheep 
pulmonary carcinoma (SPA) or “jaagsiekte.” Ovine pulmonary 

carcinoma is a slowly progressive, contagious viral infection 
caused by a retrovirus. An age-related susceptibility pattern has 
been observed, with neonates and lambs younger than 10 weeks 
of age being most susceptible to the disease. The natural occur-
rence rate is low in goats, but OPA has been experimentally 
transmitted in kids. OPA is seen worldwide (except for Australia) 
and may be either a sporadic occurrence or endemic within a 
region. High virus concentrations within lung fluids or nasal 
exudates are characteristic. The disease has been observed as a 
concomitant finding in some animals with OPP. Clinical signs 
typically are seen in 2- to 4-year-old animals and include progres-
sive respiratory distress, tachypnea, and weight loss. Auscultation 
of the lungs after exertion reveals harsh lung sounds and some-
times crackles and wheezes. Coughing is only an occasional sign 
and is not a consistent finding. Fluid draining from the nostrils 
can be observed when the animal lowers its head or the rear end 
of the animal is elevated. Fever typically is absent, and most ani-
mals maintain their appetite unless a secondary bacterial pneu-
monia develops. OPA is a progressive disease, and death occurs 
within weeks to months of the development of clinical signs. 
Diagnosis is based on necropsy findings. On examination of the 
abnormally heavy lungs, a clear exudate is present on cut sur-
faces, and clear, foamy fluid is seen within the trachea. Large gray 
masses with a firm consistency are observed in the cranioventral 
lobes; smaller masses are present in the caudodorsal lung lobes. 
The tumors have been described as alveolar type II or nonciliated 
bronchiolar cells. Metastasis to the bronchial or mediastinal 
lymph nodes occurs in 10% of the cases. At present, no treat-
ment or vaccine is available. Eradication programs have been 
based on extensive slaughtering, because no antemortem test is 
available at this time.

Extrapulmonary Disease

Pleuritis and Pleural Abscesses
Pathogenesis. Pleuritis is rare in the small ruminant, in which 

the condition usually is secondary to another pathologic process 
such as pneumonia, abscesses (pleural, pseudotuberculosis, liver, 
or sternal), trauma, hypoproteinemia, septicemia (including clos-
tridial), and tumors.1,8 Mannheimia, Pasteurella, and Mycoplasma 
are the most common bacterial causes of caprine pleuropneumo-
nia1; Helcococcus ovis also has been reported to cause pleuritis and 
bronchopneumonia in sheep.111 Pleural transudates result from 
hypoproteinemia, right heart failure, neoplasia, or acorn toxicity.8

Clinical Signs. Affected animals may present with weight loss, 
decreased production, fever, depression, pain and posturing, 
dyspnea, and restricted respiratory effort. Percussible fluid lines, 
friction rubs, and attenuated lung sounds may be present on aus-
cultation; however, these clinical findings are not present in all 
cases, and normal findings on auscultation are possible with focal 
pleural abscesses.112

Diagnosis. Clinicopathologic findings may include an inflam-
matory leukogram, mild anemia of chronic disease, and hyper-
globulinemia in chronic cases. An ultrasound exam is helpful and 
may be necessary to diagnose focal pleural abscesses.112 Thoraco-
centesis, fluid analysis, and culture (when indicated) can help 
determine the cause of the effusion and guide the therapeutic 
plan.

Treatment. The underlying disease needs to be treated. Lavage 
through a chest tube with a commercially available lavage system 
is indicated in cases of pleuritis and can be performed as a standing 



135CHAPTER 7 Diseases of the Respiratory System

procedure with use of local anesthesia. A large-bore chest tube 
should be inserted caudally in the fifth or sixth intercostal space, 
at the costochondral junction (level of the elbow). Use of ultra-
sound guidance, if available, is recommended. Generally, a single 
tube can be used for both lavage and drainage.113 Focal pleural 
abscesses may respond to prolonged antibiotic therapy.112

Diaphragmatic Hernia
Diaphragmatic hernias may be congenital or acquired, usually 
secondary to parturition, breeding (in males), or trauma. The 
clinical signs vary, depending on which organ or organs herniate; 
in small ruminants, the reticulum most commonly is involved.8 
Dyspnea, weakness, cachexia, muffled lung sounds, and thoracic 
borborygmi may be noted.113 Diagnosis is made by radiographic 
or ultrasound imaging. Surgical repair has been described in other 
species and should be applicable to sheep and goats. An important 
point in this context is that the relatively small size of sheep and 
goats makes the surgical exposure of the diaphragm more like that 
in a large dog than in other farm animals. The biggest challenge 
in repairing diaphragmatic hernias in adult cattle and horses is the 
considerable depth of the abdominal cavity and size of the dia-
phragm. Size considerations are why clinicians occasionally need 
to resort to paracostal, paramedian thoracotomy or some combi-
nation of incisions to repair diaphragmatic rents in those adult 
species. Adequate exposure of any diaphragmatic hernia in sheep 
and goats, however, should be possible through a cranially placed 
ventral midline laparotomy incision. Use of a tilt table for surgery 
and large visceral retractors also enhances the surgical exposure. 
The animal should be fasted for 48 h before the procedure to 
decrease rumen fill. A rumenotomy may be indicated for the same 
reason if the animal’s condition dictates emergency surgery rather 
than waiting 48 h (see Chapter 5). The hernia can be repaired 
with large monofilament (absorbable or nonabsorbable) suture in 
a continuous mattress stitch pattern. Mesh should be used only 
when the hernia cannot be closed otherwise, and a clean surgical 
environment is imperative.113

Pneumothorax
Pneumothorax is uncommon in small ruminants. When it oc-
curs, it generally is unilateral. Causes include trauma, predator 
attack, and rupture of emphysematous bulla. Animals present 
with inspiratory dyspnea, increased abdominal effort, and de-
creased lung sounds on the affected side. During percussion, a 
difference in resonance can be appreciated between the two 
sides. The diagnosis is confirmed with chest radiographs. A chest 
tube with a one-way valve should be placed dorsally in the cau-
dal lung field on the affected side. The tube should be inserted 
in the caudal portion of the intercostal space, to avoid damaging 
the intercostal vessels running along the caudal rib margins. The 
skin incision should be placed 1 to 2 cm further caudally so that 
the tube then tunnels under the skin to penetrate the body wall, 
creating a seal. Prophylactic antibiotics are indicated to prevent 
pleuritis.113

Neoplasia

Parenchymal Tumors
Ovine pulmonary carcinoma has already been discussed in detail 
(under “Lentiviral Disease”). Other reported rare parenchymal 

tumors are rhabdomyosarcoma in lambs and multiple pulmonary 
papillae in Angora goats.114

Thoracic Cavity Tumors. The more common thoracic cavity 
tumors include thymomas, thymic lymphoma, mediastinal lym-
phoma, pleural mesothelioma, and squamous cell carcinoma. 
Thymomas are by far the most common tumor in goats115,116 and 
are characterized as epithelial or lymphocytic origin tumors of 
adult goats and sheep.115,117 By contrast, thymic lymphoma is a 
form of lymphoma that originates at the thymus and may metas-
tasize to other organs and structures such as lymph nodes, liver, 
spleen, kidney, and lung. Thymic lymphoma is more common in 
young animals, although it has been reported in adult sheep.117

Clinical Signs. These thoracic tumors are space-occupying 
masses and as such may cause additional pleuritis and effusion.114 
Caseous lymphadenitis abscesses also may act as a space-occupying 
thoracic mass and should be included in the differential diagnosis. 
Animals may be asymptomatic (thymomas often are an incidental 
finding during slaughter114) or present with progressive dyspnea, 
a history of recurrent/intermittent mild to moderate bloat (type I 
vagal indigestion), cachexia, and exercise intolerance. An enlarge-
ment at the thoracic inlet may be palpated. Coughing secondary 
to tracheal displacement and congestive heart failure may oc-
cur.115,116 Although myasthenia gravis is not associated with cap-
rine thymomas,115 one case of secondary megaesophagus has been 
reported in a goat.118

Diagnosis. Tumor margins, mineralization, and organ dis-
placement may be seen on radiographic or ultrasound im-
ages.115 Cytologic analysis of pleural fluid or tumor aspirate can 
be performed, but thymomas and thymic lymphomas often 
require a biopsy sample for diagnosis. Even ultrasound-guided 
biopsy may not provide sufficient tissue; the definitive diagno-
sis often is made at necropsy with histopathologic examination. 
In theory, thymomas may be surgically removed; thymic 
lymphomas and mesotheliomas frequently are metastatic or 
widespread in the pleural cavity and are not amenable to surgi-
cal excision.114

Plant Toxicity

Atypical Interstitial Pneumonia
Pathogenesis. Perilla mint (Perilla frutescens) contains a pneu-

motoxin in the leaves and seeds that when metabolized in the 
rumen produces toxic intermediaries. These substances damage 
type I pneumocytes and bronchiolar epithelial cells. The cellular 
injury results in formation of hyaline membranes, type II pneu-
mocyte proliferation, and adenomatosis. The plant is most toxic 
during the flowering and seed stages of growth (August to Octo-
ber). Other similarly toxic plants include moldy sweet potato (the 
mold Fusarium solani produces the toxin 4-ipomeanol) and the 
Brassica genus of plants (e.g., rape, kale, turnip, and beet tops), 
which contain d,l-tryptophan. d,l-Tryptophan is converted in 
the rumen to the toxic 3-methyl indole intermediate.1,8

Clinical Signs. Clinical signs include acute dyspnea and tachy-
pnea, open-mouth breathing, extended head and neck posturing, 
and acute death. Signs may be induced or exacerbated by exertion 
and stress.

Diagnosis. Diagnosis is based on clinical presentation and his-
tory. On necropsy, the lungs are wet, heavy, emphysematous, and 
noncollapsing; rib impressions may be observed. Histopathologic 
examination should confirm interstitial edema, emphysema, con-
gestion, and alveolar epithelial hyperplasia.8
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Treatment. Treatment should focus on minimizing stress and 
excitement and providing general supportive care. Of note, mov-
ing animals from pasture has been associated with increased mor-
talities, so fencing or confining them locally away from the toxic 
plants and providing appropriate shade should be considered.

Hydrogen Cyanide Toxicity
Pathogenesis. Under stress or in response to damage (such as 

from wilt, frost, or drought), cyanogenic glycoside plants produce 
hydrogen cyanide (HCN) (Table 7.1). Subsequent to ingestion of 
the offending plant, HCN blocks cellular respiration, resulting in 
tissue hypoxia. Under normal conditions, the liver can detoxify 
HCN; sheep can tolerate 22 mg of HCN/50 kg of body weight/
hour.119

Clinical Signs. Clinical signs appear when the liver capacity is 
overwhelmed. Rapid intake of 2 to 4 mg HCN/kg of body weight 
is fatal. Sheep and cattle are more susceptible than goats.8 Affected 
animals often are found dead. If HCN disease causing exposure is 
recognized early, permitting tracking of the clinical course, dys-
pnea, and other signs of cerebral anoxia such as anxiety, stagger-
ing, tremors, and terminal convulsions can be observed. The 
blood is bright red from hemoglobin-bound oxygen.119

Diagnosis. The rumen contents may have a characteristic “bit-
ter almond” odor.1 Liver and rumen contents can be tested for 
HCN concentrations; threshold values are 1.4 mg and 10 mg, 
respectively.8 Samples should be quickly frozen or treated with 1 
to 3% mercuric chloride to prevent postsampling loss of HCN.119 
Forage and plants also can be tested; HCN levels above 200 ppm 
are toxic.119 The “picrate paper” test is easily performed in the 

TABLE 
7.1 Nitrate-Accumulating and Cyanogenic Glycoside–Producing Plants.

NITRATE-ACCUMULATING PLANTS CYANOGENIC GLYCOSIDE–PRODUCING PLANTS

Weeds

Canada	thistle Cirsium arvense Apple Pyrus malus

Cheeseweed Malva parviflora Arrow	grass Triglochin maritima

Dock Rumex	spp. Birdsfoot	trefoil Lotus corniculatus

Fireweed Kochia scoparia Cassava Manihot esculenta

Jimsonweed Datura	spp. Cherry,	apricot,	peach Prunus	spp.

Lambsquarters,	goosefoot Chenopodium	spp. Corn Zea mays

Nightshades Solanum	spp. Elderberry Sambucus canadensis

Pigweed Amaranthus Flax Linum

Russian	thistle Salsola pestifer Hydrangea Hydrangea	spp.

Smartweed Polygonum	spp. Lima	Bean Phaseolus lunatus	L.

Sudan	or	Johnson	grass Sorghum	spp. Poison	suckleya Suckleya suckleyana

Sweet	clover Melilotus officinalis Quick	or	star	grass Cynodon	spp.

Wild	sunflower Helianthus annuus Sudan	or	Johnson	grass Sorghum	spp.

Crop Plants Sugar	gum Eucalyptus cladocalyx

Alfalfa Medicago sativa Toyon,	California	holly Heteromeles arbutifolia

Beet Beta vulgaris Velvet	grass Hoecus lunatus

Corn Zea mays Vetch	seed Vicia sativa

Flax Linum usitatissimum White	clover Trifolium repens

Oats Avena sativa

Rape Brassica napus

Rye Secale cereale

Soybean Glycine max

Sudan	or	Johnson	grass Sorghum	spp.

Wheat Triticum aestivum

Data from: Osweiler GD et al: Clinical and Diagnostic Veterinary Toxicology, 3rd ed., Dubuque, IA: Kendall/Hunt, 1985; Smith MC, Sherman DM: Respiratory system, in Goat Medicine, 2nd ed., 
Smith MC, Sherman DM, Eds., Ames, IA: Wiley-Blackwell, 2009; Galey, F.D. Disorders Caused by Toxicants, in Large Animal Internal Medicine, 4th ed., Smith, B.P., Ed., St. Louis, Mosby, 2009.
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field, although less-than-toxic levels may generate a positive result. 
(Picrate paper is prepared by treating filter paper with a solution 
of 5 g of sodium bicarbonate and 0.5 g of picric acid in 100 mL 
of water.) The suspect plant material is crushed and infused in 
water. The picrate paper is wetted with that solution and heated 
to 86° F to 95° F. A positive test result consists of a change to a 
brick-red color after a few minutes.119

Treatment. Sodium nitrite (22 mg/kg) should be given by IV 
infusion as soon as possible.119 In addition, sodium thiosulfate 
(67–660 mg/kg IV119) or methylene blue (4–15 mg/kg of a 1% 
solution IV1) should be given immediately and repeated if neces-
sary. Methylene blue also may be given alone at the higher end 
of the dose range.120 In goats, sodium thiosulfate also may be 
given orally every hour at 6 g per head to bind free HCN in  
the rumen.1 Of note, these treatments fall outside the Animal 
Medicinal Drug Use Clarification Act (AMDUCA) guidelines in 
the United States. Withdrawal times vary, but the U.S. Depart-
ment of Agriculture (UDSA)-sponsored Food Animal Residue 
Avoidance and Depletion (FARAD) Program has published rec-
ommendations of 48 h for milk and 24 h for meat after sodium 
nitrite and sodium thiosulfate use.121 Because methylene blue 
may be carcinogenic, this drug should not be used in lactating 
animals, and an extended 180-day meat withdrawal protocol 
should be followed.121

Nitrate-Nitrite Toxicosis
Pathogenesis. Ingested nitrates from plants and water are 

converted to nitrite in the rumen. Nitrite then binds iron ions in 
the blood, converting hemoglobin to methemoglobin. Methemo-
globin has a reduced ability to carry oxygen, resulting in hypoxia 
and death. Nitrate is accumulated during the vegetative state (see 
Table 7.1), especially after droughts, during rapid growth, and on 
highly fertilized soils; nitrates do not accumulate in the fruit or 
grains.119 Acacia nilotica spp. kraussiana (the acacia tree) toxicity 
also can lead to methemoglobin formation.1

Clinical Signs. Clinical signs are consistent with generalized 
hypoxia and include dyspnea, tachycardia, cyanotic mucous 
membranes, exercise intolerance, and sudden death; abortions 
may occur days to a week after a sublethal exposure.122 Clinical 
onset occurs once methemoglobin formation has reached the 30 
to 40% threshold; death occurs once 80 to 90% of the hemoglo-
bin has converted.119

Diagnosis. The clinical picture and history should be sugges-
tive. Formation of methemoglobin causes the blood to appear 
dark brown; this change is concurrent with onset of clinical signs 
at the 30% methemoglobin threshold.1 Toxicity can be confirmed 
by establishing definitive nitrite levels in the blood, urine, or 
aqueous humor; field samples should be frozen.119 Feed nitrate 
levels should be below 1% of the diet, and water levels should be 
below 1500 ppm.119

Treatment. Animals with low levels of toxicity (as indicated 
by 40–50% methemoglobin concentrations) may recover sponta-
neously.119 A 1% solution of methylene blue should be given in-
travenously at 4 to 15 mg/kg every 6 to 8 h; methylene blue 
overdose in ruminants (requires greater than 30 mg/kg in sheep) 
is difficult to achieve in a clinical setting.119 This treatment falls 
outside of AMDUCA guidelines in the United States. Because 
methylene blue may be carcinogenic, this drug should not be used 
in lactating animals, and an extended 180-day meat withdrawal 
protocol should be followed.121 Cold-water ruminal lavage and 
oral penicillin may be used to slow down nitrate conversion.122
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8
Theriogenology of Sheep, 
Goats, and Cervids
MISTY A. EDMONDSON AND CLIFFORD F. SHIPLEY

Theriogenology is the area of veterinary medicine concerned with 
reproductive physiology, pathology, surgery, and medicine. This 
chapter will attempt to cover the theriogenology of sheep, goats, 
and cervids. Each species is considered separately when relevant 
data are available, but when applicable, they are discussed  
together.

Sheep, goats, and cervids are very fertile animals with repro-
ductive potentials far superior to that of most other domestic 
animals. Specific examination of the reproductive system should 
always be preceded by a complete physical examination to deter-
mine the general health status and to detect problems that war-
rant therapeutic or management intervention (see Chapter 1). 
Animals need to be productive (i.e., healthy) before they are able 
to be reproductive—in other words, sex is a luxury. A single-range 
ewe usually does not undergo the same sort of reproductive ma-
nipulation or physiologic stress as that of a donor used in an 
embryo transfer (ET) program.

Male Reproduction

Anatomy and Physiology of the Male
The anatomy of the reproductive organs of the ram and buck is 
similar to that of other ruminants. The penile urethra is sur-
rounded by the corpus spongiosum penis (CSP) throughout its 
length. The urethra terminates as a vermiform appendage. Blood 
enters the CSP proximally and exits through two exhaust veins 
located on the free portion of the penis. Contractions of the ure-
thralis and bulbospongiosus muscles force blood rhythmically 
through the CSP, producing the characteristic pulses of urine 
observed during normal micturition. The most prominent struc-
ture of the penis is the corpus cavernosum penis (CCP). It con-
sists of cavernous space supported by fibrous trabeculae. This 
cavernous tissue is located on the dorsal surface and partially sur-
rounds the CSP. At its origin in the pelvis, the CCP is composed 
of two crura that join before leaving the pelvis. The entire penis is 
surrounded by the tunica albuginea. The two paired retractor 
penis muscles arise from the coccygeal vertebrae and pass around 
the anus to become two distinct muscles that attach to the ventro-
lateral surface of the penis at the distal bend of the sigmoid flex-
ure. The penis is normally held in an S-shaped bend (sigmoid 
flexure) except during erection and ejaculation by the retractor 
penis muscles.1

The testicles are suspended away from the body by the pendu-
lous scrotum. The scrotum is composed of undulating epidermis 
that may or may not be covered by wool, depending on the breed 
and husbandry practices. A rich plexus of blood vessels, lymphat-
ics, and sweat glands lies beneath the skin. The dartos, a smooth 
muscle layer, is connected to the vaginal tunics of the testicle by 
the scrotal fascia. The scrotal fascia is the connective tissue that is 
typically broken down when the clinician separates the skin from 
the testicle during routine castration. The vaginal tunics are out-
croppings of the peritoneum and form a protective covering over 
the testicles. The space between the two layers of vaginal tunic 
(parietal and visceral) as it reflects around the testicle normally 
contains a small amount of peritoneal fluid. The scrotal septum, 
composed primarily of the dartos muscle, divides the scrotum 
into two halves.2

The testicle itself is surrounded by a thick fibrous connective 
tissue known as the tunica albuginea. The parenchyma of the tes-
ticle is composed of seminiferous tubules that contain the germ 
cells and their supporting cells (Sertoli cells). The seminiferous 
tubules drain into the rete testes, which in turn is drained by  
10 to 12 efferent ducts. These ducts drain into the head of the epi-
didymis, which is located on the dorsal craniolateral aspect of the 
testicle. The body of the epididymis curves around the lateral por-
tion of the testes and ends caudomedially as the tail. The tubular 
structure is reflected dorsally and becomes the vas deferens.2 Rams 
and bucks have a full complement of accessory sex glands. The 
small bulbourethral glands are located caudally in the pelvic cavity 
on either side of the pelvic urethra; they can be palpated rectally. 
They also have lobulated vesicular glands, disseminate prostates, 
and a widening of the vas deferens known as the ampulla.3 Sper-
matogenesis requires about 49 to 60 days from the start of germ cell 
division until the sperm are released from the seminiferous tubules. 
Another 10 days to 2 weeks are required for the sperm to pass from 
the seminiferous tubules through the epididymis.4

Puberty and Seasonality
Ram. Puberty typically occurs in small ruminants at 

4 to 6 months and at 60% of the mature body weight.5 It is de-
fined as the point at which the ram develops an interest in sexual 
activity and produces spermatozoa in sufficient numbers to 
achieve pregnancy in ewes. The exact age of puberty depends 
somewhat on breed and time of birth. Rams born early in the 
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spring are older at puberty than late-born lambs. Moreover, rams 
that are periodically exposed to cycling ewes tend to reach puberty 
earlier.6 Rams are seasonal breeders; the sperm quality, daily sperm 
output, and sexual activity are modulated by the increased periods 
of darkness that typically occur in the fall (Northern Hemi-
sphere). This seasonality in the ram also is manifested by an in-
crease in the testicular circumference (,1–2 cm increase). The 
increase in melatonin, which is secreted from the pineal gland 
during the dark hours as day length shortens, is responsible for 
many of the physiologic mechanisms associated with the ram in 
transition from the nonbreeding to the breeding season.7 Ma-
nipulation of light-dark intervals and the use of melatonin can 
alter the breeding season of rams, but the practicality of these 
procedures is debatable.8

A change in the sexual attitude of the ram toward the ewe as 
day length decreases defines the onset of the breeding season. He 
becomes more sexually interested in the female, and courtship 
behavior occurs more frequently. Rams display a typical flehmen 
response to females in estrus after sniffing the vulva region and 
urine from the estrus female. He often strikes out at the female 
with one front leg before mounting her.7 The physiologic 
changes in testicular size, mating behavior, and semen quality are  
caused by the activation of the hypothalamus and a decrease in 
the effectiveness of testosterone on the negative inhibition of  
gonadotropin-releasing hormone (GnRH). Significant differences 
are seen between the breeding and the nonbreeding season with 
respect to the pattern of GnRH and luteinizing hormone (LH) 
pulses and the response of the pituitary gland to GnRH.

Buck (Goat). Breed, age, and nutrition contribute to the onset 
of sexual maturity in the buck.9 The age at puberty depends on 
the breed, varying from 2 to 3 months in pygmy breeds to 4 to  
5 months in Nubian and Boer bucks. Most breeds of goats raised 
in the temperate environment of the Northern Hemisphere pos-
sess sperm in the ejaculate at 4 to 5 months. However, at this age, 
their semen quality is poor and they are not suitable for breeding.10 
Nubian and Boer bucks begin exhibiting libido at 10 to 12 weeks 
and start producing quality semen at about 8 months.9,10 Natural 
adhesions of the urethral process and glans penis to the prepuce 
make the immature buck incapable of copulation. This attach-
ment begins to separate at 3 months, and fertile mating is possible 
at 4 to 5 months.9,10 Fast-growing, well-fed, and well-managed 
kids are able to breed sooner than starved males of equal age.

Many bucks have depressed libido, reduced pheromones, de-
creased scrotal circumference (SC), lower semen freezability, and 
a larger number of abnormal spermatozoa outside of the breeding 
season. All these changes reflect lower levels of LH and testoster-
one. LH and testosterone concentration, libido, and odor pres-
ence in the buck peak in the fall.11,12 The sexual behavior of the 
buck includes actively seeking does in estrus, courtship (kicking, 
pawing, muzzling, grunting, and flehmen), mounting, intromis-
sion, and ejaculation. Ejaculation occurs spontaneously and is 
characterized by a strong pelvic thrust with a rapid backward 
movement of the head.10 After ejaculation, the buck dismounts 
and shows no sexual arousal for a few minutes to several hours.

Buck (Cervid). Buck fawns born very early in the season and 
displaying hard antler “buttons” may be fertile in the fall of their 
birth year. Most buck fawns fed properly may be fertile by late 
breeding season or second or third rut. Yearling and older bucks 
“chase” does during the rut and display behavior of separating the 
doe from the rest of the animals during a 1- to 3-day estrus  
period. Fertile bucks can be expected to breed 10 to 25 does  
depending on age, pen size, and terrain.13

Breeding Soundness Examination in the Ram
A breeding soundness examination (BSE) should be performed 
on all rams before the beginning of the breeding season. With the 
ram being expected to breed as many as 100 ewes during a season, 
his individual worth far outweighs the cost of a BSE. A proper 
BSE consists of a thorough physical examination with special at-
tention to the scrotum, testicles, and penis, as well as an evalua-
tion of the semen quality. Most BSEs do not routinely include an 
evaluation of the ram’s libido or his physical ability to make intro-
mission. The veterinarian should communicate clearly with the 
client regarding the limitations of the BSE performed and the 
need for some sort of libido testing. This testing can often be ac-
complished by directly observing the animal in the first part of the 
breeding season. Large sheep producers may be encouraged to 
keep an extra 10% more rams that have been deemed satisfactory 
according to a veterinary examination to ensure adequate ram 
power.

Physical Examination. A complete physical examination 
should be performed on all rams, with emphasis on the eyes and 
feet. The ram can be restrained by placing him on his rump in a 
sitting position14–24 (see Chapter 1).

Examination of Reproductive Tract. The scrotum should be 
palpated to ensure that both testicles are present, approximately 
equal in size, and of firm consistency; the clinician should note 
any localized swellings or areas of induration. The head and tail of 
the epididymis are palpated for swelling, pain, and signs of in-
flammation. Epididymitis is a relatively common problem in 
rams. Any ram exhibiting signs of epididymitis should be consid-
ered infected with Brucella ovis until proven otherwise. The clini-
cian should examine the spermatic cord for deformities in the 
vascular plexus and vas deferens. The penis can usually be ex-
tended by pressing down around the external preputial orifice and 
grasping the protruding penis with a gauze pad (Figure 8.1). Oc-
casionally, the sigmoid flexure may need to be straightened to 
assist in extending the penis. The clinician should carefully exam-
ine the penis for evidence of active lesions or old scars. The penis 
can be held in extension by wrapping a strip of gauze around the 
junction between the free portion of the penis and the prepuce. 

• Fig. 8.1   A gauze strip is wrapped around the penis at the junction of the 
free portion of the penis and the prepuce to prevent retraction into the 
sheath. A prominent vermiform appendage can be seen in the 1-year-old 
goat pictured.
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This method also is helpful when collecting semen by electroe-
jaculation (EEJ). The penis is generally easier to extend when the 
animal is being held up on his rump than when he is in lateral 
recumbency.

Scrotal Circumference.  The clinician should pull both of the 
animal’s testicles ventrally into the scrotum and measure it at its 
largest circumference using a tape measure marked in centimeters. 
Care must be taken with breeds that have heavy scrotal wool be-
cause wool may falsely enlarge the measured circumference. Tak-
ing the average of several measurements can increase the accuracy 
of the SC measurements. The tape should be snug on the scrotum 
and barely indent the skin so that the tape does not slide on the 
scrotum (Figure 8.2). SC in the ram is highly heritable and ap-
pears to be related to sperm output and age of puberty.14,15 Dur-
ing the selection of ram lambs the testicular diameter at 170 days 
provides a long-range prediction of postpubertal testicular size 
and sperm output.16–18 SC is a major criterion in selecting re-
placement rams. Minimum accepted SCs of 30 cm for ram lambs 
weighing more than 150 lb (68 kg), 33 cm for 12- to 18-month-
old rams, and 36 cm for rams weighing more than 250 lbs (113 kg) 
have been suggested.14 Based strictly on age, rams from 8 to 14 
months should have 28 to 36 cm of SC to be classified as satisfac-
tory and more than 36 cm to be classified as exceptional. Rams 
older than 14 months should have 32 to 40 cm of SC to be  
classified as satisfactory and more than 40 cm to be classified as 
exceptional23 (Table 8.1). Scrotal size is usually greatest from 
August to October. Smaller testicular measurements (0.5 to 1.5 cm 
smaller) are to be expected when rams are tested outside of the 
normal breeding season (February to April) or during periods of 
extreme sexual activity.14,15

Semen Collection. The penis should always be extended prior 
to semen collection. Semen collected without the penis extended 
or while the penis is retained within the preputial cavity is more 
likely to have leukocytes in the ejaculate. These false results due to 
contamination from the prepuce could lead to the erroneous  

diagnosis of possible epidydimitis.25 The penis should be extended 
as described previously. The ram is then placed in lateral recum-
bency to collect semen by EEJ. The same electroejaculators (EEs) 
described for use in bucks are used for rams (Figure 8.3). The 
clinician inserts the tip of the animal’s penis and the urethral 
process into the warmed glass or plastic tube. Some rams ejaculate 
at this point of the examination. The rectum is cleared of feces 
and a lubricated electric rectal probe is carefully inserted. The 
clinician massages the accessory sex glands by moving the probe 
back and forth in a cranial to caudal direction 8 to 10 times while 
gently forcing the tip of the probe ventrally. Mild electrical stimu-
lation is then applied for 5 seconds. The ram typically vocalizes 
during this procedure and attempts to escape. After the ram re-
laxes, the massage and electrical stimulation are repeated until the 
ram ejaculates into the tube. The spiraled urethral process straight-
ens during the ejaculatory process. The collected semen is evalu-
ated for motility, morphology, and the presence of inflammatory 
cells.15,24

Semen Evaluation
Motility. A drop of raw semen is first examined under low 

power (1003) to estimate concentration and motility. A drop of 
warmed saline is placed on the slide. The clinician then dips the 
corner of a coverslip into the drop of raw semen and mixes it with 
the drop of warmed saline. The resultant mixture should allow the 

• Fig. 8.2   Measuring the scrotal circumference of a ram. The procedure is 
the same for bucks. The tape measure should slightly indent the skin, and 
the examiner should firmly push the testicles into the scrotum with the  
free hand. Care should be taken to read the measurement at the correct 
location on the measuring tape.

TABLE 
8.1

Scrotal Circumference by Age in Breeding 
Soundness Evaluation of Rams.

8–14 MONTHS TYPE OF DIET (%)

Size Rating Size Rating

,28 cm Questionable ,32 cm Questionable

28–36 cm Satisfactory 32–40 cm Satisfactory

.36 cm Exceptional .40 cm Exceptional

• Fig. 8.3   There are many types and manufacturers of electroejaculators 
available. An electroejaculator that can draw power from a stationary 
source (e.g., truck battery) and has a built-in battery source is preferable. 
The ram probe shown in this picture may be too large for some goats but, 
with patience, is usable most of the time.



144 CHAPTER 8 Theriogenology of Sheep, Goats, and Cervids

examiner to watch the motion of individual spermatozoa. If the 
semen mixture is too concentrated to allow identification of indi-
vidual spermatozoa, a new preparation should be made with less 
semen. With experience, the observer will be able to determine 
the amount of semen to place on the coverslip to make an ade-
quate slide. The examiner should visually estimate the number of 
progressively motile sperm. A common error is to overestimate 
the percentage of progressively motile sperm. The observer can 
minimize errors by mentally “freezing” the microscopic image 
before making the motility estimate. One technique to make the 
estimate easier is to determine whether more or less than 50% of 
the spermatozoa are motile. After making that determination, the 
observer can try to arrive at the nearest 25%, then the nearest 
10%. The observer also should record the number of round cells 
present in each image. If more than two round cells are seen in 
each medium power field, a smear of the semen should be made 
for cytologic evaluation (e.g., Wright’s stain). The presence of 
white blood cells indicates inflammation and/or infection. The 
presence of early nucleated round germ cells indicates an aberra-
tion of spermatogenesis. Rams should have more than 30% pro-
gressively motile cells to obtain a satisfactory rating and more 
than 70% to have an exceptional rating15,25,26 (Table 8.2). Motil-
ity is usually depressed outside the breeding season.

Morphology.  A slide is next prepared for examination of sper-
matozoa morphology. A small drop of semen is placed on the edge 
of a slide, and a ribbon of eosin-nigrosin stain is placed slightly 
closer to the center of the slide. The corner of a second slide is 
dipped into the semen drop and the resultant “hanging drop” of 
semen is mixed with the ribbon of stain. The second slide is then 
pulled across the first slide in a manner similar to creating a blood 
smear. The amount of semen placed on the edge of the second 
slide is determined by experience. The resultant smear should have 
an even distribution of cells. Spermatozoa should be spaced so 
that individual cells are easily distinguished but each field  
should have approximately 10 cells. The slide is allowed to dry 
and then examined at 10003 with an oil-immersion lens. The 
observer should count at least 100 cells and determine a percent-
age of normal spermatozoa. Abnormalities are usually recorded as 
either primary or secondary. Primary abnormalities involve the 
head and midpiece of the spermatozoa, whereas secondary abnor-
malities involve the tail (Figure 8.4). The type of abnormality can 
be used to estimate the severity of problems in rams with an exces-
sive number of abnormal cells. Abnormalities of the head and the 
acrosome are associated with severe testicular aberrations. Tail 
abnormalities are often associated with less severe problems or 
diseases of the epididymis. Round droplets of cytoplasm on the 
tail are usually seen in young rams and are associated with over-
use, immaturity, or mild testicular degeneration. Droplets also 

can occur in samples taken from rams out of season. At least 50% 
to 70% of the observed spermatozoa should be morphologically 
normal for the ram to be considered a satisfactory breeder; more 
than 80% to 90% is considered exceptional24 (see Table 8.2).

Breeding Soundness Prediction. The SC, progressive motility, 
and percentage of normal spermatozoa can be combined to clas-
sify rams into categories to help predict their usefulness in a 
breeding flock. Rams that are classified as satisfactory in all cate-
gories can be expected to impregnate about 50 ewes in a 60-day 
breeding season. Rams that receive exceptional ratings can be ex-
pected to impregnate 100 ewes during a 60-day breeding season. 
Any ram that does not receive at least a satisfactory rating in all 
categories should either be culled or retested in 60 days. The deci-
sion to cull or retest should be based on the severity of observed 
lesions and the economic value of the individual animal.15,23–27

Ancillary Tests
Ultrasonography can be used to evaluate the testicles of rams (or 
bucks). Changes from the normal homogeneous testicular paren-
chyma such as hyperechoic and hypoechoic areas are indicative of 
fibrotic changes or cystic structures. The examiner should not 
confuse the normal hyperechoic mediastinum that is found in  
the center of the testicle for a fibrotic lesion. The mediastinum 
appears as a distinct round area in the center of transverse images 
of the testicle and as a hyperechoic line on longitudinal images 
(Figure 8.5). The epididymis and spermatic cord also can be ex-
amined for fibrosis and cystic structures. Areas of fibrosis or de-
generation and testicular abscesses can usually be visualized.15

Testicular biopsies using a 14-gauge biopsy needle can allow 
a direct examination of the testicular architecture. Testicular biop-
sies are useful in determining atrophy, degeneration, and hypopla-
sia. This technique is usually relegated to use in valuable animals. 
The clinician aseptically prepares the testicle and anesthetizes an 
area of skin. He or she then inserts the biopsy needle into the 
dorsum of the testicle, avoiding the epididymis and taking care 
not to penetrate the mediastinum. Tissue can be fixed in either 
Bouin’s solution or 10% formalin for routine histopathologic 
analysis.28

TABLE 
8.2

Sperm Motility and Morphology Percentages 
Required for Classification of Reproduction 
Potential in Rams.

SPERM ATTRIBUTE

Motility Morphology

Exceptional .70% .90%

Satisfactory .30% .50%

Unsatisfactory ,30% ,50%

•  Fig.  8.4   Eosin-nigrosin stain of semen obtained from a 2-year-old 
mixed-breed goat. Abnormalities of the spermatozoa include an enlarged 
head and proximal droplet A. and other head/acrosome abnormalities. 
Normal spermatozoa B. are also present.
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Serologic screening in the form of an enzyme-linked immu-
nosorbent assay (ELISA) for B. ovis should be performed annually 
on all rams at the time of the BSE.15,27 B. ovis is a major cause of 
decreased fertility in flocks with multiple rams. B. ovis can have a 
significant impact on the production level of the flock by decreas-
ing the number of multiple births, decreasing conception rates, 
and increasing the lambing interval. A study of rams in the west-
ern United States revealed a seroprevalence of B. ovis antibodies of 
10%. Of the 10% that were seropositive, over half of the rams 
were subclinical.25 Ram epididymitis due to B. ovis is a contagious 
venereal disease that generally affects mature rams. The bacterium 
is transmitted via homosexual activities or via the ewe during the 
breeding season. Ewes exposed to infected rams do not become 
permanently infected but serve as mechanical vectors for the 
spread of the disease. Thus, all rams that test positive for B. ovis 
should be culled immediately.24

BSE in the Buck (Goat)
All breeding bucks need to be evaluated for breeding soundness  
3 to 4 weeks before mating season. As in the ram, the examination 
of the buck should include a physical examination, reproductive 
examination, measurement of SC, and semen collection and 
evaluation. BSEs are only able to evaluate the physical soundness 
and semen quality of the buck. A satisfactory finding cannot 
guarantee the buck’s ability to produce live offspring.15,29 At-
tempts to assess libido in the buck greatly aid in a complete repro-
ductive evaluation. The libido measurement described for the ram 
can be adapted for the buck.15

Physical Examination. Physical examination of the buck must 
include a general examination for health, with particular attention 
to assessment of body condition and musculoskeletal condition 
(feet and legs). To be a satisfactory breeder, a buck should be  
in good body condition. Thin or excessively fat animals should be 
avoided (see Chapter 2).29,30 The buck should be free of known 

genetic defects such as hernias, jaw malformation, cryptorchi-
dism, supernumerary teats, and intersex condition. Bucks should 
not be phenotypically polled.

Examination of Reproductive Tract. Examination of the re-
productive tract includes evaluation of the testes, epididymis, 
spermatic cord, and penis. Testis should be examined for size, 
symmetry, and consistency. A buck should have two large oval 
testes of equal size; they are firm during the breeding season and 
slightly softer during the nonbreeding season. If only one testicle 
is present, the male should be disqualified as a potential breeder. 
Ultrasonography may be useful in aiding detection or confirma-
tion of abnormalities.28–30 Gross changes in the epididymis are 
fairly rare in goats. The clinician should examine the penis for 
abnormalities when collecting a semen sample. The penis must be 
manually extended from the sheath so that a careful examination 
can be made. The urethra extends beyond the tip of the penis for 
about 2 to 3 cm, forming the urethral process. When bucks have 
a history of urinary calculi, the urethral process is usually removed 
during treatment because it is a common area of obstruction. The 
loss or removal of the urethral process appears to have no detri-
mental effect on the buck’s fertility.30

Scrotal Circumference.  Because of its high correlation of 
testicular size and capacity for sperm production, SC is important 
in the buck. However, its use in the evaluation of breeding sound-
ness is not well defined. SC is measured in the buck as described 
in the ram. SC in 45-kg dairy goats has been reported to be 25 to 
28 cm, with larger bucks having SCs of 34 to 36 cm.29,30 In addi-
tion, the Western Regional Coordination Committee on Ram 
Epididymitis and Fertility recommends that ram lambs over 70 kg 
(150 lb) have a SC greater than 30 cm.31 The SC of yearling rams 
(12–18 months) should measure greater than 33 cm.32 In 1999, 
during the Georgia and Southeast Meat Goat Buck Performance 
Test, SCs in 45-kg, 7-month-old Kiko and Boer bucks averaged 
26 to 29 cm.33

Semen Collection. Semen may be collected with an artificial 
vagina (AV) in a trained buck or by EEJ.28 EEs should be 25 to 
30 cm long and 2 to 3 cm in diameter. Many ram probes can be 
adapted for buck use. An AV can be built from a polyvinyl chlo-
ride (PVC) pipe or radiator hose with an inner liner made of a cut 
section of bicycle inner tube. An AV also can be purchased. The 
length of the AV should be 18 to 22 cm, and its outside diameter 
should be 6 cm. It should be filled with warm water to maintain 
proper turgor and warmth (38° to 40°C). A semen collection cone 
should be placed at one end. A nonspermicidal lubricant is  
placed in the open end. For EEJ, bucks are restrained in chutes or 
held against the wall. The rectum is cleaned of feces and a well-
lubricated probe is inserted. The prostate is massaged five to six 
times, electrical current is applied through the probe for 4 to  
6 seconds, and then the probe turned off for 3 to 4 seconds. This 
pattern is maintained until ejaculation occurs (usually four to five 
cycles). Libido cannot be assessed when collecting semen by an 
EE. During and after collection, semen should be protected from 
direct sunlight and temperature shock, and sperm motility should 
be evaluated within 10 minutes.15

Semen Evaluation. The volume of normal buck ejaculate is 
0.5 to 1.5 mL (with an average of 1 mL). Semen is evaluated for 
color, gross and progressive mortality, morphology, and concen-
tration.30 Both semen quality and quantity may vary with age, 
season, temperature, breed, and even between individuals within 
the same breed. Normal semen values in the buck are as follows30:
Volume—1 mL (with a range of 0.5–1.5 mL)
Motility—80% (with a range of 70–90%)

•  Fig.  8.5   Ultrasound of a normal testicle obtained from a 2-year-old 
crossbred ram demonstrating the normal echogenic, homogeneous ap-
pearance of the testicular parenchyma. The epididymis appears more 
hypoechoic compared to the testicular parenchyma, and the epididymal 
duct is seen running along the testicle. The parietal vaginal tunic is seen 
as a clearly defined hyperechoic linear structure surrounding the testicle. 
This ultrasound was obtained with a 7-MHz microconvex transducer. 
(Courtesy Dr. Karine Pader, Purdue University.)



146 CHAPTER 8 Theriogenology of Sheep, Goats, and Cervids

Concentration—4 billion (with a range of 2–5 billion) per milli-
liter

Normal morphology—80% (with a range of 70–90%)
Minimally acceptable values are shown in Box 8.1.

Volume is measured directly from the graduated collection 
vial. Volume is of some value in evaluating semen collected using 
an AV but of limited value when EEs are used. The color of semen 
depends on the number of spermatozoa per milliliter; it can vary 
from “whey-like” to “milky” to “creamy.” Gross motility is mea-
sured as described for the ram. Even though concentration is not 
routinely assessed in field conditions, it is advisable to include it 
in the evaluation. Concentration can be easily assessed using a 
hemocytometer and a commercial Unopette system for white 
blood cell count.30 Morphology can be determined by examina-
tion. An eosin-nigrosin–stained smear is evaluated using a 10003 
objective; the examiner measures primary or secondary abnor-
malities in 100 to 200 spermatozoa per slide, as described for the 
ram (see Table 8.2). Normal values for a buck to be classified as a 
satisfactory potential breeder are shown in Box 8.1. A question-
able potential breeder may require reevaluation after 8 weeks or 
need to be culled. The classification of unsatisfactory potential 
breeder may be given for reasons other than semen quality (e.g., 
cryptorchid, lameness). Bucks showing depressed libido, slightly 
decreased SC, and increased sperm abnormalities should be iden-
tified and culled.28,29

Buck (Cervid)
Previous comments for the ram and buck goat generally apply to 
cervidae. One exception would be SC, which is much smaller with 
normal ranges of from 15 to 23 cm depending on age and white-
tailed versus mule deer. Yearling bucks tend to measure 15 to 18 cm 
and older and mature bucks measure 18 to 23 cm. Mule deer tend 
to have smaller SCs, in general, and have poorer semen quality and 
appear to be more seasonal than white-tailed deer. At the time of 
this writing, breeding soundness exams are unfortunately seldom 
performed on cervids, yet many bucks are infertile or have testicu-
lar damage from fighting and disease. Anesthesia is generally neces-
sary for semen collection via EEJ. There are reports (Woodbury, 
personal communication, 2014) of semen collection in a cervid 
drop chute under haloperidol tranquilization. EEJ should be done 
carefully with a ram probe after cleaning out the rectum and pal-
pating the internal genitalia, which can be easily reached with a 
finger. The penis is generally exteriorized by repelling the prepuce 
while applying pressure to the sigmoid flexure and pushing the 
penis out of the prepuce. A slow increase of power with 3–4-sec-
ond pauses between stimulations has proven very effective in 
achieving ejaculation. The semen is very concentrated and usually 
of excellent quality (motility, morphology, and concentration). 

The male cervid does not have a urethral process, and the penis of 
the mule deer and white-tailed deer vary between each other as the 
mule deer has a blunter glans, versus the penis of the white-tailed 
deer, which has a rather long, narrow, pointed glans.

Selection and Management

Ram
A ram with good-quality semen, adequate testicular size, and 
good libido can breed 100 ewes in a 17-day breeding season.15,20,24 
However, most producers in North America use 3 to 3.5 rams per 
100 ewes. Yearlings and mature rams can be expected to service 
35 to 50 ewes, whereas ram lambs should only be expected to 
service 15 to 25 ewes.15 Adjustments should be made for multiple 
sire breeding units. It is desirable to always have more than three 
rams to a multiple sire unit because this tends to alleviate some of 
the territorial fighting among rams.15

Libido serving capacity and testing can provide useful infor-
mation regarding how many ewes a ram can be expected to service 
or even if a ram should be retained.20–22 Serving capacity tests are 
performed to measure how many times a ram services ewes during 
a defined period. One report suggests that the test serving pen 
should be approximately 3 m 3 5 m and in clear view of rams 
that are to be tested.20–22 However, larger or smaller pens may be 
used. Typically, the ram is placed in a pen with two to four cy-
cling, unrestrained ewes for a period of 20 to 40 minutes. The 
keeper monitors and records all sexual behavior with emphasis on 
the number of breedings. Such tests are the most reliable predictor 
of an animal’s libido. Ewes used for libido tests may be synchro-
nized to estrus. Compared with low-libido rams, rams that are 
identified as high-performing or having a high degree of libido 
have a higher lambing percentage and more live lambs born per 
exposed ewe. Serving capacity tests also may be used to determine 
proper ram-to-ewe stocking ratios. These tests of flock reproduc-
tion can produce a shorter, more uniform lambing season.20–22 
Adult rams achieving four to six or more breedings during a 
30-minute period are preferred. Rams achieving two or three 
breedings in 30 minutes are acceptable. Rams that appear sexually 
inactive can be tested twice. If they still appear to be sexually inac-
tive, the keeper can paint the rumps of the tested ewes with dif-
ferent colors of ink and leave the rams overnight in the pen with 
them. The next day, the keepers should examine the rams’ chests 
for the colored ink.15 Fertility is maximized if only acceptable 
groups of rams are kept for breeding.

Selection of rams from high-producing ewes as measured by 
the number of lambs born, the weight of lambs weaned, and a 
history of having lambs early in the season also may have a posi-
tive relationship with fertility.15 It appears that rams born co-twin 
to male siblings have higher serving capacities than those born 
co-twin to females.15,23 Rams also should be selected for structural 
soundness and for the genetics they can pass on to their offspring 
because they contribute approximately 60 to 80% of the genetics 
of the average flock.16 Rams should be maintained on a good 
nutritional, vaccination, and deworming program. Their body 
condition scores before breeding season should be 3.5 to 4. Obe-
sity minimizes willingness to breed. Rams should be sheared and 
their feet trimmed before breeding season. During breeding sea-
son, free access to shelter or shady areas should be provided to 
minimize heat stress–associated infertility. Special care should be 
taken during the initial examination of rams to eliminate those 
that have diseases of the reproductive tract.15

• BOX 8-1 Minimum Acceptable Reproductive 
Criteria for a Satisfactory Potential 
Breeder Buck

Volume
Motile sperm
Concentration
Morphology

0.5 mL
70%
2 billion
80% normal
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Buck (Goat)
Bucks are chosen based on individual performance or progeny 
testing for traits such as milk production, meat traits, adaptability, 
and twinning rate. Prolific bucks are preferred. Birth, weaning, 
and yearling information is valuable in establishing the superiority 
or inferiority of a potential sire. Selection for growth rate and 
meat production should be a high priority for meat goats. Bucks 
should have good conformation and be large and muscular. Selec-
tion based on testicle size is important; bucks with the largest 
testicles usually produce the highest-quality sperm.15

The same serving capacity tests used for rams are applicable to 
bucks. Bucks with apparent defects in posture and genital tract 
abnormalities should be avoided. Because the intersex condition 
has been linked to the polled gene, the use of phenotypic polled 
bucks should be avoided. Changing bucks every 2 years prevents 
loss of vigor and reduces inbreeding in the herd. Bucks should be 
kept separate from does in a group on pasture or in single hous-
ing. They should be introduced with females only during the  
established mating season, after which their job for the year is 
finished. Bucks require proper nutrition, routine foot care, vacci-
nation, deworming, and exercise (see Chapter 19).

Bucks (Cervids)
In general, the previous information on buck (goats) and rams 
applies to cervids. The buck is generally chosen on antler size and 
conformation as well as genetic merit of dam and sire. At the time 
of this writing, very few other criteria are followed in the cervid 
industry and may lead to problems in the future.

Diseases of the Male: Testicular Abnormalities

Varicoceles
A varicocele is defined as a localized dilatation and thrombosis of 
the internal spermatic vein and is recognized as a fluctuant to hard 
swelling in the spermatic cord. Varicoceles are more common in 
rams than in bucks. This condition is often manifested as rear 
limb lameness and awkward posture as the ram tries to relieve 
pressure on the swollen cords. Affected animals may become weak 
and susceptible to other diseases as a result of debilitation brought 
on by an unwillingness to walk to obtain food and water. Varico-
celes can be diagnosed by palpation and diagnostic ultrasound. 
Abnormalities such as decreased total sperm count, reduced 
sperm motility, and morphologic abnormalities of the sperm are 
often associated with varicoceles. The exact etiology of the condi-
tion is not known but a genetic predisposition is suspected. No 
easy treatment is available and affected rams or bucks should be 
culled.34

Epididymitis in Older Males
Epididymitis is a rare condition in the buck but a clinically im-
portant disease in rams. Epididymitis in rams should be consid-
ered to be caused by B. ovis until proven otherwise. This is espe-
cially true of older rams that have been actively breeding in 
multiple sire units. However, one case report involving an out-
break of B. ovis in a group of virgin ram lambs suggests that the 
disease may be spread in utero or neonatally, before any known 
sexual activity.35 The primary means of spread is thought to be 
through contact with mucous membranes, which results in  

bacteremia. The organism localizes in the epididymis and secondary 
sex glands. Contact can occur among rams and from recently in-
fected ewes; venereal and oral-nasal transmission also are possi-
ble.36 Swelling of the epididymis is the primary presenting sign, 
occurring about 3 weeks after the initial exposure. Grossly, there is 
localized inflammation followed by hyperplasia and obstruction 
of the epididymal ducts. This obstruction causes a backup of 
spermatozoa, the development of sperm granulomas, and pressure 
necrosis. The seminal vesicles also are commonly affected, which 
may account for the large number of infected rams that show no 
palpable signs of epididymitis.36 The quality of spermatozoa col-
lected from infected rams, even without lesions present, is nega-
tively impacted and usually contains a large number of detached 
heads and polymorphonuclear neutrophils that can be seen on the 
motility preparations or on Wright’s stained specimens.37 Micro-
scopic evaluation of Stamp’s modified Ziehl-Neelsen–stained  
semen can also be a useful tool in diagnosis. The coccobacilli 
Brucella will stain red against a blue background. Culture for the 
presence Brucella organism is a good diagnostic tool for suspects.

Serology for B. ovis should be considered a routine part of a 
BSE. The most commonly used serologic tests for diagnosis of  
B. ovis are the ELISA, gel diffusion tests (GDTs), and complement 
fixation tests (CFT). ELISA offers the best sensitivity (97.6%), 
followed by the GDT (96.4%) and the CFT (92.7%).38 ELISA 
was also found to be able to detect infected rams earlier than the 
CFT does.39 A minimum of two tests performed at 4- to 8-week 
intervals should be implemented because of test sensitivities  
below 100%.40 Species-specific polymerase chain reaction (PCR) 
tests are in development and appear to show promise with similar 
results as semen culture.36,41,42 Following experimental inocula-
tion in rams, seroconversion is reported to occur between 2 and  
5 weeks with shedding of the organism in semen occurring be-
tween 4 and 9 weeks.40 Herd infections with B. ovis can result in 
a 15% to 30% reduction in lambing rate depending on the chro-
nicity of the herd problem. This decrease in reproductive effi-
ciency results from lowered fertility in the rams, failure of the 
ewes to conceive, reabsorption of embryos, abortions, stillbirths, 
and weak lambs.43,44

Recommendations outlined by Bulgin39 include the following:
•	 Buying	virgin	rams	that	have	been	serologically	tested	for	bru-

cellosis and retested in 30 days
•	 Keeping	 newly	 purchased	 rams	 separate	 until	 all	 rams	 are	

tested free from Brucella
•	 Performing	 scrotal	 palpation	 and	 culling	 all	 rams	 with	 epi-

didymitis before the breeding season
•	 Culling	all	B. ovis–positive rams
•	 Retesting	all	rams	in	the	flock	60	days	after	any	rams	are	found	

positive
•	 Performing	annual	BSEs	on	all	rams

If a large number of serologically positive rams is found after a 
year of adherence to these guidelines, efforts should be made to 
determine whether a serologically negative carrier ram is present 
in the flock by culturing semen from all rams.

Antibiotic treatment has been attempted, but these cases often 
do not respond well to therapy. In addition, vaccination against 
B. ovis is not typically recommended due to interferences with the 
ELISA. A test-and-cull strategy is most often recommended.

Brucella in Cervids
Studies evaluating the spread of Brucella abortus among cattle, 
bison, and elk around the Greater Yellowstone Areas of Montana, 
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Wyoming, and Idaho suggest that Rocky Mountain elk (Cervus 
elaphus nelsoni) is the probable source for brucellosis outbreaks in 
cattle in Montana and Wyoming.45 Male cervids can also become 
infected with B. ovis. Transmission from rams to red deer stags has 
been documented.46

Epididymitis in Young Males
In younger rams, and less commonly in bucks, epididymitis can 
be caused by a number of organisms such as Histophilus, Actino-
bacillus, and Haemophilus species; Corynebacterium pseudotubercu-
losis; and possibly other pathogens.47–49 Lamb epididymitis can be 
spread from ram to ram by the oral or nasal route. The organisms 
responsible for lamb epididymitis can frequently be cultured from 
the preputial cavity of rams younger than 2 years of age and are 
commonly found in the mucous membranes of the prepuce, pe-
nis, mouth, and nasal cavity.43 Colonization and subsequent dis-
ease of the reproductive tract may depend on the hormonal 
changes that occur during maturation and puberty, along with 
other unknown differentiating factors that allow most animals to 
eliminate the bacteria spontaneously while causing others to de-
velop clinical signs.50 Experimentally, supportive epididymitis and 
spermatic granulomas may be seen within 24 and 72 hours posti-
noculation with some pathogens, respectively.51 Diagnosis of 
lamb epididymitis is made by palpation of the enlarged epididy-
mis and by ruling out B. ovis infection. Semen from infected 
lambs is characterized by a large number of neutrophils and by the 
morphologically abnormal spermatozoa typical of epididymal 
disease. Although the signs of most cases of lamb epididymitis are 
restricted to the reproductive tract, occasionally, an associated  
fever and hindlimb lameness also occur. Lamb epididymitis can 
be treated with long-acting oxytetracycline (20 mg/kg intramus-
cularly [IM] or subcutaneously [SC]) injections for three treat-
ments at 3-day intervals.50,52 Inclusion of tetracycline (20 mg/kg 
by mouth [PO] daily) products in the ration may be appropriate 
in herds experiencing a high incidence of lamb epididymitis. 
Treatment should be reserved for valuable lambs and cases diag-
nosed in the early stages because most lambs develop scar tissue in 
the epididymis that prevents functional recovery.

Orchitis
Orchitis is a common occurrence in the ram and is occasionally 
seen in the buck.53–55 Scrotal abscesses may be caused by trauma or 
may be an extension of epididymitis. Whenever testicular trauma 
or infection is encountered, it should be considered a medical 
emergency in breeding animals. Excessive heat from one testicle 
can result in possibly irreversible thermal injury to the germinal 
epithelium of the contralateral testicle.47 All the organisms dis-
cussed in the section on epididymitis can cause orchitis. The signs 
include a hot, swollen scrotum (usually unilaterally), inability to 
move the affected testicle freely in the scrotum, and pain on ma-
nipulation of the affected testicle and the scrotum. Some animals 
may show signs of systemic disease, pain on walking, and decrease 
in libido.55 In cases affecting valuable animals, hemicastration in 
the acute phase may prevent permanent infertility.

Sperm Granulomas
Although testicular tumors are rare in rams and bucks, granuloma-
tous swellings are occasionally encountered. Sperm granulomas are 
more common in goats than in sheep, and unlike abscesses or 

other forms of orchitis, they usually occur bilaterally. Sperm 
granulomas are often caused by a partial or complete blockage of 
the efferent ducts draining into the epididymis.55 As pressure 
builds, the ducts become distended and may rupture, resulting in 
a severe inflammation. As fluid accumulates, pressure continues to 
build, and testicular degeneration may occur. Some animals are 
initially fertile but lose fertility after the efferent ducts become 
completely occluded. Granulomas are firm swellings found in the 
head of the epididymis. On palpation, the testicles may be initially 
edematous, but they eventually become hard. The testicles may 
eventually become small and atrophic. Ultrasonographic evalua-
tion may reveal mineralization of the testicles or the granuloma 
itself. No treatment is available for sperm granulomas, and the 
clinician should be cognizant of the potential association with the 
intersex condition.

Testicular Hypoplasia and Degeneration
Testicular hypoplasia and degeneration are difficult to differenti-
ate during an initial examination.53,55 In rams and bucks out of 
season, testicular size and palpation characteristics may be diffi-
cult to differentiate from subtle cases of testicular atrophy. More 
extreme differences are encountered in rams than in goats, but in 
general, the testicle in the nonbreeding season is smaller and lacks 
normal resiliency.53 True hypoplasia can be associated with the 
intersex condition in bucks and a specific chromosomal abnor-
mality in rams.53,55

Other causes of testicular atrophy include zinc deficiency, hy-
pothyroidism (iodine deficiency, ingestion of goitrogenous 
plants), starvation diets, systemic disease, and heat and cold stress. 
Iodine-induced hypothyroidism has been associated with de-
creased testicular weight, depressed spermatogenesis, and  
decreased libido. Atrophic or degenerated testicles become elon-
gated, small, and either softer or harder. Normal testicles usually 
have a homogenous echogenicity on ultrasound. Atrophic or de-
generative testicles tend to have a heterogenous pattern and more 
hyperechoic areas.56 Testicular biopsy can be of value in diagnosis. 
Many cases of atrophy and degeneration are not treatable; the 
exceptions are cases caused by diet or certain diseases. In treating 
diet-related atrophy, ensuring adequate protein-energy intake and 
free access to a good-quality trace mineral supplement is essential. 
If zinc deficiency is suspected, reducing the legume content of the 
diet and adding a chelated form of zinc (zinc methionine) to the 
diet or trace mineral mixture are useful. If iodine-induced hypo-
thyroidism is diagnosed, the inclusion of iodine in a trace mineral 
mixture and the removal of goitrogenous plants from the diet 
should be undertaken; males should be kept off pastures with 
goitrogenous plants before and during breeding.47

Cryptorchidism
Cryptorchidism occurs when either one or both testes fail to de-
scend from the abdominal cavity into the scrotum. The retained 
testicle may be located at any point along the normal path of 
descent. Among unilateral cryptorchids, the right testicle is re-
tained in the abdomen in ,80 to 90% of the animals.57,58 A 
higher incidence has also been reported in intersexes. However, 
cryptorchidism is not related to the intersex condition in Angora 
goats. In Angora bucks, cryptorchidism is a recessive trait.59 The 
diagnosis is made by physical examination. Cryptorchidism is rare 
in ruminants, and cases are often complicated by a previous hemi-
castration. If either the history or physical examination suggests 
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the presence of a testicle within the abdominal cavity, then an 
exploratory laparotomy should be performed to remove the re-
tained testicle. As this condition is thought to be heritable, crypt-
orchid bucks should not be used for breeding and their sires and 
dams should also be culled.60

Intersex
Caprine intersexes are referred to as male pseudohermaphrodites 
because a majority of them have testes. True hermaphrodites have 
testicular and ovarian structures and generally constitute a much 
smaller proportion of intersexes.61 Intersex is more prevalent in 
polled dairy goats (Saanen, Toggenburg, alpine, and Damascus 
breeds). The polled intersex condition is rare or not reported in 
some breeds (Nubian and Angora).62 Cytogenetic evaluations of 
caprine intersexes clearly show that most polled intersexes are 
karyotypically female (XX), and the breeding histories of the par-
ents indicate that intersexes are homozygous for the polled trait.55

Affected animals are genetically female but may exhibit male, 
female, or mixed external characteristics.62 Generally, they are female-
appearing at birth, but as they reach sexual maturity, they become 
larger than normal females, with masculine heads and erect hair 
on their necks.50 An enlarged clitoris in a doe-like animal or a 
decreased anogenital distance in a more masculine individual is 
typical of intersex62 (Figure 8.6). Intersexes may start to smell and 
may act aggressively toward other goats and people during the 
breeding season. Some dribble urine or stretch out with a concave 
back and urinate forward between the legs.61 Whenever bilateral 
cryptorchidism is encountered, intersex should be suspected. The 
testes are generally intraabdominal (in the normal location of the 
ovaries), but they may be partially or totally descended.47 Partially 
descended testes may be mistaken for udders, especially when 
they begin to enlarge during puberty.61 Hypospadias (opening of 
the urethral orifice on the ventral aspect of the penis), sperm 
granulomas, and hypoplastic testicles should all be considered 
part of the intersex complex.55,63

The principal hormone produced by the gonads in caprine 
intersexes is testosterone, which accounts for masculine behavior. 
Intersex goats can be used as teaser animals because they do not 
produce sperm.47 Gonadectomy is generally required if the animal 
is to be used as a pet. Identifying intersex animals with normal or 
nearly normal external genitalia is difficult. Failure to exhibit  

estrus, development of male behavior during the breeding season, 
a shortened vagina on speculum examination, and smaller-than-
normal teats may be the first signs of the intersex condition.62 The 
breeding of phenotypically polled bucks should be avoided.

Cervids. As a general rule, defects are rarely seen in bucks. 
Testicular damage is most often a result of fighting or systemic 
illness. However, there is no reason to believe that any or all of the 
previous conditions will not be found or reported in the future as 
deer farming continues and the incidence of inbreeding continues 
at the rate that is currently practiced.

Diseases of the Male: Penile Abnormalities

Hypospadias
Several penile abnormalities may occur, albeit rarely, in sheep and 
goats.47,63–65 Both hypospadias and short penile length are associ-
ated with intersex in goats. Such animals should be culled. Care-
ful examination of the penis in the fully extended state may reveal 
existing abnormalities. Occasionally, urethral rupture (as a sequela 
to urethral stones), balanoposthitis (see Chapter 12), injuries to 
the vermiform appendage, hair rings, and other abnormalities are 
identified.47

Ulcerative Posthitis
Ulcerative posthitis (enzootic posthitis, sheath rot, or pizzle rot) is 
an infectious, inflammatory condition of the penis, prepuce, and 
sheath of sheep and goats consuming high-protein diets.47,66 
The disease is caused by an interaction of the local bacterial flora 
(Corynebacterium renale) with excess urinary urea. Excess ammo-
nia may damage the mucosal surfaces and result in ulcerative 
posthitis. Ulcerative posthitis is characterized by swelling of the 
prepuce, necrosis and ulceration of the preputial mucosa, and 
straining to urinate. Removing the animals from a high-protein 
diet and shearing the “prescrotal” wool/hair will clear most cases. 
Antibiotics, disinfectants, and antiinflammatory drugs may be 
needed in some cases (see Chapter 12).

Phimosis
Both phimosis (inability to extend the penis) and paraphimosis 
(inability to withdraw the penis into the prepuce) are occasionally 
seen in rams and bucks; both conditions can cause significant loss 
of libido and fertility. If they are not quickly diagnosed and 
treated, affected animals may be rendered infertile. These two 
conditions may be associated with hair ring, trauma, and balano-
posthitis. In cases associated with a hair ring on the glans of the 
penis, inspecting the penis allows the clinician to identify the 
problem and remove the “ring” of hair.47 Shearing the wool or 
mohair just anterior to the sheath can minimize the incidence of 
this problem.53,55 Phimosis also may occur as a sequela to trauma, 
balanoposthitis, and congenital abnormalities. In cases of trauma, 
an adhesion may form in the sheath or in the sigmoid region, 
resulting in an inability to extend the penis. As a general rule, 
these cases may be difficult to treat. In cases in which inflamma-
tion and scarring result in posthitis, the treatment is the same as 
that described for balanoposthitis. The clinician can attempt to 
“break down” the adhesions manually. The use of nonsteroidal 
antiinflammatory drugs (NSAIDs; flunixin meglumine 1 to  
2 mg/kg twice a day [BID]) or antibiotics (procaine penicillin 
22,000 IU/kg BID) and lavage of the sheath with mild antiseptics 

• Fig. 8.6   This intersex goat had two ovotestes in the inguinal region. The 
vulva joins to an enlarged clitoris at its termination.
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may be of value. In cases of phimosis, most animals experience a 
loss of libido and should be culled because the prognosis is poor.55

Cervids. While undocumented, most of these conditions can 
be assumed to occur in cervids as their anatomy and physiology 
do not differ significantly from that of sheep and goats.

Paraphimosis
Paraphimosis also is associated with trauma, infection, and balano-
posthitis. It is slightly more common in bucks than in rams, but it 
is rare in both. In cases of paraphimosis, applying antibiotic cream 
with or without corticosteroids, replacing the penis, and placing a 
purse-string suture into the preputial orifice may be of value. The 
inclusion of a tube in the sheath, exiting through the orifice, allows 
urine drainage. The clinician should take care to ensure proper 
urine flow. Flushing the sheath and penis with a mild antiseptic 
solution, providing penile hydrotherapy, and covering the penis 
with medicated ointments are valuable treatments for this condi-
tion. The penis should be extended at least every third day so the 
keeper or clinician can monitor healing. Sexual rest should be en-
forced throughout recovery. However, the prognosis in these cases 
is poor, particularly if the condition is more than 2 weeks old and 
the animal makes no attempt to retract the penis.55

Special Surgical Procedures

Castration
Castration of the normal young male is among the most com-
monly performed procedure in small ruminants. Kids and rams are 
castrated for management and production reasons. Mohair pro-
duction is higher in castrated goats than intact ones.67 Castration 
of kids fed to slaughter increases carcass weight, dressing percent-
age, and external fat score while reducing internal fat score.68 There 
are volumes of publications on how castration age and techniques 
affect carcass quality and growth rates. This component of meat 
production management is beyond the scope of our discussion, 
which will concentrate on the description of different techniques 
of castration.69–71 Some producers delay castration in animals that 
are intended to be used as a work or pet animal that will have an 
extended lifetime when compared to those used for meat. There is 
a trend to delay castration in some meat goats that are fed a very 
high concentrate diet and used for show before slaughter. This is 
often related to concerns of urolithiasis. While often debated, at 
least one study evaluating the effect of castration on penile length, 
diameter, and urethral diameter determined that lambs castrated 
prior to 3 months of age did not have the same penile development 
as intact lambs or ones castrated at 5 months of age.72 Most im-
portantly, relative to urolithiasis, the urethral cross-sectional diam-
eter was also significantly smaller in the lambs castrated prior to  
3 months of age when compared to the intact lambs. The lambs 
castrated at 5 months of age did not show a significant difference 
in penile or urethral diameter from the intact lambs.72

Most producers castrate their own animals although veterinar-
ians may be called upon to perform routine castrations in small 
flocks or on older animals that were not castrated at an early age 
for whatever reason. The most frequently used techniques are the 
bloodless procedures using elastrator bands or the Burdizzo emas-
culatome. Alternatively, traditional surgical excision of the testes 
is done. Each method has advantages and disadvantages, but the 
method chosen often becomes a matter of individual operator 
bias. The elastrator band technique is frequently used in lambs 

and kids less than 1 week old in conjunction with tail docking 
and/or dehorning. It can be used up to 3 or 4 months of age de-
pending on the size of the animal but is better done at an earlier 
age. The animal may be restrained with the rear end up by hold-
ing the hindlimbs or smaller animals may be held with the front 
and rear limbs of each side held together. The elastrator band 
should be placed in a disinfectant prior to use. Special pliers are 
used to place the band around the proximal scrotum, being sure 
that both testicles are distal to the band. Proper placement will 
have the band be distal to the rudimentary teats, making sure not 
to include the penis within the band (Figure 8.7). The elastrator 
band restricts blood flow to all tissues distal to the band and 
causes subsequent avascular necrosis and sloughing of the scrotum 
and testes. The tissue usually sloughs in 7 to 10 days. The slough-
ing tissue and subsequent wound are prime areas for infection 
with Clostridial organisms. Tetanus is not an uncommon  
sequela to castration, especially when elastrator bands are used  
(Figure 8.8). Therefore, any animal not previously vaccinated for 

• Fig. 8.7   A green elastrator band has been placed on the proximal scro-
tum of a 3-week-old Oberhasli-cross buck. Rudimentary teats can be 
seen proximal to the elastrator band in the nonhaired skin.

•  Fig. 8.8   The sloughing scrotum of a 5-week-old Barbados lamb ap-
proximately 1 week after application of an elastrator band for castration. 
The lamb, in lateral recumbency, exhibits the rigidity of tetanus. The owner 
performed the castration without providing any tetanus prophylaxis.
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Clostridial diseases should be administered both tetanus antitoxin 
and tetanus toxoid at the time of castration. One may consider 
excising the tissue distal to the elastrator band 1 or 2 days after 
band application to lessen complications. If one (or both) testicle 
is proximal to the band, the animal will exhibit characteristics of 
an intact male. He will most likely be infertile because of im-
proper thermoregulation of the testes displaced proximally near 
the external inguinal ring but surgical castration will be required 
to remove the remaining testes. The surgical castration in this case 
will be more difficult than a normal castration because of fibrous 
tissue and adhesions present. If the penis is included in the band, 
it is usually at the distal bend of the sigmoid flexure. This causes 
urethral obstruction and rupture subsequently leading to the eu-
thanasia of the kid or ram, or at the very least an urethrostomy.

Another bloodless technique is the use of the Burdizzo emas-
culatome. The emasculatome crushes the spermatic cord within 
the scrotum, causing atrophy of the testicle while sparing the 
scrotal skin. The testicle should be gently pushed into the distal 
aspect of the scrotum and the spermatic cord held laterally within 
the scrotum. The Burdizzo should be applied twice (the second 
crush just distal to the first) to each respective spermatic cord and 
held about 10 seconds, without crossing the median raphe of the 
scrotum. If one crosses the median raphe of the scrotum with the 
Burdizzo crush, the scrotal skin is likely to become avascular and 
slough. The respective spermatic cords should be crushed at dif-
ferent levels, which helps maintain viability of the scrotum.

While both the elastrator band and the Burdizzo emascula-
tome are bloodless techniques, many still prefer surgical castration 
by excision of the distal half to one-third of the scrotum with a 
scalpel blade or using a Newberry knife to leave two flaps of scro-
tal skin (cranial and caudal). The testicles are exposed and re-
moved after making the skin incision of choice (Figure 8.9). 
Many prefer to place ligatures on the spermatic cord or crush the 
cord with an emasculator to assure appropriate hemorrhage con-
trol. Care should be taken when using an emasculator routinely 

used for larger species such as horses in that an emasculator that 
functions well in equine castration may not adequately crush the 
smaller cord of the small ruminant. Therefore, the clinician may 
prefer to use ligatures that take very little time and do not add 
appreciable expense to the procedure. The spermatic cord is then 
transected distal to the ligature. The testicles may be removed by 
traction as is commonly done in calves, but this method has been 
associated with herniation almost immediately after the castration 
in some cases. If one chooses to pull the testicles, they should ap-
ply pressure over the respective external inguinal ring with fingers 
while pulling the testes with the other hand to minimize trauma 
to the ring and subsequent herniation. Animals less than  
2 months old may be castrated this way using physical restraint 
but older animals should have local anesthesia and sedation if not 
general anesthesia. An alternative to traditional castration equip-
ment is the Henderson Castration Tool.73–75 The Henderson tool 
has been used successfully on bucks and rams over 30 to 40 lb  
depending on testicular size.

Castrating 4- to 5-month-old lambs using the Burdizzo 
method was less stressful than conventional surgical castration.76 
Other workers suggest that both Burdizzo and elastrator band 
techniques caused less postoperative pain than traditional surgical 
castration in lambs over 10 weeks of age.77 The Burdizzo method 
is subject to failure in some cases even when done by experienced 
practitioners. Histological sections of the testicles of 34 lambs 
castrated with the Burdizzo procedure showed failure of involu-
tion of testicular parenchyma in most of the samples.78 Regardless 
of the method of castration used, local anesthesia in the spermatic 
cord reduces pain in the animals. Bupivacaine has been shown to 
be more effective than lidocaine in decreasing pain over time.77

A pinhole castration technique that entails a percutaneous stab 
incision in the proximal scrotum through which the spermatic 
cord is ligated has been reported.79 The ligation leads to atrophy 
of the testis. The technique does not require any special instru-
ments and the authors of the study believe that it is a simple, less 
painful, and cost-effective method of castration. Histopathologic 
evaluation of the testis 6 months after ligation showed seminifer-
ous tubules with areas of calcification but no sperm.79

As an alternative to surgical castration, some report success 
with chemical castration. One effective method is to inject 88% 
lactic acid at a dose of 0.2 mL/kg of body weight into each testicle 
of adult goats. However, this may be more stressful than surgical 
castration because cortisol levels remained high for a longer time 
period in these animals than ones surgically castrated.80 Another 
chemical castration technique involves injection of 10% formalin 
into the testicle. When done in 3-week-old goats, this method 
caused marked fibrosis and it was suggested to be a viable option 
for chemical castration in very young goats.81

Unilateral Castration
Rams and bucks can be rendered infertile by a number of unilat-
eral scrotal conditions, including hydrocele, hematocele, orchitis, 
and tumors such as mesothelioma. Conditions such as those listed 
can have a detrimental effect on the thermoregulation of the unaf-
fected testicle, thus causing infertility. If done early in the course 
of unilateral disease, the contralateral testicle frequently returns to 
normal sperm production and thus the male will be fertile.

Unilateral castration is done with the animal under general 
anesthesia in lateral recumbency with the affected testicle up and 
the upper leg abducted (see Chapter 18). One could probably do 
this surgery with sedation, epidural, and local anesthesia;  

•  Fig. 8.9   In this picture, the ram lamb is being restrained by a sitting 
holder (as described in Chapter 1). The surgeon is removing the distal one 
half to one third of the scrotum, exposing the two testicles. The testicles 
were then separated from the surrounding tissues and removed by “pull-
ing,” and the goat was examined for inguinal hernia and given a tetanus 
toxoid inoculation. (Note: One of the authors—MAE—routinely sprays in-
sect repellant around the scrotal area, post castration, regardless of the 
controversy surrounding this practice.)
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however, an aseptic technique is critical to avoid infection of the 
surgical site, which would have quite a negative impact on the 
return to fertility. The skin incision is made in an elliptical fashion 
longitudinally on the lateral aspect of the scrotum over the af-
fected testicle. The incision is continued through the skin and 
subcutaneous tissues, leaving the vaginal tunic intact if possible. 
The testicle within the tunic is bluntly freed from the scrotum. 
Then double ligation of the cord is done with a circumferential 
suture proximal to a transfixation suture using absorbable #2 su-
ture material. The elliptical incision allows resection of much of 
the scrotal skin, which in turn eliminates much of the potential 
dead space for closure. If the practitioner with limited experience 
performing this approach has concerns of removing too much 
skin, they can make the initial skin incision as a simple longitudi-
nal incision then convert it to an elliptical one by resecting skin 
after removing the affected testicle when it is clear how much skin 
is needed for closure. Either way, the subcutaneous tissues should 
be closed in several layers to obliterate the dead space. The skin is 
closed in a continuous interlocking pattern. Some surgeons place 
a drain in the scrotum and/or leave the ventral most part of the 
skin incision open. One of the authors (MAE) prefers skin resec-
tion and complete closure to achieve primary healing of the skin 
incision (Figure 8.10A, B). Perioperative antibiotics and antiin-
flammatories are appropriate (see Appendix 1). If primary healing 

occurs without complications, the semen quality should no longer 
show negative effects of the unilateral disease by 90 days after 
surgery. Repeated semen evaluations of normal fertile goats after 
unilateral castration failed to show any detrimental effects on 
sperm motility compared to control, nonoperated bucks. There 
was no difference noted based on the particular testicle removed.82

Cryptorchid Castration
Cryptorchidism is a rare condition in ruminants.83 Cryptorchi-
dism is an inherited recessive trait in at least the angora breed of 
goats.84 It is most easily diagnosed when a reliable history tells 
that no attempts have been made to castrate (or hemicastrate) the 
animal in question. Frequently, male characteristics or behavior 
leads to an exploratory surgery to search for the retained testicle(s). 
If retained, the testicle is not usually located near the inguinal ring 
or easily retrievable via an inguinal extension of the gubernaculum 
testes as in the horse. The retained testicle is more likely within 
the abdomen and usually closer to the kidney than the inguinal 
ring, although it may also be found at the internal inguinal ring. 
The surgery can be done via a traditional laparotomy or laparos-
copy. Laparoscopy allows better visualization of the abdomen and 
is preferred in most of these cases. The animal should be either 
sedated or under general anesthesia and in dorsal recumbency 
after having roughage withheld for 36 to 48 hours to decrease the 
visceral fill and allow better visualization within the abdominal 
cavity. Standard laparoscopic technique with a scope portal near 
the umbilicus and instrument portals between the scope portal 
and the caudal part of the fold of the flank is used (Figure 8.11). 
The retained testicle is often freed easily and exteriorized from the 
abdominal cavity for ligation. Other techniques such as cautery 
and intracorporeal ligation can be used at the preference of the 
surgeon.85

Alternatively, the animal can be placed in lateral recumbency 
for an exploratory surgery via a flank incision. The flank explor-
atory allows very limited visualization relying more on what the 

A

B

• Fig. 8.10   A. A 3-year-old Rambouillet ram with right-sided scrotal swell-
ing. The ram is positioned in left lateral recumbency under general anes-
thesia with the right hindlimb abducted for unilateral castration. B. The 
right testicle, which was removed from the ram, shows a thickened vaginal 
tunic, edema, and adhesions associated with the tail of the epididymis.

• Fig. 8.11   Laparoscopic view of a left retained testicle in a 6-month-old 
Boer goat. The testicle is being held by laparoscopic forceps. The bladder 
is seen caudal and to the right of the testicle (top, center of the picture). 
This testicle was removed from the abdomen through the instrument 
portal after enlargement of the opening to allow extracorporeal ligation. A 
10-mm diameter, direct-vision laparoscopic scope and camera was used 
for this procedure.
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practitioner can palpate than see. The practitioner may find the 
retained testicle with a simple sweep of the abdominal cavity. If 
that fails, then attempts are made to locate the vas deferens as it 
crosses the ureter, then trace it to the testicle is the systematic ap-
proach to finding the retained testicle.

Teaser Ram/Buck
Male small ruminants are rendered infertile for use in estrus de-
tection or more often to place with females prior to exposure to a 
fertile male as a management tool. The females will start cycling 
in response to the presence of the altered male before the fertile 
male is added to the flock. This system will lead to lambs being 
born in a shorter time period, which allows for more efficient la-
bor, management, disease control, and a lamb crop of uniform 
age and size. Regardless of the intended use of the infertile male, 
we will describe common procedures to accomplish this goal.

The vasectomy is likely the most commonly used technique in 
small ruminants. The technique is described from a caudal inci-
sion in bulls,86 but the vasectomy may be performed via a proxi-
mal-cranial incision located near the teats in sheep and goats 
where the vas deferens is easily palpable. This surgery can be per-
formed with the ram either “sitting” on his hindquarters or in 
right lateral recumbency. The vasectomy can be done with local 
anesthesia in tractable animals, but sedation or general anesthesia 
makes the restraint more dependable. Lumbo-sacral epidural an-
esthesia is another option. The proximal scrotum is clipped and 
prepped for surgery. The vas deferens can be palpated as a firm 
structure within the spermatic cord. A 3- to 4-cm incision is made 
through the scrotal skin near the teat over the palpable vas defer-
ens. The incision is continued through vaginal tunic to expose the 
vas, which is elevated with hemostats and isolated. Ligatures can 
be placed on the vas approximately 6 cm apart then the section of 
the vas between the ligatures is resected. The tunic and skin are 
closed in a routine fashion. The procedure is repeated on the other 
side. Some practitioners perform the vasectomy on one testicle 
then perform a unilateral castration to remove the opposite one to 
allow for easy identification of the teaser male in case ear tag or 
other identification is lost. Resecting, collecting, and fixing in 
formalin a section of the vas for histological examination are a 
good practice.74 However, paternity can be diagnosed with DNA 
techniques in modern veterinary medicine. Expression of the 
contents of the removed section onto a slide and observation 
under a microscope for sperm is also diagnostic for diagnosis of 
the successful vasectomy (Shipley, personal experience).

The vasectomy may also be done laparoscopically using stan-
dard technique to visualize the vas as it enters the abdomen 
through the internal inguinal ring. The vas can be isolated and 
transected after ligation with suture or staples. Cautery is a useful 
tool to quickly perform the laparoscopic ligation. However,  
the laparoscopic procedure does not offer any real advantages over 
the conventional surgical technique so it is difficult to justify the 
added expense of the equipment required (Figure 8.12A–C).

About 80% of rams will develop sperm granulomas after vasec-
tomy. Such granulomas are on clinical examination by palpation 
or ultrasound examination. The granulomas do not have any 
clinically significant detrimental effects.87 Vasectomized bucks can 
be used for heat detection as early as 1 week after surgery.88 Semen 
evaluations performed 14 days after vasectomy failed to show any 
viable, motile sperm in five rams.89

One may choose to perform an epididymectomy rather than a 
vasectomy to create the teaser male. The animal is restrained and 

B

C

A

•  Fig.  8.12   Vasectomy in an anesthetized 2-year-old Pygmy buck. 
A. Laparoscopic evaluation of the internal inguinal ring, urinary bladder, 
and surrounding structures. The procedure was performed in a veterinary 
hospital, where a 10-mm-diameter, direct-vision laparoscopic viewing 
scope, camera, and TV monitor were available. B. The left internal inguinal 
ring is seen to the left of the bladder. The forceps are holding the vas 
deferens in the preferred location for occlusion by means of cautery or 
surgical staples before transaction for a laparoscopic vasectomy. 
C. Laparoscopic view of the vas deferens of a 1-year-old Alpine buck 
under general anesthesia. Laparoscopic staples are in place in the left vas 
deferens. The section of the vas deferens between the staples will be 
transected after being cauterized near the staples.
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the distal third of the scrotum is prepared for aseptic surgery. 
Anesthesia can either be as an epidural or as a local infiltration of 
anesthetic in the ventral scrotum over the tail of the epididymis. 
The testicles are forced to the ventral aspect of the scrotum by 
grasping the neck of the scrotum. A caudal-to-cranial incision is 
made directly over the prominent tail of the epididymis about  
2 to 3 cm long. The incision is extended through the skin and 
vaginal tunic until the epididymis bulges from the incision. Towel 
clamps placed on the epididymis help to retract the structure from 
the incision. When adequate tissue is exposed so as to assure com-
plete removal of the tail of the epididymis, crushing forceps are 
placed across the tissue and a scalpel is used to excise the tissue. 
The excised tissue should be examined to ensure adequate resec-
tion. The skin can either be allowed to heal by second intention 
or a suture can be placed. The animal should be healed in 2 weeks 
and ready to use. Hemorrhage can be a problem with this tech-
nique, especially if the tunica albuginea of the testis is incised.86 
The blood and second intention wound healing may allow  
contamination and subsequently infection that can develop an 
abscess. Although both epididymectomy and vasectomy are ap-
plicable to both species, the clinician may find that the epididy-
mectomy is more easily performed in the buck, while a vasectomy 
might be the best/easiest choice with the ram.

Cervid Castration
Cervids should not be castrated after pedicle development as they 
will grow “perruque” antlers.90 Such “antlers” have abnormal con-
formation and do not “cast” as normal antlers will due to lack of 
rise and fall of testosterone levels. As such, they are in “velvet” 
constantly and are subject to freezing in cold weather and injury 
and infection to the velvet. If castrated prior to pedicle develop-
ment, they will not grow antlers, so if castration is desired, it 
should be done early (probably less than 3 months in most cases). 
If castration must be done on a mature animal, then surgical re-
moval of the pedicle may be attempted. Hormonal manipulation 
of the antler growth cycle may be a better choice in these situa-
tions. Using testosterone to harden the antler and shed velvet is 
followed by casting of the antler as testosterone wains. Antler 
growth is reinitiated, and the cycle starts over.

For sterilization, vasectomy or epididymectomy are easily done 
in the field under general anesthesia using the same techniques as 
described earlier for rams/buck goats. Most of the animals that are 
sterilized will have the hard antler cut just above the pedicle to 
render the buck safer during rut as they will fight and sometimes 
attack their handlers.

Penile Translocation
One method of preventing intromission is to “free” the penis and 
move it over to the left flank. This method is useful in some teaser 
systems. The surgery prevents intromission, but not ejaculation. 
Therefore, if penile translocation is attempted, a vasectomy (or 
epididymectomy) also should be performed. The clinician should 
give the buck or ram a systemic antimicrobial agent 2 or more 
hours before surgery. With the animal standing, the clinician 
marks an area 1 cm cranial to the flank fold.67 The buck or ram is 
then heavily sedated, anesthetized with injectable anesthetics, in-
tubated and maintained on gas anesthesia, or administered a 
lumbosacral epidural (see Chapter 18).91 The animal is placed in 
right lateral recumbency, the ventral abdomen and left flank  
are clipped, and the surgical site is aseptically prepared.86,91 The 

clinician excises a 4 to 7 cm circle of skin and cutaneous trunci 
muscle above the fold in the left flank. The lower edge of the 
circular incision should be 1 cm above the flank fold, just cranial 
to the mark made on the left flank. In mature rams with a large 
abdominal girth, some clinicians choose to graft the preputial 
orifice to a location medial to the fold of the flank rather than the 
further distance to the flank. Hemostasis is achieved, and the area 
is covered with saline-moistened gauze. The clinician then makes 
a circumferential incision, including 1 to 2 cm of haired skin 
around the preputial orifice. Then a ventral midline incision is 
made starting at the caudal aspect of the circumferential incision 
and extending two thirds of the way to the scrotum.91 Care 
should be taken not to open the preputial cavity when making 
this incision. The penis is left inside the prepuce, and the two 
structures are freed of subcutaneous tissue by blunt dissection, 
avoiding large vessels. A single “reference” suture is placed in the 
skin at the most cranial aspect of the preputial orifice and a sterile 
glove is placed over the orifice.86 From the circular incision 
in the flank to the most caudal aspect of the longitudinal incision, 
the clinician creates a tunnel using scissors and blunt dissection. 
The penis (along with the sterile glove covering the preputial ori-
fice to maintain asepsis) is pulled through the tunnel. Alterna-
tively, a sterile palpation sleeve with the hand cut off can be placed 
in the previously created tunnel and sponge forceps can be used 
to pull the freed skin surrounding the preputial orifice through 
the sleeve to the graft site. The penis should now be at a 45-degree 
angle to the long axis of the body.86 The penis should not be 
restricted at any point through the tunnel, and the penis and 
prepuce should not be torsed. The reference suture should be used 
to align the cranial aspect of the preputial orifice to the dorsal 
portion of the circular flank incision.86,91

The preputial graft should be sutured to the circumferential 
incision with a two-layer simple interrupted pattern using absorb-
able material. The subcutaneous tissue of the transposed prepuce 
should be sutured to the cutaneous trunci and followed with  
closure of the skin. The clinician then closes the longitudinal inci-
sion, attempting to diminish all open dead space with absorbable 
material. The authors prefer either a simple interrupted or hori-
zontal mattress type suture pattern. The skin over the longitudinal 
incision is closed by a simple interrupted pattern in all areas,  
except the most cranial aspect of the original preputial incision. 
To allow for ventral drainage, this area is not sutured.86,91 Some 
clinicians routinely close the entire incision and achieve primary 
healing without drainage when good surgical technique is used. 
Fly control should be maintained, and tetanus prophylaxis should 
be provided (using tetanus toxoid or antitoxin). The clinician then 
performs a bilateral epididymectomy (or vasectomy), continues 
administering antibiotics for 5 to 7 days (procaine penicillin 
22,000 IU/kg BID), and removes the sutures in 14 days. The male 
is ready for use in 1 month.

Semen Collection and Storage
Semen collection and storage from mature, healthy bucks and 
rams can used in many ways to maximize the overall fertility of a 
flock/herd and to enhance genetic progress in a breed and spe-
cie.92–94 It appears that the semen of mature rams is of better 
quality and has higher fertility than that of young rams.95 The 
two most common methods for semen collection employ either 
an EE or an AV. The AV is the preferred method for collecting 
semen as it is faster in trained males, is less stressful, and yields a 
more physiologically normal sample. The EE method may be 
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considered for single collections and is generally the method of 
choice in cervids. EE-obtained samples tend to be inconsistent 
and often result in large amount of seminal fluid, lower concen-
tration of spermatozoa than samples collected with an AV. In 
uncooperative or untrained males, an EE can be used with the 
male anesthetized.92–94,96–98 Dairy bucks are handled more often 
and are more easily trained to use an AV. Semen from meat bucks 
is more commonly collected by EE, but they too can be trained 
to service an AV. Semen collected by EE is generally of larger 
volume but lower concentration than that collected by AV. Goat 
bucks can be collected two to three times daily on alternate days. 
Intervals of 30 minutes to 1 hour are advisable between daily 
collections to obtain good-quality semen.96 White-tailed and 
mule deer bucks are generally collected after going hard antler 
(beginning of the rut) until antler drop (January to March). They 
may be collected two to three times 5 to 10 minutes apart under 
anesthesia to maximize semen collection. In general, the closer 
the cervid is collected to the “peak” rut, the better the semen 
output, quality, and probably freezability will be.

In sheep and goats, intervals of 30 minutes to 1 hour are advis-
able between collections in order to obtain good-quality samples 
and maintain adequate libido. The exact frequency at which se-
men may be collected will depend on the age, condition, and 
temperament of each animal. The quality of the semen collected 
is also very dependent upon the season of collection. The inci-
dence of morphologically abnormal sperm is much higher under 
increasing day length conditions due to dropping LH-testoster-
one levels (spring/summer).

Upon collection, the ejaculate is placed in a water bath (37° C) 
and evaluated immediately. The initial examination consists of:
 1. A macroscopic examination of the (i) volume, (ii) consistency, 

(iii) color, and (iv) foreign matter in the ejaculate; and
 2. A microscopic examination of (i) gross motility, (ii) individual 

motility, (iii) morphology, and (iv) sperm concentration.
The parameters previously described for semen handling and 

evaluation for Breeding Soundness apply. The normal color of 
semen should be off-white/milky, with tinges of pink (blood con-
tamination), brown (reproductive tract infection), yellow, and 
dilute (urine contamination) all indicating an inferior ejaculate99 
(see Figure 8.13).

Clean equipment and proper semen handling techniques are 
critical.

A 2-hour stress test should be performed. (Semen stress test: 
semen should be collected and immediately evaluated for progres-
sive motility. The sample is then incubated at room temperature 
for 2 hours and progressive motility reevaluated. The incubated 
sample should maintain 20% of the motility of the initial sam-
ple.) (Figure 8.13)

The fertility potential of cryopreserved semen can be influ-
enced by numerous factors. In addition to inherent variation in 
semen quality among males, management, nutrition, and envi-
ronmental stressors can have a transient influence on spermato-
genesis for weeks to months.

Semen from rams may be collected and used fresh or frozen for 
future use. Typically, rams are trained to service an AV in the pres-
ence of females in estrus or treated ovariectomized females (i.e., 
females that have been given 1 mg estradiol benzoate per week or 
prepared as described in the section on libido testing). The semen 
is collected into a warm (39° C) AV and handled carefully to 
avoid exposure to any contaminants or ultraviolet rays. Once it 
has been collected, semen can be used raw (undiluted), extended 
and chilled, or frozen and thawed. When raw (undiluted) semen 

is used, females can be inseminated with about 0.1 mL of normal, 
good-quality semen immediately after collection. Following eval-
uation, semen ejaculates are diluted with semen extenders to final 
semen-to-extender ratios ranging from 1:1 to 1:4 depending on 
the sperm concentration of the ejaculate. Where needed, semen 
can be diluted at 30° C with the extender and cooled to 4° C and 
kept at this temperature for up to 24 hours.

Cooled Semen
Ram semen also may be collected and chilled for same- or next-
day artificial insemination (AI). This provides producers with the 
opportunity to use semen shipped from other farms.97,98 Prior to 
use, the collected-chilled semen should be maintained at or below 
35° C. Temperatures above 37° C increase sperm metabolic rate 
and limit longevity.99 Care should be taken to avoid cold shock 
while warming semen. The best method would be to allow the 
cooled semen to be “warmed” by the female’s reproductive tract.

The diluents commonly used to dilute buck semen contain 
either tris or citrate as the buffer, glucose or fructose as the energy 
source, and egg yolk to protect the spermatozoal cell membranes 
against cold shock. The concentration of egg yolk should be re-
duced to 2% to avoid it reacting with the coagulating enzyme 
present in the seminal plasma.96 This enzyme occurs in greater 
concentrations when semen is collected by EE. To overcome any 
problems with the coagulating enzyme, a low-concentration egg 
yolk diluent or skim milk can be used, or the seminal plasma can 
be removed by centrifugation immediately after collection.96,106 
Under field conditions, the most readily available semen diluent 
is skim milk. The ultra-heat-treated milk is sterile and may be 
used directly as a diluent without any further treatment.94,96 
When does are inseminated with fresh spermatozoa by laparo-
scopic technique, PBS with the addition of 1000 IU of sodium 

• Fig. 8.13   The semen sample from a white-tailed deer buck, collected via 
electroejaculator, was placed in a warmed water bath prior to handling for 
freezing. In this case, blood/red blood cells can be seen to have settled at 
the tube’s bottom. Blood in semen may be caused by inflammation, infec-
tion, or injury anywhere along the male small ruminant reproductive tract. 
Blood may reduce the fertility and possibly freezability of the semen in 
some cases. Evaluation, diagnosis, and treatment of the etiology of 
hematospermia should be pursued, if it appears to be clinically relevant. If 
required, methods of blood removal may include collecting different por-
tions of the ejaculate in separate containers during the process, or by 
postejaculate “cushioned” or “layered” centrifugation.
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penicillin and 1 mg of streptomycin per milliliter can be used as 
an extender.94,96 The extended semen can be inserted by pipette 
into 0.5-mL straws and cooled gradually over 1 to 2 hours from 
30° C to the storage temperature of 5° C. This semen should be 
used within 6 to 8 hours.96 The semen should be cooled gradually 
over 1 to 2 hours.

Freezing Semen
Ram. Many methods of semen freezing are used. The clinician 

is advised to search current scientific literature prior to engaging 
in this ever-evolving methodology.94 Semen intended for freezing 
should have a concentration of more than 3 3 109/mL and a 
motility of more than 70% of the ejaculate. Normal concentra-
tions range from 3.5 3 109 mL to 6.0 3 109 mL for rams and 
2.5 3 109 mL to 5.0 3 109 mL for bucks. Semen extenders are 
commercially available (e.g., Minitube—http://www.minitube.
com). The most commonly used semen extenders are formulated 
to enhance sperm cell maintenance. They provide energy, isotonic 
osmotic pressure, a buffering system, and protection from cold 
shock. Temperature control is of utmost importance in the suc-
cessful freezing of semen. The semen should be placed in an incu-
bator or water bath (30° C).92 Semen intended for freezing should 
have a concentration of more than 3 3 109/mL and a motility of 
more than 70% of the ejaculate. Semen should be extended in a 
warmed extender (30° C).96 This extender can be as simple as 
whole milk or Dulbecco’s phosphate-buffered saline (PBS) with 
10% fetal calf serum. Both synthetic and milk or egg yolk–based 
extenders are currently available. The three most common milk or 
egg yolk–based extenders include (i) egg yolk citrate-glycerol,  
(ii) egg yolk-tris-glycerol, and (iii) whole homogenized milk-
glycerol. The most common extender is the egg yolk-tris-glycerol. 
For short-term storage, semen can be extended with the egg  
yolk-tris-glycerol extender and held at 5° C for up to 24 hours 
without a noticeable decrease in fertilizing capacity. Tris-based 
extenders also have satisfactory sperm survival on thawing when 
glycerol is added to semen kept at 30° C and slowly cooled to  
4° C within 2 to 4 hours before freezing (a one-step method).  
Semen extended with milk diluents shows better survival rates 
during the freezing process if glycerol is added to the diluted  
semen after it is cooled to 4° C.

For freezing semen, several packaging systems have been de-
veloped for cryopreserving sperm (e.g., straws, pellets, and am-
poules). Dilutions of extender and semen used in the cryo-
preservation process depend on what packaging system is 
employed.

Goat. Many of the same principles described for the storage of 
frozen ram semen are applicable to goats. Traditionally, goat se-
men has been centrifuged in order to remove the seminal plasma, 
enhancing freezability. However, if semen is adequately diluted, 
centrifugation might be omitted.100 Goat semen can be placed in 
plastic straws and frozen in liquid nitrogen vapor by either slow 
or fast methods. Diluents for freezing goat semen should have 
similar properties to diluents used to extend fresh semen. In addi-
tion, they should contain an agent to protect the cell membrane 
during cooling (usually egg yolk) and a cryoprotective agent (usu-
ally glycerol) to protect the spermatozoa against membrane dam-
age during freezing.96,101,102 Dilution of semen can be performed 
in two ways. The two-step dilution method is similar to that used 
for bull semen. The semen is diluted at 30° C shortly after collec-
tion to half of the final diluted volume with a diluent containing 

no glycerol.96 After cooling at 5° C for 1.5 to 2 hours, the semen 
is extended to the final volume with a diluent containing glyc-
erol.96 For one-step dilution, the semen is gradually diluted to the 
final prefreezing volume at 5° C in 1.5 to 2 hours in a refrigerator 
or cold room. The two-step dilution method has no advantage 
over the one-step method for goat semen. Therefore, the one-step 
method is preferred because it simplifies diluent preparation and 
reduces the handling of semen before freezing. Goat semen 
should be processed so the post thaw dose yields 50 to 100 3 109 
progressively motile spermatozoa.103

Cervid. The same techniques for freezing bovine, ovine, and 
caprine semen appear to be of value for cervids. In a trial, OptiX-
cell (IMV) was found to be superior to other tested extenders; 
however, all were found to be acceptable.104

Straws. The most popular way of freezing semen today is to 
use plastic straws (0.25 or 0.5 mL). The ejaculate is normally di-
luted to a ratio between 1:1 and 1:4, with extenders added slowly 
by constant slow mixing.92,96 The diluent is usually hypertonic; 
therefore, rapid mixing may cause osmotic shock in spermato-
zoa.92 Box 8.2 is an example of a semen extender useful for freez-
ing ram semen in straws. Extended semen is slowly cooled to 
around freezing (4–5° C) over a 1.5- to 2-hour period. The 
cooled, extended semen should be diluted (usually at a ratio of 
1:1) with an additional freeze buffer containing an energy source, 
a protein, an antibiotic, and a cryoprotectant (glycerol) before 
being placed into labeled straws. The filled straws are placed 
(evenly and not touching each other) horizontally on a rack and 
then placed in a holding container in liquid nitrogen vapor,  
,4 cm over the surface of liquid nitrogen for 10 minutes. The 
straws are then chilled to between –80° and –125° C.92,105 The 
semen is then rapidly cooled to its final storage temperature of 

• BOX 8-2 Semen Extender Formula for 
Cryopreservation in Straws

Ingredient Amount
Tris (hydroxymethyl) amino methane 24.2 g
Citric acid 13.6 g
Fructose 10 g
Glycerol 64 mL
Egg yolk 200 mL
Total volume 1 L
Final pH 6.8

• BOX 8-3 Formula for Semen Cryopreservation 
in Pellets

Ingredient Amount
Tris (hydroxymethyl) amino methane 3.63 g
Citric Acid 1.99 g
Glucose 0.5 g
Glycerol 5 mL
Egg yolk 15 mL
Distilled, deionized water Sufficient to extend volume to 100 mL

http://www.minitube.com
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–196° C by submersing the straws in liquid nitrogen. Formulas 
for mixing extenders and freeze buffers may be obtained by con-
sulting the references and the current scientific literature.

Pellets. The pellet technique is simple and does not require 
sophisticated or expensive equipment. The disadvantages of freez-
ing semen with this technique include difficulty of identification, 
poor sanitation control, and inconvenience of use in the field.94

Semen is frozen into pellets by dropping cooled semen into 
depressions drilled or scratched into dry ice. In this method, col-
lected semen can be diluted by volume to contain 4% glycerol 
and 12% egg yolk in a slightly hypertonic, buffered solution.92,96 
Box 8.3 is an example of an extender useful for freezing ram se-
men in pellets. In a cooled, ventilated room, the examiner makes 
several small circular cuts (0.5–0.8 cm diameter) on a flat piece of 
solid carbon dioxide (dry ice). Cooled pipettes (4° C) are used to 
drop 0.1 to 0.3 mL into the cut surface of the dry ice. After 10 
minutes, the frozen pellets are shaken into a pan of liquid nitro-
gen. The individual pellets can then be stored in labeled plastic 
goblets. For insemination pellets are put into thawing solutions 
(spare diluent, saline solution) prewarmed to 40° C until the pel-
lets melt.

Thawing. The thawing and handling procedures must be 
consistent with on farm recommendations. Improper thawing 
procedure, lack of post-thaw thermoprotection, etc., can further 
corrupt semen quality. Proper semen handling techniques are of 
the highest importance. Proper handling of frozen semen is para-
mount in maximizing conception rates.94

Frozen Semen Handling
Frozen semen for bucks and rams is stored in liquid nitrogen 
(–196° C). Any changes in this storage temperature can alter se-
men quality.107 The straw is placed in a holding goblet, with two 
goblets attached to a cane. Multiple canes are set inside a canister, 
which is immersed and maintained in a liquid nitrogen tank. The 
liquid nitrogen tank lid should be kept closed and the liquid ni-
trogen level checked and maintained at an adequate level. A 
schedule of tank maintenance should be planned, followed, and 
documented.94 A record or “tank map” of where particular straws 
are stored (goblet, cane, and canister) helps expedite semen trans-
fer and retrieval.108 The tank should be kept in a cool, well-
ventilated room. Straws should not be removed from the tank 
unless they are to be used; they should not be transferred from 
tank to tank unless the procedure takes less than 2 seconds.

To thaw the straws, the clinician should identify the canister 
holding the cane. The canister is raised until the cane tops can be 
seen (5 to 7 cm below the mouth of the tank). Straws should be 
maintained below the frost line in the neck of the tank at all 
times. Using a light source to identify the correct cane, the clini-
cian removes the straw to be thawed with tweezers or forceps. The 
cane is immediately “dropped” back into the canister, and  
the canister is immersed in the liquid nitrogen. Straws should not 
be touched by the handler’s hands.

The clinician should quickly identify whether it is the correct 
straw and then immerse it in a water bath (33–35° C). Straws 
should be thawed based on manufacturers’ recommendations, but 
generally, thawing requires only 30 to 40 seconds for 0.5-mL straws 
and 20 to 30 seconds for 0.25-mL straws. Only as many straws as 
can be used in 10 to 15 minutes should be thawed at one time. If 
possible, the clinician should thaw no more than three straws at one 
time to avoid lowering the thaw water temperature.107 The straw 

should be thoroughly dried, air bubble “shaken” to the crimp end, 
and the straw opened.

As goblets are emptied, they should be discarded to expedite 
the retrieval of straws in the lower goblets. However, if straws  
are to be retrieved from lower goblets, the cane is raised until the 
straws are even with the other cane tops, and then the straw to be 
used is removed.107,108

If pellets are used, the clinician removes the pellets from liquid 
nitrogen storage and places two or three directly in a dry, sterile 
tube. The tube is kept in a warm water bath (37° C). The thawed 
semen should be pulled into a pipette and used for AI immedi-
ately.92 Alternatively, some processing techniques may require the 
addition of a warm diluent to the frozen pellets.

Evaluating Thawed Semen. When asked to evaluate frozen 
semen samples, guidelines on semen handling as listed above 
should be followed. The clinician should thaw the semen using 
the recommendations that were made by the company where it 
was originally processed/frozen. Generally, when evaluating  
frozen-thawed semen, the clinician should make all attempts to 
avoid post-thaw cold-shock, ensure that the straw was properly 
identified, thoroughly dry the straw, and examine the semen for 
motility (using prewarmed slides and coverslips), morphology, 
and a 2-hour motility test (“stress test”). The Society for Therio-
genology has as minimally excepted standards for ram spermato-
zoa 70% normal, 50% intact acrosomes, initial motility of 25%, 
and a 2-hour percentage motility of 15%. They recommend a 
motile sperm dose (MSD) of 25 3 106.106 These guidelines ap-
pear applicable for the buck (caprine and cervid).

Female Reproduction

Anatomy of the Ewe and Doe
The reproductive tract of the ewe and doe is similar to that of other 
domestic animals. It is composed of the external genitalia (vulva, 
clitoris), vagina, cervix, uterus, oviducts, and ovaries. The vulva has 
two labia, which are composed of adipose tissue and portions of 
constrictor vulvae muscle covered with skin. The labia are marked by 
dorsal and ventral commissures. On parting the vulva, the inner 
surface is easily visualized. The clitoris is homologous to the penis 
and has some erectile tissue. The vestibule is located cranial to the 
clitoris. It is lined with stratified squamous epithelium and is rich in 
mucous glands. The vestibule of the ewe contains paramedian glands 
that exist along the urethral orifice; the goat doe lacks these glands.

The tubular portion of the tract (vagina, cervix, uterus, and 
oviducts) is composed of an outer serosal surface, a double layer 
of muscular tissue, submucosa, and a mucosal layer. The vagina is 
located cranial to the vestibule. In the normal position, the vagi-
nal walls are collapsed into folds. The vaginal lumen is composed 
of stratified squamous epithelium. The cervix is located at the 
most cranial portion of the vagina and is found in a subtle depres-
sion near the vaginal floor. The canal of the cervix has five to six 
and five to eight irregular overlapping rings in the ewe and goat, 
respectively. The white-tailed deer doe’s cervix is less tortuous as it 
usually has only three rings, allowing for easier transcervical AI. 
However, this tortuous, narrow, cervical lumen causes great diffi-
culty in transcervical AI, particularly in the ewe. The cervix of the 
ewe and doe, unlike the vagina, is not easily dilatable. The cervix 
opens cranially into the uterine body. The bicornate uterus is 
composed of a short body and two horns that, in the nongravid 
state, are slightly coiled and lie in the pelvic canal. The serosal 
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surface of the uterus is held in the abdominal cavity by the highly 
vascular broad ligament. The endometrium is a pink-gray struc-
ture with folds that have convex caruncles. Melanin pigmentation 
is found in these caruncular regions in some breeds of sheep 
(Hampshire). This pigment is rare in goats and has not been  
reported in white-tailed deer.

The two oviducts attach the uterine horns to the ovarian bursa. 
The small (1.5 3 1–2 cm) oval ovaries are partially covered by the 
ovarian bursa. The ovarian surface is usually rough. During the 
breeding season or during gestation, the ovary can have two or 
more progesterone-secreting corpus lutea.

Ewe
Physiology. Age, nutritional status, and season of the year all 

play roles in the development of sexual maturity in the sheep.109–112 
The approach of the breeding season or artificial manipulation of 
light to mimic shorter days hastens the onset of estrus in ewe 
lambs. Melatonin implants can cause a similar effect.113,114 Differ-
ing reports about the effect of light manipulation and melatonin 
implants can be found in the literature.115–117 The sex of siblings 
in multiple-birth lambings does not seem to affect the age of pu-
berty in the ewe118; however, exposure to intact rams can decrease 
the time required for the ewe lamb to achieve her first estrus.112 
The attainment of puberty depends on the interaction of the ju-
venile hypothalamus, the anterior pituitary, and the ovary. Estra-
diol secreted by developing follicles has a negative feedback on 
LH secretion. As puberty approaches, this inhibitory influence 
becomes less important and GnRH pulses from the hypothalamus 
and subsequent pituitary pulses of LH become more frequent. 
This stimulates further follicular development. As the follicle de-
velops, it produces more estradiol until a threshold is reached, 
causing a positive feedback on LH secretion.119 The resultant LH 
surge induces the luteinization of the follicle and usually ovula-
tion. The lifespan of the resultant corpus luteum (CL) is usually 
shorter than that of subsequent cycles. This first ovulation in the 
sheep is not associated with behavioral estrus. The second and 
subsequent cycles of follicular growth, LH secretion, and CL de-
velopment appear more normal and result in behavioral estrus. 
Follicle-stimulating hormone (FSH) also is released from the an-
terior pituitary gland in response to GnRH.120

Sheep are considered short-day breeders because their breed-
ing season is regulated by the length of the day or, more specifi-
cally, by the increased duration of night.121 Light duration and 
timing affect not only the induction of estrus, but short daylight 
regimens also can affect the length of the breeding season.122 
Seasonality is controlled by the visual perception of light that is 
transmitted by the superior cervical ganglion to the pineal gland. 
The pineal gland produces melatonin and secretes it during the 
night. Alteration in melatonin secretion provides cues to the 
hypothalamus in its pulse generations of GnRH.120 The hypo-
thalamus also changes in its sensitivity from a strictly negative 
feedback response to estrogen (from the developing follicles) to a 
positive feedback from increasing concentrations of estrogen.123 
The increased pulses of GnRH appear responsible for the induc-
tion of estrus during the breeding season.124 In seasonally breed-
ing animals, a similar scenario occurs during puberty as is  
observed in the yearly transition from anestrus to the seasonal 
cycle. However, much variation occurs among breeds with re-
spect to the occurrence and length of the breeding season. Dor-
set, Merino, Rambouillet, and Finnish-Landrace sheep tend to 
have longer breeding seasons, whereas the Southdown, Shrop-
shire, and Hampshire breeds respond to day length and adhere to 

the short-day breeding season. Sheep living near the equator (or 
breeds that originated there such as the Barbados) are usually less 
sensitive to the effects of the seasons.

Puberty.  Suffolk ewe lambs show first signs of estrus at around 
30 weeks of age. Much like an adult ewe in transition from anes-
trus to the breeding season, the first estrus in ewe lambs is usually 
a “silent” ovulation. The onset of sexual maturity in ewe lambs is 
dependent on nutrition, adequate growth, and photoperiod (long 
days followed by decreasing day length).120

Estrous Cycle.  Estrus in the ewe lasts between 15 and 45 hours 
(with an average of 30 hours), and the interval between estrous 
activity is between 14 and 19 days (with an average of  
17 days)—3 to 5 days of metestrus, 7 to 10 days of diestrus, and 
2 days of proestrus). Ewe lambs, ewes cycling outside of the nor-
mal breeding season, and transitional ewes tend to have shorter 
estrus periods. As estrus approaches, the larger follicles of the 
FSH-induced follicular wave begin to produce more estradiol. 
This signals the hypothalamus to secrete GnRH, which results in 
the release of LH by the anterior pituitary gland. This LH surge 
typically occurs about 9 hours after the onset of estrus. The high 
estradiol concentration is partially responsible for the ewe show-
ing signs of estrus. However, the sheep also must have been re-
cently exposed to progesterone. Sheep ovulate toward the final 
third of estrus or occasionally after the end of behavioral estrus.125 
Ovulation typically occurs 14 to 26 hours after the LH surge. This 
coincides with about 21 to 45 hours after the beginning of estrus. 
The length of estrus may vary depending on the breed, with wool 
breeds generally having a longer estrus than meat breeds. Signs of 
estrus include vulvar swelling, anorexia in the ewe, seeking out, 
and standing for the ram. The ewe may secrete small amounts of 
thin mucus, much less than that secreted by the cow.

After ovulation, the follicle becomes luteinized and begins 
producing progesterone. The progesterone concentration remains 
elevated for about 12 to 13 days. In the absence of a conceptus, 
the ovaries produce oxytocin and the uterine endometrium begins 
to secrete prostaglandin F2a (PGF2a). The PGF2a is transported 
away from the uterus by the uterine veins and is transferred di-
rectly to the ovarian arteries that run adjacent to the veins. The 
increased concentration of PGF2a in the ovarian arteries leads to 
the regression of the luteal tissue and diminished progesterone 
secretion. The cycle begins again with a decrease in serum proges-
terone, concurrent development of the follicle, and a subsequent 
increase in serum estrogen concentrations. Ovum transport to the 
uterus takes 2 to 4 days in ewes. Approximately 12 days after 
conception, signals are sent to the endometrium and ovaries to 
prevent lysis of the luteal tissue and to maintain the pregnancy. 
The substance that inhibits uterine production of estrogen recep-
tors is interferon-t; the decrease in estrogen receptors in turn in-
hibits oxytocin receptors. This breaks a link in the production of 
luteolytic amounts of PGF2a.126 Attachment of the embryo to the 
uterine endometrium is a slow process, beginning around day 18.

Gestation.  The normal gestation length of the ewe is 145 to 
150 days. Sheep have a cotyledonary, epitheliochorial placenta. 
The placental cotyledon and the maternal caruncle together form 
a placentome. In the pregnant ewe, 90 to 100 cotyledons are dis-
persed over the chorionic membrane. Around day 16, the chorion 
begins attaching to the uterine caruncles. This type of placenta 
limits antibodies moving from the maternal to the fetal circulation, 
necessitating the ingestion of colostrum by the neonate for anti-
body transfer. After day 75, the concentration of progestin in the 
peripheral blood markedly increases. This increase results from  
the placental production of progestin and is of major clinical  
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significance because luteolytic agents cannot guarantee abortion 
after day 75 of gestation. Parturition occurs as a result of a complex 
set of interactions involving the uterine musculature and fetus. As 
the fetal hypothalamus matures, it begins producing increasing 
amounts of corticotropin-releasing hormone, which stimulates the 
pituitary gland to produce and release corticotropin. This in turn 
stimulates the fetal adrenal glands to produce and release cortisol. 
Endogenous cortisol results in an increase in the estradiol, PGF2a, 
and prostaglandin-E2 concentrations. This in turn decreases pro-
gesterone production and relaxes the cervix. Uterine responsive-
ness to oxytocin also increases because of the estrogen-induced 
recruitment of oxytocin receptors. Normal parturition occurs over 
a period of 3 to 8 hours. The first stage of parturition (initiation of 
organized contractions) lasts from 1 to 4 hours. The second stage 
(active labor and delivery of the fetus) lasts as long as 2 hours. The 
final phase of parturition is the delivery of the placenta and should 
occur within 8 hours after the fetus is delivered.120

Goat Doe
Physiology. From a pure physiologic standpoint, small rumi-

nants have many similarities. Nevertheless, they are dissimilar in 
length of the estrous cycle and maintenance of pregnancy. Goats in 
a temperate region are polyestrous and breed efficiently when day 
lengths are short (August to March), with a peak breeding season of 
October through December.127 The transitional periods are 
approximately 2 months before and after breeding season, with 
deepest anestrus in April and May.128,129 In cervids, anestrus in the 
northern hemisphere typically occur between midwinter to late fall. 
In tropical areas near the equator, native breeds show less seasonality 
and breed year-round (as do sheep). Variation in seasonality occurs 
among and within breeds of goats, which allows for selection of 
out-of-season breeders.128,130 For example, pygmy and Tennessee 
stiff-legged meat goat breeds tend to cycle year-round in North 
America, whereas Nubian, Spanish, Boer, and Kiko goats show 
more seasonality.129 Producers can use this seasonality to their ad-
vantage in a synchronization program by introducing bucks during 
the summer transitional period to induce estrus in does. This “buck 
effect” is lessened when males live year-round with does.

Puberty.  Does reach sexual maturity and begin to cycle at 6 to 
8 months.127 In pygmy goats, puberty may occur as early as 
3 months. Generally, a single-born doe has her first ovulation in 
the fall after her birth. Breeding should be delayed until a doe has 
attained 60% to 70% of her predicted adult weight (or 60–70 lb 
in meat goats and 70–90 lb in dairy breeds).129

Estrous Cycle.  The length of the estrous cycle in the goat doe 
is 21 days (with a range of 18–22 days). White-tailed and mule 
deer does’ estrous cycle tends to run longer still, with a range of 
24 to 28 days. If they fail to become pregnant early in the breed-
ing season, the estrous cycle tends to shorten until late winter, 
when anestrus occurs. Although variations exist, estrus tends to be 
longer in goat does than in ewes. Short cycles of 5 to 7 days are 
more common at the beginning and end of the breeding season 
in goat does and increases in frequency when ovulation in in-
duced either just before or during the breeding season.127,131 After 
midsummer, the decreasing day length causes increased melatonin 
release from the pineal gland, and the sequence of hormonal 
events is similar to that seen in the ewe. During estrus and sea-
sonal anestrus, plasma progesterone concentrations are less than 1 
ng/mL, whereas progesterone levels during the luteal phase are 4 
to 8 ng/mL.127,128

Goat does in estrus are restless, seek out the buck, wag their 
tails, vocalize, and have swollen vulvas with clear mucous  

discharge that changes to cloudy toward the end of estrus. These 
behaviors may be pronounced in the presence of a buck. Milk 
production and appetite may decrease during estrus in dairy 
goats. Well-fed, healthy, mature does average two to three ovula-
tions per cycle, which results in a high proportion of multiple 
births. Estrus varies from 24 to 72 hours, with most does exhibit-
ing estrus for 36 hours. Ovulation is quite variable, as well, and 
ranges from 9 to 37 hours from the onset of estrus. However, 
ovulation typically occurs towards the end of standing estrus.131

White-tailed does are generally pursued by the buck and are 
“tended” by the buck for 1 to 3 days. Multiple matings occur over 
this period and conception rates are generally very high.

Gestation.  Twins or triplets are more common than single-
tons. Oviductal transfer of the embryo(s) requires 3 to 4 days in 
goats. The average duration of gestation is 5 months, with a range 
of 147 to 155 days.127 Similar to ewes, goat does have epithelio-
chorial, cotyledonary placentae. Pregnancy is maintained by pro-
gesterone, which is produced entirely by the CL of pregnant does 
and not by the placenta. This is different from ewes, which main-
tain sufficient progestogen output from their uteroplacental units. 
The plasma concentration of progesterone remains high until 
about 4 days before parturition.

Gestation length in white-tailed does generally runs about 192 
to 200 days. That of mule deer tends to be a few days longer. 
Pregnancy can be terminated at any time by the use of prostaglan-
dins. They have an epitheliochorial, cotyledonary placentae that is 
characterized by two very large cotyledons per horn as opposed to 
sheep and goats, which have 120 or so cotyledons total.

BSE of the Female
History. History is an essential component of a BSE of a doe or 

ewe because of the inaccessibility of the majority of the reproduc-
tive tract to palpation or visual inspection. Historical information 
of significance includes duration of heat, interestrous intervals, 
reaction to the male, and breeding and parturition history. A gen-
eral physical examination emphasizing body condition, femininity, 
conformation of the mammary glands, and determination of 
whether the female is polled or horned (goats) is important in the 
evaluation of breeding soundness (see Chapter 1).

Physical Examination. External genital examination should 
include evaluation of the anogenital distance and whether the 
clitoris is visible without parting the lips of the vulva. The vulva 
should be examined for abnormalities. A clear AI speculum or an 
endoscope can be used to evaluate the vagina and cervix. The 
clinician should note any discharges from the cervix or vagina. A 
normal, clear mucous vaginal discharge in early standing estrus 
that turns into a cloudy or creamy mucous discharge late in stand-
ing estrus is common, particularly in goats.

Reproductive Ultrasonography. Transabdominal ultrasonog-
raphy can be used to examine the uterus for pregnancy and pseu-
dopregnancy. Pseudopregnancy is a more common problem in 
goats than in ewes. Transrectal probes often allow visualization of 
the nonpregnant uterus and ovaries and early pregnancy.

Breeding Management

Ewe
To maximize reproductive potential, ewes should be maintained 
in a healthy and disease-free state with a body condition score 
between 2.5 and 3.5 at the initiation of the breeding season  
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(see Chapters 1 and 2). Ewe lambs should be bred so that they go 
through parturition earlier in the season than older ewes. In order 
to cycle, ewes require at least one cycle of increasing day length 
before the decreasing day length that signals the breeding season. 
Replacement lambs should be chosen from a pool of lambs born 
early in the previous lambing season. Ewe lambs should weigh 
approximately 70% of their projected mature weight at the time 
of breeding.

Doe (Goat)
Replacement doe kids should be selected at weaning (4– 
5 months). Selection of meat does should emphasize traits such as 
reproduction and soundness. Milking does are selected based on 
production traits such as soundness of the udder and teats, ade-
quate body size, and good body condition. Female goats that were 
born as twins or triplets, those born early in the season, and those 
whose dams gave birth more than once each year are preferable 
replacement does. All females of breeding age should be main-
tained in a single group. Breeding should be delayed until a doe 
has attained 60% to 70% of its adult weight at a body condition 
score of 3 to 3.5. Does that do not kid by the time they are 2 years 
old should be culled. Breeding does should not be allowed to 
become too thin or too fat. Thin does may fail to conceive, have 
low twinning rates, and produce kids with low weaning rates. 
Obese does can suffer from pregnancy toxemia and/or decreased 
milk production if they are allowed to become fat before the onset 
of puberty.

Doe (Cervid)
Doe fawns that are born early in the year and that have attained 
60 to 70% of their adult body weight will most likely cycle the 
fall of their first year. Selection criteria are generally based on ge-
netic merit of the sire and dam (antler size and conformation) as 
well as disposition, phenotype, and other characteristics that are 
important to the producer. Does are generally best kept in breed-
ing groups to diminish fighting and lower stress. This is especially 
true if using AI. Does will generally be productive for 10 or more 
years. Singletons are common in first parity, but older does will 
usually have twins with triplets or more not unusual.

Control of the Estrous Cycle
With the increasing use of AI and the desire of producers to con-
centrate their efforts around parturition, control of the estrous 
cycle of the female is necessary. Estrus synchronization programs 
useful in goats and sheep are shown in Table 8.3.132–135 Producers 
often request estrus synchronization during the fall breeding sea-
son (cervids, sheep, and goats) and to induce estrus during the 
winter anestrus period (nonbreeding season) and summer transi-
tional period (sheep and goats). To maintain a continuous milk 
supply from dairy goats and sheep, the flock should be divided 
into four equal breeding groups. This necessitates some form of 
estrus synchronization. In the Northern Hemisphere, these groups 
should be assigned to breedings in late August, mid-October, 
mid-November, and late December. Adequate nutrition, estrus 
detection, and adequate sire or insemination capabilities are es-
sential components of a synchronization program. Because any 
form of stress can have a negative impact on the efficacy of a syn-
chronization program, stress should be minimized as much as 
possible.

Ram or Buck Effect. Introducing a buck or ram into a group 
of transitional period does or ewes is a powerful tool to induce 
estrus.136–138 Introducing a ram into a ewe herd induces estrus in 
most ewes within 6 days. The females should have no contact with 
the males for 3 to 4 weeks before their introduction. Suddenly 
placing the male with females induces an LH surge and ovulation 
within a few days. Similarly, fence line contact by males can be 
used to achieve a ram or buck effect for hand mating. The use of 
high-performing rams, as defined by serving capacity tests, has 
been shown to be more effective in inducing early ovulation than 
the use of low-fertility rams.137 One study indicated that the use 
of two high doses (1000 IU) of equine chorionic gonadotropin 
(eCG) administered to teaser rams increased the rams’ ability to 
stimulate anestrous ewes. The ewes that were exposed to the eCG-
treated rams experienced a significantly higher rate of estrus and 
pregnancy rates.139 The response to male stimulation can be quite 
variable and is influenced by breed, previous isolation, depth of 
anestrus, nutrition, and length of time since parturition. This 
technique can be used in combination with pharmacologic out-
of-season breeding programs and appears to enhance their effi-
cacy. Males should be isolated from females for 30 to 60 days 
before introduction. When using the ram or buck effect in out-of-
season breeding, producers should expose the male to a cycling 
female for 2 weeks before using him to breed. Males that have 
undergone vasectomy or epididymectomy and castrated males 
treated with testosterone (100 mg weekly for 3 weeks) may be 
used. Regardless of the type of teaser male used, he should be in-
troduced to the females for 2 to 3 weeks to bring them into heat 

TABLE 
8.3

Overview of the Methods of Estrous Cycle 
Manipulation in Sheep and Goats in the  
United States.

Sheep

Breeding season •	 Prostaglandins
•	 Progestin	source	for	14	days	6 gonadotropin

Transitional season •	 Ram	effect
•	 Progestin	source	for	8–14	days	1 

gonadotropin up to 48 hours before removal
•	 Progestin	source	for	8–14	days	1 ram effect 

at removal

Out of breeding  
season

•	 Progestin	source	for	8–14	days	1 
gonadotropin up to 48 hours before removal

•	 Manipulation	of	lights
•	 Melatonin	administration

Goat

Breeding season •	 Prostaglandins
•	 Progestin	source	for	14	days	6 gonadotropin

Transitional season •	 Buck	effect
•	 Progestin	source	for	14	days	1 gonadotropin 

1 prostaglandin
•	 Progestin	source	for	14	days	1 gonadotropin 

1 buck effect

Out of breeding  
season

•	 Progestin	source	for	14	days	1 gonadotropin 
1 prostaglandin

•	 Manipulation	of	lights
•	 Melatonin	administration
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before the desired breeding male is brought in. The first estrus 
after introduction of the male is usually “silent.”

Prostaglandins. PGF2a can be used to lyse the CL and bring 
diestral females into heat. Ewes are generally susceptible to prosta-
glandin-induced luteolysis after days 5 to 6 of the estrous cycle 
while does are susceptible beginning at day 3 of the estrous cycle140 
(Figure 8.14). This method of estrus synchronization should be 
used if the producer is sure that a significant number of ewes and 
does are actively cycling; it is most effective during the middle to 
late fall (sheep and goats: October and November in North America; 
cervids November and December). One shot of PGF2a can be 
expected to result in 60% to 70% of the females in the group to 
exhibit estrus within 30 to 60 hours. Ewes or does that do not 
show estrus after a properly administered prostaglandin injection 
have either been in estrus recently or are anestrus. A two-treatment 
method involving a second injection 9 to 11 days after the first 
results in tighter synchrony within the flock. An alternative is to 
observe the females actively for 4 days, breed all females that come 
into estrus during this time, administer PGF2a on the fourth day, 
and breed all females that come into estrus during the next 3 days. 
This should result in most females being bred within a 7-day pe-
riod. Both PGF2a (10–20 mg) and cloprostenol (75 mg/45 kg of 
body weight) are used for estrus synchronization.132 In addition, a 
two-dose prostaglandin regimen administered 7 days apart (Syn-
chrovine) has been used for fixed-time AI at 42 hours after the last 
PGF2a in ewes.141 Producers should ensure that none of the ewes 
or does are pregnant at the time of administration of prostaglan-
dins because abortion may be induced. Most of these methods are 
not conducive to the temperament of the cervid and cause much 
stress, leading to decreased conception rates. Generally, cervids are 
bred via TAI (timed artificial insemination) or natural service.

Progestins. Progestins are used to synchronize estrus by delay-
ing its onset. Exogenous progestin can be used during the breed-
ing season to artificially control the length of the luteal phase. The 
use of progestins is the most common method of estrus synchro-
nization in goats for AI or ET. The most common route of ap-
plication of progestin is transvaginal. After the progestin products 
are removed, estrus should occur within a few days. Placing de-
vices that contain progesterone into the vagina (controlled intra-
vaginal drug-releasing devices [CIDRs] or progesterone-soaked 
sponges) is becoming a popular method of estrus control.133 Sev-
eral progesterone concentrations are available in CIDRs. The new 
commercially available CIDRs contain 300 mg of progesterone 
(EAZI-BREED CIDR sheep insert, Zoetis Animal Health). Oc-
casionally, CIDRs may be difficult to remove if the tail of the 
device is not visible from the vulva or the sponge has adhered to 
the vaginal wall. In both cases, the examiner should restrain the 
female, introduce a gloved finger into the vaginal vault, identify 
the CIDR or sponge, and carefully remove it after separating it 
from the vaginal wall (Figure 8.15). The use of norgestomet 

implants (half to one implant, or 3–6 mg) inserted between the 
skin and cartilage of the dorsal aspect of the ears’ pinnae were used 
but are not currently available in North America. The feeding of 
oral melengestrol acetate (0.25 mg/ewe or doe for 14 days, or 
0.125 mg/ewe or doe twice daily for 14 days) also is of value in 
controlling estrus. Synchronization rates after feeding melenges-
trol acetate are similar to those encountered with norgestomet 
implants.135 However, it is generally recommended that breeding 
be delayed until the second heat after the melengestrol acetate 
feeding is discontinued as the first heat is usually nonfertile.132 
Also, if progesterone is added to the feed, a continuous adequate 
intake is imperative. This may be a problem in goats and some 
sheep, particularly if inadequate feeder or bunk space is available. 
All of these methods require the removal of the progestin after  
9 to 14 days in the ewe and 12 to 14 days in the doe. The removal 
of the progestin source can be used to synchronize the entire flock 
at one time. The flock can be divided, and the progesterone source 
removed daily, so that one ram can be used for breeding or the  
AI program can be spread out. Estrus can be expected about  
24 to 48 hours and 24 to 36 hours after the removal of the pro-
gesterone sources in ewes and does, respectively.

The introduction of a teaser male 24 hours after progestin re-
moval enhances synchrony. Administering eCG (250 IU) or a 
combination of eCG and human chorionic gonadotropin (hCG) 
while removing the progestin can help tighten synchrony in the 
herd.132 Administering prostaglandins 24 hours before progestin 
removal, followed by eCG 24 to 48 hours before or at the time of 
progestin removal, may further tighten estrus synchrony. The use 
and removal of these progestin products also may hasten estrus in 
the nonbreeding season.134

Seasonal Manipulation. Seasonal manipulation of the female 
cycle can be used to hasten the onset of estrus to obtain more than 
one breeding per year in sheep and goats. Seasonal manipulation 
also can change the time of lambing and kidding and lactation to 
better match forage availability. Dairy goats should be more than 
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•  Fig.  8.14   Two doses of prostaglandin for estrous synchronization in 
small ruminants.

•  Fig.  8.15   A controlled intravaginal drug-releasing device (CIDR) has 
been placed in this ewe. The external plastic tail or string may need to be 
trimmed to prevent herd mates from pulling out the CIDR.
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120 days into the lactation period before the producer attempts 
an out-of-season breeding program.142 All animals should be ex-
amined with real-time ultrasonography equipment to determine 
whether any reproductive abnormalities exist that may preclude 
the effectiveness of an out-of-season breeding program (e.g., preg-
nancy and hydrometra).142 Artificial lighting, either by itself or in 
conjunction with exogenous melatonin can be used for effective 
manipulation of the breeding season. The sudden introduction of 
the male maximizes the efficacy of light-melatonin programs. 
Artificial lighting is mostly employed to mimic a long day. During 
the Northern Hemisphere winter, long days (approximately  
20 hours of light) can be simulated for 2 months (in a barn) and 
then stopped on March 1. Animals are then exposed to natural 
daily sunlight. After 6 weeks of natural daylight exposure, males 
are introduced, and a fertile estrus occurs within 10 to 20 days. 
Does undergoing this type of estrus manipulation have a short 
breeding season of around 60 days. Bucks and rams also may ben-
efit from this type of treatment to increase libido and quality of 
semen. Light manipulation, although effective, is rarely practical.

Some producers combine hormones and lighting for out-of-
season breeding. Lighting manipulation is used successfully in 
many dairy goat operations. Exogenous melatonin can be admin-
istered to supplement the endogenous release and thereby mimic 
the short days associated with the onset of breeding season. Exog-
enous melatonin can be given as a slow-release implant, repeatedly 
as an injection, or orally over 30 to 60 days to accelerate the onset 
of breeding. After the cessation of melatonin administration, fe-
males begin to cycle in 40 to 70 days. The lack of availability of 
this drug limits its use. Exogenous melatonin should be combined 
with the introduction of the male. Melatonin works most effi-
ciently in dairy goats when combined with artificial lighting for 
out-of-season breeding.

The most commonly used program for out-of-season breeding 
is a combination of progestin (delivered as an implant in the ear 
[norgestomet] or vaginally [CIDR]) and eCG. The progestin 
should be injected, fed, or implanted for 14 days. A gonadotro-
pin, either FSH or eCG, is administered 48 hours before proges-
tin removal. eCG (400 IU) is most commonly used because it 
requires only one injection. In areas where eCG is not available 
for use, a product containing both hCG and eCG (such as 
PG600) can be substituted. Variable results have been reported 
with the use of these products depending on the timing and dos-
age of administration. The introduction of a buck or ram en-
hances the synchronization of these programs.

Increasing Twinning Rates
Most successful sheep-rearing enterprises depend on the number 
of lambs raised and sold per ewe per year. Genetic selection for 
prolific ewes can be slow because of the low heritability of the trait 
(10%), but some breeds tend to have this predisposition (Finnish-
Landrace sheep). However, large variation occurs among flocks 
with regard to this trait. This variation allows for the selection of 
superior animals with a good potential for genetic progress.143 A 
review of several studies suggests that an annual improvement of 
1.3 lambs per 100 ewes can be obtained. Although this number 
may seem small, when results are compiled over several years, a 
sizable influence on flock revenues is apparent. The ability to se-
lect prolific females depends highly on accurate records. The more 
information that is collected on each individual ewe or doe, the 
more accurate the selection becomes. Replacement females should 
be selected from lambs or kids born to females that consistently 

produce a larger than average number of young per year. The 
management practice of providing supplemental feeding to ewes 
2 to 3 weeks before breeding (commonly known as flushing) can 
result in increased ovulation rates (see Chapter 2). The most de-
monstrative response to supplemental feeding is seen in flocks 
that are experiencing a low lambing rate and whose nutritional 
status is not adequate. Flushing has little benefit if the ewes are 
already in good body condition. Ewes can be flushed by feeding  
1 lb of a high-energy supplement (e.g., corn, oats, barley, or a 
combination) per day. An increase in numbers of twins and trip-
lets requires a concomitant increase in the ovulation rate; the 
embryos also must be in an acceptable environment for survival. 
Stressors that may be associated with decreased embryonic sur-
vival include the female’s age, body temperature of both the male 
and the female, lactation status during breeding, and overall nu-
tritional status.143 Females bred outside of the normal breeding 
season may not be as prolific as those bred during it.

Cervids. With proper nutrition and management, most white-
tailed and mule deer will twin normally, and little significance is 
given to selection for litter size. While having singles at first parity, 
subsequent parities will generally result in twins or even triplets.

Alternative Breeding Programs
Certain sheep breeds (Rambouillet, Dorset, and Finnish-Landrace) 
and goat breeds (pygmy and Tennessee stiff-legged) can be en-
couraged to breed outside of the traditional breeding season. This 
may be done to match forage sources, decrease some parasite 
burdens, and improve lamb or kid supplies for some seasonal 
markets. Sheep and goats can be selected to begin a fall lambing 
or kidding flock.143 Selected females should be highly prolific and 
should have given birth early in the traditional lambing or kid-
ding season. If they are normal, ewe lambs or doe kids from these 
reproductively efficient females should be saved as replacements. 
The producer should plan on retaining 30% to 40% more lambs 
or kids than are needed to select for out-of-season breeding poten-
tial.143 This process should be repeated over several years to iden-
tify animals that will serve well in off-season breeding programs. 
Producers who do not have record systems to identify superior 
females should expose the flock to superior rams or bucks in the 
spring and retain any females that become pregnant to create a fall 
lambing flock. Females that do not lamb or kid can be exposed to 
males in the fall to follow traditional breeding programs. Males 
should be selected using a similar approach. Males born to the 
more prolific females should be selected as replacement males and 
older rams or bucks that have a proven history of superior fertility 
should be used. Good record-keeping systems and individual 
identification of females are essential in any selection program. 
Females born early in the lambing season as twins should be se-
lected as replacements. With respect to growth traits, twins should 
be compared with other sets of twins because early selection based 
on size alone may discriminate against them compared with sin-
gletons. Ewe lambs of most meat breeds should weigh about  
100 lb by the time they are 7 months old. Selected lambs should 
be bred at about 10 months so they will lamb at 15 months early 
in the spring. Ewes that bear twins early during lambing should 
be selected for the accelerated fall lambing flock.144–146

Sheep. A similar program for sheep, termed the STAR man-
agement program, has been developed at Cornell University. The 
STAR program’s unique feature is that it allows for an almost 
continuous supply of market lambs. This is a good fit with the 
year-round niche market that many producers have developed.  
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A chart of the calendar year is made using a five-pointed star. The 
time lag between each point on the star is 73 days, which is also 
approximately half of the normal gestation length of the ewe. 
Therefore, an individual ewe exposed to the ram at the time  
corresponding to one point on the star will lamb at the time cor-
responding to the third point on the star (146 days later). She can 
then be exposed to the ram at the fourth point on the star  
(216 days after the first breeding). This spreads lambing through-
out the year and provides five lambings in 3 years. The use of this 
system is contingent on the selection of highly prolific ewes that 
have the ability to cycle and conceive out of season. Accelerated 
breeding programs place demands on the producer to improve 
management of the flock’s nutritional program and ensure that 
rams have excellent potential reproductive ability. These complex 
breeding schemes also demand the accurate identification of indi-
vidual animals so that ewes capable of out-of-season breeding can 
be identified and replacement animals can be chosen from these 
females.146

Goats. In a controlled accelerated kidding program in which 
three kid crops every 2 years is desired, out-of-season breeding is 
necessary. This requires intense management, early weaning, and 
hormonal manipulation of does for induction and synchroniza-
tion of estrus. Seasonal effects on reproductive characteristics also 
have been documented in bucks. Buck libido and ejaculate qual-
ity and quantity appear highest in the late summer and fall, which 
coincides with the seasonal breeding patterns of the does. Distinct 
behavior changes and odors also occur in the males in the fall to 
trigger the buck effect in bringing the female into heat. Bucks can 
be used successfully for out-of-season breeding without any ad-
ditional treatment.147 However, they will benefit from winter light 
treatment to increase libido and the quality of semen. Producers 
also can accomplish this by administering 50-mg GnRH injec-
tions three times daily for 4 days to boost testosterone produc-
tion.134

Cervids. Due to the longer gestation length of cervids 
(200 days versus ,150 days for sheep and goats, respectively) and 
their life cycle (antler growth and strict seasonality), little manipu-
lation of the reproductive cycle is possible. Some producers at-
tempt to “move up” the breeding season 1 to 4 weeks, but fawning 
season can then occur during more inclement weather, resulting in 
increased fawn losses, especially in the far northern regions of the 
United States.

Natural Breeding Systems
Natural breeding is more commonly used in cervids, meat and 
fiber sheep or goat production systems, whereas AI or hand mat-
ing is the most common means in breeding stock producers. In a 
meat production system, productivity is largely a function of the 
number of offspring born and weaned and the frequency with 
which they are produced. The desired date of parturition in a 
given farm dictates the breeding date and the management of the 
breeding male. Females are usually bred in the fall for spring kid-
ding, fawning, or lambing. Bucks should be kept separate from 
the females until they are to be used for breeding. After establish-
ing a mating time, the producer should leave the bucks (goat) 
with the does for 32 days (1½ reproductive cycles) and the rams 
with the ewes for 27 days. This ensures that all kids or lambs are 
born within about 1 month of one another, reducing the amount 
of supervision required at parturition. The male-to-female mating 
ratio depends on the age and SC of the male, the size of the mat-
ing area, and whether one or more rams or bucks are to be used. 

Meat goat production systems should have one buck per 30 does. 
A buck may breed 50 to 200 does in a single breeding season, but 
three to four bucks should be put with 100 does.148 Most sheep 
producers should keep 3 to 5.5 adult rams per 100 ewes. A mark-
ing harness should be used on the males to identify which females 
have been bred. In commercial flocks, males should be changed at 
least every 2 years to prevent inbreeding. Bucks or rams of high 
libido and good semen quality can be used in a staggered breeding 
program in which seven or eight synchronized ewes or does  
exhibiting estrus at the same time are placed with the male  
for breeding. Hand mating of males can be used as a modification 
of staggered breeding, with the same female ratio of 7:1 to 8:1. 
Table 8.4 outlines a proposed male-to-female ratio.

Artificial Insemination
The small ruminant industry has used AI commercially in North 
America for many years. The cervix of the cervid doe is less of an 
obstacle to insemination than the cervix of the goat doe, and the 
ewe cervix is the most complicated of all to traverse. As a result, 
commercial AI programs using fresh or frozen semen have been 
developed and are used most commonly in cervids and goats. 
Advantages of AI include the following149:
•	 Maximal	use	of	superior	sires
•	 Elimination	of	the	need	for	rams	and	bucks	on	the	farm
•	 Relatively	inexpensive	semen	cost
•	 Decreased	potential	for	venereally	transmitted	diseases
•	 Improved	herd	management
Disadvantages of AI include the following149:
•	 Cost	for	AI	equipment	and	liquid	nitrogen
•	 Increased	labor	for	estrus	detection	and	insemination
•	 Lack	 of	 standardization	 procedures	 for	 packing	 and	 quality	

control for goat semen
•	 Lack	of	suitable	sire	proofs	for	production	traits
•	 Potential	for	spread	of	less	desirable	traits

The success of an AI program depends on many factors (fresh 
versus frozen semen, number and time of inseminations, insemi-
nation method, quality and quantity of semen, semen handling 
practices, and the management of the animals to be inseminated). 
The method of insemination (laparoscopic versus transcervical 
versus cervical versus vaginal), semen used (fresh, chilled, or fro-
zen semen), and ability of the animal keeper (checking estrus, AI 
skill, etc.) will all greatly affect pregnancy rates. Females selected 
for AI should be in good health, have a body condition score of 
2.5 to 3, and be put on an improved nutrition plan for 2 to  
5 weeks before breeding (see Chapter 2). They also should be free 
of disease and have a history of giving birth to live, healthy young 

TABLE 
8.4

Recommended Male-to-Female Ratios for Male 
Sheep and Goats.

Animal  
Age

Reproductive  
Practice/Use

Male-to-Female 
Ratio

1 year old Paddock	or	confined	pasture 1:20 to 1:25

Adults

Paddock	or	confined	pasture 1:40 to 1:50

Range 1:25 to 1:30

Synchronized females in season 1:15 to 1:20

Synchronized females out of season 1:5 to 1:10
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and raising them to weaning. Preference should be given to fe-
males that conceive early in the breeding season, those that 
lambed or kidded during poor weather conditions, and those that 
gave birth to and raised multiple young.

AI is usually performed in conjunction with estrus synchroni-
zation. Although many protocols exist, most utilize either eCG, 
progestin, and PGF2a singularly or in combinations.149–151 A 
sample protocol for ewes and one for white-tailed deer are shown 
on Figure 8.16A, B. Combinations of GnRH and PGF2a also 
appear to be of value in both sheep and goats.152,153 This protocol 
could be implemented in sheep as follows:
Sheep:

GnRH → 5 d later administer PGF2a → 36 h later administer 
GnRH → 12 to 14 h laparoscopic AI

Goat:
GnRH → 7 d later administer PGF2a → 2 d later administer 

GnRH → 16 h transcervical AI
Because no uniform standards are available for cervid, goat, or 

sheep semen, any frozen semen to be used should be evaluated 
before an AI program is begun. Optimal timing of insemination 
is an important factor in the success of AI programs. Females do 
not ovulate until late estrus or shortly after the end of standing 
estrus. Therefore, recognizing the signs of standing heat is impor-
tant. However, the optimal timing of insemination is best deter-
mined by changes in cervical mucus. As the goat doe progresses 
through estrus, the mucus turns from clear and thin at the begin-
ning of standing heat to cloudy and stringy at middle to late heat. 
Insemination should be performed in goat does before or at the 
time the mucus turns cloudy, usually 12 to 15 hours after the 

onset of estrus.154 If the doe continues to exhibit heat after in-
semination, she should be inseminated again after 12 hours, par-
ticularly if the program uses cooled or frozen semen.

Timed insemination of synchronized meat goats and ewes 
tends to work well. Fixed-time insemination using fresh semen 50 
to 55 hours after removal of the progesterone source is an excel-
lent labor-saving technique. If a laparoscopic AI is to be per-
formed, sheep and goats should be inseminated 55 to 60 hours 
and 52 to 60 hours after progesterone removal for frozen and 
thawed or fresh semen, respectively.155 Australian workers suggest 
that observation for estrus before breeding has no advantage over 
timed insemination (laparoscopy) in the ewe.156 In dairy goats, 
does should be observed for heat using a teaser animal and in-
seminated accordingly, whereas meat goats are usually synchro-
nized in groups. Techniques that place the semen into the uterus 
should be used for frozen semen.

Vaginal Insemination. The vulva is wiped clean with dry cot-
ton or paper towels. The practitioner carefully advances a pipette 
into the cranial vagina by sliding it along the dorsal vaginal roof 
to avoid entering the urethral orifice. A cleaned, lubricated specu-
lum may afford better visualization for pipette placement. Cassou 
guns made for cows can be effectively used in sheep and goats, but 
AI equipment for goats is readily available.157 Insemination with 
4 3 109 and 3 3 109 progressively motile, fresh spermatozoa 
close to the cervix maximizes fertility with vaginal insemination 
in ewes and goat does, respectively.149,151,158–161 The conception 
rate with this method ranges from 15 to 30%. Results can be 
improved with experienced technicians, using well-conceived and 
implemented estrus synchronization detection programs in 

0d

A. Ewe

B. WTD Doe

12 or 14d +24h +36h +48h +53h +58h

Progestin

Remove progestin
�PMSG (eCG)

Teasing by
vasectomized ram

Inseminate with
fresh semen

Inseminate with
frozensemen

53–58h

GnRH at
30–60h

0d 14d +56h

Progestin
(CIDR)

Remove progestin
+ 1.1 mL PMSG IM

Inseminate with
fresh semen

• Fig. 8.16   Protocol for estrus synchronization in (A) ewes and (B) white-tailed deer (WTD) does for artificial in-
semination. CIDR, Controlled intravaginal drug-releasing device; d, day; GnRH, gonadotropin-releasing hormone; 
H, hour. Progestin: Implant, Vaginal Sponge, CIDR (Courtesy Dr. Jason Coe, Advanced Deer Genetics, LLC.)
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healthy, well-fed (body condition score 2.5–3 out of 5), disease-
free animals.

Cervical Insemination. Cervical insemination is more time-
consuming and requires greater skill but should yield superior 
results to vaginal methods.149,151,162 In this method, the ewe’s or 
doe’s hindquarters (not its abdomen) are elevated and its legs are 
held over a table or, more commonly, a bale of hay. The cervid 
female is generally anesthetized or confined in a drop chute. The 
operator gently introduces a lubricated vaginal speculum ap-
proximately 12 cm through the cleaned vulva and into the vagina. 
With the help of a good light source such as a transilluminator, 
the cervix is visualized through the speculum. Alternatively, a 
small endoscope may be used to help visualize the cervix. The 
operator then introduces an insemination pipette through the 
speculum and attempts to atraumatically pass the pipette as far 
into the cervix as possible. The long (7–8 cm) cervix and the six 
to eight rear-directed cervical rings make completely traversing 
the cervix difficult in the ewe, resulting in semen deposition in the 
caudal cervix. A 12-gauge tube attached to the semen delivery 
system allows deeper penetration of the cervix. The goat doe’s 
cervix has a smaller luminal size but is slightly easier to pass.  
Approximately 1 3 109 sperm cells from fresh semen are needed 
to ensure good lambing and kidding rates using this 
method.149,157,158–161 If cooled or frozen and thawed semen is 
used, these numbers may need to be expanded by a factor of 1.5 
and 2, respectively.157–161 The cervid doe cervix generally has three 
rings and is easier to pass an insemination pipette through. The 
conception rate with this method ranges from 35 to 50% (and 
occasionally higher in skilled inseminators). Care should be taken 
to minimize trauma to the cervix, which, as might be expected, 
can reduce fertility.

Transcervical Insemination.  The more invasive methods of 
insemination are designed to place semen directly into the uterus. 
With these methods, a much smaller number of progressively 
motile sperm are needed. Transcervical insemination (TCI) of 
dairy and meat goats is a relatively common procedure and one 
that can be easily mastered with some practice. The necessary 
speculum, light source, and insemination equipment are readily 
available through goat supply companies. All items that come into 
contact with the internal reproductive tract of the doe should be 
sterile. Dairy goats are usually restrained on a milking stand. Meat 
goats are not usually cooperative on stands and should be re-
strained by an assistant lifting the hindquarters and holding both 
hindlegs.

Ewes.  There are several transcervical methods described for 
sheep.151,163 The most popular is the Guelph system for transcervi-
cal AI.151,157,159 The ewe is restrained on her back with the 
hindlimbs pulled forward. Special cradles designed for foot trim-
ming or a V-shaped wooden trough can be used. A specially de-
signed Plexiglas vaginal speculum that has a 1-cm opening run-
ning along its entire length is introduced into the vagina and the 
cervix is identified. A wand-type light source that can be partially 
introduced into the speculum with a retaining clip can be used to 
provide a light for this procedure. Alternatively, a small handheld 
endoscope may be used to visualize the cervix. The clinician in-
serts a pair of 25-cm Bozeman forceps into the speculum and 
grasps tissue near the cervical os. Any mucus preventing visualiza-
tion of the cervical os can be aspirated with a syringe infusion 
pipette. The slit-like opening in the speculum allows the introduc-
tion of the forceps; after grasping the cervical tissue, the operator 
can retract the cervix caudally and slide the forceps partially 
through the slit to allow better visualization of the cervix.  

Holding the speculum and forceps with one hand, the clinician 
next introduces a special bent-tipped insemination rod into the 
cervical os and attempts to traverse the cervical rings. Manipulat-
ing the AI rod and the cervix with the grasping forceps facilitates 
the placement of semen directly into the uterus. The tip of the 
insemination gun can be used to locate the cervical canal. By 
turning the gun, most of the cervical rings can be traversed. 
Proper attachment of the forceps to the cervical os is crucial for 
maximal cervical penetration. If the AI pipette tip can be moved 
without resistance, it is in the cervical lumen or uterine body. The 
closer to the uterine body the semen is deposited, the higher the 
conception rate. This procedure requires 50 to 100 million pro-
gressively motile sperm cells. It also requires more experience and 
the reported results (40–70% lambing rates) are variable. Opera-
tors report a higher pregnancy rate when they can enter the uterus 
with the insemination pipette instead of depositing the semen 
into the cervix. Pregnancy rates may be similar to those achieved 
in laparoscopic methods when the semen is placed into the 
uterus.164

Goats.  For AI of goats, the perineal area is washed with soapy 
water, rinsed, and dried with a paper towel. A lubricated clear AI 
speculum is inserted into the doe’s vagina and directed dorsally 
first and then slightly ventrally to pass over the ischial arch. The 
AI light is inserted into the speculum and the cervix is visualized. 
Alternatively, a small handheld endoscope may be used to visual-
ize the cervix. After locating the cervical opening, the clinician 
places pressure on the speculum to lock the cervix into the lumen 
of the speculum. An assistant should hold the speculum in the 
vagina while the inseminator prepares the semen. The frozen se-
men straw is placed in water based on the processor’s recommen-
dation (usually 30–60 seconds in 35° C water). The clinician dries 
the straw with a paper towel, cuts it, and places it in the AI gun. 
The insemination gun is manipulated through the cervical open-
ing by gentle rotation and forward movement, slowly depositing 
the semen in the interior cervix or uterine body. After insemina-
tion, the doe is allowed to stand and relax for a few minutes. 
Conception rates between 50% and 85% have been reported, 
depending on the type of equipment used, the skill of the opera-
tor, and the quality of the semen.149,165 Fresh extended semen 
produces better fertility than frozen semen.149,160,161 In the doe, 
the desired number of motile sperm per insemination for fresh 
semen is 150 million; 200 million sperm are required for frozen 
semen.157,160,161 Both fresh and frozen semen should be evaluated 
for quality before insemination.

Cervid.  The technique for TCI in the cervid is the same as in 
goats. The cervix has fewer rings and is easier to pass a pipette 
through than goats or sheep. Most TCI is done in a drop chute or 
under anesthesia due to the temperament of the deer. Pregnancy 
rates vary from 30% to 80% depending on semen, operator, and 
management factors. TCI is much harder to perform on primipa-
rous does than multiparous animals. Speculums of various sizes 
for females of different sizes should be available. Aspiration of 
vaginal and cervical secretions may need to be done to better vi-
sualize the cervical os using a pipette and syringe. A human proc-
toscope works very well for the procedure. Semen doses range 
from 10 to 50 million sperm.

Laparoscopic Insemination. Large animal laparoscopy (espe-
cially for abdominal exploration) is frequently performed using a 
10-mm-diameter laparoscope with a 30-degree angled field of 
view. That diameter allows more light to view a large cavity and 
the angled field allows a more panoramic visualization of the ab-
dominal cavity. However, laparoscopic insemination of small  
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ruminants can be done very efficiently with smaller diameter 
laparoscopes (5–6.5 mm) that are direct (0 degrees) field of view 
instruments since the clinician can focus directly on the uterus 
and has no need to further examine the abdominal cavity. While 
conventional laparoscopic examinations are usually done via a 
scope portal near the umbilicus, insemination can quickly be 
done via more caudal portals for the laparoscope and the insemi-
nation gun.

The ewe (or doe) should be held off feed and water for  
24 hours before laparoscopic insemination. The animal is sedated 
and placed in dorsal recumbency in Trendelenburg’s position 
(head tilted down at a 45-degree angle or more) to allow good 
visualization and easy access to the uterus as the procedure pro-
ceeds. The abdomen should be clipped and prepared for aseptic 
surgery. Local anesthetics are infiltrated at the two sites of the 
portals for the laparoscope and the insemination pipette. The 
portals are located midway on a line between the cranial border of 
the udder on midline and the cranial aspect of the fold of the 
flank on each side. The clinician can decide based on comfort of 

instrument handling which side they prefer to use for the scope 
versus the insemination pipette. Conventional laparoscopic tech-
nique involves using a needle to inflate the abdominal cavity prior 
to inserting the trochar and cannula in the scope portal. Alterna-
tively, the cannula can be efficiently and safely placed into the 
abdominal cavity and the scope inserted prior to inflation with  
1 to 2 L of carbon dioxide. This also allows the clinician to make 
sure the cannula is not within the omentum. Filling the omentum 
with CO2 inhibits visualization of the uterus and prolongs the 
procedure. After inflation of the abdominal cavity, the clinician 
watches the insertion of the opposite cannula via the laparoscope. 
The scope can be used to transluminate the site of the portal. The 
clinician makes a 6- to 10-mm incision through the skin and 
body wall into the abdominal cavity. The cannula is then placed 
through that incision (Figure 8.17A–D). The uterus is visualized, 
and the clinician inserts the insemination pipette (consisting of a 
special needle on the end of a pipette) into the second cannula to 
inseminate each horn. Alternatively, an insemination gun fitted 
with a brass injection tip or an aseptic needle (0.5–0.7 cm) is  
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Ventral midline
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D

• Fig. 8.17   Laparoscopic insemination in field conditions. A. The doe is secured on a reclining surgical 
table. The surgeon has placed both canula and is manipulating the laparoscope in order to visualize the 
uterus and judge the uterine tone. B. The left hand of the surgeon is operating a 5-mm laparoscope while 
visualizing the uterus. The right hand is manipulating the insemination gun through a canula. C. The skin 
incisions and canula placements should be inside the two marked operative fields. D. A laparoscopic view 
of the uterine horn being inseminated. Note that the insemination gun’s needle (not seen) has penetrated 
the nonvascular curvature of the toned uterine horn and is depositing semen intra luminally. (A and B, 
Courtesy Dr. Jason Coe, Advanced Deer Genetics, LLC.)
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inserted through the cannula into the abdominal cavity. The in-
jection of the semen is done in an avascular area at the anterior 
uterine horn. The needle is inserted into the uterine lumen at a 
right angle to the uterine wall. The clinician should place the 
needle in the center of the horn, taking care to ensure that the 
needle is in the lumen of the uterus. The authors prefer to make 
a quick, controlled thrust into the uterine lumen. The semen 
should easily flow through the insemination device and into the 
uterus. If it does not, the needle is likely in the wall of the uterus 
and should be redirected. After insemination, the laparoscope and 
cannula are removed, and the puncture sites are sutured, stapled, 
or covered with an antibiotic ointment. Ewes and does should be 
moved to a recovery area and left undisturbed for 1 to 2 hours. 
The desired number of motile sperm injected into each uterine 
horn for laparoscopic AI using fresh or frozen semen is 20 million 
for goat does, 2 million to 50 million for cervid does, and 50 mil-
lion for ewes.159,160,166 Conception rates of 20% to 90% have been 
reported in small ruminants.157 With a skilled laparoscopic sur-
geon and under good management conditions, use of a laparo-
scopic technique should yield the best results of all methods of 
AI.157,167 The success of insemination depends largely on the 
quantity and motility of spermatozoa being inseminated. An ex-
perienced operator requires only 1.5 to 4 minutes to perform this 
procedure, and the females should recover uneventfully. Ewes and 
does may be laparoscopically inseminated many times throughout 
their lives.

Embryo Transfer
Traditional cross-breeding programs using AI focus on the male 
to produce many offspring. Breeding programs using multiple 
ovulation and ET use genetically superior females to contribute to 
this genetic diversity. The limited economic value of most sheep 
and goats precludes the widespread use of ET for the average 
production unit. Also, the invasive surgical procedure required 
makes ET less practical in goats than in cattle. Nevertheless, ET 
is an efficient method for moving genetics between flocks, across 
countries, and among continents.

ET is less practical in small ruminants than in cows because 
surgical collection and transfer are usually required. A successful 
ET program requires advanced planning and lots of attention to 
detail in donor and recipient selection, superovulation, synchro-
nization of donor and recipient, and successful recovery and 
transfer of high-quality embryos. ET can be performed in or out 
of season, but the best response is attained during the breeding 
season when donors and recipients are cycling normally.151,157,168–172

Donor and Recipient Management. Donor and recipient 
selection and management are crucial to the success of an ET 
program. Recipient and donors must be synchronized to cycle 
together. Donors respond most successfully to estrus synchroniza-
tion and superovulation when they are young, healthy, and cy-
cling normally.157,173 Does and ewes 2 to 5 years of age seem to 
respond best to synchronization and superovulation programs. 
Unfortunately, does and ewes presented as potential donors may 
often be older animals and therefore past their peak reproduction 
performance. Donors should be in good body condition (but not 
over conditioned) and good general health.173 They should be 
vaccinated against any infectious diseases prevalent in the area and 
kept in separate groups for 2 to 4 months before the beginning of 
the ET program. This helps acclimate the donors and prevents 
stress.170 Any changes in environment, feeding, and handling 
should occur well in advance of the initiation of an ET program. 

Premature luteal regression, a syndrome common in some breeds 
(Boer), appears to be caused by stress.

Recipients should be healthy animals with proven reproductive 
ability that are in good body condition (with a body condition 
score of 3–3.5) and cycling normally.173 Females 2 to 4 years of 
age with good mothering characteristics and adequate potential 
for milk production are preferred. Recipients should also be cur-
rent on their vaccinations against diseases prevalent in the area.

Synchronization. Most ET programs rely on exogenous hor-
mones to induce and synchronize estrus in donors and recipients 
as described in the section on control of estrus cycle. Synchroniza-
tion is commonly achieved using progestin sponges or CIDR. 
Accurate detection of estrus can be achieved using a teaser buck 
or ram. The method of estrus synchronization should be the same 
for both donor and recipient, with the exception that superior 
results are obtained if progestin sources are removed from recipi-
ents 12 hours before they are removed from donors. Figures 8.18 
and 8.19 are generic synchronization/superovulation programs 
for goats and sheep, respectively (Johnson J: Personal communi-
cation, Lincoln Memorial University, Harrogate, TN 2010).

Superovulation. Superovulation of the donor is accomplished 
by injecting eCG and pituitary extracts of FSH. eCG has a longer 
half-life (about 72 hours). It is associated with overstimulation of 
the ovaries, resulting in the release of large numbers of eggs, an 
increased proportion of unfertilized embryos, and poorer-quality 
embryos. The eCG is administered in a single dose (1000 to 1500 
IU) 48 hours before the progesterone source is removed. The 
donor also can be superovulated using an FSH product alone or 
in combination with eCG 2 days before the end of the artificially 
created luteal phase.172 FSH has a half-life of about 6 hours and 
requires twice-daily injections beginning 48 hours before proges-
tin removal. FSH is superior to eCG in ovulation and fertilization 
rates and production of good-quality embryos. Does and ewes 
generally exhibit estrus 24 to 36 hours after progestin removal. 
Frequent observation of does for estrus with the aid of a teaser 
animal is needed to ensure accurate recording of the time of es-
trus. Donors can be hand-mated 12 to 24 hours after estrus detec-
tion. Laparoscopic deposition of frozen and thawed semen into 
the uterine horns 24 hours after the animal is first seen in estrus 
yields optimal results. If donors are to be naturally bred, one buck 
or ram should be kept with one or two superovulated does 
or ewes.171

Embryo Recovery. Embryos (late morula to early blastocyst 
stage) are usually recovered from the donor’s uterus on day  
5 to 7 after breeding. In most instances, surgical collection may 
be employed. However, alternative techniques such as laparo-
scopic and nonsurgical embryo collection have been devel-
oped.151,157,168–172,174–178

Surgical.  Does or ewes are held off feed and water 36 hours 
before surgical collection of embryos. Withholding feed and water 
decreases the chance of reflux and aspiration, decreases weight on 
the diaphragm, allowing easier respiration while under anesthesia, 
and decreases abdominal fill from ingesta, thus allowing easier 
manipulation and exteriorization of the uterus. After the female is 
placed under general anesthesia in dorsal recumbency, the caudal 
abdomen is clipped and prepared for aseptic surgery (see Chapter 18). 
A caudal ventral midline laparotomy incision approximately 8 to 
10 cm in length extending cranially from the udder (or pelvic 
brim depending on udder development) is made. The uterus and 
ovaries are then carefully exteriorized. Some clinicians pour a 
physiologic solution (e.g., 250–500 mL physiologic saline with or 
without added ampicillin) into the abdominal cavity before  
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• Fig. 8.18  Sample protocol for superovulation and estrous synchronization in the goat. 
FSH: follicle stimulating hormone; PMSG: pregnant mare’s serum gonadotropin; eCG: equine chorionic 
gonadotropin; GnRH: gonadotropin-releasing hormone 
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• Fig. 8.19  Sample protocol for superovulation and estrous synchronization in the sheep.
FSH: follicle stimulating hormone; PMSG: pregnant mare’s serum gonadotropin; eCG: equine chorionic 
gonadotropin; GnRH: gonadotropin-releasing hormone; lap AI: laparoscopic artificial insemination
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exteriorizing the uterus. The clinician should carefully examine 
the ovaries to determine the response to superovulation. This ex-
amination of the ovaries can be accomplished laparoscopically 
before the laparotomy is performed to minimize ovarian han-
dling. A blunt-tipped, 20-gauge needle is used to pierce the uter-
ine wall near the uterotubal junction; an embryo or “tom cat” 
catheter is then inserted through the puncture site into the uterine 
horn. Tracing that uterine horn toward the body, a small artery 
forceps is used to “push-puncture” into the lumen of the horn 
near the bifurcation. An 8- to 10-French Foley catheter is placed 
through this “push-puncture” into the uterine body. The cuff is 
inflated with 3 to 5 cc of saline, and approximately 20 mL of 
flushing media (Dulbecco’s PBS solution containing 100 IU/mL 
penicillin supplemented with 2% heat-activated goat serum) is 
infused through the embryo catheter to lavage the uterus. The 
lavage is followed by 10 to 15 cc of air. The fluid should drain 
through the Foley catheter and into a collection bowl or Petri dish. 
The dish operator monitors fluid flow and collection. The proce-
dure is repeated on the opposite uterine horn. The uterine punc-
ture sites can be left unsutured or closed with an inverting suture 
pattern using an absorbable 3-0 suture on a tapered needle. PGFa2 
should be administered postoperatively to lyse all luteal tissue. If 
embryos are to be collected before the fourth day after breeding, 
oviductal flushing (via cannulation of the oviduct near the fim-
bria) is necessary. The collection media is flushed in a retrograde 
direction through the oviduct using a catheter placed at the utero-
tubular junction.

The abdominal incision is then closed in a routine fashion ac-
cording to clinician preference. The linea alba may be closed using 
no. 1 absorbable suture in a simple continuous pattern. The sub-
cutaneous layer could be closed with 2-0 or 3-0 absorbable suture 
in a simple continuous pattern. The skin can then be closed with 
surgical staples or a suture material of choice using a simple con-
tinuous suture pattern.

Laparoscopic.  Laparoscopic-assisted collection can be per-
formed to exteriorize the tip of the uterine horn, with the flushing 
being performed in the same manner described for surgical collec-
tion. This method reduces the severity of adhesions that result 
from the handling required in a laparotomy approach.169 Laparos-
copy also can be used to collect the embryos within the abdomen 
without performing laparotomy. This technique requires consider-
able skill and is not practical for routine field use. A laparoscope-
assisted procedure can be used to enhance this technique and de-
crease the risk of adhesion formation.157,160 The laparoscopic 
method allows the operator to visualize the ovary, locate the CL, 
and more easily exteriorize the uterine horn. Advantages include 
reduced surgical time and a smaller abdominal incision.160

Nonsurgical.  Nonsurgical or transcervical embryo collection 
techniques avoid the risk of postsurgical adhesions and maintain 
the value of genetically superior donors after multiple embryo 
collections. Several reports of successful nonsurgical collection in 
sheep and goats have been published.175–178 Embryo recovery rate 
appears to be comparable to that achieved with surgical collec-
tion, but at present, most commercial embryo recovery proce-
dures are still performed surgically.

Embryo Handling. The flush medium is searched under a dis-
secting microscope, and the embryos are retrieved and placed in a 
holding dish after washing. Before freezing or transfer, they are 
carefully assessed for quality and stage of development. Morula 
and blastocyst stages are expected when embryos are collected at 
day 5 or 6. Embryos should be held in Dulbecco’s PBS with 5% 
to 20% fetal calf serum. The International Embryo Transfer  

Society has defined handling procedures to reduce the risk of 
disease transmission during ET.

Embryos are drawn-pulled into the tip of a small-bore intrave-
nous (IV) catheter attached to a 1-mL syringe for immediate 
transfer into recipients. Alternatively, the embryos may be pro-
cessed for freezing.

Embryo Transfer. Most transfers are performed surgically, 
with or without the aid of a laparoscope. Recipients are selected 
for transfer based on the greatest synchrony of estrus to the donor. 
This synchrony is one of the most important factors in the success 
of ET programs. The recipient is prepared as for surgical embryo 
collection, and a small ventral midline incision is made in front of 
the mammary gland. The ovaries are examined for a CL, and the 
uterine horn ipsilateral to the CL is exteriorized. Embryos are 
transferred to the oviducts via the fimbria using a “tom cat” cath-
eter, Pasteur pipette, or embryo-specific pipettes if the embryos 
are in an early stage of development (earlier than day 4). Older 
embryos (those collected after day 4) are transferred to the uterine 
horns through a small stab incision made with a rounded 
20-gauge needle or with the “eye” of a suture needle. Before clos-
ing the abdominal incision, the clinician should examine the 
catheter used to make the transfer microscopically to ensure that 
no embryos are retained in it. Most clinicians will transfer two 
embryos per recipient.

Recipient animals undergoing laparoscope-assisted transfer are 
prepared and placed on a surgical table or cradle as described for 
laparoscopic AI. Two cannulas are placed in the abdominal cavity, 
each 2 to 3 cm from the midline and approximately 10 cm cranial 
to the udder. The ovaries are examined through the laparoscope to 
identify the horn suitable for the ET. The tip of the uterus is 
grasped with forceps and gently elevated through the incision to 
the exterior. The tip of the uterus is punctured with a blunted 
needle and the embryos are introduced as previously described. 
The small incision in the midline is sutured.

Although the laparoscopic collection of embryos requires con-
siderable expertise, laparoscopic transfer of embryos is relatively 
easy and recommended for large ET programs. However,  
laparoscopic-assisted transfer and surgical transfer are the tech-
niques used most often for ET in goats.

For laparoscopic transfer, the recipient animals are prepared as 
described for laparoscopic-assisted ET. The clinician examines the 
ovaries through the laparoscope and identifies the horn ipsilateral 
to the CL for transfer of the embryos. The embryos are loaded in 
a 0.5-mL straw and inserted into an AI insemination gun fitted 
with a brass injection tip. The Cassou gun is inserted into the 
abdominal cavity through the cannula, an avascular area at the tip 
of the uterine horn is identified, and the needle is inserted into the 
uterine lumen at a right angle to the uterine wall. The clinician 
depresses the plunger of the AI gun gently to expel the embryos.

Many factors can affect the success of an ET program. An aver-
age of 8 to 10 transferable embryos can be expected per flush with 
expected pregnancy rates of 60 to 80% for the transfer of two 
fresh embryos per recipient.179 Pregnancy rates from the transfer 
of frozen embryos are much lower.

Advanced Reproductive Techniques
Embryo freezing, in vitro fertilization, sexing semen, nuclear 
transfer (cloning), and other forms of assisted reproductive tech-
nology are useful in both research and propagating desired genetic 
traits. Information on specific areas of interest is widely available 
from the current scientific literature.180–186
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Pregnancy Determination
Early pregnancy diagnosis and determination of the number of 
fetuses are of considerable value in goat and sheep reproductive 
herd health management. Goat owners frequently use clinical 
signs such as failure to return to estrus after breeding, enlarging 
abdomen, and developing mammary glands to make a presump-
tive diagnosis of pregnancy. However, pathologic conditions of 
the uterus and ovaries, physiologic anestrus late in the breeding 
season, and out-of-season breeding may cause postbreeding anes-
trus in nonpregnant goats.187,188 Many goats and some ewes ex-
hibit estrous behavior during pregnancy. Ultrasonography and 
hormonal assays are the most useful methods of pregnancy diag-
nosis. Abdominal palpation or ballottement, radiography, and 
rectal-abdominal palpation with a rod have limited use or have 
been abandoned.

The value of pregnancy determination lies in the identification 
of nonproductive females and ewes bearing multiple fetuses. Early 
identification allows appropriate nutritional and management 
programs to be implemented. The ability to divide the flock into 
groups of animals based on pregnancy status and fetal numbers 
not only improves the health care of these animals by reducing the 
incidence of some disease but also decreases production costs.

Diagnostic Techniques
Ultrasonography. Ultrasonographic techniques for preg-

nancy determination include amplitude modulation (A-mode), 
Doppler, and real-time (B-mode) imaging.188 A-mode ultrasonog-
raphy can be used to detect pregnancy between 60 and 100 days’ 
gestation. Detection of a fluid density is interpreted as pregnancy. 
Accordingly, hydrometra or a large bladder may give a false- 
positive result. Therefore, A-mode ultrasound is an unreliable 
method for diagnosing pregnancy. Doppler ultrasonography can 
be used to detect movement that may indicate pregnancy (blood 
flow in the middle uterine artery or umbilical arteries, fetal heart-
beat, and fetal movements). The external Doppler technique has 
an accuracy of 100% during the second half of gestation but is 
not as effective at 50 to 75 days or earlier. The transrectal tech-
nique for Doppler ultrasound may be attempted as early as 25 to 
30 days after breeding but waiting until day 35 to 40 produces 
better results. False-negative and false-positive results are common 
and determining fetal numbers is difficult.

Pregnancy detection in small ruminants is now performed al-
most entirely with real-time ultrasonography. Linear array real-
time ultrasound transducers can be used transrectally to diagnose 
pregnancy as early as 18 days and as late as 60 days.189 A home-
made plastic extension can easily be fashioned from PVC pipe to 
allow easy introduction of the transducer into the rectum. A 5- or 
a 7.5-MHz transducer is recommended for rectal scans. The doe 
or ewe should be prepared for transrectal ultrasonography by re-
moving as much fecal material as possible from the rectum. The 
addition of 20 to 30 mL of methylcellulose into the rectum pro-
vides lubrication to facilitate the introduction of the transducer 
rectally. After 60 days, the gravid uterus is pulled down into the 
abdomen and may be difficult to visualize transrectally. Table 8.5 
shows age of gestation and associated ultrasonographic findings 
for pregnant sheep and goats.

Transabdominal ultrasonography with a 3.5- or 5-MHz linear 
or sector scanner is used after 30 days of gestation. The transducer 
is placed on a fiberless area of the abdomen high in the inguinal 
region, preferably in the right flank.187,188 A bland fluid (e.g., 
vegetable oil, methylcellulose, and alcohol) should be used to 

couple the ultrasound transducer to the skin. The clinician aims 
the transducer’s beam toward the opposite side of the pelvis and 
scans the abdomen by slowly “sweeping” the transducer cranially. 
In goats, shearing the inguinal region increases the accuracy and 
speed of examination. Identification of the bladder (typically tri-
angular in appearance) provides an excellent landmark. The 
uterus is normally located dorsal or cranial to the bladder. Preg-
nancy at this point can be diagnosed on the basis of finding a fe-
tus, placentomes, or, less reliably, numerous fluid-filled uterine 
luminal sections. The placentomes appear as round “doughnuts” 
or C-shaped structures (Figure 8.20A, B) in sheep and goats, 
whereas in cervids, it will appear as a hyperechoic flat area on the 
uterine wall. Transabdominal ultrasonography can be used as early 
as 30 days and as late as 120 days. After day 90 to 120, reliable 
identification of the number of fetuses becomes difficult because 
their individual size fills the screen; one fetus may be mistaken for 
two, or two different fetuses may be mistaken for one.

Twin pregnancies can often be determined between 45 and  
90 days of gestation. Sector scanning units provide a wider visual 
angle or view of the abdomen.187 This allows more of the uterus 
to be seen in the visual field, improving the accurate identification 
of multiple fetuses. The clinician should shear the wool on the 
abdomen just cranial to the udder and scan the abdomen slowly 
to make a mental image of all abdominal contents. Generally, the 
C-shaped placentomes can be seen “pointing” their concave por-
tions toward the fetus. The fetal bones form “shadows,” and the 
fetal ribs produce a characteristic striated appearance. Careful at-
tention to a complete and thorough examination helps minimize 
errors but viewing a single fetus too long can result in a false di-
agnosis of twins. After 120 days of gestation, the fetal bones can 
produce a distorted image, but a diagnosis can be made with some 

TABLE 
8.5 Ultrasound Findings in Pregnancy.

A. Ultrasound Findings at Various Stages of Gestation

Gestational Age (Days) Ultrasound Findings
17–25 Transrectal: embryo visible after 24 days

26–35 Transabdominal: hypoechoic amnion and 
hyperechoic fetus

30–75 Transabdominal: doughnut-shaped to  
C-shaped placentomes

55–75 Transabdominal: visualization of genital  
tubercle

45–90 Transabdominal (midabdomen in front of 
udder): best time for twin detection

90 to term Difficult to determine accurate number of 
fetuses as female gets closer to term

B. Fetal Age Determination Based on Crown-to-Rump Length 
for Saanen and Alpine Goats

Crown-to-Rump 
Length (mm)

Gestational Age (Days)

40 mm 45 days

100 mm 60 days

250 mm 90 days
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effort. To maximize the usefulness of ultrasound, ewes and does 
should be scanned between 45 and 60 days so producers can im-
plement any management changes indicated by pregnancy status 
or number of fetuses. Clinicians also can use ultrasonography  
to stage pregnancies by measuring the biparietal diameter of the 
fetus.188–190

Abnormal ultrasonographic findings include hydrometra, pyo-
metra, fetal mummy, and macerated fetus. Hydrometra appears as 
an anechoic, fluid-filled uterus, often with membranous strands 
visualized in the lumen of the uterus. The uterus also does not 
have the typical placentomes characteristic of pregnancy. Hydro-
metra is often seen in does with apparently normal reproductive 
histories.188,189 Pyometra is also manifested as a fluid-filled uterus 
with more hyperechoic densities and a swirling appearance.

Assessment of fetal viability may be crucial in cases such as 
pregnancy toxemia.1 Fetal mummification may be identified as 
hyperechoic areas without any identifiable body parts within a 
relatively fluid-free placentome-less uterus. The fetal heartbeat can 
be easily recognized by 30 to 35 days after breeding.188 Early fetal 
death may be recognized by finding free-floating fetal masses 
along with ribbon-like placental membranes.190 These ribbon-like 
membranes may be found contralateral to a normally developing 
fetus. Lack of fetal movement, amniotic fluid, heartbeat, and 
blood coursing through the umbilicus can easily differentiate a 
dead fetus from a living one with real-time ultrasonography. Soon 
after fetal death the placentomes lose their “crisp” margins.187

Abdominal Palpation and Ballottement.  During the last half 
of gestation, the gravid uterus or fetus may be palpated through 
the abdominal wall. Ballottement may be useful in determining 
pregnancy status during late gestation. Ballottement is performed 
by gently pushing a fisted hand low in the right flank of the fe-
male. In a pregnant female in late gestation, the fetus should be 
pushed away from the fisted hand and then return in a fluid wave 
to “bump” the fist. Ballottement is unable to assess the viability of 
the fetus and false-positives have occurred when the ventral sac of 
the rumen was confused for a gravid uterus.

Hormone Assays.  Measurement of hormones in blood, milk, 
or urine provides an alternative method of pregnancy diagnosis 
when ultrasound equipment is not available. The estrone sulfate 
test, pregnancy-specific protein B (PSPB), and progesterone mea-
surement are examples.

Estrone Sulfate.  Estrone sulfate is a pregnancy-specific hor-
mone produced by the fetal placental unit. It can be detected in 
the urine, serum, or milk after day 50 of pregnancy. When per-
formed 50 days or more after breeding, this test has been charac-
terized as almost 100% accurate in the detection of pregnancy.  
A positive test indicates a viable fetus. False-positive results  
may occur if hemolyzed serum samples are assayed. False-negative 
results may occur if samples are collected before day 50 of gesta-
tion. Commercial laboratories offering this test are limited and 
expensive.187

Pregnancy-Specific Protein B.  PSPB is produced by binucle-
ate giant cells of the placenta throughout gestation. It can be used 
in small ruminants to detect pregnancy any time after day 30 
postbreeding for sheep and goats and after 40 days postbreeding 
in elk, moose, deer, caribou, and African antelope. False-positive 
results can occur in the early postpartum period and false-negative 
results can occur if samples are collected prior to day 30 after 
breeding. An ELISA (BioPRYN, BioTracking, Inc., Moscow, 
Idaho) is presently commercially available for sheep, goats, cer-
vids, as well as cattle and bison.188 Multiple fetuses typically result 
in higher levels of PSPB.187

Progesterone.  Progesterone analysis is not a test for pregnancy, 
and it more accurately detects nonpregnant rather than pregnant 
females. Goats and cervids depend on progesterone from the CL 
to maintain pregnancy throughout gestation. Plasma or serum 
progesterone concentrations below 1 to 2 ng/mL at 21 days and 
18 to 19 days after breeding in the doe and ewe, respectively, in-
dicate nonpregnancy based on the absence of a functional CL. 
Low progesterone concentrations after 24 days in cervids would 
indicate nonpregnancy. An elevated progesterone concentration 
at this time may indicate pregnancy, hydrometra, pyometra, early 
embryonic death, fetal mummification, or irregular estrous cycle. 
The accuracy of blood progesterone level analysis is reported as  
80 to 100% for nonpregnancy and 67 to 100% for pregnancy. In 
some management scenarios, particularly in dairy goats, serum or 
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• Fig. 8.20   These two ultrasound images contrast the transabdominally 
viewed gravid uterus with the rectally viewed nongravid uterus. A. Real-
time, curvilinear array ultrasound using a 2.5-MHz transducer on a doe at 
60 days in gestation. Notice the hyperechoic, “C-shaped” placentomes 
(A), the hyperechoic fetal ribs (B), and the hypoechoic amniotic fluid 
(C) from this transabdominal view. B. Ultrasound of a nongravid uterus 
obtained from a 3-year-old Cheviot ewe, 2 months after delivering twins, 
demonstrating an alternating echogenic and hypoechoic appearance. The 
lumen of the uterine horn is not visible of this picture. This long-axis view 
image was obtained transrectally with a 5-MHz linear array transducer. 
Cranial is to the right of the image. (Courtesy Dr. Misty Edmondson, Ala-
bama Department of Agriculture and Industries, and Dr. Karine Pader, 
Purdue University, respectively.)
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milk progesterone is collected on day 19 to 22 after breeding. 
Serum or plasma progesterone concentrations more accurately 
reflect the true endocrine status of the goat doe and are more ac-
curate than milk progesterone analysis. Commercial, on-farm 
cattle progesterone test kits can be used in goats with good 
accuracy.187

Radiography. Abdominal radiography is useful for detecting 
pregnancy and fetal numbers in the individual pet goat brought 
to a clinic. It also provides an accurate alternative when ultra-
sound equipment is not available. This procedure is applicable but 
rarely used in small ruminants. Radiography is not practical for 
examining large numbers of animals. The fetal skeleton may be 
seen as early as 58 days after breeding and may be radiopaque 
after day 65. Radiography is probably best performed 90 days  
or later after breeding in small ruminants to avoid false-negative 
results.

Fetal Age Determination
The size of the fetus can be used to estimate the gestational age 
of the fetus. The crown-rump length of the fetus in relation to 
gestational age has been estimated for Saanen and Alpine goat 
breeds. A crown-rump length of 40 mm is equivalent to 45 days 
of gestation, 100 mm to 60 days, and 250 mm to 90 days.191 
Fetal age has also been estimated for dairy goats and pygmy 
goats between 40 and 100 days of gestation by measuring the 
biparietal diameter with real-time ultrasonography. The formu-
las for calculating fetal age vary based on the breed.192,193 Cervid 
fetal aging can be done, as well, by fetal crown-rump measure-
ments.194

Fetal Sex Determination
Fetal sex can be determined through the use of real-time ultraso-
nography though visualization of the genital tubercle of the devel-
oping fetus between 55 and 75 days of gestation. Fetal sexing 
should be performed after 60 days in fetuses derived from fresh or 
frozen embryos.195 The genital tubercle begins its development 
between the hindlimbs and moves back toward the tail in females 
or forward toward the umbilicus in males. Females should have 
two teats visible between the hind legs with the absence of a  
triangular-shaped scrotum. The penis and prepuce are located just 
caudal to the umbilical cord.196,197 Visualization of the genital 
tubercle is more difficult with twins or triplets compared to a 
singleton fetus.196,197

General Female Management
Pregnant ewe and doe flocks should be intensely managed to 
control disease and lessen the chance of reproductive failure. A 
review of records provides the veterinarian with an opportunity to 
look at the reproductive performance of the flock over the past 
several years. This analysis can help in the implementation of 
management changes to enhance productivity. Particular atten-
tion should be given to lambing/kidding percentages and dystocia 
rates to determine whether more aggressive monitoring and inter-
vention may be necessary around the time of parturition. Some 
basic guidelines should be followed with respect to control of in-
fectious disease. Producers should attempt to keep flocks/herds 
closed during gestation and should be vigilant for potential fomite 
transmission among flocks/herds. Biosecurity should be extended 
to include pest and stray cat control (see Chapter 19).

Prepartum Care of the Small Ruminant
Females should be maintained at a body condition score of 2.5 to 
3 and should be allowed free choice access to an acceptable min-
eral salt mixture (see Chapter 2) and clean water. All causes of 
stress should be avoided. Deworming, hoof trimming, shearing, 
vaccination, moving, and other stressful procedures should be 
minimized for 1 month prior to parturition.198 Producers should 
determine the animals’ pregnancy statuses and number of fetuses 
and sort and feed them accordingly, if appropriate. Females 
should be monitored and assessed for body condition score every 
2 to 3 weeks throughout gestation. Basic feeding programs and 
herd health recommendations are covered elsewhere in this text 
(see Chapters 2 and 19).

A good herd health program should be planned and imple-
mented to decrease the incidence of disease in the prepartum fe-
male. The energy balance can also be monitored by measuring 
beta-hydroxybutyrate concentrations in whole blood using a 
handheld monitoring system (Precision Xtra Blood Glucose and 
Ketone Monitoring System, Abbott, Columbus, Ohio). A clean, 
dry lambing area that is protected from severe cold and wind 
should be provided for the ewe or doe. She should be sheared 
before lambing and have her mammary glands examined to en-
sure that the lambs will be able to nurse and that no severe teat 
and udder lesions are present.199

Female dairy goats and ewes should be “dried off” 60 days 
before the expected due date. During the final 4 weeks of the dry 
period, females should be supplemented with concentrates or 
good-quality pasture. They should be watched closely for signs of 
ketosis, hypocalcemia, hypomagnesemia, or abortion diseases.199 
When possible, females should receive their annual vaccinations 
and be dewormed during the final month of pregnancy. Vaccina-
tion of females for enterotoxemia, tetanus, and other endemic 
diseases optimizes the presence of immunoglobulins in the colos-
trum. Dairy does should be brought into a kidding pen, and the 
hair around their udders, tails, and perineal areas should be 
clipped. Meat does should have access to a clean shelter for  
kidding and should be observed regularly. Cervid does should  
be kept as stress free as possible and in their normal/familiar 
groups. Clean, dry areas for fawning are important and providing 
some cover for the doe to fawn in and hide the fawns will improve 
success. One should leave the doe and fawn alone for several 
hours for bonding and colostrum consumption.

Parturition
Normal parturition requires the functional maturation of the fetal 
adrenal cortex. Parturition is triggered by activation of the fetal 
pituitary-adrenal axis. Adrenocorticotropic hormone is released 
by the fetal pituitary gland, stimulating the release of corticoste-
roids by the fetal adrenal glands. An increase in fetal corticoste-
roids stimulates placental estrogen biosynthesis, which in turn 
stimulates the synthesis and release of PGF2a from the placenta 
and endometrium. PGF2a causes luteolysis, which results in a 
decrease in progesterone. An increase in estrogen and a decrease 
in progesterone stimulate myometrial activity with subsequent 
oxytocin release.198

Birth is much more likely to occur during the daylight hours 
than at night; it is most frequent around midday. When the fe-
male is close to birthing, the udder fills up rapidly, the pelvic liga-
ments relax, and the vulva enlarges and shows small amounts of 
colorless mucous discharge. The cervical plug is often shed just 
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before parturition, but it may be lost as much as 1 week prepar-
tum. Parturition can be divided into three stages. The first stage is 
initiation of myometrial contraction, which lasts from 2 to  
12 hours. The female may leave the group and act uncomfortable; 
she is restless, lies down and gets up, and urinates frequently. Dur-
ing this first stage, the cervix relaxes and releases the cervical seal. 
The second stage is delivery of the fetus, which is quick, lasting 
about 1 to 2 hours. Does and ewes may prefer lateral recumbency 
during this stage, but some older, more experienced females may 
remain standing for delivery. Initially, the amnion protrudes from 
the vulva, which should be followed shortly by the forefeet and 
the head. The fetus should be in a position such that the dorsum 
is aimed toward the sacrum of the female. Note: Any female 
that fails to continue progressing through parturition should be 
examined.

Some fetuses are born in posterior presentation, which is nor-
mal if both rear legs are extended and delivery occurs rapidly after 
the feet are delivered. In the case of multiple fetuses, the female 
may rest between deliveries or the deliveries may occur in quick 
succession. If a female strains, without producing any fetus for 
longer than an hour, intervention is indicated.

The third stage of labor is characterized by delivery of the pla-
centa within 6 hours and involution of the uterus. In the absence 
of septicemia or toxic signs, failure to deliver the placenta should 
be of no cause for concern until 12 to 18 hours. Involution of the 
uterus is complete by day 28 after parturition. Lochia (a nonodor-
ous, reddish-brown discharge) is normally discharged for as long 
as 3 weeks postpartum.

Induction of Parturition and Pregnancy 
Termination
Termination of pregnancy in the doe can be achieved at any time 
in gestation because she depends on progesterone from the CL to 
maintain pregnancy throughout gestation. Therefore, intentional 
or accidental administration of prostaglandins induces abortion 
or parturition at any stage of gestation. The typical reason for a 
client’s request for early termination of pregnancy is mismating. 
The drug of choice to induce abortion or parturition in the doe is 
PGF2a (5–10 mg) or cloprostenol (75–100 mg/45 kg). The ewe is 
similar to the cow in that PGF2a may not induce abortion 
throughout gestation in all ewes. To allow the CL to mature and 
become receptive to the effect of prostaglandin, the doe or ewe 
should not be treated earlier than 5 to 7 days after breeding. Suc-
cessfully aborted does typically show estrus in 3 to 5 days.198

Sheep. Farm personnel can use induction of lambing as a 
management technique to ensure proper attention to the delivery 
process. Lambing can be reliably induced in ewes after day 137 of 
gestation with dexamethasone (15–20 mg IM), but better lamb 
survival rates may be expected if induction is initiated within 1 
week of the expected due date or after day 142 of gestation. 
Lambing can be expected within 36 to 48 hours after the admin-
istration of dexamethasone.200,201 Aglepristone, a progesterone 
receptor blocker, has been suggested as another treatment for 
parturition induction in Europe, where it has been approved.202

Goat. The goat kid should be at least 144 days of gestation at 
the time of induction of parturition for the animal to be viable. 
Therefore, accurate breeding records are very important. Females 
with enlarged udders filled with colostrum are the best candidates 
for induction. A doe induced in the morning at the correct 
stage of gestation can be expected to kid by the next afternoon. 
Prostaglandins may be given all at once (5–10 mg of PGF2a or 

75–100 mg/45 kg of cloprostenol) or in a stepwise fashion (100 
mg cloprostenol followed in 10 hours by 50 mg). This allows owners 
to plan the time and day of kidding so that assistance is available. 
Unlike cows, does seldom have problems with retained placentas 
after induced parturition. If does are to be induced because of preg-
nancy toxemia, administering a glucocorticosteroid (10–20 mg 
dexamethasone IM) 6 to 12 hours before induction may enhance 
fetal maturation and improve postinduction survivability.203

Cervid. As a general rule, cervids would not be induced unless 
the health of the dam is in question. Fetal-maternal disproportion 
issues almost never arise, and dystocia rates are small. But, if nec-
essary, prostaglandin will usually induce parturition within 48 
hours using sheep or goat dosages.

Dystocia Management
Dystocia can be a major cause of economic loss in sheep and 
goat flocks. The most common cause of dystocia is fetal postural 
abnormalities. Other causes include incomplete cervical dila-
tion, simultaneous presentation of lambs or kids, cervicovaginal 
prolapse, uterine inertia, and occasionally fetal-maternal size 
disproportion. Cases of fetal-maternal size disproportion are 
usually associated with singleton births and overly finished ewes 
or does.204 Most birthing problems are handled by owners, and 
only the more difficult cases are submitted for veterinary  
assistance. Most fetuses are born in cranial, longitudinal presen-
tation. All manipulative procedures should follow general prin-
ciples of veterinary obstetrics such as cleanliness, lubrication, 
and gentleness. Practitioners with small hands tend to have a 
technical advantage.

When a female is presented for dystocia management, the cli-
nician should first assess her overall condition and rule out the 
presence of concurrent disease. The 3-30 rule is employed by 
many practitioners. That is, the ewe or doe should be examined 
30 minutes after contractions begin or after the breaking of the 
chorioallantoic membrane. If the female is normal and parturi-
tion is progressing normally, the clinician should wait at least  
30 minutes before beginning any treatments or manipulations. 
Females should be examined 30 minutes after delivery to deter-
mine whether another fetus is still in the uterus or birth canal. 
Some females with dystocia may have a complicating uterine in-
ertia because they have become fatigued; signs of pain and pant-
ing may occur. Hypocalcemia (both primary or secondary to re-
spiratory alkalosis) contributes to poor uterine contractility. 
Cervid does may have to be anesthetized or run into a chute sys-
tem to examine. Preparation for anesthesia and reversal of such 
and support of the fetus are important.

Epidural Anesthesia. Administration of a caudal epidural an-
algesic facilitates corrections in fetal alignment and helps decrease 
the associated straining and pain. The area over the first two cau-
dal vertebrae should be clipped and aseptically prepared. An 18- 
to 21-gauge, 4-cm needle is directed ventrally into the junction 
between the first two caudal vertebrae perpendicular to the slope 
of the tail head. In small goats, a 25- to 27-gauge needle may  
be required. After penetrating the skin, the clinician should use 
the “hanging drop technique” by filling the hub of the needle 
with 2% lidocaine (0.5 mL/45 kg body weight) and advancing  
the needle slowly in a ventral direction. When the needle is in the 
proper position, the lidocaine should flow into the space because 
of the negative pressure in the epidural space. The location of  
the site can be enhanced by moving the tail up and down to find 
the freely moveable vertebral space between the first two caudal  
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vertebrae. Epidural administration provides approximately 1 hour 
of analgesia.

Physical Examination. Ideally, the area around the vulva 
should be clipped of wool and thoroughly cleansed before any 
obstetric maneuvers. The clinician should next attempt to palpate 
the fetus and determine the cause of the dystocia. The use of copi-
ous amounts of lubricant should be encouraged when performing 
obstetric maneuvers. Disposable gloves should be worn by all 
people participating in the birth process because of the potential 
for transmission of zoonotic diseases. Common causes of dystocia 
include deviations from normal presentation, position, or pos-
ture; flexion of the neck, carpus, and shoulder; fetal-maternal 
disproportion; and more than one fetus attempting to exit the 
vaginal canal at the same time.203 However, not all cases of abnor-
mal fetal presentation, position, or posture result in dystocia. 
Some does and ewes may give birth normally if only one forelimb 
is presented with the head. In dystocia caused by blockage of the 
vaginal canal by a relatively large head or fetus, one of the fore-
limbs may be repositioned into shoulder flexion, allowing room 
to pass the head and remaining forelimb; the kid can then be 
delivered by traction. In cases in which just the head is presented 
and both shoulders are in a flexed position, traction of the head 
with a snare may be sufficient for delivery if the vaginal canal has 
been well lubricated.

Carpal and shoulder flexions are corrected digitally by hooking 
a finger around the forelimbs below the flexed carpus and 
straightening the limb.

Breech Presentation. A true breech presentation implies that 
the fetus is in posterior presentation in a dorsosacral position with 
both back limbs retained beneath the fetal body. Breech fetuses 
are handled similar to those with carpal flexion by straightening 
each flexed hindlimb. In these cases, the rear quarters of the fetus 
and the tail are felt on vaginal examination. If the veterinarian’s 
hands are small enough, manual correction of the dystocia may be 
possible. The fetus should be repelled or pushed cranially and to 
one side. Raising the female’s hindquarters can make this maneu-
ver much easier. The clinician should then try to pull a hock back 
into the pelvic canal. After one hock is in the pelvis, it should be 
rotated laterally in relation to the long axis of the fetus while  
the foot is pulled ventrally and medially out through the vulva. 
The veterinarian should take care not to injure the female’s vagina 
with the fetal hooves. The same procedure is then repeated on the 
contralateral limb, and the fetus is extracted.

Head Malposition or Lateral Deviation of the Head. Repul-
sion should be attempted to gain enough room to pull the head 
back around in normal position. If this cannot be accomplished, 
the clinician can place a snare-type device over the laterally re-
tained head and legs to keep the head of the fetus as tight against 
its body as possible and then extract the fetus by pulling on the 
forelimbs.

Front Leg Malposition. One or both front legs can be re-
tained. If both front legs are retained, the head is usually in the 
pelvis or can be found protruding from the vulva. If the fetus is 
still viable, it should be repulsed into the pelvic canal to create the 
room necessary to extract both legs one at the time. Fetuses can 
be delivered with only one foot forward if repeated efforts to ex-
tend the second leg are unsuccessful. Care should be taken to 
ensure that the legs pulled into the pelvic canal are from the same 
fetus as the head. If no response is elicited from the fetus by 
pinching or pulling on the tongue and if the veterinarian is con-
fident the fetus is dead, he or she can remove the head with a 

guarded wire saw or a fetotomy knife. This may allow for easier 
correction of the retained legs. The same basic procedure can be 
done if only one leg is retained. When both legs and the head 
present at the same time (i.e., the legs do not present before the 
head), the elbows often lodge against the inner entrance of the 
pelvic canal, creating an elbow lock. This can often be corrected 
by mild repulsion of the head followed by traction on one limb at 
a time.

Ringwomb. Failure of the cervix to dilate properly is encoun-
tered clinically in the ewe and, to a lesser extent, in the doe.205 
This condition is referred to as ringwomb and is considered to be 
a heritable condition. A similar clinical condition occurs when the 
natural birth process is disrupted, and the cervix is not properly 
stimulated for normal dilation to occur. If the veterinarian’s hand 
can fit into the pelvis, he or she can attempt manual dilation of 
the cervix. Misoprostol applied topically to the cervix has been 
used to help ripen the cervix with some success in goats.206 Oxy-
tocin can be administered to induce uterine contractions; pushing 
against the closed cervix may aid in the dilation process. However, 
a cesarean section is usually required. A fetotomy knife can be 
used to open the cervix if the animal’s value does not warrant 
surgery and the fetuses are still viable. Euthanasia should be con-
sidered after this procedure depending on the condition of the 
cervix and uterus.

Cesarean Section
Cesarean section is the most common abdominal surgery per-
formed in small ruminants. While aseptic technique in a hospital 
setting is ideal for better results and fewer complications, the 
procedure can certainly be performed in the field with good re-
sults. In fact, if transportation to a clinic facility dramatically in-
creases the time to delivery, the field procedure is often a better 
option than endangering survival by delaying delivery. Cesarean 
section can be performed in dorsal recumbency via a ventral mid-
line approach, but more often, it is done with the animal in right 
lateral recumbency via a left paralumbar fossa incision. Local an-
esthesia via a paravertebral, inverted-L, or line block is adequate 
for sheep and goats, but general anesthesia will be necessary for 
the cervid. We suggest limiting the dose of lidocaine injected for 
local anesthesia to no more than 6 mg/kg of body weight. Dilut-
ing the 2% lidocaine from the bottle with an equal volume of 
saline to create a 1% solution will adequately anesthetize the sur-
gical site without causing toxicity. Paravertebral nerve blocks can 
be performed in small ruminants as in cattle; however, it is fre-
quently easier to achieve adequate anesthesia with an inverted-L 
block, line block, or local infiltration. The body wall of small ru-
minants is relatively thin, so the local infiltration does not need to 
go as deeply as in cattle. When paravertebral anesthesia is unsuc-
cessful in achieving adequate anesthesia, one must be careful not 
to exceed the toxic dose of lidocaine with supplemental local in-
filtration (see Chapter 18).

The left paralumbar fossa approach allows the dam to remain 
in lateral recumbency, which leads to fewer respiratory complica-
tions than restraint in dorsal recumbency. The rumen is also ori-
ented with the dorsal aspect up with this positioning, which serves 
to help retain abdominal viscera within the abdominal cavity. 
Should the dam bloat in right, lateral recumbency, the rumen has 
more room to dilate before causing respiratory compromise, and 
it can be decompressed if needed. Experience would suggest  
that this is not a frequent problem. When bloat does occur, the 
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practitioner is usually wise to quickly complete the surgery and 
return the dam to sternal recumbency rather than be overly con-
cerned with rumen distention. The muscular body wall is rela-
tively thin in small ruminants when compared to other large animal 
species. Therefore, utmost care is required when making the body 
wall incision to avoid inadvertently damaging deeper structures. 
Sheep, more so than goats, have a great deal of retroperitoneal fat 
that must be penetrated to reach the abdominal cavity. The gravid 
uterus usually can be well exteriorized in small ruminants to allow 
packing off of the uterus with sterile towels before incising into 
the uterus. If possible, both uterine horns should be exteriorized. 
The uterine incision is best made on the greater curvature of the 
uterus in an easily accessible area between the ovary and cervix. 
This incision can be made over the hindlimbs of the fetus; how-
ever, it is frequently easier to make the incision over the head, 
with care taken not to make a laceration in the fetus (Figure 8.21). 
The practitioner’s needs are best served by making an incision over 
each respective fetus, but occasionally, two fetuses in the same 
uterine horn can be removed through one uterine incision. How-
ever, it is difficult to maneuver a fetus from one uterine horn into 
the other to permit removal through one incision. Therefore, it is 
usually best to make at least one uterine incision per uterine horn 
when fetuses are present in both uterine horns. Any placenta that 
is not firmly attached to the uterus should be removed before 
closure of the uterus. The uterine incision should be closed with 
absorbable suture in an inverting pattern (e.g., Utrecht, Cushing, 
and Lembert) to achieve a fluid-tight seal. The practitioner should 
be careful not to invert too much tissue as this may lead to a tun-
neling effect with subsequently leakage of uterine contents. One-
layer closure is usually sufficient, although a second can be added 
if the integrity of the first layer is in question or if the uterine 
contents are severely contaminated. The uterus should then be 
cleaned of any blood or debris using a copious amount of fluid 
before it is replaced into the correct position in the abdominal 
cavity, being careful to limit any contamination of the abdominal 
cavity. Care should be taken to minimize contamination of the 
abdominal cavity. The muscular body wall is closed with absorb-
able suture in a manner chosen by the practitioner. Closure of 
each muscle layer separately is recommended, but, in the interest 
of time, layers may be combined without detriment. An approach 

via the left paralumbar fossa places the incision away from the 
udder which facilitates nursing of the dam sooner and more fre-
quently than a midline or paramedian approach (Figure 8.22).

The most common reason for cesarean section in small rumi-
nants is probably inadequate cervical dilation.207 However, some 
consideration must be given to overdiagnosis of “ringwomb” 
when a time delay occurs before attention is given to the dystocia. 
The cervix in fact may have been adequately dilated during labor 
but does not maintain appropriate dilation for the duration of a 
prolonged dystocia. Other reasons to perform a cesarean section 
include pregnancy toxemia in the ewe or doe, relative fetal over-
size, absolute fetal oversize and, less frequently, fetal malposition. 
Uterine torsion may occasionally lead to cesarean section in which 
case the practitioner will frequently encounter severe tissue dam-
age to the avascular uterus. A torsed uterus may not be viable, and 
the dam could be very ill.

Retained placenta is the most common postoperative compli-
cation following cesarean section. In general, complications are 
decreased when dams receive perioperative antibiotics.

Pygmy goats, as a breed, are more at risk than others for dys-
tocia.203 The increased popularity of some meat breeds may lead 
to selective breeding of heavily muscled animals, which may be-
come more prone to dystocia. Any delay in surgery after a dysto-
cia occurs decreases fetal survival. Many owners will elect not to 
rebreed dams after a cesarean section. In one study, however, all 
ewes and does bred after cesarean section conceived and had un-
complicated vaginal deliveries.207 Another experimental study 
comparing ewes experiencing natural delivery to those having 
elective cesarean sections did not find any significant difference in 
subsequent fertility.208 It was found that bacterial cultures of deep 
cervical swabs were positive for a significantly longer period in 
does that underwent cesarean section than in does experiencing 
natural delivery.209 The clinical significance of this finding would 
likely depend on the intensity of management systems. Lambs 
delivered prematurely by cesarean section from ewes pretreated 
with dexamethasone (16 mg) had better oxygen consumption and 
breathing frequency than control lambs. These lambs exposed to 
low temperatures also showed improved thermoregulation than 

• Fig. 8.21   The uterus of a ewe with pregnancy toxemia in left lateral re-
cumbency with the uterus exteriorized and packed off. The uterine incision 
will be made over the head of the fetus with this exposure. • Fig. 8.22   Kid nursing a doe that had a Cesarean section performed via 

the left paralumbar fossa approach. Note the incision is away from the 
udder which allows for the kid to nurse sooner and more frequently.
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control lambs.210 These findings would support pretreatment of 
ewes with dexamethasone for all elective cesarean deliveries

Fetotomy
A complete fetotomy, such as that performed in cows, is rarely 
practiced in either goats or does. Before performing a fetotomy, 
the clinician should clean the animal’s perineal area and lubricate 
the entire reproductive tract well; extreme caution is indicated 
during the procedure to avoid uterine rupture and cervical or 
vaginal damage. Partial fetotomy of the head, in most cases, is 
sufficient to allow enough room in the vagina for further manipu-
lation or passage of the remaining fetal parts. In both sheep and 
goats, percutaneous fetotomy to remove the front legs may help 
reduce size so the fetus may be manipulated through the pelvic 
canal. If two fetuses are wedged into the pelvic canal and repul-
sion of one or both is not possible, partial fetotomy may be of 
benefit. Partial fetotomy is warranted when the fetus has been 
dead for some time and the female’s uterus is very friable. In such 
cases, pretreatment with NSAIDs (e.g., flunixin meglumine) and 
antibiotics (e.g., penicillin) may be indicated.

Note: The clinician should be very careful when performing a 
fetotomy, as the uterus of small ruminants are quite friable as 
compared with that of the cow. Any full-thickness tear in the 
uterine wall that contaminates the abdominal cavity in an already 
physiologically or immunologically compromised animal can eas-
ily result in peritonitis, adhesions, long-term infertility, or death.

Neonatal Care

Lambs
After lambing, the ewes and lambs should be placed together in 
claiming pens for at least 24 hours. This allows the manager to 
observe the nursing behavior of the lamb and provides an oppor-
tunity for any indicated intervention. Newborn lambs should at-
tempt to stand and nurse within 30 minutes of birth. Dipping the 
navel with an iodine solution (7% tincture), a weak iodine solu-
tion, or a chlorhexidine solution is recommended. The chlorhexi-
dine solution appears to have a more residual antibacterial effect, 
and the strong iodine solutions may be associated with umbilical 

abscesses or patent urachus. In addition, the availability of 7% 
tincture of iodine is currently restricted in the United States due to 
the potential misuse for the production of methamphetamine 
drugs. Still, experience suggests that all of these solutions are safe 
and useful if used judiciously. Neonatal lambs are especially prone 
to hypoglycemia and hypothermia, so careful observation of new-
borns is mandatory. The newborn lamb should be up and nursing 
within the first 2 hours of life. If the lamb does not seem satiated 
after nursing or if the ewe has udder pathology with a potential for 
inadequate milk production, colostrum should be supplemented. 
Table 8.6 shows how to make and use a sodium sulfate solution 
that can be used to assess the success or failure of passive transfer 
of colostral antibodies. Recommendations for the supplementa-
tion of colostrum are 50 mL/kg in the first 2 hours after birth and 
a total of 200 mL/kg in the first day. Lambs can be supplemented 
with ovine or caprine colostrum. Fresh or frozen colostrum from 
animal sources is generally considered superior to commercial 
supplements. If possible, the colostrum donor should be from the 
same general geographic location as the dam and should be vacci-
nated against the clostridial diseases.211

Kids
At birth, kids should be observed for abnormal respiration and 
other evidence of fetal distress such as meconium staining. Mucus 
and fluids should be removed from the nose and mouth immedi-
ately. Normal kids attempt to stand within a few minutes of birth 
and nurse vigorously within the first few hours. Respiration in the 
newborn is stimulated by the doe’s licking or by vigorous rubbing 
with a towel by the owner. The umbilicus should be inspected for 
hemorrhage or herniation, and the umbilical stump should be 
disinfected with 7% tincture of iodine or another suitable iodine 
or chlorhexidine solution. The way kids are raised and handled 
after birth depends on the type of goat and the owner’s preference. 
Meat and fiber goats raise their kids on pasture, whereas dairy kids 
are typically removed before they have a chance to nurse. Kids 
need to receive adequate colostrum within the first 4 hours of 
birth. Dairy kids are bottle-fed heat-treated (at 56° C for 1 hour) 
goat colostrum to prevent caprine arthritis-encephalitis virus 
(CAEV) transmission. Weak kids should receive colostrum by an 
oral stomach tube or a lamb feeder. Kids should be fed 10% of 

TABLE 
8.6 A Method of Assessing Passive Transfer in the Neonate.

Sodium Sulfate Test for Passive Transfer

•	 Place	14,	16,	and	18	g	of	powdered	sodium	sulfate	with	100	mL	of	distilled	water	into	three	labeled	containers.
•	 Place	1.9	mL	of	each	of	these	solutions	(14%,	16%,	and	18%)	into	three	separate	sterile	tubes.
•	 Add	0.1	mL	of	serum	to	each	container,	then	mix	thoroughly.
•	 Allow	the	mixture	to	stand	undisturbed	at	room	temperature	for	1	hour	to	permit	maximal	precipitation.	Assess	the	tubes	for	clarity.	A	cloudy	appearance	

(manifested by the inability to read newsprint through the tube) is associated with immunoglobulin precipitation.
Appearance of Sodium Sulfate Solution

Immunoglobulin  
Concentration (mg/dL)

14% 16% 18% Diagnosis

.1500 Cloudy Cloudy Cloudy Successful passive transfer

.1000 Clear Cloudy Cloudy Successful to partially successful passive transfer

500 Clear Clear Cloudy Partial	failure	of	passive	transfer

,500 Clear Clear Clear Failure of passive transfer
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their body weight in colostrum the first day, divided into three or 
four feedings. Colostrum substitutes are not suitable for kids and 
do not increase their immunoglobulin levels. Delayed colostrum 
intake, inadequate colostrum ingestion, and ingestion of poor-
quality colostrum are common reasons for failure of passive trans-
fer.199 In meat and fiber production herds, adequate colostrum 
intake can be assessed by observing kids nursing and palpating 
their abdomens.

Serum immunoglobulin levels can be assessed using a sodium 
sulfate test, zinc sulfate turbidity test, or other commercially avail-
able screening test. Levels higher than 1600 mg/dL are desirable; 
levels below 600 mg/dL may indicate failure or partial failure of 
passive transfer. Intravenous transfusion of 20 to 40 mL/kg of 
caprine plasma (preferred) or whole blood from the dam or an-
other adult goat in the herd may be indicated for a valuable  
neonate exhibiting failure of passive transfer. Kids born in  
selenium-deficient areas should be injected with selenium at 
birth. (Note: Overdosing may result in death, so it is imperative 
to carefully calculate the dosage and properly administer all selenium-
containing products.) Finally, kids are at greatest risk of hypother-
mia and hypoglycemia during the first few days of life. They 
should be protected from rain and cold weather and treated for 
hypoglycemia with glucose solution.

Fawns
Fawns are usually up and nursing within minutes of birth. Many 
will seek out the udder even while the dam is having another 
fawn. It is important that the fawn consumes colostrum as soon 
as possible but it is also important that the maternal-fetal bond be 
allowed to develop as does that are disturbed at fawning may 
abandon one or more fawns. This is especially true on first parity 
and dams that have had difficulty with parturition. Observing 
from a distance with binoculars and then examining the fawn in 
a few hours to ensure that it has a full abdomen, its mouth is 
warm to the touch, and its rectum is being cleaned by the mother 
is important. Usually, they are tagged, given vaccines, vitamins, 
minerals, probiotics, and antibiotics depending on the farm and 
region and vaccination status of the dam. If in a selenium- 
deficient area, it may be important to give to fawns, but the same 
precautions exist as they do for lambs and kids. If fawns are to be 
left with their dams, this may be the only time that they are 
handled until weaning. If they are to be bottle raised, they are 
generally “pulled” at 24 to 72 hours of age. Waiting any longer 
than that will make acceptance of a bottle very difficult. They are 
generally placed on a milk replacer specifically made for fawns, 
but many people will put them on whole cow’s milk, lamb or kid 
replacer, or “multispecies” milk replacer. Fawns are generally 
weaned off dams at 3 to 5 months of age, while bottle fawns are 
generally weaned between 2 and 4 months of age. Fusobacteria can 
be a major fawn pathogen and vaccination and medication as well 
as management may need to be instituted on most farms. Clean, 
dry fawning areas and vaccination of the dam prior to fawning will 
usually help, as does judicious use of antibiotics at processing.

Postpartum Care of the Small Ruminant
Careful examination of the dam should be performed for the 
presence of additional fetuses by either ballottement of the abdo-
men or transabdominal ultrasonography. Vital signs and muscle 
tone should also be assessed as a means to detect hypocalcemia. 
After parturition, the placenta is passed rather quickly but is not 

considered retained until 6 to 12 hours postpartum. Dairy does 
should be milked soon after parturition. In meat and fiber pro-
duction herds, the doe’s or ewe’s udder should be palpated for 
evidence of mastitis and to determine the quality and quantity of 
colostrum or milk production. Colostrum or milk should be 
expressed from each teat to ensure patency of the teat and detect 
any abnormal secretions.

Postpartum females should be monitored closely to ensure 
maternal bonding and to ensure that the neonate is nursing ap-
propriately. This may be accomplished by placing the dam with 
her litter into a small pen for several days before transitioning into 
the main herd. Some less handled cervids may become extremely 
nervous if locked in a small pen, while others (especially dams 
bottle-fed as fawns) may be fine. Always observe the dam for 
mismothering and ensure that the offspring are satiated, warm, 
and clean. Does and ewes should also be monitored closely for 
signs of hypocalcemia or ketosis. Maximizing dry matter intake of 
fresh does and ewes will help prevent metabolic disease and ensure 
maximum production.

Periparturient Disease
A variety of periparturient conditions such as pregnancy toxemia, 
vaginal prolapse, milk fever, and uterine inertia may interfere with 
normal parturition or adversely affect the health and fertility of 
the ewe or doe after parturition. With the exception of pregnancy 
toxemia, these conditions are more frequently encountered in 
sheep than in goats or cervids.

Fetal Hydrops
Consumption of legumes with high concentrations of estrogenic 
compounds, hypothyroidism secondary to iodine deficiency, and 
ingestion of goitrogens are all associated with hydrops uteri. Hy-
drops also may result from placental or uterine disease. Retention 
of large quantities of fluid may result in rupture of the prepubic 
tendon. Induction of parturition or cesarean section should be 
considered in cases of fetal hydrops.

Rupture of the Prepubic Tendon
Rupture of the prepubic tendon is occasionally seen in females 
pregnant with multiple fetuses, pregnant females with fetal hy-
drops, and pregnant females that have experienced abdominal 
trauma. If the owner chooses to keep the female until parturition, 
applying a homemade canvas girdle (for added abdominal sup-
port), reducing rumen fill (increasing concentrate and decreasing 
forage intake), and reducing salt or trace mineral intake may all 
be effective treatments. Surgical correction may be cost-prohibitive 
and is often unsuccessful. If an accurate breeding date exists, the 
clinician may consider performing an elective cesarean section or 
inducing parturition. If parturition is induced, the clinician 
should closely observe the female in case she requires help to de-
liver. Preventing stress and trauma (e.g., deworming, shearing) in 
late-term females and selecting for animals that do not give birth 
to quadruplets may help prevent rupture of the prepubic tendon. 
Females that survive parturition should be culled.

Vaginal Prolapse
Vaginal prolapse is a relatively common problem in the ewe. It 
typically occurs during the last 3 weeks of gestation in multiparous 
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ewes. Vaginal prolapse is relatively uncommon in goats but is oc-
casionally encountered in dairy breeds. The ventral vaginal floor 
is usually the area that protrudes from the vulva. Many different 
theories have been advanced regarding the etiology of vaginal 
prolapse. The consumption of low-quality forage results in in-
creased abdominal filling, which may lead to the vagina being 
forced out of the vulva. The estrogen content of some legumes 
also has been incriminated. Other nutrition-related problems in-
clude over- and under-conditioning and poor bunk management 
resulting in overcrowding. Other physical factors that have been 
implicated include obesity, persistent cough causing repeated epi-
sodes of high intraabdominal pressure, and improper or close tail 
docking in sheep. The tails of sheep should be docked beyond the 
sixth coccygeal vertebrae or left just long enough to cover the anus 
when pulled ventrally. Unfortunately, show animals are often 
docked closer than this to change the look of the rump area in the 
show ring.

Because of a possible genetic component, the offspring of ewes 
or does that have experienced vaginal prolapse should not be kept 
as breeding stock.211 An epidural anesthetic (2% lidocaine, 
0.5 mL/45 kg of body weight) helps prevent straining. Alterna-
tively, a combination of xylazine (0.07 mg/kg) and lidocaine  
(0.5 mg/kg) can be used in an epidural to provide as much as  
24 hours of relief from straining, although this may cause some 
pelvic limb ataxia.212 The prolapsed vagina should be cleaned with 
a mild, soapy solution before replacement. Occasionally, the uri-
nary bladder is found inside the prolapsed tissue. Real-time ultra-
sonography is beneficial in determining the location of the  
urinary bladder. If the bladder is within the prolapsed tissue, it 
can usually be drained by locating the urethral orifice beneath the 
prolapsed tissue (caudal to the vulvar commissures), inserting a 
finger into the orifice, and lifting the prolapse. A 12-French cath-
eter can be inserted through the urethra and into the bladder if 
draining is required. The prolapsed tissue should be well lubri-
cated with a water-soluble lubricant (methylcellulose), gently 
massaged, and carefully forced cranially to its natural position. 
Elevating the rear hindlegs of the ewe can facilitate the replace-
ment of the prolapsed tissue. In the event of considerable swelling 
that makes replacement difficult or impossible, either a hydro-
scopic agent (e.g., Epsom salts, and sugar) or steady pressure can 
be applied to the prolapse to decrease edema and reduce size.

A popular method of retaining the prolapsed tissue is through 
the use of a specially designed plastic prolapse retainer. This re-
tainer has a broad spoon-shaped end that pushes down on the 
replaced vaginal floor and two retention arms that are tied into 
the wool or sutured to the skin on either side of the rump. These 
devices can be successfully used in some goats.

Various types of purse-string and mattress-type sutures also 
have been used. Making a shoelace-pattern support across the 
vulva with soft rolled gauze, using small loops of umbilical tape 
placed lateral to each side of vulva, works well. The owner can 
loosen the lacing and check on the progress of parturition. If the 
female is 1 month from parturition, a Buhner suture can be used, 
with substitution of a standard cadaver needle for a Buhner nee-
dle. The Buhner method results in a suture that may last longer 
and will rarely tear out.

A retention harness has also been described. A rope or stout 
cord is placed over the back so that half of the rope is on either 
side of the body. The rope is then crossed under the front legs and 
then brought back dorsally to be crossed over the back legs. The 
rope is then passed ventrally and under the rear limbs on either 
side of the udder and crossed again as it is brought dorsally over 

the perineal area. The two ends are then tied to the rope that is 
crossed over the back. This configuration discourages straining 
and secures the perineum.

Uterine Prolapse
Uterine prolapse generally occurs within 12 to 18 hours after par-
turition and may be associated with any condition that weakens 
the dam or causes difficult delivery. Hypocalcemia may contribute 
to the flaccidity that predisposes to uterine prolapse. The prolapsed 
uterus is usually atonic and is slowly expelled through the vulva 
rather than being forcefully expelled by straining. The prolapsed 
tissue should be gently washed and well lubicated before replace-
ment into the abdomen. The administration of a caudal epidural 
(lidocaine 2%, 0.05 mL/45 kg of body weight) before replacement 
decreases straining. The replacement procedure can be aided by 
raising the hindquarters off the ground. This allows the abdominal 
contents to fall away from the pelvic canal and promotes correct 
intraabdominal replacement of the prolapsed uterus.

Closure of the vulvar opening is accomplished using a Buhner 
or shoelace suture as described for vaginal prolapse. If hypocalce-
mia is suspected, the female should be given a calcium solution. 
Oxytocin is indicated to aid uterine contraction. The prognosis is 
normally good. Cases involving lacerated and heavy soiling of 
prolapsed tissue may be complicated by infection.

Retained Fetal Membranes
The placenta should be expelled by 6 hours after parturition. In 
the absence of toxemia, septicemia, or abnormal vaginal dis-
charge, the clinician should take no action to remove the placenta 
until 12 to 18 hours postpartum. Retained fetal membranes 
(RFMs) may be caused by deficiency in selenium or vitamin A, 
infectious abortions (e.g., toxoplasmosis, chlamydiosis, and liste-
riosis), obesity of the dam, hypocalcemia, dystocia, and possibly 
other factors.213,214 RFMs are uncommon in goats but appear to 
be a problem in some sheep flocks. A higher incidence of RFM 
has been reported in dairy goats and in does or ewes whose young 
have died or been removed. A retained placenta with no other 
concurrent clinical signs is of little significance, except that the 
condition may be associated with certain diseases or deficiencies. 
Occasionally, a vaginal examination can reveal the placenta if it is 
not visible externally. If the ewe or doe appears clinically normal, 
treatment should entail only the removal of the placenta. Manual 
removal should not be attempted. Instead, the doe or ewe can be 
given oxytocin (5–10 IU two to six times a day) or prostaglandins 
(PGFa2, 5–10 mg; cloprostenol, 75 mg/45 kg body weight). Some 
practitioners prefer using PGF2a or its analogues and avoid using 
oxytocin in females with nursing young.

Metritis and Endometritis
Metritis is uncommon in small ruminants but is encountered in 
dairy goat breeds and in association with RFM; dystocia; retained 
dead fetuses; abortion caused by toxoplasmosis, chlamydiosis, and 
listeriosis; and possibly other diseases.213,214 A retained placenta 
may serve as a “wick” between the environment and the uterus.

Clinical Signs and Diagnosis. Clinical signs include a thin, 
watery, brown to red, possibly purulent, malodorous vaginal dis-
charge. Infected females may be relatively normal or extremely ill 
and toxic. They may be febrile and exhibit decreased rumen mo-
tility, dehydration, increased scleral injection, and possibly  
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depression. In severe cases, animals can become infected with 
Clostridium tetani, other Clostridium species, or other toxin-pro-
ducing bacteria (Figure 8.23). Peritonitis may develop as a result 
of severe uterine infection or postpartum uterine tears or ruptures. 
Uterine tears are more common after dystocia, but they also may 
occur spontaneously.215 As expected, a complete blood count 
(CBC) indicates toxemia or septicemia (see Appendix 2). Ab-
dominocentesis may reveal increased protein, increased number 
of leukocytes, and possibly toxic leukocytes. Ultrasonographic 
examination usually reveals an enlarged fluid-filled uterus con-
taining hyperechoic fluid. Females normally have a thick, non-
odorous, brown to reddish brown vaginal discharge (lochia) for as 
long as 4 weeks after birth. This normal lochia requires no treat-
ment. New, relatively inexperienced owners, particularly those 
with pet animals, may interpret this normal discharge as a sign of 
illness (e.g., metritis).

Treatment. Any underlying disease that results in metritis 
should be treated. Affected ewes or does should be given broad-
spectrum antibiotics (oxytetracycline 10–20 mg/kg once or twice 
a day; ceftiofur sodium 1–2 mg/kg once a day) or antibiotics with 
good efficacy against anaerobic bacteria (penicillin 20,000 IU/kg 
twice daily). Uterine infusion of antibiotics is controversial, and 
clinicians performing it should take care not to damage the cervix, 
puncture the uterus, and cause greater uterine scarring or damage. 
Intrauterine infusions may damage the endometrium as well as 
decrease the function of the polymorphonuclear cells within the 
uterus. Uterine evacuation with prostaglandins (PGF2a, 5–10 mg; 
cloprostenol, 75–100 mg/45 kg of body weight) or oxytocin 
(5–10 IU), rehydration as needed, and NSAIDs (e.g., flunixin me-
glumine, 1 mg/kg) should be included in the therapeutic plan. If the 
placenta is retained, it should be removed, but not manually.  
Because of the potential for clostridial infections, particularly in ani-
mals with dystocia-induced uterine trauma, macerated fetuses, or 
uterine bacterial contamination, clostridial disease prophylaxis 
should be undertaken. Previously vaccinated females can be given 
a booster that includes C. tetani. In animals with no history of 
clostridial prophylaxis, antitoxin is indicated.213,214

Pyometra
Pyometra can occur as a sequela to cases of metritis in which the 
cervix has been damaged; it also occurs in females that cycle after 
parturition during the anestrus season (Nubians and dwarf goats). 
The late cycle can result in an ovulation and retention of the re-
sultant CL for a prolonged period. Pyometra is a very uncommon 
disorder. Signs include anestrus, occasionally sustained elevated 
serum progesterone, ultrasonographic evidence of varying 
amounts of echogenic intrauterine fluid, and occasionally a puru-
lent vaginal discharge.

Treatment should include prostaglandins (PGF2a, 5–10 mg; 
cloprostenol, 75–100 mg/45 kg body weight) and/or oxytocin 
(5–10 IU BID).213,214

Pregnancy Toxemia
Pregnancy toxemia (ketosis and hepatic lipidosis) typically occurs 
during the final trimester of gestation in ewes and does. The con-
dition is usually seen in females carrying multiple fetuses and may 
result from their inability to consume adequate energy to match 
metabolic demands. Conditions that increase energy demands or 
decrease energy intake also can predispose to this disease.

In many instances, pregnancy toxemia can be prevented by 
balancing the nutritional demands of the dam and the increased 
requirements of the fetus during late gestation. Obese or ex-
tremely thin females may be more prone to developing the 
condition. Gestating ewes carrying twins require 180% more 
energy than those carrying singletons, and those carrying triplets 
require 240% more than ewes carrying singletons. Ewes and 
does may not be capable of consuming enough to meet these 
demands, resulting in a negative energy balance. More informa-
tion on diagnosis, treatment and prevention of pregnancy tox-
emia can be found in Chapter 5. Lambs or kids born more than 
7 days premature seldom survive. Fawns have a little more time 
and may still be viable as their gestation period is a little longer. 
If practical, glucocorticoids should be given 12 to 24 hours 
prior to cesarean section to help fetal lung development and 
survivability.

Hypocalcemia
Hypocalcemia is typically seen during the last 2 weeks of gesta-
tion. Twin-bearing ewes require as much as 8 g of calcium and  
4 g of phosphorus daily.

Clinical Signs and Diagnosis. The clinical signs can overlap 
those of pregnancy toxemia because the two diseases are often 
seen concurrently. Hypocalcemic females are initially ataxic and 
hyperactive but soon become recumbent. Other clinical signs in-
clude bloat and failure of pupillary light responses. The initial 
hyperactivity results from a lack of membrane stabilization by 
calcium. The subsequent paralysis occurs because little to no cal-
cium is available to release acetylcholine at the neuromuscular 
junction and influence muscle contractility. Calcium concentra-
tions can be measured to confirm hypocalcemia. The serum cal-
cium concentration is less than 7 mg/dL in clinically apparent 
cases.

Treatment. Clinical cases are treated with 1 g of calcium/
45 kg body weight, and the response is dramatic. Females should 
have a good supply of calcium in their diets during the final  
6 weeks of gestation. Alfalfa hay provides a good source of cal-
cium, as does a mineral mix containing calcium.213

•  Fig.  8.23   The opened uterus from a postmortem examination of a 
3-year-old, pen-raised white-tailed deer (WTD) doe. Portions of the dif-
fusely reddened uterine mucosa are covered by tan fluid. The doe died of 
an acute postpartum uterine infection while still nursing a single fawn. A 
heavy growth of mixed species of bacteria including Clostridium sordelli 
was grown from necropsy collected uterine cultures. (Courtesy Dr. Kelley 
Steury, Alabama Veterinary Diagnostic Laboratory, Auburn, AL.)
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Reproductive Dysfunction

Reproductive Failure
During an investigation of reproductive failure in ruminants, the 
infectious causes always seem to garner the most attention. However, 
noninfectious causes can often be more problematic to diagnose but 
easier to treat. Deficiencies in iodine, copper, and other nutrients can 
result in reproductive failure in small ruminants. These and other 
nutritional problems are covered in more detail in Chapter 2.

Plant Toxicity
Veratrum Californicum
Members of the Veratrum genus are associated with numerous 
congenital abnormalities in lambs. V. californicum, commonly 
known as “false hellebore,” contains a teratogenic alkaloid (cyclo-
pamine) that is responsible for a number of congenital defects in 
lambs depending on the stage of gestation when they are con-
sumed. Exposure to V. californicum during the first 10 days 
of gestation is associated with early embryonic death. The  
classic, demonstrable conditions associated with V. californicum 
ingestion—severe facial abnormalities such as a cyclops-like ap-
pearance (Figure 8.24), anophthalmos, and cleft palate—occur 
when exposure takes place between day 12 and 14, while exposure 
between day 25 and 36 results in hypoplasia of the metacarpals 
and metatarsals. Exposure has also been reported to cause inade-
quate development of the fetal pituitary glands. This can result in 
prolonged gestations, abnormally large fetuses, and an increased 
incidence of dystocia. V. californicum is an erect herb with an un-
branched stem. Large, wide, alternate, clasping leaves with promi-
nent spiraling parallel veins are characteristic (Table 8.7).

Locoweeds. Members of the genera Astragalus and Oxytropis 
are commonly referred to as “locoweeds”; they have been impli-
cated as causing abortions, small weak lambs, and bent legs in 
newborns. The incidence of abortion and small weak lambs has 
been reported to be as high as 75% in exposed ewes. The toxin 
affects the fetal-placental unit, causing delayed placentation, de-
creased placental vascularization, fetal edema, and altered devel-
opment of the cotyledons. It also is associated with decreased 
spermatogenesis in the ram.216

Broomweed. Broomweed (Gutierrezia microcephala, Xantho-
cephalum lucidum) ingestion can cause abortions and small, weak, 
premature lambs because of the toxic effects of an ecbolic toxin in 
these plants (triterpenoid saponin). Other clinical signs include 
gastrointestinal upset, hematuria, and death. Broomweed is a 
shrub found in arid regions of the western United States.217

Ergot Alkaloids and Ergot. The consumption of fescue (Fes-
tuca arundinacea) infected with the fungus Epichloe coenophialum 
(formerly Neotyphodium coenophialum) is associated with de-
creased reproductive efficiency.217 The ergot alkaloids produced by 
the fungus have been shown to affect prolactin production in ewes 
and increase the interval from introduction of the ram until con-
ception.218 Ergot concentrations greater than 0.1 to 0.7% of the 
diet can reduce the number of live births in sheep.219 It has been 
reported that isoflavones produced by legumes can relax the per-
sistent vasoconstriction in goats caused by consumption of ergot 
alkaloids.220

Estrogen-Producing Plants. Sheep appear to be sensitive to 
the effects of phytoestrogens from plants such as subterranean 
clover (Trifolium subterraneum), white clover (Trifolium repens), 
and alfalfa (Medicago sativa). Clinical signs associated with 
phytoestrogen consumption include infertility, irregular and 
prolonged heat, vaginal prolapse, cystic glandular hyperplasia 
of the cervix and uterus, enlarged teats, and inappropriate lacta-
tion.221 Dystocia and uterine inertia have also been reported.219 
Plants associated with depressed reproduction are shown in 
Table 8.7.

Pharmaceuticals
Some drugs have been associated with abortion and birth defects 
in sheep and goats when administered in mid to late gestation. 
The drugs implicated include chlorpromazine, phenylbutazone, 
phenothiazine anthelmintic, levamisole anthelmintic, and corti-
costeroids.222

Nutritional Abnormalities
Poor body condition, depressed energy intake, and decreased 
mineral and vitamin intake all suppress reproductive activity in 
ewes and does. Lower overall nutritional intake results in poor or 
weak signs of estrus, depressed ovulation, abnormal estrous cycle 
length, and delayed puberty. Deficiencies in energy, protein,  
vitamins A and E, phosphorus, and many trace minerals are  
most commonly seen. Deficiencies in vitamin A, copper, manga-
nese, and iodine are associated with irregular estrous cycles (see 
Chapter 2).

Heat Stress
Heat stress depresses reproductive ability and causes fetal wastage. 
Causes of heat stress include decreased water intake, obesity, exer-
cise, and fatigue during hot weather. Both very young and very 
old animals are susceptible to heat stress. High ambient tempera-
tures and high humidity result in poor or compromised cooling. 
As the ambient temperature approaches body temperature, skin 
vasodilation no longer aids in heat dissipation. In sheep, the respi-
ratory passages are important in cooling, so animals will pant 
when they are hot. Unsheared Angora goats and heavily woolled 
sheep, particularly young sheep, are especially susceptible to heat 
stress.

Clinical Signs. Common clinical signs include decreased fertil-
ity and depressed signs of estrus in females as well as an increased 
number of abnormal spermatozoa and depressed libido in males. 
Angora goats experience high embryonic mortality if the heat 
stress occurs during the first 3 to 6 weeks of pregnancy. However, 
all breeds and both sheep and goats can experience high embry-
onic losses. Other clinical signs include dullness, depression, rapid 
respiration, open-mouth breathing, congested conjunctiva, dilated • Fig. 8.24   Lamb with cyclopia.
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pupils (early), constricted pupils (late), decreased feed intake, in-
creased heart rate, weak rapid pulse, hyperthermia, acid-base al-
terations, dehydration, excessive loss of potassium and sodium 
from sweat, and increased packed cell volume (greater than 60% 
red blood cells). Angora goats have a decreased ability to respond 
to heat stress compared with other breeds of goats. Sheep can 
tolerate external temperatures higher than 110° F if the humidity 
is less than 65%, but they will pant if the rectal temperature is 
higher than 106° F. Secondary bloat and acidosis can occur if 
high-energy feed is made available at night or if a break in the 
weather occurs because animals may then gorge themselves.

Diagnosis. Diagnosis is based on recognition of the clinical 
signs. Necropsy findings include cerebral edema, rapid putrefac-
tion, and large, distended veins. CBC results are unremarkable.

Treatment. Treatment should include lowering the body tem-
perature with cold water submersion, cold water enemas, ice ap-
plications, or alcohol rubs. Affected animals should be sheared. 
Nonpregnant animals can be given glucocorticoids (dexametha-
sone 1–2 mg/kg IV). Normal hydration should be maintained. If 

animals are more than 10% dehydrated, IV fluids should be ad-
ministered, but if animals are less than 10% dehydrated, fluids 
can be administered orally. Keepers should place affected animals 
in the shade and attempt to improve air circulation around them.

Bucks and rams should undergo a BSE after periods of heat 
stress. If spermatic abnormalities are noted, the examination 
should be repeated in 49 to 60 days.

Prevention. Prevention is aimed at keeping animals cool. 
Woolly or hairy animals should be sheared before periods of hot 
weather. Long scrotal wool also should be shorn. Animals should 
be maintained at a good body condition score. Providing shade at 
feed bunks and spraying water on the animals’ backs around the 
lounging areas are helpful preventive strategies. Spraying or mist-
ing at the feed bunks can increase feed intake. On hot, humid 
days, animals should only be worked or handled in the early 
morning, late evening, or at night. Trace mineral salt and cool 
water should be provided free choice. Animals should be fed in 
the early morning or late afternoon. Toxins and plants that de-
crease peripheral vasodilation (e.g., fescue) should be avoided. 

TABLE 
8.7 Plants That Affect Reproduction.

Plant Comment

Fusarium •	 Found	in	moldy	corn	and	wheat
•	 Produces	estrogenic	substance,	zearalenone
•	 Clinical	manifestations	include	decreased	lambing	and	kidding	percentage

Clovers (subterranean,  
crimson, red,  
white, alsike)

•	 Produce	estrogen-like	substances
•	 Clinical	manifestations	include	cystic	hyperplasia	of	the	cervix	and	hydrops	uteri
•	 White	clover	also	contains	cyanogenic	ergot	alkaloids
•	 Alsike	also	can	cause	photosensitization,	liver	disease,	and	stomatitis

Ponderosa	pine •	 Clinical	manifestations	include	stillbirths,	last-trimester	abortions,	renal	tubular	necrosis,	pulmonary	congestion,	weak	
uterine contractions, and poor cervical dilation

Cottonseed •	 Toxic	substance	is	gossypol
•	 Clinical	manifestations	include	testicular	and	spermatozoal	abnormalities
•	 Toxic	ingestions	occur	most	often	in	young	pre-ruminants

Broomweed,  
Monterey cypress, 
jumpweed

•	 Broomweed:	toxic	substances	include	mono-	and	diterpenes,	saponins,	oxygenated	flavonolmethyl	esters;	clinical	 
manifestations include abortion

•	 Monterey	cypress:	clinical	manifestations	include	abortion
•	 Jumpweed:	clinical	manifestations	include	abortion

Veratrum californicum •	 All	parts	of	the	plant	are	toxic
•	 Signs	include	salivation,	diuresis,	muscular	weakness,	and	incoordination
•	 Preventive	measures	include	delaying	grazing	until	after	the	first	frost	and	breeding	ewes	5	weeks	before	putting	on	

range containing V. californicum

Days of Gestation Effect

0–10 Failure to implant

12–14 Cyclopia

12–34 Motor nerve paralysis

22–30 Cleft palate

25–36 Hypoplasia of metacarpals and tarsals

Tobacco Toxic effects more common in swine

Poison	hemlock Toxic effects more common in cattle

Lupine Can cause arthrogryposis

Locoweed Can cause arthrogryposis

Sudan grass Can cause arthrogryposis and contracted tendons
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Providing ventilation across the animals’ backs and housing in an 
open-ridge barn with a high ceiling helps keep animals cool.

For dairy goats or sheep, sprinklers and good ventilation in 
holding pens help minimize heat stress, but these measures may 
be contraindicated for the prevention of mastitis. Increasing the 
energy concentration of feed may improve production after a 
period of reduced intake. Feeding bypass protein (blood meal, 
fish meal, corn gluten meal, roasted soybeans, and extruded soy-
beans) improves production, particularly if fat has been added to 
the feed. The addition of sodium bicarbonate (0.85–1%) may 
enhance milk production in hot weather. Less heat is generated 
from good-quality forage than from poor-quality forage. The 
acid-detergent fiber content of the diet can be dropped to 21% 
of the dry matter intake for short periods. The addition of iono-
phores improves productivity and decreases intake for many ani-
mals but may not benefit lactating females. The feeding of long-
stem hay should be implemented. If green or wet feeds are fed, 
the bunks should be checked for spoilage on a routine basis on 
hot days.

Pseudopregnancy
Pseudopregnancy (mucometra, hydrometra, “cloudburst”) is 
caused by a prolonged luteal phase in goats. The incidence in 
dairy goats may be as high as 3 to 5% on some farms,223 with the 
highest incidence occurring in November through December. It 
is much less common in fiber or meat breeds of goats and sheep. 
The cause of this condition is poorly understood, but possible 
modes of action that have been proposed include out-of-season 
breeding, sheep and goat hybrid pregnancy, and the overuse of 
hormonal manipulation of the reproductive cycle. Some cases 
probably occur as sequelae to abortion or early embryonic loss 
with a retained CL. Spontaneous CL retention outside of preg-
nancy, which may result from hormonal manipulation for super-
ovulation or out-of-season breeding, also has been proposed as a 
cause of pseudopregnancy.219,223 The condition may occur numer-
ous times during the life of a doe, or it may occur only once. 
There may also be a genetic component, as well.224

Clinical Signs and Diagnosis. Some females may show signs of 
parturition, udder development, and a bloody vaginal discharge. 
Pseudopregnancy also is characterized by anestrus, occasionally 
increased abdominal size, and external and behavioral signs of 
pregnancy. Blood progesterone concentrations may be consistent 
with pregnancy and remain elevated for as long as 5 months. 
Real-time ultrasonography may reveal a uterus with varying 
amounts of fluid that is clear, slightly cloudy, or clear with some 
hyperechoic flecks. The uterus usually appears thin-walled, and no 
placenta or fetus can be visualized. In females that undergo ultra-
sound examination before placentomes are visible (before day  
30 of gestation), this condition may be falsely diagnosed as preg-
nancy. Therefore, careful ultrasonographic examination with at-
tention to the stage of pregnancy and positive signs of pregnancy 
(e.g., presence of fetus, placenta, umbilicus) is imperative.

Treatment. The most common treatment for pseudopreg-
nancy is the injection of PGF2a (10–20 mg) or cloprostenol 
(75–100 mg/45 kg of body weight).

Vaginitis
Vaginitis has several causes. Whenever either nonparturient or 
parturient vaginitis is encountered, particularly in sheep, conta-
gious ecthyma should be ruled out. Other causes of vaginitis  

include caprine herpes vulvovaginitis (edema and cloudy gray 
discharge), granular vulvovaginitis caused by Mycoplasma and 
Acholeplasma, and Actinomyces pyogenes and Staphylococcus infec-
tions.219 Lavaging the vagina with mild antiseptic solutions (com-
mercial chlorhexidine) may be all that is required. If animals are 
in a lot of pain, NSAIDs are useful.

Ectopic mammary tissue on the vulva is occasionally encoun-
tered. It appears as vulvar swelling before parturition. Because 
outflow tracts for milk are rare, this glandular tissue usually un-
dergoes pressure atrophy. The glandular tissue can be surgically 
removed, but this form of therapy is rarely required.

Cystic Ovarian Disease
Cystic ovaries appear to be more common in goats than in sheep. 
In one study, 2.4% of more than 1000 female goats examined at 
slaughterhouses had ovarian cysts.225 Owners often make the di-
agnosis based on short cycles or nymphomania,223 so cystic ovar-
ian disease is probably overdiagnosed. Graafian follicles larger 
than 12 mm may be considered cystic, but few studies have been 
performed to document a standard size.223 The normal follicle 
diameter size of sheep (15–19 mm) is larger than that reported in 
the goat.219 The use of some superovulation protocols (eCG), pos-
sibly phosphorus deficiency, and the feeding of estrogenic com-
pounds may be associated with the formation of cystic ovaries. 
Treatment with hCG (750–1000 IU) or GnRH (50–100 mg) 
may be effective.223 Goats that have demonstrated repeated devel-
opment of cystic ovaries can be treated with hCG or GnRH, 
watched for signs of estrus, bred, and then retreated with hCG or 
GnRH 24 hours after breeding.

Ovarian Tumors
Ovarian tumors are rarely reported in sheep and goats.219,226,227 
Granulosa cell tumor is the most common type of ovarian tumor 
occurring in ewes and does. Animals with these tumors may ex-
hibit prolonged estrous cycles, nymphomania, virilism, and inap-
propriate lactation syndrome.228,229 Ovarian ultrasonographic ex-
amination, either per rectum or transabdominal, usually reveals 
an enlarged ovary that is either solid or cystic. The contralateral 
ovary is devoid of structures and lacks a CL.

A tentative diagnosis can be based on elevated concentrations 
of testosterone or estradiol, diagnostic ultrasound findings, and 
clinical signs. The treatment is ovariectomy. The authors and  
others have suggested that females with granulosa cell tumors may 
have elevated concentrations of testosterone and estradiol.226

Ovariectomy
Ovariectomy is not a commonly performed procedure in small 
ruminants. Ovarian tumors or other ovarian diseases that are best 
treated by ovariectomy are uncommon. Practitioners may be 
called on to perform ovariectomies more frequently to render pet 
goats infertile. Ovariectomies should be considered in does that 
have had a mastectomy for chronic mastitis or inappropriate lac-
tation syndrome to prevent unwanted pregnancy and the resul-
tant need for hand-raising kids (see Chapters 9 and 15).

The ovaries in ewes and does are approximately 1.5 cm long 
and shaped like an almond. The uterine horns are coiled in a rela-
tively small spiral.230,231 This anatomic arrangement makes it 
somewhat difficult to exteriorize the ovaries for ligation and  
removal.
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An ovariectomy may be performed via either a flank or midline 
incision. One may find the midline allows easier access if doing a 
bilateral ovariectomy rather than maneuvering the opposite ovary 
into the surgical field with a flank approach. With either ap-
proach, the incision should be made as caudal as possible for ease 
of exteriorization and ligation. The procedure may be performed 
with only local anesthesia; however, heavy sedation or even gen-
eral anesthesia will be helpful as the tension placed on the ovarian 
pedicle to exteriorize the ovaries for ligation can cause the patient 
visceral discomfort, which is not alleviated with local anesthesia  
of the skin and body wall. The ovaries can be located by palpating 
the cervix in the pelvic canal and tracing the uterine  
horn to them. Once the ovary is located by palpation, gentle per-
sistent traction on the ovary will allow visualization of the ovary 
at the incision site. Once the ovary is seen, hemostats should be 
placed on the vascular pedicle to allow double ligation before 
transection and removal. After transection of the ovary, the pedi-
cle should be observed to determine if hemorrhage is controlled. 
With bilateral ovariectomy, the remaining ovary is removed in the 
same manner. The body wall is closed in routine fashion.

Alternatively, the practitioner choose to use a laparoscopic 
technique for ovariectomy. The laparoscopic procedure would be 
best used with the animal in dorsal recumbency with hind quar-
ters elevated, to move the abdominal viscera cranially away from 
the pelvic canal (Trendelenburg position). The scope portal is lo-
cated near the umbilicus with instrument portals lateral and 
caudal to the scope portal on the line from the umbilicus to the 
caudal part of the fold of the flank. The advantage of this tech-
nique is better visualization of the ovaries. Disadvantages include 
holding the animal off feed for up to 36 to 48 hours to empty the 
abdominal viscera as much as possible to allow better manipula-
tion and visualization. It is also difficult to secure the ovaries and 
exteriorize them for extracorporeal ligation so intracorporeal liga-
tion or cautery is needed. This aspect of the procedure requires 
more time and expertise with the laparoscope, which may ulti-
mately outweigh any advantages to this technique over a conven-
tional laparotomy.

Others
Freemartins are rare in sheep and goats compared with cattle be-
cause both sheep and goats are adapted to multiple births. How-
ever, the prevalence of freemartins in sheep may be increasing 
with an increase in high fecundity genes in flocks.232

Abortion and Perinatal Death
Abortion is the loss of the conceptus anytime during gestation but 
is most commonly detected during the final 2 months. Perinatal 
death may be associated with abortifacient etiologies but may also 
be caused by environmental or maternal factors. If an abortion is 
suspected, it is important to use caution when examining the fe-
male, the aborted fetus (if present), and placenta as many of the 
infectious causes of abortion may also be zoonotic. Embryonic 
loss is often influenced by failure to maintain progesterone levels 
that may be noninfectious or infectious.233,234 Sheep are not luteal 
dependent during middle and late fetal development while does 
have prolonged luteal dependency.233 Clinical signs of embryonic 
or early fetal loss may include return to estrus, unobserved abor-
tion, or observation of a blood-tinged vaginal discharge.235 Sheep 
and goats have a high incidence of abortion compared with other 
farm animals.233,234 Abortion rates of 5% for these two species are 

commonplace; rates less than 5% are considered good, and a less 
than 2% abortion rate is considered excellent.235–237 The majority 
of abortions are sporadic rather than epizootic and are caused by 
a number of “classic” abortifacient disease as well as maternal 
pyrogenic infectious disease, toxicities, or disruptive metabolic 
diseases.233 “Abortion storms” result in loss up to and more 
than 20% of pregnancies and may also produce compromised  
neonates.235

An epidemiologic investigation may be the practitioner’s stron-
gest diagnostic tool. Information gathered should include per-
centage of the herd affected, calendar dates, gestational ages at 
time of abortion, age of ewes/does, information on recently intro-
duced animals and vaccination, anthelmintic administration, and 
nutritional histories.235 Environmental factors evaluated should 
include extremes in temperature, rain, wind, pasture composi-
tion, exposure to toxic plants, predation, and other causes of en-
vironmental stress. Additionally, events such as applications of 
nitrogen fertilizer or agrochemicals, changes in feed supplement, 
and rotation between pastures should be evaluated. During an 
“abortion storm,” early epidemiologic data, collected before a 
definitive diagnosis is made, may greatly influence management 
decisions that can minimize loss. Pregnant animals should be 
moved out of the contaminated area and recently or imminently 
aborting females should be left in the contaminated areas.235 Care 
should be taken not to distribute an infectious agent on fomites, 
clothing, boots, or skin. At-risk animals, such as new introduc-
tions or primiparous females, may benefit from being separated 
from older pregnant females with immunity. The use of feeders 
may limit exposure to discharged pathogens on the ground.238 
Infectious agents that can be quickly diagnosed by serology, clini-
cal diagnosis, or necropsy should be ruled out early.

Clinical examination of aborting females and the flock or herd 
may yield information about systemic diseases or nutritional sta-
tus. Unaffected ewes and does should be examined first.235 Clini-
cal signs produced by abortifacient agents in females could be 
mild such as diarrhea produced by campylobacteriosis or severe 
such as Listeria encephalitis. Evidence of vaginal discharge “lamb 
stain” may be detectable on clinically normal females.239 Ultra-
sound is an excellent tool to evaluate in utero fetal viability as well 
as placental edema and character of amniotic fluid. Positive serol-
ogy is not considered a confirmatory test for most agents, but 
comparison of data from multiple animals in a group, evaluation 
of past years results and taking acute versus convalescent titers 
may direct further diagnostics.235

Serology may be performed on fetal blood. The ovine fetus will 
begin to produce antibodies at the beginning of the second tri-
mester and antibody production will increase with gestational 
age.240 Sheep and goats have a similar time line of fetal develop-
ment.241

Guidelines for judging gestational age include abdominal 
wall closure (both 5–6 weeks), visibility of the female genital 
tubercle and penile sheath (6 weeks), recognition of anterior 
fontanelle (both 7–8 weeks), eyelid hair (goat 10–11 weeks, 
sheep 11–12 weeks), hairs along dorsum of neck (goat  
13–14 weeks, sheep 14–15 weeks), hardening of the calvarium 
(goat 13–14 weeks, sheep 15–16 weeks), eyelids separation 
(both 14–15 weeks), sparse coverage with wool or hair except 
limbs (both 16–17 weeks), dense coverage with wool or hair and 
teeth buds prominent (17–20 weeks), and one to three incisors 
erupted at birth (21–22 weeks)241 (Figure 8.25). Crown-rump 
length and weight vary between individual fetuses and breeds, 
but these data may be useful for comparison between herd mates 
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and rough estimation of gestational age.240,241 Fawn growth rates 
during gestation are well documented and may be used to age 
fetuses. Abortion is rarely in cervidae.

Good diagnostic labs achieve a definitive diagnosis rate of be-
tween 40 and 60% so multiple submissions are often neces-
sary.242,243 Reasons why a diagnosis may not be achieved from a 
necropsy include (1) etiologies that are difficult to quantitate such 
as a stress-producing induced prostaglandin level or corticosteroid 
surge, (2) maternal infections that produce fever or endotoxin 
release, (3) in utero autolysis and mummification that limit the 
diagnostic value of tissues, (4) exposure to unknown toxins or 
undescribed toxic plants, (5) septicemia by organisms that do not 
grow on routine culture, (6) failure to appreciate nutritional eti-
ologies that produce a non-viable fetus, (7) failure to submit the 
proper sample, (8) local limitations of available diagnostic test, 

and (9) lack or experience or time limitations by diagnosticians 
and pathologists. If available for submission, the placenta usually 
contains the most diagnostic information. Organisms such as 
Coxiella burnetii (agent of Q-fever) cause severe placentitis but 
produce minimal fetal lesions.242 It is important to determine if 
the abortion is an acute or chronic process and estimate the time 
line between fetal death and expulsion from the uterus. Abortion 
caused by fetal Campylobacter septicemia may produce a well-
developed and minimally autolyzed fetus while Salmonella septice-
mia may produce a putrid fetus.239,244 Fetuses with chronic placen-
tal insufficiency may appear emaciated. Fetal mummification is 
not a common finding in small ruminants. However, when fetal 
mummification occurs, toxoplasmosis, Chlamydophila, border dis-
ease, and Coxiella infection should be at the top of a differential 
list242 (Figure 8.26). Skin lesions are often overlooked and may 
occur in some types of bacterial or mycotic abortions242,245 (Figure 
8.27A, B). Agents that produce pathognomonic teratogenic de-
fects or developmental abnormalities such as bunyaviruses and 
specific toxic plants can be implicated from necropsy observa-
tions. Noninfectious heart defects, cleft palate, gastrointestinal 

• Fig. 8.25   This nonautolyzed goat fetus that aborted as a result of bacte-
rial metritis has eyelid hair, hairs along dorsum of neck, hardening of the 
calvarium, but nonseparable eyelids. These characteristics place the ges-
tational age at 15 weeks.

• Fig. 8.26   The placenta and third-trimester fetus demonstrating charac-
teristic gross lesions of Toxoplasma gondii infection. The cotyledons 
demonstrate areas of necrosis visible as small white foci. The fetus is 
mummified. (Courtesy Dr. John F. Edwards, College Station, Texas.)

A B

• Fig. 8.27  Necrobacillosis along the dorsum of an ovine fetus  (A) with multifocal suppurative dermatitis 
(B) caused by Fusobacterium necrophorum. (Courtesy Prof. Jørgen S. Agerholm, University of Copenhagen, 
Denmark.)



185CHAPTER 8 Theriogenology of Sheep, Goats, and Cervids

atresia, neurologic defects, neural tube defects, and other random 
congenital abnormalities may contribute to sporadic abortions or 
postnatal death (Figure 8.28). Etiologies that cause fetal cardiac 
insufficiency may result in anasarca and hydrops amnion246,247 
(Figures 8.29 and 8.30). Many abortifacient microbial agents of 
sheep and goats are capable of causing disease in humans and this 
is addressed at the conclusion of the chapter.

Noninfectious Causes of Abortion
Noninfectious causes of abortion such as chromosomal rearrange-
ment (Robertsonian translocation), creation of a sheep/goat hy-
brids, stress, nutritional deficiencies, pharmaceutical reactions 
and toxic plant ingestion can result in pregnancy loss.6 Stress may 
trigger a higher percentage of abortions in goats versus sheep be-
cause of the goat’s dependency on the CL for the maintenance of 
pregnancy.233 Predator attack, severe weather, or shearing may all 
trigger early regression of the CL in the doe, resulting in abortion. 
Angora goats have an abortion etiology not typically seen in other 

breeds. Young Angora does are susceptible to stress abortions.248 
Some older Angora that typically are heavier than average and 
have very fine mohair may experience habitual abortions around 
gestation day 100 as a result of adrenal dysfunction.238,248 This 
habitual, familial form of abortion usually starts when the doe is 
4 or 5 years old and culling is indicated.238 Heat stress also may 
result in early embryonic losses, abortions, stillbirths, or weak 
kids.249

Nutrition. Energy and protein deficiencies can result in em-
bryonic loss, decreased fetal growth, depressed placental growth, 
fetal mummification, and the birth of weak young. Fetal wastage 
resulting from nutritional deficiencies often occurs between day 
90 and 120 of gestation.248 Increasing dietary protein supplemen-
tation of grass-fed goats by feeding leguminous tree leaves was 
shown to reduce abortions.250 Deficiencies in a number of miner-
als and vitamins such as iodine, copper, magnesium, manganese, 
vitamin A, and selenium can cause abortion or the birth of weak 
fetuses.238,248 High concentrations of dietary sulfur, particularly 
sulfate, may result in both selenium and copper deficiency.249 
Maintaining optimal body condition scores, ensuring adequate 
protein intake, and supplementing the diet with a good-quality, 
complete trace mineral mixture offered free choice are usually 
protective. Overweight does may be prone to hepatic lipidosis and 
pregnancy toxemia. Although death of the doe usually results, 
abortions may be observed in late stages of the disease.248

Iodine deficiency may be a problem in certain locations 
around the world. Affected neonates are born with enlarged thy-
roid glands, a condition commonly known as goiter. Late-term 
aborted fetuses with no wool and weak newborns are observed 
with iodine deficiency (see Chapter 2). Supplementation with 
iodine in iodine-deficient areas has been associated with increased 
lambing rates and decreased lamb mortality. Flocks grazing on 
plants that are members of the Brassica family (e.g., rape, kale, 
turnips, and flixweed) and animals of certain breeds (polled Dor-
set) are more susceptible to iodine deficiencies.251 Iodine should 
be supplied at a rate of 0.10 to 0.80 mg/kg of dry matter of feed 
intake.

Copper deficiency causes a condition in newborns known as 
enzootic swayback. Neonates are typically normal at birth but de-
velop rear-limb paresis or paralysis within a few weeks. The neu-
rologic deficits are caused by a dystrophic demyelination of the 

•  Fig.  8.28   Neural tube defect in a lamb resulting in anencephaly, the 
absence of a major portion of the brain and skull. (Courtesy Dr. Jim 
Cooley, Starkville, Michigan.)

•  Fig. 8.29   Fetus that aborted as a result of toxic plant ingestion, Tet-
rapterys multiglandulosa, by the ewe at days 91 to 120 gestation, result-
ing in cardiac fibrosis, cardiac insufficiency, and anasarca. (Courtesy  
Dr. Gabriela Riet Correa Rivero, Castanhal, Pará, Brazil.)

• Fig. 8.30   Hydrops amnion and fetal anasarca resulted in an ovine fetus. 
The skin over the dorsum has been excised to demonstrate severe diffuse 
subcutaneous edema.
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white matter in the spinal cord. This lesion begins during gesta-
tion and cannot be corrected after diagnosis. Therefore, the focus 
of attention should be on the gestating ewes and does. Pygmy 
goats appear to be the most susceptible of the goat breeds. Infertil-
ity problems also have been blamed on copper deficiencies. Re-
gions with sandy soils or years with increased rainfall may see in-
creased cases of copper deficiency in sheep and goats on a diet 
high in pasture grasses. Copper supplementation in ewes should 
be done with caution because copper toxicity can result from over 
supplementation and also may cause abortions and other systemic 
disease. Copper should be fed to ewes at a rate of 5 ppm (mg/kg) 
of the diet on a dry-matter basis. Copper is commonly supple-
mented in salt mixtures. These salt mixtures should contain  
between 0.0625 to 0.13% copper in the form of copper sulfate, 
which would be between 0.25 to 0.50% copper sulfate in the  
salt mix. Important interactions occur between copper and mo-
lybdenum and copper and sulfur. High concentrations of molyb-
denum (1–2 ppm) and sulfur (more than 2000 ppm) in feed and 
water sources can decrease copper availability.237 Interaction with 
other minerals such as iron (more than 400 ppm), cadmium 
(more than 3–7 ppm), and zinc (more than 100–400 ppm) also 
can negatively affect copper absorption and metabolism. The cop-
per requirement in cervids is quite high, with some diets contain-
ing 25 to 75 ppm. Monitoring liver copper levels may be very 
helpful and should probably be done on a routine basis in most 
cervid herds (see Chapter 2).

Manganese deficiency during gestation can result in abortion 
or weak, small, paralyzed, or deformed neonates.237 As with other 
deficiencies, the addition of a palatable trace mineral salt mixture 
offered free choice and year-round is usually preventative (see 
Chapter 2).

Vitamin E/Selenium deficiency. Vitamin E/selenium deficiency 
has been implicated as a cause of abortion in Switzerland.252

Toxicologic Abortion
Heavy Metal Intoxication
Lead toxicity can cause fetal wastage in ewes.249 Oversupplemen-
tation of copper may cause abortion. Excess selenium may cause 
abortion and failure of conception.

Rodenticide. Environmental contamination with brodifacoum 
used for rat control resulted in abortions in sheep with clinical 
signs that mimicked Rift Valley fever virus infection.253

Toxic Plants. Teratogenic changes and/or altered fetal develop-
ment have been associated with several plant species, including 
Gutierrezia (broomweed), Nicotiana tabacum (tobacco), Nicotiana 
glauca (wild tree tobacco), V. californicum (skunk cabbage), As-
tragalus (locoweed), Lupinus. formosus, (Lunara lupine), Conium 
maculatum (Poison-hemlock), Lathyrus, Sophora, and Sorghum 
bicolor (Sudan grass).254 Toxicity induced by these plants must be 
differentiated from malformations caused by bunyavirus infec-
tions.238 Astragalus lentiginosus (a locoweed) may also cause early 
fetal death in goats.246 Descurainia sophia (flixweed) and other 
goitrogenic plants may cause decreased hair, large birth weights, 
and thyroid hyperplasia in fetuses.251 Ateleia glazioviana has been 
shown to cause abortion, stillbirth, and perinatal death in sheep 
from Brazil.255 Also reported from Brazil, Tetrapterys multiglandu-
losa causes ovine fetal death with anasarca and perinatal mortality 
proceeded by neurologic deficits.247 Phytoestrogens found in le-
gumes may reduce ovulation rates and have been implicated in 
increased embryonic mortality rate.248

Forage that accumulates nitrate such as sweet clover, Johnson 
grass, sorghum, lamb’s quarter, Jimsonweed, sunflower, pigweed, 

and oat hay can cause abortion as a result of nitrate-nitrite toxic-
ity.248 Hay that was created from heavily fertilized pastures may 
also concentrate toxic levels of nitrate. If nitrate-nitrite toxicity is 
suspected, diluting the affected forage with other feedstuffs is a 
useful treatment. Cutting suspected forage 30 cm above the 
ground and avoiding the feeding of drought-stressed crops will 
help decrease nitrate concentrations in feeds to less than 1000 
ppm nitrate as nitrogen, or less than 0.44% nitrate. Higher con-
centrations should be avoided or diluted with other feeds. Feeds 
containing more than 3500 ppm of nitrate nitrogen, or more than 
1.76% nitrate, should not be fed to pregnant animals.256 Elevated 
nitrate and nitrite levels in fetal ocular fluid can be used to con-
firm nitrate-induced abortion at necropsy.257

Pharmaceuticals Causing Abortion. Various pharmaceuticals 
are proven abortifacients, or at least their use has been associated 
with increased abortion incidence. Also, pharmaceuticals may be 
unfairly blamed for abortion when in fact it could have been 
rough handling during administration that may have caused the 
abortion.248 Anthelmintics such as phenothiazine and levamisole 
given in the final months of gestation may cause abortion.238,259 
Use of anthelmintics in the benzimidazole class (netobimin, al-
bendazole, parbendazole, and cambendazole) in pregnant females 
during the first trimester have been associated with fetal abnor-
malities.238,260,261 Abortions were observed in 2 out of 27 mixed-
breed dairy sheep 7 days after administration of artemether to 
treat liver flukes.261 Anecdotal reports of abortion following the 
use of other dewormers (ivermectin, fenbendazole) are largely 
unsubstantiated. Xylazine and high doses of acepromazine in the 
first half of pregnancy may cause abortion because of their adverse 
effects on uterine contraction and placental perfusion.248 Admini-
stration of corticosteroids in late gestation and estrogen and  
prostaglandins throughout most of gestation may induce  
abortion.248

Infectious Causes of Abortion
The most common microbial agents diagnosed as causes of abor-
tion and placentitis in sheep and goats in North America are Cam-
pylobacter fetus subsp. fetus, Campylobacter jejuni, Chlamydophila 
abortus, C. burnetii, and Toxoplasma gondii.235,238,242,243,262,263 Al-
though sheep and goats are equally susceptible to many pathogens, 
exceptions to this rule, influenced by region, breed, and species of 
pathogen, have been recognized. For example, campylobacteriosis is 
more common in sheep in some locales, whereas herpesvirus infec-
tion is a goat disease.249,264

Definitive diagnosis of a specific infectious agent is dependent 
on collection of the appropriate sample, knowledge of available 
tests, and submission of properly prepared samples to a qualified 
laboratory. Most infectious abortions in sheep and goats have a 
primary bacterial etiology. As a general rule, abortions from bac-
teria or viruses are uncommonly reported in cervids.

Bacterial Abortion
Chlamydophila Abortus (Chlamydiosis, Enzootic Abortion). 

C. abortus (previously Chlamydia psittaci serotype 1), a gram-
negative intracellular bacterium and zoonotic agent, was recog-
nized since 1950 as the species responsible for enzootic abortion. 
C. abortus was previously identified as Chlamydia psittaci, immu-
notype 1.239,265 The term “Chlamydiosis” may still be relevant 
because Chlamydophila is a bacterial genus belonging to the fam-
ily Chlamydiaceae, order Chlamydiales.266 C. abortus is one of the 
most common causes of infectious abortion in sheep and goats in 
North America and the United Kingdom but also induces a 
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persistent subclinical infection in nonpregnant and multiparous 
sheep and goats.242,262,267–269 When introduced into naive flocks, 
25 to 60% of ewes or does may abort.267 In flocks in which the 
disease is epizootic, abortion rates tend to drop to between 1 and 
15%, with abortions predominately occurring in flock additions 
or primiparous ewes and does.235,270 Chlamydophila pecorum (pre-
viously Chlamydia psittaci immunotype 2) is commonly found in 
the gastrointestinal and reproductive tracts of healthy ruminants 
and has been implicated as a cause of sporadic abortion in small 
ruminants. C. pecorum is typically associated with polyarthritis, 
encephalomyelitis, pneumonia, diarrhea, and gastrointestinal dis-
ease. Although abortion may not occur commonly, fetal lesions 
associated with C. pecorum in a goat abortion included the follow-
ing: severe suppurative and necrotizing placentitis with vasculitis 
and thrombosis, lymphohistiocytic and neutrophilic hepatitis, 
and fibrinosuppurative enterits.235,249,268,271–273 C. pecorum may 
cross react on serologic test intended to diagnose C. abortus result-
ing in false-positives, but cross-protection does not occur.239,274 
Concomitant infections with C. abortus and C. burnetii are re-
peatedly reported.275 Recently, utilization of species-specific real-
time PCR has resulted in incidental discovery of Chlamydophila 
psittaci, an avian associated organism and a cause of human “psit-
tacosis” in a fecal sample from a goat.276

Placentitis induced by Parachlamydia acanthamoebae, a zoo-
notic agent, has been confirmed by researchers in Switzerland.277 
Parachlamydiaceae are a family in the order Chlamydiales that also 
includes the families Chlamydiaceae, Simkaniaceae, and Waddlia-
ceae.266 Microscopic characteristics of necrotizing placentitis 
caused by P. acanthamoebae are similar to those of C. abortus.277

Transmission and Pathogenesis.  The best documented trans-
mission route of C. abortus is through oronasal contact 
with aborted tissues, vaginal discharges, or contaminated 
neonates.233,269,278 Elementary bodies produced by C. abortus are 
resistant to many chemical and physical factors and will survive  
prolonged extracellular exposure.279 Pigeons and sparrows may 
serve as reservoirs for the organism, and ticks or insects may play 
a role in the transmission of this disease.280,281 The incidence of 
infection from environmental and wildlife sources is unknown. 
After entering at the tonsils, the intracellular bacteria become la-
tent within an unknown population of cells.269 The immunologic 
mechanisms of pathogenesis are not completely understood, but 

the progression of disease is remarkably consistent.278 After ex-
perimental subcutaneous inoculation at day 70 of gestation, C. 
abortus can be detected in cotyledonary trophoblast at day 85 but 
does not begin rapid multiplication until around day 115.278 This 
experiment parallels clinical observations of naturally occurring 
cases. At around day 115 of gestation, necrosis of the cotyledon, 
in response to massive proliferation of intracellular organism in 
trophoblast, prevents normal transfer of nutrients across the plac-
entome, resulting in fetal death.238 Aborting females initially shed 
large numbers of the organism in the uterine discharge and pla-
centa for approximately 3 weeks after abortion. Ewes that have 
primiparous abortions from C. abortus may have subsequent nor-
mal pregnancies but continue to shed the organism in low num-
bers in vaginal secretions.282 If infected between 5 and 6 weeks 
before parturition, ewes and does may develop clinical disease 
during the current pregnancy. If the ewe or doe is infected later in 
gestation, some animals will develop latent infections and will not 
have any problems until they experience abortion during the next 
gestation.283 Although Chlamydophila has been isolated from the 
semen of experimentally infected rams for as long as 29 days after 
inoculation, this is not considered the primary mode of transmis-
sion.280,281 Outbreaks of abortion among goats by dual infection 
with Chlamydophila and C. burnetii also have been reported.284

Clinical Signs and Pathology.  When C. abortus is endemic to 
a farm, abortions caused by this organism are usually limited to 
primiparous females.238 Abortions usually occur in the last 2 to 3 weeks 
of gestation or stillborn or weak lambs may be born after a normal 
gestation length.283 After a transient fever and general malaise at 
initial infection, persistently infected ewes and does may have no 
clinical signs until the time of abortion.249,262,285,286 Does and 
ewes develop a mild and transient pneumonia or hepatitis, be-
come anorexic and febrile, and have a bloody vaginal discharge 2 
to 3 days before aborting.287 The fetus is usually delivered 
in a fresh state but can be retained in the uterus for 1 or 2 days, 
it which case it will be autolyzed. Some weak newborns may sur-
vive, and a few females may have a retained placenta.262,267 Oc-
casionally, pneumonia may be seen in young animals during an 
abortion storm. The placenta will have regional to generalized 
thickening, brownish exudate, opacity of the intercotyledonary 
space, and white gray foci on the chorionic surface of cotyle-
dons238,262,267 (Figure 8.31A). The severity of lesions will vary 

A B

• Fig. 8.31   Necrotizing placentitis in two different specimens, grossly similar in appearance, was caused 
by two different intracellular bacteria, respectively: A. Chlamydophila abortus. B. Coxiella burnetii. Patho-
logic changes include pinpoint white foci on cotyledons and thickened, opaque intercotyledonary areas. 
(Dr. Patricia Blanchard, DVM, PhD CAHFS-Tulare, University of California.)
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between animals and between placentomes of the same placenta, 
and necrotizing vasculitis of placental vessels is observed micro-
scopically.242,287 Goat fetuses may occasionally have white spots 
on the liver identifiable grossly, but histologically, most fetuses 
have some combination of hepatitis, splenitis, bronchopneumo-
nia, or encepahalitis.242

Diagnosis.  Immediate diagnosis can be made by demonstra-
tion of the elementary bodies in impression smears in trophoblast 
made from cotyledons or uterine discharge. Gimenez or modified 
Ziehl-Neelsen special stains will improve cytologic detection.235 
Impression smears of cotyledons can be examined by florescent 
antibody techniques.242 A definitive diagnosis is made by positive 
culture or PCR from fresh placenta, stomach content, or fetal tis-
sue.277,288 PCR assay conducted on vaginal swabs demonstrate 
high specificity and sensitivity.289 Since C. abortus often only af-
fects the placenta, histopathologic examination, culture, and PCR 
of fetal tissue can be unrewarding.278 Examination of the placenta 
histologically with the use of special stains (Machiavelli, Giemsa, 
Gimenez, or modified Ziehl-Neelsen) should be diagnostic.238,242 
Immunohistochemistry or PCR performed on formalin-fixed 
paraffin-embedded placenta is a less sensitive back-up method if 
fresh tissues are not available.290,291 The sensitivity of PCR 
decreases the longer tissues are stored in formalin.292

Ewes and does have significant increases in antibodies against 
C. abortus after abortion caused by this organism.293 Paired serum 
samples taken 2 to 3 weeks apart from the aborting female or the 
presence of antibodies in fetal serum can aid in diagnosis.262,265,272 
CFT and various ELISA methods are useful tools to evaluate sera 
of C. abortus antibodies but may provide false-negative results 
because of cross-reaction with C. pecorum antigen. ELISA tests, 
developed recently, that target outer membrane protein fragments 
are more sensitive and do not cross react with C. pecorum.294

Treatment.  Outbreak control in fiber-producing animals has 
been demonstrated by treating all females in the flock with tetra-
cycline during the final 4 to 6 weeks of gestation.262,267,272 Tetra-
cycline (400–500 mg/head/day) mixed into the feed for 2 weeks 
can prevent the disease.238,295 In dairy herds, it is customary to 
treat individual nonlactating does with injections of long-acting 
oxytetracycline (20 mg/kg of body weight SC) every 10 to  
14 days.238 An effective protocol may be one injection of long-
acting oxytetracycline 6 to 8 weeks before parturition, followed by 
a second injection 3 weeks after parturition.280 The authors prefer 
to include tetracycline in the feed or energy-protein supplement 
when possible, although practitioners in the United States should 
be sure to the follow the US Veterinary Feed Directive. Regardless 
of the route of administration, suppression of the organism with 
antibiotics may prevent additional placental damage and reduce 
shedding of C. abortus. Tylosin (20 mg/kg IM once or twice daily) 
also may be effective. C. abortus is also responsive to rifampicin 
and chloramphenicol, but use of these drugs is restricted in some 
countries, including the United States.238

Prevention.  Culling of ewes and does that have previously 
aborted from C. abortus should be considered as a control mea-
sure.281 Acquisition of replacement females from endemic herds 
into a naïve population should be avoided. ET from endemic 
farms into disease-free recipients has been proposed as a way to 
maintain the disease-free status of a farm.238 Enzootic abortion is 
of such serious economic concern in some countries that compul-
sory vaccination programs have been implemented.296 Killed vac-
cines for sheep are available in certain locales and live vaccines are 
available in Europe.279 These vaccines may be used in goats but 
have been associated with local and systemic reactions (marked 

soreness and stiffness).263,297 In the United States, vaccines are 
usually available only in combination with Campylobacter bac-
terin or Campylobacter and Escherichia coli bacterin.263,297 Anec-
dotal evidence suggests that these three-way vaccines may result in 
fetal wastage if administered during the first month of pregnancy. 
If used, the vaccine should be given IM or SC 8 weeks before 
breeding and followed in 4 weeks with a booster.297 Even though 
trials in sheep have demonstrated that protection against abortion 
lasts for about 3 years, annual revaccination is recommended.298 
Vaccination helps prevent abortion but may not eliminate infec-
tion and should therefore not be considered 100% effective.238

Aborting females should be removed from the herd for at least 
3 weeks, and fetuses and placentas not submitted for diagnostics 
should be burned or buried. Producers should take care to prevent 
the contamination of feed and water. Supplemental feedstuffs 
should not be offered directly on the ground, and feeders should 
be designed to prevent animals from crawling into and contami-
nating feed.238,296

Coxiella Burnetii (Q Fever).  C. burnetii is a zoonotic obligate, 
pleomorphic intracellular, rickettsial organism that can survive in 
a dried condition for extended periods.235 Human infection 
known as “Q fever” was first recognized in abattoir workers in 
Queensland, Australia. C. burnetii can cause abortion in sheep and 
goats and has distribution in most parts of the world.238,249,262,299,300

Transmission and Pathogenesis.  Cattle, sheep, goats, dogs, 
and birds may serve as carriers of C. burnetii, which is shed in 
placentas, uterine fluids, colostrum, milk, urine, feces, and pos-
sibly semen of ruminants.233,238,300–302 Simultaneous abortion 
storms of cattle, sheep, and goats occurring on the same farm have 
been documented.275 Multiple species of ticks are the primary 
natural reservoir for C. burnetii and likely responsible for disease 
transmission to domestic animals.275,303 One study indicates a 
seasonal distribution in cold weather months (Northern Hemi-
sphere) for C. burnetii–related abortions.275 C. burnetii exist in a 
phase I virulent form and phase II less virulent form.238 Sheep and 
goats may shed the organism for up to 4 months in vaginal secre-
tion.302,304 Sheep were shown to shed the organism in feces for 
5 months and in milk for 4 months.304 On farms experiencing 
epizootics, seronegative does that are kidding normally may shed 
C. burnetii.305 Cattle have been implicated as the source of infec-
tion for sheep and goats when they share pastures, water, feed 
sources, and handling equipment. Contact with aborted material, 
vaginal discharge, and mucous membranes and sexual transmis-
sion are methods of transmission. C. burnetii may be aerosolized 
on contaminated particles and transmitted by inhalation.305

Clinical Signs and Pathology.  Susceptible pregnant females 
develop placentitis, whereas nonpregnant ewes and does usually 
do not develop clinical signs of infection.235 Stress, overcrowding, 
and poor nutrition likely influence of development of clinical 
signs.238 Does may abort without apparent clinical signs or show 
anorexia and depression 1 to 2 days before aborting. Abortion or 
stillbirth usually occurs in the third trimester, but second-trimes-
ter abortions are possible.242,262,300,306 Unlike C. abortus, C. bur-
netii may cause abortion in successive parturitions.307 The pla-
centa may have white areas of necrosis and mineralization on 
cotyledons that also involves intercotyledonary areas (Figure 
8.31B). The chorionic surface may be covered by thick exudate 
(Figure 8.32). Fetuses usually have no gross lesions.242

Diagnosis.  Diagnosis is based on placental findings, serology, 
isolation, and/or PCR detection of the organism in the place
nta.262,300,305 Submission of the fetus only is likely to result in no 
diagnosis.242,308 Detection of C. burnetii by PCR does not necessarily 
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translate to a diagnosis in cases of abortion because animals abort-
ing from other causes may shed the organisms.238 Although isola-
tion of C. burnetii is the ideal means for diagnosis of the disease, 
it is usually not feasible because of the contagious and zoonotic 
potential of the organism. If C. burnetii is suspected, fresh tissues 
can be held frozen until the disease is ruled out with histology.235 
Fluorescent antibody test can be used to identify the organism in 
frozen placental sections. Some diagnostic laboratories, however, 
are unwilling to handle fresh tissues because of zoonotic transmis-
sion risk.306 Gimenez or Wolbach’s Giemsa stains of histologic 
sections of cotyledons or fetal abomasum are useful for observing 
organism.242 PCR and or immunohistochemistry on paraffin-
embedded tissue may provide a risk-free diagnostic technique.291 
Even though a variety of serologic tests have been described, a 
diagnosis of C. burnetii abortion cannot be given solely on the 
basis of positive serology results because infections without abor-
tions are common.309 Two commercially available ELISA tests 
were shown to be more sensitive than CFT but have the potential 
to miss animals that have not developed an immunoglobulin G 
response.310 When the indirect immunofluorescence assay was 
used, titers above 1:32 were considered positive.311 A four-fold 
increase in titers between acute and convalescent samples indi-
cates recent infection.306 A rapid presumptive diagnosis of infec-
tion with C. burnetii is possible by identifying a large number of 
characteristic organisms in the placental tissue and ruling out 
other causes of placentitis (Brucella, Toxoplasma, Campylobacter, 
and Chlamydophila).263,298

Treatment.  Treatment with oxytetracycline did not signifi-
cantly reduce shedding of C. burnetii.304

Prevention.  After the infection is established, the female can 
carry the organism indefinitely, shedding it in milk and at parturi-
tion. Identification and removal of animals serving as permanent 
reservoirs should be considered.312 Producers should burn or bury 
placentas and aborted fetuses promptly.300 Prevention in sheep 
used in medical research is a major problem. Currently, available 
vaccines are unable to prevent infection but may reduce abortion 
and shedding of the bacterium.302,313,314 Removing cattle, cats, 
and rodents may aid in control efforts.263

Campylobacter spp. (Campylobacteriosis, Vibriosis).  C. jejuni 
and C. fetus subsp. fetus (formerly Vibrio spp.) are zoonotic agents, 

gram-negative, microaerophilic rods that are a significant cause of 
abortion in sheep worldwide.238,315,316 A United States Department 
of Agriculture (USDA)/Animal and Plant Health Inspection Ser-
vice (APHIS) study sampling 87.4% of the US sheep industry 
identified Campylobacter as the number one cause of infectious 
abortion.316 Campylobacteriosis is less documented as a cause of 
abortion in goats.238 C. jejuni is the predominant species resulting 
in more sporadic abortions, while C. fetus subsp. fetus is more likely 
to be involved in abortion storms affecting large flocks in Western 
North America.239 Most of the isolates of C. fetus belong to a single 
genetic clone.316 C. fetus subsp. fetus has variation in serotypes that 
may affect response to vaccination or innate immunity.239 Campy-
lobacter lari, a species associated with birds of coastal habitat, has 
been recognized as a cause of sheep abortion in California.317,318

Transmission and Pathogenesis.  Campylobacter can be com-
mensal bacterium in the intestines and gall bladder of sheep, dogs, 
and some birds.235 These organisms can be transmitted farm to 
farm by carrion-eating birds such as corvids (crows and jays). The 
organisms can be shed from the intestinal and biliary mucosa of 
carrier sheep and occasionally guard dogs that have ingested 
aborted fetuses. Infection occurs through ingestion of infected 
feces, aborted fetuses, placentas, and vaginal discharge by ewes.235 
Factors that suppress the asymptomatic intestinal infection from 
progression to diarrhea, bacteremia, and abortion are not known 
and may be associated with serotype.239 The incubation period 
may range from 8 to 60 days.239 In ewes experimentally inocu-
lated with C. jejuni, abortion occurred 7 to 12 days after inocula-
tion.319 Ewes that become infected abort and then become 
immune. However, some become persistently infected and shed 
the organism in their feces.

Clinical Signs and Pathology.  Late-gestation abortions, still-
births, and weak lambs are common. Aborting does are usually 
asymptomatic but may have mild diarrhea and mucopurulent 
vaginal discharge.320 Aborted fetuses and placentas are usually 
expelled with little or no autolysis. When fetuses are retained in 
utero, death of ewes may occur.316 The placenta is often 
edematous and can have necrosis, resulting in mottled swollen 
cotyledons.238 The fetuses may have some subcutaneous edema, 
pleuritis, hepatitis, and peritonitis. Necrotic areas on the livers of 
aborted lambs may occasionally look like “gray targets.” Although 
abortion storms may occur in as much as 70 to 90% of a flock, 
they usually affect less than 20% of ewes in enzootically infected 
flocks.237

Diagnosis.  Definitive diagnosis of Campylobacter abortion is 
through isolation of the bacterium and requires inoculation of 
special plates and use special microaerophilic culture technique.242 
Fetal lung, abomasal fluid, placenta, or vaginal discharge are pre-
ferred samples for culture.242,321 Presumptive identification of or-
ganism by direct microscopic examination (dark field or contrast) 
of fresh cotyledonary smears is possible.235,238,322 A serologic test 
can be done at a few specialized laboratories. Whenever the organ-
ism is isolated, culture and antibiotic sensitivity patterns are useful 
for guiding possible flock treatment. Fetal septicemia by Helico-
bacter bilis (previously Flexispira rappini) may cause gross lesions 
that mimic campylobacteriosis.323,324

Treatment.  The antibiotic regimen of penicillin or streptomy-
cin injections or tetracycline in feed (300 mg/head/day) may be 
useful in the face of a disease outbreak.272,320 Tetracycline in the 
feed (200–300 mg/head/day) before and during lambing or kid-
ding season appears to decrease the incidence of abortion, as does 
the use of injectable long-acting oxytetracycline (20 mg/kg every 
48 hours) during an outbreak. Again, practitioners in the United 

• Fig. 8.32   Coxiella burnetii infection resulting in placentitis with intercoty-
ledonary thickening, opacity, and exudate from a late-term goat abortion. 
(Courtesy Dr. J.A. Navarro, School of Veterinary Science, University of 
Murcia, Spain.)
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States should be sure to the follow the US Veterinary Feed Direc-
tive. Recently a tetracycline-resistant clone of C. jejuni has 
emerged as the predominant species in sheep abortion in the 
western United States.316 In cases of apparent tetracycline resis-
tance, sulfamethazine (110 mg/kg PO) or tylosin (30 mg/kg IM 
once daily) may be given.

Prevention.  A combined killed C. fetus-C. jejuni bacterin is 
available for use in sheep. The vaccine is initially administered 
before breeding, with a booster in 2 to 3 months. Annual revac-
cination shortly before or just after breeding is recommended.297 
If a vaccine or immunologic agent for E. coli is combined with C. 
fetus or C. jejuni, it should be avoided in early gestation because 
it has been anecdotally associated with fetal wastage. On farms 
where Campylobacter is a confirmed cause of abortion, autogenous 
bacterins that are strain-specific are valuable. Because of the prob-
able oral route of infection, maintaining sanitary conditions, 
avoiding fecal contamination of feedstuffs, and isolating aborting 
animals are recommended strategies.320 The placentas and aborted 
fetuses should be burned or buried and kept away from hungry 
guard dogs.238

Brucella spp. (Brucellosis).  Brucella spp. are small, gram-
negative coccobacilli that may cause abortion, weak kids, mastitis, 
epididymitis, and the formation of localized lesions in various  
tissue.325,326 Brucella melitensis is a zoonotic agent that is wide-
spread in goats in the Middle East, India, Pakistan, Africa, Mexico, 
and parts of South America.237,262 B. melitensis is a cause of Malta 
fever in human beings.237,262 The incidence of brucellosis caused by 
B. melitensis in goats has historically been extremely low in North 
America, but recent sporadic outbreaks have been reported in 
goats in Texas and Colorado.326 Although considered goat specific, 
B. melitensis may cause abortion in sheep.235 B. ovis is endemic in 
sheep throughout the western portions of North America and as-
sociated with epididymitis in rams and may cause abortion in rare 
incidences.233 Occasionally, B. abortus infection occurs in goats 
living in close contact with infected cattle or as a result of inadver-
tent vaccination of goats with live strains of the organism.325

Transmission and Pathogenesis.  The bacterium may be trans-
mitted in contaminated feed or water, oral secretions, milk, urine, 
feces, semen, vaginal discharge, or placental membranes.235,237,325 
Crowded facilities are often implicated in Brucella outbreaks.327 
Brucella sp. enters through mucous membranes and becomes lo-
calized in the udder, uterus, testes, spleen, or lymph nodes.235,237,325 
In pregnant animals, localization in the placenta leads to the de-
velopment of placentitis with subsequent abortion. Goats may 
excrete the organism for up to 2 to 3 months in vaginal discharge. 
If ewes become infected and abort, they usually clear the organism 
within 2 to 4 weeks.235 Nonaborting infected females may give 
birth to infected kids or lambs that are capable of shedding the 
organism.237,238,295

Clinical Signs and Pathology.  Sheep and goats with brucello-
sis often abort during the final trimester.325,327 Substantial in-
creases in initial farm abortions are followed by a period of resis-
tance during which abortions are rare. Again, abortion appears to 
be more of a problem in goats than in sheep. In goats and rarely 
in sheep, a systemic disease with fever, depression, weight loss, 
diarrhea, mastitis, lameness, hygroma, and orchitis may oc-
cur.237,325 Infected ewes are rarely ill. Mild placental lesions have 
been reported with B. melitensis infection in goats, whereas B. ovis 
infection in sheep is said to result in pronounced placental thick-
ening and grossly visible necrosis of cotyledons.

Diagnosis.  Identification of brucellosis as the cause of abor-
tion is usually made by isolating the organism from the aborted 

fetus (abomasal contents), placenta (cotyledon), or vaginal dis-
charge. Isolation is dependent on specialized culture, often utiliz-
ing increased CO2 or less frequently used agars.328 PCR may be 
used to diagnose Brucella in milk and blood samples.329 Serologic 
testing alone may lead to a false diagnosis. Various agglutination, 
precipitation, and CFTs are available to detect carrier animals.238 
The milk ring test is an agglutination test conducted on milk 
samples.330 PCR and or immunohistochemistry on paraffin em-
bedded tissue may provide a risk-free diagnostic technique.291,331

Treatment and Prevention.  No treatment is available for bru-
cellosis in goats or sheep. Eradication of Brucella organisms is 
difficult because livestock populations can be reinfected from 
wildlife reservoirs.327,332 Grazing in communal pastures places 
animals at increased risk.333 In countries with a low prevalence of 
infection, slaughter of the entire flock is generally the control 
measure of choice.237,238,327 In other situations, a test and slaugh-
ter program may be more appropriate.

Culling rams based on palpable signs of epididymitis, serologic 
testing, and vaccinating normal, nonaffected ram lambs may help 
control the disease.235 In many countries in which caprine brucel-
losis is prevalent, the disease is controlled by an intensive vaccina-
tion program. Vaccination of goats is not permitted in the United 
States. The killed vaccine occasionally used in sheep (B. ovis) ap-
pears to have poor efficacy. Where permitted, a live attenuated 
strain of B. melitensis can be given subcutaneously in kids and 
lambs 3 to 8 months of age.238,327 This vaccine causes abortion in 
goats and should therefore be avoided in pregnant animals or 
those within 1 month of breeding. Immunity from a single vac-
cination for B. melitensis is considered to be lifelong.238

All new animals should be serologically tested before introduc-
tion to the flock. Rams and bucks should be tested yearly before 
the start of the breeding season.237 Placentas and aborted fetuses 
not used for diagnostic purposes should be burned or buried.

Listeria spp. (Listeriosis).  Listeria monocytogenes and Listeria 
ivanovii are zoonotic, gram-positive, non–acid-fast facultative 
microaerophilic bacteria that cause meningoencephalitis, abor-
tion, and septicemia in goats and sheep. L. monocytogenes causes 
encephalitis, septicemia, and abortion in sheep and goats, whereas 
L. ivanovii is reported to cause abortion only in sheep.3

Transmission and Pathogenesis.  L. monocytogenes can be 
found in soil, water, plant litter, silage, and the digestive tracts of 
ruminants and human beings.238 The organism can survive in soil 
and feces for extended periods and grows in poorly fermented si-
lage (with pH levels higher than 5.5).237,238,249,262 Fecal shedding 
of L. monocytogenes peaks in the winter.334 Abortion has been at-
tributed to the feeding of contaminated silage. Abortions have 
also been observed in animals fed only hay or that browse on 
boggy, high-pH soils.335 Experimentally infected does aborted 9 
to 11 days after inoculation.238

Clinical Signs and Pathology.  Infection in late gestation can 
result in stillbirth or weak neonates rather than abortion and is 
preceded by septicemia.238,262 Signs of septicemia include fever, 
decreased appetite, and reduced milk production. Metritis may 
develop in sheep and occasionally in goats that abort. Kids grafted 
to the aborting female can contract listeriosis through the milk 
with subsequent fatal septicemia.238 The abortifacient and en-
cephalitic clinical presentations of listeriosis do not usually occur 
simultaneously in sheep but may occur in goat herds.263 The uterus 
may have minimal lesions of metritis or be filled with necrotic, 
dark-colored putrid material.336 Other findings may include a sup-
purative placentitis with necrotizing vasculitis (Figure 8.33). In 
chronically affected animals, the cotyledons may be thickened with 



191CHAPTER 8 Theriogenology of Sheep, Goats, and Cervids

a leathery texture.238 In the aborted fetuses, microabscesses con-
taining numerous bacteria may be seen in liver and other organs.235 
Fetuses may be severely autolyzed or macerated235 (Figure 8.34).

Diagnosis.  Culture of the organisms from the fetal stomach 
content, liver, placenta, or uterine discharge is diagnostic. Unfor-
tunately, fetal autolysis can be so severe that culture may be dif-
ficult. The organism may be presumptively identified during 
histopathologic examination with the use of silver stains. PCR 
assay or immunohistochemistry studies of paraffin-embedded 
tissue may provide a risk-free diagnostic technique.291

Treatment.  The addition of chlortetracycline (300 mg/head/
day) to a grain supplement has been reported to stop abortions 
during a listeriosis outbreak.335 Practitioners in the United States 
should be sure to the follow the US Veterinary Feed Directive. 
Long-acting oxytetracycline (20 mg/kg of body weight every 48 
to 72 hours) is also of value.

Prevention.  Feeding poor-quality or spoiled silage or grazing 
pastures linked with outbreaks or cases of listeriosis should be 
discouraged. Vaccination to produce cellular immunity has been 
investigated. The administration of two doses of reduced-virulence 

live vaccine before breeding is reported to have provided signifi-
cant protection against experimental challenge in pregnant does.238

Salmonella spp. (Salmonellosis).  Salmonella are zoonotic, 
gram-negative bacteria that can cause abortion, metritis, and sys-
temic illness in ewes and does. The genus has only two species, 
Salmonella enterica, divided into six subspecies and containing 
over 2500 serovars, and Salmonella bongori. The pathogenic spe-
cies and subspecies of most interest in sheep and goats are S. en-
terica subsp. enterica. In the following discussion, therefore, Sal-
monella serotypes from this subspecies are identified by genus and 
serotype name, as is accepted in most literature. Salmonella Abor-
tusovis, Salmonella Brandenburg, Salmonella Indiana, Salmonella 
Dublin, Salmonella Montevideo, Salmonella Schwarzengrund and 
Salmonella Typhimurium are associated with systemic disease and 
abortion in does and ewes.235,238,337,338 S. enterica subsp. arizonae 
is a separate subspecies that has been implicated in small rumi-
nant abortion. S. Abortusovis, which is uncommon in North 
America and mostly affects Europe and western Asia, was first 
implicated as a cause of sheep abortion in 1921. S. Abortusovis is 
unique among Salmonella species because it is more often associ-
ated with abortion rather than septicemia and enteritis.339

Transmission and Pathogenesis.  Sources of infection include 
fecal contaminated feed, carrion feeding birds, cattle, dogs, cats, 
rodents, and some wildlife species.239 An ovine abortifacient strain 
of S. Brandenburg was shown to be transmitted by seagulls in 
New Zealand.338 S. Indiana was shown to be transmitted by pi-
geons and turtledoves in Spain.337 Climatic changes, shipping, 
overcrowded conditions, feed deprivation, water deprivation, in-
appropriate use of antibiotics, and other factors all may predispose 
a flock to a Salmonella abortion storm.

The route of infection is by oral ingestion of the organism. In 
ewes infected with S. Abortusovis, PCR assay results may be 
positive up to 3 months after abortion.338 Infections are often 
related to stressful situations and may not persist into the follow-
ing season.239,315

Clinical Signs and Pathology.  Abortion storms affecting as 
many as 70% of the females can occur. S. Brandenburg abortions 
are observed as early as 80 days but peak at 100 to 120 days gesta-
tion.338 Infected females may become febrile and depressed and 
have diarrhea. Metritis and retained placenta are common find-
ings. A high mortality rate among ewes after abortion has been 
described. Ewes that die may have an enlarged darkened uterus 
with foul-smelling fetal contents that have undergone rapid au-
tolysis.244 Salmonellae proliferating in the amniotic fluid may 
cause fetal pneumonia through amniotic inhalation or septicemia 
(Figure 8.35). Fetuses may become septic and develop a “cooked” 
appearance, with bruising and severe edema of subcutaneous tis-
sues. Placental cotyledons may be pale and edematous.338

Diagnosis.  A diagnosis can be made by isolating Salmonella 
organisms cultured on a selective broth inoculated from aborted 
fetuses, fetal abomasal contents, placentas, or uterine discharge. 
Identification of Salmonellae and specific serovars requires bio-
chemical identification as well as sequencing of PCR-generated 
gene fragments from cultures. PCR analysis conducted on fecal 
and vaginal swabs has proved to be a more rapid and sensitive 
method for identification specific species and serovars in tis-
sue.340,341 PCR assay is also capable of detecting S. Abortusovis in 
samples that have been overgrown with other enteric bacteria.340 
Diagnostic immunohistochemistry studies and PCR assays may 
also be conducted on paraffin-embedded samples for S. Abortuso-
vis.291 Specific agglutinins can be demonstrated in the sera of 
adults and aborted fetuses.

•  Fig.  8.33   Necrotizing placentitis caused by Listeria monocytogenes 
observed on the chorionic surface of a cotyledon, midterm goat abortion. 
The intercotyledonary space remains transparent and minimally affected. 
(Courtesy Dr. Jim Cooley, Starkville, Michigan.)

•  Fig.  8.34   Listeria monocytogenes infection resulting in a macerated 
fetus. (Courtesy Dr. Jim Cooley, Starkville, Michigan.)
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Treatment.  Prevention and control measures include treating 
pregnant females with appropriate antibiotics based on culture 
and antibiotic sensitivity. Once-daily intramuscular administra-
tion of enrofloxacin for 3 to 5 days reduced abortion losses during 
a S. Abortusovis outbreak.337,339

Prevention.  Limiting contact to vectors by protecting drink-
ing water with use of antibird meshes may be beneficial.337 A 
vaccine constituted by inactivated S. Abortusovis was protective 
when challenged by fully virulent S. Abortusovis.342 In a similar 
study, a vaccine constituted of an inactivated virulent S. Branden-
burg isolate did not significantly protect sheep when experimen-
tally challenged with S. Brandenburg.343 Administering two doses 
of an autogenous vaccine followed by an annual booster and 
cleaning the environment may help minimize this disease.238

Leptospira spp. (Leptospirosis).  Leptospira interrogans is a 
zoonotic agent with worldwide distribution that causes a low 
percentage of abortions in goats and sheep.242 Sheep are consid-
ered relatively resistant to L. interrogans infections and may serve 
as maintenance host while goats appear to be more susceptible to 
L. interrogans–induced abortion.344–346 Serovars identified in 
sheep and goats include Hardjo, Pomona, Bratislava, Ballum, Ic-
terohaemorrhagica, Grippotyphosa, Sejroe, and Wolffi.235,300,346,347 
In a study of goat abortion in Spain, 2.6% of abortions resulted 
from infection with L. interrogans, with the serovar Pomona being 
the most prevalent (75%), followed by the serovars Sejroe (12.5%) 
and Icterohaemorrhagica (12.5%).271 In Brazil, serovar Hardjo 
was the most frequently identified.347

Transmission and Pathogenesis.  Exposure to environments 
contaminated by urine from species other than sheep or goats ap-
pears to be the primary source of infection. Direct transmission 
from infected animals is rarely confirmed.348

Clinical Signs and Pathology.  Clinical signs include anorexia, 
fever, jaundice, hemoglobinuria, anemia, nervous manifestations, 
abortion, and, occasionally, death.238,346 Flaccid agalactia may oc-
cur in ewes.235 Abortions have been reported during the final tri-
mester of gestation in goats and to a lesser extent sheep.346 Clini-
cal signs and gross lesions in adult animals may mimic copper 
toxicosis.239

Diagnosis.  Dark-field microscopy, florescent antibody tech-
niques, and PCR of placenta, fetal tissue, and fluids are used to 

confirm the diagnosis.238,346 Impression smears of the kidney can 
be examined by florescent antibody techniques.242 The organism 
is difficult to isolate from contaminated specimens and difficult to 
find in silver-stained histologic sections. Aborted sheep fetuses 
may have a low positive titer but an abortifacient organism other 
than L. interrogans may be diagnosed in serum positive sheep.351 
A single positive serum on an aborting ewe or doe is likely of no 
value, and evidence of raising titer in paired sera is needed to 
implicate L. interrogans in an abortion238 (see Chapter 20).

Treatment and Prevention.  Vaccination two to four times a 
year with multivalent cattle vaccines has been advocated in area of 
high leptospirosis activity. Other control measures include sepa-
rating animal species, reducing the number of rodents, maintain-
ing a clean water supply, and feeding tetracycline (300 to 500 mg/
head/day) during middle to late gestation.238

Class Mollicutes: Mycoplasma spp. and Ureaplasma spp.  
Bacteria in class Mollicutes have the smallest genome of any free-
living organisms and lack a cell wall and are enclosed in an outer 
cell membrane.350 Mycoplasma mycoides species contains two taxa 
from a cluster that have been diagnosed as causes of abortion in 
sheep and goats.351 M. mycoides subsp. capri is a collective designa-
tion for the former taxa M. mycoides subsp. mycoides LC and M. 
mycoides subsp. capri.351,352 M. mycoides subsp. capri likely occurs 
worldwide but has been diagnosed as a cause of goat abortion in 
California and Hungary.242,353 Mycoplasma capricolum subsp. 
capricolum occurs sporadically in the United States and has been 
reported as a cause of necrotizing placentitis and fetal septicemia 
in a goat.354 Other species, Mycoplasma agalactia and Mycoplasma 
putrefaciens, have been reported as the species causing abortion in 
goats.238,242,354 M. mycoides also causes septicemia and is capable 
of causing abortion. Changes in the surface proteins on the cells 
membrane allow the mycoplasma to elude the immune system of 
the host.350 Ureaplasma ssp. has been isolated from ewes with a 
history of infertility and granular vulvitis.355 Ureaplasma parvum 
causes altered lung development when experimentally given to 
sheep in utero and this is considered a model for fetal Ureaplasma 
spp. infection in humans.356 Natural infection by Ureoplasma spp. 
as a cause of perinatal death and weak lambs is not routinely 
screened for and is minimally documented.

Clinical Signs and Pathology.  Abortion is not the predomi-
nant clinical finding in an outbreak.

Abortion occurs in does (and rarely in ewes) in the final trimes-
ter of gestation. Females that abort generally shed the organism in 
their milk, amniotic fluids, and placenta.

Diagnosis.  The organism also may be isolated from cotyle-
dons, fetal abomasum content, liver, and spleen. Diagnosis of 
abortion caused by Mycoplasma species is by special culture and 
PCR of the isolate. Because mycoplasma are often difficult to 
culture and are not visible by routine histopathology, PCR tech-
niques are rapidly evolving as the diagnostic method of choice.

Treatment and Prevention.  Administration of tetracyclines or 
tylosin may be of benefit, but identification and culling of all in-
fected animals are the best course of prevention.357 No vaccines 
are currently available for use in sheep and goats.

Anaplasma Phagocytophila (Tick-Borne Fever)  Anaplasma 
phagocytophila (formerly Ehrlichia phagocytophila) is a gram-
negative, obligate intracellular bacterium that parasitize neutro-
phils in sheep and goats and also may infect humans.358 Infected 
sheep have high fever, malaise, neutropenia, and thrombocytope-
nia.358 Neutropenia may predispose infected sheep to other infec-
tious agents.358 Ixodes ricinus is the species of tick most recognized 
as a vector.340 Infected sheep may have abortion and impaired 

•  Fig.  8.35   Fetal pneumonia caused by Salmonella spp. infection. The 
lungs are firm and fill the thoracic cavity. (Courtesy Dr. John F. Edwards, 
College Station, Texas.)
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spermatogenesis.358,359 Microscopically, aborted sheep fetuses may 
have cerebral leucomalacia presumably caused from hypoxia.360

Yersinia spp. (Yersiniosis).  Yersinia spp. are zoonotic gram-
negative enteric bacteria that have resulted in sheep abortion.233 
Yersinia pseudotuberculosis has been implicated as an abortifacient 
agent in sheep from United States, United Kingdom, Denmark, 
and Australia.361 In a Nebraska flock outbreak, Y. pseudotubercu-
losis caused suppurative placentitis and abortion in ewes from 
75 days’ gestation, death of term lambs, and death of several 
ewes.362 Yersinia enterocolitica (serotype O) was isolated from an 
aborted ovine fetus and then inoculated experimentally into a 
group of ewes, resulting in placentitis.363

Fusobacterium Necrophorum (Necrobacillosis).  Fusobacte-
rium necrophorum, a gram-negative anaerobic pleomorphic bacte-
rium, present worldwide, has been reported to cause sporadic 
abortion in sheep. In a study of small flocks in Denmark, 4 of  
24 ewes were found to have aborted from F. necrophorum.361 The 
placenta may have purulent exudate on the chorionic surface, 
necrosis of cotyledons and intercotyledonary areas, edema, and 
hemorrhage.245,364 The skin of the fetus may have severe multifo-
cal dermatitis.245 Because routine diagnostic procedures often 
exclude anaerobic culture, F. necrophorum infections may be an 
underrecognized cause of abortion in sheep and goats. Advanced 
techniques of laser capture micro dissection and fluorescent in 
situ hybridization were required in one instance to diagnose F. 
necrophorum.361,365

Escherichia Coli.  Although usually sporadic, E. coli abortion 
is more common than abortion caused by “classic” abortifacient 
viruses and bacteria.366 Diagnosis of E. coli abortion is usually 
based on obtaining a pure culture from lung or abomasum con-
tent and collaborating culture results with histopathology.367 
Epizootics are possible, however, and in one Scottish report, a 
verotoxigenic strain of E. coli resulted in 20% abortion in one 
flock. Infections are acquired hematogenously from a septic fe-
male or retrograde from an open cervix.242 Fetuses commonly 
have bronchopneumonia but may also have no microscopic le-
sion, peritonitis, or epicarditis. Premature or weak lambs may die 
within 24 hours of birth.367 Fetuses may be autolyzed or fresh.367 
In E. coli abortion storms, ewes may die with metritis and tox-
emia.367 Results of culture and sensitivity can be used to select 
antibiotics if they are obtained promptly.

Helicobacter Bilis.  H. bilis (previously identified as F. rappini, 
Helicobacter rappini, Helicobacter sp. flexispira taxa 2, 5, and 8) is 
a potentially zoonotic, weakly gram-negative, microaerophilic, 
motile, spiral, and flagellated enterohepatic bacterium that may 
colonize human, dog, cat, and rodent intestine.243,324,368 The bac-
terium was identified in a significant number of sheep abortions 
in South Dakota.369 Experimentally H. bilis may produce placen-
tal vasculitis, suppurative placentitis, and fetal septicemia that 
result in multifocal hepatic necrosis. Areas of hepatic necrosis may 
form grossly visible target lesions that are indistinguishable from 
lesions caused by Campylobacter spp.369 Giemsa stain may provide 
the best visualization during histopathology, although it is consid-
ered gram-negative.

Miscellaneous Bacterial Agents.  Any bacteria that cause sep-
ticemia, endotoxemia, or debilitation in sheep and goats is capa-
ble of causing abortion.235 Bacteremia in a dam may result in a 
fever-related abortion.233 Fetal septicemia may produce stillbirths, 
perinatal death, and week neonates. Mannheimia hemolytica and 
Pasteurella multocida may be isolated from sporadically aborted 
sheep.243 Arcanobacterium pyogenes is consistently identified as 
cause of second- and third-trimester abortion in sheep and 

goats.242,243 Histophilus ovis has been implicated as a cause of as-
cending placentitis, carried by asymptomatic rams or ewes, that 
may affected up to 50% of a sheep flock.235 Actinobacillus seminis 
has been associated with abortion and metritis in ewes and may 
be transmitted from carrier rams.370 Francisella tularensis, the 
agent responsible for tularemia, is a highly zoonotic bacterium 
that caused abortion in 396 of 840 coming 2-year-old ewes dur-
ing a Wyoming outbreak.371 Abortion from Staphylococcus aureus 
was reported in over 50% of ewes that underwent long-term ve-
nous catheterization and may also be an opportunistic patho-
gen.243,372 Burkholderia pseudomallei is a zoonotic agent that 
causes goat abortion and is most frequently identified in Australia 
and Southeast Asia.242 B. pseudomallei is rare in North America. 
Erysipelothrix rhusiopathiae was identified as the causative agent in 
an outbreak of ewe septicemia resulting in a 3.5% abortion rate 
in a Greek flock.373 Bacillus cereus was identified as a bacterium 
causing sporadic abortion in sheep in a large survey and also con-
firmed as an abortifacient experimentally.243,374

Fungi. Mycotic abortion, although rare, may occur and is 
likely opportunistic. Candida albicans was reported as a cause of 
goat abortion in California.242 Aspergillus spp. is often implicated 
in bovine abortion and is also a possible opportunistic pathogen 
in smaller ruminants.375

Protozoal Abortion
Toxoplasma Gondii (Toxoplasmosis). T. gondii, an apicom-

plexan protozoa, is a zoonotic agent with worldwide distribution 
and considered one of the primary causes of infective ovine abor-
tion in Australia, United Kingdom, New Zealand, Norway, and 
United States.376–378 T. gondii is capable of causing abortion, fetal 
mummification, stillbirth, and weak lambs and kids.238,377 The 
percentage of toxoplasmosis abortions per region is difficult to 
estimate because submission of diagnostic samples to labs is lim-
ited, serologic test are not specific, infected females are usually 
asymptomatic, and the disease is sporadic.377

Transmission and Pathogenesis.  Cats are the definitive host 
for T. gondii and are capable of shedding millions of oocysts 
within 4 to 12 days of initial infection.239 Kittens infected in 
utero can shed T. gondii oocysts immediately at time of birth.377 
Ewes and does become infected by ingesting feed or water con-
taminated with low numbers of oocysts and the conceptus may 
become infected as soon as 14 days later.377 In experimental stud-
ies of sheep, abortion occurs 4 weeks postinfection.377 After in-
gestion, the organism enters the blood and spreads to the lymph 
nodes, where it undergoes asexual reproduction. Subsequently, it 
invades and multiplies in the placenta, causing a necrotizing 
placentitis that may invade the fetus.379 Disruption of maternal 
nutrient and oxygen supply through disruption of placentomes 
results in fetal death, abortion, stillbirth, or weak neonates.379 It 
is possible, however, for infected dams to give birth to nonaf-
fected young.379 It is also possible for ewes to have abortion in 
the acute phase of systemic infection and the pathogenesis is 
thought to be related to high fever and hormonal dysregula-
tion.379 Although T. gondii is found in goat semen, venereal 
transmission is an unlikely cause of transmission.376 Ewes that are 
seropositive for Toxoplasma gain immune protection, but the 
organism persists in cysts in the brain and muscle of these ani-
mals.380 A persistently infected ewe may transmit T. gondii infec-
tion to the placenta, but rates for vertical transmission are 
thought to be below 4%.377,380 Goats that have been infected by 
T. gondii are likely to be resistant to reexposure and abortion of 
subsequent pregnancies.381
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Clinical Signs and Pathology.  Goats appear to be more sus-
ceptible to T. gondii infection than sheep are.376 Most abortions 
occur from infections during the latter half of gestation and fe-
tuses within the same litter may be affected differently.233,249 Does 
and ewes are often clinically normal at the time of abortion.376 
Rarely, the immunosuppressed pregnant female becomes febrile 
and may develop the neurologic form of the disease. Those in-
fected in the first 40 days have embryonic resorption. Infections 
occurring between 40 and 120 days generally result in mummifi-
cation, maceration, and abortion. Infection after 120 days’ gesta-
tion may produce premature, stillborn, or weak lambs.233 The 
intercotyledonary areas of the aborted placenta are usually nor-
mal, with the cotyledons having gray-white to yellow small focal 
areas of necrosis and calcification (1–3 mm in diameter)379 (Fig-
ure 8.36). Coxiella, Brucella, and Chlamydophila species also can 
cause similar cotyledonary lesions, but the intercotyledonary re-
gion is more likely to be involved275 (Figures 8.31A, B and 8.32). 
Microscopically, fetal brains may have leucomalacia caused by 
gradual loss of oxygen.382

Diagnosis.  A presumptive diagnosis can be made from placen-
tal lesions alone, but rapid autolytic decomposition of the pla-
centa may limit accuracy.376 T. gondii isolation is a specialized 
procedure that requires a cooled, not frozen, sample of placenta 
cotyledon, fetal brain, lung, or muscles.377 PCR detection is be-
coming more available and is often more practical because tissues 
can be frozen long-term prior to shipment.383 PCR and or im-
munohistochemistry on paraffin embedded tissue may be an op-
tion if fresh tissue is not available.291 The modified agglutination 
test can be used to detect antibodies in fetal and maternal serum 
and is more sensitive than other tests.384 The ELISA and IFA tests 
also are used for fetal serologic diagnosis.376 Thoracic fluid can be 
utilized to check T. gondii titers.239 Identification of T. gondii an-
tibodies in fetal fluids or presuckling blood is also diagnostic of 
transplacental Toxoplasma infection.376 High antibody titer in the 
dam is not diagnostic of recent infection because titers may re-
main elevated from one season to the next. The absence of T. 
gondii antibodies in the blood of ewes and does within 7 days of 
an abortion, however, likely rules out the possibility of infec-
tion.238,376

Treatment.  Feeding decoquinate (2 mg/kg body weight/day) 
or monensin (15–30 mg/head/day) throughout gestation may 

reduce the incidence of abortion. Lasalocid is less effective than 
monensin in toxoplasmosis control.385

Prevention.  Control of toxoplasmosis is based on preventing 
the exposure of pregnant females to oocyst-contaminated pasture, 
food, water, and bedding. Fetal membranes and dead fetuses 
should be buried or incinerated so they do not serve as sources of 
infection for cats and other animals.238 Cats should not be al-
lowed near pregnant sheep and goats.376 Older spayed cats can be 
kept on premises because this may help keep younger pregnant 
queens from occupying barns. Attempts should be made, such as 
placement of litter boxes, to prevent cats from defecating in feed-
ers, hay, and other feedstuffs. A vaccine containing tachyzoites of 
a mildly infective strain of live T. gondii (S48 strain) is available in 
Europe and New Zealand. Ewes vaccinated with the S48 strain 
vaccine retain immunity for approximately 18 months.386

Other Protozoa Causing Abortion. Neospora caninum, an api-
complexan protozoon, similar to T. gondii, has been diagnosed 
with much less frequency in sheep and goat abortions.387 When 
pygmy goats were experimentally inoculated at day 51 of gesta-
tion, fetal death was observed in two of six animals.388 Fetuses and 
placentas were autolyzed with minimal gross lesions (Figure 8.37). 
Presumptive diagnosis is dependent on microscopic observation 
of mild multifocal necrosis in the brain. In a second experiment, 
a doe inoculated at 85 days produced a near-term mummified 
stillborn fetus with similar brain lesions.388 Mummification of the 
fetus caused by prolonged in utero and retention of the dead fetus 
is also a characteristic of toxoplasmosis. A serological study of 
sheep in Slovakia revealed a low prevalence of N. caninum, sug-
gesting a minor impact on sheep production in that region.389

Sarcocystis spp. has been implicated in experimental and natu-
ral abortion. Of the four species of sarcocyst that infect sheep, 
Sarcocystis tennella and Sarcocystis arieticanis are considered patho-
logic.239 S. tennella abortion has been induced experimentally in 
sheep.390 Abortion from Sarcocystis spp. has been reported in goats 
exposed to coyote feces.391

• Fig. 8.36   Toxoplasma gondii infection resulting in cotyledonary necrosis 
and calcification with minimal intercotyledonary involvement. (Courtesy  
Dr. Jim Cooley, Starkville, Michigan.)

• Fig. 8.37   Neospora caninum induced abortion caused by experimental 
inoculation in midgestation. The fetus and placenta are autolyzed. Mild 
multifocal necrosis in the brain is the only lesion detected microscopically. 
(Courtesy Dr. David Lindsay, Blacksburg, Virginia.)
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Trypanosoma congolense is associated with abortion of does and 
ewes in Africa.392 Several studies indicated that sheep and goat 
infection with Trypanosoma vivax in South America and Africa 
has also been linked to an increased rate of abortion.393

Viruses
Family Bunyaviridae (Cache Valley Virus, Akabane Virus, 

Rift Valley Fever Virus, Nairobi Sheep Disease Virus). The fam-
ily Bunyaviridae is composed of spherical negative-stranded RNA 
viruses that may infect a variety of animals, including man. Al-
most all bunyavirus infections are dependent on an arthropod 
vector.394 The incidence of infection is linked to vector activity. 
Bunyaviruses in the genera Bunyavirus (Bunyamwera serogroup, 
Cache Valley virus; and Simbu serogroup, Akabane virus), Phlebo-
virus (Rift Valley fever virus), and Nairovirus (Nairobi sheep dis-
ease virus) are most commonly associated with epidemics of fetal 
loss in sheep and goats.394,395 Other bunyaviruses associated with 
fetal disease in ruminants include Simbu serogroup, Aino and 
Peaton viruses, Bunyamwera serogroup, Main Drain virus, and 
California serogroup, LaCrosse, and San Angelo viruses.396

Pathology.  At necropsy the fetuses may have a necrotizing 
nonsuppurative encephalomyelitis, polymyositis, hydrocephalus, 
axial skeletal deviations, anasarca, oligohydramnios.394,396 Degen-
eration of the ventral horn of the spinal cord may result in muscle 
atrophy and tendon contracture (arthrogryposis). These viruses 
may also cause in utero death of the fetus. Rift valley fever virus 
and Nairobi sheep disease can cause fetal malformation but most 
often cause abortions without congenital deformities.

Diagnosis.  The diagnosis is aided by the detection of antibod-
ies in fetal fluids, heart blood or precolostrum serum, and devel-
opment of characteristic congenital abnormalities.397 Absence of 
titers from the dam also is significant, but absence from the lamb 
does not preclude diagnosis.235

Control and Prevention.  Control and prevention measures for 
Bunyaviruses involve recognition of vector lifecycles. Natural im-
munity derived from infection may be for life.235 Bunyavirus 
vaccines are not available in the United States. Reducing exposure 
to mosquitoes or other insects by killing larva in standing water, 
breeding during winter months, fencing off boggy low-lying ar-
eas, and using insect repellents are all potential preventative mea-
sures. Geographic distribution, host, and other specifics will be 
discussed individually for the most recognized bunyaviruses.

Cache Valley Virus.  Cache valley virus, genus Bunyavirus, 
Bunyamwera serogroup, is endemic in parts of the Southwest and 
Northeast United States as well as Southern Canada.397 The most 
common vectors are the mosquitoes, but Culicoides spp. may also 
be a vector.394,395 Severe arthrogryposis with skeletal muscle hypo-
plasia may be observed in newborn lambs396 (Figure 8.38). Sheep 
experimentally infected before 32 days gestation usually experi-
enced fetal death. The greatest percentages of fetal abnormalities 
were observed in sheep infected between 32 and 45 days’ gesta-
tion. The development of fetal abnormalities decreased as the 
gestation age increased, but experiments on fetuses infected after 
50 days have not been reported and the effects of the virus on 
older fetuses are not known.398 Cache Valley virus infects goats 
but has not been shown to cause fetal disease.394

Akabane Virus.  Akabane virus, genus Bunyavirus, Simbu se-
rogroup, has been reported in Australia, Japan, South Africa, the 
Middle East, Argentina, Korea, and other parts of Asia. Akabane 
virus is rare in North America and may have Culicoides and mos-
quito vectors.238,394 Like Cache Valley fever virus, gross lesions 
were most prevalent when sheep were infected during a certain 

period of fetal development (46–53 days’ gestation).399 Lesions 
may include skeletal muscle atrophy, degenerative disease of the 
cerebellum, porencephaly, hydranencephaly, brachygnathism, 
scoliosis, hypoplasia of lungs or spinal cord, and arthrogryposis.394 
An inactivated vaccine for Akabane virus is licensed for use in 
Australia and parts of Asia.238

Rift Valley Fever Virus.  Rift Valley fever virus, genus Phlebo-
virus, is endemic to the African continent and causes large epizo-
otics involving sheep, goats, cattle, horses, camels, numerous 
wildlife species, and humans.400 In recent years, Rift Valley fever 
virus has jumped international borders into the Middle East and 
may possess a threat to North American and European agriculture 
industries.400 A least six genera of mosquitoes are vectors for trans-
mission.400 Data from a 2006–2007 Kenyan outbreak indicate 
that the prevalence and clinical signs of Rift Valley fever in sheep 
and goats are similar.400 Infection of naïve populations of sheep 
results in mortality of young lambs and abortion rates that can 
reach 100%.400 Abortion is usually caused by maternal fever, with 
minimal evidence of fetal infection.401 The virus less commonly 
causes multifocal necrosis of in numerous fetal organs, including 
extensive hepatic necrosis and necrotizing placentitis. Septic me-
tritis may follow abortion.401 The Smithburn strain of Rift Valley 
fever is reported to cause hydrops amnion, arthrogryposis, and 
hydranencephaly.400 A modified live virus is available but may 
cause fetal malformations in sheep and goats.238

Nairobi Sheep Disease Virus.  The Nairobi Sheep Disease vi-
rus, genus Nairovirus, family is a zoonotic tick transmitted agent 
endemic to East and Central Africa and elsewhere.401 Ganjam 
virus historically endemic to India has been recently shown 
through S-RNA sequence to be an Asian variant of Nairobi Sheep 
Disease virus.402 The virus causes acute gastritis, resulting in up to 
90% mortality but may also cause abortions related to disease in 
the dam.403

Family Flaviviridae
Border Disease Virus. Border disease virus (BDV), genus Pes-

tivirus, family Flaviviridae, is the causative agent of “hairy shaker 
disease” in lambs. It was originally described from the border re-
gion between England and Wales.394 BDV causes abortion and 
congenital abnormalities of sheep in North America, Britain, 

•  Fig.  8.38   Cache valley virus–induced stillbirth and malformation. The 
newborn lamb’s limbs are fixed in flexion (arthrogryposis), as are the verte-
bra causing axial skeletal deviations (scoliosis and kyphosis). Muscle hypo-
plasia is visible. (Courtesy Dr. John F. Edwards, College Station, Texas.)



196 CHAPTER 8 Theriogenology of Sheep, Goats, and Cervids

Australia, New Zealand, and possibly other areas.235,315 Infection 
in goats is increasingly recognized and they appear equally af-
fected when infected experimentally.239,394 Bovine viral diarrhea 
virus is a closely related pestivirus that also causes “border disease” 
in sheep and goats. It has been estimated that economic losses 
caused by BDV can be as great as 20% in some flocks at initial 
outbreak.404

Pathogenesis.  The ewe is infected by ingesting or inhaling the 
virus secreted from the placenta, saliva, urine, or feces of a persis-
tently infected sheep or newborn. Persistently infected cattle, 
goats, and deer may also infect sheep.394 Persistently infected ewes 
have reduced fertility but are capable of reproducing lambs that 
are also persistently infected.394 Viremia ensues for 7 days. If a 
pregnant ewe is infected before day 85 of gestation, her fetuses are 
aborted, macerated, or mummified. Surviving lambs may have 
demyelination of the cerebellum and dysplasia of hair follicle epi-
thelial cells and are termed “hairy shakers.”394 Lambs that survive 
in utero infection may be born persistently infected. Lambs in-
fected after 85 days of gestation may be born normal, weak,  
or stillborn and be negative for the virus or have viral antibody 
titers.235

Clinical Signs and Pathology.  Signs of infection include in-
creased numbers of open females, mummified or macerated fe-
tuses, stillbirths, and weak lambs with hairy fleece and tremors.315 
Fetal anomalies include cerebellar hypoplasia, hydranencephaly, 
porencephaly, and arthrogryposis.394 The hairy fleece of affected 
lambs is usually darkly pigmented and most prominent around 
the head and shoulder.235 These “hairy shaker” lambs tend to grow 
poorly and may develop polyarthritis and have shortened facial 
and long bones.239 Cotyledons are small or dysmature, with area 
of pinpoint grayish necrosis.

Diagnosis.  The virus can usually be isolated from fetal blood 
(buffy coat).235 Antigen capture ELISA can be performed on se-
rum of sheep over 2 months old.239

Prevention.  All animals suspected of infection should be 
culled. Any replacement lambs should be screened (by BDV titers 
and/or viral isolation) before they are added to the flock.235 Any 
flock additions should be quarantined for 30 days and tested for 
the presence of this and other diseases before being placed into the 
flock. Cattle and sheep should be separated, and the use of com-
mon water sources should be minimized. Modified live cattle 
vaccines should be avoided. The use of killed vaccines for BDV in 
cattle provides minimal cross-protection.239

Wesselsbron Virus.  Wesselsbron virus, genus Flavivirus, fam-
ily Flaviviridae, is a zoonotic agent that is endemic to the southern 
African continent, with serologic evidence of presence in South-
east Asia. Wesselsbron district is in South Africa. However, the 
primary vectors are mosquitoes of Aedes genus transmission from 
aerosols produced from infected tissues may occur.405 Sheep ap-
pear to be the most sensitive ruminant to the virus, with death in 
newborn lambs and abortion.406 Sick lambs may have neurologic 
signs and the placenta may have hydrops amnion. Antibodies may 
be detected with hemagglutination inhibition test but later devel-
oped ELISA test are more sensitive.407 An attenuated live vaccine 
is available but may cause abortion if administered during preg-
nancy.238,406

Family Reoviridae; Bluetongue Virus.  Blue tongue virus, 
genus Orbivirus, family Reoviridae, has at least 25 serotypes and 
occurs throughout tropical, subtropical, and some temperate 
regions of the world, where it causes disease in fine-wooled and 
mutton breeds of sheep.408 The virus is noncontagious and sea-
sonal epizootics are variable and controlled by environmental 

factors affecting populations or transport of the primary vector, 
Culicoides spp. gnat (or midge) and viral replication within res-
ervoir host, cattle, and other ruminants.408 This virus is noted 
for genetic variability caused by genetic drift of individual gene 
segments and reassortment of gene segments within a host or 
vectors infected with more than one strain.394 Recently, the virus 
has had incursion into Northern latitudes and numerous au-
thors speculate that this is associated with global climate 
change.394

Clinical Signs and Pathology.  Infected ewes may become fe-
brile; have vascular endothelial damage that results in a swollen 
tongue, ears or face; exhibit an ulcerated or crusting oral or nasal 
mucosa (catarrhal stomatitis and rhinitis); and develop dyspnea 
secondary to pulmonary edema and lameness secondary to myo-
sitis, laminitis, and coronitis.235 In sheep that survive, loss of 
fleece may cause financial loss.394 Ewes infected during pregnancy 
produces a wide variety of pathologic responses in the fetus that 
range from production of a viremic but normal live lamb to fetal 
death caused by hepatic necrosis and hydranencephaly.394 Goats 
are frequently infected in endemic regions as evidenced by serol-
ogy, but even when exposed to virulent serotypes rarely develop 
clinical signs.408

Diagnosis.  Bluetongue viruses can be isolated from the blood, 
semen, brain, and spleen of aborted fetuses or detected by PCR 
from various organs. Viral isolation is enhanced if blood is col-
lected during febrile periods. Serology on the dam and fetus may 
be useful to assess host response.

Prevention.  Vaccination against bluetongue is of questionable 
value because of the large numbers of serovars. Vaccine regiments 
in endemic areas have been proven to be effective but include 
multiple injections with numerous serotypes.394 Live attenuated 
vaccines may cause fetal deformity and embryonic death. Culicoi-
des feed at night during cooler temperatures and breed around 
damp habitats. Some species reproduce in cattle dung.394 Housing 
sheep away from low-lying or damp areas during gnat season and 
at night and separation of sheep from cattle may reduce risk. 
Other proven vectors that cause mechanically transmission in-
clude argasid ticks, sheep keds (Melophagus ovinus) and various 
mosquitoes but these vectors are thought to be of minor signifi-
cance in epizootics.394

Caprine Herpesvirus 1 (CpHV 1).  Caprine herpesvirus 1 (CpHV 1) 
is an a-herpesvirus that most commonly causes subclinical vulvo-
vaginitis and balanoposthitis in goats.234 The impact of the virus may 
be underestimated because of poor knowledge of the infection and 
difficulties making a diagnosis.234 When experimentally challenged 
with CpHV 1, lambs developed minimal clinical signs and recov-
ered while kids developed more severe disease.264

Transmission.  The virus is likely spread to does by an infected 
buck.409 Serologic studies proceeding a herpesvirus abortion 
storm in Wyoming indicate infection does not reduce reproduc-
tion in subsequent breedings.410

Clinical Signs and Pathology.  Occasionally the virus may be 
more virulent or present in naïve populations, resulting in abor-
tion storms and death in 1- to 2-week-old kids.411 Experimental 
studies in naïve does confirm that CpHV 1 may cause abortion 
10 to 60 days after inoculation.234 Progression of the disease and 
gross and microscopic findings from the aborted fetus are similar 
to a-herpesvirus infection in other species. Aborted fetuses may 
be autolyzed, but placental lesions may be minimal.411 Lungs, 
liver, kidneys, and adrenal glands of aborted fetuses may have 
pinpoint white foci that are represented by randomly distributed 
areas of coagulative necrosis409,411 (Figure 8.39). Microscopically, 
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cells surrounding areas of necrosis may have intranuclear inclu-
sion bodies.409 Placental lesions may be mild or minimal.

Diagnosis.  Virus isolation may be unsuccessful from vaginal 
swabs, aborted fetus, and weak kids.234 Often, the virus is most 
detectable by PCR on fresh liver, lung, or spleen.234 If fresh tissues 
are not available, PCR is possible but less sensitive on paraffin-
embedded tissue.411 Test validation is limited by the availability of 
positive controls.

Prevention.  A noncommercial inactivated CpHV 1 vaccine 
has been shown to be protective.412 Goats develop good humoral 
immunity and do not abort in the following kidding season.412

Zoonosis. Prior to initiating examination of an aborted fetus 
or placenta, the practitioner and farm owner should evaluate po-
tential exposure to abortifacient zoonotic agents. While these 
agents may be ever-present in the environment or in animals, 
concentration of microorganisms in infected placental mem-
branes of fetal tissues makes this an important time to be vigilant. 
Pregnant women, persons with cancer, and those who are  
immune-suppressed are at increased risk of zoonotic infection and 
should avoid handling aborted fetuses and placentas. Personal 
protective gear such as gloves, disposable rectal sleeves, respirators, 
and boots should be worn and appropriately cleansed or disposed 
of after necropsy.239 Contaminated clothing and boots should be 
banned from human living quarters.239 Although cytologic ex-
amination of fresh placental smears is widely discussed, these 
techniques are difficult to interpret and increase risk of human 
exposure to pathogens. Isolation of aborting animals will not only 
protect other sheep by may also limit human exposure to agents. 
Most bacterial diseases associated with abortion in sheep and 
goats have some potential for zoonotic transmission but vary 
widely in virulence to humans. Agents like B. melitensis and Sal-
monella Brandenburg are easily contracted from infected tissues 
while the risk of acquiring L. interrogans or L. monocytogenes at 
necropsy is minimal.338,413,414 Knowledge of pathogens expected 
to cause abortion, their clinical signs and gross lesions, and poten-
tial risk to humans is probably the veterinarian’s best defense.

B. melitensis, the causative agent of goat transmitted “Malta 
fever,” is the most common species of Brucella infecting humans 
and is the most common zoonotic pathogen reemerging world-
wide.414 While France, Israel, and most of Latin America have 

gained control of brucellosis, the disease persists in the Mediter-
ranean countries, North Africa, the Middle East and India.415 
It is an often unrecognized and uncontrolled public health prob-
lem in many developing countries.415,416 Farmers face risk of 
clinical disease as well as economic impact from reproductive 
losses, eradication programs, and import/export restrictions. 
Clinical symptoms in humans include undulant fever, arthritis, 
hepatosplenomegaly, lymphadenopathy, epididymo-orchitis, liver 
abscesses, spondylitis, osteomyelitis, paravertebral abscess, and 
abortion.417–420 Contact with placental and fetal tissues and con-
suming unpasteurized goat milk or cheese and under cooked meat 
are the most widely implicated in transmission to humans.237,238,415 
Crushing the umbilical cord of newborn lambs and kids with the 
teeth as practiced by some is implicated in transmission. B. ovis is 
not considered a zoonotic disease risk.413

Control measures to prevent human infection by C. burnetii 
causing “Q fever” are difficult to apply because ruminants may 
maintain a nonsymptomatic carrier state and the organism may 
be aerosolized on particles and is persistent in the environment.305 
Sheep manure used as garden fertilizer has been implicated as a 
source of human infection by C. burnetii.312 Inhalation of aerosols 
and contaminated dust is the primary mode of human infection. 
The majority of human cases have a history of being in contact 
with epizootics in sheep, goats, or cattle.308 C. burnetii may also 
be contracted by ingestion of nonpasteurized milk or consump-
tion of goat cheese manufactured with nonpasteurized milk.239,314 
Clinical symptoms in humans includes influenza-like symptoms, 
undulant fever, myalgia, atypical pneumonia, hepatitis, endocar-
ditis, premature delivery, repeated abortions, post–Q fever fatigue 
syndrome, and possible death in immunocompromised individu-
als.235,300,302,312 People with heart valve lesions are at increased risk 
for developing Q fever, and endocarditis is the most common 
chronic form of the disease.301 Abattoir workers in Australia are 
vaccinated, and vaccination may be the prevention method of 
choice for other high-risk groups such as farm workers, research-
ers, and veterinarians. In multiple surveys of the general popula-
tion, farmers and stock breeders had the highest seropositivity.421 
In response to a human Q fever epidemic, the Netherlands en-
acted restrictions on manure spreading 3 months following detec-
tion of C. burnetii on a farm and mandatory vaccination of small 
ruminants.301,305

Infection by C. abortus in pregnant women may begin 
acute influenza-like symptoms and result in abortions or still-
births.279,422,423 C. abortus is capable of causing renal failure, he-
patic dysfunction, disseminated intravascular coagulation, and 
death in humans.279 Although most cases of zoonosis caused by 
bacteria in the order Chlamydiales are attributed to C. abortus, it 
should be noted that P. acanthamoebae and Chlamydophila psittaci 
are both zoonotic risks and have also been identified from small  
ruminants.278

C. jejuni is the most common cause of human bacterial gastro-
enteritis in the industrialized worldwide. Although disease may be 
caused by sheep strains, contaminated poultry produce is the 
major source of human infection.424 Domestic animals and un-
pasteurized milk are thought to be sources of C. jejuni infection 
in human beings. Shepherds giving artificial resuscitation to in-
fected lambs have reportedly acquired C. jejuni.320 Although C. 
fetus subspecies fetus is rarely associated with human disease, most 
cases appear to involve direct contact with livestock.425–427 At least 
13 cases of C. fetus subsp. fetus abortion and fetal sepsis have been 
reported in humans.428 Salmonella can cause abdominal pain, se-
vere diarrhea, chronic enteritis, abortion, and death in human 

• Fig. 8.39   Caprine Herpesvirus abortion. The pale white foci on the sur-
face of the kidney are areas of necrosis. (Courtesy Dr. Francisco Uzal, San 
Bernardino, California.)
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beings. During an outbreak of Salmonella Brandenburg in New 
Zealand, a spike in the numbers of human cases paralleled abor-
tions observed in sheep. Agriculture workers, including two vet-
erinarians, and families on affected farms were thought to have 
contracted the disease from aborted sheep.338 F. tularensis, an 
agent endemic to North America and Eurasia, is capable of pro-
ducing abortion storms in range sheep and may be contracted by 
contact with animal carcasses.371,429 Clinical signs of Tularemia in 
humans include ulcerative dermatitis, lymphadenopathy, septice-
mia, and death. Yersinia pseudotuberculosis and Y. enterocolitica 
may cause mesenteric lymphadenitis, resulting in fever, anorexia, 
vomiting, and diarrhea in humans.233 T. gondii can cause en-
cephalitis or blindness in human fetuses infected in utero and 
death in AIDS patients. Approximately 30% of adults in the 
United States have antibodies to T. gondii.235 Most cases of toxo-
plasmosis are contracted after drinking raw goat milk and under-
cooked meat.377 Consumption of nonpasteurized goat and sheep 
milk is of particular concern in human infants.377 T. gondii in 
aborted tissues probably possess the greatest risk for unborn chil-
dren or immunosuppressed individuals.

Most viral diseases associated with abortions in sheep and goats 
are not zoonotic. Rift Valley fever virus, however, causes a limiting 
febrile illness in most infected people.400 One to two percent of 
people who contract Rift Valley fever may develop hepatitis, en-
cephalitis, retinitis, blindness, and hemorrhagic syndrome, result-
ing in death of 10 to 20% of hospitalized patients.400 Zoonosis 
from Rift Valley fever was originally recognized in veterinarians 
and assistants who performed necropsies or obstetrics on infected 
animals. The 2000 epizootic in Saudi Arabia and Yemen resulted  
in thousands of human infections and at least 245 deaths.400 
Wesselsbron disease virus is endemic to the southern African con-
tinent and may be transmitted from aerosols produced from in-
fected tissues handled during an abortion necropsy.430
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9
Diseases of the Endocrine 
System
BENJAMIN W. NEWCOMER AND MANUEL F. CHAMORRO

Introduction
The endocrine system facilitates the coordination and regulation 
of homeostatic and physiologic processes and is integral for nor-
mal growth, development, and reproduction. Hormones, the 
chemical messengers of the body, are generally produced and se-
creted by the glands of the exocrine system, namely the hypo-
thalamus, pituitary gland, thyroid gland, parathyroid glands, ad-
renal glands, and pancreas. Endocrinopathies are uncommonly 
diagnosed in small ruminants (sheep, goats, and cervids) but may 
be underreported due to their infrequent occurrence and the eco-
nomic and diagnostic constraints of confirming a presumptive 
diagnosis. This chapter will review the normal structure, function, 
and pathology of the major endocrine organs in small ruminants 
and discuss other common endocrine abnormalities in these spe-
cies with the aim of assisting the veterinary practitioner in identi-
fying and managing endocrinopathies.

Hypothalamus
The hypothalamus is composed of several nuclei that impart sev-
eral distinct functions. The hypothalamus lies just ventral to the 
thalamus at the base of the brain and together they form the di-
encephalon region of the central nervous system. The functions of 
the hypothalamus include the regulation of the autonomic ner-
vous system, the control of several physiologic and metabolic 
processes involved in homeostasis, and the synthesis and secretion 
of several neurohormones that act on the anterior pituitary gland 
to inhibit or stimulate the secretion of the pituitary hormones. 
The hypothalamic neuropeptides are transported to the posterior 
pituitary gland by axoplasmic flow and then released into the 
circulatory system. Certain hormones are transported directly 
from the hypothalamus to the anterior pituitary gland via the 
hypophyseal portal system.

The primary hypothalamic neuropeptides that act on the anterior 
pituitary are thyrotropin-releasing hormone (TRH), corticotropin-
releasing hormone (CRH), dopamine, growth hormone-releasing 
hormone (GHRH), gonadotropin-releasing hormone (GnRH), 
and somatostatin (SS), which is also called growth hormone- 
inhibiting hormone (Table 9.1). Vasopressin, or antidiuretic hor-
mone, and oxytocin are produced in the hypothalamus and  
released from the posterior pituitary gland, which is functionally 
an extension of the hypothalamus. The median eminence forms 

part of the ventral boundary of the hypothalamus and is the area 
from which hypothalamic peptides are secreted. The median emi-
nence is connected to the posterior pituitary through the pituitary 
stalk, alternatively called the infundibulum.

Regulation of the pituitary-hypothalamic unit is complex and 
involves both central and peripheral regulatory systems. Forma-
tion and maturation of the unit begins early in gestation with the 
median eminence becoming observable as early as on day 48 of 
gestation in sheep.1 Likewise, the hypophyseal portal system, the 
vascular connection between the hypothalamus and anterior pitu-
itary is fully formed by the end of the first trimester of gestation. 
It is believed that this enables endocrine regulation of develop-
ment during gestation through direct transport of hypothalamic 
neuropeptides to the anterior pituitary.

While hypothalamic disorders are rarely diagnosed in small 
ruminants, a growing understanding of the importance of hypo-
thalamic regulation in the seasonality of reproduction has the 
potential to influence management procedures in the future.2,3 
Limited understanding of the regulation of reproductive seasonal-
ity has prevented the development of therapeutics to influence 
hypothalamic function, but ongoing research will assist in the 
development of practical applications to improve reproductive 
efficiency in sheep, goats, and cervid species.

Pituitary Gland

Structure and Function
The pituitary gland is composed of two distinct parts: the adeno-
hypophysis (anterior pituitary gland) and the neurohypophysis 
(posterior pituitary). Both parts act as independent organs with 
different endocrine functions. Embryologically, the adenohy-
pophysis is derived from the invagination of the pharyngeal epi-
thelium (Rathke’s pouch), and the neurohypophysis is an extension 
of the neural tissue from the hypothalamus. Diseases affecting the 
pituitary gland in small ruminants might result in varied clinical 
syndromes characterized by generalized endocrine dysfunction 
and neurological abnormalities.

Anterior Pituitary Gland. The hypothalamic-hypophyseal 
portal system connects the anterior pituitary gland with the cen-
tral nervous system (hypothalamus). This network of blood vessels 
serves as the mechanism by which the hypothalamus regulates the 
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function of the anterior pituitary gland. Inhibitory or releasing 
hypothalamic peptides control the synthesis and release of  
hormones produced by the anterior pituitary gland. A variety of 
different glandular cells with different functions composes the 
anterior pituitary gland. These heterologous populations of  
cells can synthesize and release the following hormones: thyroid-
stimulating hormone (TSH), adrenocorticotropic hormone 
(ACTH), growth hormone (GH), luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), and prolactin (PRL).

Thyrotropes in the adenohypophysis secrete TSH, a glycopro-
tein with two structural subunits, a and b, that stimulates the 
secretion of the thyroid hormones thyroxine (T4) and triiodothy-
ronine (T3). Diseases that affect the pituitary gland can result in 
secondary hypothyroidism due to reduced secretion of TSH.  
In contrast, diseases affecting the thyroid gland may result in 
primary hypothyroidism resulting in inadequate plasma levels of 
T3 and T4 in the presence of high levels of TSH. Excessive TSH 
release might result in enlargement of the thyroid gland (goiter). 
Corticotropes secrete ACTH, which stimulates the secretion  
of glucocorticoids and aldosterone by the adrenal glands. The 
hypothalamic hormones CRH and arginine vasopressin (AVP) are 
responsible for the secretion of ACTH by the pituitary gland in 
cattle and sheep.4 Stress and painful stimuli increase CRH, AVP, 
and ACTH secretion. Inadequate function of the hypothalamic/
pituitary/adrenal axis has been associated with poor survival rates 
in systemically ill neonates due to the inability to regulate severe 
inflammatory responses.5

Somatotropes release GH, which is important not only for 
normal growth and body development in young animals, but also 
for milk production, fiber production, and reproductive functions 
in adults. The action of GH is mediated by the somatomedins in-
sulin growth factor I (IGF-I) and insulin growth factor II (IGF-II). 
These factors play important roles in cell proliferation and preven-
tion of apoptosis. The gonadotropins, FSH and LH, are synthe-
sized by gonadotropes and are responsible for the control of the 
reproductive cycle in small ruminants.6 PRL stimulates udder 
development and lactation and has luteotropic effects. Different 
from other hormones produced in the adenohypophysis, the 
regulation of PRL production is not exerted by positive or nega-
tive feedback to the hypothalamus, but by dopamine secretion. 
Plasma levels of PRL vary in photoperiodic seasonal breeders  

such as small ruminants.7 PRL levels tend to be greater during the 
anestrous season of the year and during longest days (May to 
September). In contrast, during the breeding season (October to 
February), PRL levels tend to be lower. De novo synthesis of PRL 
has been reported in mammary gland tissue of sheep and goats 
during lactation and it has been suggested as a potential cause of 
inappropriate lactation syndrome in small ruminants.8

Posterior Pituitary Gland. Neuronal cell bodies from hypo-
thalamic supraoptic and paraventricular nuclei are neurosecretory 
and synthetize oxytocin and arginine vasopressin (AVP), also 
known as antidiuretic hormone (ADH). These hormones migrate 
from the cell bodies through the neuronal axons (hypothalamic-
hypophyseal tract) to the distal nerve endings of the neurohy-
pophysis, where they are stored and ultimately released into  
general circulation.

The function of ADH is to decrease the excretion of water by 
the kidneys in cases of plasma hyperosmolarity, hypovolemia, and 
hypotension. In the distal collecting ducts of the kidneys, ADH 
increases the permeability to water and allows water to be reab-
sorbed by expression of aquaporin 2 in the cell membrane, thus 
increasing plasma volume and decreasing overall osmolarity.  
Conversely, when the osmolarity of the extracellular fluid de-
creases, water moves in the opposite direction by osmosis and 
ADH secretion stops. Other potent stimuli for ADH secretion  
are hypovolemia and hypotension. Higher levels of ADH have a 
potent vasoconstrictor effect on peripheral vasculature throughout 
the body and therefore can increase arterial pressure. In goats,  
low blood volume due to hemorrhage or severe dehydration can 
increase the secretion rate of ADH by as high as 100-fold.9,10 
Dysfunction of the neurohypophysis that results in inadequate 
secretion of ADH leads to neurogenic diabetes insipidus (DI). In 
contrast, decreased sensitivity of epithelial cells of collecting ducts 
to ADH is known as nephrogenic DI. This disease is well charac-
terized in humans, dogs, and horses; however, clinical reports of 
DI in small ruminants are scarce. Clinical signs of neurogenic DI 
in sheep include marked diuresis, polyuria, and hyposthenuria. 
Treatment with AVP restores the ability to concentrate the urine. 
Another report described a case of acquired neurogenic DI in a 
7-month-old Suffolk ram with a history of polydipsia and polyuria 
that failed to concentrate urine in response to water deprivation.11 
The water deprivation test is the diagnostic method of choice for 

TABLE 
9.1 Hypothalamic Neuropeptides.

Hormone Abbreviation Main Function

Corticotropin-releasing hormone CRH Stimulation of adrenocorticotropic hormone (ACTH) release from the anterior pituitary

Dopamine DA Inhibition of prolactin release from the anterior pituitary

Gonadotropin-releasing hormone GnRH Stimulation of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) release from the  
anterior pituitary

Growth-hormone-releasing hormone GHRH Stimulation of growth hormone (GH) release from the anterior pituitary

Oxytocin OXY Stimulation of uterine contractions and milk letdown

Somatostatin SS Inhibition of growth hormone (GH) release from the anterior pituitary

Thyrotropin-releasing hormone TRH Stimulation of thyroid-stimulating hormone (TSH) from the anterior pituitary

Vasopressin (antidiuretic hormone) ADH, AVP Increase reabsorption of free water in the renal tubules
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DI in animals with history of polyuria/polydipsia in absence of 
dehydration or azotemia. Failure to concentrate urine after water 
deprivation in well-hydrated animals suggest DI. Nephrogenic DI 
should be suspected in animals that are still unable to concentrate 
the urine after treatment with exogenous AVP (desmopressin nasal 
drops applied topically to the eyes; one drop per eye equivalent to 
10 µg/dose from a 0.1 mg/mL solution).12 Neurogenic DI is rare 
in large animals, and most cases have been attributed to pituitary 
neoplasia or encephalitis. Compression of the neurohypophysis by 
a chromophobe adenocarcinoma of the adenohypophysis was be-
lieved to be the cause of neurogenic DI in a 4.5-year-old Black 
Brown Mountain ram euthanized due to severe DI.13

One function of oxytocin is to cause contraction of the myo-
metrium of the uterus during parturition by direct action of the 
hormone on myoepithelial cells. Additionally, oxytocin plays an 
important role in lactation by stimulating contraction of myoepi-
thelial cells of the mammary ducts and causing milk ejection. 
Distention of the reproductive tract during parturition or ma-
nipulation of the mammary gland by milking or suckling/nursing 
activate sensory neurons, inducing release of oxytocin by the neu-
rohypophysis. The induction of uterine contractions by oxytocin 
aids in the normal expulsion of the fetal membranes and uterine 
involution. Therefore, pharmacological application of exogenous 
oxytocin as an ecbolic agent in the treatment of retained fetal 
membranes and other reproductive diseases is common.

Pituitary Abnormalities
Although diseases affecting the pituitary gland in ruminants are 
rare, pituitary tumors, including adenomas and carcinomas, and 
pituitary abscesses have been described.13-19

Pituitary Adenoma. The most common pituitary gland neo-
plasia in domestic animals are adenomas. In sheep and goats, 
acidophilic adenomas of the anterior pituitary gland have been 
reported.14,15 Reports of pituitary neoplasia in cervids currently 
do not exist. Due to the presence of a restrictive diaphragma sel-
lae around the infundibular stalk in small ruminant species, pi-
tuitary adenomas do not grow toward the hypothalamus and 
remain extradural, compressing adjacent pituitary tissue.16,17 
Some pituitary adenomas in small ruminants might protrude 
dorsally toward the optic chiasm, erode the sphenoid bone, and 
cause enlargement of the sella turcica ventrally. Based on current 
reports of pituitary adenomas in sheep and goats, affected ani-
mals are usually adults from 3 to 8 years of age with no apparent 
breed predisposition. History and clinical signs associated with 
pituitary adenomas are variable. Abnormal hormone production 
and/or compression of pituitary tissue can disrupt the regulatory 
axis between hypothalamus and hypophysis leading to hormonal 
imbalances and subsequently, to clinical and metabolic abnor-
malities. While some affected animals may be clinically normal, 
possible clinical signs include a lack of response to prostaglandin 
(PGF2a) treatment, abnormal mammary development, inap-
propriate lactation syndrome (ILS), refractory abdominal disten-
tion, and neurologic signs. Clinicopathological abnormalities 
include persistent hypoglycemia, decreased insulin levels, and 
increased serum PRL concentrations. Acidophil-type cells of pi-
tuitary adenomas produce GH and PRL, both of which are lac-
togenic and can influence glucose metabolism; however, endocri-
nologically inactive tumors have also been reported.20 In humans, 
pituitary adenomas or other pituitary tumors usually result in 
hypopituitarism. Definitive antemortem diagnostic tests for pi-
tuitary neoplasia in small ruminants are currently unavailable, 

and necropsy and histopathology are necessary to obtain a final 
diagnosis. However, noninvasive imaging techniques have been 
used for diagnosis and monitoring of pituitary neoplastic disease 
in dogs.21 The pituitary gland can be visualized by contrast-
enhanced computer tomography (CT) and magnetic resonance 
imaging (MRI). Treatment for pituitary adenomas in small rumi-
nants has not been reported. In horses with Cushing disease due 
to microadenoma or macroadenoma formation in the pituitary 
pars intermedia, treatment is aimed to reverse or retard hyper-
plastic growth with dopamine agonists (e.g., pergolide).22 Func-
tional (disease-inducing) sellar tumors in dogs and cats, includ-
ing pituitary adenomas, are usually treated medically with 
radiation therapy, or by surgical excision.

Pituitary Carcinoma. Pituitary carcinomas are rare in small 
ruminants. Two literature reports have described the clinical pre-
sentation of pituitary adenocarcinomas in sheep.13,19 However, 
scientific reports of pituitary adenocarcinomas in goats and cer-
vids are currently lacking. In both reports, affected sheep were 
adults (a 14-year-old ewe and a 4.5-year old ram). The history in 
both cases included lethargy, decreased appetite, “dog sitting,” and 
neurological signs. Neurologic abnormalities detected during 
physical examination of both sheep included depression, head 
pressing, reduced conscious proprioception, wide-based stance, 
tendency to pace and circle, moderate tetraparesis, hypometria, 
and absent or reduced pupillary light reflexes (PLRs). One of the 
sheep had a coexistent intraocular melanoma in addition to the 
pituitary adenocarcinoma. One sheep had slow spinal reflexes and 
the other had normal spinal reflexes. Polyuria and polydipsia (PU/
PD) in addition to hyposthenuria noticed in one affected sheep 
indicated neurogenic or nephrogenic DI.13 Other clinicopatho-
logical abnormalities reported in one of the cases included a stress 
leukogram, azotemia attributed to dehydration, decreased serum 
calcium and potassium concentrations attributed to decreased 
food intake, and decreased urine-specific gravity attributed to PU/
PD. Compression of the adjacent neural tissue by an expanding 
and infiltrating pituitary adenocarcinoma leads to a variety of 
neurological signs such as the signs observed in the affected sheep. 
The compression of the mass on the posterior pituitary, infun-
dibular stalk, and hypothalamus in one of the cases led to inter-
ruption of production, transport, and normal release of ADH, 
resulting in neurogenic DI and consequently, in signs of PU/PD. 
The modified water-deprivation test, which could include an ad-
ditional ADH response test, is the diagnostic method of choice to 
differentiate neurogenic versus nephrogenic DI. However, rapid 
deterioration of the small ruminant patients in both reported 
cases prevented a complete diagnostic workup. Noninvasive imag-
ing techniques such as CT and MRI could be used to evaluate 
suspected pituitary neoplastic disease as previously mentioned. 
Definitive diagnosis of pituitary adenocarcinoma in these cases 
was achieved after postmortem examination and histopathology. 
Macroscopically, both cases presented as large neoplastic masses 
replacing the pituitary tissue and compressing adjacent brain 
structures including the hypothalamus.13,19 Histopathologically, 
the masses were composed of pleomorphic cells with variable 
amounts of eosinophilic cytoplasm and variable nuclei shapes. 
Areas of necrosis, hemorrhage, and calcified foci were observed 
internally in both masses. Both masses were diagnosed as pituitary 
chromophobe adenocarcinomas based on histopathology. Hepatic 
and intracranial metastasis were reported in one case13 and no 
metastases were reported in the other,19 although coexistence with 
other primary tumors (ocular melanoma and ovine pulmonary 
adenocarcinoma) was found in that case. Treatment of pituitary 
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adenocarcinomas in ruminants including cervids has not been 
reported. In small animals, medical, radiation therapy, and surgi-
cal excision of pituitary masses including pituitary adenocarcino-
mas has been reported.

Pituitary Abscess Syndrome. Abscesses in the pituitary gland 
of ruminants occur sporadically and have been reported in cattle, 
sheep, and goats but not cervids.23-26 This condition results in 
progressive cerebral and brainstem neurological deficits in affected 
animals and is usually fatal. In 11 of 20 cases in one study, pitu-
itary abscessation was associated with the presence of another 
septic process at a distinct location of the body.24 Bacteria com-
monly isolated from cases of pituitary abscessation in ruminants 
include Trueperella pyogenes, Staphylococcus spp., Streptococcus spp., 
Fusobacterium necrophorum, Corynebacterium pseudotuberculosis, 
and Mycoplasma arginine. Previous studies suggest that hematog-
enous or lymphatic spread of bacteria in the rete mirabile, an  
extensive capillary network surrounding the pituitary gland in 
ruminants, from initial pyogenic foci (i.e., sinusitis, osteomyelitis, 
tooth abscess, mastitis, etc.) serves as the most common pathway 
for pituitary abscessation. One retrospective study of 20 cases of 
pituitary abscess in cattle reported that 55% of the cases had sites 
of chronic infection separate from the pituitary gland.27

The reported age of affected ruminants with this condition was 
between 9 months to 12 years of age, although animals between 
2 and 5 years of age were more commonly affected.24,28 A history 
of anorexia, incoordination, lethargy, inability to chew or swallow, 
and drooling from the mouth are commonly described by pro-
ducers or owners. Clinical signs vary depending on the extent of 
the abscess but typically are associated with cerebral and brain-
stem dysfunction. Depression, recumbency, opisthotonus, con-
vulsions, and asymmetrical cranial nerve deficits such as facial 
paralysis, blindness, abnormal pupillary light reflexes, nystagmus, 
ventrolateral strabismus, dysphagia, jaw and tongue hypotonia, 
and head tilt are commonly reported in affected animals.24,25,29 
Some affected animals present with exophthalmos due to exten-
sion of inflammation to the orbit.30 Hypothalamic compression 
by pituitary abscessation may result in bradycardia in one-half of 
affected animals.24 A presumptive diagnosis of a pituitary abscess 
is based on the clinical signs of cerebral and brainstem dysfunc-
tion, cerebrospinal fluid (CSF) abnormalities, and advanced diag-
nostic imaging. Increased concentrations of CSF protein between 
70 to 502 mg/dL in addition to mild to marked neutrophilic or 
mononuclear pleocytosis with cell counts between 6 to 12,640 
cells/mL have been reported in affected animals.24,27 Complete 
blood count changes are consistent with infection and inflamma-
tion with leukocytosis, neutrophilia, and hyperfibrinogenemia.

While the use of CT for the diagnosis of intracranial abscesses 
in ruminants has been reported, reports on the use of this tech-
nique to diagnose a pituitary abscess are unavailable.31 Measuring 
pituitary hormone levels might be of some value for the diagnosis 
of pituitary abscessation in small ruminants. One report indicated 
that TSH, FSH, and LH levels were decreased below the reference 
range in a sheep with pituitary abscessation.26 Definitive diagnosis 
of pituitary abscessation typically occurs at necropsy. Typically, a 
3- to 5-cm encapsulated abscess in the area of the pituitary gland 
and compressed surrounding nervous tissue is detected. Differen-
tial diagnosis of pituitary abscessation in small ruminants should 
include conditions that result in cerebral and brainstem dysfunc-
tion such as encephalitic listeriosis, otitis media/interna, and  
rabies (see Chapter 13). Treatment for pituitary abscessation is 
usually unrewarding due to inaccessibility of the lesion, which 
usually results in treatment failure.

Thyroid Gland

Structure and Function
The thyroid gland is a bilobed gland located just caudally to the 
trachea at the level of the first tracheal rings. The gland consists of 
two lobes that lie laterally to the trachea and are connected by an 
isthmus, which is relatively thin and can be difficult to identify in 
the surrounding connective tissues. The thyroid gland is impor-
tant in the regulation of metabolism and homeostasis. Histologi-
cally, the thyroid gland is composed of follicles. Thyroid follicles 
consist of a layer of cuboidal epithelial cells surrounding the col-
loid, an eosinophilic secretion. The homogenous-staining colloid 
is the reservoir for the thyroid hormones produced by the cuboi-
dal cells. The parafollicular cells, or C cells, are located outside of 
the thyroid follicles and secrete calcitonin, which functions in 
calcium metabolism (discussed elsewhere in this chapter).

T4 and T3 are produced by the thyroid gland in response to the 
secretion of TSH by the anterior pituitary. Secretion of TSH is 
stimulated by TRH released from the hypothalamus. In sheep, 
over 90% of the secretory output from the thyroid gland is in the 
form of T4, while approximately 9% of the output is in the form 
of the more biologically active T3 form.32 Conversion of T4 to T3 
by monodeiodinase can occur in peripheral tissues, particularly 
the liver and kidneys. The thyroid hormones are major determi-
nants of basal metabolism. Among others, the effects of T3 include 
increasing cardiac output, upregulating the basal metabolic rate 
and the effects of catecholamines, and boosting catabolism of 
carbohydrates and proteins.

Thyroid Enlargement
Pathophysiology. Goiter is an alternative term for enlarge-

ment of the thyroid gland and, though not common, is the most 
frequent abnormality of the thyroid gland in small ruminants. 
Goiters are noninflammatory and non-neoplastic. Decreased 
blood concentrations of T4 and T3, regardless of etiology, stimu-
late increased TSH output from the anterior pituitary and TRH 
from the hypothalamus. Elevated concentrations of TRH and 
TSH lead to a hyperplastic response by the thyroid follicular cells 
in an attempt to upregulate and normalize blood concentrations 
of the thyroid hormones. Gland enlargement may produce an 
adequate compensatory response resulting in normal blood con-
centrations of thyroid hormones. However, when the underlying 
cause is severe or ongoing, the animal remains hypothyroid, re-
sulting in further TRH and TSH production and stimulation.

The most common causes for hypothyroidism in small rumi-
nants include consumption of an iodine-deficient diet or con-
sumption of plant-based goitrogens, substances that disrupt 
thyroid hormone production by inhibiting thyroid uptake of 
iodine. Primary iodine deficiency is more commonly observed 
in neonates,33 but is relatively rare in well-managed flocks due 
to the widespread inclusion of iodine in trace-mineral salt  
mixtures. Heavy rainfall may leach iodine from the soil, and  
low iodine levels are often found in areas with sandy soils.  
Consequently, animals grazing forages grown on sandy soils, or 
in areas known to be iodine deficient, may be susceptible to io-
dine deficiency if iodine is not supplemented. Thiocyanate and 
goitrin are the most commonly encountered goitrogens in 
grazed forages; these compounds can decrease iodine uptake by 
the thyroid gland and inhibit iodination steps in the production 
of thyroxine. The plants most commonly found to contain  
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goitrogens include Brassica species (e.g., kale, rapeseed, mus-
tard), legumes (e.g., soybeans, white clover), and some grains 
(e.g., sorghum, pearl millet).34,35 Nutritional deficiency in dams 
during gestation may result in the development of congenital 
goiters in the offspring (Figure 9.1A and B).

Dorset sheep, Boer goats, and Angora goats are suspected to 
have increased susceptibility to iodine deficiency-induced hypo-
thyroidism. Genetic congenital goiter has been described in both 
sheep and goats. An autosomal recessive mode of inheritance for 
goiters was demonstrated in Merino sheep suffering from defec-
tive thyroglobulin synthesis.36,37 A similar mechanism has been 
proposed for hereditary congenital goiter seen in Dutch, Pygmy, 
and Nubian goats.38,39

Clinical Signs. Goiter is more commonly reported in goats 
than in sheep.40 Thyroid enlargement is palpable just caudal to the 
larynx. Pathologic enlargement must be distinguished from the 
normal thymic gland, which is easily palpable in neonates and 
young lambs and kids. Palpation is generally not painful, nor is 
the mass inflamed. Additional signs of hypothyroidism reflect the 
multitude of effects the thyroid hormones play in basal metabo-
lism and development.41 Clinical signs are generally most pro-
nounced in young growing animals, geriatric patients, or females 
in heavy production. Poor quality of hair or wool, alopecia, dry 
skin, tendon laxity, and other musculoskeletal abnormalities are 
seen in young lambs and kids. Affected kids fail to thrive and 
exhibit poor growth rates.33 Poor fertility is seen in older animals 
as a result of depressed libido and poor semen quality in males. 
Females may suffer from irregular cyclicity, decreased conception 
rates, abortion, and birth of stillborn or weak offspring. Poor milk 
production may also been seen in affected ewes and does and 
contributes to growth retardation in the offspring.

Diagnosis. Hypothyroidism in sheep or goats is suspected 
based on compatible clinical signs, particularly in animals grazing 
in areas known to be iodine deficient. Thyroid enlargement (goi-
ter) may be easily palpated on physical exam as a firm, noninflam-
matory, nonpainful mass caudal to the larynx at the level of the 
first tracheal rings. Supportive hematologic changes include de-
creased serum triglyceride, phospholipid, and cholesterol concen-
trations. Definitive diagnosis is achieved through demonstration 
of thyroid hormone concentrations below defined reference 
ranges. In goats, normal serum thyroxine concentrations have 

been reported to be 38.6 to 54.4 nmol/L42 or 64 to 107 
nmol/L.33,43 A similar range of 38.0 to 100.5 nmol/L has been 
reported in sheep.42 Normal T3 levels in sheep and goats are re-
ported to be 1.0 to 2.3 and 1.3 to 3.0 nmol/L, respectively. Thy-
roid hormone levels vary seasonally in many deer species, particu-
larly T3 levels.44,45 Hormone levels are relatively decreased in the 
fall and levels may also be affected by nutritional quality.  
Reported ranges for T3 and T4 levels throughout the year are 
2.3 to 6.1 and 80 to 230 nmol/L, respectively.45 Normal serum 
iodine levels are reported to be between 2.1 and 9.3 µg/dL.39,43 
However, practitioners are encouraged to consult with their refer-
ence laboratory for reference ranges specific for the assay used in 
testing. Hormone response tests using either TSH or TRH are 
routinely used diagnostically in horses and small animals and are 
also used in small ruminants, albeit less commonly.46 Thyroxine 
concentrations are expected to double and reach physiologic levels 
by 4 h following exogenous TSH or TRH administration; failure 
to do so confirms a diagnosis of hypothyroidism. Response tests 
should also stimulate a rapid increase in T3 concentrations.

Treatment and Prevention. Most commonly, dietary iodine 
supplementation is used for treatment and prevention, as nutri-
tional deficiency is the most common cause of hypothyroidism in 
small ruminants. Dietary iodine requirement is approximately  
0.5 mg/kg dry matter weight for most goats and 0.8 mg/kg dry 
matter weight for lactating does. When goitrogenic plants are 
extensively consumed, the dietary requirement increases corre-
spondingly. Iodized trace mineral mixtures should be provided for 
herds and flocks in deficient areas, particularly for gestating and 
lactating does. Mixtures containing 0.007 to 0.01% iodine are 
considered to be sufficient to prevent hypothyroidism, assuming 
adequate consumption. To ensure consumption, the iodized salt 
mixture should be the only salt source provided. Alternatively, 
susceptible does and ewes can be drenched orally with 200 to  
300 mg potassium iodide or 2 mL of Lugol’s iodine weekly during 
late gestation and heavy lactation. A long-acting parenteral  
formulation has also been used effectively to treat sheep in areas 
of endemic iodine deficiency.47 Oral treatment of affected kids 
is achieved with 20 mg of potassium iodine or 3 to 5 drops of 
Lugol’s iodine daily in the milk over the course of a week. When 
supplementing iodine, the iodate form is more biologically  
available than the iodide form.

A B

• Fig. 9.1 A. and B. Congenital goiter in a neonatal goat. Congenital goiter often results from nutritional 
deficiencies during gestation. (From: Noah’s Arkive: Hedstrom. F03304 and F03305. https://noahsarkive.
cldavis.org/index.html Accessed August 20, 2018)

https://noahsarkive.cldavis.org/index.html
https://noahsarkive.cldavis.org/index.html
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Parathyroid Gland

Structure and Function
The parathyroid glands are in close association with thyroid tissue 
and are responsible for secreting parathyroid hormone (PTH). 
This hormone is the primary regulator of calcium (Ca) homeosta-
sis in the body. When levels of ionized calcium in plasma are low, 
Ca-sensitive receptors located in the surface of parathyroid glands 
release PTH from the principal (chief ) cells into circulation. Re-
ceptors of PTH present in bone, kidney, and indirectly in the 
gastrointestinal tract, are activated, and ultimately increase the 
levels of ionized calcium in plasma.48

The receptors of PTH in target cells (bone and kidney) are 
transmembrane proteins that are in contact with the extracellular 
fluid where binding of PTH occurs. The internal portion of the 
receptor is linked to a G-stimulatory protein that changes to its 
tertiary structure when PTH binds to the receptor. A second mes-
senger reaction mediated by magnesium and cyclic adenosine 
monophosphate ultimately helps increase extracellular Ca con-
centrations.49 Three major mechanisms for increasing plasma Ca 
levels have been attributed to PTH. The first mechanism increases 
renal reabsorption of Ca from proximal renal tubular fluids while 
reducing phosphorus (P) reabsorption at the same time. The second 
mechanism increases Ca resorption from bone, and the third 
mechanism indirectly increases the dietary Ca absorption in the 
intestines.50

Normally, only a small amount of Ca is excreted in the urine so 
when the Ca deficit in plasma is small, increasing renal absorption 
of Ca is sufficient to restore Ca plasma to normal levels. However, 
at the onset of lactation in dairy sheep or goats, the Ca demands 
for colostrum and milk production can be much greater and ad-
ditional mechanisms must be used to maintain normocalcemia. 
Calcium stored in bone constitutes the body’s major Ca reserve, 
and when Ca deficits are of greater magnitude, mobilizing Ca from 
the bone can result in a larger amount of Ca delivered to circula-
tion. The majority (99%) of Ca in bone is stored as hydroxyapatite 
crystals and can only be released by osteoclastic activation. Recep-
tors of PTH are not present in osteoclasts but in osteoblasts that 
line all bone surfaces.50,51 When PTH stimulates receptors on the 
bone surface, a second messenger reaction results in the secretion 
of cytokines such as nuclear factor kb and macrophage colony-
stimulating factor (M-CSF) that consequently activate osteoclastic 
activity releasing Ca and P into circulation. A secondary mecha-
nism of resorption of Ca from the bone is the PTH-mediated  
release of Ca from intercellular fluid of osteocytes. A minority  
of bone Ca is in this soluble form within lacunae and canaliculi 
systems in the intercellular space of osteocytes. Once PTH recep-
tors on osteocytes are activated, pumping of the Ca-containing 
intercellular fluid into circulation occurs very rapidly.52

Active intestinal absorption of Ca occurs in the small intestine 
by stimulation of intestinal epithelial cells by vitamin D3 
(1,25[OH]2D). Receptors for PTH in the kidney induce conver-
sion of vitamin D2 to vitamin D3, which is released into the blood 
and travels to the intestine.53 Vitamin D3 receptors in the nucleus 
of intestinal epithelial cells induce the synthesis of Ca channel 
proteins that promote active transport of dietary Ca and P across 
the cell into the blood. Additionally, Ca is acquired by a mecha-
nism of paracellular intestinal absorption, which occurs indepen-
dently of vitamin D3 but requires a concentration gradient across 
intestinal epithelial cells. When the concentration of ionized Ca 
in the intestinal lumen is greater than the ionized Ca present in 

the extracellular fluid (ECF), Ca is transported by gradient by the 
tight intercellular junctions into ECF and blood.53 This mecha-
nism is more active when the concentration of dietary Ca is 
greater than normal.

In contrast to PTH, calcitonin, a 32-amino-acid peptide 
hormone secreted by C cells of the thyroid gland, is secreted 
when significant elevation of Ca levels are detected by receptors 
on the surface of C cells. Calcitonin has the opposite effect of 
PTH in bone, kidney, and intestines. Disturbances of the Ca 
homeostasis are usually attributed to PTH dysfunction due to 
its primary role in regulation of blood Ca. Based on etiology, 
hyperparathyroidism is classified as either primary or secondary. 
Primary hyperparathyroidism is associated with hyperplasia or 
neoplasia of the parathyroid gland, but reports of this condition 
in small ruminants do not exist. Secondary hyperparathyroidism 
results from an excessive secretion of PTH in response to other 
physiological or pathological processes and is usually classified as 
nutritional secondary hyperparathyroidism or renal secondary 
hyperparathyroidism.

Nutritional Secondary Hyperparathyroidism
This condition affects animals fed a diet low in Ca, high in P,  
or with an imbalanced Ca to P ratio (# 1:3).54,55 Additionally, 
vitamin D deficiency can result in nutritional secondary hyper-
parathyroidism due to continuous reduction on intestinal absorp-
tion of Ca.54 Low dietary Ca, high P, or vitamin D deficiency 
results in hypocalcemia, which upregulates PTH secretion to 
maintain normal Ca concentrations in plasma. However, in cases 
of a very low Ca and high phosphate diets, the effect of PTH on 
the synthesis of vitamin D3 is limited and therefore intestinal ab-
sorption of Ca is compromised. In contrast, the PTH-induced 
bone resorption of Ca becomes the only meaningful mechanism 
by which plasma Ca levels can be regulated, resulting in a marked 
osteoclastic activity, Ca resorption from the bone, bone loss, and 
replacement of bone with unmineralized connective tissue.55-57 
This condition is known as osteodystrophia fibrosa and occurs 
sporadically in goats while is rarely observed in sheep and cattle.56 
Goats affected with osteodystrophia fibrosa usually present with 
facial bone enlargement/swelling particularly in the mandibular 
and maxillary bones (big head), difficulties in apprehension and 
mastication of fiber, long bone fractures, and intermittent shifting 
lameness. In one report, seven goats fed a diet with a Ca:P ratio of 
1:6 developed severe secondary nutritional hyperparathyroidism 
that resulted in mandibular and maxillar enlargements in addition 
to different degrees of dyspnea, protruding of the tongue, and  
apprehension and mastication abnormalities.57 Typical laboratory 
abnormalities in animals affected with nutritional secondary  
hyperparathyroidism and osteodystrophia fibrosa might include 
hyperphosphatemia, hypocalcemia or normocalcemia, increased 
intact PTH levels, increased alkaline phosphatase activity, de-
creased urinary fractional excretion of Ca (hypocalciuria), and  
increased urinary fractional excretion of P (hyperphosphaturia). 
However, if the animal is eating a normal balanced diet at the time 
of evaluation, these values might be normal. Radiologic findings 
demonstrate decreased bone mass (if bone loss is greater than 
30%), decreased facial bone density, and fibrous proliferation.55 
Diagnosis is based on a combination of history, clinical signs, 
laboratory abnormalities, and radiologic findings in affected  
animals. Necropsy findings include increased bone resorption, 
bone fragility and incomplete fractures (ribs), obstruction of nasal 
passages, and parathyroid gland hyperplasia.
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Risk factors for nutritional secondary hyperparathyroidism 
include high-grain low-fiber diets with a high content of P, pas-
tures and toxic plants with high oxalate content that interfere 
with Ca absorption in the intestine such as Bermuda grass, dal-
lisgrass, foxtail grass, pokeberry, red-rooted pigweed, and sugar 
beet.54,58,59 Additionally, the use of anionic salts to acidify the 
urine and prevent struvite formation to control urolithiasis could 
result in excessive PTH secretion and response and, consequently, 
in greater bone resorption and remodeling.58 Treatment and pre-
vention of nutritional secondary hyperparathyroidism and osteo-
dystrophia fibrosa are focused on correction of the diet and re-
establishing a normal to increased Ca:P ratio ( 3–4:1 ratio).55 
Avoiding high-grain diets and feeds containing high levels of oxa-
lates also aids in the prevention of this condition. The addition  
of feedstuffs and forages containing high levels of Ca, such as  
alfalfa, and supplementation with calcium carbonate (CaCO3) or 
di-calcium phosphate may be helpful.

Renal Secondary Hyperparathyroidism
Renal secondary hyperparathyroidism is secondary to renal failure 
and consequent hyperphosphatemia. In ruminants, several hemo-
dynamic, toxic, and infectious conditions can lead to acute  
or chronic renal failure and loss of renal function. Once the  
functional renal tissue is less than 25%, renal function is comp-
romised, and accumulation of phosphates in blood leads to  
hyperphosphatemia.55 As a consequence of renal failure and hy-
perphosphatemia, hypocalcemia arises as a result of precipitation 
of Ca in the blood and reduction of vitamin D3 synthesis in the 
kidneys. Reduction of Ca absorption in the intestines further re-
duces the blood Ca concentrations and induces a marked PTH 
response that eventually causes continuous Ca resorption from 
the bone resulting in bone loss and fibrous osteodystrophy. Clini-
cal pathology and electrolyte abnormalities are typical of acute or 
chronic renal failure in addition to those described for nutritional 
secondary hyperparathyroidism. When indicated, treatment is 
directed at reducing the effects of acute or chronic renal failure as 
described elsewhere (see Chapter 12).

Adrenal Glands
The adrenal glands are bilaterally symmetric endocrine organs 
located near the cranial pole of each kidney. Histologically, the 
adrenal gland is characterized by an outer cortex and the inner 
medulla (Table 9.2). The adrenal cortex has three distinct zones; 
from outward to inward, the layers are the zona glomerulosa, zona 
fasciculata, and zona reticularis. In ruminants, the zona fasciculata 
can be further divided into inner and outer zonal layers. The  

adrenal cortex functions primarily in the production of mineralo-
corticoid and glucocorticoid steroid hormones. The mineralocor-
ticoids, of which aldosterone is the main example, are produced 
in the zona fasciculata. Glucocorticoids, including cortisol, are 
produced primarily in the zona fasciculata, the largest cortical 
zone, and the zona reticularis serves to produce several androgens. 
The chromaffin cells of the adrenal medulla produce the catechol-
amines epinephrine and norepinephrine.

As in any species, normal values for hormone levels vary ac-
cording to the reporting laboratory and the assay used for hor-
mone level determination. Consequently, clinicians are encour-
aged to use reference values provided by the laboratory performing 
the assay when available. However, because the caseload of small 
ruminants at many veterinary diagnostic laboratories is relatively 
low, reference values may not be provided. For aldosterone levels 
in sheep, a baseline value of 1.01 6 0.32 ng/dL has been re-
ported.60 Assay results vary based on the hydration status of the 
patient with levels in goats ranging from 5.5 to 13.9 ng/dL in one 
study.61 Accurate measurement of cortisol levels can be difficult as 
levels are also subject to external factors including season, breed, 
and sex. Normal levels for sheep and goats have been reported as 
62 6 10 and 65 6 8 nmol/L, respectively.62 In deer, baseline 
levels have been reported as 28 to 55 nmol/L.63 Hormone concen-
trations in individual deer may vary based on seasonality and re-
productive status.44,64,65

Disorders of the adrenal gland in small ruminants are infre-
quently but sporadically described. Most reported adrenal lesions 
are neoplastic (either primary or metastatic) in origin. In one 
necropsy study of 2500 (mostly Angora) goats, 500 cortical ade-
nomas were found in 316 individual goats, although many lesions 
were small and only diagnosed microscopically.66 The presence or 
absence of clinical signs in affected goats was not described and 
most lesions are presumed to be incidental findings. The study 
detected a significant overrepresentation of wethers compared to 
intact male or female goats. Elsewhere, adrenal cortical neoplasia 
has been reported in association with lactation in a castrated male 
goat.67 Pheochromocytomas are sporadically documented in 
goats, including in two does with inappropriate lactation and in 
three generations of related does in Finland.18,68,69 Other reported 
primary neoplasms in the adrenal gland of small ruminants in-
clude an undifferentiated ganglioneuroblastoma70 and cortical 
carcinoma.71 Metastasis to the adrenal glands from other primary 
neoplasms, including ovine pulmonary adenocarcinoma, also  
occurs.72-74

A syndrome of habitual abortion was described in Angora 
goats believed to be suffering from hypoadrenocorticism and de-
creased adrenocortical responsiveness.75 Does appear healthy 
through their initial kiddings but begin to abort habitually at the 

TABLE 
9.2 Adrenal Gland Organization.

Layer Zone Hormone Class Example Function

Cortex

Zona glomerulosa Mineralocorticoids Aldosterone Blood pressure regulation

Zona fasciculata Glucocorticoids Cortisol Stress response

Zona reticularis Androgens Androstenedione Testosterone precursor

Medulla Catecholamines

Epinephrine Fight-or-flight response

Norepinephrine Fight-or-flight response
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age of 4 to 5 years. Abortion general occurs around 100 days of 
gestation following a stressful incident. Dams suffering from the 
syndrome have small adrenal glands and low blood cortisol  
levels.76 Premature parturition is induced by the resultant fetal 
adrenal hyperplasia and increased fetal cortisol levels.

Pancreas
The pancreas serves as the interface of the digestive and endocrine 
systems through its endocrine and exocrine functions. In rumi-
nants, the pancreas is located in the craniodorsal abdomen in 
close proximity to the descending duodenum. The bilobed gland 
is loosely structured, lobulated, and of irregular form that is pink 
to yellow in appearance. The primary endocrine functions of the 
pancreas are the production of glucagon and insulin from the al-
pha- and beta-cells, respectively, of the pancreatic islets. Other 
cells within the pancreatic islets secrete somatostatin and pancre-
atic polypeptide.

Diabetes mellitus (DM) is characterized by a persistent eleva-
tion in blood glucose and glucosuria. Primary DM is caused by 
damage to the pancreatic beta-cells resulting in decreased insulin 
levels and hyperglycemia. Secondary DM is defined as an eleva-
tion in glucose levels despite normal or elevated plasma insulin 
concentrations secondary to insulin resistance. Spontaneous cases 
of either primary or secondary DM are rare in small rumi-
nants.77-79 Clinical signs of DM in small ruminants include leth-
argy, anorexia, and weight loss. Polyuria and polydipsia are con-
sistent findings. Severe depression of milk production may be seen 
in lactating goats.80 Insulin treatment of both spontaneous and 
experimental DM in small ruminants generally results in im-
provement in clinical signs and normalization of glucose levels 
within 4 days of treatment onset.78,81 Anecdotally, low doses (0.25 
IU/kg) of human ultralente recombinant insulin have been ad-
ministered to ruminants every 24 to 48 h to increase tissue glu-
cose uptake and stimulate hepatic glycolysis.82 Discontinuation of 
therapy results in a recurrence of clinical signs. However, success-
ful control of clinical signs was achieved over a nearly 4-year- 
period in one goat with primary DM.79 Attention to the proper 
insulin dosage is important to avoid the potential for life- 
threatening hypoglycemia. Pancreatic neoplasias are rare in small 
ruminants.74

Inappropriate Lactation Syndrome 
(Aberrant Lactation, Precocious Udder)  
and Pseudopregnancy
Pseudopregnancy or hydrometra (mucometra) is a condition in 
which aseptic fluid accumulates in the uterus of does and ewes in 
the absence of a fetus and/or placentomes, resulting in anes-
trous.83 In some geographic areas, pseudopregnancy is the most 
common noninfectious uterine pathology of goats.84 This condi-
tion usually results from a persistent corpus luteum (CL) and 
prolonged luteal phase. Initially, serum progesterone (P4) levels 
are similar to those of pregnant does. However, concentrations 
return to basal levels after day 100.85 Affected does/ewes do not 
return to estrus and suffer temporary infertility that results in 
economic losses for producers. The incidence of the disease varies 
between 3.0 and 20.8%.86 The prevalence is also variable at 10.4 
to 30.4% depending on the geographic location.87 There is some 
evidence that pseudopregnancy could have a genetic/hereditary 
component in goats. One study suggested that the frequency of 

this condition was greater in daughters and mothers of pseudo-
pregnant does.87 Another study demonstrated that pseudopreg-
nancy was genetically associated with a longer productive lifespan 
but not with milk production in dairy goats.88 Induction of ovu-
lation (estrus synchronization) with exogenous hormones (i.e., 
progestogens and equine chorionic gonadotropin) has also been 
implicated in the development of pseudopregnancy in goats.86,89

Clinical signs of animals affected with pseudopregnancy are 
variable and might include anestrous, hydrometra (presence of 
fluid in the uterus), teat swelling and udder development, reduc-
tion in milk production, and distention of the abdomen.83,90,91 
Complete blood count and serum biochemistry parameters of af-
fected animals are usually within normal limits. The pathophysiol-
ogy of pseudopregnancy is associated with abnormal luteolytic 
activity that causes a persistent CL and prolonged luteal phase and 
leads to fluid accumulation in the uterus.89 The disease can occur 
after early embryonic death or without history of previous mating. 
Serum progesterone levels of goats with pseudopregnancy are usu-
ally lower than those of pregnant goats; however, when progester-
one levels rise above 2 ng/mL, fluid accumulation in the uterus can 
occur and prostaglandin production might be disrupted.89,92 
Although serum levels of p PRL, LH, growth hormone GH,  
and GnRH have been associated with the pathophysiology of this 
condition in goats, reported serum hormonal levels in affected 
animals have been inconsistent and are not always reliable in diag-
nosis of the condition.93-95

Transabdominal ultrasound examination of the uterus and 
ovaries confirms the diagnosis of pseudopregnancy. Usually, the 
diagnosis of this condition is an incidental finding when preg-
nancy checking does 30 days or more after insemination. The 
presence of hypoechoic fluid in the uterus in the absence of a fetus 
or caruncles is indicative of the disease.87 Spontaneous expulsion 
of the accumulated uterine fluid might occur after natural aging of 
the retained CL but can take several weeks or months prolonging 
the anestrous and infertility.85,89 Treatment of pseudopregnancy 
involves inducing drainage of the retained uterine fluid and pro-
moting return to estrus. Two to three intramuscular injections of 
PGF2a (5–10 mg of dinoprost or 125–250 µg of cloprostenol) 
administered 10 to 12 days apart are usually efficient in inducing 
draining of uterine fluid and return to estrus.83,96 Goats that do 
not respond well to the prostaglandin therapy can be treated with 
oxytocin (50 IU BID intramuscularly [IM] for 4 days).94

Inappropriate lactation syndrome (ILS) is defined as an abnor-
mal development of the mammary gland tissue and lactogenic 
synthesis without history of breeding or artificial insemination. 
Although the condition has been described primarily in females 
(does and ewes), reports of this condition in male goats exist.97,98 
Pseudopregnancy has been identified as one of the possible causes 
of ILS in female goats.99 Dairy and pygmy goats are more com-
monly affected by ILS and pseudopregnancy. In male goats, ILS 
has been associated with development of mammary glands (gyne-
comastia) and lactation that can result in reduced libido and  
reduced semen quality.97

Physical examination parameters of affected animals are usu-
ally normal. The mammary gland (one or both halves) of does and 
ewes with ILS is enlarged, soft, with no signs of mastitis or inflam-
mation. Although history of being nursed or milked in affected 
goats is rare in cases of ILS, milk secretions usually remain in the 
teat cisterns, which become abnormally large (bottle teats). The 
udder secretions of animals affected with ILS consist of a milk-
like secretion that becomes clearer and translucent with subse-
quent milkings.19 Duration of signs of ILS may persist for long 
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periods. A variety of factors has been involved in the etiology of 
ILS. Feeding estrogenic forage or grains (i.e., clover, moldy 
grains), increased serum and mammary gland PRL- and PTH-
related protein (PTHrP) production, and pituitary adenomas 
may stimulate lactation and cause ILS. Increased autocrine PRL 
and PTHrP production in sheep and goats has been associated 
with ILS. Pituitary adenomas were associated with ILS in two 
goats in one study. One of the affected goats demonstrated persis-
tently high serum levels of PRL and the authors suggested this as 
a possible cause of ILS in this goat.19 Masculine behavior (viril-
ism) and ILS have been described in two does and a ewe with 
granulosa cell tumors.100,101 Increased serum levels of testosterone 
and estradiol and inconsistent serum levels of progesterone found 
in these animals were identified as possible contributor causes of 
ILS in these studies.

Diagnosis of ILS is based on history and clinical signs. Ele-
vated serum levels of PRL, progesterone, testosterone, and estra-
diol can be of help in the diagnosis of pituitary adenomas and 
granulosa cell tumors in small ruminants with ILS; however, the 
practitioner should exert caution when using hormonal testing for 
the diagnosis of ILS, as hormonal values have been inconsistent in 
some studies.17,19,101 In cases of a granulosa cell tumor-associated 
ILS, ultrasonographic evaluation of the ovaries and hormonal 
profiles for testosterone and estradiol are diagnostic.102 The treat-
ment of choice for ILS for dairy goats in the absence of pseudo-
pregnancy is with dopamine agonist (antiprolactin) agents such as 
bromocriptine mesylate and cabergoline with limited efficacy.93,95 
Bromocriptine mesylate is administered at a total dose of 5 mg/
day for 14 days and cabergoline at 5 mg/kg or 0.1 mL/kg orally 
or 5.6 mg IM.103-105 Surgical removal of the mammary gland 
(mastectomy) remains the treatment of choice for pet small rumi-
nants with ILS. In one study of five pet goats with ILS in which 
previous medical treatment with cabergoline had not been suc-
cessful, complete mastectomy was effective in resolving clinical 
signs.106 In cases of ILS associated with a granulosa cell tumor, 
treatment consists of surgical removal of the affected ovary.102 
Prevention strategies for pseudopregnancy include selenium sup-
plementation and breeding in the first heat of the season.90

Antler Growth in Cervids
Antler growth in cervids represents a regenerative response unique 
in mammals. Deer antlers are the only mammalian appendages 
that undergo serial regeneration, which has led to intense study of 
antler growth and development as a potential model of organ re-
generation, bone development, and growth control. However, 
antler growth is a complex and multifaceted process influenced by 
both intrinsic and extrinsic factors; the molecular mechanisms are 
still not completely understood.

Antlers are a secondary sexual characteristic that, except in 
members of the Rangifer genus (reindeer), are present only in 
male deer. Antlers are bony organs that develop from pedicles that 
are extensions of the frontal bone. Pedicle development begins 
around the time of puberty after the deer has attained a species-
specific threshold of body weight.107 Experimentally, resection of 
the antlerogenic periosteum prevents antler development, and 
transplantation to other sites on the frontal bone or even the legs 
leads to antler development at the transplantation site and not at 
the original location.108 As antler development begins, the skin 
over the pedicles transitions to a characteristic “velvet” that con-
tains fewer hair follicles than normal skin. Almost all types of deer 
integument can be induced into velvet skin by the antlerogenic 

periosteum. Following initiation, antlers enter a rapid growth 
period that generally occurs in the spring. Growth occurs as a 
modified endochondral process and generally yields unbranched 
spikes. In this phase, antlers are not yet calcified and may be pain-
ful or bleed when damaged. Antler growth ceases in the fall as 
breeding season approaches and is replaced by a period of calcifi-
cation. Calcification begins at the base and proceeds upwards, 
terminating at the distal ends of the antlers.107 Following calcifica-
tion, the velvet skin covering the antlers is shed and the antler 
remains firmly attached to the underlying bone throughout the 
winter in most species. Initiation of antler regeneration begins 
again almost immediately.109 In white-tailed deer, the initial set of 
antlers is cast in late autumn or early winter with antler regenera-
tion beginning in the spring. Removal of the antlers from captive 
breeder bucks may be desirable in certain management schemes 
to prevent injury. When this is desired, the antlerogenic pedicle 
should be left intact, unlike dehorning in cattle and small rumi-
nants where the entire horn base is often removed. The antlers 
should be cut off after formation of the hard horn, leaving ap-
proximately one inch of antler above the pedicle.

Hormonal control of antler growth, casting, and regeneration 
has yet to be fully elucidated. The primary hormones associated 
with antler growth and development are testosterone and insulin-
like growth factor 1 (IGF-1), although other hormones and local 
factors are also involved throughout the growth process. Testoster-
one levels are important internal regulators for the seasonal pat-
tern of antler growth, calcification, and casting seen in most spe-
cies of deer.108 Initiation of antler growth in the spring takes place 
as day length is increasing. Testosterone levels are relatively low in 
most male deer throughout much of the spring but it has been 
postulated that a short testosterone pulse in the spring is respon-
sible for antler growth initiation.110 In castrated males, antler de-
velopment could be stimulated by the administration of exoge-
nous testosterone.111 However, high testosterone levels prevent 
antler initiation and pedicle activity. Elongation continues 
throughout the summer while hormone levels remain low. Antler 
bone development and elongation are completed in a low testos-
terone environment.112 Then, as testosterone levels surpass 1 ng/
mL in the fall, mineralization and calcification of the antlers oc-
cur. The velvet skin dries and is shed as the mating season ap-
proaches. Following the breeding season, testosterone levels fall to 
prebreeding levels. Antler casting is associated with serum testos-
terone levels falling below 1 ng/mL.113 For most species, this oc-
curs in the following spring, although in some cervid species, this 
will occur in early winter. Antler casting is prevented by exoge-
nous administration of testosterone.111,114 Conversely, surgical or 
chemical castration of antlered deer results in premature casting 
of the antlers.108 Castration of bucks does not prevent future ant-
lerogenesis but does preclude calcification of the velvet horns.115 
Thus, antlers of normal shape develop during the species’ appro-
priate time period but remain covered in velvet and are susceptible 
to trauma.

Though changes in testosterone concentrations are considered to 
be the main stimuli associated with steps in antler growth dynam-
ics, elongation of the antlers occurs when testosterone levels are low. 
Once initiation has occurred, IGF-1 has been proposed as the main 
endocrine player stimulating antler growth. Produced primarily in 
the liver in response to GH released from the anterior pituitary, 
IGF-1 stimulates systemic body growth in multiple cell types, but 
especially, skeletal muscle, cartilage, and bone. It regulates prolifera-
tion and differentiation of osteocytes and chondrocytes through 
multiple signaling pathways and often has stage-specific effects on 
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the same cell types. In male deer, circulating IGF-1 concentrations 
are positively correlated with antler growth.116 Both IGF-1 and 
IGF-1 receptors are located in antler tissues and in vitro prolifera-
tion of antler progenitor cells is seen when incubated in the pres-
ence of IGF-1.117 However, because IGF-1 is known to be involved 
in the regulation of bone density and proliferation, and antler is 
composed of true bone, it is not fully understood if IGF-1 is the 
driving stimulus behind antler growth or is just an active player in 
the process once initiated.

 19. Ortin A, Ferrer LM, Loste A, et al: Coexistence of pituitary adeno-
carcinoma and intraocular melanoma in a sheep, Vet Rec 
159(21):718–719, 2006.

 20. Capen CC: Tumors of the endocrine glands. In Moulton JE, editor: 
Tumors in domestic animals, Berkeley, CA, 1990, University of Cali-
fornia Press, pp 553–639.

 21. Goldstein EJ, Burnett KR, Wolf GL, et al: Contrast enhancement of 
spontaneous animal CNS tumors with gadolinium DTPA: a correla-
tion of MRI with x-ray CT, Physiol Chem Phys Med NMR 17(1):
113–122, 1985.

 22. Donaldson MT, LaMonte BH, Morresey P, et al: Treatment with 
pergolide or cyproheptadine of pituitary pars intermedia dysfunction 
(equine Cushing’s disease), J Vet Intern Med 16(6):742–746, 2002.

 23. Morin DE: Brainstem and cranial nerve abnormalities: listeriosis, 
otitis media/interna, and pituitary abscess syndrome, Vet Clin North 
Am Food Anim Pract 20(2):243–273, vi, 2004.

 24. Perdrizet JA, Dinsmore P: Pituitary abscess syndrome, Comp Cont 
Educ Pract 8(6):S311–S318, 1986.

 25. Lomas ST, Hazell SL: The isolation of Mycoplasma arginini from a 
pituitary abscess in a goat, Aust Vet J 60(9):281–282, 1983.

 26. Dabak M, Eroksuz Y, Baydar E, et al: Decreased pituitary hormone 
levels in a sheep with pituitary abscess, J Appl Anim Res 44(1):5–8, 
2016.

 27. Stokol T, Divers TJ, Arrigan JW, et al: Cerebrospinal fluid findings 
in cattle with central nervous system disorders: a retrospective study 
of 102 cases (1990–2008), Vet Clin Pathol 38(1):103–112, 2009.

 28. Taylor PA, Meads EB: Pituitary abscessation, and a “farcy-like” con-
dition in cattle due to Cornebacterium pyogenes, Can Vet J 4(8):
208–213, 1963.

 29. Fernandes CG, Schild AL, Riet-Correa F, et al: Pituitary abscess in 
young calves associated with the use of a controlled suckling device, 
J Vet Diagn Invest 12(1):70–71, 2000.

 30. Moriwaki M, Watase H, Fukumoto M, et al: Exophthalmos due to 
rete mirabile abscess caused by infection with Corynebacterium pyo-
genes in cattle, Natl Inst Anim Health Q (Tokyo) 13(1):14–22, 1973.

 31. El-Khodery S, Yamada K, Aoki D, et al: Brain abscess in a Japanese 
black calf: utility of computed tomography (CT), J Vet Med Sci 
70(7):727–730, 2008.

 32. Chopra IJ, Sack J, Fisher DA: 3,3’,5’-Triiodothyronine (reverse T3) 
and 3,3’,5-triiodothyronine (T3) in fetal and adult sheep: studies  
of metabolic clearance rates, production rates, serum binding,  
and thyroidal content relative to thyroxine, Endocrinology 
97(5):1080–1088, 1975.

 33. Bath GF, Wentzel D, van Tonder EM: Cretinism in Angora goats,  
J S Afr Vet Assoc 50(4):237–239, 1979.

 34. Abel Gadir WS, Adam SE: Development of goitre and enterohepa-
tonephropathy in Nubian Goats fed with pearl millet (Pennisetum 
typhoides), Vet J 157(2):178–185, 1999.

 35. Knowles SO, Grace ND: Serum total iodine concentrations in pas-
ture-fed pregnant ewes and newborn lambs challenged by iodine 
supplementation and goitrogenic kale, J Anim Sci 93(1):425–432, 
2015.

 36. Rac R, Hill GN, Pain RW, et al: Congenital goitre in Merino sheep 
due to an inherited defect in the biosynthesis of thyroid hormone, 
Res Vet Sci 9(3):209–223, 1968.

 37. Falconer IR. Studies of the congenitally goitrous sheep. Composi-
tion and metabolism of goitrous thyroid tissue, Biochem 
J 100(1):197–203, 1966.

 38. De Vijlder JJ, van Voorthuizen WF, Van Dijk JE, et al: Hereditary 
congenital goiter with thyroglobulin deficiency in a breed of goats, 
Endocrinology 102(4):1214–1222, 1978.

 39. Rijnberk A, De Vijlder JJ, Van Dijk JE, et al: Congenital defect in 
iodothyronine synthesis. Clinical aspects of iodine metabolism in 
goats with congenital goitre and hypothyroidism, Br Vet J 133(5):
495–503, 1977.

 40. Saiyari M, Mandavi H, Mayahi M, et al: Spontaneous lesions in the 
thyroid of sheep and goats in Iran, Rev Elev Med Vet Pays Trop 
48(3):231–232, 1995.

References

 1. Matwijiw I, Thliveris JA, Faiman C: Hypothalamo-pituitary portal 
development in the ovine fetus, Biol Reprod 40(5):1127–1130, 
1989.

 2. Barrell GK, Ridgway MJ, Wellby M, et al: Expression of regulatory 
neuropeptides in the hypothalamus of red deer (Cervus elaphus) 
reveals anomalous relationships in the seasonal control of appetite 
and reproduction, Gen Comp Endocrinol 229:1–7, 2016.

 3. Batailler M, Chesneau D, Derouet L, et al: Pineal-dependent in-
crease of hypothalamic neurogenesis contributes to the timing of 
seasonal reproduction in sheep, Sci Rep 8(1):6188, 2018.

 4. Senn M, Maier PM, Langhans W: ACTH, cortisol and glucose re-
sponses after administration of vasopressin in cattle and sheep,  
J Comp Physiol B 164(7):570–578, 1995.

 5. Hart KA, Slovis NM, Barton MH: Hypothalamic-pituitary-adrenal 
axis dysfunction in hospitalized neonatal foals, J Vet Intern Med 
23(4):901–912, 2009.

 6. Adams GP: Comparative patterns of follicle development and selec-
tion in ruminants, J Reprod Fertil Suppl 54:17–32, 1999.

 7. Santiago-Moreno J, Gonzalez-Bulnes A, Gomez BA, et al: Nocturnal 
variation of prolactin secretion in the Mouflon (Ovis gmelini musi-
mon) and domestic sheep (Ovis aries): seasonal changes, Anim Reprod 
Sci 64(3-4):211–219, 2000.

 8. Le PF, Leroux C, Martin P, et al: Prolactin gene expression in ovine 
and caprine mammary gland, Neuroendocrinology 60(3):305–313, 
1994.

 9. Rundgren M, Olsson K, Appelgren B, et al: Effects of hemorrhage 
on vasopressin secretion and arterial blood pressure during experi-
mental diabetes insipidus in goats, Acta Physiol Scand 116(1):57–65, 
1982.

 10. Lohmeier TE: Neurohypophysial hormones, Am J Physiol Regul 
Integr Comp Physiol 285(4):R715–R717, 2003.

 11. Thomson JR, Anderson DH, Gilmour JS: Neurogenic diabetes  
insipidus in a sheep, J Comp Pathol 96(1):119–124, 1986.

 12. Kranenburg LC, Thelen MH, Westermann CM, et al: Use of desmo-
pressin eye drops in the treatment of equine congenital central  
diabetes insipidus, Vet Rec 167(20):790–791, 2010.

 13. Zanolari P, Botteron C, Jaggy A, et al: Chromophobe adenocarci-
noma of the pituitary gland in a ram, J Vet Intern Med 18(5):
748–752, 2004.

 14. Olson DP, Ohlson DL, Davis SL, et al: Acidophil adenoma in the 
pituitary gland of a sheep, Vet Pathol 18(1):132–135, 1981.

 15. Reed SD, Bauer RW: Pituitary acidophil macroadenoma in a pygmy 
goat (Capra hircus hircus), J Vet Diagn Invest 21(2):262–266, 2009.

 16. Oda S, Wada Y, Kondo H, et al: Pituitary adenoma with prolactin 
and growth hormone production in a sheep, J Comp Pathol 
1997:117(2);171–175.

 17. Gonzalez L, Balaguer L, Romano J, et al: Prolactinoma in a sheep,  
J Comp Pathol 111(3):321–326, 1994.

 18. Miller CC, Williamson LH, Miller-Liebl DM, et al: Lactation as-
sociated with acidophilic pituitary adenoma, pheochromocytoma, 
and cystic endometrial hyperplasia in two goats, J Am Vet Med Assoc 
210(3):378–381, 1997.



219CHAPTER 9 Diseases of the Endocrine System

 41. Campbell AJ, Croser EL, Milne ME, et al: An outbreak of severe 
iodine-deficiency goitre in a sheep flock in north-east Victoria, Aust 
Vet J 90(6):235–239, 2012.

 42. Capen CC, Martin SL: The thyroid gland. In Pineda MH, Dooley 
MP, editors: McDonald’s veterinary endocrinology and reproduction, 
Ames, IA, 2003, Iowa State Press, pp 35–70.

 43. Reap M, Cass C, Hightower D: Thyroxine and triiodothyronine 
levels in 10 species of animals, Southwestern Vet 31:31–34,1978.

 44. Bubenik GA, Schams D, White RG, et al: Seasonal levels of meta-
bolic hormones and substrates in male and female reindeer (Rangifer 
tarandus), Comp Biochem Physiol C Pharmacol Toxicol Endocrinol 
120(2):307–315, 1998.

 45. Hamr J, Bubenik GA: Seasonal thyroid hormone levels of free-
ranging white-tailed deer (Odocoileus virginianus) in Ontario, Can J 
Zool 62(5):2174–2180, 1990.

 46. Sipos W, Miller I, Fountoulakis M, et al: Hypothyroid goitre in a 
ram: chemical analysis gives indirect evidence for a structurally al-
tered type of ovine thyroglobulin, J Vet Med A Physiol Pathol Clin 
Med 51(2):90–96, 2004.

 47. Ferri N, Ulisse S, Aghini-Lombardi F, et al: Iodine supplementation 
restores fertility of sheep exposed to iodine deficiency, J Endocrinol 
Invest 26(11):1081–1087, 2003.

 48. Brown EM: Clinical lessons from the calcium-sensing receptor,  
Nat Clin Pract Endocrinol Metab, 3(2):122–133, 2007.

 49. Potts JT, Gardella TJ: Progress, paradox, and potential: parathyroid 
hormone research over five decades, Ann N Y Acad Sci 1117:
196–208, 2007.

 50. Goff JP: Calcium and magnesium disorders, Vet Clin North Am Food 
Anim Pract 30(2):359–381, vi, 2014.

 51. Hoorn EJ, Zietse R. Disorders of calcium and magnesium balance: 
a physiology-based approach, Pediatr Nephrol 28(8):1195–1206, 
2013.

 52. Teti A, Zallone A: Do osteocytes contribute to bone mineral homeo-
stasis? Osteocytic osteolysis revisited, Bone 44(1):11–16, 2009.

 53. Christakos S: Recent advances in our understanding of 1,25- 
dihydroxyvitamin D(3) regulation of intestinal calcium absorption, 
Arch Biochem Biophys 523(1):73–76, 2012.

 54. Wan ZM, Scott D, Loveridge N, et al: The effect of high phosphorus 
intake on calcium and phosphorus retention and bone turnover in 
growing lambs, Exp Physiol 79(2):175–181, 1994.

 55. Goff JP: Calcium, magnesium, and phosphorous. In Smith BP,  
editor: Large animal internal medicine, St. Louis, 2015, Mosby, 
pp 1258–1266.

 56. Andrews AH, Ingram PL, Longstaffe JA: Osteodystrophia fibrosa in 
young goats, Vet Rec 112(17):404–406, 1983.

 57. Bandarra PM, Pavarini SP, Santos AS, et al: Nutritional fibrous  
osteodystrophy in goats, Pesqui Vet Brasil 31(10):875–878, 2011.

 58. Espino L, Guerrero F, Suarez ML, et al: Long-term effects of dietary 
anion-cation balance on acid-base status and bone morphology in 
reproducing ewes, J Vet Med A Physiol Pathol Clin Med 50(10):
488–495, 2003.

 59. Abu DH, Scott D, Loveridge N, et al: The effects of feeding diets 
containing either NaHCO3 or NH4Cl on indices of bone formation 
and resorption and on mineral balance in the lamb, Exp Physiol 
76(5):725–732, 1991.

 60. Pradier P, Davicco MJ, Safwate A, et al: Plasma adrenocorticotro-
phin, cortisol and aldosterone responses to ovine corticotrophin- 
releasing factor and vasopressin in sheep, Acta Endocrinol (Copenh) 
111(1):93–100, 1986.

 61. Wittenberg C, Choshniak I, Shkolnik A, et al: Effect of dehydration 
and rapid rehydration on renal function and on plasma renin and 
aldosterone levels in the black Bedouin goat, Pflugers Arch 
406(4):405–408, 1986.

 62. Kaneko JJ, Harvey JW, Bruss M: Clinical biochemistry of domestic 
animals, ed 6, Amsterdam, 2008, Academic Press.

 63. Bubenik GA, Bartos L. Cortisol levels in red deer (Cervus elaphus) 
and fallow deer (Dama dama) after an acute ACTH administration, 
Can J Zool 71(11):2258–2261, 1993.

 64. Pavitt AT, Pemberton JM, Kruuk LE, et al: Testosterone and cortisol 
concentrations vary with reproductive status in wild female red deer, 
Ecol Evol 6(4):1163–1172, 2016.

 65. Pavitt AT, Walling CA, Mostl E, et al: Cortisol but not testosterone 
is repeatable and varies with reproductive effort in wild red deer 
stags, Gen Comp Endocrinol 222:62–68, 2015.

 66. Altman NH, Streett CS, Terner JY: Castration and its relationship to 
tumors of the adrenal gland in the goat, Am J Vet Res 30(4):583–589, 
1969.

 67. Lofstedt RM, Laarveld B, Ihle SL: Adrenal neoplasia causing lacta-
tion in a castrated male goat, J Vet Intern Med 8(5):382–384, 1994.

 68. Lairmore MD, Knight AP, DeMartini JC: Three primary neoplasms 
in a goat: hepatocellular carcinoma, phaeochromocytoma and  
leiomyoma, J Comp Pathol 97(3):267–271, 1987.

 69. de Gritz BG: Hereditary caprine phaeochromocytoma, Zentralbl 
Veterinarmed A 44(5):313–316, 1997.

 70. Yener Z, Kiran MM: Undifferentiated ganglioneuroblastoma in a 
sheep, J Comp Pathol 126(2-3):216–219, 2002.

 71. Marco-Sanchez I, Vilafranca M, Lavin S: Adrenal cortical carcinoma 
in a free-ranging mouflon (Ovis musimon), Vet Rec 139(10):
236–237, 1996.

 72. Minguijon E, Gonzalez L, De las HM, et al: Pathological and aetio-
logical studies in sheep exhibiting extrathoracic metastasis of ovine 
pulmonary adenocarcinoma (Jaagsiekte), J Comp Pathol 148
(2-3):139–147, 2013.

 73. Ruby RE, Daverio H, Barrell EA, et al: Pathology in practice. Peri-
toneal mesothelioma with metastasis to adrenal glands, heart, and 
lungs, J Am Vet Med Assoc 248(1):63–65, 2016.

 74. Yau W, Rissi DR: Cholecystic adenocarcinoma and pancreatic insu-
linomas in a goat, J Vet Diagn Invest 26(6):827–831, 2014.

 75. Braun JR: Noninfectious prenatal pregnancy loss in the doe. In 
Youngquist RS, Threlfall WR, editors: Current therapy in large ani-
mal theriogenology, ed 2, Philadelphia, 2007, WB Saunders, 
pp 585–587.

 76. van Rensburg SJ: Reproductive physiology and endocrinology of 
normal and habitually aborting angora goats, Onderstepoort J Vet Res 
38(1):1–62, 1971.

 77. Mattheeuws D, Derijcke J, Rottiers R, et al: Diabetes mellitus in two 
twin male lambs, Vet Q 4(3):135–138, 1982.

 78. Lutz TA, Rossi R, Caplazi P, et al: Secondary diabetes mellitus in a 
pygmy goat, Vet Rec 135(4):93, 1994.

 79. Braun U, Gansohr B, Seidel M, et al: Diabetes mellitus type 1 in a 
goat, Schweiz Arch Tierheilkd 150(12):608–612, 2008.

 80. Nowak J, Dzialoszynski L: Effect of alloxan diabetes in goats on the 
production and composition of milk, Acta Physiol Pol 18(4):
595–606, 1967.

 81. Nowak J, Dzialoszynski L: Effect of alloxan diabetes in goats on the 
production and composition of milk, Acta Physiol Pol 18(4):
595–606, 1967.

 82. Fleming SA. Endocrine and metabolic diseases. In Smith BP, editor: 
Large animal internal medicine, ed 3, St. Louis, 2002, Mosby,  
pp 1241–1247.

 83. Maia ALRS, Brandao FZ, Souza-Fabjan JMG, et al: Hydrometra in 
dairy goats: ultrasonic variables and therapeutic protocols evaluated 
during the reproductive season, Anim Reprod Sci 197:203–211, 
2018.

 84. Freitas VJ, Rondina D, Lopes ES, Jr., et al: Hormonal treatments for 
the synchronisation of oestrus in dairy goats raised in the tropics, 
Reprod Fertil Dev 16(4):415–420, 2004.

 85. Llewelyn CA, Ogaa JS, Obwolo MJ: Plasma progesterone concentra-
tions during pregnancy and pseudopregnancy and onset of ovarian 
activity post partum in indigenous goats in Zimbabwe, Trop Anim 
Health Prod 24(4):242–250, 1992.

 86. Hesselink JW: Incidence of hydrometra in dairy goats, Vet Rec 
132(5):110–112, 1993.

 87. Hesselink JW, Elving L: Pedigree analysis in a herd of dairy goats 
with respect to the incidence of hydrometra, Vet Q 18(1):24–25, 
1996.



220 CHAPTER 9 Diseases of the Endocrine System

 88. Desire S, Mucha S, Coffey M, et al: Pseudopregnancy and a sea-
sonal breeding in dairy goats: genetic basis of fertility and impact 
on lifetime productivity, Animal 12(9):1799–1806, 2018.

 89. Lopes Junior ES, Cruz JF, Teixeira DI, et al: Pseudopregnancy in 
Saanen goats (Capra hircus) raised in Northeast Brazil, Vet Res Com-
mun 28(2):119–125, 2004.

 90. Srivastava KK, Waldridge BM, Shofner-Stewart D, et al: What’s 
your diagnosis? Bilateral teat swelling in a female goat. Pseudopreg-
nancy with hydrometra, Lab Anim (NY) 30(1):19–20, 2001.

 91. Yotov S, Dimitrov D, Fasulkov I: Hydrometra in a sheep after 
oestrus synchronization and insemination in the anoestral season, 
Slov Vet Res 46:143–147, 2009.

 92. Kornalijnslijper JE, Bevers MM, van Oord HA, et al: Induction of 
hydrometra in goats by means of active immunization against pros-
taglandin F2 alpha, Anim Reprod Sci 46(1-2):109–122, 1997.

 93. Hesselink JW, Taverne MA, Bevers MM, et al: Serum prolactin 
concentration in pseudopregnant and normally reproducing goats, 
Vet Rec 137(7):166–168, 1995.

 94. Taverne MA, Lavoir MC, Bevers MM, et al: Peripheral plasma  
prolactin and progesterone levels in pseudopregnant goats during 
bromocryptine treatment, Theriogenology 30(4):777–783, 1988.

 95. Kornalijnslijper JE, Kemp B, Bevers MM, et al: Plasma prolactin, 
growth hormone and progesterone concentrations in pseudopreg-
nant, hysterectomized and pregnant goats, Anim Reprod Sci 
49(2-3):169–178, 1997.

 96. Hesselink JW: Hydrometra in dairy goats: reproductive perfor-
mance after treatment with prostaglandins, Vet Rec 133(8):186–
187, 1993.

 97. Dafalla EA, Ramadan RO, Gameel AA, et al: A functioning udder 
in a male goat, Zentralbl Veterinarmed A 37(9):686–691, 1990.

 98. al Jassim RA, Khamas WA: Gynaecomastia and galactorrhea in a 
goat buck, Aust Vet J 75(9):669–670, 1997.

 99. Troedsson MH, Christensen BW: Hydrometra (pseudopregnancy 
in goats). In Smith BP, editor: Large animal internal medicine, St. 
Louis, 2015, Mosby, pp 1335.

 100. Gardner RB, Alcaraz A, Porter BF, et al: Udder development, lacta-
tion and ascites in a ewe with an ovarian granulosa cell tumour, 
Aust Vet J 83(8):486–488, 2005.

 101. Lofstedt RM, Williams R: Granulosa cell tumor in a goat, J Am Vet 
Med Assoc 189(2):206–208, 1986.

 102. McEntee K: Reproductive pathology of domestic animals, San Diego, 
CA, 1990, Academic Press.

 103. Matthews J: Diseases of the goat, ed 2, Oxford, 1999, Blackwell Science.

 104. Forsyth IA, Lee PD: Bromocriptine treatment of periparturient 
goats: long-term suppression of prolactin and lack of effect on lac-
tation, J Dairy Res 60(3):307–317, 1993.

 105. Bertulat S, Isaka N, de PA, et al: Effect of a single injection of cab-
ergoline at dry off on udder characteristics in high-yielding dairy 
cows, J Dairy Sci 100(4):3220–3232, 2017.

 106. Arlt S, Reinecke A, Drillich M, et al: Inappropriate lactation syn-
drome in goats—case collection and experiences with mastectomy, 
Tierarztl Prax Ausg G Grosstiere Nutztiere 39(1):27–32, 2011.

 107. Li C, Suttie J: Morphogenetic aspects of deer antler development, 
Front Biosci (Elite Ed) 4:1836–1842, 2012.

 108. Price J, Faucheux C, Allen S: Deer antlers as a model of mamma-
lian regeneration, Curr Top Dev Biol 67:1–48, 2005.

 109. Li C: Histogenetic aspects of deer antler development, Front Biosci 
(Elite Ed) 5:479–489, 2013.

 110. Bartos L, Bubenik GA, Kuzmova E: Endocrine relationships  
between rank-related behavior and antler growth in deer, Front 
Biosci (Elite Ed) 4:1111–1126, 2012.

 111. Wislocki GB, Aub JC, Waldo CM: The effects of gonadectomy and 
the administration of testosterone propionate on the growth of 
antlers in male and female deer, Endocrinology 40(3):202–226, 
1947.

 112. Gaspar-Lopez E, Landete-Castillejos T, Estevez JA, et al: Biomet-
rics, testosterone, cortisol and antler growth cycle in Iberian red 
deer stags (Cervus elaphus hispanicus), Reprod Domest Anim 
45(2):243–249, 2010.

 113. Muir PD, Sykes AR, Barrell GK: Changes in blood content and 
histology during growth of antlers in red deer (Cervus elaphus) and 
their relationship to plasma testosterone levels, J Anat 158:31–42, 
1988.

 114. Fletcher TJ: The induction of male sexual behavior in red deer 
(Cervus elaphus) by the administration of testosterone to hinds and 
estradiol-17beta to stags, Horm Behav 11(1):74–88, 1978.

 115. Kierdorf U, Kierdorf H, Knuth S: Effects of castration on antler 
growth in fallow deer (Dama dama L.), J Exp Zool 273(1):33–43, 
1995.

 116. Suttie JM, Gluckman PD, Butler JH, et al: Insulin-like growth 
factor 1 (IGF-1) antler-stimulating hormone? Endocrinology, 
116(2):846–848, 1985.

 117. Sadighi M, Haines SR, Skottner A, et al: Effects of insulin-like 
growth factor-I (IGF-I) and IGF-II on the growth of antler cells in 
vitro, J Endocrinol 143(3):461–469, 1994.



221

10
Diseases of the 
Integumentary System
A.N. BAIRD AND CLIFFORD F. SHIPLEY

Dermatologic lesions, which tend to be more common among 
goats than sheep and cervids, constitute a relatively major reason 
for examination of small ruminants. Although small ruminant 
production has historically been an economic enterprise, an 
increasing number of owners keep these animals as pets and 
therefore have animals examined more frequently for cosmetic 
reasons. Diseases of the integumentary system include those that 
affect skin, hair, and wool. International trade in small ruminants 
has increased the need to be diligent in watching for previously 
undiagnosed skin diseases.1 This chapter will focus on both 
presumptive and definitive diagnoses and conservative as well as 
optimum treatments.

Anatomy
A complete discussion on the anatomy and physiology of the 
skin is beyond the scope of this book. This section will include 
the unique anatomy and physiology that is pertinent to man-
aging small ruminant diseases and conditions. The skin func-
tions as a protective barrier from the environment. It also aids 
in thermoregulation, acts as a sensory organ, and communi-
cates through the secretion of chemicals.2,3 Small ruminants 
have relatively thin skin with sheep skin averaging 2.6 mm and 
goat skin 2.9 mm.2 Hair is important for thermoregulation. 
The short thick hair coat is best for regulating body tempera-
ture during high environmental temperatures, and long, fine 
hair coats are most efficient at low environmental tempera-
tures. Shearing sheep when environmental temperatures are 
low is not without risk. Likewise, not having sheep shorn by 
the time that hot weather arrives might predispose to heat ex-
haustion. Secondary hairs are more common in goats and 
sheep than primary or guard hairs. In Angora goats and sheep, 
three types of wool are described: true wool, Kemp fibers, and 
hair fibers. True wool fibers are fine and tightly crimped. Kemp 
fibers are coarse, relatively short, and poorly crimped. Hair fi-
bers are somewhere in between wool and Kemp fibers. Guard 
hairs are undesirable in wooled breeds because the medulla 
makes the hairs brittle and these hairs do not take up dye well. 
Small secondary hairs of goats are nonmedullated. Cervids 
have hollow hair that insulates them from low temperatures 
and a summer coat that is very light and allows cooling. The 
coats are different colors as well, with the summer coat being 
more reddish and winter coat gray.

Hair grows in a cycle. The growing period is called anagen and 
the resting period is called telogen. The hair cycle is controlled by 
various influences, including photoperiod, temperature, nutri-
tion, hormones, health, and genetics, among other things. Wool 
follicles are an exception in that there is no established cycle. In-
terestingly, hair growth is most active during summer months, 
and during winter months nearly all primary hair follicles and 
about half of secondary hair follicles are in the telogen phase. 
During periods of ill-health or stress, the anagen phase may be 
considerably shorter resulting in “hair break” or “wool break” 
(also known as telogen defluxion) due to growth stoppage. Hairs 
are more easily lost or pulled out during the telogen phase.

Specialized cells such as the sweat gland allow cooling. The 
lanolin glands of sheep provide protection from drying out. The 
lanolin glands are located near the medial canthus of the eye,  
between the toes, and caudal to the udder in the inner flank.

The epidermis is composed of five layers (from outermost): 
stratum corneum, stratum lucidum, stratum granulosum, stra-
tum spinosum, and stratum basale. The stratum basale produces 
new cells that continuously move up to replace the sloughing 
cells of the stratum corneum. The melanocytes of the stratum 
basale and hair follicles are primarily responsible for the color of 
the animal. All melanins arise from a common metabolic path-
way that is catalyzed by a copper-containing enzyme. Thus, one 
of the signs of copper deficiency is a lighter than normal color. 
Besides the obvious physical barrier presented by the epidermis 
and hair/wool, there are also chemical and microbial barriers to 
infection. The secretion produced by the sweat and sebaceous 
glands has antimicrobial properties. Included within this secre-
tion are fatty acids, inorganic salts, interferon, transferrin, 
complement, and immunoglobulins. Increased hydration of the 
skin greatly increases microbial populations. Normal skin flora 
can inhibit colonization of other potential pathogens. However, 
some skin pathogens may also be considered normal flora. For 
example, dermatophytes and Staphylococcus aureus can be recov-
ered from clinically normal mammals that do not develop  
clinical disease.

The dermis contains the arrector pili muscles, blood, and 
lymph vessels and nerves. The dermis functions as the major 
source of tensile strength and elasticity of the skin. Most of the 
dermal fibers are collagen. Collagen defects may arise from  
genetic disorders, vitamin C deficiency, iron deficiency, copper 
deficiency, and beta-aminoproprionitrite poisoning.
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Hair (and wool) follicles are divided into the innermost me-
dulla, the cortex, and the outmost layer, the cuticle. The color of 
the hair is primarily due to pigment in the cortex. With simple 
hair follicle arrangements (bovine and equine), each hair follicle is 
accompanied by sebaceous and sweat glands and an arrector pili 
muscle. Sheep and goats have a compound hair follicle arrange-
ment in which hair follicles occur in clusters with two to five 
primary hairs surrounded by smaller secondary hairs. Each pri-
mary hair has sebaceous and sweat glands and an arrector pili 
muscle, whereas secondary hairs have sebaceous glands only. The 
wool of sheep becomes finer with a higher secondary to primary 
hair ratio. Merinos, known for fine wool, have a ratio of 20:1, 
whereas the wool of meat breeds tends to be 5:1.

In goats, wattles may be present—typically along the ventral 
neck caudal to the angle of the mandible. Although the function 
of wattles is unknown, they contain extensive neurovascular struc-
tures and cartilage. The presence of wattles is controlled by an 
autosomal dominant gene.

Sebaceous glands (holocrine) produce an oily secretion that 
keeps the skin soft and pliable and helps to retain moisture, 
thereby helping to maintain hydration. This oily substance also 
covers the hair, yielding a glossy hair coat. In times of stress or 
illness, the hair coat may appear dull and dry, in part due to inad-
equate sebaceous gland function. The dull hair coat may occur 
due to the fact that estrogen and glucocorticoids cause involution 
of the sebaceous glands. Sebaceous glands increase in size in intact 
male goats at the beginning of rut. Sebaceous scent glands are 
located caudal and medial to the base of the horn tissues on the 
head of goats. In male goats, these glands produce a pungent 
odor. Surgical procedures to remove the scent glands of goats 
(descenting) involve excising the sebaceous glands caudal and 
medial to the horn base. This procedure is easily done in young 
buck kids at the time of dehorning. In sheep, scent glands are 
present rostral and medial to the eye and may produce a pungent 
odor in rams. Scent glands in cervids are located in the infraorbital 
area, forehead, interdigital space, tarsal, and metatarsal areas. 
These glands are used for scent marking of territory and commu-
nication purposes. During the rut (and other times), bucks and 
sometimes does will urinate on the tarsal glands with the bucks 
developing a very pungent odor.

Sweat glands are present in small ruminants. Although sweat 
production increases in response to heat and exposure to a hot 
environment, sweat glands are not thought to be major means of 
thermoregulation in these species.

Approach to Diagnosis
The approach to diagnosis will certainly vary from clinician to 
clinician depending on previous experience, knowledge of herd or 
flock disease history, economics, and availability of diagnostic 
centers. With experience, many veterinarians will be able to diag-
nose the disease with reasonable accuracy based on history and 
reported clinical signs alone. The confidence and competence of 
the veterinarian will be enhanced by definitively confirming the 
diagnosis early in one’s career. The diagnosis of skin disease is 
confirmed in the same way as that of diseases affecting other body 
systems: complete historical data, including environment and 
commingling risk assessment; detailed clinical signs; thorough 
physical examination; and diagnostic testing based on differential 
diagnosis lists. Specific diagnostic tests may be performed when 
diseases fail to respond to seemingly appropriate therapy or when 
animals are scheduled for sale or show activities.

Historical data should include the signalment of the animal: 
species, breed, age, gender, weight, and color. Some breeds have a 
higher likelihood of developing specific disease conditions. There-
fore, breed information is useful to assess for susceptibility. The 
clinician should note details concerning the origin of and expo-
sure risks to the animals. Origin of the animal includes whether 
the animal was born and raised on the farm, purchased by farm 
contracts, purchased through sale barns, or imported from an-
other state or country. Exposure risks include transportation to 
another farm; commingling in sales, shows, or fairs; farm tours 
involving children or livestock owners; and diseases that are en-
demic to the particular farm. In the latter case, the clinician 
should also note when the last outbreak occurred. Chronologic 
data are important in making a differential diagnosis. The date of 
the first observation of clinical signs should be determined, the 
duration of clinical signs should be evaluated, and details regard-
ing the progression of the disease within the affected animals 
should be described. The region of the body affected and the 
spread of disease to other regions of the body also are important. 
Often, the current state of disease is so severe that the point of 
origin cannot be determined by physical examination. Assessment 
of whether the disease has spread from one animal to another 
within the flock or herd is particularly important. Finally, the 
veterinarian may assemble a detailed chronology of any treat-
ments applied, the dosage and route used for administration, and 
the duration of treatment.

Clinical signs are important in the development of a differen-
tial diagnosis. They can vary widely and depend on the tissues 
involved in the disease process. Differential diagnoses are most 
easily determined early in the course of disease, when the primary 
lesions are abundant (Table 10.1). As the disease progresses, 
secondary lesions such as infection, thickening, crusting, and hair 
loss may overwhelm the primary disease and make assessment of 
skin disease extremely difficult. Therefore, animals with newly 
emerging disease should be selected for examination.

Erythema refers to reddening of the skin. It is not a disease-
specific change but usually indicates the presence of inflamma-
tion. Papules are solid masses, small in diameter (less than 1 cm), 
that are reddened, raised from the surface of the skin, and may be 
painful to palpation. They are consistent with infection, allergic 
reaction, and ectoparasites. When the papule is centered on a hair 
follicle, bacterial or fungal folliculitis and ectoparasites such as 
demodectic mange should be suspected. When papules occur in-
dependent of hair follicles, allergic skin reactions and ectopara-
sites such as scabies mites should be suspected.

Scratching associated with skin disease is termed pruritus. As-
sessment of the severity of pruritus can aid in the formulation of 
an accurate differential diagnosis. Severe pruritus typically is seen 
with ectoparasitism. Mild pruritus is more often associated with 
nutritional deficiency, allergic skin disease, bacterial or fungal skin 
disease, and autoimmune disease. It is a common clinical sign as-
sociated with scrapie that also is seen in pseudorabies virus and 
rabies virus infections.

Vesicles are similar in size and shape to papules, but these 
masses are filled with a serous fluid and are fluctuant. Vesicle for-
mation may be preceded by a papule. Vesicles are most often  
associated with viral skin diseases such as poxvirus infections, 
contact allergies, and autoimmune diseases such as pemphigus. 
Pustules are similar to vesicles but are purulent in nature. Purulent 
exudate is formed because of migration of neutrophils either in 
response to infection or because of an autoimmune disease. Vesi-
cles and pustules are ruptured by abrasion or spontaneous 
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TABLE 
10.1 Typical Distribution of Lesions Associated With Selected Diseases of the Skin.

Area Involved Disease Primary Lesion Type

Head and neck Dermatophytosis Papulocrustous

Dermatophilosis Pustolocrustous

Demodicosis Papulonodular

Elaeophoriasis Ulcerative

Fly bites Papulocrustous

Actinobacillosis Nodular

Clostridiosis Edematous

Sarcoptic mange Papulocrustous

Contagious viral pustular 
dermatitis

Pustolocrustous

Ovine viral ulcerative  
dermatitis

Ulcerative

Goat pox Pustolocrustous

Sheep pox Pustolocrustous

Pemphigus foliaceous Vesiculopustular, crusts

Zinc deficiency Crusts

Contact dermatitis Variable

Viral papillomatosis Papulonodular

Squamous cell carcinoma Nodular, ulcerative

Ears Dermatophytosis Papulocrustous

Dermatophilosis Pustolocrustous

Sarcoptic mange Papulocrustous

Fly bites Papulocrustous

Pemphigus foliaceous Vesiculopustular, crusts

Ergotism Necrotizing

Fescue toxicosis Necrotizing

Frostbite Necrotizing

Photodermatitis Edematous, necroulcerative

Squamous cell carcinoma Nodular, ulcerative

Mucocutaneous Contagious viral pustular 
dermatitis

Pustolocrustous

Goat pox Pustolocrustous

Sheep pox Pustolocrustous

Bluetongue Erythema, edema

Zinc deficiency Crusts

Bullous pemphigus Vesiculoulcerative

Pemphigus foliaceous Vesiculopustular, crusts

Dermatophytosis Papulocrustous

Dermatophilosis Pustolocrustous

Squamous cell carcinoma Nodular, ulcerative

Area Involved Disease Primary Lesion Type

Dorsum Dermatophilosis Pustolocrustous

Fly bites Papulocrustous

Psoroptic mange Papulocrustous

Contact dermatitis Variable

Ventrum Dermatophilosis Pustolocrustous

Fly bites Papulocrustous

Sarcoptic mange Papulocrustous

Contact dermatitis Variable

Goat pox Pustolocrustous

Sheep pox Pustolocrustous

Contagious viral pustular 
dermatitis

Pustolocrustous

Zinc deficiency Crusts

Corynebacterium 
pseudotuberculosis

Abscesses infection

Trunk Dermatophytosis Papulocrustous

Dermatophilosis Pustolocrustous

Psoroptic mange Papulocrustous

Psorergatic mange Alopecia, pruritus

Keds Alopecia, pruritus

Ovine fleece rot Moist dermatitis

Pemphigus foliaceous Vesiculopustular, crusts

Demodicosis Papulonodular

Caprine viral dermatitis Papulonodular

Scrapie Excoriation, pruritus

Vitamin A deficiency Hyperkeratosis

Iodine deficiency Alopecia, scaling

Biotin, niacin, riboflavin, 
pantothenic acid 
deficiency

Alopecia, scaling, crusts

Vitamin C–responsive 
dermatosis

Alopecia, erythema, purpurea

Copper deficiency Depigmentation

Hindquarters Dermatophilosis Pustolocrustous

Chorioptic mange Papulocrustous

Legs and feet Dermatophytosis Papulocrustous

Dermatophilosis Pustolocrustous

Chorioptic mange Papulocrustous

Contact dermatitis Variable

Elaeophoriasis Necroulcerative

Clostridiosis Edema

Continued
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TABLE 
10.1 Typical Distribution of Lesions Associated With Selected Diseases of the Skin.—cont’d

Area Involved Disease Primary Lesion Type

Sarcoptic mange Papulocrustous

Zinc deficiency Crusts

Vitamin C–responsive 
dermatosis

Alopecia, erythema, purpurea

Ovine viral ulcerative 
dermatitis

Ulcerative

Pemphigus foliaceous Vesiculopustular, crusts

Tail Psoroptic mange Scales, pruritus

Selenosis Alopecia

Area Involved Disease Primary Lesion Type

Coronary band Pemphigus foliaceous Vesiculopustular, crusts

Bluetongue Erythema

Contagious viral pustular 
dermatitis

Pustolocrustous

Ergotism Edema

Fescue toxicosis Edema

Dermatophilosis Pustolocrustous

Zinc deficiency Crusts

Adapted from Scott DW: Large animal dermatology, Philadelphia, 1988, WB Saunders.

disruption of the overlying membrane. The fluids accumulated on 
the skin surface form crusts, and the underlying skin becomes 
thickened in response to the injury. Crusts are firm, adherent 
amalgamations of serum, pus, blood, cellular debris, and associ-
ated organisms. The presence of crusts indicates an exudative 
process but is not disease specific. Microscopic examination of 
crusts may reveal infectious organisms such as fungi, bacteria, or 
cells. The term scale simply refers to desquamated stratum  
corneum and is not disease specific. Thickening of the skin (spe-
cifically, thickening of the stratum corneum) often is referred to 
as hyperkeratosis. The term orthokeratosis is used to describe  
hyperkeratosis without the presence of nuclei. Parakeratosis is 
hyperkeratosis with nuclei present in the keratinized skin.  
Unfortunately, these findings are consistent with chronic derma-
topathy and are not disease specific. The distribution of lesions 
may be more important than the actual histologic description in 
this scenario.

Alopecia is hair loss. It may be associated with disease or 
other stressors, producing a stress-induced telogen phase. This 
“stress break” in the hair shaft may result in generalized hair loss. 
Stress alopecia usually is associated with normal skin and nor-
mally growing hair. Systemic disease causing prolonged pyrexia 
also can disrupt normal hair and fiber growth and result in easily 
epilated hair. In sheep, this is referred to as wool break. Nutri-
tional deficiencies in zinc, selenium, and vitamin E may cause 
hair loss.

Changes in skin and hair pigmentation are uncommon in 
most ruminant diseases. Exceptions to this include the hair pig-
ment lightening seen in cattle with chronic copper deficiency and 
molybdenosis and the black wool pigment that develops in black-
face sheep after skin injury (abrasions, laceration, chronic  
irritation). The development of dark pigmentation also has been 
observed in Saanen goats exposed to excessive sunlight.

Lesion location can be useful in establishing a differential di-
agnosis (see Table 10.1). Regions commonly affected in the early 
stages of skin disease include the face, ears, feet, udder, and peri-
neal region. Fungal skin infections more commonly occur on the 
face, neck, and ears, whereas bacterial skin diseases also affect the 
feet, udder, and perineum. Nutritional deficiencies typically in-
volve all regions to various degrees. Photosensitization is more 
severe in areas that receive little protection by the hair coat and 

areas with slight or no pigmentation. Ectoparasite lesions are most 
severe around the feet, face, and ears.

Diagnostic Tests
Although many skin diseases are diagnosed based on clinical signs 
and intuition, specific diagnosis requires confirmation by labora-
tory tests (Table 10.2).

TABLE 
10.2 Tests Used for Diagnosis of Skin Disease.

Cause of Skin Disease Tests used

Parasites Acetate tape

Skin scraping

Fecal flotation

Fungi Potassium hydroxide

Mineral oil mount

Wood’s lamp

Fungal culture

Cytology

Bacteria Direct smear

Bacterial culture

Viruses Viral isolation

Electron microscopy

Serology

Allergy Intradermal skin tests

Miscellaneous pathology Histopathologic tests—biopsy sections, 
immunofluorescent tests, antinuclear 
antibody tests, special stains

Adapted from Scott DW: Large animal dermatology, Philadelphia, 1988, WB Saunders.
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Skin Scraping. Skin scraping and cytology are easily per-
formed under field conditions and may be diagnostic of certain 
diseases. Observation of bacteria on cytology is not diagnostic 
because bacteria are ubiquitous on the surface of the skin. Bacte-
ria observed in pustule fluid are more diagnostic. The contents of 
skin pustules or abscesses may be aspirated and cultured for iden-
tification. A direct smear should be done and a Gram stain per-
formed for immediate identification of infectious bacteria. The 
presence of phagocytized bacteria supports a diagnosis of bacte-
rial infection. Bacteria in the absence of neutrophils or macro-
phages suggests that the bacteria are contaminants rather than 
causes of disease.1

Description of the morphology of groups of bacteria may be 
helpful. For example, Dermatophilus congolensis is a gram-
positive filamentous branching bacterial colony. Scales and 
crusts also can be examined under a microscope. Direct exami-
nation is usually not rewarding, but softening the material with 
sodium nitrate solution may allow for visualization of ectopara-
sites or fungal hyphae. These organisms often float to the top of 
the solution; a slide placed on top of the solution aids in  
identification because mites often are carried with the water 
adhesion onto the slide.

Skin scrapings can be frustrating to interpret. The scraping 
should be done firmly and deeply into the skin surface. The pres-
ence of blood at the site of scraping indicates that the depth is 
adequate to collect any infesting ectoparasites. Careful micro-
scopic examination of the debris is useful to identify mites or their 
eggs. Potassium hydroxide solution may be used to clear the 
sample for examination.

Microbial Culture. Bacterial and fungal cultures can be used 
to determine the presence of pathogenic organisms. Culture  
results may be challenging to interpret because some cultured 
microbes may be part of the normal resident flora of the skin of 
small ruminants. Bacterial cultures may be obtained by aspirat-
ing pustules, abscesses, and other nodules. If a skin biopsy is to 
be performed, bacterial culture may be obtained from a sample 
of skin tissue. The clinician cleanses the desired sample area with 
alcohol and obtains a hair sample from the periphery of an active 
lesion. Cultures for dermatomycotic agents must be set up on 
special media. Fungal cultures may require weeks in a favorable 
environment before a positive or negative result can be reported.

Impression Smear. Impression smears may be of some (albeit 
limited) value, particularly in the diagnosis of very exudative or 
very dry lesions. A moist lesion or an area from which a scab has 
just been removed is selected. A clean glass microscope slide is 
carefully pressed against the lesion and is allowed to air dry or is 
fixed. The slide is then suitably stained, and the cytological evalu-
ation is performed.

Biopsy. Skin biopsy is most useful to identify lesions consis-
tent with ectoparasites and allergic and autoimmune disease. 
Skin biopsy is indicated when a lesion is unusual, has failed to 
respond to treatment, is suspected to be neoplastic, or is persis-
tently ulcerative or exudative. It also can be used to rule out 
various pathologies during differential diagnosis. Biopsy speci-
mens should be obtained from primary lesions and ideally 
should include the junction of normal and abnormal skin. 
Commercial skin biopsy instruments (with internal diameters of 
4–8 mm) provide the best-quality samples for pathologists. Ar-
eas with minimal skin tension should be chosen. A needle and 
scalpel blade can be used to harvest a skin sample, or the entire 
lesion may be submitted if surgical excision is performed.  
Full-thickness skin biopsy is recommended to allow examination 

of all layers of the epidermis and dermis. Sedation or tranquiliza-
tion of the patient may be required. The clinician may clip the 
hair surrounding the area of skin biopsy; however, hair emerging 
from the skin sample is desirable to enhance the pathologist’s 
evaluation. Therefore, only minimal clipping should be per-
formed, and a razor blade should not be used. A small amount 
of lidocaine hydrochloride 2% is deposited in the subcutaneous 
tissue deep within the specimen. This should be done carefully 
and immediately before biopsy because the side effects of lido-
caine include vascular dilatation and edema, both of which may 
confuse histologic evaluation. Many pathologists prefer that 
skin specimens be preserved attached to a wooden plank such as 
a piece of a tongue depressor. Fixatives for skin samples include 
10% neutral buffered formalin for routine light microscopy and 
glutaraldehyde for electron microscopy. Skin biopsies may be 
fixed with Michel’s fixative or fresh-frozen without fixative if 
immunohistochemistry or other such tests are desired. In one 
study, shrinkage was similar for formalin-fixed and fresh-frozen 
specimens (approximately 20%).4 Skin biopsy specimens should 
be submitted to a veterinary pathologist experienced in the  
interpretation of skin histology. Because skin histology varies 
dramatically among species, a pathologist experienced in  
the evaluation of the skin of small ruminants is preferable. If 
preferred by the clinician or owner, the biopsy site can be closed 
(using a simple interrupted or cruciate pattern) with either  
absorbable or nonabsorbable material.

Viral Diseases

Contagious Ecthyma (Sore Mouth/Orf/
Contagious Pustular Dermatitis)
This unique viral skin disease is caused by a parapoxvirus. It is 
seen primarily in sheep and goats but has also been reported in 
farmed and wild cervids, domestic ruminants, and humans.5 The 
morbidity in naïve herds or flocks will approach 100%, but mor-
tality rarely exceeds 1%. Mortality is not usually due to the infec-
tion itself but rather secondary complications such as pneumonia 
or starvation. The virus can persist in the soil for years and has 
survived in a laboratory environment at room temperature for  
20 years.2 A conflicting report indicated that the virus was unde-
tectable in scabs shed naturally from healed lesions.6 However, 
once on the farm, it is considered on the farm forever. Outbreaks 
tend to occur around lambing, fawning, or kidding time when 
newly susceptible offspring are present. Colostrum does not have 
antibodies protective against Orf, which leaves newborn kids sus-
ceptible to the disease.1 Transmission may be through direct 
contact with the clinically affected, via fomites contaminated by 
the clinically affected, or indirectly via viral contaminated soil or 
shed scabs, and there is some evidence for spread via nonclinical 
carriers.7 This transmission is likely more of a fomite transmission 
by animals not clinically infected than by animals positive for the 
virus yet clinically normal. “ORFV does not cause latent infec-
tions in animals that recover from clinical disease, but clinically 
healthy animals that are moved from infected to noninfected 
premises or transported in contaminated vehicles can act as me-
chanical carriers.”8 Asymptomatic carriers of Orf may contribute 
to the development of clinical disease.9 The virus typically infects 
via a break in the skin. Thus, the disease tends to be most prevalent 
in young stock sometimes associated with teeth eruption.10 The 
incubation period is 3 to 14 days. It is one of the more significant 



226 CHAPTER 10 Diseases of the Integumentary System

zoonotic skin diseases of sheep and goats and is considered to be 
extremely painful to the affected human. Veterinarians and pro-
ducers should take precautions to avoid exposure by wearing dis-
posable gloves when treating or examining suspect cases.

Clinical Signs. Clinical signs are relatively unique with 
scab-like lesions appearing most often on the lips, muzzle, and 
in the oral cavity. Lesions appear as crusty proliferations at 
mucocutaneous junctions similar to fever blisters. Initial le-
sions appear as papules, followed by vesicles, pustules, and 
scab formation. Scabs heal over and drop off in 1 to 4 weeks. 
The typical mild course of the disease in 10- to 21-day old 
lambs has been reported with resolution occurring beginning 
at 7 days.10 Lesions may also develop on the teats and udders 
of nursing dams often due to suckling of affected young. Ud-
der and teat lesions appear to be more painful, leading to dams 
refusing to nurse their offspring. This in turn may result in 
neonatal starvation. Lesions have also been reported on the 
ears, face, periorbital region, poll, scrotum, perianal region, 
and distal extremities. Rare cases of body (trunk and flanks) 
have been reported in both sheep and goats.1,11,12 More severe 
forms described as malignant, persistent, and or chronic have 
been reported. In rare cases, there are extension of lesions 
down the respiratory tract predisposing to pneumonia and 
extension down the alimentary tract leading to gastroenteritis. 
Ten percent mortality was reported among 550 5-month-old 
lambs in which severe facial edema and extensive proliferative 
necrotic lesions developed in the anterior two thirds of the 
buccal cavity, including the tongue.13 The stress of transporta-
tion may have increased the clinical severity of the disease in 
the aforementioned report.

Diagnosis. Diagnosis is most commonly based on clinical 
signs. In many countries, there are few other differentials that 
have an appearance and history of contagious ecthyma (typi-
cally mild disease with a high morbidity); other differentials 
include bluetongue, ulcerative dermatosis, sheep pox,  
capripox, and foot and mouth disease. A skin biopsy and his-
topathology can be confirmatory. Histopathology reveals bal-
looning and degeneration of keratinocytes and eosinophilic 
intracytoplasmic viral inclusions. Electron microscopy has 
been used to detect the virus in scabs. More viral particles are 
present in early scabs than aged scabs; thus, “fresh” scabs, 
rather than old ones, should be submitted for electron micros-
copy. Samples for diagnosis can be submitted refrigerated or at 
room temperature but should be packaged to prevent human 
contact. One drawback to electron microscopy is that all 
parapoxviruses (e.g., bovine papular stomatitis and pseudo-
cowpox) are morphologically indistinguishable. Serology can 
be used to determine exposure status and gives presumptive 
evidence for the disease. Polymerase chain reaction (PCR) tests 
have been developed and may become the preferred method of 
diagnosis.

Treatment. Treatment is seldom attempted as the disease is 
self-limiting and should resolve within 3 weeks. At that time, the 
scab will fall off, contaminating the environment. The disease is 
really of little consequence in weaned and older stock, but  
neonates may need supplemental feedings. Secondary bacterial 
infection may occur and if suspected may be treated with topical 
or systemic antibiotics (see Appendix 1). In some parts of the 
world, blowfly strike can complicate contagious ecthyma and 
thus should be observed for and treated as necessary. Cases with 
greater economic or sentimental value that result in anorexia due 
to painful oral lesions may be treated with electrocautery and 

debridement after first using spray cryotherapy with good re-
sults.14 Ointments and astringent lotions may actually delay 
healing.15

Prevention. Prevention is best performed by preventing the 
disease from entering the farm by use of quarantine and physi-
cal examination of stock entering the farm and or by purchas-
ing new stock from contagious ecthyma free herds or flocks. 
Special efforts should be made to prevent contact of suspect 
animals at livestock shows and sales and avoiding using com-
mon feed, water, and grooming equipment. In an outbreak 
situation, the affected stock should be isolated and the remain-
der vaccinated. This method should help control production 
losses due to control of the location of the disease. Once the 
disease is on the farm, vaccines are available that can help con-
trol the disease. Vaccines are live and should not be used unless 
the disease is known to be present in a herd or flock. Most com-
mercial vaccines are labeled for sheep but not goats. Although 
use of these vaccines in goats has at times appeared anecdotally 
efficacious, research has indicated that sheep vaccines were not 
effective in protecting goats from the wild-type contagious  
ecthyma virus found in goats.16 A goat strain vaccine for conta-
gious ecthyma was found to be protective against experimental 
challenge.17 Vaccines are typically placed on scarified skin of the 
medial thigh. Other sites should be used, such as inside the ear 
pinna or under the tail, when vaccinating lactating females. 
Scabs should be present by 3 to 4 days if the vaccination is suc-
cessful. If vaccination is used, its use should be tailored for the 
particular herd or flock management. One example of vaccine 
use is to begin with vaccination of all stock that have not been 
previously exposed and then vaccinate only the new naïve stock 
(new births and new additions) annually. Immunity is reported 
to occur 3 weeks after vaccination but is not considered to be 
lifelong.18 Naturally exposed stock that have recovered are usu-
ally solidly immune for 2 to 3 years.15 It has been stated that 
colostrum immunity does not occur as antibodies do not  
appear to be passed in the colostrum.2,15 Yet a study by Perez 
demonstrated that kids of vaccinated does when challenged at 
, 45 days of age did not develop lesions whereas kids . 45 
days of age did develop lesions.19 Some farms, in which the 
disease is endemic, chose to simply live with the disease. The 
disease has a shorter course and is less severe in reinfected stock.

Malignant Contagious Ecthyma
A persistent form of contagious ecthyma known as malignant 
contagious ecthyma has been recognized in a limited number of 
sheep within infected flocks. Proliferative lesions develop, espe-
cially on the distal legs and feet and less commonly on the head. 
However, unlike ordinary contagious ecthyma, the lesions fail to 
regress and may continually enlarge. Secondary bacterial  
infections, fly strike, and hemorrhage are major complications. 
Although a poxvirus morphologically similar to the contagious 
ecthyma virus has been identified by electron microscopy in typi-
cal lesions, the disease has a different course. Affected sheep do 
not pass the infection to commingling animals. Preliminary stud-
ies of the cellular immune systems of affected sheep have failed to 
demonstrate any deviation from normal.20

Ulcerative Dermatosis
Ulcerative dermatosis is a disease of sheep caused by a virus 
similar to but distinct from the contagious ecthyma parapoxvirus. 
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Infection typically follows a break in the skin, such as shear-
ing injuries and breeding injuries. The virus may be spread via 
physical contact during breeding season. This may be one 
reason why the disease is most common in the fall and winter. 
The incubation period is 2 to 7 days. Healing occurs in 2 to 
6 weeks. In the United States, the disease is most common in 
the west and morbidity is usually 15 to 20% but may be as 
high as 60%.

Clinical Signs. Lesions develop as ulcers and develop a thin 
but very adherent scab. Lesions associated with the initial viral 
infection may become infected with Fusobacterium necrophorum. 
Lesions may occur on the face, eyes, lips, and nostrils but also 
occur in the interdigital space, legs, penis, and vulva. Lesions of 
the lower limb may lead to septic arthritis. Lesions of the penis 
may result in phimosis or paraphimosis. The facial and lip  
lesions are not typically associated with the mucous membranes, 
which helps differentiate them from contagious ecthyma lesions.

Diagnosis. The most likely differential is contagious ecthyma, 
but the morbidity is lower and the lesions are ulcerative rather 
than proliferative like contagious ecthyma. Confirmation is based 
on histopathology of biopsied lesions.

Treatment. The disease is self-limiting, but antibiotics are 
justified for secondary bacterial infections and severe cases.  
Otherwise, treatment is symptomatic.

Prevention. Prevention is best carried out by examination of 
breeding stock during breeding season and isolation of affected 
animals. When the disease is a common occurrence, efforts should 
be made to decrease skin trauma via reduction of shearing  
injuries, removing stock from areas that are abrasive to the feet 
and legs, and utilizing feeds that are nonabrasive. No vaccine is 
available and immunity is short-lived (,5 months).

Sheep Pox and Goat Pox
The agents of sheep pox and goat pox are closely related viruses 
of the Capripox genus in the family Poxviridae. Although the 
viruses tend to be species specific, cross-species infection has 
been known to occur. Practitioners must be careful in conver-
sation with laypeople that may refer to a staphylococcal der-
matitis as “goat pox.”1 True sheep pox and goat pox mortality 
is low in endemic regions but may be high when naïve sheep 
or goats are exposed. Transmission (thought to be aerosol and 
contact with lesions) increases with close contact with infected 
herds or flocks. These diseases are currently endemic in north-
ern Africa, the Middle East, and southeastern Asia, with oc-
casional outbreaks in southeastern Europe. There is one report 
of goat pox in the United States,21 but the U.S. Department of 
Agriculture–Animal and Plant Health Inspection Service web-
site states that neither disease has occurred in the United 
States. Contagious ecthyma is the primary differential of sheep 
and goat pox. However, sheep and goat pox lesions tend to 
occur over the entire body skin surfaces. The two viral agents 
(contagious ecthyma and sheep or goat pox) are easily differen-
tiated via electron microscopy. A protein-based enzyme-linked 
immunosorbent assay (ELISA) has been tested and shown ef-
fective in detecting serum levels of virus for both sheep and 
goats.22 A thorough review of sheep pox has been published.23

Scrapie and Chronic Wasting Disease
A discussion of scrapie is beyond the scope of this chapter. 
However, due to the intense pruritus, (although pruritus is 

much less common in goats than in sheep) scrapie-infected 
sheep or goats may present with hair or wool loss due to me-
chanical excoriations. Scrapie does not directly affect the skin; 
skin lesions are simply a result of the intense pruritus and sub-
sequent aggressive itching. There may be a breed predilection 
for Suffolk sheep. Chronic wasting disease affects at least six 
species of cervidae (white-tailed deer, mule deer, moose, wa-
piti, red deer, and reindeer). The disease is beyond the scope of 
this chapter and cervids do not exhibit the pruritus seen in 
sheep or goats.

Bluetongue and Epizootic Hemorrhagic Disease 
(EHD)/Hemorrhagic Disease (in Cervids HD)
A discussion of bluetongue is beyond the scope of this chapter. 
However, skin lesions suggestive of bluetongue include coronitis, 
ulcerations of the oral mucosa, and muzzle edema. Goats are rela-
tively resistant to clinical bluetongue. Easily the most costly dis-
ease to the cervid industry in morbidity and mortality, HD does 
not commonly cause skin lesions, but hoof lesions are very com-
mon due to coronitis. Those that survive may slough hooves.24

Vesicular Stomatitis
Vesicular stomatitis (VS) is a viral disease that creates ulcerations 
of the oral mucosa of cattle, swine, and horses. Although both 
goats and sheep may be experimentally infected with VS virus, 
natural clinical disease is quite rare and no case reports could be 
found that documented clinical disease. Sheep and goats never 
show clinical signs of VS.23 A 1995 outbreak of VS in the western 
United States did not identify a single sheep or goat positive for 
VS.25 However, unpublished reports of VS in goats indicated that 
vesicles may occur at the commissures of the lips.26 Although ex-
perimentally infected with VS, no cases have been reported in the 
United States in wild cervids.24

Bacterial Diseases

Dermatophilosis (Streptothricosis, Lumpy Wool 
Disease, Rain Scald, Rain Rot)
This is a disease of all ruminants caused by the gram-positive, fila-
mentous bacterium D. congolensis (Figure 10.1). The bacterium 
appears to be maintained within herds or flocks via carrier ani-
mals. The organism is considered an obligate parasite of ruminant 
skin and was not thought to survive for very long in the soil, but 
later research indicates that it may survive for several months, es-
pecially within cast-off crusts.27,28 Predisposing factors for clinical 
disease include skin damage (e.g., biting insects and physical abra-
sion), excessive moisture (hence the common name Rain Rot), 
and concurrent diseases and stresses that compromise the host’s 
immune systems. The loss of the sebaceous film layer on skin is 
thought to predispose the animal to the disease. Thus, excessively 
rainy conditions without appropriate shelter can lead to dilution 
of this sebaceous layer, increasing the chance of clinical disease. 
The incubation period averages 2 weeks. The infective form of the 
organism is the motile zoospore that germinates, penetrates 
the epidermis, and invades hair or wool follicles. Neutrophils 
migrate to the affected areas and a serous exudate accumulates and 
seeps to the epidermal surface. The older epidermal skin deterio-
rates while a new layer of epidermis forms below. This new layer 
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also becomes infected with hyphal branches. Eventually, thick 
scabs are formed. Early signs of clinical disease are characterized 
by small, raised, and circumscribed crusts of epidermal cells and 
serous exudates with embedded hairs or wool. The disease follows 
a similar pattern in sheep, but the serous exudates may not be 
adhered to the epidermis. It does have a negative impact on the 
quality of the wool.29 It is also responsible for “strawberry foot rot” 
of sheep and appears as dry scabs on the lower legs.30 The removal 
of the dry scabs leaves a mass of granulation tissue that has the 
appearance of a strawberry (hence the name). Although it can  
be spread from acutely infected animals, outbreaks are rare but 
have been reported.31 Young goats appear to be more susceptible 
to clinical disease than adults.31,32 Likewise, young sheep are more 
susceptible than adult sheep.33 Fawns are the most commonly af-
fected age group in cervids, especially bottle-reared fawns, due to 
milk spilling on the faces as fawns aggressively nurse bottles. These 
wet areas are perfect media sites for the bacteria. Dermatophilosis 
has been shown to temporarily decrease fertility in bulls during an 
active clinical case.34

Clinical Signs. Follicular and nonfollicular papules and 
pustules develop and rapidly coalesce and rupture, resulting in 
groups of hairs or wool being matted together. These are clas-
sically described as “paintbrush lesions” in haired ruminants. 
Lesions may be painful but are not pruritic. In sheep, crusts 
occurring at the coronary band (called strawberry foot rot) 
may also extend to the carpi or tarsi. Lesions may also be pres-
ent on other parts of the body. In goat kids, lesions tend to be 
on the ears and tails; in adults, lesions tend to be on the 
muzzle, dorsal midline, scrotum, or distal legs.32 Lesions have 
been reported in the ears of kids at 5 days of age.35 Fawns 
typically get lesions around the face or legs. Usually, the lesions 
are circular and well circumscribed. Although relatively rare, in 
livestock debilitated by other diseases and poor nutrition, 
death can occur.

Diagnosis. Staining (Gram stain or methylene blue) of direct 
smears of lesions should reveal branching hyphae with cuboidal 
packets of coccoid cells arranged in parallel rows (similar to  

railroad tracks) within the filaments. Skin biopsy and histopathol-
ogy may also be helpful. Culture can be confirmatory, although 
possible subsequent infestation by other bacterial and fungal or-
ganisms may complicate the diagnosis in chronic cases.36

Treatment. Topical treatment includes iodophors, 2 to 5% 
lime sulfur, 0.2% copper sulfate, 0.5% zinc sulfate, and 1% 
potassium aluminum sulfate. Treatments may be applied as 
total body washes, sprays, or dips for 3 to 5 consecutive days 
then weekly until healing has occurred. Systemic antibiotics 
such as procaine penicillin G (5000 IU/kg BID for 4–5 days), 
oxytetracycline (one or two doses at 20 mg/kg at a 72-hour 
interval), or ceftiofur (1 ml/23 kg SID for 4–5 days) may be  
effective. The organism is reported to be resistant to polymyxin 
B, bacitracin, and sulfonamides. Lesions of kids tend to heal 
without treatment within 2 to 3 months.37 Most fawns re-
spond to topical and systemic treatment as done for lambs and 
kids. They tend to resent daily treatment and it is suggested 
that they be treated with long-acting antibiotics to reduce 
stress of daily handling if possible. Dermatophilus is poten-
tially zoonotic to humans.

Prevention. Where the disease is prevalent, removal and dis-
posal of crusts, keeping stock dry (providing shelter from wet 
weather), providing good-quality nutrition, and control of ecto-
parasites may limit clinical cases. Vaccines have been studied but 
do not appear to offer significant protection.33

Fleece Rot (Water Rot, Weather Stain)
Fleece rot is an exudative bacterial dermatitis of sheep that is 
characterized by a greenish-discolored, matted wool. This disease 
reduces the quality of the wool but is most important as a predis-
posing factor for fly-strike. Although other fleece bacteria may 
play a significant role in the disease, Pseudomonas aeruginosa is 
considered the primary etiologic agent.38 The disease was first 
recognized in Australia in the latter part of the 1800s.33 Bacteria 
cultured from the skin of affected sheep, when applied to unaf-
fected sheep, resulted in the disease.39 The necessity of moisture 
for disease symptoms was noted by Seddon and McGrath in 
1929.40 Both wool traits and body conformation traits predispose 
sheep to fleece rot and this susceptibility is reportedly heritable.40 
The disease appears to be most prevalent in Australia with reports 
averaging 24%.33 The disease does not appear to be significant in 
the United States but has been reported.41 The reason that young 
sheep are more susceptible than older stock is not known but may 
be due to the maturity of wool and skin characteristics or could 
be that a certain level of immunity develops after exposure.33 
Fleece rot predisposes sheep to blowfly strike.

Clinical Signs. The most characteristic clinical sign is the 
greenish discoloration of wool. A copious serous exudation may 
also be evident and this exudation is likely the attraction that leads 
to associated fly-strike.33 The inflammatory reaction can result in 
grayish matted wool. Pruritus has also been reported, but not all 
affected sheep demonstrate this.42 Lesions are most common on 
the back and withers.

Diagnosis. Culture of the skin and wool is the definitive 
method to diagnose fleece rot (would be especially definitive for 
greenish-discolored wool). P. aeruginosa may be found in pure 
culture. It produces the green pigment, pyocyanin.43 Fleece rot 
may be distinguished from dermatophilosis in that no scab is as-
sociated with the infection

Treatment. Antibiotics may be helpful, but studies have 
shown P. aeruginosa to be quite resistant to many antibiotics.44,45 

• Fig. 10.1  A dermatophilosis lesion on the dorsum of a mule deer.
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Practically speaking, shearing and allowing the lesion to dry are 
the most effective means of treatment.

Prevention. Vaccines have and are being developed, but effi-
cacy to date has been disappointing.33 Some prevention is af-
forded by producing more resistant sheep by breeding for charac-
teristics of wool and body conformation that are less predisposing. 
Perhaps the most practical control measure is to shear the sheep 
prior to the onset of the rainy season.

Malignant Edema (Swelled Head, Bighead)
Malignant edema is a rapidly fatal disease caused by Clostridial 
species, most commonly Clostridium sordellii, Clostridium novyi, 
Clostridium septicum, and/or Clostridium chauvoei and is seen 
most commonly in young rams. Although swelled head of bucks 
(goats) is listed in many textbooks, no studies or case reports 
could be found for goats. Blackleg and malignant edema have 
both been reported as individual cases and herd outbreaks.46 One 
of the authors (CFS) has seen clostridial infection in velvet antler 
in a white-tailed buck. The organisms typically exist as spores in 
the soil but appear to predominate in humid soils that are rich in 
organic matter.46 The organisms usually enter the body through 
breaks in the skin or mucosa. When the anaerobic conditions 
arise in body tissues, the organisms proliferate and release several 
exotoxins that react locally and systemically. The spores of clos-
tridial organisms are thought to survive in the environment for 
several years. The disease is most common in Montana in the 
United States but also occurs in South Africa, South America, and 
Australia.18

Clinical Signs. The disease is usually sporadic in nature but 
can occur as outbreaks. A Brazilian outbreak likely occurred 
through the use of a single common needle to vaccinate a 1000-
head flock of sheep with a commercial clostridial vaccine.46 There 
is another report of a herd outbreak after vaccination with a mul-
tivalent vaccine. The vaccine was administered intramuscularly in 
the hindlimb using new needles and syringes for each animal.47 
Several sheep died in that outbreak. All affected sheep died within 
1 to 3 days of vaccination. Clinical signs seen prior to death in-
cluded severe depression, swelling around the vaccination site, 
lameness, subcutaneous edema, and crepitation. The classic epide-
miology of bighead in sheep is due to butting of rams that leads 
to breaks in the skin, allowing bacterial spores access to the 
bruised subcutaneous tissues. Once infection occurs, there are 
swelling and edema of the face, head, and neck.

Diagnosis. An aseptically collected aspirate of the subcutane-
ous swelling followed by staining of an impression smear and 
subsequent anaerobic culture can be definitive. Clostridial organ-
isms stain as large gram-positive rods. The fluorescent antibody 
test can differentiate between the different clostridial species.

Treatment. If treatment is not initiated immediately, the fatal-
ity rate will be high. Treatment primarily consists of high doses of 
penicillin products that should be administered both locally and 
systemically. Additional treatment is primarily symptomatic.

Prevention. Vaccination can be preventative as long as admin-
istered after the period of passive transfer and prior to traumatic 
events. Hygiene is also emphasized as some cases have been  
documented to occur after a simple blood draw.48

Actinobacillosis
Actinobacillus lignieresii, a non–spore-forming, gram-negative rod, 
causes a pyogranulomatous bacterial infection of the soft tissues 

of the head of sheep (not documented in goats3 and rarely re-
ported in cervids). These bacteria usually are inoculated into the 
tissues by grass awns or stemmy forage. A local granulomatous 
reaction occurs, but these bacteria also may spread to regional 
lymph nodes or the bloodstream. They can produce chains of 
small nodules leading to the lymph nodes.

Clinical Signs. Purulent material may be observed draining 
from lymph nodes. Caseous lymphadenitis (CL) is a differential 
diagnosis for this condition.49 Severe enlargement of submaxillary 
or parotid lymph nodes may cause difficulty in breathing or eat-
ing; sheep may die from malnutrition. Nasal exudate may be 
noted if the infection drains into the nasopharynx.

Diagnosis. The diagnosis is made by performing cytology and 
a Gram stain on the exudate. The gram-negative rods are filamen-
tous and form sulfur granules in the pus that can be seen without 
the aid of a microscope.

Treatment. Therapy includes surgical drainage, antibiotics 
(procaine penicillin G, 22,000–66,000 units/kg body weight 
subcutaneously [SC] every 24 hours for 7 days), and iodine 
therapy. Sodium iodide can be administered (80 mg/kg body 
weight) intravenously (IV) and repeated once or twice at 7-day 
intervals. Alternatively, organic iodides can be added to the feed 
(7.5–15 g/head/day) for 14 to 21 days.

Staphylococcal Dermatitis (Eye Scab, Impetigo)
Staphylococcus dermatitis is a typically nonfatal skin disease of 
sheep and goats that affects predominately the head and face or 
mammary gland and is caused by S. aureus but occasionally 
other staphylococcal species are involved. The condition appears 
more commonly during warm seasons of the year. Transmission 
appears to be social contact with clinical or nonclinical carri-
ers.50 Sporadic cases may occur but outbreaks have been 
reported.51

Clinical Signs. Facial signs may present as nonpruritic lesions 
above the upper eyelid that expand to other parts of the face and 
in extreme cases the lower limbs.51 The skin lesions were charac-
terized by alopecia, papules, crusts, erosions or ulcers, exudation, 
erythema, hyperpigmentation, and thickening of the skin.51 The 
lesions bleed easily.49 Overall, the dermatitis did not appear to 
adversely affect the health of the affected sheep. S. aureus derma-
titis of a ewe has been described as a dermatitis and hyperkeratosis 
on the skin of the udder and teats with accompanying pustules.52 
Staphylococcus hyicus was determined to be the causative agent in 
a case of seborrheic dermatitis that proved fatal in an 18-month-
old pygmy goat.53 The clinical signs of the aforementioned case 
were similar to greasy pig disease in that there was a generalized 
seborrheic dermatitis with alopecia; the skin was greasy and had a 
severe scaly to scabby appearance.

Diagnosis. The differential diagnosis should include ectopara-
sites, zinc deficiency, elaeophoriasis, and mycotic infections. De-
finitive diagnostics require culture and absence of other causes. 
Histopathological lesions have been well documented.51

Treatment. Antibiotics may be required in severe cases and 
may hasten resolution in any case. Oxytetracycline and enro-
floxacin were minimally effective while a lincomycin/spectino-
mycin combination was effective in one case report.51 Penicillin 
has been reported to be efficacious.54 However, facial staphylo-
coccus dermatitis tends to resolve within 2 months.55 Other 
treatments consist of washing with an iodophor or chlorhexidine 
shampoo, drying, and then coating with an antiseptic or antibi-
otic ointment.3
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Prevention. Feeding and housing in an environment that 
lessens the chance of facial injuries and close head-to-head contact 
should reduce the incidence of the disease. Fly control may be 
important in transmission reduction. Isolation of the affected 
stock and care to avoid fomite transmission is important to limit 
new staphylococcal intramammary infections.

Abscesses
Abscesses of the soft tissues are not uncommon in small rumi-
nants. Abscesses usually begin when wounds allow entry of 
surface bacteria through the epidermis. Therefore, Staphylococcus 
species, Corynebacterium species, Arcanobacterium pyogenes, and 
streptococcal bacteria are expected on culture. Fusobacteria sp. 
and Trueperella pyogenes are commonly found in cervid ab-
scesses. Noncontagious abscesses may be treated by lancing after 
infiltration of local anesthesia. The interior capsule of the ab-
scess is debrided and flushed with a dilute iodine solution (1%). 
For large abscesses, roll bandages soaked in dilute iodine solu-
tions may be stuffed into the capsule of the abscess with removal 
of a portion of the bandage daily over the next 3 to 5 days. Sys-
temic antimicrobial agents are not indicated in most cases but 
may be administered if numerous abscesses or deeply seeded 
abscesses are present.

Caseous Lymphadenitis
CL is a common, contagious, suppurative bacterial disease of 
sheep and goats worldwide that most frequently infects the 
lymph nodes and lymphatic system. A study of cull sheep in the 
western United States reported a prevalence of 42%.56 The agent 
of the disease, Corynebacterium pseudotuberculosis, creates 
chronic infections that can eventually be fatal. The agent enters 
the body through broken or intact skin or mucous membranes, 
via inhalation and ingestion.57 Once a lymph node becomes 
infected, an abscess then develops and spreads to other lymph 
nodes and internal organs via the lymphatic and hematogenous 
routes. Abscesses tend to be caseous and the classic CL abscess 
on cut surface has an onion-ring-layered appearance, which is 
only rarely present in goats.58 The organism survives for months 
in the environment, and environmental exposure, especially 
fomites, plays a key role in transmission. The disease is consid-
ered zoonotic. At the current time, this disease is not considered 
to be significant in cervids.

Clinical Signs. The most obvious clinical signs are enlarge-
ment of external lymph nodes especially the parotid, subman-
dibular, and supramammary, but the prescapular and prefemo-
ral may also be enlarged.59 (Figure 10.2). Although abscesses 
typically develop during a period of 2 to 6 months,60 abscess 
development and lymph node enlargement have occurred 
within 2 weeks of shearing with apparently contaminated clip-
pers.

Enlargement of the external lymph nodes does not usually re-
sult in other clinical signs, but enlargement of the internal lymph 
nodes and major organ infection can lead to eventual death. Ap-
proximately 25% of sheep with overt abscesses are predicted to 
develop respiratory abscesses.60 The predominate clinical sign seen 
in goats and sheep with internal abscessation is a history of 
chronic weight loss, but coughing and respiratory symptoms may 
be present, as well as chronic bloat. Less frequently, affected ani-
mals may show mastitis, cellulitis, or orchitis. Thus, clinical signs 
vary according to the organ affected. Affected organs may include 

the liver, kidneys, mediastinal lymph nodes (Figure 10.3), gastro-
intestinal lymph nodes, the central nervous system, and the mam-
mary gland (mastitis). Hormonal imbalances have been shown to 
occur in chronically infected does, which may lead to a decrease 
in reproductive efficiency.61

Diagnosis. Although other bacteria may occasionally be iso-
lated from enlarged external lymph nodes, the primary differential 
should be C. pseudotuberculosis until proven otherwise. Another 
differential is tuberculosis more often in the United Kingdom 
than the United States, as tuberculosis is present in parts of the 
United Kingdom.49 Because the abscess material is so potentially 
contagious, special care should be taken to avoid allowing the 
pustular material from reaching the environment. A positive cul-
ture of the material is definitive for CL, which appears as small 
gram-positive rods of variable length. Occasionally, a coccoid 
form of C. pseudotuberculosis may be seen so do not automatically 

• Fig. 10.2  A sheep with rupture and drainage of purulent exudate from 
the caseous lymphadenitis abscess of the parotid lymph node. Notice the 
thickness of the discharge. (Photo courtesy of Dr. Sandra Taylor, Purdue 
University)

• Fig. 10.3  The cut surface of a caseous lymphadenitis abscess in the 
caudal mediastinal lymph node of a sheep. Notice the onion-layer appear-
ance of the abscess. (Courtesy Dr. José Ramos-Vara, Purdue University.)
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rule out CL with this finding. Microscopic examination of the 
purulent material will be more helpful in early infections. Samples 
should be collected in a sterile manner for culture. Some positive 
animals will be culture negative because other bacteria present 
overgrow the C. pseudotuberculosis or one simply samples a nega-
tive area of the abscess. Likewise, there are numerous tests that can 
be conducted in asymptomatic stock to determine the CL infec-
tion status. Diagnosis of sheep and goats without enlarged exter-
nal lymph nodes requires serologic testing. Both agglutination 
tests and hemolysis synergistic inhibition tests may aid in identi-
fication. These two tests are not accurate enough for clinicians to 
base decisions to cull animals that have early nonclinical infec-
tions. ELISA is the most frequently used serologic test for CL. It 
is relatively inexpensive, readily performed, and has good sensitiv-
ity. Agar gel immunodiffusion (AGID) can be performed but 
takes longer to test than ELISA and may be less sensitive. Some 
ELISA techniques are more accurate in goats than sheep so should 
be considered as such when used to test for eradication in a flock. 
PCR for genomic testing is useful when applied to the purulent 
abscess material; however, it is obviously difficult to sample inter-
nal abscesses and blood testing via PCR is not as reliable as sam-
pling purulent material. When trying to eliminate CL from a 
flock, repeated testing using different methods will need to be 
done as no single test can identify all cases and stages of the 
disease.62

Treatment. External lymph node abscesses may be removed 
surgically, but special care needs to be implemented so that the 
abscess is not opened during surgical removal. Lancing and drain-
ing the external abscesses may be done with special care to collect 
all of the purulent material and flushing solution so as not to 
contaminate the environment. This collected material should be 
burned. If lancing and draining the abscess(es) are utilized, a 
1-month isolation is recommended to prevent subsequent spread 
to other susceptible sheep or goats. Treatment and management 
of the external lymph nodes do not guarantee that the small ru-
minant is free of CL as internal lymph node infection may also be 
present. Systemic antibiotics are not considered to be very effec-
tive because of the thickness of the lymph node capsule and the 
intracellular survival (even within activated macrophages) of the 
bacteria.63 However, systemic antibiotics with a gram-positive 
spectrum should be used when treating an external abscess to help 
prevent spread to other lymph nodes. Injection of formalin into 
the abscess has been used, with some success. A recent study com-
pared the efficacy of three different treatments for CL.64 Treat-
ments included (1) opening, draining, flushing (with a diluted 
iodine solution), and treating with subcutaneous penicillin,  
(2) closed system lavage (a 16-gauge needle was used to inject 
saline and withdraw the saline abscess mixture) and intralesional 
tulathromycin, and (3) closed-system lavage and subcutaneous 
tulathromycin. All treatments resulted in . 80% resolution of the 
treated lesions. Ultimately, the best treatment is to cull the  
affected animals.60

Prevention. The best prevention is to maintain a CL-free 
flock. Any new stock should be tested for CL and examined for 
lymph node enlargement prior to entering the flock. Housing 
should be maintained free of objects that can cause skin injury. 
Needles, surgical equipment, tattoo pliers, shears, foot trimmers, 
and dipping vats should be cleansed and disinfected after use. In 
addition, the control of external parasites is considered important 
because pruritic stock will rub themselves on items that could 
produce breaks in the skin.3 Eradication is possible but difficult in 
that it requires frequent testing and management of a CL-free and 

CL-infected group. Vaccines are available and can be helpful espe-
cially in herds or flocks that choose to live with the disease in that 
they can reduce the incidence of abscesses in a flock.65 Vaccines 
do not necessarily prevent the disease, but new and better vaccines 
could lead to a means of prevention or at least control of CL.66,67

Goats vaccinated with sheep CL vaccines tend to have more 
adverse reactions than sheep. Anecdotal reports indicate that goat 
owners are more satisfied with autogenous CL vaccines. Milk and 
colostrum transmission is apparently not important, but removal 
of neonatal lambs and kids from affected dams should lessen the 
chance of exposure. Likewise, intrauterine transmission has not 
been reported.

Fungal Diseases

Dermatophytosis (Ringworm, Lumpy 
Wool, Club Lamb Fungus)
The primary fungal agent of ringworm in sheep and goats is 
Trichophyton verrucosum. However, Trichophyton mentagrophytes, 
Microsporum canis, and other less common species have been re-
ported.2,68 Transmission occurs via direct contact with clinically 
affected individuals or indirectly via contaminated fomites (fences, 
water or feed equipment, grooming equipment). The disease 
tends to be more common in young animals than in adults, likely 
due to decreased immunity in those young animals not previously 
exposed to the disease agent. Other potential predisposing factors 
include immunosuppression, poor nutrition, crowding, high hu-
midity, and other debilitating diseases. The zoophilic dermato-
phytes exist as spores in the environment. The dermatophytes 
utilize keratin as a nutrient source, ergo their predilection for 
skin.69 Spores typically enter the skin via abrasions. The conidium 
(the spores) germinates and hyphae appear within the stratum 
corneum (invasion of living tissue does not occur) and invade the 
walls of the hair follicles. They then emerge into the follicular 
canal and grow downward between the hair cuticle and the wall 
of the follicle. The hyphal tip penetrates into the hair cortex by 
dissolving the keratin and by mechanical pressure, and multiplica-
tion ensues with conidia located outside of the hair shaft.69 As the 
hair grows, the fungal elements are carried out of and above the 
surface of the skin, where hairs may become broken or fall out. 
Spread occurs centrifugally from the point of invasion, resulting 
in the classic ring-shaped lesion. Incubation period from exposure 
to clinical disease is 1 to 6 weeks and is more commonly seen in 
the fall and winter months.

Lanolin or perhaps full wool tends to protect the sheep skin 
from ringworm invasion.49 Show lambs are sheared short and the 
frequent washing to prepare them for show tends to remove the 
protective lanolin, allowing the ringworm agents better access to 
infect the skin (Figure 10.4). Thus, this disease would be unusual 
in sheep that are not being prepped for show or sale. Club lamb 
fungus was first reported in 1989. Although typically considered 
a disease of show lambs due to extensive washing and close shear-
ing, herd outbreaks have occurred in commercial flocks and were 
associated with recent shearing with possibly contaminated 
blades.70,71 The disease is contagious, which is why sheep with 
evidence of ringworm are not allowed to participate in fair activi-
ties. Lesions take ,1 month to become evident. Fungal spores 
remain viable for years under natural conditions. Those treating 
or working with the flock or herd should wear protective clothing 
and gloves as the disease is zoonotic.
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Clinical Signs. In both goats and sheep, lesions affect primarily 
the ears, head, and neck but any body surface may be affected. 
Ringworm lesions affecting wooled surfaces were previously con-
sidered to be rare, but show lamb fungus is probably as common 
on the wooled areas as on the more typical locations. Lesions in 
haired areas consist of circular patches of alopecia, scaling, and 
crusts, but affected areas may also be uneven and diffuse. Lesions 
in wooled areas may be covered with matted wool and be  
inflamed and reddened underneath the matt.71 Lesions tend to be 
nonpruritic or only mildly pruritic and are usually not painful. 
Although lesions typically occur on the face, ears, neck, and 
shoulder area, lesions may also be dispersed over the body, includ-
ing the tail head region.71

Diagnosis. Although most diagnoses are based on the clinical 
presentation, this assumption may be faulty as numerous other 
conditions can be similar. Differentials for sheep and goats should 
include external parasites, zinc deficiency, dermatophilosis, staph-
ylococcus dermatitis, and immune mediated diseases. Use of the 
Wood’s lamp during clinical examination may help with differen-
tial diagnosis. However, Trichophyton species do not fluoresce. 
Ultimately, fungal culture on Sabouraud’s dextrose agar and iden-
tification is definitive. Scrapings should occur from the periphery 
of the lesion as these strictly aerobic fungi die out under the crust 
in the center of most lesions. The exudation from inflamed epi-
thelial layers, epithelial debris, and fungal hyphae produce the dry 
crusts that create a more anaerobic environment. Microscopic 
examination of hairs and keratin from the periphery of an active 
lesion may reveal ectothrix invasion of hair shafts.3 A 20% potas-
sium hydroxide solution can be used to prepare wet mounts of 
arthrospores on the hair shafts for microscopic examination.

Treatment. The first step in dealing with a case of ringworm is 
the isolation of the affected stock. Care must be taken to eliminate 
spread of the fungus on hands or other fomites to herd mates. The 
disease is self-limiting and usually does not adversely affect the 
health of the affected small ruminant. Healing takes 4 to 16 weeks 
for spontaneous recovery. Some have reported healing in as short 
as 2 weeks, but this has not been scientifically validated. Many 
treatments have been suggested, but few have been studied to  

determine actual efficacy. Most treatments are extra-label and  
meat withdrawal times are rarely known. The following treat-
ments should not be considered “the definitive treatment” but are 
options when clients want their stock treated. Griseofulvin has 
been suggested for infections that are widespread on the body or 
chronic. This antifungal agent becomes incorporated into keratin 
in the skin and hair and treated stock remain resistant for a num-
ber of weeks following treatment.72 Griseofulvin can be expensive 
and slaughter withdrawal time is not specified. One report indi-
cated that lesions regressed soon after treatment with seven daily 
doses of 7.5 mg/kg griseofulvin in feed and were almost completely 
resolved 20 days later. Natamycin has been used with some success 
but did not cure severe lesions especially those in the wooled ar-
eas.71 Listerine has been suggested for spot treatment (scrubbed 
into the lesion) with a brush once a day for 7 days. Seven percent 
iodine mixed with Bag Balm has been applied to lesions once a day 
for 7 days. 10 to 20% sodium iodide administered IV at 1 g/14 kg 
at weekly intervals has been reported to be effective.2 To stop an 
outbreak, exposed stock should be treated. When treatments are 
applied as sprays or ointments, treatment should concentrate on 
the margins of the lesions where the most active growth of the 
dermatophyte is and should also extend beyond the lesion as der-
matophytes may be isolated from normal-appearing skin up to  
6 cm.73 These can be treated with 3% captan or 2 to 5% lime sulfur 
applied topically daily for 5 days, then weekly for another 3 to  
4 weeks. All exposed stock, the environment and fomites should 
be treated or when practical, properly disposed of. Five percent 
lime sulfur, 5% sodium hypochlorite, 5% formalin, 3% captan, 
and 3% cresol have all been suggested for environmental treat-
ment.2 Chlorhexidine 0.5% is reportedly very effective for show 
lamb fungus but is inactivated by soap.70 Exposure to sunlight and 
treatment with vitamins A and D may hasten healing of  
lesions.34,70 However, Scott notes that there is no indication that 
vitamin and mineral preparations are of any benefit in most cases.2 
Ultraviolet light has proven helpful in treating ringworm; thus, 
exposure to sunlight may be beneficial.69 Animals that do not re-
cover within 4 months likely have significant immunosuppressive 
or predisposing environmental factors that need to be addressed.2 
Alternative and herbal treatments abound, but scientific evidence 
of successful treatment with herbal remedies is limited.74

Prevention. General preventive measures for the herd or flock 
include good nutrition, proper health care, and a clean, dry, sunny 
environment. Vaccines are available in some countries. The disease is 
zoonotic, so wearing protective gloves is strongly advised. The spores 
may exist for several years, thus once on the farm, always on the 
farm. Use of antifungal disinfectants on exposed equipment and 
housing is highly recommended. Various means are used to deter-
mine the infection status of show stock at fairs. Nebraska regulations 
use “inactive if the affected area is not encrusted and hair/wool has 
begun growth in the area.”75 For both treatment and prevention, the 
clinician is advised to determine if treatments can be legally used for 
food animals in a state or country where the animals reside.

Mycetoma
Mycetomas are painless granulomatous infections of the skin, 
subcutaneous tissues, and bones characterized by sinus formation 
through which fungal colonies are discharged in the form of 
grains.34 Mycetomas may also be formed by bacterial elements or 
both fungal and bacterial elements.3 Lesions most often occur on 
the limbs, are slow growing, and may be initiated by a wound. 
These lesions cause focal swelling and have an exudate that  

• Fig. 10.4  Typical presentation of show lamb fungus. Lesions may appear 
on any haired or wooled body surface. The first sign of club lamb fungus 
(ringworm) is often a raised area where the wool is clumped and feels stiff. 
The affected area may be covered by a gray-white scab.
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contains granules composed of microbial organisms coated with 
host immune elements (e.g., immunoglobulins, fibrin).76 These 
granules may be red, yellow, or purple. Actinomadura madurae 
and Actinomadura pelletierii have been found in goats with myce-
toma, as has Nocardia brasiliensis. Although success rates are 
unknown, treatment strategies include the use of antimicrobial 
drugs, surgical excision, and limb amputation depending on the 
severity of the disease. Mycetomas have not been reported in 
sheep. No reports could be found in white-tailed deer.

Candidiasis
Yeast or Candida dermatitis has been diagnosed in goats.76,77 
Candida albicans, Candida tropicalis, Candida pseudotropicalis, 
Candida stellatoidea, Candida parapsilosis, Candida krusei, Can-
dida parakrusei, Candida stellatoidea, Candida guilliermondii, and 
other yeasts may be isolated from lesions. If yeast dermatitis is 
diagnosed, a compromised immune system or malnutrition must 
be suspected. Chronic moist conditions resulting in maceration of 
the skin allow the yeast to become established.

Clinical Signs. Clinical signs include alopecia, scales, crusts, a 
greasy layer to the skin, and lichenification of the skin.

Diagnosis. Diagnosis is made by observation of budding 
yeasts and pseudohyphae on skin cytology.

Other Fungal Conditions
Several other fungi have been isolated from chronic dermatopathy 
in goats. Peyronellaea glomerata is associated with hyperkeratotic 
lesions of the ears of goats in the United Kingdom.76 Aspergillus 
species can cause clinical disease in animals with compromised  
immune systems. These fungi also may cause granulomatous lesions 
in the skin. Two cases of Malassezia dermatitis in goats have been 
reported.78,79 Clinical signs consisted of a seborrheic dermatosis and 
extensive alopecia over much of the thorax and abdomen with ex-
tension to the neck and legs in one case. Pruritus was not evident. 
Both cases were chronic at presentation (1 month and 5 months) 
and both had demonstrated weight loss. Lesions of the first case 
included erythema, hyperpigmentation, mild lichenification, large 
scales, follicular casts, and a coat that was dull and easily epilated.78 
Malassezia pachydermatis was diagnosed by impression smears and 
culture on Sabouraud’s dextrose agar. Treatment, which consisted of 
weekly baths in a chlorhexidine containing shampoo followed by a 
0.2% solution of enilconazole for 4 weeks, resulted in a complete 
resolution of the infection.78 The second case had been euthanized 
because previous treatments (ivermectin and amitraz) were ineffec-
tive and the goat’s condition was poor.79 Lesions of this case 
included diffuse alopecia and thickened skin covered by dense 
crusts. Malassezia species were not recovered from culture media. 
The diagnosis of Malassezia slooffiae was based on visualization of 
large numbers of yeast and hyphal forms consistent with the genus 
Malassezia and phylogenetic analyses using PCR.79

Parasitic Diseases
Parasitic diseases are presented here with respect to their impor-
tance in causing lesions in the skin and hair.

Lice (Pediculosis)
Lice infestation tends to be more common in goats than in sheep, 
at least in the United States. They are commonly found in cervids 

but rarely cause clinical disease. The sucking louse (Solenopotes 
binipilosus) and two chewing lice (Tricholipeurus lipeuroides and 
Tricholipeurus parallelus) are reported as only infecting cervids. 
There are only a few reports of lice infestation of sheep in the 
United States.1,80,81 Most reports of sheep lice come from New 
Zealand, Australia, and Great Britain.82 In a telephone question-
naire survey, Australian investigators reported that 21% of sheep 
flocks had lice infestations.83 In a postal survey of sheep producers 
in Great Britain, 10.7% of farmers reported at least one outbreak 
of infestations by lice in the previous year, but some regions re-
ported up to a 19% prevalence.84 Lice tend to be a greater prob-
lem in the winter when nutrition may be poor and conditions 
more crowded and long hair or wool provides a more conducive 
environment for louse reproduction.1 However, a Minnesota re-
port of experimentally infested sheep, which were housed out of 
sunlight and rainfall, noted that louse numbers peaked in late 
spring.85 Louse activity has been shown to decline significantly in 
response to higher environmental temperatures. During warm to 
hot months, only small populations of lice survive in protected 
areas, such as inside the ears and between the legs.2 Lice are highly 
host specific and spend the complete life cycle on the host. How-
ever, it is not unusual for some species of lice to infest both sheep 
and goats. Lice reported in goats include the sucking lice Linog-
nathus africanus and Linognathus stenopsis and the chewing or 
biting lice Bovicola (formerly Damalinia) limbata, Bovicola caprae, 
and Bovicola crassipes. Lice reported in sheep include the chewing 
louse Bovicola ovis (Figure 10.5) and the sucking lice Linognathus 
ovillus (body louse) and Linognathus pedalis (sucking foot louse). 
The biting lice B. ovis and B. caprae may be transferred between 
sheep and goats.86 Biting or chewing lice feed on epithelial and 
cutaneous debris, while sucking lice feed on blood and tissue 
fluid. Although lice can survive off the host for a few weeks, most 
transmission occurs through direct contact or indirectly through 
contact with equipment or grooming tools. Louse eggs (nits) are 
attached to individual hair or wool fibers, hatch within 1 to  
2 weeks, and develop into adults in 2 to 4 weeks. The foot louse 
is usually found in circumscribed areas on the feet or limbs but 

• Fig. 10.5  A 43 photomicrograph of Bovicola (Damalinia) ovis collected 
from a Katahdin ram that had been showing signs of pruritus for about a 
month. (Courtesy Dr. Sarah Fadden, Loyal Veterinary Service, Loyal, 
Wisconsin.)
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may be found on abdominal or scrotal areas when large popula-
tions develop.87

Clinical signs. Clinical signs of lice infestation in goats may pres-
ent as pruritus, rubbing or scratching, weight loss, decreased produc-
tion efficiency, and patches of alopecia which give the appearance of 
a rough, shaggy hair coat. In addition to these general signs seen with 
most lice infestations, sucking lice may cause anemia, hypoprotein-
emia, and death. Heavy infestations likely make the animal more 
susceptible to other diseases. Infestations with sucking lice have been 
shown to cause immunosuppression, while chewing lice produce 
significant inflammatory response in goats.88 In sheep, fleece derange-
ment (rubbed or chewed fleece) was found to be a good early indica-
tor of the presence of lice, and pruritus may be evident well before 
lice can be readily found by direct inspection.89 In the aforemen-
tioned study, in sheep experimentally infested with lice, fleece  
derangement was first evident at 5 weeks postinfestation. Lameness 
may be observed in sheep infested with L. pedalis.

Diagnosis. Sucking lice are most common around the poll, 
nose, eyes, neck, brisket, withers, tail, axillary, and inguinal areas. 
Biting lice are most common in areas of the neck, withers, and 
tailhead. L. pedalis can typically be found on the short-haired ar-
eas, especially the lower leg and foot. Lice are usually visible by the 
naked eye, but a magnifying glass may help. Collection of the lice 
and viewing under a microscope is often sufficient to determine 
whether the lice are sucking or biting. Many cases have been dis-
covered in animals without obvious clinical signs simply by han-
dling the animal and then feeling/seeing lice on oneself.

Treatment. Application of an approved insecticide either as a 
powder, dust, dip, spray, or pour-on will help control or eliminate 
most infestations. It is important to treat the entire herd or flock; 
otherwise, reinfestation will occur. It should be noted that few 
treatments are approved for goats and special care should be taken 
to avoid meat and milk residues. Most insecticides are not ovicidal, 
and thus, treatment needs to be repeated twice at 1- to 2-week 
intervals. Avermectin injectables at 0.2 mg/kg body weight are use-
ful against sucking lice, but the efficacy against chewing lice is 
unpredictable. Oral administration of avermectin products is re-
ported to be of limited value. Pour-on ivermectin at a rate of 1 
mL/22 lb. body weight applied along the topline in a narrow strip 
extending from the withers to the tailhead may be effective against 
lice in goats and cervids. The efficacy of topically applied products 
for lice treatment of small ruminants requires further study. Lice 
developing chemical resistance have been reported when annual 
treatment for lice in sheep was required by law.90 To obtain greater 
treatment efficacy, sheep and Angora goats should be shorn prior 
to externally applied chemicals. Shearing can directly remove  
. 50% of louse populations.91 Shearing also allows better contact 
between the skin and externally applied chemical and allows 
greater exposure to sunlight. A botanical insecticide, NeemAzal, 
was found to reduce survival but not eradicate natural infestations 
of Damalinia limbata in Angora goats.92

Prevention. Preventing lice infestations via selective breeding 
to obtain resistance is being conducted and has had some promis-
ing results.93 Louse resistance to backline applications with triflu-
muron and diflubenzuron has been recently reported.94 Treatment 
and isolation of new additions will prevent the disease from enter-
ing a herd or flock that has eradicated lice.

Melophagus ovinus (Sheep Ked)
Sheep keds were once relatively common until effective pesticides 
were developed and utilized. Transmission requires direct contact. 

Sheep are the only definitive host, but other species may occasion-
ally be infested. Because sheep keds feed on blood, they may 
transmit other diseases such as bluetongue. These parasites are 
unique in that the female produces a single egg that hatches 
within her uterus where the larva then develops for 7 to 12 days. 
The larva then enters the pupal stage and is attached to the wool, 
where it will hatch after 2 to 3 weeks. Additional details are avail-
able in an extensive review that has been published.95

Clinical Signs. The irritation caused by the biting ked results 
in pruritus, scratching, and rubbing, which cause damage to the 
wool and skin. Severe infestations can cause weight loss and  
anemia.

Diagnosis. The sheep ked is a wingless fly and is easily seen 
with the naked eye. Wool may need to be parted to allow visual-
ization.

Treatment. Most pesticides are effective due to the sucking 
nature of this parasite. Treatments should be repeated in 14- to 
21-day intervals. A 2007 study reported that both pour-on and 
subcutaneous ivermectin regimens were 100% effective by day  
7 against M. ovinus in long-haired goats.96

Prevention. Shearing removes the majority of the infestation, 
and when followed by an appropriate pesticide, eradication is pos-
sible if the entire flock or herd is treated.

Deer Keds (Lipoptena and Neolipoptena sp.)
Deer keds or louse flies are fairly common in wild deer. Farmed 
cervids have few cases due to management practices for internal 
and external parasites on most farms that kill keds secondary to 
other pathogens. Visual inspection of the skin will usually reveal 
the keds and they can be distinguished by having six legs. To 
speciate the ked requires microscopic examination. Their life cycle 
is similar to the sheep ked.

Clinical Signs. Usually none, but on heavily infested animals 
or debilitated animals, they may cause problems.

Diagnosis. The keds are easily seen with the naked eye, but 
one may have to part the hair to see them.

Treatment. Most topical insecticides will kill the ked. 
Repeated treatment in 2 to 3 weeks will usually eliminate it from 
a herd.

Prevention. Isolate and treat new herd members before intro-
ducing to main herd. Reinfection may occur from nearby wild 
cervids.

Mange Mites
Mange is rare in sheep but relatively common in goats.3,18,35 
Mange mites known to infest sheep include Psoroptes communis 
var ovis, Sarcoptes scabiei ovis, Psorergates ovis, Chorioptes bovis var 
ovis, and Demodex ovis. Mange has been essentially eradicated 
from sheep in the United States, with the exception of demodectic 
mange. However, mange exists in bighorn sheep (Psoroptes spp.), 
and where domestic sheep mingle with wild sheep, transmission 
is possible.97,98 In goats, clinically important forms of mange in-
clude sarcoptic mange, demodectic mange (Demodex caprae), 
psoroptic mange (Psoroptes cuniculi), and chorioptic mange. The 
mange mite of white-tailed deer is Demodex odocoilei. Most infec-
tions are not evident, but others have small to extensive hair loss, 
thickened skin, and numerous small pustules.24

Diagnosis. Diagnosis is made by demonstration of the mites 
in skin scrapings. Scrapings are typically acquired by using a  
scalpel blade and a microscope slide with mineral oil.
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Treatment. Treatment for mange is most easily performed af-
ter shearing. Various products have been used, with variable suc-
cess, including coumaphos (0.3% dip), toxaphene (0.5% dip), 
lime sulfur (2% dip), and phosmet (0.15–0.25% dip). Topical or 
systemic avermectins may also work.

Psoroptic Mange (Psoroptes ovis, Psoroptes 
cuniculi, Common Sheep Scab)
Psoroptic mange is a reportable disease in the United States.3,18,35 
These mites have elongated heads and are oval in shape, and 
their first pair of legs are jointed. These mites are transmitted by 
direct contact, are host specific (no zoonoses), have a 2-week life 
cycle, and can live off the host for as long as 3 weeks. These 
mites are highly contagious and the successful transfer of a sin-
gle ovigerous female to a susceptible sheep is sufficient to estab-
lish an infestation.99 Under optimal conditions, the life cycle 
from egg to egg production by the adult female takes 11 to  
19 days.100,101 In sheep, clinical disease is most severe in the 
fall and winter. The saliva of the mite causes an intense inflam-
matory reaction in the skin, with severe pruritus resulting in 
self-trauma and alopecia. These lesions of Psoroptes ovis are pri-
marily distributed along the trunk. The mites infest heavily 
wooled areas and cause papules, crusting, and matting of wool. 
In goats, Psoroptes cuniculi usually infests the ears and may cause 
alopecia, pruritus localized to the ears, and head shaking. Infes-
tation of the ears may be seen in goats as young as 10 days old. 
These are non-burrowing mites that appear to congregate, feed, 
and deposit eggs at the interface of affected and nonaffected 
skin.102,103 These mites may be observed on the skin surface with 
a magnifying lens. Local administration of louse medications  
is curative. Psoroptic mites can be recognized by their round 
bodies and long-segmented pedicles.

Psoroptes cuniculi typically infests the ears of cervids, causing 
clinical signs in heavily infected animals. They may become unco-
ordinated, circle, and appear in a stupor due to secondary bacterial 
infections of the inner ear. Most deer do not show clinical signs.

Treatments should be applied to all affected and in-contact 
animals at 5-to 7-day intervals at least twice. Traditionally used 
dewormers have been effective in treating Psoroptes.104 However, 
some resistance to macrocyclic lactone has been demonstrated in 
the United Kingdom.105

Raillietia Ear Mites
Raillietia caprae have been isolated from the ears of goats in the 
United States and other part of the world.106 One study found R. 
caprae in the ear of 20 of 360 goats at slaughter.107 R. caprae was 
identified in the ears of 10% of 145 goats from 10 farms in  
Brazil.108 The youngest infested was 8 months old and the oldest 
was 10 years old. Although these mites do not tend to create obvi-
ous clinical disease (otitis and neurologic signs are possible), they 
could be mistaken for Psoroptes. Raillietia mites tend to be larger 
than Psoroptes, and their longer legs originate from the anterior 
half of the body.3

Sarcoptic Mange
S. scabiei var ovis and S. scabiei var caprae are rare in sheep and 
goats and are not known to be present in the United States.3,18,35 
Scabies is a reportable disease in the United States and is zoonotic. 
This mite prefers to infest the skin around the eyes and ears and 

causes intense pruritus. The mites are round in head and body and 
have long, nonjointed stalks for the first pair of legs. These mites 
burrow through the epidermis, and the female lays eggs in these 
tunnels. The life cycle of Sarcoptes ranges from 10 to 17 days. The 
mites are most commonly transmitted by direct contact but can 
survive in the environment for variable periods. Excoriations, alo-
pecia, and crusting occur on the face and nonwooled areas but do 
not spread to the bodies of the affected sheep. Chronic infection 
causes hyperpigmentation and lichenification of the skin, and af-
fected sheep and goats suffer weight loss and ill thrift because of 
the discomfort. In goats, sarcoptic mange may affect the entire 
body, causing alopecia, crusting, pruritus, and subsequent weight 
loss. Regional lymph nodes may become enlarged because of the 
severity of skin damage.

Diagnosis requires deep skin scraping of the periphery of ac-
tive lesions, but mites are difficult to find and diagnosis is often 
based on clinical signs and response to therapy. Numerous scrap-
ings may be required to find these mites and negative scrapings do 
not rule out the infestation. Diagnosis may be made on clinical 
suspicion and response to therapy. An alternative to direct exami-
nation is to mix skin scrapings and crusts with sodium nitrate 
solution, a technique similar to fecal floatation.

Treatment consists of ivermectin anthelmintic administration 
and dips such as 1% lime sulfur. Dips may be required weekly for 
4 to 12 weeks before the condition resolves completely. Spontane-
ous resolution of sarcoptic mange can occur in goats. An anti-
scabies vaccine failed to protect goats in a 2005 study.109

Psorergates ovis (Sheep Itch Mite)
The smallest of the sheep mange mites, Psorergates ovis has a 
rounded body with indentations between the attachments of the 
legs.3,18,35 This mite has a 4- to 5-week life cycle and lives in the 
epidermis. Alopecia, crusts, and scales are primarily distributed 
along the trunk (withers and sides) of the body. Infested sheep 
demonstrate severe pruritus, including biting at affected regions. 
These mites may be observed on the skin surface with a magnify-
ing lens. There have been no reports of this mite in the United 
States since the 1950s.110

Chorioptic Mange
The Chorioptes mite (Chorioptes ovis and Chorioptes caprae) has 
an oval body shape; the first pair of legs are short and unseg-
mented and have suckers attached to the ends.3,18,35 Chorioptes 
is host specific (no zoonoses), has a 2- to 3-week life cycle, and 
can only live off the host for a few days. These mites and their 
associated lesions are limited to the scrotum and distal rear 
limbs of sheep and the lower limbs, abdomen, and hindquarters 
of goats. Lesions include alopecia, erythema, excoriation, 
crusts, and pruritus. The skin lesions may be combined with 
and complicated by Staphylococcus infections.1 Infested sheep 
and goats may be restless, stomp, and chew at their feet because 
of discomfort. Crusts may be so thick that deep scrapings may 
be required; conversely, kids tend to have less chronic infesta-
tions, increasing the chance of positive scrapings. Scrotal infes-
tation may cause dermatitis and temporary infertility in rams. 
These mites may be observed on the skin surface with a magni-
fying lens. Lime sulfur dips are usually curative. Chorioptic 
mange appears to be the only common mange mite in small 
ruminants in the United States and is very common in the 
United Kingdom.1
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Demodectic Mange
Demodectic mange (D. ovis, D. caprae, and D. odocoilei) affects 
the face, limbs, and back.3,18,35 D. ovis mites infest hair follicles, 
causing severe folliculitis often complicated by secondary pyo-
derma (evidenced by the presence of pustules or abscesses). Dis-
ease is characterized by 2- to 12-mm diameter nodules in the skin 
along the face, neck, shoulders, and trunk, although there appears 
to be a predilection for the eyelids. These nodules exude a thick 
exudate. Material expressed from nodules may be examined mi-
croscopically for the cigar-shaped mites. Diagnosis may require 
deep skin scraping and should include follicles bordering active 
lesions. D. caprae infestation may be the most common mange of 
goats. Fourteen percent of 118 sheep flocks in an Israeli study 
were positive for demodectic parasites.111 The Israeli study also 
found a greater proportion of merino flocks with demodicosis, 
suggesting a greater susceptibility of this breed to this parasite. 
Although the exact mode of transmission is not clear, mites are 
thought to spread among kids and lambs where skin lesions re-
main unnoticed for many months. Spread among adults is not 
common; therefore, isolation of affected animals from kids is 
prudent but not necessary from adult herd members. Severe infes-
tation suggests a compromised immune system. Therefore, clini-
cians and keepers should pay close attention to the nutrition 
program and general health of affected goats.

Treatment may include weekly dipping with 0.5% malathion, 
0.2% trichlorfon, or 0.5% amitraz. Avermectins, both orally and 
pour-on application, have been reported to lead to entire healing 
without any scar formation in two clinically affected goats.112

Fly Strike
Although no estimates of the incidence of this condition were 
found for the United States, fly strike certainly occurs and would 
be considered common in the United States and has been re-
ported as the most prevalent ectoparasite-mediated disease to  
affect sheep in the United Kingdom and northern Europe.84 
Screw-worm (Cochliomyia hominivorax) has been eradicated from 
the United States, but continued surveillance for larvae of this fly 
is prudent. These larvae are 1 to 2 cm long, pink, and tapered. The 
adult fly is blue-green, with an orange head and three dark longi-
tudinal stripes on the body. Cutaneous myiasis (black blowfly, 
Phormia regina) occurs in sheep in the United States and is most 
common among breeds that have excessive skin folds such as 
Merino sheep. In Australia, the sheep blowfly, Lucilia cuprina, is 
the major ectoparasite of sheep, causing severe damage from my-
iasis and death from secondary infections.113 However, a variety of 
fly larvae can infest wounds that have necrotic tissue present. Skin 
lesions cause staining of wool and alopecia. Larvae, other than C. 
hominivorax, feed on necrotic tissue and wound secretions. Deer 
may suffer from fly strike at two different stages of life. Young 
fawns may have fly strike around the tail and anus, especially if 
afflicted with diarrhea and the dam not keeping them clean, and 
around the umbilicus (Figure 10.6). Daily observation of fawns 
(especially mule deer) is very important. The second common 
event is fly strike to the developing antlers after they have suffered 
an injury (Figure 10.7). These wounds may become infected and 
necrotic and draw fly strike. These wounds are very serious, and it 
is not uncommon for these to lead to septicemia, resulting in the 
death of the buck.

Clinical Signs. Affected stock may or may not show irritation, 
but there tends to be a foul odor. Death can result due to secondary 

• Fig. 10.6  Fly strike of the umbilicus in a white-tailed deer fawn.

• Fig. 10.7  Injury to developing antlers of a white-tailed deer. Exudate and 
a few maggots can be seen along with the injury to the velvet antler.

infection and toxemia; thus, small ruminants may be sick and de-
pressed. Areas around the tail and perineum that become soiled via 
diarrhea are especially common locations; however, any wound, 
such as dehorning sites, castration, tail docking, and shearing nicks, 
will attract flies.

Diagnosis. Check for maggots in soiled areas.
Treatment. Treatment includes routine spraying with vari-

ous insecticides. This seems to stimulate the larvae to wiggle out 
of the sprayed area. It is imperative to identify all of the fly-
stricken area; thus, complete clipping of the entire extent of the 
struck area is necessary. When dealing with heavy fleece, palpa-
tion may be necessary to identify hidden areas of fly strike. 
Cleaning, debriding, and drying the wound will certainly help 
reduce the attraction for the flies. Bandaging the wound will 
also help as long as the bandage stays dry. After cleaning the af-
fected area and removing all noticeable maggots, follow up with 
a systemically administered larvicide (such as ivermectin) that 
will help kill unseen maggots. Severe cases should also be treated 
with a broad-spectrum antibiotic.
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Prevention. Avoid surgical procedures during fly season, but if 
procedures must be done, use fly repellants and bandages during 
the first few days. Fly sprays should be used on and around any 
wounds. Observe susceptible livestock at least once a day. A 
preparation of Bacillus thuringiensis, a nonpathogenic strain that 
is commonly isolated from wool, when applied in high concentra-
tions to sheep, protected the sheep from fly strike for up to 6 
weeks.114 In certain parts of the world, routine dipping or spray-
ing with larvicidal compounds is used for prevention and control. 
Recognize the seasonality of the problem, and treating to reduce 
the fly population early in the fly season will pay dividends.115

Elaeophorosis (Sorehead)
Elaeophora schneideri is a filarial nematode that has been primarily 
reported in wildlife species in the western United States, including 
mule deer, white-tailed deer, and bighorn sheep.116–119 The disease 
is uncommon in sheep and goats. The filaria cause thrombosis of 
capillary beds and terminal arteries. Tissue ischemia resulting from 
vascular injury causes severe lesions that appear similar to those of 
photosensitization and ulcerative dermatitis. Horse flies (Hybomi-
tra, Tabanus) are intermediate hosts that transmit infective larvae 
from one host to another. Infective larvae migrate and develop to 
young adults in the leptomeningeal arteries. If thrombosis occurs at 
this level, circling, opisthotonos, convulsions, and other neurologic 
signs or sudden death may occur. Alternatively, the young adults 
may migrate to the common carotid and maxillary arteries and 
develop into mature adults. These adults produce microfilaria that 
embolize the capillary beds of the face and may cause ischemia or 
an allergic reaction. Lesions primarily occur on the face but may 
develop on other areas of the body. They are focal and consistent 
with vascular compromise and may require months or years to heal 
completely. White-tailed deer may commonly have food impac-
tions, tooth loss, and occasional fractures of the jaw.24 The lesions 
wax and wane with the appearance of new generations of microfi-
laria. Elaeophorosis should be included in the differential diagnosis 
of any unilateral lesions of the head. Skin biopsy may reveal the 
microfilaria either by histologic examination or by tissue macera-
tion and harvest of larvae. Avermectin drugs (ivermectin 200 mg/kg 
SC) can kill the microfilaria, but repeated doses may be required. 
Adult nematodes can be killed by the administration of piperazine 
salts (50 mg/kg by mouth [PO]) or ivermectin.

Onchocerca Species Infestation
Onchocerca species can parasitize sheep and goats, although there 
are relatively few reports of the condition. A Finland study re-
ported in 2008 found no evidence of sheep infected with Oncho-
cerca species.120 Adult Onchocerca species can live in the connec-
tive tissues of sheep and goats, where they induce nodules. Adults 
produce microfilariae that migrate into the dermis of the ventral 
abdomen and thorax. Alopecia, erythema, and thickening of the 
skin develop because of the host’s response to dying larvae.

Other nematodes diagnosed in cases of focal dermatitis in-
clude Pelodera strongyloides, Strongyloides papillosus, and Parela-
phostrongylus tenuis. These nematodes have been associated with 
dermatitis, but their clinical significance is minimal. Strongyloi-
diasis is seen on dependent regions of the body; the localized 
dermatitis is caused by an immune reaction to migrating larvae. P. 
tenuis infestation of the central nervous system may cause focal 
regions of hyperesthesia. This may lead to self-trauma that the 
keeper or clinician notes as excoriations or nonhealing ulcers.

Autoimmune Diseases

Pemphigus Foliaceus
Pemphigus foliaceus is a rarely diagnosed autoimmune skin 
disease of goats, sheep, and cervids characterized by wide-
spread crusty, pruritic lesions.2,121,122 It has been classified as a 
type II hypersensitivity reaction. Lesions are often first noted 
over the face or limbs but may be found on the abdomen, 
perineum, and scrotum as well. The proposed mechanism is 
the development of autoantibodies directed against the skin, 
specifically the glycocalyx of keratinocytes. Loss of intercellu-
lar cohesiveness results in blister formation and acantholysis. 
The dermatopathy developed after a dog bite injury. Lesions 
were present primarily on the face and ears but were also pres-
ent on the coronary bands and vulvar area. Lesions continu-
ously dripped serum. The administration of corticosteroids 
improved healing and decreased serum loss but the condition 
never resolved.

Diagnosis. A diagnosis of pemphigus foliaceus may be made 
from skin biopsy specimens obtained from characteristic skin le-
sions. Numerous biopsies should be taken from suspect animals 
to improve the accuracy of the diagnosis. The presence of acan-
tholytic keratinocytes within vesicles is a diagnostic feature of 
pemphigus. Because acantholysis can be seen in other dermato-
logic conditions, biopsies should be evaluated by a veterinary pa-
thologist with expertise in dermatopathies.

Treatment. Treatment of pemphigus is aimed at diminishing 
the body’s immune response. Prednisolone (1 mg/kg every 24 
hours for 7 days) in conjunction with aurothioglucose (1 mg/kg 
intramuscularly [IM] every 24 hours for 7 days) has been re-
ported effective in controlling symptoms, followed by 1 mg/kg 
of prednisolone every 48 hours. In another caprine case, remis-
sion of dermatitis was obtained with injectable dexamethasone-
21-isonicotinate (0.04 mg/kg IM), every 2 months for 1 year.122 
Because no improvement was seen in a sheep with 1 week worth 
of prednisone at the above dose, a different regimen was tried: 
an antibiotic and 0.2 mg/kg triamcinolone administered IM 
once every 7 days with tapering doses for 1 month; this regimen 
resulted in clinical improvement.121 Another juvenile Cashmere 
goat had skin lesions respond to treatment with prednisolone, 
but the goat was ultimately euthanized because of poor growth 
and quality of fiber.123 More recently, a ram was reported to be 
treated with 2.5 mg/kg of methylprednisolone acetate SC every 
4 weeks for 12 injections. The skin lesions resolved, with no 
adverse effects to the ram from treatment.124 A 2-month-old 
Nigerian Dwarf goat diagnosed with pemphigus foliaceus was 
successfully treated with SC dexamethasone and IM gold so-
dium thiomalate.125 The goat was treated for 6 months and was 
free of clinical signs of pemphigus foliaceus for at least 26 
months after discontinuing therapy. Gold sodium thiomalate is 
not approved for food animal species, and appropriate meat or 
milk withdrawal times are not known. All of the extended ste-
roid treatments must be critically evaluated in regard to ever-
changing regulations in food animals before being used.

Nutritional Diseases
Nutritional deficiencies and excesses are beyond the scope of this 
chapter and are discussed in other chapters (see Chapter 2). How-
ever, changes specific to the skin or hair are briefly discussed in the 
following paragraphs.
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Fescue Toxicity
Fescue toxicosis is caused by ingestion of tall fescue grass (Lolium 
arundinaceum, formerly known as Festuca arundinacea) contami-
nated with an endophyte (Epichloe coenophiala, formerly known 
as Neotyphodium coenophialum).126 During winter months, the 
toxins may cause a peripheral vasoconstriction leading to a gan-
grenous necrosis of the distal limbs and tail. Of the 35 to 40 mil-
lion pasture acres in the United States, approximately 80% is in-
fected. About 8 million acres of fescue grass are not infected with 
the endophytic fungus and therefore do not contain the ergova-
line toxin. Sheep and goats appear to be less sensitive to the toxin 
than cows are. Feeding noninfested fescue and diluting fescue by 
planting other species of grasses both help reduce the incidence of 
this condition. Deer prefer browse and other grasses over fescue 
when given a choice.

Sheep fed endophyte-infected fescue hay have shown increased 
rectal temperature, likely related to vasoconstrictive action of the 
endophyte,127 while another study found an increase in core body 
temperature in wethers fed endophyte-infected hay compared to 
those on endophyte-free hay.128 There is mostly anecdotal evi-
dence of decreased growth rates and reproductive efficiency in 
goats fed endophyte-infected fescue.129

Copper Deficiency
Copper deficiency or molybdenosis decreases wool quality and 
color. Wool quality suffers because of decreased crimp and a limp 
and steely texture. Dark wool loses color intensity until it is gray-
white in color. This disease can result from absolute copper defi-
ciency (pasture grass with less than 3 ppm dry matter copper) or 
excessive molybdenum (pasture grass with more than 10 ppm dry 
matter molybdenum), sulfur, or iron in the diet. Deer require 
much more copper in their diet than sheep or goats. It is common 
to see copper deficiency in deer if a special deer diet is not fed. 
Diagnosis can be made by assessing copper concentrations in the 
blood or liver. Copper deficiency is diagnosed if the blood copper 
concentration is less than 0.7 mg/dL or the liver concentration is 
less than 80 mg/kg dry weight (see Chapter 2). A report of copper 
deficiency in goats found alopecia along with other signs in ani-
mals presented for respiratory stridor. The affected animals were 
found to have a laryngeal neuropathy with axonal degeneration of 
the recurrent laryngeal nerve. The clinically affected animals had 
a lower serum copper concentration than unaffected herd mates, 
which had lower serum copper levels than control animals from 
another herd.130 Free-choice feeding/offering of a good-quality 
mineral mixture containing copper in will usually be preventative. 
In some locales or when excess molybdenum, iron, or other fac-
tors that may cause a conditioned copper deficiency exist, organic 
or chelated sources of copper should be considered

Iodine Deficiency
Iodine deficiency (goiter) of newborn lambs manifests as alope-
cia, thick scaly skin, weakness, and enlarged thyroid glands.131 
Neonatal death, poor reproductive performance, and abortion 
may be seen in the flock or herd. Herd outbreaks of goiter, alo-
pecia, poor skeletal development, and increased neonatal lamb 
deaths may be seen in iodine deficient areas.132 Familial goiter 
occurs in Merino sheep, Dutch goats, and Nubian and Angora 
goats, among others. Iodine deficiency causes kids to be born 
hairless or with fine hair. The kids may be weak or stillborn and 

have goiters. Goiter also may be caused by congenital defects or 
ingestion of goitrogens in the diet. Dietary iodine deficiency is 
most common in geographic regions with sandy soil and heavy 
rainfall. Ingestion of large amounts of calcium, cyanogenic gly-
cosides, and cruciferous plants also may induce iodine deficiency. 
Cruciferous plants are commonly planted for cervids for winter 
and spring food plots. Diagnosis of iodine deficiency can be 
made by identifying protein-bound iodine in serum (normal 
serum protein-bound iodine for adult ewes is 2.4 to 4 mg/dL 
serum). In herds known to be at risk for iodine deficiency, potas-
sium iodide (250 mg) may be administered at 60 and again at 
30 days before lambing. Providing a good-quality iodine-
containing trace mineral supplement and removing pregnant 
animals from pastures containing goitrogenous plants decrease 
the occurrence of goiter.

Zinc Deficiency
Zinc deficiency is associated with parakeratosis and may cause 
reduced growth rate, wrinkled skin, swollen hocks, and saliva-
tion. Parakeratosis is most pronounced on the face, feet, and 
scrotum of affected animals. Rams fed a zinc-deficient diet de-
velop abnormal testicles and experience impaired spermatogen-
esis. In goats, the most prominent clinical signs include rough 
hair coat; hair loss on the head, limbs, and scrotum; overgrowth 
of the dental pad; small testicles; and fissures of the feet. Pruritus 
may or may not be present. The predominant histologic lesions 
are hyperkeratosis and parakeratosis.133 Increased calcium and 
phosphorus intake decreases zinc absorption. Some goats may 
have a genetic predisposition to depressed zinc absorption. This 
is magnified in the face of high calcium (and other mineral) 
intake.134 Goats with a genetic predisposition may require life-
long zinc supplementation.135 Diets rich in legumes (high cal-
cium) or “homemade” high-phosphorus grain supplements 
(corn-soybean, corn-oats-barley) with no added minerals all 
predispose to zinc deficiency. Deer require significant zinc sup-
plementation, and a “balanced” mineral or complete feed is 
essential for antler growth and reproduction. A biopsy of the 
affected area indicating parakeratosis coupled with properly col-
lected serum zinc concentrations of less than 0.8 ppm is diag-
nostic.133 Blood drawn for zinc analysis should be collected in a 
special tube that does not have a butyl rubber stopper. Animals 
benefit from supplementation of a good-quality trace mineral 
salt offered free choice. Adding zinc to the feed or administering 
zinc sulfate (1 g/day PO) is usually effective.133 If calcium makes 
up 1.5% of the diet, the zinc sulfate may not be effective and 
chelated zinc should be administered or added to a premixed salt 
supplement. Response to zinc supplementation should be rapid 
(within 14 days) (see Chapter 2), although goats with suspected 
hereditary malabsorption of zinc required 1 to 3 months for 
complete resolution.135 Removing legumes and cereal grains 
from the diet and feeding grass hay and commercially prepared 
concentrate feeds (with added zinc) are usually preventative.

Vitamin A Deficiency
Vitamin A deficiency may cause hair loss and night blindness, 
overgrown hooves, and corneal ulceration in adult goats.131 Defi-
ciency is rare if animals have access to green forage. If dry, brown 
forage is fed, inclusion of vitamin A in a supplement (mineral 
mixture) or use of a commercial injectable product helps prevent 
deficiency disease. Sheep fed a vitamin A–deficient diet responded 
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to IM injection of 3500 IU/kg of vitamin A palmitate by showing 
significantly elevated vitamin A levels at 24 hours and for 8 days 
compared to nontreated controls.136

Photosensitization
Photosensitization is segregated into primary and secondary 
causes based on the pathophysiology of the disease (Table 10.3). 
Photosensitization refers to conditions under which photodynamic 
chemicals accumulate in the skin and become stimulated by sun-
light on exposed and unpigmented areas of the skin.3,77,131,137 
These substances damage the capillary beds and result in skin 
necrosis and sloughing. Primary photosensitization refers to in-
gested photodynamic substances that do not require alteration in 
the body to cause disease. Primary photosensitization may occur 
after ingestion of St. John’s wort, which contains hypericin; 
aphids containing an unknown photodynamic agent; or lush for-
age with accumulated phylloerythrin. This condition is most 
common in late summer and early autumn during periods of 
rapid pasture growth. Ingestion of alfalfa and other plants, includ-
ing clover, lucerne, vetch, and oats, has been associated with 
photosensitization. Other plants have Even been reported to cause 
photosensitization in small ruminants.138,139 The mechanism of 
pathology is not well understood. Secondary photosensitization 
occurs when liver damage results in the accumulation of photody-
namic substances such as phylloerythrin in the bloodstream. Liver 
damage may be caused by the ingestion of plants containing pyr-
rolizidine alkaloids or carbon tetrachloride, Pithomyces charta-
rum–infected grasses, or blue-green algae (Anacystis cyanea).

Clinical Signs and Diagnosis. Clinical signs of photosensitiza-
tion include head shaking, restlessness, erythema, and edema of 
eyelids, muzzle, ears, and tail. Skin lesions characteristically affect 
exposed, nonpigmented regions of the skin. Yellow serum may 
seep through the skin within 2 days and pruritus causes self-
trauma. The transudate accumulates as a crust and superficial skin 
sloughing occurs. Secondary bacterial infection is common. Nec-
ropsy reveals subcutaneous edema and sloughing tissue. In cases 
of secondary photosensitization, liver disease may be obvious.

Treatment. Treatment for photosensitization is symptomatic 
and includes the provision of shade, control of secondary infec-
tions, treatment of primary disease if liver damage is present, re-
moval of animals from high-risk forage, allowance of grazing at 
night only, maintenance of hydration and access to electrolytes, 
and administration of nonsteroidal antiinflammatory drugs 
(NSAIDs) and antibiotics in severe cases. Photosensitization can 
be prevented by good pasture management and provision of ade-
quate shade.

Mycotoxins

Pithomycotoxicosis
Pithomycotoxicosis (facial eczema) occurs in all ages of sheep, cat-
tle, and, to a lesser extent, goats in Australia, New Zealand, South 
Africa, and some European and South American countries.140 P. 
chartarum is a fungus that produces the mycotoxin sporidesmin; it 
is most often found in ryegrass. Sporidesmin is a hepatotoxin that 
causes hepatogenous photosensitization and phylloerythrin accu-
mulation in the bloodstream. Morbidity is highest in summer and 
fall, especially when rains follow a period of drought.

Clinical Signs. Clinical signs of pithomycotoxicosis include 
conjunctivitis, keratitis, restlessness, stomping of the feet, and 

lethargy. Edema of the eyelids and ears may be noted. Ears may 
become so swollen that they become pendulous.141 Erythema and 
alopecia on the face and around the eyes and ears have also been 
reported.141 Exudate accumulates on the skin, which then begins 
to slough. Sheep may suffer secondary infections and die in 2 
weeks to 2 months.

Diagnosis. Sporidesmin is a potent hepatotoxin that causes 
pericholangitis and the occlusion of bile ducts. Thus, elevated levels 
of serum gamma glutamyltransferase are suggestive. However, the 
definitive diagnosis requires the presence of high Pithomyces spore 
counts and confirmation that the P. chartarum isolated produces 
sporidesmin.140

Treatment. Feeding zinc sulfate (0.5–2 g/head/day) is protec-
tive for sheep grazing infected pastures. Applying thiabendazole 
(1 kg per acre) to the pasture has been reported to control the 
fungus.

Stachybotryotoxicosis
Stachybotryotoxicosis (poisoning by fungi of the genus Stachy-
botrys) has been reported in sheep. This fungal mycotoxin causes 
cutaneous necrosis, ulceration, petechiae, and ulceronecrotic ar-
eas, most pronounced in the mucocutaneous junctions. The toxin 
is a macrocyclic trichothecene that also causes bone marrow sup-
pression, neutropenia, and thrombocytopenia.

Environmental Skin Disease

Intertrigo
Intertrigo occurs in areas of skin-to-skin contact; excessive mo-
tion results in moist dermatitis and inflammation because of 
friction. This most commonly occurs in ruminants between the 
udder and the inner aspect of the thigh. Treatment includes 
cleansing the region and applying an astringent ointment with 
the goal of drying the lesion. The disease is self-limiting in most 
animals, but pain may cause apparent lameness; moreover, the 
area may have a foul odor and secondary infection may increase 
the risk of mastitis.

Callus
A callus is formed on areas of the skin that receive chronic mild 
to moderate abrasion from objects in the environment. The most 
common location in small ruminants is the dorsal aspect of the 
carpi and the sternum. Other locations include the cranial aspect 
of the stifle and the caudal aspect of the elbow. These lesions are 
normal unless they have associated exudate, swelling, or pain.

Hematoma
Blunt trauma can result in the formation of a hematoma. Hema-
tomas may develop in exposed highly vascular tissues such as the 
ears or on the main body. Causes of trauma include injury from 
horned and antlered animals, fighting injury, attack by dogs or 
other predators, equipment-related injury, and entanglement with 
fences or other objects. Spontaneous bleeding under the skin is 
rare but may occur if ingestion of toxins causes coagulopathy. 
Ultrasonographic findings may suggest hematoma, but a defini-
tive diagnosis requires needle aspiration of blood following aseptic 
preparation. Unless the hematoma is enlarging, they are best left 
to resolve with time.
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TABLE 
10.3 Causes of Photosensitization in Small Ruminants.

Source Toxin Species Affected

Primary photosensitization

Plants

St. John’s wort Hypericin Any ruminant

Buckwheat Fagopyrin, photofagopyrin Any ruminant

Bishop’s weed Furocoumarins Any ruminant

Dutchman’s breeches Furocoumarins Any ruminant

Wild carrot Furocoumarins Any ruminant

Perennial ryegrass Perloline Any ruminant

Burr trefoil Aphids Any ruminant

Toxins

Phenothiazine Phenothiazine alkaloids Any ruminant

Thiazides Any ruminant

Methylene blue Any ruminant

Sulfonamides Any ruminant

Tetracyclines Any ruminant

Hepatogenous photosensitization

Plants

Rape, kale Any ruminant

Kleingrass Sheep

Caltrops Saponins Sheep

Lantana Triterpene Any ruminant

Ragworts, heliotrope Pyrrolizidine alkaloids Any ruminant

Mycotoxins

Pithomyces chartarum (pasture grass, especially ryegrass) Sporidesmin Sheep, cattle

Anacystis (blue-green algae) Alkaloid Any ruminant

Periconia (Bermuda grass) Any ruminant

Phomopsis leptostromiformis (lupin) Acid-phenolic compounds Any ruminant

Chemicals

Copper Any ruminant

Phosphorus Any ruminant

Carbon tetrachloride Any ruminant

Phenanthridium Any ruminant

Bacterial hepatitis

Viral hepatitis

Parasitic hepatitis

Hepatic neoplasia

Adapted from Scott DW: Large animal dermatology, Philadelphia, 1988, WB Saunders.
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Cutaneous Ulceration
Pressure sores (or cutaneous ulcerations) form when bony promi-
nences are in prolonged contact with hard surfaces. They most 
commonly occur when small ruminants rest in lateral recum-
bency because of musculoskeletal or neurologic disease. Pressure 
sores form because of prolonged ischemia and cellular injury 
(pressure necrosis). They can therefore be prevented or controlled 
by frequent movement of the animal. Contact with moist surfaces 
can accelerate this process because hydration of the skin weakens 
its resistance elasticity.

Foreign Bodies
Foreign bodies can become lodged in the skin by injury or sur-
gery. In a study of skin reaction to suture materials in Borno white 
goats, researchers found that a prolonged inflammatory phase was 
associated with nylon and silk but not cotton or stainless steel 
suture material.142 Stainless steel and nylon sutures produced a 
moderate amount of granulation tissue reaction, cotton suture 
produced a marked granulation response, and silk produced the 
smallest amount of granulation. Wounds sutured with cotton or 
stainless steel healed faster than those sutured with nylon or silk.

Subcutaneous Emphysema
Penetrating wounds or full-thickness lacerations that act as one-
way valves can result in subcutaneous emphysema. In these cases, 
air is allowed to enter but not freely exit from the subcutaneous 
tissues (bellows effect). Subcutaneous emphysema also occurs in 
sheep and goats with pneumonia, especially after parturition. The 
weakened lung parenchyma may rupture into the mediastinum if 
excessive intrathoracic pressure is applied against a closed glottis 
(as occurs during parturition). The air dissects along tissue planes 
and exits through the thoracic inlet to the subcutaneous spaces.

Clinical Signs. Subcutaneous emphysema typically is noted 
along the neck, dorsal to the shoulder; it may dissect along the 
back. The condition also may occur with clostridial infections. 
Often affected animals are found dead and subcutaneous emphy-
sema is discovered during necropsy. However, emphysema may be 
noted on physical examination early in the infectious process. 
Clostridial disease should be considered in the differential diagno-
sis if the animal exhibits severe systemic disease in the presence of 
subcutaneous emphysema. The condition may also occur as a se-
quela to a transtracheal wash.

Burns
Skin burns are most commonly found on animals that have been 
trapped in building fires. Pour-on products containing alcohol are 
flammable but usually do not ignite the hair coat and do not 
continue to burn after the fluid volume is consumed. Burns may 
be classified by severity and extent of the body surface area in-
volved. Sequelae of burn injuries include secondary infection, es-
pecially with Pseudomonas, and hypoproteinemia from protein 
exudation from the wounds. Severe or extensive burns are more 
likely to result in fatal infection or protein losses. Smoke inhala-
tion and thermal damage to the lungs also can cause death. The 
clinician should perform a thorough evaluation of the thorax after 
the initial injury and follow up later because the onset of clinical 
disease may be delayed. Burns in neonates are likely to occur as a 
result of inappropriate heat lamp placement in maternity pens. 

Lambs, kids, and fawns stand under the lamps for warmth and 
may burn the dorsum as a result. Pour-on products or irritants 
such as creosote and strong iodine can cause chemical burns on 
areas of skin contact.

Clinical Signs. Depending on its severity, a burn may produce 
only superficial scabbing or it may result in serum exudation and 
suppuration with deeper skin layer involvement. Because wool is 
fire-retardant, the most severe burns on sheep exposed to barn or 
grass fires are likely to be found around the head and limbs, whereas 
goats are likely to have severe burns over their entire bodies.

Treatment. Evaluation of the patient’s overall condition is es-
sential in a fire because smoke inhalation and thermal damage to the 
respiratory tract may cause death. Treatment is aimed at preventing 
or controlling secondary infection. Pain management and adminis-
tration of plasma (if needed to address hypoproteinemia caused by 
excessive serum exudation from the wounds) are common therapeu-
tic elements.

Sunburn
Sunburn in animals, as in human beings, is caused by skin dam-
age from ultraviolet light. Sunburn is different from photosensiti-
zation.133,134 It is more commonly seen in white-faced sheep (es-
pecially on the face and ears), particularly those that have been 
recently shorn, leucistic and piebald deer, and light-colored goats 
(especially on the udders, ears, and nose).133 Fawns that have been 
bottle raised indoors may suffer severe sunburn, especially on 
their ears, once they are released outside. Prolonged sun exposure 
is associated with tumors (e.g., squamous cell carcinoma).

Clinical Signs. Clinical signs of sunburn include erythema, 
swelling, crusting of skin, head shaking, and pruritus. If the udder 
is affected, animals will resent milking or being nursed.143

Treatment. Treatment includes the application of pigmented 
teat dips and the application of sunburn lotion on the udder (for 
dairy goats), the provision of adequate shelter, and gradual light 
exposure for light-pigmented animals. In cases of secondary bac-
terial infection, the use of topical or systemic antimicrobial agents 
is warranted.133,134

Frostbite
Prolonged exposure to extremely cold temperatures may result in 
frostbite. Young stock are most prone to frostbite injury, and the 
extremities (ears, tail, and feet) are most commonly involved. It is 
especially a problem in a newborn that is not adequately dried off 
in cold weather.144 Death from low body core temperature ensues if 
treatment is not initiated before vital organs are compromised. 
Frostbite may occur at a variety of temperatures depending on en-
vironmental conditions (sunlight, moisture, wind).77 Injury is 
caused by vasoconstriction, subsequent arterial thrombosis, and 
ischemic necrosis. After sloughing, damaged ears tend to be 
rounded with alopecic tips.133 If the surface of the skin is wet, ice 
crystals can form, accelerating the process. Frostbite injuries occur 
in four phases.145,146 Phase 1 (prefreeze) is characterized by arterio-
lar constriction, venous dilatation, congestion, and serum transuda-
tion. Phase 2 (freeze-thaw) begins with extracellular ice crystal for-
mation. Phase 3 (vascular stasis) is denoted by more severe and 
persistent venous dilatation and arterial spasm, which causes arte-
riovenous shunting and tissue hypoxia. Phase 4 (ischemia) is de-
noted by nervous tissue damage caused by prolonged local hypoxia.

Treatment. The therapy for frostbite may result in reperfu-
sion injury. Nevertheless, it should be instituted immediately and 
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continued for at least the first few days after injury. Warming in 
water of 104° to 106° F is recommended, as is the use of antibiot-
ics and antiinflammatory drugs as needed to control tissue dam-
age. Necrotic tissue should be debrided as needed to facilitate 
healing and limit secondary bacterial infection.

Prevention. An easily accessible shelter should be provided. 
For each degree drop in ambient temperature below 0° C, the 
keeper should offer a 0.5 to 1% increase in feed. Feeding ewes and 
does in barns keeps them and their lambs, fawns, and kids out of 
the cold weather and in a warmer condition.

Wool Slip and Wool Break
Goats naturally shed their coats in spring. Sheep, however, continu-
ously grow wool and should not shed it. Shorn sheep being housed 
for winter can, however, experience complete loss of wool (wool 
slip).133,143 The affected skin is smooth and free of ectoparasites and 
shows no signs of disease. No treatment is required and the wool does 
grow back.133,143 Wool slip has been associated in some sheep with 
copper deficiency (low serum copper and cold stress).143 Therefore, 
possible deficiencies in dietary copper should be investigated. Stress-
ors such as parasitism and systemic disease can cause sheep to un-
dergo a cessation in wool growth and can weaken the fiber (wool 
break). Wool can be lost within days of a systemic stress (anagen de-
fluxion) or within 2 to 3 months after the stress (telogen defluxion). 
In both cases, the wool does grow back over time. The practical ap-
plication of this information is in educating the owners of pet sheep 
that survive a systemic illness—the clinician should warn the neo-
phyte owner of the potential for fiber loss. Anagen defluxion can also 
occur in goats under stress or due to the stress of disease.

Congenital Pathologies
Several forms of congenital skin disorders are of clinical interest. 
Because of good identification and culling practices, most are 
fairly rare.147

Hepatogenous Photosensitization
Southdown lambs have an autosomal recessive trait that can result 
in hepatogenous photosensitization.147 The defect causes con-
genital hyperbilirubinemia and subsequent photosensitization. 
Corriedale lambs have an assumed inherited condition, similar to 
Dubin-Johnson syndrome in human beings, characterized by a 
failure to transfer phylloerythrin and conjugated bilirubin. Hepa-
togenous photosensitization has been reported in a Santa Ines-
mix sheep, which responded to treatment consisting of avoiding 
sunlight, fluid therapy, and antiinflammatories.148

Epitheliogenesis Imperfecta
Epitheliogenesis imperfecta has been diagnosed in numerous 
breeds of sheep. It is an autosomal recessive genetic defect in cat-
tle. Epithelial defects in the oral cavity (including the tongue and 
hard palate) are noted at birth. Hoof horn can easily be separated 
from the underlying laminae.149

Collagen Tissue Dysplasia (Ehlers-
Danlos Syndrome)
Collagen tissue dysplasia, or Ehlers-Danlos syndrome, appears to 
be a hereditary skin disease of Norwegian sheep. Skin wounds 

develop rapidly after birth because of collagen defects.147 Affected 
lambs die soon after birth because of secondary infection. This 
genetic defect results in the failure of collagen bundles to form in 
a functional configuration. A similar defect has been reported in 
crossbred sheep and White Dorper sheep in Brazil.150,151

Hypotrichosis Congenita
Hypotrichosis congenita is a viable hypotrichosis—that is, the 
disease is not immediately fatal to affected neonates. It is heredi-
tary in polled Dorset sheep. Affected lambs have sparse hair fibers, 
most pronounced on the face and limbs. It has also been reported 
in a calf and a kid.152

Epidermolysis Bullosa
Epidermolysis bullosa is a recessive heritable defect of Weisses Al-
penschaf sheep and has been diagnosed in Suffolk and South Dor-
set Down breeds of sheep as well.147,153 Affected animals are born 
without type VII collagen and develop wounds rapidly after epider-
mal abrasion.146 Skin biopsy reveals separation of the dermal-epi-
dermal junction in the absence of epidermolysis. The hooves may 
slough and ulcers of the gingiva, hard palate, tongue, and mouth 
form rapidly.153–156 The gene mutation responsible for this disease 
has been identified in cattle.157 The application of this gene map-
ping technology in herds that have occasional cases will allow for 
genome-based breeding to avoid breeding carrier animals.

Hairy Shaker Disease of Lambs
Border disease, or hairy shaker disease, is a congenital condition 
caused by a pestivirus that may be transmitted vertically from the 
ewe to the fetus in utero. The border disease virus is closely related 
to the bovine viral diarrhea virus (BVDV). Clinical signs of bor-
der disease have been found in sheep infected with BVDV-2.158 
Newborn lambs have domed heads, short limbs, and thick trunks. 
Viral infection of the fetus before day 80 of gestation may inter-
fere with the development of primary hair follicles and result in 
the formation of “kempy” fibers and long halo fibers in the fleece. 
Affected lambs appear abnormally hairy and are called hairy 
shaker lambs because tonic-clonic contractions of their skeletal 
muscles cause them to shake. Diagnosis is confirmed by virus 
isolation or a necropsy finding of hypomyelinogenesis in the cen-
tral nervous system. It is unknown exactly how prevalent this 
disease is in the sheep industry or how much economic impact it 
has.159 A persistently infected goat with no clinical signs of disease 
has been identified as the source of a herd outbreak.160

Neoplastic and Related Lesions
Neoplasia is rarely diagnosed in sheep, goats or cervids but a few 
conditions are described.

Papillomas (Warts, Fibropapillomatosis)
Warts in sheep are caused by species-specific papovaviruses. These 
DNA viruses cause papillomas on the face, legs, and teats that 
vary in size but may be as large as 4 cm in diameter and 2 cm in 
height. These lesions are vascular and bleed when disrupted. 
Secondary bacterial infection may occur with repeated trauma to 
the lesion. Teat papillomas may predispose to mastitis in sheep.161 
A cellular immune response eventually clears the lesions, which 
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may require months to regress. Failure of lesions to regress or ex-
cessive numbers of lesions suggests that the immune system is not 
competent. A viral cause has not been confirmed in goats. Papil-
lomas on the udder of Saanen goats have been documented; they 
tend to persist without undergoing the regression typical of viral 
papillomas. Warts are fairly common in cervids and are usually 
self-limiting (Figure 10.8). There are cases, however, where mul-
tiple warts in an area may interfere with body functions and put 
the animal at risk.

Squamous Cell Carcinomas
Squamous cell carcinomas are most commonly diagnosed in Merino 
sheep and are usually seen in sheep older than 4 years. The peak 
incidence (12%) was observed in 12-year-old sheep. Tumors occur 
on the face, ears, and vulva but most commonly involve the ears. 
Squamous cell carcinoma of the perineum of a Merino ewe and 
goats has been reported.162,163 One study determined squamous cell 
carcinoma to be the third most common skin disease in sheep and 
goats behind myiasis and contagious ecthyma.164 An oral squamous 
cell carcinoma was diagnosed in a 3-year-old sheep presented for 
weight loss and the presence of an oral mass. Shortly after the diag-
nosis was confirmed with a biopsy, the animal was euthanized be-
cause of deterioration of her condition.165 The high incidence of this 
tumor in goats appears to be due to lack of pigmentation at the 
perineum and the high and short tail of the goats, that exposes the 
area to intense ultraviolet radiation in the tropics.162 As the tumor 
grows, the surface may become ulcerated because of tissue necrosis 
or self-trauma. Diagnosis is made by histopathologic examination of 
tissue specimens. Characteristic lesions exhibit acanthosis, pseudo-
epitheliomatous hyperplasia, and hyperkeratosis. Inflammation as-
sociated with ulceration or secondary bacterial infection is not un-
common. Ultraviolet radiation has been implicated in squamous cell 
carcinoma; photosensitive sheep are at greatest risk. Lesions in the 
ear, such as from ear tags, are more prone to mutate into squamous 
cell carcinoma. Treatment is by surgical excision with wide margins, 
but early culling is recommended. Squamous cell carcinoma in 
white-tailed deer is very rare and may be seen around the vulva/
perineum in older animals (Figure 10.9). Prognosis is poor and cull-
ing of the animal is recommended.

Melanoma
Melanoma has an unknown incidence in sheep, goats, and cer-
vids. One survey of the skin of 37,026 sheep and 23,429 goats 

found only two melanomas, both occurring on goats.166 Another 
survey indicated an incidence of 0.03% cutaneous melanoma in 
goats,167 while yet another reported malignant melanoma second 
only to squamous cell carcinoma in sheep and goats affected by 
skin tumors.168 A case of malignant melanoma, originating at the 
base of the left horn, was reported in a white 11-year-old Pygora 
doe.169 Another case of metastatic malignant melanoma was re-
ported in a 3-year-old sheep without identifying a primary origin 
lesion.170

Hemangioma
Hemangioma has been diagnosed in an ewe with a lesion affect-
ing the distal rear limb. The diagnosis was confirmed by histol-
ogy after surgical excision. Another case was diagnosed in a lamb 
with a mass at the umbilicus.171 Hemangioma has also been re-
ported on the mandibular gingiva of a 5-year-old cross-bred 
ewe. The lesion in this case was surgically removed with the aid 
of local anesthesia and histopathologic examination confirmed 
the diagnosis.172

Drug Residue Issues
Preservation of a wholesome product, free of contaminants, is 
paramount to the small ruminant industry.173 Nearly all treat-
ments for skin diseases are performed in an extra-label man-
ner because relatively few drugs are approved for use in small 
ruminants. Veterinarians must work diligently with industry 
personnel to ensure quality. In the United States, keepers and 
clinicians should respect the treatment guidelines described  
in the Animal Medical Drug Use and Clarification Act 
(AMDUCA) to avoid residue contamination of meat and 
milk. Small ruminants differ from cattle in both size of drug 
dosages and drug elimination times. Therefore, whenever 
possible, drug withdrawal times should be established from 
research performed specifically on the species being treated if 
possible.174

• Fig. 10.8  Warts on the ventrum of a white-tailed deer at the scope and 
instrument portal sites after laparoscopic artificial insemination.

• Fig. 10.9  Squamous cell carcinoma of the perineal region of a white-
tailed deer.
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Removal of Wattles, Scent Glands, and Horns 
and Other Skin Procedures

Wattles
Wattles are skin appendages that are found in the cervical regions 
of some goats. The presence of wattles is a dominant genetic 
trait.175,176 Although they are usually encountered in the mid-
neck, they also may be found on the face or ears.3 They are com-
posed of connective tissue, nerves, blood vessels, smooth muscles, 
and a cartilaginous core.3 Cysts may be found in the bases of some 
wattles.3 These cysts may be hereditary and either bilateral or 
unilateral. If swollen, the cysts will be filled with a clear fluid. 
Surgical excision has proven to yield better results in treating 
wattle cysts than lancing or aspiration.177 Wattles may become 
injured (e.g., caught in feeders or fences), detract from the appear-
ance of show animals, make clipping and grooming difficult, and 
may be chewed or nursed by other kids or adults.3,178 For these 
reasons, some owners wish to have them removed. Wattles can be 
easily removed at the time of castration and/or disbudding of very 
young animals. Slight tension can be placed on the wattle before 
its base is cut with scissors.3,178 If excessive bleeding occurs, pres-
sure should be applied. The skin should heal without further 
therapy.

Disbudding of Goats and Sheep
Some management styles prefer that goats (and occasionally rams) 
have their horn buds removed during the first 2 weeks of life.178 
However, many meat, fiber, and pet goat owners prefer to keep 
horned animals. Disbudding is more common among dairy goat 
producers to reduce fighting-related injuries. Kids can be held  
or placed in a dehorning box. They can be sedated (xylazine 
0.05–0.2 mg/kg), have a ring of tissue around the horn anesthe-
tized (1% lidocaine SC), or be placed under general anesthesia. A 
dehorning box encloses all of the body except the head. The heat 
from a commercial electric dehorning iron (for cattle or goats) or 
an electric cautery unit may be used. Regardless of the method, 
clipping all hair around the area aids the process. If an electric 
dehorning iron is used for this purpose, Williams178 has recom-
mended allowing it to heat and then applying it to a pine board. 
If the iron makes a slightly depressed black ring on the board, the 
proper temperature has been achieved.178 The dehorner should be 
applied in a rocking manner over the horn buds. The area should 
be burned until a copper color is attained (Figure 10.10). If the 
hot iron is correctly applied, the horn “cap” should be easily re-
moved. Williams178 recommends burning the horn until the 
central core is removed. Common mistakes with this method are 
heat-induced meningitis and underheating of the germinal epi-
thelium of the horn, resulting in the regrowth of abnormal horn 
tissue.3,178 If the germinal horn tissue is not completely destroyed, 
the “scur” that regrows can be removed later. The calvarium of a 
kid is thin and the cornual sinus is small compared with those of 
calves. Heat-induced malacia of the underlying cerebrum can re-
sult in depression, blindness, abscess formation, and death.

Heat-induced meningitis and malacia are rarely reversible. 
Still, in such cases, immediate treatment with glucocorticosteroids 
(dexamethasone sodium phosphate 1–2 mg/kg IV), mannitol 
(0.25–1 mg/kg IV over 5 minutes), and possibly NSAIDs is indi-
cated.

An alternative to cauterization of the horn buds is surgical  
removal. This can best be accomplished in 2- to 4-day-old kids 

using a similar method as described for heat removal. Instead of 
using a dehorning iron or electric cautery, the clinician makes a 
circumferential incision through the anesthetized skin and re-
moves the horn bud and germinal tissue. To control hemorrhage, 
the area can be cauterized or firm digital pressure can be applied.

Caustic paste also is used to remove the horns of young kids. 
Clipping the hair around the horn buds aids in the application of 
the paste. If caustic paste is used, lanolin or petroleum jelly should 
be applied around the area, particularly around the eyes. The  
clinician should take care to prevent the caustic ointment from 
injuring the kids’ eyes or other soft tissues. This method should be 
relegated to animals kept indoors (out of the rain), kids not nurs-
ing their dams, and those not able to rub the caustic ointment 
onto other kids.

Dehorning
In kids older than 2 to 3 weeks of age, those whose previous de-
horning has resulted in the growth of an abnormal horn tissue 
(scur), and adult goats are all candidates for dehorning. It is rec-
ommended that general anesthesia is used when dehorning adults 
and particularly males with large horns. However, sedation (xyla-
zine 0.05–0.2 mg/kg) and local anesthesia of the cornual branches 
of the lacrimal and supratrochlear nerves may be acceptable. One 
not familiar to the innervation of the horns in small ruminants 
(which differs from that of cattle179) might consider a ring block 
around both horns being careful not to exceed the toxic dose of 
lidocaine. Diluting 2% lidocaine to 1% will help avoid toxic lev-
els of lidocaine. Frequently, sedation and local anesthesia are 
chosen when the dehorning is done as a field procedure or when 
economics dictate that the less expensive route is taken.

 The owner should be forewarned that this procedure is usually 
a “bloody mess.” The wounds can take 4 to 6 weeks to heal,180 result 
in secondary sinusitis, leave holes that never completely heal, or 
possibly result in brain abscesses (Figure 10.11). The skin around 
the horns should be clipped and surgically prepared. The clinician 
makes a circular incision through the skin 2 mm outside of the 
horn-skin junction. The strip of skin between the two horns should 
be left intact to improve and shorten healing time. An obstetric wire 
is then “laid into” the incision. A helper-technician holds the head 
to prevent excessive motion, and the surgeon stands in front of the 

• Fig. 10.10  The normal disbudding site 5 days after the procedure was 
done on a 4-day-old Oberhasli cross doe.
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animal. The cut should be made in a rostral-ventral direction. Hem-
orrhage can be controlled by cautery, pressure, or pulling the bleed-
ing vessels with hemostats. If the animal has a small horn base, the 
surrounding skin can be undermined and stretched over the open-
ing created by the horn removal.3 Closing the skin over the surgical 
site allows for a more rapid recovery but is rarely possible in adult 
males without removing some of the frontal bone, which will de-
scribed later. An antibiotic ointment (triple antibiotic) can be ap-
plied and a gauze pad or other absorbable material can be placed 
over the site where each horn was removed. The pads can be held 
in place by tape wrapped around the head or by a piece of orthope-
dic stockinet with holes cut for the eyes and ears.3 Animals can be 
given antibiotics (penicillin 20,000 IU/kg BID), NSAIDs, tetanus 
prophylaxis (tetanus antitoxin 150–300 IU), or tetanus toxoid. Fly 
control measures should be instituted. The bandage should be 
changed and the area examined every 2 to 4 days or as needed.

Some clinicians prefer not to bandage the dehorning site for 
fear of not being able to appreciate postoperative wound compli-
cations. These clinicians recommend instead isolation of the ani-
mal and feeding off the ground to avoid contamination of the 
wound until a scab forms in about 48 hours.180 Most will bandage 
these animals.

An alternative to obstetric wire is to use a small Barnes de-
horner to cut or nip off the horn tissue. The cut should be made 
carefully to avoid injuring the thin skull. The area can then be 
cauterized to control bleeding and destroy all remaining germinal 
epithelium. This method is not recommended because of the po-
tential for skull damage.

Cosmetic dehorning with primary closure has been described 
in adult goats.181 The horns are removed as described above with 
obstetric wire. After the horns are removed and the surrounding 
skin is undermined, rongeurs are used to remove small pieces of 
the frontal bone (taking care not to drop bone fragments into 
the sinus) until the skin can be closed over the surgical wound. 
This causes minimal change in the shape of the head, but it al-
lows healing in 10 to 14 days and greatly decreases the aftercare 

required (Figure 10.12). No bandage is needed. All the animals 
in the original report healed without complications.181 Rather 
than take a lot of frontal bone, the clinician can free more skin 
for closure by making a release incision in the skin between the 
horns (Figure 10.13). While this technique leaves a skin wound, 
it allows closure of the sinus and quicker healing. In some cases, 
the author (A.N. Baird) has used this technique to partially close 
the dehorning site when complete closure could not be accom-
plished without major frontal bone revision. It results in much 
smaller wounds, which will heal more quickly than larger ones. 
Complete closure and primary healing are the preferred tech-
niques. The cosmetic dehorning technique is not without the 

• Fig. 10.11  The dehorning site of an adult goat approximately 4 weeks after 
surgery. Notice the open sinus with granulation tissue and some purulent 
exudate. This animal still requires frequent cleaning and bandaging.

• Fig. 10.12  The healed cosmetic dehorning site of a pygmy goat 14 days 
after surgery when sutures were removed. Notice a surgical scar with 
some scabbing but no communication with sinuses.

• Fig. 10.13  An intraoperative photograph of a cosmetic dehorning of a 
Boer goat. Notice the dehorning sites are completely closed and there is 
a small gapping release incision between the two surgical incisions, allow-
ing closure of the surgery sites with less tension.
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potential for complications, but the complications are usually 
minor. One study found that 35% of the cases had minor  
complication such as incisional swelling, nasal discharge, or  
inappetence, but less than 3% of the cases suffered major com-
plications such as dehiscence or death.182

An alternative method to completely removing the horn is to 
cut the horn off at the tip, mid-horn, or as close to level with the 
skull as possible, depending on the desire of the owner and the 
animal’s use. This should be done on a sedated or an anesthetized 
goat. The horn can be cut with obstetric wire or a dehorning saw. 
The animal should be monitored for sinusitis, and the horn will 
continue to grow.

Deantlering Cervids
Male cervids have deciduous antlers that can be lethal weapons to 
others in the group or their human handlers. Although the males 
are primarily raised for their antlers, they are sometimes removed 
for safety and other reasons. To prevent antler growth, the male 
must be castrated prior to pedicle formation, or if pedicle forma-
tion has occurred, they must have the pedicle removed at time of 
castration. Most males have their antlers cut just above the pedicle 
after going “hard” in the fall as their testosterone rises and they 
begin to show signs of the rut. During this process, it is important 
to not cause any damage to the pedicle as it may cause permanent 
damage to future antler growth. Most antlers can be removed 
while restrained in a chute, but many deer are anesthetized for the 
procedure. No local anesthetic is needed with “hard” antler, but 
removal during the velvet phase of growth should be done with a 
local anesthetic or under anesthesia. Bleeding is not a problem 
with hard antler, but sometimes, a tourniquet is applied for velvet 
antler (Figure 10.14). It is removed after the antler is cut off and 
minimal bleeding is usually seen. Fly spray may be applied to the 
affected area to prevent fly strike. Obstetrical wire, dehorning saw, 
or reciprocating saw are commonly used. Coarse blade saws will 
work better due to clearance of bony material from cut site.

• Fig. 10.14  A photograph of the amputation of an injured and infected 
developing antler in a white-tailed deer. Notice the tourniquet to decrease 
hemorrhage.

Descenting
Because of the smell associated with bucks, some owners request 
the removal of these animals’ sebaceous glands. Removal of these 
glands may improve the smell, but odor will probably not be 
completely prevented. In young buck kids, the area behind the 
horns can be cauterized during dehorning. In the adult, the 
glands are located in thickened, folded skin caudad-medial to the 
horn base. The gland opening is a hairless area at the base of a skin 
fold.178 Washing the head helps the clinician visualize the scent 
glands. The buck should be anesthetized or heavily sedated, the 
hair clipped, and the area surgically prepared. The clinician then 
makes an incision through the skin 1.5 to 2 cm around the gland 
opening. The incision should be deepened to the periosteum, the 
area dissected, and the gland identified and removed.178 The clini-
cian should attempt to close the skin defect. However, this is most 
difficult in older males because of the skin hypertrophy in this 
area. If the skin is not easily sutured, an antibiotic ointment can 
be applied and the area allowed to granulate.183
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Diseases of the 
Musculoskeletal System
A.N. BAIRD AND CLIFFORD F. SHIPLEY

Examination
Farm-raised sheep, goats, and cervids are naturally herd animals 
that prefer living and staying in a group. Therefore any examina-
tion of these animals on the farm should include initial observa-
tion of the entire group if possible. Group observation is probably 
less important in the evaluation of traumatic musculoskeletal 
conditions than when several animals are affected by infectious 
diseases, parasitism, nutritional disorders, and improper manage-
ment. The practitioner should look for potential hazards around 
feeders and other areas of the environment when the group has a 
higher than expected incidence of fractures or injury. Veterinari-
ans should look closely for animals that lie down or walk on their 
knees when their herd mates are moving around. Animals also 
should be observed for difficulty in rising; swollen or enlarged 
joints; lameness; and abnormal stance.

When examining an individual animal, the clinician should 
perform careful, meticulous palpation and close examination. 
Some animals may have obvious fractures and wounds. Those 
with subtle problems require thorough examination. The clinician 
should first examine the feet for overgrown hooves, abscesses, in-
terdigital lesions, exudate, and any foul smell. The coronary band 
should be examined for swelling, hyperemia, and proliferative  
lesions. All limb joints should be evaluated for swelling associated 
with trauma, septic arthritis, and infectious disease. The clinician 
should flex and extend the animal’s joints through the entire range 
of motion to detect pain or laxity. In cases of hindlimb lameness, 
the clinician also should evaluate the patella for laxity, movement, 
and pain. Any asymmetry associated with swelling or muscle at-
rophy should be noted. Sciatic or peroneal nerve injury can occur 
after intramuscular (IM) injections and may produce lameness 
and muscle atrophy.

Anatomy
Sheep and goats, like cattle, are members of the Bovidae family. 
Deer are members of the Cervidae family. They join several other 
even-toed animals in the order Artiodactyla. Animals in this order 
share three skeletal characteristics: the talus has distal and proxi-
mal trochleae; the calcaneus and fibula articulate with each other; 
and the limb axis divides the fused third and fourth metacarpal-
metatarsal bones and the associated digits.1 Sheep have short, 
blunt, spinous processes of the cervical vertebra, whereas those of 

goats are longer and pointed and have sharp edges. Small rumi-
nants have 7 cervical vertebrae, 13 thoracic vertebrae, 6 or  
7 lumbar vertebrae, 4 sacral vertebrae, and 16 to 18 caudal verte-
brae. The presence of 7 cervical vertebrae is a reliable trait in 
identification. However, variations are not unusual, such as 12 or 
14 thoracic vertebrae or 5 lumbar vertebrae. Occasionally, an 
unusual transitional vertebra that is difficult to classify is found 
between the thoracic and lumbar vertebrae.1 The authors describe 
a few of the musculoskeletal differences between sheep and goats 
within this chapter, as well as some of the variations from cattle. 
However, a thorough description of small ruminant anatomy is 
beyond the scope of this text.

Congenital Conditions

Myotonia Congenita
Myotonia congenita is a heritable condition of goats in which the 
animal experiences tetanic muscle contraction when startled.  
Occasionally, the contraction is severe enough that the goat col-
lapses to the ground. This phenomenon has led to affected ani-
mals being referred to as fainting goats. This condition is caused 
by an autosomal dominant trait.2 Some speculate that the vari-
ability in clinical signs and intensity of muscle contractions may 
be related to the animal being homozygous rather than heterozy-
gous for the trait.2 The condition closely resembles one form of 
myotonia congenita in human beings and has therefore been 
used as a research model for the human disease.3 The condition 
is caused by a mutation in the voltage-dependent chloride chan-
nel in skeletal muscle, which leads to hyperexcitability of the 
sarcolemma and delayed relaxation of contracted muscle.4 Histo-
chemical and ultrastructural abnormalities are present in goats 
with myotonia congenita.2,3 A similar condition has been de-
scribed in a flock of sheep in Spain. The authors reporting this 
finding recommended identification and culling of rams that 
sired affected lambs.5

Hereditary Chondrodysplasia 
(Spider Lamb Syndrome)
Spider lamb syndrome is an inherited musculoskeletal condition 
seen primarily in the Suffolk and Hampshire breeds,6 while 
Shropshire and Oxford sheep may also be affected.7
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Clinical signs may be present at birth or affected lambs may 
appear normal at birth, only to have the severe skeletal abnor-
malities develop by 6 weeks of age.8 This latter group may have 
longer legs with angular deviations, shallower bodies, and nar-
rower chests than normal lambs,8 and these animals display the 
expected radiographic abnormalities associated with this condi-
tion at birth. Skeletal abnormalities exhibited by affected lambs 
vary in severity and type. Chondrodysplasia is evident in the skull, 
sternum, appendicular skeleton, and vertebrae.

Radiographically, the dorsal silhouette of the skull may be 
rounded, the occipital condyles may be elongated (occasionally 
with cartilage erosion), and thickening of the occipital bone be-
tween the condyles and the poll may be evident. The sternebrae 
may be of abnormal size and shape. The sternum is often mis-
aligned, dorsally deviated, and not fused across the midline. The 
scapula and olecranon usually have more cartilage and less  
bone distally than normal. Animals with spider lamb syndrome 
have several islands of ossification near the anconeal process that 
can be seen on flexed lateral radiographs of the elbow. The distal 
physis of the radius is flared, and angular limb deformities are 
common. Generally, the forelimbs are more severely affected than 
the hindlimbs. Erosion of articular cartilage is common if the 
lamb survives for a few months. The vertebrae commonly have 
abnormal and excessive cartilage. Vertebral body abnormalities 
may contribute to scoliosis or, less commonly, kyphosis.8 Histo-
logically, the typical osseous lesion is manifested as uneven growth 
cartilage. The pathologic changes are found by the end of the 
second trimester of gestation.8

Spider lamb syndrome is caused by a mutation in fibroblast 
growth factor receptor 3 that leads to excessive skeletal growth.9 
Initially considered to follow an autosomal recessive pattern with 
complete penetrance but variable expression, genetic testing has 
led to a suggestion of a codominant pattern. Heterozygotes are 
occasionally affected with spider lamb syndrome but more typi-
cally have a phenotype close to normal but with longer bones than 
animals without the mutation.9 Carriers were difficult to identify 
until a DNA test became commercially available. The incidence 
of spider lamb syndrome has dropped greatly since the test be-
came available.10

Arthrogryposis
Arthrogryposis, congenital fixation of multiple joints, has been 
reported to result from infectious, toxic, and genetic causes. Ar-
throgryposis and hydranencephaly may result from infection with 
Akabane virus, Cache Valley virus, Border disease virus, and pos-
sibly other organisms such as Schmallenberg virus that affect the 
developing fetus.11 Affected animals have severely flexed forelimbs 
and overextended hindlimbs. A spiral deviation of the spine also 
is present. Neurologic conditions that may be seen with arthro-
gryposis and hydranencephaly include cerebellar hypoplasia,  
hydrocephalus, micromelia, and hydrocephaly.

Maternal ingestion of lupine (Lupinus sp.) and hemlock 
(Conium maculatum) has produced arthrogryposis in offspring. 
The type and severity of disorders vary according to age of gesta-
tion, dose, and duration of ingestion. A controlled study feeding  
Poincianella pyramidalis to pregnant does in Brazil resulted in a 
number of malformations, including arthrogryposis, in kids.12

Inherited arthrogryposis has been reported in Suffolk13 and 
Corriedale14 sheep. It appears to follow an autosomal recessive 
pattern and a site on chromosome 5 has been identified as the 
likely locus.15

Polydactyly
By definition, polydactyly is a congenital anomaly in which extra 
digits are present. It is seldom seen in small ruminants. The condi-
tion is certainly heritable in cattle and probably heritable in pigs, 
where cleft palate may concurrently be seen. Polydactyly is sug-
gested to be heritable in horses. One report of polydactyly in goats 
describes an affected female that was sired by a male with polydac-
tyly.16 Polydactyly usually has only cosmetic consequences for 
affected animals. However, polydactyly may cause serious gait 
abnormalities in some animals. The practitioner must thoroughly 
examine animals with gait abnormalities to determine whether 
the lameness is because of some other anomaly or clinically sig-
nificant lesion. Radiographs are necessary to assess the anomaly 
fully and determine any treatment to be rendered.

Treatment. Treatment involves surgical removal of the extra 
digits and primary closure of the skin incision. Removal of some 
of the digits can be done by sharp excision; however, orthopedic 
instrumentation is sometimes required to disrupt osseous attach-
ment. Appropriate postoperative care should be given after surgi-
cal excision.

Patella Luxation
Animals with congenital patella luxation are usually brought to 
veterinarians shortly after birth because they tend to crouch on 
the rear legs when attempting to stand. The patella luxation func-
tionally disrupts the quadriceps apparatus, rendering the animal 
unable to hold the stifle in extension. The primary differential 
diagnosis that must be ruled out with this presentation is femoral 
nerve injury, which also causes failure of the quadriceps apparatus 
because of lack of strength in the quadriceps muscle, producing 
the same abnormal stance. Femoral nerve injury is more com-
monly seen in calves after dystocia than it is in small ruminants. 
A diagnosis of patella luxation is easily made by palpating the 
patella; a luxated patella easily dislocates either medially or later-
ally. In severely affected animals, the patella remains luxated and 
is difficult to reduce into its normal position. This manipulation 
is more easily accomplished with the stifle held in extension.

Standard radiographic views with the addition of a skyline  
image demonstrate the position of the patella, the depth of  
the trochlear groove, and other osseous abnormalities that may be 
present. The skyline view, which allows the best assessment of the 
trochlear groove, is taken with the stifle flexed and the x-ray beam 
directed proximally to distally perpendicular to the tibia. How-
ever, the ease of luxation on palpation of the patella is much more 
important diagnostically than is the location of the patella on a 
single craniocaudal radiograph. The affected patella is often in a 
normal position for a given radiograph if it is not purposely  
luxated by the examiner before the radiograph is taken.

Surgery is usually indicated for young animals with congenital 
patella luxation. Most young animals respond well to imbrication 
of the fibrous joint capsule and overlying fascia on the side op-
posite the direction of patella luxation. However, the veterinarian 
must fully evaluate the limb before surgery and also assess the 
joint at surgery. Some severe cases may require trochleoplasty or 
tibial crest osteotomy and relocation. The reader should refer to 
small animal surgery texts for detailed descriptions of the more 
complex stifle surgeries.17

Affected animals should be thoroughly examined for other 
congenital abnormalities. Specifically, severely affected newborns 
may not be able to stand and suckle. Therefore, failure of passive 
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transfer and associated illness may become more significant to the 
health of these animals than even the primary patella luxation. 
Small ruminants may compensate for mild cases of patella luxa-
tion (especially if the condition is unilateral) and go undiagnosed 
until they are seen by veterinarians as adults with lameness caused 
by luxation or degenerative joint disease caused by intermittent 
luxation. One report of sheep with common bloodlines develop-
ing patellar luxation when as old as 2 years suggests some genetic 
predisposition to the condition.18 Adult animals also may exhibit 
acute lameness as a result of traumatic patella luxation. Surgical 
treatment of adults tends to be more involved in that orthopedic 
implants such as screws and wires may be required to secure the 
patella in the normal position. They may also require wedge 
trochleoplasty and/or tibial tuberosity transposition in addition to 
imbrications and fascial release.18 The prognosis for a return to 
soundness in adults is not good compared with the prognosis for 
treated neonates with congenital luxations.19,20

Spastic Paresis
Spastic paresis has been described in pygmy goats.21 Affected 
goats suffer constant contraction of the gastrocnemius muscles in 
the hind legs. The contraction produces extension of the tibiotar-
sal joint and arching of the back. Clinical signs are not  
significantly different from those described in several breeds of 
cattle.22–24 This condition is suspected to be inherited, but the 
exact mode of transmission is unknown. No lesions have been 
noted in the spinal cord, tibial or peroneal nerves, or gastrocne-
mius muscle. The clinical signs appear to be caused by a defect in 
the myotactic reflex that results in an overstimulation or relative 
lack of inhibition of the efferent motor neurons.21 Spastic paresis 
has been treated in calves by tibial neurectomy. The procedure has 
reportedly provided some improvement, but complete resolution 
of signs should not be expected and clinical signs may worsen in 
time following treatment.25

Carpal Contracture
Carpal contracture can occasionally present as a congenital condi-
tion in neonates. Many will respond very quickly to treatment 
with splints and bandages. One should radiograph the limbs to 
identify any osseous lesion that may contribute to the flexural 
deformity. Careful palpation of the limb while attempting to 
straighten it will frequently identify the structures under tension. 
Tenotomy of the restrictive structure may relieve the flexural de-
formity. Flexural deformities may develop in older animals fol-
lowing an injury that leads to abnormal weight bearing. This 
secondary flexural deformity will often involve fibrosis of the joint 
capsule and seldom respond to tenotomy. Some will not resolve 
in spite of release incision of the joint capsule and all flexural 
structures between the skin and joint capsule.

Traumatic Conditions

Predator Attack
Small ruminants are of the stature and disposition to make them 
susceptible to predators. In the United States, predation accounts 
for about 28% of sheep and lamb losses and about 25% of goat 
death loss, primarily (65–75%) due to attacks from coyotes and 
dogs.26,27 That amounts to over 122,000 goat deaths. Small rumi-
nants seldom survive attacks by wild carnivores, but there are still 

over 10,000 goats each year that are injured yet survive predator 
attacks.26 Veterinarians are sometimes called to treat survivors of 
attacks by domestic animals or interrupted attacks by wild ani-
mals. These survivors often ultimately die because of either lethal 
injury to internal organs or physical exhaustion from the chase 
and the attack. A veterinarian treating animals that survive the 
initial trauma may face a significant challenge. Although skin 
wounds are quite obvious after the animal is thoroughly examined 
and clipped, injuries to deeper structures and serious myopathy 
are more difficult to assess.

Attacking predators tend to “go for the jugular,” which leads to 
a concentration of wounds in the head and neck area. The associ-
ated injury to the great vessels is usually obvious and often fatal. 
Tracheal puncture can cause respiratory difficulties and subcuta-
neous emphysema. Subcutaneous emphysema also can result 
from the undermining skin wounds alone, making diagnosis of 
tracheal perforation difficult in some cases and adding to the dif-
ficulty of detecting a tracheal wound. Perforation of the esopha-
gus is common. Esophageal injury may lead to abscess formation 
and tissue necrosis as a result of contamination of surrounding 
tissues by esophageal contents. Abscess formation may physically 
impinge on the airway and make swallowing difficult. Neurologic 
damage from the primary injury or damage caused by abscess 
formation may inhibit normal function of the soft palate.

Tetanus antitoxin should be administered to these animals, as 
well as broad-spectrum antibiotics (florfenicol 20 mg/kg every  
48 hours) to combat wound infection and sepsis. Antibiotics with 
good efficacy against anaerobic bacteria (penicillin 20,000 IU/kg 
twice a day [BID]) should be considered in cases in which massive 
trauma has resulted in some tissue devitalization. All skin wounds 
must be thoroughly cleaned of organic debris and foreign mate-
rial. Establishing drainage in undermined skin wounds also is 
important. Some of these wounds lend themselves to debride-
ment and delayed primary closure, whereas others are best man-
aged by allowing second intention healing. The veterinarian must 
be conscious of injury to muscle and joints deep beneath  
these skin wounds. Supportive care in the form of fluids and non-
steroidal antiinflammatory drugs (NSAIDs) (flunixin meglumine 
1–2 mg/kg intravenously [IV]) is important in treating any my-
opathy.

Fractures
The hallmark of long bone fracture in small ruminants is acute 
non–weight-bearing lameness. A thorough physical examination 
must be performed to rule out other causes of severe lameness, 
including septic arthritis, joint luxation, and severe foot rot. The 
clinician should readily detect instability and crepitance on palpa-
tion of the fracture site. The exception is an incomplete or green-
stick fracture that manifests itself as a less severe acute lameness 
that improves with time. The clinician should not overlook the 
possibility that an incomplete fracture may suffer a catastrophic 
breakdown and become unstable rather than heal. Because of 
economic constraints, radiographic examination may be impracti-
cal. However, whenever possible, radiographic evaluations before 
and after repair enhance the success of the procedure.

The most commonly treated fractures occur in the metacarpal 
and metatarsal bones.28 These fractures are usually treated success-
fully with a cast. Fractures of the distal half of the metacarpal and 
metatarsal bones often respond well to lower limb casts that incor-
porate the foot and extend proximally to a point just distal to the 
carpus or tarsus respectively. Proximal or comminuted metacarpal 
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and metatarsal fractures may require full-limb casting with or 
without transfixation pins to stabilize the fracture properly and 
prevent collapse (Figures 11.1 and 11.2).

Many fractures of the carpus or tarsus also respond to treatment 
with a full-limb cast.29 However, these injuries are often associated 
with contamination of the joint, and the incidence of septic arthri-
tis is high. Septic arthritis requires more intensive antibiotic ther-
apy, as well as local treatment through a window in the cast. One 
complication with using treatment windows in casts is the “win-
dow edema” that frequently develops. The cast window should be 
cut out as one piece. Edema can be minimized by securing this 

piece in the window with tape between treatments. The manage-
ment of carpal/tarsal fractures with concomitant septic arthritis is 
difficult. Ankylosis of the joint often results even if successful frac-
ture healing occurs.29

Radius fractures must be evaluated individually to determine 
the best mode of treatment. Fractures of the distal radius may 
respond to a full-limb cast. Proximal radius fractures may heal 
better with the use of an external fixator, a transfixation cast, or 
possibly a modified Thomas splint. Splints may be very applicable 
for neonates and need only stay in place for 2 to 4 weeks in most 
instances.30 Some radius fractures may be best treated with inter-
nal fixation using plates and screws. However, internal fixation is 
seldom required and often not economically feasible in small ru-
minants. If a splint is used for a radius fracture, it should extend 
from the ground or fetlock to the elbow and preferably above it.30

Treatment decisions for tibia fractures are very similar to those 
for radius fractures. Distal fractures heal well with full-limb cast-
ing.31 The fractured tibia responds well to an external fixator or in 
larger goats (over 60 lb) a transfixation full-limb cast. Fractures of 
the humerus and femur occur less frequently in small rumi-
nants.28 Humerus fractures often heal with stall rest alone. 
However, the distal limb frequently suffers carpal contracture, 
rendering the animal unsound regardless of fracture healing. 
Femoral fractures may heal if the limb is taped in a modified 
Ehmer sling (made of tape placed in figure-of-eights around the 
limb) that is taped to the abdomen. This method is less costly but 
is still an effective method in young or lightweight animals.30 
Fractures of the humerus and femur frequently heal better with 
internal fixation using plates and screws or intramedullary pins. 
The mode of internal fixation depends on the complexity of the 
fracture and the experience of the veterinarian. Financial consid-
erations may dictate the use of intramedullary pins rather than 
plates and screws when possible.

Fractures in other areas such as the scapula and pelvis can be 
treated much as they are in the dog. Small ruminants are usually 
good orthopedic patients because of their relatively small size and 
ability to maneuver well on three limbs. Often, pelvic or scapula 
fractures heal if the animal is confined for 3 to 6 weeks.30 The 
veterinarian can form a plan for treating unusual orthopedic inju-
ries in small ruminants by considering principles of small animal 
orthopedics and cost-benefit decision-making processes of food 
animal medicine.

Most lower leg fractures in cervids can be treated as previously 
mentioned, whereas upper limb fractures generally heal without 
intervention. The disposition of cervids makes limb care and 
management sometimes very difficult. Euthanasia should be con-
sidered in some cases, but sometimes, the most severe fracture will 
heal remarkably well on its own. Many will get along on three 
legs, so amputation may also be a consideration in some cases.

Mandible fractures may occur in small ruminants that have 
been kicked by a large animal such as a horse or cow and those that 
have caught the rostral mandible in a fence or some other object. 
A kick injury may result in any number of fracture configurations; 
the veterinarian must refer to information on small animal funda-
mentals to determine whether plates, wires, or pins are the most 
appropriate surgical stabilizers. Frequently, external fixators can be 
used to treat mandibular fractures. At this time, the authors prefer 
using cortical bone screws placed in the mandible via stab inci-
sions, leaving the screw to protrude about 2 to 4 cm out of the 
skin. Then acrylic is made to fit over the screw heads and act as 
connecting bars of an external fixator. The screws provide better 

• Fig. 11.1  A 2-year-old Pygmy goat with a metatarsal III–IV fracture with 
two transcortical pins placed (one above and one below the fracture) in 
preparation for application of cast material to construct a transfixation cast.

•  Fig. 11.2  The same goat from Figure 11.1 with transfixation casting 
complete. Notice the acrylic covering the pin ends and the bottom of the 
cast as well as elastic tape at the top of the cast to seal it.
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stability in the mandible than transcortical pins and the acrylic 
allows more liberty in screw placement than traditional connecting 
bars would. Rostral fractures may involve mostly teeth and soft 
tissues but very little bone. They often cause loss of teeth but 
minimal instability. Therefore, the veterinarian may wish to de-
bride the area, institute antibiotic therapy, and modify the animal’s 
diet (see Chapters 2 and 4). If the mandibular fracture occurs be-
tween the incisors and the cheek teeth, it may be stabilized by se-
curing wires from the rostral mandible to the cheek teeth.32,33 
Animals with these types of fractures require nutritional support, 
either orally or parenterally (see Chapters 2 and 3). Many of these 
animals can be fed a moistened pelleted diet.

Occasionally, digit or leg amputation is required to treat septic 
conditions, fractures, or luxations. Amputation can be done with 
the animal under general anesthesia or with the animal sedated 
and under local anesthesia (see Chapter 18). For digit amputa-
tion, a tourniquet should be applied proximal to the fetlock after 
the surgical site is prepared in an aseptic manner. A circumferen-
tial skin incision is made just proximal to the coronary band. One 
may then make two incisions perpendicular to the circumferential 
incision (one dorsal and another palmar or plantar) to create a 
skin flap that is elevated to allow amputation with Gigli wire. The 
authors prefer to make one incision over the abaxial aspect of the 
affected digit perpendicular to the coronary band to create an 
inverted T incision. The two flaps of the inverted T can be under-
mined to allow the passage and crossing of the Gigli wire. The 
amputation should be completed on an angle at the distal aspect 
of the proximal phalanx, with the clinician removing all of the 
articular cartilage and synovial membrane of the proximal inter-
phalangeal joint while leaving the interdigital ligaments intact to 
provide stability to the fetlock. Alternatively, the practitioner may 
choose to disarticulate the pastern joint rather than cut through 
distal P1. The corners of the flaps of the inverted T can be 
trimmed to minimize dead space when the surgical site is closed. 
The site can be closed completely if the amputation is performed 
as a treatment for fracture or luxation. However, if infection is 
present in the form of septic arthritis or osteomyelitis, the clini-
cian should consider the advantages of drainage facilitated by 
partial closure. With either closure, a bandage should be placed 
on the foot to aid in hemostasis before the tourniquet is removed. 
The bandage should be changed as needed until the incision site 
has healed. The use of broad-spectrum antibiotics (oxytetracycline 
10 mg/kg IV or IM BID or 20 mg/kg subcutaneously [SC] every 
48 hours) and antiinflammatory drugs should be considered.

If a limb is to be amputated, one should have detailed con-
versations with the owners to determine the postoperative use, 
living environment, and management of the animal. Then assess 
the impact of age and weight on the above considerations. 
Limbs are usually amputated as high as possible (midhumerus, 
midfemur) to prevent trauma to the remaining “stump” of the 
limb. The author (A.N. Baird) has violated this principle, with 
good results, on the hindlimb of camelids. The amputation done 
just below the hock allows a partial limb to aid in rising. This 
does present additional management concerns in that the hock 
must be protected from trauma by bandages or a protective 
boot. However, the practitioner should consider this technique 
when amputating the distal hindlimb in small ruminants. Once 
the location of the amputation is determined, techniques similar 
to those used in small animals can be applied to limb removal in 
sheep, goats, and cervids. One recent review of amputations 
found that the outcomes for sheep and goats were variable on a 

case-by-case basis and suggested that owners be advised of the 
likelihood of complications. Postoperative care and physical 
therapy should also be planned.34

Cast. The previous description of fractures discussed casting as 
a primary treatment option for fixation of fractures. The clinician 
should prepare the limb for cast application by removing any or-
ganic debris to ensure the leg is clean. Cotton or gauze sponges 
should be placed in the interdigital space to prevent pinching of 
the interdigital skin within the cast by the hooves. Orthopedic felt 
or gauze sponges should be placed over the dewclaws to provide 
padding; however, holes should be cut to allow the dewclaws to 
protrude. Without this precaution, pressure from the cast over the 
dewclaws can cause skin ulcerations and may even result in dew-
claw sloughing. The clinician then applies a double layer of 
stockinette to the limb and places a strip of orthopedic felt around 
the limb where the most proximal part of the cast will end. The 
authors prefer to put this proximal felt between two layers of 
stockinette so the felt is encased in the stockinette when it is rolled 
down over the felt during application of the cast. However, others 
place the felt beneath the stockinette. Other padding materials 
may be used according to preference, but the clinician should re-
member that the relatively small size of most small ruminants 
demands that the cast not be overly heavy or bulky. The authors 
believe no padding beyond the previously mentioned interdigital 
cotton, orthopedic felt, and stockinette is necessary to prevent 
skin ulceration under a properly applied cast. If the wool of heav-
ily wooled animals is not clipped, it may act as excellent pad-
ding.30 An exception in which more padding is useful is in very 
young animals, which are likely to experience significant growth 
while in the cast and tend to be more prone to cast sores than 
adults.

Fiberglass casting material has replaced plaster because of its 
increased strength, lighter weight, and faster drying time. The 
foot should be included in the cast. The clinician should be care-
ful to apply the cast without wrinkles (which may cause cast sores) 
and in a timely manner so that all layers bond together as one 
rather than laminate in several layers. The cast is not as strong if 
it dries in laminated layers. The solar surface of the cast should be 
protected from wear in some manner. Methods of protecting this 
part of the cast include tape alone, a section of tire inner tube and 
tape, and a walking pad made of hoof acrylic. The particular 
method chosen is less important than achieving the desired result 
of preventing exposure of the hoof through a worn cast.

Any animal in a cast must be monitored closely to detect com-
plications as soon as possible. The clinician should consider com-
plications under the cast as the cause of any abnormal clinical signs 
such as fever, loss of appetite, increased lameness in the cast limb, 
and swelling proximal to the cast. The cast should be palpated daily 
to determine its fit and check for any areas of increased heat that 
may indicate the formation of cast sores. However, some areas of 
the cast (e.g., over wounds and bony protuberances) are normally 
warmer than other areas of the cast. Therefore, it is more impor-
tant to recognize changes in relative warmth in the same area of the 
cast from day to day than differences in temperature between dif-
ferent areas of the cast. A fiberglass cast applied over stockinette is 
porous, and exudate from a wound or cast sore will penetrate the 
cast. If the environment makes fly control difficult, flies may  
be observed concentrating over these localized areas of the cast 
before exudate can be seen penetrating the cast. This part of the 
cast also may have an increased relative temperature before the 
exudate penetrates it.
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Transfixation casts add stability in cases in which cast immobi-
lization alone is not adequate.28 Transfixation pins help immobi-
lize proximal fractures in ways that casting alone does not. In 
some cases, comminuted distal fractures collapse unless transfix-
ation pins transfer the weight away from the distal limb to the 
transfixation pins.35 Application of a transfixation cast often 
requires general anesthesia, although transfixation casting of 
hindlimbs can be done with sedation and spinal anesthesia. Pin 
diameter and placement depend on animal size, bone diameter, 
and fracture configuration. The transfixation pins are placed 
through stab incisions using aseptic technique. Intraoperative ra-
diographs are helpful in the placement of the transfixation pins. 
However, this technique is usually successful even when pin place-
ment is directed by palpation alone. Antimicrobial ointment 
(“Zipp” ointment or neomycin-polymyxin B-bacitracin) can be 
applied to the skin at the pin sites and covered with gauze 
sponges. The limb is then prepared as previously described for cast 
application. “Zipp” ointment applied under a cast has an antibac-
terial effect for as long as 2 weeks. “Zipp” is made from equal parts 
zinc oxide, iodoform, and mineral oil. The clinician should cut 
holes into the stockinette to accommodate the pins and cut the 
pins so that they protrude about 1 to 1.5 cm beyond the antici-
pated thickness of the cast. The cast material should be applied so 
that the bone pin ends perforate the cast material or the material 
placed around the pin. When the cast material has set or become 
hardened, the pin ends should be covered to prevent injury to the 
contralateral limb. Hoof acrylic or cotton and tape can be used to 
cover the pin ends. As the fracture heals, bone resorption occurs 
around the pins, causing them to loosen. Neither special instru-
mentation nor general anesthesia is required for pin removal.

External Fixation. External fixators are preferable to simple 
casts or transfixation casts in some fractures of the radius and 
tibia. Either traditional fixators or modified fixators using cast 
material to support the transcortical pins work well in small ru-
minants. Traditional external fixation techniques described for 
small animals can be used for sheep and goats.36 One must be 
conscious of the hazards associated with treating cervids with ex-
ternal fixators and the exposed hardware. Standard smooth intra-
medullary pins can be used successfully in this technique, but we 
prefer positive profile threaded pins for extra stability. A modified 
fixator designed to treat calf tibia fractures is less technically de-
manding to apply than a traditional external fixator37 and allows 
more flexibility in pin placement. The authors have found this 
technique to be most useful in tibia fractures but also of value for 
treatment of other fractures. The procedure is performed on a 
surgically prepared animal, under general anesthesia (see Chapter 18) 
and according to aseptic technique. At least two pins must be 
placed proximal and two pins distal to the fracture site. The pins 
can be placed through stab incisions from lateral to medial (type 
II pins) through the skin on each side. One major advantage of 
this technique is that a single type I pin can be placed from the 
dorsal aspect. The type I pin passes through one skin surface and 
both cortices of the bone, but not through the caudal soft tissues 
and skin (Figures 11.3 and 11.4). A second type I pin is not re-
quired because the cast material itself connects and stabilizes the 
pins. This is a major advantage in fractures (either proximal or 
distal) in which the fragment size does not allow placement of two 
type II pins. The pins should be incorporated into a cast as de-
scribed previously for the transfixation cast and the limb treated 
with topical ointment. This technique incorporates more padding 
than that used with a standard cast. Cotton or some other  

padding should be wrapped around the entire length of the tibia. 
No stockinette or orthopedic felt is required. Fiberglass cast mate-
rial should then be placed over the length of the tibia to incorpo-
rate the pins, as is done with the transfixation cast. After the cast 
hardens completely, the caudal quarter to third of the cast can be 
removed and the padding cut away from the caudal aspect of  
the limb. This modification allows unencumbered movement of 
the gastrocnemius. Occasionally, the dorsal distal portion of the 
cast also must be trimmed to allow flexion of the hock. Some pa-
tients initially require a splint or bandage over the fetlock to ensure 
the animal bears weight on the solar surface of the foot. Most  

• Fig. 11.3  A dorsoplantar radiograph of a goat with a modified fixator in 
place to treat a tibia fracture.

• Fig. 11.4  A lateral radiograph of the same goat in Figure 11.3. Notice the 
proximal most pin place from dorsal to plantar to engage but not pene-
trate the plantar cortex of the tibia.
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patients become fully ambulatory in 48 to 72 hours. Treatment of 
young animals should be tailored to prevent a compensatory tarsal 
varus of the contralateral limb. This procedure is technically less 
difficult because the practitioner is allowed more variation in pin 
placement than if traditional connecting bars are used. The pin 
ends should be covered as they are in transfixation casting.37

Splints. Splints can be useful in treating some musculoskeletal 
conditions in small ruminants. However, the veterinarian should 
be selective in using them. Many practitioners are more comfort-
able using casts and external fixators than applying and monitor-
ing splints. Many of the small ruminants presented to referral 
centers for malunion or delayed-union healing of fractures have 
been treated with polyvinyl chloride (PVC) or spoon splints  
before referral (Figures 11.5 and 11.6). For this reason alone, 

practitioners should consider using other techniques that achieve 
more stable fracture fixation. However, splints can be useful in 
selected cases if the practitioner is skilled at splint management. 
In emergency situations, a splint can be made of cut PVC pipe or 
other such material.33

A spoon splint, either commercially manufactured or fash-
ioned from cast material, is probably best used to support green-
stick fractures of the distal limb. When used in this way, it helps 
prevent catastrophic breakdown of the fracture. However, a more 
important role may be in preventing the limb contracture that can 
occur if the carpus is allowed to remain flexed for a prolonged 
period in a non–weight-bearing animal. With this technique, a 
padded bandage is placed on the limb and the splint is conformed 
to the bandage and secured with adhesive tape.

Another type of splint occasionally used in small ruminants is 
the traction splint, commonly referred to as the Schroeder-
Thomas splint. This splint is usually made of aluminum rods and 
consists of a ring that fits in the axillary or inguinal region of the 
animal with bars on the dorsal and palmar or plantar aspect of 
the limb joined distally. The shape of the splint varies, as does the 
way particular parts of the limb are secured to the splint depend-
ing on the specific reason the splint is applied. Traction is applied 
by securing the foot to the distal splint with adhesive tape or by 
placing wires through the hoof wall. A soft bandage should be 
placed on the limb, after which the limb is secured strategically 
to the splint. Usually, tape is placed over the entire limb and 
distal splint.38

Cases treated with splints or casts without ideal alignment oc-
casionally heal with unacceptable angulation. The animal may 
have been initially treated with splint or cast and possibly no ra-
diographs for financial reasons, but then the owner feels guilty 
and pursues osteotomy and fixation to improve the angle of the 
limb. Fixation after osteotomy can be done with external fixation 
or a transfixation cast (Figures 11.7 and 11.8).

• Fig. 11.5  A photograph of a yearling pygmy goat with lateral deviation 
of the right forelimb after a metacarpal III–IV fracture was treated with a 
bandage and polyvinyl chloride splint.

•  Fig. 11.6  A dorsopalmar radiograph of the goat in Figure 11.5. 
The fracture has healed with a nearly 20-degree lateral deviation due to 
improper alignment or stability in the polyvinyl chloride splint.

• Fig. 11.7  A dorsopalmar radiograph of the goat in Figure 11.5 after a 
dome osteotomy to align the limb and an external fixator to stabilize it. 
Notice the arced osteotomy seen just above the distal two pins, which 
allows the surgeon to rotate the bone into proper alignment.
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Infectious Conditions

Septic Arthritis
Bacterial infections of the joints (septic arthritis) occur most com-
monly in neonates. However, older animals sporadically suffer 
from joint infection as a result of a penetrating injury or spread 
from adjacent infected tissues, as in the case of foot rot. In neo-
nates, septic arthritis is most often a sequela to septicemia and 
often a consequence of failure of passive transfer.39 The bacteria 
isolated from lambs include Streptococcus, Escherichia coli, Actino-
myces pyogenes, Erysipelothrix insidiosa (rhusiopathiae), Pasteurella 
haemolytica, Corynebacterium pseudotuberculosis, and Fusobacte-
rium necrophorum. Staphylococcus aureus arthritis is associated 
with tick pyemia, a disease seen in lambs 2 to 6 weeks old in areas 
infested with Ixodes ricinus. Streptococcus dysgalactiae has been re-
ported as a cause of arthritis in dairy goats and was the most 
common pathogen isolated from arthritic lambs in England and 
Wales. Other isolates included E. coli, coagulase-positive Staphylo-
coccus, E. rhusiopathiae, and A. pyogenes.40 Coexisting omphalitis 
was found in 16% of arthritic lambs.

Erysipelothrix polyarthritis is a nonsuppurative condition usu-
ally seen in 2- to 6-month-old lambs, but it also can cause neona-
tal disease. Outbreaks may affect as many as 40% of the lambs in 
a flock. Hallmarks of this infection are fever and lameness, with 
minimal swelling of joints. This nonsuppurative polyarthritis will 
progress to chronic arthritis if not treated appropriately.39

Pathogenesis. Septicemia often contributes to hematogenous 
seeding of joints with bacteria that localize in the synovial mem-
brane. The resulting synovitis causes the affected animal to exhibit 
joint pain, heat, swelling, and synovial effusion. Progression of the 
septic arthritis and associated synovitis causes damage to articular 
cartilage and subchondral bone. As bacteria proliferate, inflamma-
tory cells produce hydrolytic enzymes that destroy bacteria and 
normal cartilage, resulting in cartilage erosion. In the chronic stages 
of infection, animals develop thickening of the synovial tissue, fi-
brosis of the joint capsule, and signs of degenerative joint disease.

Clinical Signs. The hallmarks of septic arthritis are lameness 
and warm swelling of the joints. The joints most commonly in-
volved are the carpus, tarsus, and stifle. Any joint may be infected, 
including the hip, shoulder, or elbow; infection here may be more 
difficult to diagnose than in the more commonly affected joints. 
Several joints may be affected, and the practitioner should always 
perform a thorough examination when one septic joint is discov-
ered to rule out polyarthritis. Lameness may be severe (non–
weight-bearing) and animals may remain recumbent. Affected 
animals are often febrile and anorexic. Other signs of systemic 
disease such as omphalitis, meningitis, and uveitis may be evident.

Diagnosis. A sterile aspirate of synovial fluid should be ob-
tained and the fluid submitted for culture and cytology. The 
character of the synovial fluid varies according to the etiology and 
stage of disease. Synovial fluid from infected joints may be thin 
and watery (lacking normal viscosity) or thick and cloudy with 
purulent material. Infected synovial fluid often has characteristic 
pleocytosis and neutrophilia (more than 30,000–100,000 white 
blood cells/mL and more than 75% neutrophils), as well as an 
increased total protein. Not all aspirates from septic joints yield 
bacteria, but some do. Culture results may improve with the use 
of enhancement media or synovial membrane biopsy, particularly 
if the animal has been treated with antimicrobial agents. Radiog-
raphy may be used to determine the severity of degenerative 
changes, although bony changes may not be visible for several 
days after the onset of disease. Radiography may be more impor-
tant to monitor the progression of septic arthritis during therapy. 
Ultrasonography also may be useful in evaluating existing soft 
tissue pathology.

Treatment. The administration of antimicrobial agents and 
joint lavage are the mainstays of treatment of septic arthritis. An-
timicrobials, which may be administered systemically or intra- 
articularly, should be chosen based on an assessment of specific 
pathogens (gram-positive bacteria are more likely) and culture 
results when available.41 Lavage of the joint with sterile polyionic 
solution aids in removal of inflammatory products. Light sedation 
of the animal is usually indicated. The skin over the joint should 
be clipped and surgically prepared, and the clinician should ad-
here strictly to aseptic technique. The clinician inserts a needle 
(16- or 14-gauge) attached to a sterile syringe into the affected 
joint at the most obviously distended area and aspirates fluid (for 
culture and cytology). The joint is then distended with an isotonic 
solution (e.g., saline and lactated Ringer’s). A second needle is 
placed in the joint on the opposite side of the joint. Between  
0.5 to 1 L of fluid should be flushed through the joint. The joint 
should be distended several times during the lavage by occluding 
the egress needle. The joint should be flushed daily for 2 to 3 days; 
the need for subsequent flushing should be based on the presence 
of pain or swelling and cytologic evaluation of joint fluid. Remov-
ing inflammatory mediators by lavage can improve clinical signs, 
although such improvement is often temporary. Some cases have 
accumulated fibrin within the joint and over the articular cartilage 
that requires drainage and debridement by arthrotomy or arthros-
copy. Lavage of these joints may yield clear fluid after treatment, 
but any improvement is short-lived. Just after lavage, nonirritating 
antibiotics should be instilled into the joint. In general, products 
for IV use are adequate for intraarticular use.

Regional limb perfusion with antibiotics is an adjunctive pro-
cedure that may be beneficial in some cases.41,42 This technique 
entails instilling small volumes of antimicrobial agents in tar-
geted locations to achieve high concentrations in infected areas. 
Regional perfusion can be accomplished with intramedullary 

•  Fig. 11.8  A dorsopalmar radiograph of the goat from Figure 11.5 
after the osteotomy has healed and the fixator removed. Compare the 
alignment to Figure 11.6.
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administration of antimicrobial agents but is more easily and 
commonly performed by IV injection distal to a tourniquet. 
Sheep and goats generally should be sedated before this proce-
dure and cervids will likely need to be anesthetized. The skin over 
the peripheral vein is aseptically prepared. The clinician inserts a 
needle (20- or 21-gauge) into the vein in a proximal direction 
and infuses the antibiotic of choice (potassium or sodium peni-
cillin [1 million IU] or ampicillin [1 g]). For repeated adminis-
tration in chronic conditions, a catheter (22-gauge) can be placed 
in the vein and the leg wrapped to help maintain catheter pa-
tency.42 The prognosis for septic arthritis is guarded and chronic 
lameness is a sequela in many cases.

Prevention. Ensuring adequate passive transfer in neonates 
helps prevent septicemia and septic arthritis resulting from hema-
togenous spread of bacteria to joints. Maintaining a clean envi-
ronment for parturition and providing appropriate umbilical care 
also help prevent neonatal septicemia.

Chlamydial Polyarthritis
Chlamydial polyarthritis is a common contagious disease of feed-
lot lambs in the United States. The disease is suspected to occur 
in goats as well.43 The causative agent was formerly considered to 
be a strain (immunotype 2) of Chlamydia psittaci but has been 
reclassified as Chlamydophila pecorum.44,45 Economic losses associ-
ated with chlamydial arthritis result from weight loss and treat-
ment costs. Disease occurs in 1- to 8-month-old lambs, with 3- to 
5-month-old lambs most commonly affected.46 In feedlots, out-
breaks often occur a few weeks after lambs are introduced.46 
Morbidity can be as high as 80%, with less than 1% mortality.45

Pathogenesis. C. pecorum is present in nasal and ocular secre-
tions, feces, and urine of infected animals.46 As many as half the 
lambs on some farms shed C. pecorum in feces without signs of 
clinical disease.44 One abattoir study found C. pecorum in over 
6% of synovial tissue samples from abnormal joints.47

Clinical Signs. Affected lambs have fever (up to 108° F) and 
are reluctant to move, often appearing “tucked up” or becoming 
recumbent. Lameness is apparent in one or more limbs, and af-
fected joints are typically enlarged.43,46 Chlamydial conjunctivitis 
may occur concurrently.46,48,49 The course of the disease is about 
10 to 14 days without treatment. Most lambs recover, but some 
remain lame.43 Significant necropsy findings include fibrinous 
exudate in joints and edema of surrounding tissue. The articular 
cartilage is minimally affected.43,49

Diagnosis. Joint fluid may contain fibrin but is not purulent. 
Elementary inclusion bodies may be seen on Giemsa-stained 
smears of synovial fluid. Isolation of Chlamydia requires special 
media and is not routinely performed. The use of DNA-based 
tests should aid and improve the understanding of the epidemiol-
ogy of different chlamydial infections.50 Currently, complement 
fixation and specific polymerase chain reaction (PCR) may aid the 
practitioner in diagnosis when suspected from clinical signs.51

Differential diagnoses for chlamydial polyarthritis include 
white muscle disease and nutritional osteodystrophy. These dis-
eases lack fever and synovial effusion, however, and laboratory 
testing should help differentiate these conditions.

Treatment and Prevention. Oxytetracycline (20 mg/kg SC or 
IM every 48–72 hours), erythromycin (3–5 mg/kg IM three times 
a day [TID] or BID), and tylosin (20 mg/kg IM BID) may be 
useful.45 Treatment early in the course of disease speeds recov-
ery.43,49 During an outbreak, lame and febrile lambs should be 
isolated from healthy lambs to minimize the spread of infection. 

A vaccine is available for chlamydial abortion, but researchers 
have not determined whether it provides protection against C. 
pecorum arthritis.

Mycoplasmal Polyarthritis
Mycoplasmal arthritis is a highly fatal disease of goats marked by 
polyarthritis, septicemia, and mastitis. This disease is usually 
caused by Mycoplasma mycoides subspecies mycoides large-colony 
(MmmLC), currently classified as a serovar of M. mycoides subspe-
cies capri.52 Other mycoplasmas (Mycoplasma agalactiae, Myco-
plasma capricolum, and Mycoplasma putrefaciens) cause similar 
syndromes.53 This is distinct from the small-colony or bovine 
biotype of Mmm that causes contagious bovine pleuropneumo-
nia, a disease eradicated from the United States in 1892. Sheep 
may be experimentally infected, and natural infection in sheep is 
suspected to occur.54

Mycoplasmal arthritis occurs as an epizootic condition in 
many countries throughout the world. In the United States, most 
outbreaks are in large goat dairies. Morbidity and mortality rates 
as high as 90% have been reported in kids.55 M. putrefaciens was 
responsible for the loss of 700 goats in one California dairy.56

Mmm is usually introduced to a farm by an asymptomatic 
shedder. The bacteria are shed in the colostrum and milk of in-
fected does, and ingestion is thought to be the primary source of 
infection of kids.54–56 In one outbreak, about half of the does shed 
Mmm in milk. Some animals were intermittent asymptomatic 
shedders, but most ultimately developed clinical mastitis.57 Hori-
zontal transmission was documented among kids housed together 
and is likely to occur among adults, especially in the milking 
parlor.57,58 Illness often follows stresses such as castration, dehorn-
ing, concurrent disease, bad weather, and overcrowding.56,57,59

Pathogenesis. Infection leads to mycoplasmosis and involve-
ment of numerous body systems, with fibrinous polyarthritis, 
pneumonia, peritonitis, mastitis, conjunctivitis, and pericarditis 
being among the more common presentations. If animals recover, 
the organism may be shed in ocular and nasal secretions and in 
milk.60

Clinical Signs. Kids of 3 to 8 weeks old are most susceptible, 
but animals of any age may be affected. Clinical signs include fe-
ver, warm swellings of numerous joints, mastitis, lameness, con-
junctivitis, weight loss, and pneumonia. Three syndromes have 
been described in kids. A peracute form results in death in 12 to 
24 hours, with fever being the only sign. A second group of kids 
showed signs of brain disease (opisthotonos) and died in 24 to  
72 hours. The third syndrome was characterized by fever, warm 
swollen joints, lameness, recumbency, and pneumonia. Many in 
this group died within a few days, but some lame kids recovered 
over a few weeks.55 Adult females may develop acute or peracute 
mastitis, the latter causing death in 1 to 3 days. Does that recover 
may have udder fibrosis and may shed Mmm intermittently. Ar-
thritis is a less common finding in adults compared with kids. 
Mastitis and severe lameness without fever were observed in an M. 
putrefaciens outbreak.56

Diagnosis. Laboratory work usually shows leukocytosis, neu-
trophilia, and hyperfibrinogenemia. Peracute cases may exhibit 
neutropenia with a left shift. Synovial fluid has an elevated cell 
count with neutrophilia and fibrin clots. Mycoplasma can be cul-
tured using special media.

Postmortem findings include suppurative polyarthritis, osteomy-
elitis, fibrinous pleuritis, pneumonia, peritonitis, meningoencepha-
litis, and pericarditis.55,57,59 The joints most commonly affected are 
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the carpus, stifle, tarsus, hip, and elbow. Joint fluid is purulent and 
contains fibrin, and the joint capsules are thickened, with erosions 
of articular cartilage. Mmm can be cultured from synovial fluid and 
from many internal sites.57

Treatment. Antibiotic treatment does not eliminate infection 
in most cases. Some animals appear to improve only to relapse 
later. Tylosin is the antibiotic that has been most commonly rec-
ommended (10–50 mg/kg TID), but its efficacy is uncertain.60 
Antimicrobial susceptibility may vary with strain, but an in vitro 
study suggests that tylosin, erythromycin, oxytetracycline, or  
enrofloxacin may be effective.61 This would currently be an extra-
label use of enrofloxacin, which is prohibited in food-producing 
animals by some jurisdictions, so the practitioner should become 
familiar with regulations before using.

Prevention. Effective preventive measures for kids include the 
feeding of heat-treated colostrum and pasteurized goat milk. Dis-
ease in adults can be controlled by identifying carriers by milk 
culture and either culling carriers or isolating infected animals and 
milking them after uninfected animals. Cultures of individual 
does and the bulk tank should be performed periodically to iden-
tify newly infected animals or intermittent shedders, and colos-
trum should be cultured at the time of freshening. No vaccine is 
currently commercially available.

Osteomyelitis
Bone infections usually result from hematogenous spread of or-
ganisms or from direct inoculation associated with trauma to soft 
tissues covering the bone. The soft tissue damage may be from 
either an acute injury (trauma or surgical incision) or decubital 
ulcers in a recumbent animal. Occasionally, the ulcers develop 
during normal recumbency when animals are housed on hard, 
rough surfaces and are not sequelae of debilitation. The infectious 
agents include Corynebacterium, A. pyogenes, Rhodococcus equi,62 
and E. coli. Cervids are especially prone to Fusobacterium infec-
tions (Figures 11.9 and 11.10). Cervids could be treated with 
long-acting systemic or regional antibiotics if the condition was 
discovered before irreversible damage was done by the infection.

Clinical Signs. Lameness, pain on palpation, and focal swell-
ing are common clinical signs of osteomyelitis. Severe lameness 
may result in recumbency. Infection of vertebrae may produce 
signs of spinal cord dysfunction.45

Diagnosis. Radiographic changes usually cannot be seen be-
fore the infection has persisted for 10 to 14 days. When radio-
graphic changes are present, they consist of a combination of lysis 
and proliferation. Avascular fragments of dead bone and sequestra 

also may be seen. If the osteomyelitis is related to a surgical infec-
tion, the incision usually dehisces and the surrounding skin shows 
signs of inflammation or even vascular compromise. The site may 
be aspirated for culture. Laboratory tests may reveal leukocytosis, 
leukopenia, or hyperfibrinogenemia.

Trauma without bone infection must be considered as a  
differential diagnosis for this condition. These cases exhibit soft 
tissue inflammation but no osseous radiographic changes. The 
radiographic changes of lysis and proliferation also may resemble 
the changes seen in response to neoplasia. Osteomyelitis may 
predispose the animal to pathologic fracture if bone lysis becomes 
severe enough. The distinction must be made between a patho-
logic fracture related to neoplasia and a fracture that is infected or 
becoming a proliferative nonunion.

Treatment and Prevention. The prognosis is guarded. Antimi-
crobial therapy alone is rarely successful because of its poor pen-
etration of infected bone. Surgical debridement of infected tissue 
is an important component of therapy. Antibiotics, particularly 
those used based on culture and sensitivity patterns, should be 
continued for several weeks after surgical debridement. Regional 
perfusion of antibiotics may be useful in treating osteomyelitis. 
Amputation is the only possible way to rid the animal of infection 
in some cases. The possibility of control of infection varies with 
the cause of the infection. Environmental control is probably the 
most important mechanism to prevent trauma to the animal. 
Adherence to aseptic technique when performing any surgery on 
or near osseous structures decreases surgical infection.

Small Ruminant Lentivirus
Small ruminant lentivirus (SRLV) is in the Lentivirus genus and 
the retrovirus family. These viruses cause chronic disease in small 
ruminants. Caprine arthritis encephalitis virus (CAEV) of goats 
and visna maedi virus (VMV) of sheep, which is also referred to 
as ovine progressive pneumonia (OPP) in the United States, were 
originally believed to be similar organisms in the retrovirus family. 
They have been determined to be the same virus by epidemiologic 
and phylogenetic analysis.63 The virus causes chronic lifelong • Fig. 11.9  A white-tailed deer with osteomyelitis of the digit.

•  Fig. 11.10  The white-tailed deer from Figure 11.10 immediately after 
claw amputation before partial closure and bandaging.
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infection and slowly progressive, yet different, clinical disease in 
sheep and goats. Persistent lifelong infection with SRLV may be 
related to a selection for antigenic variants, thus creating a reser-
voir of latent virus.64,65 However, there has been a report of a 
lameness outbreak from arthritis in sheep caused by an adaptation 
of the CAEV to affect sheep so there is evidence of similar disease 
across species.66 The main source of infection is through the dam’s 
milk, but aerosol spread from infected animals to noninfected 
ones also occurs, making housing important.67 In milking herds, 
any infected animals should be milked after the noninfected ones 
to prevent potential spread of the virus by milking procedures.

An evaluation of acute phase proteins (APP) in SRLV-positive 
animals showed an increase in serum amyloid A (SAA) in the 
leukocytes of infected goats, but no other APP showed changed 
expression, which may mean that the SRLV can modify the ani-
mal’s immune response to the virus, which in turn facilitates the 
chronic infection. The SAA was lower in milk of infected animals, 
which could support a different immune response to the virus in 
the udder.63 Macrophages play a key role in immune response 
against viral infections in general, but the SRLV specifically at-
tacks macrophages for replication, likely causing the inability of 
the immune system to fight off this infection, again contributing 
to the lifelong infections of SRLV.65 PCR has confirmed clinical 
cases of OPP with gross and histopathologic signs.68 While PCR 
is a good test for SRLV, the low viral load early in the disease may 
lead to false-negatives. It is best to combine enzyme-linked  
immune-specific assay (ELISA) and PCR in repeated testing 
when trying to eradicate SRLV from a flock.65 Repeated testing is 
also important because of the slow progression of the infection.65

There is genomic evidence of some animals having natural re-
sistance to SRLV while others may be more sensitive. Genetic 
marker-assisted selection of breeding animals may help in control 
or even eradication of SRLV in a flock.65,69

Control or eradication of SRLV from a flock is dependent on 
how aggressive owners wish to be. At a minimum, neonates must 
be removed from dams and raised on bovine milk, and positive 
animals must be removed from the flock.63 A more aggressive 
(and successful) approach is described in an OPP-positive sheep 
dairy flock. All the animals were tested and the seropositive ani-
mals (66% of the flock) were segregated from the negative ani-
mals. Testing was repeated every 6 to 12 months. New positive 
animals were moved out of the negative group. Replacement fe-
males came only from the negative group. The positive sheep were 
slowly culled so herd size, and thus, milk production was not 
drastically cut. The seropositive rate in the segregated part of the 
flock dropped from 66% to 0.2% in 2 years. The last of the posi-
tive group was culled 6 years from the start of the testing and 
eradication process. The flock was back at the original number in 
8 years.66 Discussions specific to caprine arthritis encephalitis 
(CAE) and OPP will follow.

Caprine Arthritis Encephalitis
CAE is a chronic multisystemic disease of goats caused by a  
retrovirus (SRLV). Infection with CAEV is widespread and 
chronic polyarthritis is the most common clinical manifestation.70 
Some subtypes of these viruses occur in both sheep and goats, and 
there is evidence of transmission of SRLV between the species.71 
There is some evidence of experiment transmission in red and roe 
deer, but none reported in white-tailed deer at this time.

The seroprevalence of CAEV in goats in the United  
States, Canada, and Europe ranges from 38 to 81%.70,72,73 

Seroprevalence in England, Australia, and developing countries is 
usually less than 10%.74 Clinical arthritis is estimated to occur in 
less than 25% of seropositive animals, but it may be more preva-
lent in some herds.70,73 The prevalence of other clinical syndromes 
is not known. Infection occurs by transmission of fluids that con-
tain infected macrophages from an infected animal to an unin-
fected animal. The most efficient manner of transmission is from 
dam to kid by ingesting colostrum or milk from infected does.75 
The presence of antiviral antibodies in colostrum is not protective. 
Feeding nonpasteurized milk increases the risk of infection.72,73 
Horizontal transmission of CAEV is also important.75–77 When 
uninfected goats are housed with infected goats for long periods, 
a significant number seroconvert.75 Uninfected does readily sero-
convert when milked with infected does, presumably as a result of 
transfer of the virus during the milking process.75 Venereal trans-
mission is possible, especially if one of the animals is clinically 
affected.78,79

Transmission from doe to kid before or during parturition has 
been documented.76 No evidence supports transmission by an 
insect vector. Iatrogenic transmission (by dehorning equipment or 
needles) also is possible. The likelihood of transmission from a 
contaminated environment is very low.77,78

Pathogenesis. CAEV infects monocytes and macrophages 
and induces a persistent (lifelong) infection despite host antibody 
production. “Restricted replication” allows the virus to remain 
latent in the host’s monocytes and undetected by the immune 
system. The virus localizes in the macrophages of the synovium, 
lung, central nervous system, and mammary gland. Initially, the 
virus proliferates rapidly and induces a vigorous immune response 
that limits but does not eliminate the virus. Virus-infected mac-
rophages may be more prone to activation and thereby induce 
proliferation of lymphocytes and macrophages. Lymphocyte pro-
liferation is a hallmark pathologic lesion seen in CAEV infection. 
The important target tissues of CAEV include the joints, mam-
mary glands, lungs, and brain. At these target sites, CAEV  
induces chronic inflammation by invoking the host’s immune 
responses. The virus is capable of making antigenic variants to 
help it evade the host immune response. CAEV can often be iso-
lated from the synovial fluid and milk of infected animals.70,75 
Disease results from inflammation elicited by the reaction of the 
immune system to the virus. Infected macrophages express viral 
proteins near major histocompatibility complex antigens, which 
are recognized by T lymphocytes and stimulate cytokine produc-
tion. Goats usually seroconvert in 2 to 8 weeks but can have a 
long clinical latency (years).

Clinical Signs. CAEV can cause chronic disease in several body 
systems; however, most infected animals remain asymptomatic. 
Four clinical syndromes have been described for CAEV-infected 
goats: arthritis, leukoencephalomyelitis, interstitial pneumonia, 
and mastitis.

Chronic progressive arthritis is seen in goats older than  
6 months and is usually characterized by swelling of one or both 
carpal joints. Arthritis of the hock, stifle, hip, and atlantooccipital 
joints occurs but is not usually detected clinically. In the initial 
stages, joint swelling may wax and wane, and lameness is mini-
mal. Some animals experience a sudden onset of lameness. The 
time course is variable, with some animals deteriorating over a few 
years and others remaining stable for several years.70 As the disease 
progresses, animals become lame or recumbent and debilitated. 
Effusion of the atlantooccipital and supraspinous bursae may be 
detected. Radiographs of joints show soft tissue swelling initially, 
and calcification of periarticular structures occurs in more  
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advanced cases. The synovial fluid has a decreased protein concen-
tration and an increased cell count comprised of 90% mononu-
clear cells, primarily lymphocytes.70 Postmortem examination 
usually reveals pathology in numerous joints in addition to the 
carpus. The joint capsule is thickened, often with periarticular 
mineralization, but articular cartilage is usually intact. Histopa-
thology shows chronic proliferative synovitis with infiltration by 
lymphocytes, macrophages, and plasma cells.

Diagnosis. No abnormalities are typically seen on hematology 
or blood chemistry except for mild anemia in some cases.70 Rou-
tine diagnosis is based on serologic testing, although sensitivity 
and specificity are not well defined due to lack of a “gold stan-
dard” for infection. The agar gel immunodiffusion (AGID) test is 
widely used because of its low cost and rapid results. It has good 
specificity and fair sensitivity. The ELISA test is another test suit-
able for screening, which is more sensitive than the AGID.80 PCR 
assays can detect viral proteins in blood, milk, and tissue; how-
ever, the low viral load and heterogeneity of virus limit its useful-
ness in clinical investigations.80 The combined use of ELISA and 
PCR with repeated testing is the best way to detect positive ani-
mals.65 Virus isolation takes 3 to 4 weeks and sensitivity is poor.

A positive antibody test signifies infection, although animals 
may remain asymptomatic for years. The time to seroconversion 
varies and may not occur for months after infection. Therefore, 
false-negatives may occur early in the disease process. Intermittent 
negative AGID tests have been reported in seropositive animals.81

Treatment. No specific treatment exists or is likely to be de-
veloped. Affected animals are a source of infection to others, and 
their symptoms worsen over time. Most symptomatic animals are 
ultimately culled or euthanized because of lameness, recumbency, 
weight loss, or poor production. Supportive care for affected goats 
consists of nutritional management and the provision of high-
quality, easily digestible, readily accessible feed. Goats with the 
arthritic form of the disease require frequent proper foot trim-
ming, administration of NSAIDs, good pasture management, and 
soft and thick bedding to prevent trauma to the limbs. Treatment 
as described for degenerative joint disease may be of benefit.

Prevention. Attempts to induce immunity to CAEV with 
formalin-inactivated virus in adjuvants have not been successful.82 
Vaccines employing genetically modified viruses or recombinant 
plasmids have shown some promise in conferring protection but 
are still under investigation.83

A program of periodic testing and culling of all positive  
animals can help control the virus in a herd.84 The more aggressive 
testing, segregation of positive and negative animals, and selective 
breeding are better ways to eradicate SRLV.66 This method is not 
often chosen because of the large number of animals likely to be 
culled from herds with high infection rates.

The following management protocol should reduce the preva-
lence of CAEV in a herd by eliminating the transmission of 
CAEV in colostrum and milk. Kids should be removed from the 
dam at birth to prevent nursing. They should be removed imme-
diately because licking of the kid by the doe may allow transmis-
sion of CAEV, via saliva or respiratory droplets.77,78 Kids should 
be isolated from older animals and given colostrum that has been 
heat treated at 56° C (133° F) for 1 hour. At this temperature, the 
virus is inactivated but the immunoglobulins remain intact.78 
Kids then are kept isolated and raised on pasteurized (74° C [165° F] 
for 15 seconds) goat or cow milk or milk replacer. At least every 
6 months, keepers should test kids for CAEV and cull animals 
that test positive. Kids fed pasteurized milk are less likely to  
seroconvert than kids fed unpasteurized milk. However, cases 

presumed to result from horizontal transmission may continue to 
occur.72,73 Contact transmission of CAEV infection has been 
demonstrated in goats of all ages, although the exact nature of the 
contact required for transmission is unknown. Transmission dur-
ing breeding or gestation (transplacental) is unlikely. In a dairy 
herd, CAEV-infected does should be milked last. New additions 
should be quarantined and tested within 60 days of arrival. If 
sheep are housed with goats, they should be tested for OPP and a 
similar protocol followed due to the possibility of cross-species 
infection.

Chemical disinfection of equipment between use with  
seropositive and seronegative animals should include the use of 
phenolic and quaternary ammonium compounds. Complete 
eradication of CAEV infection in a herd may be impossible with-
out the culling of seropositive goats. Nevertheless, iatrogenic 
transmission by needles or instruments can be avoided through 
the use of aseptic technique. Segregation of seropositive and sero-
negative does by a solid wall or 2-m alley is advisable.78

Ovine Progressive Pneumonia
OPP is a chronic disease of sheep caused by SRLV. Predilection 
sites for this virus include the lung, udder, and, less commonly, 
joints. OPP is the term used to describe this condition in the 
United States, which in much of the world is called visna maedi 
virus. The arthritis caused by OPPV in sheep closely resembles 
that caused by CAEV in goats. Cross-infection with CAEV in 
sheep and OPPV in goats is uncommon but has been docu-
mented.71 Lentiviruses induce persistent infections (lifelong) and 
replicate by integrating DNA into the host genome. One study in 
the western United States found 47% of sheep flocks had OPP-
positive sheep. And in those infected flocks, the individual sheep 
prevalence varied from 4 to 96% of a flock.85 At this time, it is 
thought that these viruses do not affect cervids.

Clinical Signs. The majority of sheep infected with OPPV are 
asymptomatic.86 Clinically apparent illness, which usually occurs 
years after infection, may involve one or more body systems. The 
lungs and udder are the sites most commonly affected, but 
chronic arthritis also occurs in association with OPPV infec-
tion.87–89 In some sheep, lameness is the chief clinical sign, al-
though other body systems (typically lung or udder) may be 
concurrently affected.87,88

Because of OPP’s long incubation period, clinical signs are 
observed in adults. Slowly progressive joint swelling, lameness, 
and weight loss despite good appetite are the typical musculoskel-
etal manifestations of OPPV infection. The carpi are the joints 
most commonly affected; the tarsi are affected less frequently.86,88,89 
Examination of the affected joints reveals firm soft tissue swell-
ing.87,88 Radiography may reveal mineralization of soft tissue and 
osseous proliferation of adjacent bones.87 Sheep usually die within 
1 year of developing clinical signs.89 Postmortem examination 
reveals severe degenerative changes of the joints, with fibrosis of 
the joint capsule, proliferation of synovial membranes, and ero-
sion of the articular cartilage. Histology reveals nonsuppurative 
lymphoid infiltration.89 OPPV can frequently be isolated from 
the synovial fluid of affected joints.88 The joint pathology is very 
similar to that reported in goats with CAEV infection.88 Differen-
tial diagnoses include mycoplasmosis, chlamydial arthritis, and 
laminitis.

Diagnosis. Serologic tests are useful in diagnosing OPPV in-
fection. The PCR and ELISA tests are widely used for OPP diag-
nosis because they are quick, inexpensive, very specific, and fairly 



263CHAPTER 11 Diseases of the Musculoskeletal System

sensitive. A diagnosis of OPP infection also may be made by virus 
isolation or identification of viral nucleic acid, but these methods 
are costly and rarely useful in clinical case management.

Because OPPV infection is lifelong, the presence of antibodies 
confirms infection, except in the instance of passive transfer of 
antibodies to a neonate from a positive dam.90

The majority of infected animals are asymptomatic, so the 
clinician should rule out other differential diagnoses before con-
cluding that clinical signs are caused by OPP. Obviously, a nega-
tive test helps rule out infection. Reasons for false-negative results 
include early infection (seroconversion may not take place for 
months after infection) and seroreversion, which is seen rarely in 
advanced stages of the disease.

Treatment. No specific treatment is available for OPPV. 
Palliative treatment with antiinflammatory drugs could be consid-
ered in certain cases; however, affected animals are a source of 
infection to others.

Prevention. A surveillance and segregation program as outlined 
above for SRLV should reduce the prevalence of OPP in flocks.

Lyme Disease
Lyme disease is a multisystemic infection caused by a spirochete, 
Borrelia burgdorferi. Ixodes species ticks transmit the organism 
from rodents such as the white-footed mouse (Peromyscus leuco-
pus), the primary reservoir species in the eastern United States, to 
larger mammals, including deer, humans, cattle, horses, sheep, 
and goats. A small study in the southeastern United States found 
that ticks collected from hunter-harvested white-tailed deer were 
PCR positive for Ehrlichia and Anaplasma but none were found 
to carry Borrelia.91

Clinical Signs. Common clinical signs in human beings and 
dogs include arthritis, skin rash, neuritis, meningitis, and cardiac 
disease. Arthritis, abortion, poor milk production, and laminitis 
have been linked with B. burgdorferi infection in cattle.92 Few 
cases of Lyme disease have been reported in sheep or goats. It is 
thought to be a nonpathogen for deer. Sheep reportedly infected 
with B. burgdorferi showed clinical signs of lameness, anorexia, 
and weight loss.93 Borreliosis has also been suggested as a cause of 
arthritis in lambs even when B. burgdorferi could not be iso-
lated.94 A seroprevalence study using sheep from nine farms in 
Scotland revealed that 40% of 1-year-old ewes were seropositive 
although no clinical disease was reported. The tick I. ricinus was 
present on these farms.95 Similar seroprevalence studies have 
shown that 26% of over 2700 sheep and goats in China were se-
ropositive,94 while testing over 500 small ruminants in Tunisia 
found seropositive rates of 30% in goats and 6% in sheep. Those 
animals in humid areas of the country had higher infection 
rates.93 Experimental infection of lambs produced no signs of 
disease.96

Diagnosis. Ideally, diagnosis depends on the identification of 
B. burgdorferi by culture, PCR, or other techniques, but the or-
ganism is difficult to culture and other techniques are not widely 
available.93,97 Serology is often used to confirm a diagnosis, but 
the high seropositive rate in the absence of clinical disease is a 
confounding factor. Frequently, in endemic regions, a clinical di-
agnosis is made based on clinical signs, elimination of other causes 
of lameness, and response to treatment.

Treatment. An optimal treatment for Lyme disease in rumi-
nants has not been determined. A typical treatment regimen is a 
prolonged (2- to 4-week) course of oxytetracycline, ceftiofur, or 
penicillin. Prevention of the disease currently relies on eliminating 

the tick with insecticides. A vaccine has been developed for use in 
dogs, but none is available for large animals.

Clostridial Myonecrosis (Blackleg)
Clostridial myonecrosis is a highly fatal infection of muscle 
caused by the anaerobic spore-forming bacterium Clostridium 
chauvoei. Other clostridial species (chiefly Clostridium septicum 
and Clostridium novyi) have been isolated from cattle with black-
leg, either alone or with C. chauvoei. The disease is most common 
in cattle, but sheep also may be affected. It has also been reported 
in cervids and goats appear less susceptible than sheep.98

Clostridial myonecrosis is not contagious but often occurs in 
outbreaks in small ruminants because the predisposing conditions 
affect many animals simultaneously. Infection is usually associated 
with wounds from castration, dehorning, tail docking, shearing, 
dystocia, or injections.45 Animals of any age, including neonates, 
may be affected.99 The mortality rate is close to 100%. C. chauvoei 
is ubiquitous and persistent in the soil and is frequently identified 
in the gastrointestinal tract. Soil subject to flooding and high 
rainfall have been linked to outbreaks of disease in cattle.100

Pathogenesis. In cattle, most cases of blackleg arise when 
endogenous clostridial spores that have lodged in tissues after 
absorption through the gastrointestinal tract begin to proliferate 
and produce toxins. These cases do not usually have an associated 
break in the skin, although the animal may have a history of blunt 
trauma that might create a hypoxic environment conducive to 
clostridial growth in the muscle. In contrast, clostridial myositis 
in sheep most often develops after contamination of a wound by 
spores from the environment. The vegetative organisms liberate 
exotoxins that induce severe necrotizing myositis, followed by 
systemic toxemia and death. Clostridial cardiac myositis has been 
reported in lambs.45

Clinical Signs. Clostridial myonecrosis progresses very rapidly 
and animals are often found moribund or dead. Systemic signs 
observed early in the disease include fever, anorexia, and depres-
sion. Local signs depend on the site of infection. If a wound is 
infected, severe swelling and a malodorous discharge are often 
evident.99 Blackleg is almost always fatal.

Diagnosis. Diagnosis is made based on culture of a clostridial 
pathogen from wounds or necrotic muscle as well as necropsy 
findings. Samples for anaerobic culture should be taken quickly 
because the normal proliferation of clostridial organisms in tissue 
after death can confound results. A Gram stain of material from 
diseased muscle may show large gram-positive rods. On gross ex-
amination, affected muscle is darker than normal and has a rancid 
smell. Lesions tend to be deeper and have less associated gas than 
lesions typically found in cattle.99 When external wounds are in-
volved, edema is evident. Histology shows myonecrosis, edema, 
and neutrophilic inflammation; clostridial organisms can usually 
be visualized. Identification of C. chauvoei is aided by fluorescent 
antibody tests and PCR because culture of this organism may be 
difficult. Differential diagnoses include lightning strike and per-
acute infections such as anthrax and other clostridial diseases.

Treatment. The rapid death of most patients precludes treat-
ment. However, if animals are detected by their early signs, high 
doses of penicillin (44,000 IU/kg IV every 4–6 hours) are indi-
cated until the animal’s condition stabilizes. Surgical incision of 
the skin and fascia over the affected area is thought to be benefi-
cial. Supportive measures include IV fluids and NSAIDs.

Prevention. Vaccination against C. chauvoei, C. novyi, and C. 
septicum is recommended to reduce losses at parturition and 
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shearing time. Dams should receive two doses, the second being 
administered 1 month before parturition. Annual boosters are 
necessary to protect dams and neonates. Some of the literature also 
recommends vaccinating older lambs before shearing. The efficacy 
of vaccination programs is unknown. Carcasses should be buried 
deeply or burned to reduce contamination of soil.99

Sarcocystosis
Sarcocystis species parasites are coccidia that cycle between a car-
nivorous host and an herbivorous intermediate host. In rumi-
nants, infection is often subclinical, but abortion, failure to thrive, 
and neuromuscular disease have been reported.101 The develop-
ment of clinical disease depends on the species of Sarcocystis as 
well as the dose ingested. Sarcocystis tenella is considered the most 
pathogenic species for sheep, and Sarcocystis capracanis is most 
pathogenic in goats.101 The sarcocysts from some species (Sarcocys-
tis gigantea and Sarcocystis medusiformis) are large enough to be 
seen macroscopically and result in carcass condemnation.

The prevalence of infection in small ruminants is high, but 
clinical disease is uncommon. A postmortem survey of range 
goats in Texas revealed microscopic Sarcocystis species in 60% of 
the animals, with the tongue being the most commonly affected 
site.102 The presence of working dogs that are fed raw meat is as-
sociated with sarcocystosis in a herd. Administration of monensin 
may predispose to the development of clinical disease.103

Pathogenesis. The definitive host, a carnivore, becomes in-
fected by eating tissue from an intermediate host that contains 
sarcocysts. The parasite develops into a sporocyst that is passed in 
the feces of the definitive host. The intermediate herbivore host is 
infected by consuming contaminated feed or water. After inges-
tion, sporozoites penetrate the mucosa of the small intestine and 
lodge in the endothelial cells of the blood vessels. This causes 
damage to the vasculature, resulting in hemorrhage and anemia. 
The parasites ultimately enter muscle and nerve cells, where they 
develop into sarcocysts.

Clinical Signs. Common clinical signs in sheep include mus-
cular weakness, ataxia, and flaccid paralysis. Poor growth and 
anemia also have been reported. Neonates are most susceptible. 
Sarcocystis infection also has been associated with esophageal dys-
function in sheep.101 Experimental infection of two sheep with 
coyote-origin Sarcocystis produced fever, anorexia, and anemia; 
one sheep exhibited abnormal behavior. Myositis was found in 
many sites.102–105 There is a report of Sarcocystis tenella being diag-
nosed in a stillborn lamb with microscopic lesions in the central 
nervous system and placenta.106

Goats experimentally infected with S. capracanis showed a 
range of clinical signs. Goats receiving the smallest dose remained 
clinically normal, but goats receiving higher doses developed fe-
ver, depression, and weakness, and many died acutely in the first 
weeks after infection. Microscopically, stages of the parasite were 
detected in the endothelial cells of arteries in many organs. Myo-
cardial necrosis was observed in many goats. Multifocal necrosis, 
gliosis, and vasculitis of the central nervous system were noted, 
and sarcocysts were found in the brain and spinal cord.104,107

Diagnosis. Laboratory findings reported in cattle include 
a regenerative anemia, and elevations of the muscle enzymes  
creatine phosphokinase, aspartate aminotransferase (AST), and 
lactate dehydrogenase. Similar results are expected in small rumi-
nants. Demonstration of a rise in antibody titer after acute illness 
aids in diagnosis. Development of PCR tests should improve  
the ability to diagnose infections with pathogenic species of  

Sarcocystis.108 Histology of skeletal or cardiac muscle reveals the 
presence of sarcocysts. There may be edema in multiple organs 
and atrophy of fat.105 Differential diagnoses include the numerous 
other causes of fever, anemia, and poor growth.

Treatment and Prevention. No approved treatment exists for 
sarcocystosis. The use of amprolium (100 mg/kg/day) or salino-
mycin has been reported.102 Carnivores should be kept away from 
small ruminants and exposure to uncooked meat or carcasses 
should be minimized to help control this disease. However, re-
moving carnivorous guard dogs may increase losses to predators. 
No vaccine is currently available (see Chapter 6).

Foot and Mouth Disease
Foot and mouth disease (FMD) is a highly contagious viral dis-
ease of ruminants and swine characterized by fever and vesicles of 
the mouth, feet, and teats. Cattle and pigs are most severely  
affected, but sheep, goats, and cervids are susceptible.109 FMD 
often produces a mild clinical syndrome in sheep and goats, and 
therefore, these species may be inapparent sources of the virus 
during outbreaks.110,111 In the 2001 FMD outbreak in the United 
Kingdom, movement of apparently normal virus-excreting sheep 
contributed to widespread dissemination of the disease.112 FMD 
has significant economic impact resulting from loss of production 
and limitations on movement of animals from affected areas. 
FMD is endemic in Asia, Africa, South America, and parts of 
Europe. North America, Central America, and Australia are cur-
rently free of FMD.113 FMD usually occurs as an outbreak that 
spreads rapidly. All hoof stock except for horses are susceptible. 
Morbidity is high (close to 100%), although mortality is low. 
Most deaths are seen in young animals as a result of myocardial 
necrosis.110,111

FMD is readily spread by direct contact with affected animals; 
aerosolization of the virus is another important source of infec-
tion. Ruptured vesicles, respiratory secretions, saliva, milk, urine, 
and semen are sources of the virus. FMD also may be spread to 
new premises by human beings, animal products, fomites, and 
even wind currents.113 Most animals stop shedding the virus 
within a few days of vesicle rupture, but cases of long-term (weeks 
to years) carriers have been reported.110,111 The virus may persist 
in the environment for months, and it is not destroyed by com-
mon disinfectants. Wild hoof stock is susceptible to FMD and in 
some cases may act as reservoirs for the virus.

Pathogenesis. The FMD virus, an aphthovirus (family Picor-
naviridae), consists of seven serotypes (O, A, C, Asia 1, SAT 1, 2, 
and 3) and more than 60 subtypes that vary in virulence and spe-
cies specificity.45 FMD virus gains access to the animal through 
the mucosal epithelium, viremia ensues, and the virus localizes to 
epithelial sites throughout the body. Lesions are most evident in 
the oral mucosa and feet. Necrotizing myocarditis has been re-
ported to affect primarily young animals. Immunity conferred by 
infection is fairly short-lived (a few years), and cross-protection 
against other strains is poor.45

Clinical Signs. In cattle, infection with FMD virus produces 
fever, vesicles, erosions, and ulcers of the oral mucosa, teats, coro-
nary band, and interdigital area. The lesions seem to be very  
painful, and the resulting clinical signs include anorexia, depres-
sion, salivation, agalactia, and lameness. Weight loss, mastitis, and 
secondary bacterial infections are common sequelae.45 Most 
animals recover within 2 to 3 weeks.

Sheep and goats usually show milder clinical signs than cattle; 
however, severe outbreaks have been reported in sheep. Deer have 
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lesions similar to cattle, sheep and goats. Oral lesions are usually 
mild and transient, and foot lesions and lameness are the pre-
dominant symptoms noted.110,111 If the oral lesions are not de-
tected, FMD may resemble infectious foot rot. In the 2001 UK 
outbreak, lameness and fever were the most evident signs in 
sheep. Vesicles in the interdigital area, heel, and coronary band 
required careful inspection to detect, and shallow oral erosions 
were found in some cases, primarily involving the dental pad, 
tongue, hard palate, and lips.114

Lesions detected on postmortem examination include vesicles, 
erosions, and ulcers of the mouth and feet. The udder, pharynx, 
trachea, esophagus, forestomachs, and intestines also may be af-
fected. The myocardia of neonates often have pale streaks caused 
by necrosis, an appearance known as tiger heart.45

Diagnosis. Rapid confirmation of FMD is essential because of 
the far-reaching consequences of this disease. The clinical signs of 
FMD resemble those of other vesicular diseases such as blue-
tongue, vesicular stomatitis (which rarely causes disease in small 
ruminants), and poxvirus infection, as well as infectious foot rot. 
If FMD is suspected, a state veterinarian should be contacted im-
mediately. Development of rapid diagnostic tests will greatly aid 
diagnosis and management of FMD outbreaks.

Treatment. FMD has no specific treatment. Antiinflamma-
tory agents and topical dressings may be used to alleviate  
discomfort.

Control. FMD-free regions maintain their status by restrict-
ing the entry of live animals and animal products from endemic 
areas. Outbreaks in nonendemic areas are generally controlled by 
quarantine and eradication of affected animals and those with 
which they have had contact. In endemic regions, vaccination is 
employed to control FMD. Ideally, the vaccine should contain 
local strains of virus. The immunity provided by killed vaccine is 
short-lived (6–8 months) and is protective against only a few 
strains of virus. Cattle are usually the focus of a vaccination pro-
gram, but vaccination of sheep and goats in endemic regions is 
recommended.110,111

Degenerative Joint Disease
Degenerative joint disease is a complex physiologic process that 
can destroy articular cartilage and cripple animals. Lameness is 
the most common clinical sign seen in animals with degenerative 
joint disease. This lameness results from normal destructive  
processes in the joint overriding the balancing repair processes 
normally present. This lack of balance in the joint leads to inflam-
mation that produces heat, swelling, and pain. Degenerative joint 
disease in small ruminants is most often a sequela to infectious 
arthritis. However, trauma such as direct injury to a joint also can 
result in degenerative joint disease. Pet goats and sheep (particu-
larly geriatric animals) tend to develop degenerative joint disease, 
and the condition can be exacerbated by CAE infection in 
goats.107 Other joints may be affected as well because of abnormal 
stresses resulting from aberrant gait or weight-bearing patterns 
used by the animal to compensate for the injured joint. Unfortu-
nately, small ruminants function well with mild lameness, and 
therefore, degenerative disease is often quite advanced before an 
affected animal is brought to the attention of a veterinarian. If a 
clinician can examine an animal early in the process of degenera-
tive joint disease, he or she may be able to address the etiology 
directly or at least change management procedures in order to 
slow the progression of the disease. Some affected animals refuse 
to walk or have a stiff gait; many often have overgrown feet.

Treatment
Several dietary supplements and chondroprotective agents are 
available to veterinary practitioners today. No scientific studies 
support the efficacy of these agents in small ruminants, but anec-
dotal reports suggest some may be beneficial.107 Injections of a 
polysulfated glycosaminoglycan (Adequan) (125 mg/week for  
4 weeks) have been suggested. Issues of expense and management 
regarding long-term treatment of individual animals must be ad-
dressed by the owner before instituting therapy with chondropro-
tective agents. Administration of NSAIDs (aspirin 100 mg/kg 
BID), provision of proper care, maintenance of good body condi-
tion scores (2–3) in animals, and avoidance of obesity are all valu-
able parts of the therapeutic plan.107 Some animals severely lame 
due to degenerative joint disease will experience increased com-
fort when the painful joint fuses over time (ankylosis) or has a 
surgical arthrodesis performed.

Metabolic and Nutritional Conditions

Nutritional Muscular Dystrophy
Nutritional muscular dystrophy (NMD), also known as white 
muscle disease, is a disease of all large animals caused by a defi-
ciency of selenium and/or vitamin E. The disease affects skeletal 
and cardiac muscle and is most common in young, rapidly grow-
ing animals. Selenium and vitamin E deficiencies also produce 
syndromes of ill thrift and reproductive losses.45

NMD occurs in selenium-deficient areas throughout the world. 
It is a significant disease in North America, the United Kingdom, 
Europe, Australia, and New Zealand. In the United States, the 
northeast, southeast, and northwest regions are deficient in sele-
nium; the central region has sufficient selenium in its soil.115 Even 
within a region, the selenium content of soil and forage may vary 
depending on pH, season, and type of plants grown. For example, 
alkaline soils encourage selenium uptake by plants, whereas plants 
grown in areas of high rainfall and acidic soils are usually low or 
marginal in selenium content.116 In most instances, the selenium 
content of pasture is lowest in the spring. Nitrogen and, to a cer-
tain degree, phosphorus fertilization and irrigation may decrease 
selenium uptake by plants. Faster-growing plants have lower sele-
nium content; this condition is exacerbated when plants are grown 
on soils already marginal in selenium. Hay grown in drier areas 
tends to have a higher selenium concentration. Hay analysis is 
crucial in determining dietary selenium intake.

Selenium is absorbed, as are other minerals, in the small  
intestine. Therefore, high concentrations of other minerals (e.g., 
calcium, sulfur, and copper) may decrease its absorption. Also, 
certain feed contaminants (e.g., nitrate, unsaturated fats, and 
sulfates) may further suppress selenium uptake and availability.117 
Forage with less than 0.1 ppm of selenium on a dry matter basis 
is deficient.

Vitamin E helps prevent peroxidation of cell membrane lipids, 
aiding in the maintenance of membrane integrity. It also is some-
what protective against selenium deficiency. Of the forms of vita-
min E, the d-isomer of alpha-tocopherol has the greatest biologic 
activity. It also is absorbed in the upper small intestine.118 Because 
bile acids are needed for proper absorption, derangements in 
small intestine function can decrease the absorption of vitamin E, 
even if dietary concentrations are adequate. Vitamin E–deficient 
small ruminants probably absorb 50 to 75% of dietary tocoph-
erol, whereas animals receiving adequate vitamin E absorb only 
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20 to 30%. Vitamin E activity is good in green pasture and good 
hay. Legumes often have less available vitamin E than grass 
does.116 Vitamin E can be destroyed by oxidative destruction, 
particularly if large amounts of unsaturated fats and certain min-
erals (e.g., copper, iron) are added to the same supplement or 
mineral mixture. Long-term storage of feedstuffs decreases vita-
min E activity by as much as 50% per month.116

Deficiencies occur when animals are fed poor-quality hay or 
straw and lack access to pasture. Diets high in polyunsaturated 
fatty acids contribute to the development of NMD by increasing 
the requirement for vitamin E. Vitamin E requirements also are 
increased if vitamin C and/or carotenoids are deficient or if di-
etary nitrate intake is increased. However, adequate vitamin C 
and beta-carotene in the diet help lower vitamin E requirements. 
Adequate dietary selenium is almost completely protective against 
vitamin E deficiency.119

Limited vitamin E transport occurs across the placenta, but 
colostrum has a large quantity of vitamin E. Therefore, neonates 
deprived of colostrum need supplemental vitamin E.

NMD occurs most commonly in neonates whose mothers 
were fed a selenium-deficient diet. Most cases occur in animals 
less than 6 months old, and NMD has been reported in neonates. 
Kids are believed to be more susceptible than lambs, possibly  
because they have a higher requirement for selenium. Further, 
sudden muscular activity in deficient animals unaccustomed to 
exercise often triggers episodes of NMD.45

Hydrogen peroxide and other free radicals are toxic byproducts 
of cell metabolism that have the ability to cause oxidative damage 
to biologic membranes. Selenium is a cofactor in several enzyme 
systems in the body, but much of the pathology associated with 
selenium deficiency is caused by an impairment of the enzyme 
glutathione peroxidase (GPx). GPx protects cell membranes 
against destruction by these endogenous peroxides by converting 
them to relatively benign hydroxy fatty acids. The lipid-soluble 
vitamin E molecule acts as a free radical scavenger within the cell 
membrane. High concentrations of dietary fat can overwhelm the 
vitamin E protection system.119 Selenium and vitamin E act as 
antioxidants by separate mechanisms; diets that are deficient in 
selenium or vitamin E permit oxidative damage, which leads to 
muscle degeneration. The deficiency of these two nutrients results 
in a buildup of free radicals and increases in subsequent damage. 
Muscles with high metabolic activity are most susceptible (e.g., 
heart, diaphragm). This syndrome and other selenium-responsive 
diseases are most commonly encountered in young growing 
lambs, particularly those 2 to 4 months of age.116,120 Selenium 
deficiency also may impair the body’s immune system. In cattle 
and possibly in small ruminants, deficient selenium intake can 
result in reduced neutrophilic response, a higher incidence of 
mastitis and metritis, and poor overall body condition. Because of 
their compromised immune systems, many of these lambs are 
more susceptible to other contagious diseases. Sheep consuming 
selenium-deficient diets produce low wool yields and may have an 
increased incidence of periodontal disease. Adults consuming a 
deficient diet may have these signs, whereas growing neonates 
exhibit NMD.

Clinical Signs. Two syndromes of NMD are classically de-
scribed: an acute to peracute cardiac form and the more common 
subacute skeletal muscle form. Animals with involvement of car-
diac muscle show acute signs that include recumbency, respiratory 
distress, and death. Respiratory signs include tachypnea and 
frothy nasal discharge resulting from pulmonary edema. Tachy-
cardia is common, sometimes accompanied by a heart murmur. 

Animals are often alert and their struggles to arise may be inter-
preted as seizures. A history of collapse after exercise is typical. 
Differential diagnoses include toxicities, fulminant infectious 
diseases, pneumonia, and neurologic disease such as polioen-
cephalomalacia or tetanus.

Animals with skeletal muscle degeneration have a different ap-
pearance. These animals have a stiff gait and tremble while stand-
ing. Many prefer to remain in sternal recumbency. The muscles 
may feel firm. Signs described in this form of the disease include 
hunched appearance, stiff gait, and overall poor production.116 
Neonates continue to weaken and eventually become unable to 
nurse.120 Many young have aspiration pneumonia resulting from 
dysfunction of the glottis. Some adult animals continue to eat, 
but others are dysphagic because of involvement of the tongue. 
Skeletal and cardiac muscle disease may occur concurrently.  
Careful assessment of flock/herd history and a through physical 
examination are required to determine the underlying cause of the 
pneumonia. Other diseases that may appear similar include enzo-
otic ataxia, polyarthritis, and nutritional osteodystrophy. Vitamin 
E–associated NMD is most commonly encountered in lambs and 
yearling ewe lambs.116

Diagnosis. Elevated creatine kinase (CK) is a good indicator 
of subclinical NMD.116 Marked elevations in CK (10–50 3) can 
occur in NMD. CK has a short half-life (2–4 hours), so elevations 
indicate recent or ongoing muscle damage. CK levels return to 
normal as the animal recovers. AST also is elevated with muscle 
injury; however, it is not specific to muscle disease— 
hepatic disease also may cause elevations in AST. AST has a longer 
half-life than CK does, and concentrations are elevated for several 
days after an episode of NMD. Elevations in CK and AST are not 
specific for NMD, and these enzymes may be elevated in any re-
cumbent animal. However, CK and AST generally occur in much 
higher serum concentrations in the presence of primary muscle 
disease such as NMD.

Selenium deficiency can be confirmed by measuring selenium 
levels in whole blood or tissues. In cases of flock/herd problems, 
10% of the animals or 7 to 10 animals should have blood col-
lected for selenium analysis.116 Erythrocyte GPx concentrations 
are highly correlated with selenium concentration, and the activ-
ity of this enzyme is a useful diagnostic test. However, GPx sam-
ples must be handled with care, and many diagnostic laboratories 
do not offer the test. Testing for serum selenium levels may be of 
value for assays if the diet has been maintained for weeks to 
months. It is of questionable value in assessing individuals, par-
ticularly those that have experienced any dietary changes. Obvi-
ously, most sick animals have undergone a diet change, and many 
have anorexia. Evaluating whole-blood selenium is the easiest and 
most reliable test. Selenium concentration in whole blood reflects 
the selenium level of the diet over the life of a red blood cell.121 
More than 95% of blood selenium is located inside the red blood 
cell and was placed there when the cell was manufactured. Vita-
min E status can be assessed by measuring serum tocopherol. 
Some specialized laboratories offer a vitamin E assay. This chapter 
does not provide guidelines for adequate or deficient concentra-
tions because of the variance in techniques and assays among 
laboratories. Instead, the clinician should inquire about normal 
values from the laboratory where samples are assayed.

At necropsy, affected muscles are friable and contain pale streaks 
that correspond with regions of degeneration and mineralization. 
The distribution is bilaterally symmetric. Similar changes are seen 
in the myocardium if animals have cardiac involvement. Histology 
of muscle shows hyaline degeneration, necrosis, and mineralization. 
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Chronic infections (caused by depressed immune function) and 
aspiration pneumonia (resulting from compromised glottis-closing 
ability) also may be encountered.45,115,116

Treatment. One injection of a vitamin E and/or selenium 
preparation should result in improvement within a few days. 
The treatment can be repeated in 24 hours. Following the label 
doses of some commercial products will provide adequate sele-
nium but very little vitamin E, and supplementation may be 
required. If other animals show clinical signs, they also should 
be treated. The clinician should avoid exposing the animals to 
stress or exertion during treatment. Most animals respond to 
treatment; however, those with cardiac involvement have a poor 
recovery rate.

Prevention. NMD can be prevented by supplementing the 
diet of susceptible animals with selenium and vitamin E. Supple-
mentation of pregnant animals helps reduce disease in newborns 
because selenium is transferred across the placenta and also is 
present in colostrum and milk. Clinicians and keepers should pay 
careful attention to the proper dosage of selenium to prevent 
toxicosis in the animals and should adhere to withdrawal periods 
to limit concentrations in tissues at slaughter. Pasture, hay, and 
any grain supplements should be assayed to determine the 
amount of selenium to be added to a supplemental pellet, grain, 
or mineral mixture.

Selenium and vitamin E supplementation can take many 
forms. The dietary concentration of selenium should be more than 
0.1 to 0.3 mg/kg.45,120 Feed supplementation is commonly recom-
mended. In some circumstances, higher levels of selenium are 
necessary to prevent NMD in lambs. Dietary supplementation 
appears to be the least expensive, most efficient method of ensur-
ing selenium adequacy. Current regulations in the United States 
limit selenium supplementation for sheep to 0.7 mg/head/day or 
90 ppm in the mineral mixture for free-choice feeding.116 Al-
though the use of free-choice mineral supplementation is an excel-
lent mode of selenium supplementation, ensuring a complete diet 
or providing a dietary supplement of 0.2 ppm selenium ensures 
more consistent mineral intake.120 Fresh legumes and grasses are 
good sources of vitamin E.122 Silage, oil seeds, cereal grains, and 
dry hays tend to be poor sources of vitamin E.118 Therefore, diets 
high in grain content should be supplemented with vitamin E.

Alternatively, selenium and vitamin E can be incorporated in 
mineral mixes that are fed free choice to pregnant and lactating 
dams. If feedstuffs contain oxidizing agents (e.g., copper, iron), 
fats, or a high content of disulfide bonds (onions), vitamin E 
potency may be reduced, with resultant deficiency.116 Whenever 
these dietary factors are encountered, supplemental vitamin E is 
indicated. Diets high in corn also may be associated with vitamin 
E deficiency because a lowered rumen pH reduces vitamin E ac-
tivity. This condition can be clinically significant in the young 
growing neonate.

If it is not practical to supplement the diet, monthly injections 
of a commercial vitamin E–selenium selenite compound may be 
useful, although they may need to be repeated more often in 
lambs.45 Injecting the dam 30 days before birth can help prevent 
NMD.116,120 Injecting lambs with selenium–vitamin E prepara-
tions at tail docking (1 mg selenium) and again at weaning (2 mg 
selenium) may be protective on some farms. In addition to  
injected supplements, another source of vitamin E should be 
provided because the amount in commercially available injectable 
compounds is too low to prevent disease in deficient animals.  
Access to pasture or quality forage should provide adequate levels 
of vitamin E.

Other options for selenium supplementation are practiced in 
some regions. A slow-release formulation of selenite can be given 
by SC injection. A dose of 1 mg/kg selenium given to ewes  
3 weeks before lambing protects lambs for as long as 12 weeks 
after birth. An intraruminal selenium pellet also is available for 
sheep. Top-dressing of pasture with sodium selenite at a dose of 
10 g selenium/hectare is practiced in some countries. This method 
is safe and prevents NMD for at least 12 months.45 When 
neonates are bottle-fed, the keeper should ensure an intake of 
adequate vitamin E in the milk replacer (see Chapter 2).

Rickets and Osteomalacia
Rickets is a disease of young animals caused by a failure of proper 
cartilage mineralization. Vitamin D deficiency is the most com-
mon cause, but rickets may occur as a result of deficiencies in 
phosphorus and calcium as well. In older animals, the same defi-
ciencies result in abnormal mineralization of osteoid, a condition 
known as osteomalacia. An inherited form of rickets has been re-
ported in Corriedale sheep in New Zealand.123 There have also 
been reported cases of nutritional congenital rickets in lambs in 
New Zealand when ewes were on phosphorus-deficient grazing 
during gestation.124

Rickets occur mostly in rapidly growing animals that have low 
vitamin D levels because of limited sun exposure. Animals housed 
indoors, those fed green (uncured) forage, and those living at high 
latitudes in winter are most prone. Animals that consume a diet 
low in calcium or phosphorus occasionally develop rickets.  
Ingestion of some poisonous plants, particularly those containing 
oxalates (which bind calcium in the intestine); chronic lead or 
fluoride aluminum toxicity; and chronic parasitism can all pro-
duce or add to the pathogenesis of rickets.119

Pathogenesis. The primary problem is failure of mineraliza-
tion of cartilage and osteoid, which leads to persistence of carti-
lage and irregular osteoid deposition.117 Irregular osteochondral 
junctions and widened physes result. The metaphyses at the cos-
tochondral junctions are noticeably affected. In the long bones, 
the persistent soft tissue in the physis is deformed by weight bear-
ing. In the diaphysis, osteoid is not properly mineralized.125 Long-
haired or woolly animals raised in latitudes closer to the earth’s 
poles, those raised indoors, and those fed milk replacers with in-
adequate vitamin D concentrations may be particularly deficient 
in vitamin D and predisposed to NMD. Twin lambs may be more 
susceptible to disease in the neonatal period.126

Clinical Signs. Affected animals are usually less than 1 year old 
and have a stiff gait, shifting legs, lameness, and recumbency. 
Joints and bones of the distal aspects of the limbs may be  
enlarged, and enlargements of the ribs at the costochondral junc-
tions (rachitic rosary) are frequently seen. Limbs are frequently 
deformed and may be bowed. Teeth may be mottled and their 
eruption delayed. Animals may be thin because of failure to graze 
adequate forage.121 Differential diagnoses include NMD and in-
fectious arthritis.

Diagnosis. Blood chemistry shows elevations in alkaline phos-
phatase greater than those seen in normally growing animals. 
Blood levels of calcium and phosphorus may be low. Serum vita-
min D is low but usually within normal ranges. Radiographic 
changes include widened growth plates, bowing of long bones, 
and thinned cortices.125 Radiographic examination of adult 
animals with osteomalacia will reveal porous bone.

Postmortem examination reveals thickening of growth plates 
and epiphyseal enlargement of long bones. Rib fractures are often 
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apparent. Normal bone contains an ash–to–organic matter ratio 
of 3:2, whereas the ratio in rachitic bone is 1:2 to 1:3.

Careful investigation of feed content; access to sunlight; and 
vitamin D, calcium, and phosphorus levels aid in determining the 
underlying cause of rickets.

Treatment. Vitamin D3 injections (10,000–30,000 IU/kg) 
may be beneficial if dietary supplementation of calcium and phos-
phorus occurs concurrently.126 Recovered animals frequently 
maintain a short stature with limb deformities.

Prevention. Rickets and osteomalacia can be managed by 
providing access to sunlight and properly cured forage. Dietary 
calcium and phosphorus levels should be adjusted if they are low, 
and a calcium-to-phosphorus ratio of 1:1 to 2:1 should be main-
tained. Any potentially toxic substances or plants should be  
removed from the diet.

Osteodystrophia Fibrosa
Osteodystrophia fibrosa is a metabolic disease of goats and sheep 
in which bone mineral is resorbed as a result of prolonged hyper-
secretion of parathyroid hormone (PTH). In a brief search, no 
cases could be found in cervids, but it is likely to occur. High 
phosphorus or low calcium levels in the diet frequently contribute 
to osteodystrophia fibrosa.127 Clinically, this disease is similar to 
rickets.

Osteodystrophia fibrosa is most commonly seen in animals 
consuming a high-phosphorus diet. Diets with a high proportion 
of bran or other cereal grains are often associated with this disease. 
Cereal grains have an inappropriate calcium-to-phosphorus ratio, 
and much of the phosphorus in cereal grains is in the form of 
phytic acid. High phytic acid content can further depress calcium 
absorption from the intestine. The dietary calcium-to-phosphorus 
ratio should be maintained at 1:1 to 2:1. Many cereal grains or 
byproduct feeds (bran) have a ratio of 1:6 or greater.

Pathogenesis. Primary hyperparathyroidism caused by hyper-
plasia or neoplasia of the parathyroid gland is extremely rare. 
Most cases of hyperparathyroidism are sequelae of nutritional or 
metabolic conditions that produce hypocalcemia. Diets with low 
levels of calcium, high levels of phosphorus, or deficient amounts 
of vitamin D may result in hyperparathyroidism; frequently, more 
than one factor is present. PTH stimulates vitamin D production, 
which in turn induces resorption of bone in the animal to main-
tain calcium homeostasis. Renal failure also may result in hyper-
parathyroidism, but this manifestation is uncommon in sheep 
and goats. All the bones of the body are affected, but the bones of 
the face and mandible are most obviously abnormal.

Clinical Signs. Bilateral enlargement of the mandible is typi-
cally the most obvious sign. The mandible feels soft and the ani-
mal may not be able to open its mouth properly. Lameness and 
stiffness are often observed as a result of pathologic fractures. 
Animals are often thin because of decreased food intake.

Diagnosis. Radiographs show enlargement of the mandible, 
decreased bone density, and rotation of the cheek teeth with the 
occlusal surfaces pointed lingually. Fractures of other bones may 
be apparent.128 Laboratory results may show low calcium or high 
phosphorus levels, but these tests often fall within the normal 
range. Postmortem examination shows the mandible to be quite 
soft and malleable. Histology of the mandible shows a lack of 
mineralization of bone and replacement of bone by an extensive 
fibrous matrix.

Caseous lymphadenitis (CL) commonly causes enlargement of 
the mandibular region as a result of abscess formation in the  

submandibular and retropharyngeal lymph nodes. Palpation and 
radiographs should aid in distinguishing between CL and osteo-
dystrophia fibrosa.

Treatment. Animals may recover if placed on a diet with a 
calcium-to-phosphorus ratio of 1:1 or 2:1. The enlarged mandible 
may not improve.129 Formulation of a ration that ensures a 
calcium-to-phosphorus ratio of 1:1 or greater should prevent 
nutritional hyperparathyroidism and osteodystrophia fibrosa.

Epiphysitis
Epiphysitis is a condition of rapidly growing animals in which 
improper ossification of the physes occurs. The etiology is com-
plex, with both genetic and dietary factors believed to play roles. 
It is seen in young rams being fed to maximize growth and is  
associated with pregnancy in about 1% of yearling dairy does.98

Clinical Signs. Clinical signs reported in a pregnant yearling 
Nubian doe included insidious onset of lameness progressing to 
recumbency. Enlargement of the carpi, tarsi, and fetlock joints 
was observed, as was angular limb deformity. Radiographs re-
vealed delayed maturation of cartilage and overgrowth of new 
bone. The animal’s gait improved shortly after parturition, but a 
degree of limb deformity resulting from premature closure of a 
portion of the physes remained. The cause was attributed to 
trauma to the physes as a result of advanced pregnancy.46 After 
noting epiphysitis in animals, the keeper should examine the diet 
to assess the adequacy of copper and maintain a proper calcium-
to-phosphorus ratio of 4:1 to 6:1. Adequate calcium, phosphorus, 
protein, and energy should all be maintained. Proper foot trim-
ming, the provision of pain relief (NSAIDs), and the removal of 
animals from hard surfaces may all be of benefit.130

Osteochondrosis
Osteochondrosis is a disease of abnormal endochondral ossifica-
tion. It is common in pigs and chickens and occurs in most  
domestic animals, but reports are rare in small ruminants. Osteo-
chondrosis was observed in a Suffolk flock,131 and it should be 
considered on the differential diagnosis list when animals that 
have been fed diets high in grain to produce rapid weight gain 
develop lameness or joint swelling. Radiographs of affected  
animals reveal osteochondrosis lesions as seen in other domestic 
animals.

Toxic Conditions

Selenium Toxicity
Selenium toxicity may result from grazing pastures with high se-
lenium content or from exogenous administration of selenium by 
injection or feed supplementation. Acute poisoning may result in 
death, but chronic overdose leads to hoof malformation and lame-
ness. The toxic dose for sheep has been reported to be 2.2 mg/kg 
orally as a single dose or chronic ingestion of 0.25 mg/kg body 
weight.45 Sheep are considered more susceptible to selenium toxi-
cosis than cattle. Little information is available about the natural 
occurrence of selenium toxicosis in goats, but the administration 
of high doses of selenium can result in death.132

Soils in specific regions of North America, Ireland, Australia, 
and South Africa have high selenium content because of the com-
position of the underlying rock.45 Soils in areas of low annual 
rainfall often have an alkaline pH and are more likely to have high 
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selenium levels. Plants extract selenium from the soil, and certain 
plants are concentrators of selenium. These plants are not highly 
palatable, but animals that graze in these areas may develop signs 
of toxicity if more palatable forage is lacking. Documented cases 
of naturally occurring selenium toxicity are uncommon.115

Selenium poisoning also occurs when incorrect doses of sele-
nium are administered to flocks/herds in an attempt to prevent 
NMD.133 Organic selenium compounds (i.e., those found in 
plants) are considered more toxic than inorganic compounds such 
as selenite and selenium dioxide. This reported difference does not 
always correlate with clinical disease.45

Pathogenesis. Selenium concentrates in the kidney, liver, and 
keratinized tissue and has a dystrophic effect on skeletal muscle. 
Toxic concentrations of selenium may displace sulfur in some of 
the amino acids (methionine, cystine), preventing them from 
forming disulfide bonds and thereby weakening keratin forma-
tion. Hoof material has high concentrations of methionine and 
cystine. The mechanism of toxicity has not been determined, but 
selenium also may interfere with the function of certain enzymes. 
A high-protein diet is protective against selenium toxicosis in 
sheep.45

Clinical Signs. Acute poisoning may result in dyspnea, tachy-
cardia, fever, depression, and death. White or blood-tinged froth 
is often observed at the nostrils and mouth.133 Signs of chronic 
toxicity include poor hair coat, alopecia, ill thrift, abnormal ap-
petite, respiratory failure, and lameness. Hoof lesions are apparent 
in all feet and include edema of the coronary bands and deformity 
or separation of hooves. Neonates may have hoof abnormalities 
apparent at birth.

Diagnosis. Diagnosis is based on identifying toxic levels of 
selenium in the animal. Selenium levels in blood, urine, and hair 
are all elevated. Anemia and low hemoglobin levels are character-
istic of chronic selenium poisoning. Necropsy findings in chronic 
selenium poisoning show myopathy of skeletal and cardiac muscle 
and hoof and hair coat abnormalities as described previously.  
Lesions in many other organs also have been described.

Treatment. No specific treatment is effective. If possible, the 
source of excess selenium should be removed.

Prevention. Selenium supplementation should be carefully 
monitored to ensure safe dosage. In regions with seleniferous soils, 
supplemental forage can be provided to reduce consumption of 
selenium-containing plants and increase dietary protein. Rich 
sources of sulfur-containing amino acids (soybean meal) in the 
diet are partially protective. Alternate grazing of areas with plants 
that do not accumulate toxic concentrations of selenium is an-
other option. The addition of 0.01% arsanilic acid or 20 ppm 
copper to the ration also may be preventive, but these substances 
are potentially toxic.

Ergot Toxicosis
Ergot toxicity results from ingestion of alkaloid compounds pro-
duced by the fungus Claviceps purpurea. This fungus infects cere-
als and grasses, most commonly rye, wheat, and oats. The seeds of 
the plants turn dark as they are filled with the fungal sclerotia, and 
this grossly visible structure is referred to as an “ergot.” C. pur-
purea is the fungal species most frequently linked with ergotism, 
but Acremonium coenophialum may cause a similar syndrome.45

The pathology occurs in animals grazing ergot-infested pasture 
or eating grain or hay made from such plants. It is fairly common 
in cattle, but reports in sheep and goats are rare. It has been seen 
in wapiti, but deer are very selective grazers and tend to avoid 

fescue unless there is nothing else to graze. In one report of goats 
and sheep co-grazing a fescue pasture, only goat kids were af-
fected.134 The condition usually occurs after a warm wet season, 
conditions that favor growth of the fungus.

Pathogenesis. Ergots contain alkaloid compounds and other 
pharmacologically active compounds known as ergotoxins. The 
effects of this group of toxins, which includes ergotamine, er-
gotoxine, and ergometrine, include constriction of arterioles and 
endothelial damage leading to gangrene of the extremities.

Clinical Signs. Clinical signs of ergotism include swelling, 
coolness, and hair loss, followed by drying and discoloration of 
the skin of the distal limbs, tail, and ears. A distinct demarcation 
between normal and gangrenous skin is observed and affected tis-
sue may slough. Lameness is evident, and animals may remain 
recumbent. Clinical signs reported in goats include lameness, 
most often in the hindlimbs, with separation of the hoof in the 
most severe cases.135 Ulceration of the oral, ruminal, and intesti-
nal mucosa has been reported in sheep.45

Diagnosis. Feed samples should be analyzed for ergot or 
similar compounds. Differential diagnoses include thrombosis 
secondary to sepsis and trauma.

Treatment. No specific treatment exists for ergot toxicity. 
Animals should be removed from the source of toxin.

Prevention. Feed should contain less than 0.1% infected seed-
heads.45 Pastures with severe ergot infestations should not be used 
for grazing or hay.

Fluorosis (Fluorine Poisoning)
Chronic fluorine poisoning (fluorosis) occurs after the ingestion 
of toxic amounts of fluorine compounds by feed or water. The 
severity of disease depends on the fluorine compound ingested. 
Sodium fluoride is more toxic than rock phosphate; calcium fluo-
ride or sodium fluorosilicate are much less toxic. Deer are usually 
exposed to fluorine from contaminated sites and show clinical 
signs more severe than cattle.136 Sheep and goats are reported to 
be less susceptible than cattle.135

Fluorine occurs naturally in rocks, usually in association with 
phosphate. Soils derived from these rocks and water that percolates 
through these rock formations may contain high levels of fluorine. 
Other sources of fluorine include industrial contamination (as far 
as 14 km downwind), deep water wells, volcanic ash, and phos-
phatic supplements given to combat hypophosphatemia.45

Pathogenesis. The mechanism of fluorine toxicity has not 
been determined. Excess fluorine is deposited in bones and teeth. 
Bony lesions may develop at any time in the animal, but dental 
lesions occur only if fluorine levels are high during the formation 
of the teeth. Urinary excretion of fluorine, accompanied by cal-
cium and phosphorus, leads to mobilization of calcium and 
phosphorus and results in osteomalacia and osteoporosis. Many 
other sites, including the bone marrow, undergo degenerative 
changes.45

Clinical Signs. Acute fluorine toxicity is marked by gastroin-
testinal signs, tetany, and death. Chronic ingestion leads to de-
creased feed consumption and unthriftiness. Dental lesions, 
which consist of surface pitting and increased wear caused by 
improper enamel formation, are the first to appear, although they 
may not be noticed. With time, rapid wear and tooth breakage 
occurs, leading to impaired mastication.137,138

Signs of osteofluorosis include ill thrift, stiffness, and lameness 
that is most prominent in the hindlimbs. Pathologic fractures, 
often of the third phalanx (P3), may occur in several animals in 
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the group. The affected bones are painful to palpation and may be 
enlarged.45

Differential diagnoses include other causes of lameness on a 
herd or flock basis, including hypophosphatemia, vitamin D  
deficiency, selenium toxicity, and selenium deficiency.

Diagnosis. Serum fluorine levels are often elevated in toxicosis 
(the normal level for cattle is 0.2 mg/dL), but normal levels do 
not rule out toxicity because of the storage of fluorine in bone. 
Urinary fluorine is often elevated (16–68 mg/kg is normal for 
cattle). Serum alkaline phosphatase levels are usually elevated.45,137

Radiographic abnormalities include increased bone density, 
enlarged bones, narrowing of the marrow cavity, and spontaneous 
fractures that heal poorly.

Postmortem examination reveals chalky, brittle bones with di-
aphyseal exostoses. Histology shows abnormal calcification of 
bone. Hypoplasia of enamel is observed in animals with dental 
disease. Degenerative changes of many tissues, including bone 
marrow, are observed. The fluorine content of bones can be mea-
sured to confirm the diagnosis. The mandible and metacarpal and 
metatarsal bones are considered the most reliable sources of bone 
for fluorine assay.44

Treatment. Keepers should remove animals from the source of 
fluorine. Cases of acute toxicity can be treated with aluminum 
salts (to neutralize hydrofluoric acid in the stomach) and IV cal-
cium salts to control tetany. Dental and bone lesions do not usu-
ally improve. Animals should be fed good-quality hay. The addi-
tion of calcium carbonate or aluminum sulfate to the diet at 1% 
of the dry matter intake may be beneficial in decreasing bone 
fluoride content.

Prevention. Phosphate feed supplements for cattle should not 
contain more than 0.2 to 0.3% fluorine. A phosphorus-to- 
fluoride ratio greater than 100:1 should be maintained. Rock 
phosphate can be a source of fluorine, and deep-water wells 
should be assayed for fluorine levels before use. Careful manage-
ment of grassland and water in high-fluorine areas may reduce 
losses caused by fluorine toxicosis.139 Some guidelines recom-
mend feeding aluminum salts to bind fluorine and reduce  
accumulation in tissue, but these compounds are unpalatable.45

Plant Toxicity
Australian sheep eating lupine stubble infested with the fungus 
Phomopsis (Diaporthe toxica) developed a myopathy of skeletal 
muscle marked by stiff gait and recumbency.140 Ingestion of Cas-
sia roemeriana (twin-leaf senna) is believed to cause a similar 
syndrome in cattle and sheep in Texas, New Mexico, and  
Mexico.141,142

Neoplasia
Neoplasia of the musculoskeletal system is extremely rare in 
sheep, goats, and cervids. A study of 673 ovine neoplasms submit-
ted to a veterinary laboratory in South Africa revealed that 21 of 
them were of connective tissue origin. Types of tumors included 
chondroma, chondrosarcoma, fibroma, fibrosarcoma, osteoma, 
rhabdomyosarcoma, leiomyoma, and fibrolipoma.143 Most other 
reports of small ruminant neoplasia are single case reports rather 
than large studies as described.

A 9-year-old pygmy goat was diagnosed with a spindle cell 
tumor of the rumen with metastasis to the liver and adhesions 
throughout the abdomen including spleen, liver, diaphragm, and 
body wall.144 Squamous cell carcinoma of the prepuce has been 

described in a Boer buck with chronic posthitis.145 Also, adeno-
carcinoma and leiomyosarcoma of the uterus have been reported 
in a mixed-breed doe.146 Osteosarcoma and pathologic fracture 
developed in a 9-year-old Toggenburg goat 4 years after a com-
minuted humeral fracture had been repaired with an intramedul-
lary pin. The animal also was reported to have pulmonary  
nodules, but these were not examined histologically.147 Osteoma 
of the frontal bone and compromise of the nasal cavity were re-
ported in a sheep.148 Mandibular osteoma was diagnosed in a 
10-year-old Toggenburg cross, and osteochondrosarcoma of the 
rib and sternum of a goat also has been described.147,149

A diagnosis of neoplasia is based ultimately on histopathology. 
Bony enlargement, lameness, and radiographic evidence of lysis or 
proliferation may suggest a diagnosis of neoplasia, especially in an 
older animal. Successful treatment of connective tissue tumors has 
not been reported.

Tail Docking (Sheep)
Tail removal or “docking” is usually performed during the first  
2 weeks of life.150,151 Some lambs sold in niche markets do not 
have their tails docked, and in some breeds (e.g., Karakul), the tail 
should be left long because the fat at the base of the tail is consid-
ered a prized commodity. Still, in most environments in which 
lambs are kept, long tails can become soiled with loose stool or 
diarrhea (as a result of high-grain diets, lush pasture, or internal 
parasites), leading to fly strike or infestation of the wool with 
maggots. Furthermore, long tails in females appear to depress 
normal reproductive performance. For these and other reasons, 
tails are usually removed. If the lamb is less than 24 hours old, the 
stress associated with tail removal may decrease absorption of co-
lostral antibodies and result in the diseases associated with failure 
or partial failure of passive transfer. Therefore, lambs should be  
2 to 3 days to 2 weeks old at docking. One of the authors (DGP) 
prefers to dock tails at 3 days on alert, healthy animals that are 
being cared for by their dams. The docking can take place after 
the lambs and their dams are moved to a single-family unit (jug) 
or holding area. Placing the new lamb and dam together helps 
prevent the ewe from wandering off or abandoning the lamb after 
the procedure. Anesthesia is seldom required, with the obvious 
exception of adult or pet animals (on owner’s request). If anesthe-
sia is required, either a sedative or a caudal epidural and ring block 
will suffice.150 Some studies suggest that a tail ring block of a local 
anesthetic can reduce the stress associated with tail removal.152 
Still, Hooper150 has suggested, and the authors of this chapter 
agree, that the neonatal lamb responds as much, or possibly more, 
to the injection of a local anesthetic as to the surgical removal of 
the tail without anesthesia. The pain associated with lidocaine 
injection can be partially alleviated by adding sodium bicarbonate 
(1–10) to the lidocaine. There is evidence that sheep undergoing 
tail docking benefit from analgesics such as meloxicam and local 
anesthetics.153–155

The tail should be left long enough to cover the anus and may 
be extended to the dorsal aspect of the vulva on females.151 The 
wool-less distal attachment of the paired caudal skinfolds on the 
ventral tail surface provides a good landmark for the site of tail 
removal. Many owners of show or club lambs prefer to remove the 
tail as close to the body as possible. However, docking too close 
to the sacrum may result in an increased incidence of rectal and 
possibly vaginal prolapse.150 The short docking has also been 
found to correlate with the presence of septic arthritis and carcass 
loss in an abattoir review of over 63,000 lambs.156
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The tail can be crushed, cut, cauterized, or removed with a 
combination of these methods.151 Equipment used for tail re-
moval includes an emasculator, an emasculatome, a hot chisel, a 
knife, or elastrator bands. Tails should be cleaned of dirt and feces. 
The lamb should be manually restrained as the clinician  
determines the exact spot of tail removal; the tail should not be 
excessively stretched. Leaving some skin proximal to the point of 
removal provides redundant skin to cover the spinal stump.150 Use 
of a cautery unit (e.g., hot chisel, suture heated wedge, electric 
wedge, and electric cautery) minimizes hemorrhage. If hemor-
rhage does occur, the ventral blood vessels can be clamped and 
sutured if needed. If cautery units are used and the wool is 
burned, some ewes may reject the lambs.150 Removing wool over 
the docking site before the procedure and gently washing or 
cleansing the tail after removal can minimize ewe rejection. Ewe 
rejection caused by cautery docking is rare, and this method of 
docking is very acceptable. Cautery equipment should be used 
cautiously because of the possibility of burning the vulva, anus, or 
perineal skin. Regardless of the method, in the absence of compli-
cations, the tail stump will heal within 2 weeks. Tetanus toxoid or 
antitoxin should be routinely administered on farms where teta-
nus is a problem; it also can be provided for all docked animals.

If an elastrator or rubber band is used, the tail sloughs  
because of ischemic necrosis. This procedure is controversial, and 
elastrator band use should always be accompanied by tetanus 
prophylaxis.

The tail of an adult sheep can be removed as it would be in 
other animals. The animal can be placed under general anesthesia 
or sedated, restrained, and given an epidural or ring block with 
local anesthetic. The surgical area is clipped and aseptically pre-
pared, and the site for tail excision is determined. The clinician 
then makes a wedge-shaped skin incision distal to the interverte-
bral space where the tail is to be removed. This leaves enough skin 
to suture over the stump.150 The clinician cuts the tail between the 
vertebrae, removes the tail, and closes the skin. If excessive hemor-
rhage occurs, the vessels can be cauterized or sutured with absorb-
able material. Animals can be placed on a broad-spectrum  
antibiotic and given tetanus prophylaxis.

General Hoof Care
Most lameness in small ruminants is associated with pathology of 
the foot. Surveys have found that the incidence of foot disorders 
varies from approximately 10 to 19%.157,158 Overgrown hooves 
are one of the most common foot disorders. Many foot disorders 
can be attributed to environmental, nutritional, and anatomic 
factors, but some can be prevented by proper trimming and man-
agement. With increased nutritional intake, and particularly with 
enhanced protein intake, hooves tend to grow more rapidly.

The hooves of small ruminants have fewer problems in a dry 
environment. The incidence of hoof disorders is higher in seasons 
of more precipitation and when housing is allowed to become 
humid, wet, or muddy. Fewer problems are seen when the animals 
can move about on hard, dry surfaces. Most sheep and goats re-
quire hoof trimming because of lack of adequate exercise on a 
hard, dry surface to wear down hoof material naturally; because 
of chronic laminitis; or because of fast hoof growth resulting from 
intensive feeding practices designed to increase production. Deer 
rarely require foot trimming, but hoof overgrowth may occur on 
soft wet soils or as sequelae to hemorrhagic disease (Figure 11.11). 
Some herds/flocks may require foot trimming every 6 weeks to  
2 months to minimize the incidence of foot disorders. Hooves can 

usually be trimmed adequately with shears, although a hoof knife 
also may be useful.157

During trimming, some goats will stand, others need to be “set 
up” on their rumps, and others will stand in a stanchion. Some 
individuals prefer to trim the feet of sheep with them restrained 
in a tilt chute. The authors of this chapter prefer to trim the feet 
of sheep with them sitting on their rumps; foot trimming in goats 
is easier if the animals stand and the operator stands to the side. 
If an animal is allowed to stand, it should be tied. This allows the 
animal to be secured between the operator and a wall during foot 
trimming.157 Regardless of the method, complete restraint is cru-
cial to proper hoof care. Almost all deer (except possibly reindeer) 
will require deep sedation or anesthesia to trim feet safely for both 
the animal and the handler.

The clinician or keeper should shape the foot to match the 
angle of the coronary band while trimming the toe wall and sole. 
Dirt that has become packed into the toe should be removed so 
the operator can determine the amount of toe horn to be re-
moved. After trimming, the hoof wall and the coronary band 
should be almost parallel. Trimming of the lateral wall corrects 
many hoof problems. After trimming the toe and lateral wall, the 
clinician or keeper should cut the inner wall shorter than the 
outer wall. The rubbery heel should be cut if it is excessively long 
or overgrown. The outer hoof wall should be slightly longer than 
any other hoof structure because it is a weight-bearing surface. If 
the hoof is improperly trimmed, the animal may walk on the toe 
or side of the foot or on the heel with the toe pointing up. A com-
mon cause of foot problems is an inward-turning outer wall that 
produces areas that accumulate debris and become infected. The 
inner wall may occasionally overgrow toward the interdigital cleft 
and predispose the animal to interdigital disease. The foot will be 
better balanced if the operator removes the toe curl by trimming 
the solar surface of the hoof and keeping it level rather than dub-
bing or shortening the toe. In groups kept on soft pastures or 
paddocks, placing feeders on rough surfaces helps decrease the 
amount of trimming needed. Building or stacking rough material 
(cement or concrete blocks) for goats to play on also may help 
minimize the need for frequent trimming.

Feeding affects hoof condition and growth. Animals being 
overfed energy and protein and living on soft ground may be 
more prone to some abnormalities. As a general rule, a well- 
balanced feeding program with a free choice mineral salt supple-
ment consisting of calcium, phosphorus, and trace minerals is all 
that is required. However, some feeding programs may enhance 
hoof growth and health and are useful in special circumstances.

• Fig. 11.11  A white-tailed deer with overgrown toes and a crack in the 
proximal dorsal aspect of one toe.
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In other ruminants (cattle), diets that change normal rumen 
function by increasing the fermentation rate negatively affect the 
hoof health.159 The ingestion of high-energy feeds, coupled with 
inadequate fiber intake, can result in suboptimal hoof health. In 
rations in which concentrates and roughage are fed separately, the 
concentrated portion of the diet should be divided into two or 
more equal feedings each day. This not only promotes overall 
health but also may help reduce the microflora changes that alter 
normal rumen fermentation and predispose animals to founder. 
Forage should always make up more than 30 to 50% of the dry 
matter content of the ration. Lush, young forage rarely provides 
enough effective fiber to optimize rumen fermentation. The feed-
ing of buffers, particularly in high-concentrate diets, may help the 
rumen resist digestive upsets and thereby prevent subsequent hoof 
disease. Abnormal rapid hoof growth can occur when abnormal 
rumen fermentation is induced by the ingestion of lush, well-
fertilized pastures.159

Hoof health also can be affected by certain vitamins and min-
erals. The addition of 20 mg of biotin improves short-term heal-
ing of hoof and claw lesions and decreases hoof disease in cattle.159 
Furthermore, diets that acidify the rumen decrease the microbial 
synthesis of biotin. One of the authors (DGP) prefers to include 
biotin (3–4 mg/day) in sheep and goat rations for animals with a 
history of hoof disease. Other vitamins that play major roles in 
hoof health include vitamins A and E and the vitamin A precursor 
beta-carotene. Adequate dietary vitamin A and beta-carotene are 
needed for normal cell replication, epithelial repair, and immune 
function. Vitamin E maintains cellular integrity and normal  
immune function. Diets should be fortified with both of these 
nutrients if hoof problems occur and in cases in which production 
practices predispose to hoof disease.

Calcium is the largest mineral component of hooves and is 
required for normal hoof growth. Dietary calcium concentra-
tions should range between 0.6 and 0.8% of the diet, with the 
calcium-to-phosphorus ratio being maintained between 1:1 and 
2:1. Of the trace minerals that appear to affect hoof growth, 
zinc, copper, and, to a lesser extent, molybdenum and manga-
nese are most crucial.159 Zinc is required for normal immunity, 
horn tissue production, vitamin A metabolism, epithelial repair, 
and hoof hardness. Studies in range, dairy, and feedlot cattle 
have all shown improved hoof health and decreased lameness 
when zinc is added to the diet, particularly in a chelated form 
(zinc methionine).159 The use of such minerals also may be of 
value in improving overall hoof health. In sheep, the administra-
tion of oral zinc sulfate (0.5 g daily) to prevent foot rot has 
shown mixed results.160–162 In cases of high legume intake (high 
calcium), zinc in the chelated form (zinc methionine) may be 
beneficial. Copper is needed for keratin synthesis and normal 
immune function and as a cofactor for many enzyme systems  
in the body. Copper deficiency in the body may be primary 
(inadequate copper in the diet) or conditioned by other dietary 
factors (excessive dietary molybdenum, sulfur, or iron). The  
dietary copper-to-molybdenum ratio should be maintained  
between 4:1 and 6:1 to maintain adequate copper availability 
(see Chapter 2).

Excessive nitrogen fertilization and liming of soils may depress 
copper and selenium uptake by plants. Heavily fertilized forage 
and roughage harvested after a drought may be sources of nitrates, 
which are reduced to nitrites by anaerobic microbial metabolism 
in the rumen. Nitrites can have a direct effect on hoof growth, 
resulting in abnormal horn tissue in cattle and possibly other  
ruminants.159

The key to maintaining healthy hoof tissue with respect to 
nutrition lies in minimizing rumen acidosis and fortifying the diet 
with certain nutrients (e.g., biotin, calcium, zinc).

Diseases of the Foot

Infectious Foot Rot
Infectious foot rot is a severe, contagious disease of sheep, and to 
a lesser extent goats, that leads to significant economic losses as a 
result of weight loss, low fleece weight, labor and treatment costs, 
decreased milk production,163 and premature culling. It does not 
appear to be a significant disease of deer, but Fusobacterium by 
itself leads to severe foot disease in deer. Many factors contribute 
to the disease, but the primary agent is the anaerobic bacterium 
Dichelobacter nodosus (Bacteroides nodosus). Previous infection by 
F. necrophorum contributes to the development of foot rot. The 
presence of both organisms in a large percentage of symptomatic 
foot rot sheep gives reason for added consideration in managing 
an outbreak as well as quarantine of herd additions.164 Corynebac-
terium (Actinomyces) pyogenes infection may increase the suscepti-
bility of the hoof to the other two bacteria. One study suggested 
that a number of spirochetes may also be associated with both 
sheep foot rot and digital dermatitis in cattle.165 The spirochete is 
most likely a secondary invader in foot rot where it is the primary  
organism causing lameness in cattle, sheep goats, and some  
cervids (see Hairy Heel Wart, later in this chapter).

Many strains of D. nodosus have been identified, and some 
have classified the different strains as benign or virulent. Virulent 
strains have a greater keratolytic ability, which is associated with 
the production of a heat-stable protease.157,158,166–168 A study of 
735 D. nodosus isolates from 247 farms in Western Australia 
found 181 molecular types by pulsed-field gel electrophoresis. 
Three common clonal groups made up most of the isolates and 
were also found in cases from other parts of Australia. The mo-
lecular type was stable over several years on some farms, while it 
changed within flocks and even within feet on other farms.169 
Recent research supports that D. nodosus is present in high 
numbers days to weeks prior to clinical signs of foot rot. This is 
associated with the less severe or benign foot rot. F. necrophorum 
numbers increase after the initial infection as a secondary infec-
tion. This secondary infection is then associated with the more 
virulent or severe foot rot.170

Foot rot occurs worldwide wherever periods of warmth and 
prolonged wetness occur. In many regions, the spring and fall are 
the times when transmission is most likely. If conditions are favor-
able, a significant portion of the flock can be affected. All ages are 
susceptible, but the severity of disease generally increases with age. 
Merino sheep are most susceptible to disease, and some breeds 
(Gulf Coast native) are more resistant. Some individuals do not 
become infected or have less severe signs, and a genetic basis for 
resistance is suspected.167,168 Some believe that excessive hoof 
growth and, anecdotally, hoof color (white) may predispose to the 
condition.160 Recent theories suggest that the excessive hoof 
growth is a result of foot rot, not a predisposition. The hooves 
tend to be worn naturally after resolution of clinical signs regard-
less of trimming.171

The source of D. nodosus is the feet of infected animals, which 
transfer the organism to the soil where it contacts the feet of other 
sheep.167 The organism was thought to survive only a few days to 
a few weeks in the environment but can persist for years in carrier 
sheep and goats. Studies suggest that the organism survives more 
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than 30 days under all conditions and soil types. It survived even 
longer in cool soils and clay.172 New infections usually are pre-
ceded by the introduction of new animals or exposure to ground 
that has recently been occupied by an infected flock. Management 
practices that allow the concentration of animals in small areas, 
irrigated pastures, long grass (which may abrade the interdigital 
skin), and wet or rainy conditions all predispose to infection.160,167

Pathogenesis. Wet conditions leading to maceration of tis-
sue encourage infection with F. necrophorum (and occasionally 
A. pyogenes), which is thought to be necessary for infection by 
D. nodosus to occur in cattle.160 When sheep or goats with inter-
digital dermatitis are exposed to D. nodosus, the soft horn be-
comes under-run but no further pathology occurs. This condition 
is known as benign (or nonprogressive) foot rot. If sheep develop 
a secondary infection with F. necrophorum, they develop a much 
more severe disease known as virulent foot rot.170

Clinical Signs. Foot rot usually affects both claws in more than 
one foot. Benign foot rot is characterized by inflammation and 
necrosis of the interdigital tissue. The soft horn is pale and pitted 
and may be separated from the skin, but this separation does not 
involve the hard horn. With benign foot rot, often, only one or a 
few animals in a flock are affected. Virulent foot rot, in contrast, 
is marked by severe lameness in numerous animals in the flock, 
with under-running of the hard horn beginning near the heel on 
the axial surface. In severe cases, the entire horn may separate 
from the underlying tissue. Affected areas produce a malodorous 
exudate. Animals may carry the affected leg, graze on their knees, 
or remain recumbent. Some animals develop fever, anorexia, and 
weight loss. Secondary bacterial infection and fly strike may com-
plicate foot rot infection.

Foot rot in goats is generally less severe than in sheep, although 
significant lameness may develop. Interdigital dermatitis is a more 
prominent sign, and under-running of the horn is a less promi-
nent sign compared with sheep infected with the same virulent 
strain of D. nodosus.166,173

Diagnosis. The diagnosis of virulent foot rot is usually based 
on the clinical presentation of interdigital dermatitis and lameness 
in numerous flock members (virulent foot rot). A Gram stain of 
the interdigital exudate may show the large, curved, gram- 
negative, barbell-shaped rods characteristic of D. nodosus; how-
ever, they may not always be isolated because of their special 
growth requirements.174 Serologic tests may aid in identifying car-
rier animals. Antibody levels are elevated for a short time only and 
are not always accurate. Vaccination may confound the interpre-
tation of the antibody tests. Foot rot is the most common cause 
of lameness in sheep. However, other differential diagnoses in-
clude foot abscess, laminitis, bluetongue, and FMD.

Treatment. The mainstay of therapy for years has been proper 
hoof trimming. While trimming in the face of disease has fallen 
out of favor with some because it can increase short-term lame-
ness and delay healing by up to 6 days,171 others have historically 
believed that appropriate trimming can produce very high cure 
rates without other forms of therapy.160 Applying antibacterial 
agents to the foot after trimming it further improves cure rates 
and may be more critical than trimming. Topical treatments in-
clude antibiotics (tetracycline) and antiseptics (copper sulfate, 
zinc sulfate, cetrimide, or 4 to 5% formalin). If only a few animals 
are affected, these agents may be applied with a spray applicator 
or brush; bandaging ensures contact of the medication with af-
fected tissue.167 Chitosan, which is a by-product of the seafood 
industry, has been shown to have an antibacterial effect on both 
D. nodosus and F. necrophorum in vitro, but it was not effective in 

treating the clinical disease in field trials.175 Time will tell if future 
studies with higher doses will show effectiveness.

The use of foot baths is a more practical method to treat nu-
merous animals. Typically, affected animals should be separated 
from unaffected animals. Both groups of animals are passed 
through a foot bath and then kept in a dry place for a few hours 
before being placed on separate clean pastures. If this procedure is 
repeated several times, the majority of the animals will be cured, 
and the rest should be culled. A prolonged soaking time (1 hour) 
may be more effective than brief passes through foot baths, even 
when they are performed every 10 days.176 Copper sulfate (5%), 
zinc sulfate (10%), and formalin (5%) have been used in foot 
baths and seem to have similar efficacy. Zinc sulfate is preferred 
because it is less hazardous and causes less discomfort than forma-
lin, does not stain the wool, and has a reduced risk of toxicity 
compared with copper sulfate.177

An anionic surfactant, sodium lauryl sulfate, appears to en-
hance penetration of the zinc sulfate solution.167,176 Dry foot 
baths (85% powdered limestone, 15% zinc sulfate) also may be 
beneficial. The clinician should remember that sheep are capable 
of jumping long distances and goats can walk on the thin edge of 
a small plank. Therefore, foot baths should have solid sides and 
be at least 2.5 to 3 m long. Regardless of the type of foot bath 
used, trimming the feet before the therapy greatly enhances its 
effectiveness.

Several systemic antibiotics have been shown to be effective in 
the treatment of foot rot. Penicillin (20,000–30,000 IU/kg IM 
BID), long-acting oxytetracycline (20 mg/kg SC every 72 hours), 
erythromycin (3–5 mg/kg IM BID), lincomycin, spectinomycin, 
and florfenicol (20 mg/kg IM every 48 hours) have been used 
successfully, especially when conditions are dry. These treatments 
are not approved in all countries.178,179

Sheep with foot rot had a quicker resolution of clinical signs 
when supplemented with selenium than control sheep treated 
with saline. The clinically normal sheep at the beginning of the 
study had higher whole blood selenium levels than the sheep with 
clinical signs.180

A randomized study of treatment of sheep with foot rot look-
ing at time to resolution of foot lesions and lameness showed no 
difference with use of NSAIDs, while parental antibiotics short-
ened recovery time and foot trimming soon after diagnosis pro-
longed the time to resolution of lesions and lameness. Therefore, 
it was suggested that use of parental antibiotics and not trimming 
feet in animals with clinical disease would shorten the time to 
resolution of clinical signs in sheep with foot rot.181 Foot rot in 
sheep can be controlled to a degree by antibiotic use. Routine 
trimming of diseased and normal feet may exacerbate the clinical 
disease either through environmental contamination or an in-
creased susceptibility to disease in recently trimmed feet.181,182

Vaccination has been shown to shorten the course of disease in 
flocks. However, a significant number of injection reactions have 
been reported.167 While the decision to vaccinate during an out-
break must be carefully considered, the use of present serogroup-
specific monovalent or bivalent vaccines is recommended.183 
There are 10 serogroups to the fimbriated D. nodosus organism. 
Vaccines using fimbrial proteins can be very effective, but cultures 
are required to determine the specific serogroup responsible for a 
given outbreak. Multivalent vaccines are not effective because 
there is no cross-protection and even competitive immunity  
between the different serogroups.184

Prevention. Eradication of virulent foot rot is possible but of-
ten difficult, especially in areas that are wet most of the year.166,167 
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Box 11.1 describes a foot rot prevention program. Treating affected 
animals, culling chronic cases, and isolating new animals are the 
mainstays of an eradication program. New animals should be seg-
regated through a wet season before they are placed with a  
foot-rot–free flock. Obviously, any animal showing signs of foot 
rot during quarantine should be culled.

In flocks with endemic foot rot, vaccination may be useful in 
reducing the number and severity of foot rot cases, but foot bath-
ing and culling should be continued to complement a good vac-
cination program targeted at the specific serogroups isolated from 
diseased animals on the farm. Several types of vaccines are avail-
able. Two doses given at least 6 weeks apart, followed by boosters 
a few weeks before the wet season may improve effectiveness.160 
Knowledge of seasonal infection patterns and vaccination before 
the predicted increase in clinical cases improves vaccination ef-
fectiveness.160 Genetic selection for resistance to foot rot should 
be a primary adjunct to disease control.

There have been a lot of exciting developments in the area of 
foot rot vaccination in recent years that have led to better immune 
response and, thus, better protection from disease. Administra-
tion of melatonin with foot rot vaccination produced better im-
mune response to the vaccine185,186 reportedly due to a positive 
effect on platelet function.187,188 Melatonin also enhanced the im-
mune response in animals previously vaccinated for foot rot when 
given after vaccination.185

Commercial foot rot vaccines that contain as many as nine 
fimbrial serogroups of D. nodosus will stimulate short-lived and 
low antibody responses because of antigenic competition. Vac-
cines with one or two serogroups will provide better responses for 
longer time periods. Giving two different bivalent vaccines  
3 months apart will produce better immunity without the sero-
groups interfering with each other. This would work better to 
eradicate foot rot on farms that are affected by several different 
strains of D. nodosus.187,188

One study reported the eradication of foot rot from two farms 
in Australia by using farm-specific monovalent whole cell vaccine 
in the entire flock for 1 year and culling the few animals that did 
not respond.183 An autogenous D. nodosus serogroup B vaccine 
administered to an entire flock for two consecutive years eradi-
cated virulent foot rot from the farm (that had seen cases for  
10 years) with no other foot rot treatments given.189 Novel strains 

within the serogroups of D. nodosus have been identified. These 
strains being associated with disease could be important when 
attempting to use specifically targeted vaccinations to eradicate 
foot rot on a given farm.188–190

Laminitis
Laminitis (inflammation of the dermal and epidermal laminae) is 
fairly common in sheep and goats but relatively uncommon in 
white-tailed and mule deer. The history often includes consump-
tion of a highly concentrated or lush forage diet. Laminitis also 
may be associated with systemic illness such as pneumonia, mas-
titis, and metritis; it can occur after parturition.98

Clinical Signs. Clinical signs of laminitis include lameness and 
warm feet. Animals move with a stiff gait and prefer recumbency. 
In chronic cases, foot deformity, marked by “turning up” of the 
toes, occurs. Laminitis is often accompanied by signs of primary 
gastrointestinal illness such as bloat, diarrhea, and toxemia. Dif-
ferential diagnoses include foot rot, CAE, and nutritional condi-
tions that produce lameness, stiff gait, and recumbency.

Treatment and Prevention. The mainstay of treatment is 
NSAIDs such as flunixin meglumine (1 mg/kg SID) and aspirin 
(100 mg/kg PO BID), as well as treatment of the primary disor-
der. If the inciting cause can be corrected, many animals recover.46 
The risk of laminitis can be reduced by slowly increasing the 
amount of grain being fed. Preventing accidental exposure to 
large amounts of concentrate, ensuring adequate forage intake, 
and adding rumen buffers to the diet all help decrease the inci-
dence of laminitis.

Hairy Heel Wart
Cases of unusually severe lameness in sheep have been described 
in the United Kingdom in which the animals are infected with 
Treponema sp. enzymatically and biochemically very similar, if not 
identical, to the spirochetes responsible for dermal dermatitis 
(hairy heel warts) in cattle.191–193 Affected animals usually have 
only one digit involved, but the severe undermining of the hoof 
wall causes pain that leaves the animal unable to bear weight. The 
condition is called contagious ovine digital dermatitis 
(CODD).192–194 The same Treponema sp. has crossed species to 
cause similar clinical disease in goats (called caprine digital derma-
titis [CDD]).193,195,196 Elk have also been diagnosed with this 
spirochete-related lameness in North America (Washington state) 
after sharing wet pasture with cattle.193,197 This condition may 
become severe enough that amputation is the treatment of choice. 
However, systemic antibiotics, topical therapy with tetracycline, 
and foot baths an should be attempted before resorting to ampu-
tation. Tetracycline can be placed in a foot bath, injected, or 
painted onto the lesion. While Treponema is considered the pri-
mary agent in these conditions, there is also evidence that some 
cases are complicated by the presence of anaerobic bacteria as 
secondary infections.195

Maintaining a closed herd may also help control the dis-
ease.192,198 Other management techniques that will help minimize 
transmission of the Treponema is to avoid aggressive hoof trim-
ming as hoof bleeding when trimmed is associated with a higher 
incidence of CODD.171 Foot trimming equipment such as hoof 
knives and even gloves worn when working with feet have been 
shown to harbor Treponema with the potential to transmit it from 
animal to animal. Iodine disinfection of the equipment lowers the 
contamination rate but does not eliminate all organisms.196,199

• BOX 11-1 Foot Rot Prevention Programa

•	 Separate	infected	animals,	and	when	trimming	feet,	disinfect	trimming	
equipment	between	animals.

•	 Move	all	animals	through	a	15%	zinc	sulfate	foot	bath.	Where	possible,	
have	them	stand	in	the	foot	bath	for	30	minutes.	Foot	baths	should	be		
repeated	two	to	four	times	at	weekly	intervals.

•	 Put	both	affected	and	nonaffected	sheep	in	a	previously	unused	(clean)	
pasture	or	paddock.

•	 Cull	all	severely	affected	animals	and	those	not	responding	to	treatment.
•	 Vaccinate	with	specific	serogroup	(monovalent	or	bivalent)	vaccines	based	

on	farm	isolates	8	to	12	weeks	before	the	season	when	large	numbers	of	
foot	rot	cases	are	anticipated	(disease	tends	to	occur	at	the	same	time		
each	year).

•	 Selectively	breed	for	animals	that	appear	less	susceptible.

aSome or all of these procedures can be employed. The main ingredient in any protocol for foot rot 
prevention is vigilance.
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Vaccines are being developed using genomic analysis of the 
organism to attack proteins of the outer layer of the spirochete, 
which, if successful, could help eliminate CODD (and CDD) 
from flocks.192 Selection of replacement animals from parents 
never affected by lameness also appears to help control the  
spirochete-related lameness.171

Interdigital Fibromas
Interdigital fibromas occasionally occur in small ruminants but 
are much more common in cattle. This hyperplasia of the inter-
digital skin may not cause lameness until the lesion is quite large 
or infected. Some reports speculate that predisposing factors in-
clude obesity, foot rot, and abnormal hoof conformation.178 Com-
plete surgical excision under general anesthesia or sedation and 
local anesthesia is the treatment of choice, although cryotherapy, 
cautery, and topical caustic agents also have been employed. After 
surgery, the foot is bandaged. Healing may be enhanced by secur-
ing the toes with wire to prevent spreading and movement of  
the interdigital skin. Recurrence of interdigital fibromas is not 
uncommon.178
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Diseases of the Urinary 
System
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Initial Evaluation of the Urinary Tract

History
A thorough health and husbandry history is very useful in the 
management of all cases presented for veterinary care. The most 
common urinary tract diseases of sheep and goats are related to 
management, and information about previous management as-
sists with the diagnosis and recommendations for management 
modifications that can benefit the entire herd or flock.

For animals with signs referable to the urinary tract, owners 
should be questioned regarding dietary history, duration and pro-
gression of clinical signs, treatments administered, response to 
therapy, and the quality of the last observed urination. For  
females, pregnancy status, parturition history, and history of dys-
tocia may provide diagnostic direction. For males, age at castra-
tion should be determined. It is also important to remember that 
animals with urinary tract disease will often present with an 
owner complaint of gastrointestinal (GI) or reproductive tract 
disease (e.g., straining and abdominal distension), making early 
identification of these signs at the time of initial consultation 
imperative to initiate appropriate care.

Physical Examination
Due to the common nature of urinary tract disease, particularly 
in male small ruminants, any ill animal should receive a urinary 
tract evaluation. This evaluation should begin with a thorough, 
systematic physical examination, with the presence of signs of 
systemic illness, including mental depression, dehydration, fever, 
abdominal distension and rumen hypomotility, noted and used to 
localize urinary tract disease. During the examination, the animal 
should be observed for urination behaviors, with classification of 
these as normal micturition, dysuria, pollakiuria, or polyuria as 
well as observation for urine scalding.

Palpation of the abdomen of small ruminants is generally easy 
to perform after determination of abdominal contour. Palpation 
of the urinary bladder, ballottement, and succussion can provide 
characterization of the abdominal contents. In males, the urethra 
can be indirectly observed as it exits the pelvis and traces the body 
wall to the external urethral orifice. Pulsations and generalized or 
focal swellings along this length are suggestive of obstruction, 

urethral rupture, hematoma, or abscess formation. The vulvar and 
preputial hairs should be examined for the presence of grit, blood, 
purulent matter, or urine, consistent with recent urination.

The penis should be exteriorized and the prepuce and free por-
tion of the penis examined. This can be accomplished in unsedated 
animals by placing them either on their rump or in lateral recum-
bency with the upper hindlimb pulled forward (see Chapters 1 and 8). 
Distressed animals may require local anesthesia or sedation. Sedation 
may be achieved by use of acepromazine (0.05–0.1 mg/kg, intrave-
nously [IV] or intramuscularly [IM]) or (diazepam 0.1 mg/kg, slow 
IV), while a lumbosacral epidural of 2% lidocaine (1 mL/7 kg)  
may be used instead of sedation to relieve discomfort and aid in 
exteriorization of the penis. The use of xylazine should be avoided  
in animals with potential obstruction due to its diuretic effects,1,2 
increasing the risk of urinary tract rupture.

Ancillary Diagnostic Testing

Complete Blood Count and Serum Biochemistry
The results of a complete blood count (CBC) and serum chemis-
try can provide assistance in the diagnosis, prognosis, manage-
ment, and monitoring of diseases involving the urinary tract. 
Blood analyses in animals with urinary tract disease, however, may 
be within reference ranges, depending on disease severity and 
duration. For this reason, this section will focus on interpretation 
of abnormalities once they are identified (see Appendix 2).

Abnormalities noted on the CBC may include anemia of 
chronic inflammation or renal failure, stress, or inflammatory 
leukogram and hyperfibrinogenemia. Anemia of chronic inflam-
mation is a nonregenerative anemia characterized by normocytic, 
normochromic red blood cells and the anemia is typically mild to 
moderate in severity.3 The mechanisms of this anemia include 
increased concentrations of inflammatory mediators that reduce 
red blood cell lifespan and impair bone marrow function. Anemia 
of chronic renal failure (CRF) is also normocytic and normochro-
mic, but the anemia may become more severe than anemia of 
chronic inflammation. The mechanism for this anemia is de-
creased renal production of erythropoietin in the kidneys.3 The 
long red blood cell lifespan in ruminants (125–160 days)4 pre-
cludes the development of anemia in acute renal failure (ARF).
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Inflammatory diseases are common in sheep and goats and 
the leukogram may reflect inflammatory processes primarily af-
fecting the upper urinary tract. Most ruminants have a neutro-
phil-to-lymphocyte (N:L) ratio of 1:2, while adult goats typically 
have a ratio of 1:1. The N:L ratio is a more important consider-
ation than is the actual numbers of each. Sheep and goats have a 
small circulating pool of neutrophils that results in neutropenia 
24 to 8 hours after the onset of severe inflammation, reducing 
the N:L ratio. The presence of immature neutrophils (bands) is 
termed a left-shift and indicates severe inflammation. This is a 
common finding in the acute phase of severe inflammation but 
is associated with a poor prognosis if the left-shift persists. In-
creases in the N:L ratio with the presence of bands indicates an 
inflammatory leukogram. A reversal of the N:L ratio to greater 
than 2:1, without the presence of bands, is indicative of a stress 
leukogram. The stress leukogram occurs as a result of corticoste-
roid administration or endogenous steroid release, generally from 
noninflammatory diseases. Fibrinogen is a positive acute phase 
protein, increasing over a period of 2 days after initiation of in-
flammation in ruminants.5,6

The serum biochemistry includes renal enzymes as well as 
electrolytes, which may be altered by renal disease. Blood (serum) 
urea nitrogen (BUN) is interpreted as a measure of glomerular 
filtration rate (GFR), indicating the perfusion and function of the 
kidneys. BUN is influenced by the protein level of the diet and 
the ability of the rumen to recycle urea. Creatinine is produced 
and eliminated in constant amounts in the body and is not influ-
enced by superfluous factors, making it superior for evaluation of 
renal disease in ruminants. Azotemia, or elevations in BUN or 
creatinine, may be of pre-renal, renal, or post-renal causes. Pre-
renal azotemia is caused by decreased GFR due to volume deple-
tion and dehydration. Renal azotemia occurs when greater than 
75% of functional nephrons are lost and indicates renal failure. 
Animals with pre-renal or renal azotemia may both show clinical 
dehydration, so differentiation is based upon urine specific gravity 
(USG). The production of adequately concentrated urine (see 
“Urinalysis” section in this chapter) indicates that enough func-
tional nephrons exist to concentrate urine and the azotemia is 
classified as pre-renal. The production of dilute urine would indi-
cate renal failure, but other causes of urine dilution should be 
considered, including fluid therapy, diuretic or corticosteroid 
therapy, and hyponatremia or hypokalemia. Further clarification 
of a renal azotemia involves the determination of fractional excre-
tion (FE) of electrolytes, namely sodium. FE is a sensitive indica-
tor of renal function, reflecting the percentage of an electrolyte 
that is filtered through the glomerulus and lost in urine. The pro-
cedure involves concurrent collection of serum and urine and 
analysis of each for creatinine and sodium. The following formula 
is then used to calculate the FE7:

FE ([Na ] /[Na ] )/([CreatinineNa urine serum� � � � ]] /
[Creatinine] ) 100

urine

serum �

Normal sheep have an FE of sodium of , 1%,7 while an FE 
of sodium . 1% indicates primary renal tubular disease or so-
dium toxicity. Post-renal azotemia is most commonly caused by 
urinary tract obstruction, which is identified by findings in the 
history, physical examination, and imaging studies. With pro-
longed urinary tract obstruction, renal damage may occur, wors-
ening the azotemia.

Hyponatremia and hypochloremia may be present with renal dis-
ease due to renal losses and decreased dietary intake. Hyperkalemia,  

as is seen in monogastrics with renal failure, is not consistently 
seen in ruminants with urinary obstruction or renal disease. This 
is due to aldosterone release in response to hypovolemia, which 
preserves sodium.8 This allows potassium to replace sodium as the 
major cation in the saliva, resulting in sequestration in the GI 
tract. Animals with metabolic acidosis may also show hyperkale-
mia as potassium is shifted extracellularly. Phosphorus is primarily 
excreted by ruminants into the saliva, not the kidney, as in other 
species.9 In lambs, only 3% of total phosphorus excretion occurs 
through the kidney.9 Therefore, conditions that cause a reduced 
GFR do not necessarily result in increased serum phosphorus. 
When phosphorus is elevated, however, it should be considered 
significant. Mild hypocalcemia may also be noted, particularly in 
hyperphosphatemic animals as a result of complexing of these two 
ions. Hypermagnesemia is also associated with decreased GFR. 
The acid-base status of animals with urinary tract disease is variable 
and can be partially evaluated by total carbon dioxide (TCO2) on 
serum chemistry, with a high TCO2 indicating metabolic alkalosis, 
the opposite being true for metabolic acidosis (see Appendix 2).

Urinalysis
Urinalysis should be performed in any animal with suspected 
urinary tract disease or any other systemic disease for which the 
disease or treatment may impact urinary health. Free-catch urine 
may be obtained spontaneously during physical examination or 
animals may be encouraged to urinate by occlusion of the nostrils 
(sheep), placement in a new clean stall, exposure to a new animal, 
or by allowing the animal to lie down for a time and then getting 
them up. Animals which do not voluntarily provide a urine sam-
ple and have a patent urinary tract may be catheterized or have 
cystocentesis performed. All male artiodactyls also possess a ure-
thral diverticulum or recess, at the level of the ischial arch, which 
communicates with the urethra and contains the ducts of the 
bulbourethral glands.10 This structure readily accepts a urinary 
catheter, preventing retrograde catheterization of the urinary 
bladder. Catheterization of males is possible through the use of 
J-curved human cardiac catheters.11 In ewes and does, a subure-
thral diverticulum is present below the external urethral orifice, 
which must be bypassed to allow retrograde catheterization of the 
urinary bladder.

Urine should be grossly examined for color and clarity, be 
placed on a commercial dipstick for biochemical testing, and 
placed on a handheld refractometer for specific gravity determina-
tion and be centrifuged at 450G for 3 to 5 minutes for subsequent 
examination of the sediment and supernatant.12

USG is useful for determination of the origin of azotemia and 
should be determined with a refractometer rather than urine dip-
sticks, which have an upper limit of 1.025 to 1.030.11 Urine 
concentrating ability is lost prior to the occurrence of azotemia so 
that the production of dilute urine in azotemic animals suggests 
loss of renal function, with USG . 1.025 considered adequately 
concentrated in ruminants. USG should be interpreted carefully 
and not based upon a single sample, as one of the authors (MJ) 
has observed clinically normal goats without added dietary salts to 
have USG ranging from as low as 1.003.

Biochemical tests commonly available on urine dipsticks in-
clude urine pH, protein, glucose, ketones, occult blood, bilirubin, 
urobilinogen, nitrites, and USG. Urine pH is best determined on 
a pH meter,13 but urine dipstick measurement can provide a use-
ful indication. In ruminants, the pH is normally alkaline, with 
urine pH generally 7.5 to 8.5.14 Ruminants commonly experience 
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a paradoxic aciduria in the presence of metabolic alkalosis as a 
result of abomasal or proximal intestinal obstructions,15 but this 
can occur with significant metabolic and acid/base derangements, 
which occur with severe urinary tract disease. This occurs via a 
variety of physiologic mechanisms related to volume, sodium, 
chloride, and potassium depletion.15

Urine normally contains very low quantities of protein, and 
urine dipstick analysis normally reveals negative to trace amounts. 
However, the normal alkaline urine of sheep and goats influences 
the protein reaction, leading to falsely elevated protein readings14 
of 11 or 21. To definitively determine if elevated protein levels 
exist, the sulfosalicylic acid turbidity test or colorimetric assays 
should be performed. If proteinuria is determined to be present, 
post-renal contributions should be considered when urine was 
obtained free-catch. These include cystitis, urethritis, and other 
exudative processes of the distal urinary tract. Proximal causes of 
proteinuria include pre-renal (e.g., which include hemoglobin 
from intravascular hemolysis and myoglobin) and post-renal (e.g., 
inflammatory or degenerative glomerular or tubular damage) 
causes.14 Glomerular protein losses tend to be of greater magni-
tude and result in significant reductions in blood protein levels. 
Proteinuria may be present in neonatal lambs and kids until  
about 2 days of age as a result of renal permeability to colostral 
proteins.16

Normally, the urine glucose reaction should be negative.  
The renal threshold for glucose in ruminants is considered to  
be 100 to 140 mg/dL,17 although one study reported a renal glu-
cose threshold in goats to be as low as 81 mg/dL.18 Blood glucose 
levels above this threshold range will result in glucosuria, with 
common causes including Clostridium perfringens type D entero-
toxemia,19 corticosteroid, xylazine,1 or dextrose administration. 
Less common causes include stress and renal tubular disease.14

Urine ketone concentrations are useful for detecting excessive 
fat metabolism, as are seen with negative energy balance syndromes, 
including pregnancy toxemia and starvation (see Chapters 2 and 8). 
Urine ketone concentration is the single most useful test for  
diagnosis of pregnancy toxemia in ewes and does. There are three 
ketone bodies produced by the body, with urine ketone strips 
detecting acetoacetate and acetone, but not b hydroxybutyrate, 
the primary ketone produced.14 False-negative or underestimated 
ketone concentrations may therefore occur due to the volatility of 
ketone bodies if sample testing is delayed or if b hydroxybutyrate 
is not a large portion of the ketone bodies produced in an indi-
vidual animal.

A positive test for urine occult blood can indicate the presence 
of hemoglobin, myoglobin, or whole blood in the urine sample. 
Differentiating these can be performed in a stepwise fashion, par-
ticularly if the urine is visibly pigmented. Red or brown color 
cannot be relied upon to indicate the presence of hemoglobin or 
myoglobin, respectively (Figure 12.1). First, the urine sample 
should be centrifuged and the sediment examined. If the superna-
tant loses pigmentation and the sediment is composed of primar-
ily red blood cells, hematuria is present and indicates hemorrhage 
or an inflammatory condition. If the supernatant remains red or 
brown and no sediment is produced or does not contain intact red 
blood cells, hemoglobinuria or myoglobinuria exists. At this time, 
a blood sample should be drawn and centrifuged in a microhema-
tocrit tube and observed for evidence of hemolysis, including 
pink plasma and anemia. If no evidence of hemolysis exists, myo-
globinuria is the most likely diagnosis and may be confirmed by 
clinical examination, history, and elevations of muscle enzymes on 
a serum chemistry panel. Myoglobin is a much smaller molecule 

than is hemoglobin and passes more readily into the urine. It  
will be present in the urine without being visible in the plasma. 
Hemoglobin, however, accumulates in the blood and then, upon 
exceeding the renal threshold, will be filtered into the urine. He-
moglobin, if visible in the urine, will therefore be visible in the 
plasma. Differential diagnoses for hematuria, hemoglobinuria, 
and myoglobinuria may be found in Table 12.1. Diseases 
which cause purely extravascular or spleen-mediated hemolysis 

• Fig. 12.1  Appearance of the urine from a sheep with copper toxicity. 
This brown-colored urine actually contains large amounts of hemoglobin, 
not myoglobin, as the color may suggest.

TABLE 
12.1

Differential Diagnoses for Red/Brown 
Pigmented Urine.

Hematuria (Whole Blood)

Cystitis
Pyelonephritis
Contamination from reproductive tract
Bracken fern toxicity
Nonobstructive urolithiasis
Trauma
Disseminated Intravascular Coagulation

Hemoglobinuria

Copper toxicity
Water intoxication/isoerythrolysis (most common in goats)
Leptospirosis
Bacillary hemoglobinuria (Clostridium haemolyticum)
Plant toxicity: Brassica, onion
Phosphorus deficiency

Myoglobinuria

Severe myodegeneration/myositis
Prolonged recumbency
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(e.g., anaplasmosis) will not result in hemoglobinuria, which is 
produced only when intravascular hemolysis exists. Hypophos-
phatemic hemoglobinuria has been rarely reported in sheep and 
goats with feeding histories, including Brassica species.20,21 Neo-
natal isoerythrolysis has been reported in lambs and kids fed cow 
colostrum,22 but hemoglobinuria does not appear to be a com-
mon clinical finding. Cold water isoerythrolysis has been reported 
in a variety of species rapidly consuming large amounts of cold 
water. The condition occurs as a result of fragility of red blood 
cells from the reduction in plasma osmolality. The red blood cells 
of goats exhibit increased osmotic fragility, making this species the 
most sensitive to the condition.23

Bilirubinuria (conjugated bilirubin) may be present as a result 
of hemolytic disease, hepatic insufficiency, and biliary obstruc-
tion. It should be noted that urobilinogen, nitrites, and USG, as 
determined on a dipstick, are not considered diagnostic in veteri-
nary medicine.12,14

Urinary gamma glutamyltransferase (GGT), available through 
reference laboratories, has been shown to be of diagnostic value of 
nephropathies in sheep and goats due to its presence in proximal 
tubular cells, where serum concentrations will not be affected.24,25 
Urine GGT concentrations in normal adult sheep have been re-
ported to be 5 to 33 U/L (mean, 13.9 U/L)7 and 6.8 to 24.6 U/L 
(mean, 15.7 U/L).26 Urinary GGT levels have been shown to 
increase a mean of 4.5 days after experimental aminoglycoside-
induced nephrotoxicosis in sheep.27

Urine sediment examination is performed to determine the  
presence of cells, bacteria, casts, crystals, or other debris. Cells, 
typically erythrocytes, leukocytes, and epithelial cells, may originate 
from any level of the urinary tract. Red and white blood cells de-
generate quickly in urine and can be accurately identified only in 
fresh samples. Large amounts of erythrocytes indicate the presence 
of hematuria as a cause of red urine or a positive fecal occult blood 
test, and differential diagnoses are listed in Table 12.1. The presence 
of large numbers of leukocytes, particularly neutrophils, indicates 
the presence of inflammatory exudates, which most commonly 
originate from the renal pelvis or urinary bladder. If bacteria are 
noted on urinalysis, it is important to determine if they are con-
taminants or the cause of urinary tract inflammation. The presence 
of white blood cells, in addition to bacteria, suggests legitimate 
bacterial presence. A cystocentesis sample, along with bacterial 
culture, should be obtained to further clarify this. When accompa-
nied by dysuria or stranguria, this exudate likely originates from the 
lower urinary tract, while signs of systemic illness would indicate an 
origin in the upper urinary tract. Differential diagnoses for pyuria 
include contamination of the prepuce or female reproductive tract, 
pyelonephritis, cystitis, urolithiasis, and neoplasia. Epithelial cells 
are normally present in low numbers in the urine and, if present in 
large numbers, generally indicate contamination at collection but 
should be confirmed to be nonneoplastic.14

Urinary casts are forms of proteins and/or cells that originate 
in the kidney. Hyaline casts are protein-only casts and indicate 
glomerular protein leakage, and the formation of these casts is 
increased with highly concentrated or acidic urine. Cellular casts 
may be made up of red or white blood cells or epithelial cells and 
indicate hemorrhage, infection, or tubular sloughing, respectively, 
all of renal origin. Granular casts and waxy casts are casts that 
were cellular but have been degraded. Casts may be broken down 
in alkaline urine and should only be interpreted from freshly  
obtained urine.14

Crystalluria is important in small ruminant urinalysis, due to 
the commonality of urolithiasis in small ruminants. The most 

common urolith components include struvite (magnesium am-
monium phosphate), apatite (calcium phosphate), calcium car-
bonate, and silicate. Crystals may be present in clinically normal 
animals due to the alkaline urine of ruminants and dietary con-
tributors and should be interpreted in light of other risk factors 
for urolithiasis to determine case management. Alternatively, in 
the authors’ experience, the urine of obstructed animals obtained 
from cystocentesis or cystotomy is often free of crystals.

Ultrasound Examination
Transabdominal ultrasound is more frequently utilized than tran-
srectal examination for urinary tract evaluation in small rumi-
nants. The kidneys and urinary bladder are readily evaluated, as 
well as surrounding soft tissue structures, swellings, and the peri-
toneal cavity. The ureters and urethra may be impossible to iden-
tify in normal sheep or goats.28,29 For transabdominal evaluation, 
a 3.5- or 5-mHz curvilinear or linear probe is typically used, with 
the left kidney situated in the dorsal region of the right paralumbar 
fossa and the right kidney visualized dorsally in the 11th and 12th 
intercostal spaces.30 In sheep, goats and cervids, the kidney is 
smooth, lacking the lobulation seen in cattle28,29 (see Figures 12.2 
and 12.3). Reference ranges for the ultrasonographic evaluation of 
the urinary tracts of sheep have been published.28,29 In ewes weigh-
ing between 41 and 89 kg, the mean length, width, and depth of 
the left kidney was 8.2 cm, 4.4 cm, and 4.0 cm, respectively.29 
Rams of the same size range had mean left kidney measurements 
of 8.4 cm in length, 4.7 cm in width, and 4.4 cm in depth, similar 
to measurements seen in the right kidney.28

Abnormalities frequently noted on renal ultrasound include 
hydronephrosis, pyelonephritis, cysts, neoplasms, and perirenal 
fluid accumulation. Hydronephrosis is evidenced by a dilated col-
lection system filled with anechoic fluid. Pyelonephritis is marked 
by renal enlargement with dilated renal sinus, containing echogenic 
debris in varying amounts.31 The ureters may also be dilated.31 
Cysts and neoplastic masses may also be noted as hypoechoic fluid-
filled or solid masses on the surface of the kidney or within the renal 
parenchyma. Perirenal fluid accumulation may be inflammatory in 
origin but is more commonly seen secondary to urinary tract rup-
ture, where the fluid will be anechoic.

• Fig. 12.2  Transabdominal ultrasound of the right kidney of a healthy ram. 
This image is taken in the dorsal aspect of the right paralumbar fossa  
using a 3.5-mHz curvilinear probe.
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The urinary bladder is visualized in the right inguinal region or 
may be examined transrectally. Urinary bladder diameter, wall 
thickness, mural changes, and intraluminal contents may be 
evaluated. In female sheep, the diameter of the urinary bladder 
ranged from 0.3 to 6.9 cm in 96.8% of sheep, with a mean diam-
eter of 3.6 6 1.6 cm.29 In rams, urinary bladder diameter ranges 
between 1.8 and 13.2 cm, with a mean of 7.5 6 2.8 cm. In goats 
with obstructive urolithiasis, the urinary bladder was distended to 
4 to 15 cm (mean, 7 cm) and 8 to 12 cm (mean, 9.5 cm) in small 
and large breed goats, respectively,32 so there is overlap between 
bladder diameter in goats with patent and nonpatent urinary 
tracts. Wall thickness varies based upon bladder fullness, with the 
wall thickness normally decreasing as bladder volume increases.29 
Therefore, a thick wall in a distended bladder may indicate in-
flammation or other mural infiltration. The wall of the urinary 
bladder should also be examined for the presence of nodules or 
other abnormalities along the interior or exterior of the urinary 
bladder. Normal urine within the urinary bladder is anechoic, but 
it is common to note some minor, echogenic debris within the 
bladder lumen (Figure 12.4). With hematuria, pyuria, or urinary 
calculosis, the ventrum of the urinary bladder may contain hyper-
echoic material. During transabdominal ultrasound, with the 
probe in contact with the abdominal wall, the operator may shake 
the probe and abdominal wall vigorously to determine and dem-
onstrate the presence of cellular debris, blood clots, or uroliths 
within the urinary bladder, differentiating this from masses associ-
ated with the bladder wall.

Transabdominal ultrasound is also useful for determining the 
presence of excess free abdominal fluid. Visual determination of 
the character of the fluid on ultrasound is the first step in identi-
fication and classification of the fluid type. Anechoic fluid signi-
fies a transudate or modified transudate, as would be seen with 
urine leakage, whereas fluid with echoic (cells or protein) debris is 
consistent with inflammatory or exudative processes. For thor-
ough characterization of fluid, abdominocentesis should be per-
formed as described later in this chapter (see also Chapter 5).

Cystocentesis
Needle aspiration of urine directly from the urinary bladder 
avoids potential contamination of urine by the lower urinary 
tract, providing superior samples for laboratory evaluation, in-
cluding bacterial culture, and may also be used in the treatment 
of obstructive urolithiasis where the urinary bladder is intact.33

With the animal restrained in left lateral recumbency, the uri-
nary bladder should be identified low in the right flank by deep 
abdominal palpation or transabdominal ultrasonography. The 
skin surface is clipped and aseptically prepared and an 18-gauge, 
2- to 3.5-inch (5–9 cm) needle with syringe attached is inserted 
perpendicularly through the skin and abdominal wall and quickly 
thrust into the bladder lumen. The needle is steadied, at least  
10 mL of urine is aspirated, and the needle is quickly withdrawn. 
Quick, sharp insertion and removal of the needle from the blad-
der ensure that only a small circular perforation of the urinary 
bladder wall is made, which will be quickly sealed. Larger,  
slit-shaped perforations, particularly those made into a distended 
urinary bladder wall with poor wall integrity, may result in uro-
peritoneum or sepsis, although this appears to be rare.33

Abdominocentesis
Abdominocentesis is useful for determining the character and 
elucidating the etiology of excess free peritoneal fluid. The most 
common use of peritoneal fluid analysis in sheep and goats is the 
diagnosis of uroperitoneum; however, inflammatory exudates and 
other fluid types may point to other disease conditions.

Abdominocentesis can be performed with ultrasound guidance 
upon identification of fluid pockets, or the abdomen can be 
blindly sampled at four sites to increase likelihood of obtaining 
fluid. The cranial two sites are just caudal to the xiphoid and 1 to 
2 inches (2.5–5 cm) to the right or left of midline. The caudal 
sites are just cranial to the mammary gland or scrotum, also 1 to 
2 inches (2.5–5 cm) lateral to the midline. The selected sampling 

• Fig. 12.3  Ultrasound of the right kidney obtained from the right paralum-
bar fossa of a 3-year-old LaMancha cross doe demonstrating the charac-
teristic echogenic renal pelvis and the nearly anechoic appearance of the 
medulla compared to the echogenic renal cortex. The corticomedullary 
junction is easily distinguished. This ultrasound was obtained with a 
7-MHz microconvex transducer. Dorsal is to the left of the image.  
(Courtesy Dr. Karine Pader, Purdue University.)

• Fig. 12.4  Ultrasound of the bladder obtained from a 2-year-old cross-
bred ram. The bladder appears as an oval shaped, anechoic, fluid-filled 
structure with echogenic margins that represent the bladder walls. Echo-
genic material is normally seen at the ventral aspect of the bladder and 
represents mucus and sedimentation within the bladder. This ultrasound 
was obtained from the inguinal region with a 7-MHz microconvex trans-
ducer and the ram in dorsal recumbency. (Courtesy Dr. Karine Pader, 
Purdue University.)
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site should be aseptically prepared and a 20- to 18-gauge, 1- to 
1.5-inch (2.5–4 cm) needle inserted perpendicular through the 
skin and into the peritoneal cavity. Alternatively, the skin may be 
anesthetized with a small volume of 2% lidocaine and a stab  
incision made through the skin and a teat cannula inserted into 
the peritoneal cavity for collection. The latter method reduces the 
likelihood of puncture of abdominal viscera but typically increases 
blood contamination of the sample.

Fluid obtained should be examined for total protein (TP) 
level, cytologic count, and differential and creatinine level, if uro-
peritoneum is suspected. Normal peritoneal fluid from ruminants 
should be clear and colorless to straw colored. Normal values for 
TP, total nucleated cell count (TNCC), and differential vary 
widely in cattle.34–36 The authors typically consider peritoneal 
fluid to be within normal limits if it is not present in large 
amounts, has a TP , 3.0 g/dL and a TNCC , 5000 cells/mL. 
For abnormal exudates, it is preferable to classify them based 
upon the pathophysiology behind their creation, rather than sim-
ply based upon protein and cell counts.37

Protein-poor transudates result from excess diffusion of water 
or lymph from the vascular space as a result of abnormalities of 
hydraulic or oncotic pressure. They typically have a TP , 2.0 g/dL 
and a TNCC , 1500 cells/mL. Causes include protein losing 
enteropathy or nephropathy, lymphatic obstruction, and portal 
hypertension. Protein-rich transudates result from inflammatory 
processes, which increase vascular permeability so that plasma 
exits the vasculature, often along with leukocytes. These generally 
have a TP . 2 g/dL and a TNCC . 5000 cells/mL and are caused 
by bacteria, some viruses, protozoa, parasites, neoplasms, foreign 
bodies, or uroperitoneum. Hemorrhagic effusions must be dif-
ferentiated into iatrogenic (occurring at the time of abdomino-
centesis) and pathologic causes, based on several criteria.37 These 
effusions have a TP . 2.0 g/dL and a TNCC . 2000 cells/mL 
and may be caused by trauma, bleeding disorders, and neoplastic 
diseases. Effusions caused by a rupture of a hollow organ or other 
tissue include those resulting from urinary tract rupture, biliary 
leakage, and GI rupture. In early phases of the disease, uroperito-
neum will have the character of urine (very low TP and TNCC) 
but, with time and irritation to the peritoneum, will take on the 
characteristics of an exudate with increased TP and TNCC, which 
may be diluted by high volumes of urine leakage. Early uroperi-
toneum will usually have a TP , 2.0 g/dL and a TNCC , 1500 
cells/mL but with chronicity will have a variable TP and TNCC 
. 1500 cells/mL.37,38 Figure 12.5 shows the cytology of peritoneal 
fluid obtained from an animal with uroperitoneum of a few days’ 
duration. Additional, but less common, effusions include lym-
phorrhage from lymphatic leakage and multiple-process effusions 
where multiple pathophysiologic processes alter the character of 
the peritoneal fluid.37

The most common biochemical test performed on peritoneal 
fluid samples from ruminants is a creatinine concentration. This 
can definitively diagnose the presence of urine in the abdomen, 
with creatinine levels greater than two times the serum creatinine 
indicating that uroperitoneum exists.39

Radiography
Survey Radiography. Small ruminants are well suited in size 

and disposition for table-top radiography, although sedation may 
be required to achieve full extension of the hindlimbs. Related to 
urinary tract disease, survey radiography may be utilized to evalu-
ate the peritoneum, body wall, kidneys, ureters, urinary bladder, 

and the urethra when there is adequate contrast with surrounding 
tissues. The loss of serosal detail and inability to visualize ab-
dominal organs may be due to decreased intraabdominal fat and 
abdominal effusions, including blood and urine. Abdominal effu-
sions may be localized or generalized, with generalized effusion 
typically visible as bilateral ventral abdominal distension. Such 
effusions may be confirmed by ultrasonography and abdomino-
centesis. The retroperitoneal space surrounding the kidneys is also 
evaluated, with fluid and free gas being common abnormalities. 
These changes are consisted with renal abscessation, body wall 
trauma, and foreign body presence.

The number, size, shape, and density of the kidneys are evalu-
ated. Unilateral and bilateral renal agenesis has been reported in 
lambs.40,41 In goats, normal kidneys have been found to be 2 to 
2.5 times the length of the second lumbar vertebra.42 Enlarged 
kidneys may be seen with hydronephrosis, amyloidosis, glomeru-
lonephritis, cysts, or compensatory hypertrophy of a functional 
kidney. These conditions may also result in kidneys of normal size 
early in the disease process. Small kidneys typically result from 
end-stage, chronic renal diseases. Air or mineral opacities may be 
present in the kidneys, suggestive of abscesses or trauma (air) and 
uroliths (mineral). The ureters are best visualized with contrast 
radiography, but air or mineral opacities may be present within 
the lumen.

The urinary bladder is readily visualized on survey radio-
graphs and most easily evaluated in the lateral view. If the urinary 
bladder is not visible, potential causes include an empty bladder, 
decreased intraabdominal fat, and superimposition by other ab-
dominal viscera. The position of the bladder should be evaluated, 
with ventral displacement occurring from pregnancy, hernias, or 
urachal remnants. The size of the urinary bladder varies greatly 
with filling, but an abnormally large urinary bladder suggests 
obstruction or neurologic deficits, while an abnormally small 
bladder over time suggests congenital urinary bladder bypass, 
including ectopic ureter, fistulas, or cystitis and neoplasia induc-
ing frequent bladder emptying. Gas and mineral opacities may 
also be present in the urinary bladder, with gas introduced via 

• Fig. 12.5  Cytologic evaluation of a peritoneal fluid sample from an animal 
with bilateral ventral abdominal distension. The fluid had a total nucleated 
cell count of 3.2 K/mL and a total protein of 1.4 g/dL. The blood creatinine 
was 17.5 mg/dL, while the peritoneal fluid contained 55.7 mg/dL, confirm-
ing uroperitoneum. The high number of neutrophils, in the absence of 
bacteria, is seen with the chemical peritonitis of uroperitoneum.
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catheterization or infection. If cystic calculi are suspected, hori-
zontal beam radiography can be useful to visualize sediment in 
the ventral bladder.

The urethra of rams, bucks, and castrated males is an impor-
tant structure to be evaluated in imaging studies. Survey radio-
graphs are most useful to evaluate the tissues surrounding the 
urethra and opacities within the urethra. In one study,32 cystic or 
urethral calculi were visible in 8 of 10 obstructed goats. The visi-
ble stones seen in these studies were calcium carbonate or struvite 
in composition, while apatite and silicate stones were not seen 
radiographically.32 In other studies,11,43 survey radiographs were 
of limited usefulness for diagnosing uroliths. Negative survey ra-
diographs should not be interpreted to rule out urolithiasis. 
Evaluation of the pelvic bones is also important due to fracture 
impacts on urethral and bladder patency. The urethra is best stud-
ied by contrast radiography or endoscopy. Endoscopy is not  
frequently used in small ruminant urethral studies due to the  
requirements for diameter and length of the endoscopy unit.

Contrast Radiography. An excretory urogram provides an 
anatomic and qualitative functional view of the kidneys. The 
procedure involves the injection of an ionic contrast media intra-
venously, with sequential radiographs taken up to 40 minutes 
postinjection. Patients undergoing excretory urography should be 
adequately hydrated, as opacification of the kidneys is dependent 
upon glomerular filtration. In normal goats, the kidneys are best 
visualized if radiographs are taken immediately postinjection.42 
Delayed or reduced opacification indicates dehydration or inade-
quate glomerular filtration. When evaluating ureteral patency, it 
should be noted that normal peristalsis can appear as a stricture or 
narrowing of the lumen. Ureteral patency can be altered by uro-
liths, blood clots, inflammatory exudates, trauma, or stricture. 
Excretory urography, in some patients, may not provide visualiza-
tion of the urinary bladder and urethra.43

Contrast cystography and urethrography may be performed 
in normograde or retrograde fashion and with negative (air) or 
positive (organic iodide) contrast media. Barium should never be 
used for urinary imaging. Indications for such procedures  
include dysuria, pollakiuria, and chronic hematuria. Cystoure-
thrography is best performed in a normograde fashion via a cys-
totomy tube.43 For retrograde studies, catheterization may be 
performed completely only in the female ruminant but may be 
partially completed in male ruminants. Occlusion of the distal 
urethral orifice after partial catheter passage allows for the instil-
lation of contrast media in a retrograde fashion. Alternatively, a 
precurved cardiac catheter may be utilized to bypass the urethral 
diverticulum.11 For retrograde studies, a ballooned catheter is 
used and passed into the urinary bladder in females or a non-
ballooned catheter is passed a few inches into males and contrast 
material instilled. The presence of intraluminal contrast material 
allows for assessment of degree of patency and wall thickness of 
the urinary bladder and urethra. Mural masses may be visualized 
and may be caused by cellular or fibrous infiltration. Filling de-
fects of the urinary bladder may be caused by polyps, air, calculi, 
blood clots, or inflammatory exudates, and urachal diverticula 
may be seen.44 Filling defects of the urethra may be caused by air 
bubbles, calculi, which may be radiopaque or radiolucent, blood 
clots, neoplasms, inflammation, scar tissue, and extramural com-
pression. Extravasation of contrast material results from trau-
matic lacerations, fistulas (urethrorectal and urethrovaginal), and 
diverticula. Fistula between the urethra and corpus spongiosum 
has been diagnosed by contrast radiography in a goat-sheep after 
surgery for obstructive urolithiasis.44

Renal Biopsy
Renal biopsy is not commonly performed but may provide ante-
mortem diagnosis of metabolic, neoplastic, and toxic diseases of 
the kidney. In cases where renal abscess is suspected, it is prefera-
ble that renal biopsy be performed by fine needle aspiration to 
reduce the risk of localized or generalized peritonitis. Renal biopsy 
should be performed in a well-restrained or sedated animal under 
ultrasound guidance. The skin overlying the last two to three ribs 
and paralumbar region is aseptically prepared, the skin and body 
wall are anesthetized with 2% lidocaine, and a stab incision is 
performed. The ultrasound probe may be placed in a sterile  
glove filled with ultrasound gel to maintain asepsis and to locate 
the target kidney. A 14-gauge biopsy instrument is directed  
into the kidney parenchyma and a sample obtained. Depending 
on the testing required, obtained tissue should be divided, with 
both fresh and fixed tissue submitted to a reference laboratory.  
Potential complications of renal biopsy include hematuria, hema-
toma, hemoabdomen, and peritonitis. In a retrospective study in 
25 cattle, ultrasound-guided percutaneous renal biopsy resulted in 
six animals having a small subcapsular hematoma (, 2 cm) after 
the procedure, but no gross or occult hematuria.45 Another study 
using serial laparoscopic biopsies in cattle resulted in microscopic 
hematuria for 1 to 5 days.46

DISEASES OF THE KIDNEYS

Clinically, kidney disease is not commonly encountered as a pri-
mary problem in small ruminants; however, incidental kidney 
pathology can often be identified at necropsy.47 Kidney disease is 
described based on duration (acute versus chronic) and the char-
acter of renal damage leading to dysfunction (glomerular, tubular, 
and vascular). The clinician’s challenge is to recognize situations 
resulting from primary renal disease and/or risks leading to 
secondary or induced renal damage. Clinical tendencies of kidney 
disease are anuria, oliguria, dysuria, abdominal pain, and abnor-
mal urinary constituents. Clinical signs in small ruminants are 
often synchronized with the multisystem disease processes that 
lead to renal damage. Therefore, recognition of risk factors, pre-
emptive case management practices, ancillary diagnostics, and 
postmortem diagnosis are important in overall disease manage-
ment and prevention.

The general causes of kidney disease are:
– Infectious (bacterial, viral, and parasitic)
– Toxic (chemical, heavy metals, medications, and plant origin)
– Obstruction and trauma (nephroliths, direct)
– Secondary hydronephrosis from ureteral, cystic, and urethral 

calculi
– Vascular (infarcts, hyperdynamics of sepsis, and toxemia)
– Chronic inflammation (glomerulonephritis, amyloidosis)
– Congenital

Renal Failure
Renal failure occurs when diminished renal function results in 
persistent metabolic abnormalities such as azotemia as well as the 
inability to concentrate urine. Renal failure that develops rapidly, 
within a few hours or days, illustrates ARF and is usually due to 
intrinsic (vascular, toxic) causes from systemically absorbed tox-
ins, body origin toxins (myoglobin, hemoglobin, and urea), ad-
ministered therapeutics, or dynamic changes in renal blood flow 
during sepsis, shock, or toxemia. The kidneys receive a large  
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proportion of circulating blood volume, resulting in high rates of 
toxin exposure, as well as increased vulnerability to ischemia and 
reperfusion injury with diseases causing hyperdynamic changes in 
nutrient blood flow. Toxin exposure is amplified as renal tubules 
resorb filtered toxins in conjunction with the normal function of 
urine concentration. Damage to this sensitive portion of the 
nephron may result in acute tubular necrosis, resulting in loss of 
urine concentrating ability, protein, glucose, and electrolytes. 
Consequently, the kidneys provide a good postmortem diagnostic 
sample for toxins, and urinalysis can provide objective informa-
tion about the nature of disease (Figure 12.6). The clinician can 
assume that a degree of damage is occurring during shock, septi-
cemia, dehydration, or toxemia and should take preemptive steps 
in the preservation and protection of renal function during case 
management. Changes in blood flow or oxygen delivery to the 
kidney cause renal insufficiency, potentially leading to ARF or 
CRF. Dehydration, heat stress, severe rumen bloat, sepsis, and 
anemia result in physiologic and metabolic changes leading to 
kidney dysfunction due to decreased cardiac output and renal 
vasoconstriction and dilation. Exertional (capture) myopathy in 
cervids may result in ARF48,49 (see Chapter 20).

Treatment of ARF should include removing any offending 
toxin or source, promoting diuresis through IV fluid administra-
tion and diuretic medications, correcting acid-base and electrolyte 
derangements, and close monitoring of positive or adverse re-
sponses to treatment. Intravenous fluids of choice are 0.9% saline 
or 0.45% saline 1 dextrose. Additional IV potassium can be sub-
stituted if indicated after initial therapy, being cautious to remain 
below the generally recommended toxicity rate of 0.5 mEq/kg/h. 
Diuresis should continue until the patient is producing sufficient 
volumes of urine. Monitor serum potassium levels and provide 
parenteral support when using furosemide (1 mg/kg every 2 to  
3 hours, to effect). Alternatively, mannitol (1 g/kg bolus) can  
be used to provide osmotic diuresis. Additional supportive ther-
apy may include secure broad-spectrum antimicrobials against 
susceptible infectious agents, plasma to treat hypoproteinemia, 
antiinflammatories, and nutritional support through parenteral 
nutrition or rumen transfaunation. Urinalysis and FE of electro-
lytes can be measured in conjunction with serum monitoring 

parameters during intensively managed cases (see “Ancillary  
Diagnostic Tests” section in this chapter).

Vasopressors and inotropes can be instituted as adjunct ther-
apy but need to be administered as carefully calibrated constant 
rate infusions have wide and debated ranges of therapeutic effi-
cacy, and scientific data for use in small ruminants are largely ex-
trapolated from other species, including humans. Much of the 
human literature, however, is based on information gained from 
sheep models of disease. Treatment of persistent oliguria or anuria 
has been addressed by the author using intravenous dopamine 
(2–5 µg/kg/min), dobutamine (5–10 µg/kg/min), and combina-
tion norepinephrine (0.4 µg/kg/min) 1 dobutamine (5 µg/kg/min), 
based on information gathered from other sources.50 It should be 
noted that the use of dopamine alone in cases of ARF may not be 
as beneficial as once thought and more potential adverse effects 
have been discovered.51,52

Progressive loss of renal function over a period of months or 
years describes CRF. In contrast to ARF, where nephron repair 
and compensatory hypertrophy can occur spontaneously and 
with treatment, chronic disease results in progressive, permanent, 
and irreparable damage and fibrosis to the nephron. CRF is may 
be due to secondary glomerulonephritis or tubulointerstitial dis-
ease resulting from immune complex deposition secondary to a 
distant chronic inflammatory process (abscess and pneumonia). 
Clinical signs may be nonexistent or limited to failure to thrive. 
Polyuria/polydipsia is not a frequent historical complaint but may be 
detected during hospitalization. Antemortem diagnosis is supported 
by serum markers of azotemia, urine dilution, urinalysis (protein-
uria, pyuria), renal biopsy, and ultrasound characteristics of the 
kidney. Unique characteristics of serum urea nitrogen and creatinine 
metabolism in ruminants should reviewed for accurate interpreta-
tion (see Ancillary Diagnostic Tests section in this chapter). Ultra-
sound may reveal small, irregular, echodense kidney parenchyma 
with loss of detail at the cortico-medullary junction, evidence of 
fluid accumulation (pyelonephritis and hydronephrosis), or ech-
odense foci within the renal calices possibly representing nephro-
liths. Nonregenerative anemia, hyperkalemia, and other electrolyte 
abnormalities may be detected on bloodwork. General causes of 
CRF may be from lasting effects and insufficient compensation of a 
previous acute episode, pyelonephritis, amyloidosis, congenital, or 
idiopathic causes. Treatment is supportive to palliative.

Acute Renal Diseases

Infectious Diseases
C. perfringens type D. Disease syndromes caused by C. perfrin-

gens type D are referred to as enterotoxemia, overeating disease, 
and pulpy kidney disease. The U.S. Department of Agriculture 
(USDA)–National Animal Health Monitoring System (NAHMS) 
Sheep 2001 survey revealed that 38.8% of sheep flocks had sus-
pected or confirmed cases of enterotoxemia, with 30.9% con-
firmed by veterinary or laboratory examination, in the previous  
3 years.53 Enterotoxemia is most commonly seen in young, grow-
ing animals consuming diets high in rapidly fermentable carbohy-
drates. High milk or starch content allows for excess colonization 
of the jejunum with C. perfringens type D, which produces alpha 
and epsilon toxins,54 of which epsilon is the most significant in 
disease. Epsilon toxin is activated in the intestine and is systemi-
cally absorbed, resulting in increased capillary permeability from a 
loss of endothelial integrity54,55 and an influx of protein and fluid 
occurs in the organs and body cavities. Sheep more often experi-
ence the systemic form of the disease, characterized by edema 

• Fig. 12.6  This photo was taken of an infarcted kidney, from a mature, 
farm-raised white-tailed deer doe, who was found dead. Pasteurella mul-
tocida was cultured out of multiple tissues. Histopathologic examination 
of the kidney showed a focally extensive region of the cortex expanded by 
many lymphocytes, plasma cells, and some macrophages. The intersti-
tium was filled with fibrous connective tissue. (Courtesy Dr. Kelley Steury, 
Auburn, Alabama.)
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throughout the body, including the brain, lungs, and kidneys,  
often resulting in acute death, while goats develop hemorrhagic 
enterocolitis.56,57 The systemic form most often seen in sheep com-
monly results in acute death, but live animals may exhibit seizures, 
blindness, recumbency, dyspnea,58 and other signs consistent with 
fluid accumulation in and around organs.

At necropsy, visceral edema, serosal hemorrhage, and cavitary 
effusions may be present, but death from C. perfringens type 
D may also result in no gross lesions. The cortices of the kidney 
may be softened and have subcapsular petechiae.58 Epsilon toxin 
promotes liver glycolysis, resulting in hyperglycemia and glucos-
uria, making dipstick evaluation of bladder urine a useful test in 
lambs and kids presented for acute death. After experimental in-
fection in sheep, ileum has been found to be the best sample for 
isolation of epsilon toxin by enzyme-linked immunosorbent assay 
(ELISA).59 Histopathology of the brain reveals microangiopathy 
with protein surrounding the arteries and veins, which is pathog-
nomonic for C. perfringens type D infection,58,60 but no lesions 
may be seen in the kidneys.60 Negative testing for C. perfringens 
type D through any of these means does not necessarily preclude 
it as the cause of disease.58,60

Prevention of C. perfringens type D is of utmost importance 
and should include management using vaccination and gradual 
dietary adaptation. Bacterin-toxoid as well as antitoxins are com-
mercially available. Antitoxins are most useful in outbreak situa-
tions, as they provide rapid passive immunity, but preemptive use 
of bacterin-toxoids for prolonged, active immunity is preferred 
for protection against systemic disease. It is recommended that 
ewes be vaccinated using a C. perfringens type D toxoid-containing 
vaccine 3 to 4 weeks prepartum, which provides passive protec-
tion in lambs up to 12 weeks of age.61 No benefit has been seen 
in vaccination of lambs prior to 6 weeks of age,61 so a potential 
recommendation is to vaccinate lambs at 6 to 10 weeks of age 
with a booster vaccination given a month later. Although the vac-
cine is readily available, inexpensive, and effective, currently only 
48.4% of flocks in the United States vaccinate breeding or re-
placement ewes and 66.9% vaccinate nursing lambs and 44.8% 
vaccinate feeder lambs postweaning, demonstrating a need for 
producer education based on available research.61

Leptospirosis. Sheep and goats may become infected by a 
number of serovars of Leptospira interrogans, resulting in several 
clinical syndromes, bacterial clearance, or a subclinical carrier 
state.62 The kidneys are damaged via hemolysis and interstitial 
nephritis.

Infected urine is the primary source of infection, with animals 
obtaining the bacteria from contaminated water or the urine of 
herdmates, wildlife, rodents, or other domestic animals.63 In one 
study of experimental infection of sheep with L. interrogans se-
rovar Pomona, clinical disease occurred 34 days after experimental 
infection.64 Because the bacteria can penetrate intact mucous 
membranes and is considered to be the most widespread zoonosis 
in the world,65 it should be respected as an occupational hazard 
for veterinarians, staff, and livestock producers. Leptospiral sero-
positivity occurs in cervids,66–68 but the clinical importance or 
their role in transmission is not well defined.

Animals presented with leptospirosis may show general mal-
aise, fever, icterus, anemia, azotemia, and hemoglobinuria.69 He-
molytic changes to blood analysis occur 4 to 8 days postinfection.69 
Total white blood cell counts are often elevated with a  
neutrophilia.70 A positive result for hemoglobin may occur 3 to 
8 days postinfection.69 Urine sediment exam may show cellular or 
proteinaceous tubular casts. The herd or flock history may  
reveal reproductive manifestations as well, including infertility, 

abortions, and stillbirths. On necropsy, the carcass is icteric69 and 
the kidneys are dark red and swollen, with pale foci in the cortices 
and the liver is often yellow or copper colored.71 Histopathology 
reveals a diffuse acute or chronic interstitial nephritis,70,72 and 
organisms may be observed. There is often loss of the brush bor-
der and necrotic epithelial cells found within the tubules.64

Diagnosis is based upon increasing serological titers in the 
acute and convalescent periods, using the microscopic agglutina-
tion test,73 complement fixation (CF), or ELISA. CF antibodies 
are short lived (13–18 weeks), while Microscopic Agglutination 
Test (MAT) antibodies can be detected for longer periods after 
infection.69 For urine samples, polymerase chain reaction (PCR), 
darkfield microscopy, or culture may be used. PCR is preferred as 
darkfield microscopy has shown false-negative results in infected 
animals69 and culture of urine is generally unrewarding due to dif-
ficulties in growth in artificial media and intermittent shedding.74 
Histopathology and immunofluorescent antibody75 may identify 
organisms in renal tissue. One study has determined that, in herd 
or flock situations, using MAT for herd-level screening, followed 
by urine PCR, is suitable for identification of carrier animals.74

Several serovars are reported in small ruminants, including  
L. interrogans serovar Pomona, Hardjo, Grippotyphosa, Icterohe-
morhagiae, Canicola, and Bratislava.73–78 L. interrogans serovar 
Pomona appears to be the most commonly associated with intersti-
tial nephritis and hepatic centrilobular necrosis.64,72 It has also been 
shown to cause severe hemolytic anemia in lambs.67,72 In one case 
in lambs, the kidneys were negative for leptospiral organisms, but a 
rising titer to the Pomona serovar was observed.70 Ewes adminis-
tered the hemolysin of L. interrogans serovar Pomona experienced a 
reduction in hemoglobin levels to 57% of the normal range within 
48 hours and had lesions similar to animals infected with the whole 
organism.71 At necropsy, there was placental separation and autoly-
sis of caruncles and cotyledons in some pregnant ewes.71 Pigs are 
the natural reservoir host of L. interrogans serovar Pomona.

L. interrogans serovar Hardjo is host-adapted to cattle72 and 
sheep.74,76 It has also been reported in a sheep found acutely 
dead78 with organisms found in the renal tubular epithelium and 
tubular lumen. Flockmates of this animal were seropositive 
against serovar Hardjo, with small numbers seropositive against 
other serovars.78 One study comparing the hemolytic properties 
of three serovars of leptospires found serovar Hardjo to be more 
hemolytic than serovar Pomona.76 Sheep with renal infections of 
serovar Hardjo may not harbor the bacterium in their reproduc-
tive tracts,79,80 while sheep experimentally infected with serovar 
Hardjo-bovis show renal localization and harbor the bacteria up 
to 242 days postinfection.80 Treatment of leptospirosis consists of 
intravenous crystalloid fluid therapy combined with blood trans-
fusion in clinically anemic animals. Because of the difficulty in 
culturing the organism, antimicrobial therapy is based upon an-
ticipated spectrum of coverage. In cattle shedding leptospires in 
the urine, the following antibiotic regimens were shown to clear 
urinary shedding of organisms: oxytetracycline (20 mg/kg IM, 
once), tilmicosin (10 mg/kg subcutaneously [SC], once), dihy-
drostreptomycin-penicillin G (25 mg/kg IM, once), or ceftiofur 
sodium (2.2 or 5 mg/kg IM every 24 hours for 5 days or 20 mg/kg 
IM every 24 hours for 3 days). It should be noted that tilmicosin 
is toxic to goats and should be used only in sheep.81,82

Vaccination for control of leptospirosis may be useful in reduc-
ing urinary shedding but should not be relied upon for protection 
from disease. Bovine-labeled vaccines are commonly used and suf-
fer from questionable efficacy and duration of immunity even in 
label species.83–85 In designing management plans for leptospirosis, 
consideration should be given to biosecurity for new additions, 
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control of access to wild and domestic animals, and the accessibil-
ity of potentially contaminated water sources.

Adenovirus. Many serotypes of adenovirus infect sheep world-
wide with varied tissue tropism and unpredictable pathogenicity. 
Exposure and seroconversion are common, and it was identified 
in the interstitial vasculature of lamb kidneys during routine post-
mortem examination.86,87 The virus can be isolated from nasal 
secretions and feces of healthy sheep as well as those with respira-
tory or GI disease. Many infections go unnoticed; however, the 
virus was the cause of acute mortality in an outbreak involving 
several young lambs in the United States.88 Histopathology re-
vealed a highly cellular, mainly cortical interstitial nephritis, with 
intranuclear inclusion bodies, in all three lambs where the virus 
was identified. Evidence of systemic disease was also apparent 
with hepatic necrosis. Experimental infection with some strains 
has resulted in similar pathologic findings.89

General supportive therapy could be beneficial; however, clinical 
observations indicate rapid progression of disease once recognized. 
Recognition and preventive management practices should be car-
ried out if problems develop. Specific vaccines are not available.

Lamb Nephrosis. A yet to be determined cause for acute necrotic 
nephrosis in young (,1-month-old) lambs has been described as a 
condition seen during the early grazing season, particularly in the 
United Kingdom and surrounding regions.90–93 Occasional sporadic 
occurrences are documented in various governmental disease surveil-
lance reports to date. Associated causes for nephrosis such as coccidia 
and other GI parasites, Salmonella, pestivirus, and plant, chemical, 
and gentamicin toxicities should be ruled out before diagnosing  
idiopathic nephrosis. Nephrosis and associated staphylococcal skin 

scald syndrome has also been reported in two approximately 
5-month-old Merino lambs.94

A progressive, terminal illness develops over a few days.  
Lethargy, weakness, and ataxia progress to recumbency and death. 
Diarrhea and dehydration are also common. Serum chemistry 
and urinalysis are consistent with a nephrotic syndrome with 
azotemia, hypoalbuminemia, and proteinuria and inactive urine 
sediment. Gross necropsy findings reveal large, soft, pale kidneys. 
Microscopic examination reveals renal tubular degeneration and 
necrosis focusing on the proximal convoluted tubules and renal 
cortices. Hyaline to fibrin-like casts may be seen in the distal tu-
bules and collecting ducts with dilation of the distal convoluted 
tubules. Focal glomerular lesions may also be observed.91

Supportive fluid and electrolyte therapies are indicated. Insti-
tute preventive measures aimed at concurrent disease processes.

Toxic Diseases
Toxic insult to the kidney occurs with a wide variety of substances 
(bacterial endotoxins, plants, metals, and body metabolites) and 
array of severities. Toxic nephropathy generally occurs due to vascu-
lar (ischemia and reperfusion) dynamics and direct tubular injury. 
Glomerular damage may also occur. Endogenous toxicity from 
hemolytic disease and myopathies may lead to delivery of large of 
amounts of hemoglobin and/or myoglobin causing renal vasocon-
striction and tubular obstruction from protein coagulation.

Plants. Nephrotoxic plants are common sources of acute kid-
ney disease, and a summary table is provided in Table 10.2. 
Tannins (oak), soluble and insoluble oxalate-containing plants 

TABLE 
12.2

Summary of Some Commonly Implicated Nephrotoxic Plants Including Family, Genus, Species, and Common 
Names Generated to Serve as a Guide to Finding More Specific Information.

Plant Family Common Names and Species Toxic Principle (Renal) Comments

Chenopodiaceae Lamb’s quarters (Chenopodium spp.)
Halogeton (H. glomerulatus)
Greasewood (Sarcobatus vermiculatus)
Russian thistle (Salsola spp.)
Mexican fireweed (Kochia scoparia)
Smother weed (Bassia hyssopifolia)

Soluble sodium and potassium  
oxalates. Plants are often weeds 
found in disturbed alkaline or acidic 
soils such as seen with overgrazed 
pastures, along roadsides or railways, 
dry watersheds or lakes, floodplains, 
etc. Plants are generally not  
considered palatable and toxic  
consumption dose is variable,  
partially due to rumen adaptation  
during gradual introduction but also 
due to variable oxalate concentration 
between plants. Green and dried 
forms of the plants are considered 
toxic. Often cause mixture of  
systemic clinical signs.

Chenopodium spp. may cause GI signs due to 
irritation from terpenes found in the plant 
oils. Kochia may also cause photosensitivity, 
toxic hepatitis, and polioencephalomalacia. 
Commonly accumulate nitrates.

Polygonaceae Rhubarb (Rheum rhaponticum)
Beets/sugarbeets (Beta vulgaris)
Dock
Orchard sorrel,
Indian tobacco (Rumex spp.)

Beta and Rumex spp. are nitrate accumulators

Oxalidaceae Wood sorrel
Oxalis,
Lady’s sorrel (Oxalis spp.)

Potassium oxalates, very acidic

Amaranthaceae Pigweed (Amaranthus spp.) May see perirenal edema and nephrosis at 
necropsy. Nitrate accumulators.

Solanaceae Jessamine/jasmine  
(Cestrum diurnum)

Nightshades (Solanum 
malacoxylon)

Vitamin D–containing plants. Cause generalized soft tissue mineralization 
including glomerular and interstitial fibro-
sis. Often concomitant GI and/or nervous 
clinical signs due to toxic alkaloids

Fagaceae Oak (Quercus spp.) Tannins (tannic acids) and pyrogallol  
from rumen conversion. Direct GI, 
liver, and kidney toxins. Pyrogallol can 
cause methemoglobinemia in sheep.

All oak species considered toxic. Prolonged 
consumption of immature leaf stages 
(spring) or acorns (fall).

GI, Gastrointestinal.
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(many), vitamin D plants (Cestrum, Solanum), and sudan/sor-
ghum are potential sources of nephrotoxins in grazing and fed 
animals.95,96 Seasonal variations in toxicity are observed as seen 
with Quercus spp. (oak), and ruminants may undergo rumen ad-
aptation to safely graze toxic plants such as those containing oxa-
lates. Herbicides such as paraquat, a defoliant, if grazed soon after 
application, may result in acute renal tubular necrosis in addition 
to respiratory symptoms. Pet sheep and goats or those escaping 
pastures to explore may become exposed to ornamental plants 
with toxic principles (lilies, ivy, and oleander).97,98 Many of the 
nephrotoxic plants, particularly those causing oxalate toxicity, are 
also nitrate accumulators. Plant origin nephrotoxins often also 
exhibit mixed effects on cardiac, GI, respiratory, and hepatic sys-
tems. Specific mechanisms of action may not yet be determined 
in some direct nephrotoxic plants such as Isotropis spp.99 and the 
kidneys are susceptible to secondary damage from toxins primar-
ily affecting other organ systems.

In general, browsing animals are considered relatively resistant 
to the effects of toxic plants.

Clinical manifestation and pathologic lesions are most often 
consistent with acute tubular necrosis in those plants with affinity 
for inducing nephrotoxicity. Clinical signs are usually acute-onset 
lethargy, depression, oliguria, and neurologic signs often ex-
pected. Anticipated clinicopathologic findings are hyponatremia, 
hypochloremia, hypocalcemia, hyperkalemia, metabolic alkalosis, 
azotemia, hyposthenuria, enzymuria, glucosuria, dark tubular 
casts, and changes in the FE of electrolytes. Gross necropsy obser-
vations usually reveal swollen, pale to dark, edematous kidneys 
and peri-renal edema. Histopathologic lesions are generally  
focused on tubular damage characterized by necrotic epithelial 
tubular desquamation, hyaline casts forming with distal tubular 
obstruction, intact basement membranes, and relatively unaf-
fected glomeruli. Oxalate toxicity may cause urolith and nephro-
lith formation and polarizing calcium oxalate crystals may be see 
in the tubular lumen.95 Gross and microscopic pathologic changes 
reveal generalized calcification of tissues that accompany nephro-
toxicity involving vitamin D containing plants.

Acute toxicity is often treatable as tubular regeneration is 
possible. The animals should be removed from the offending 
toxin. Rumenotomy and evacuation can be considered if history 
indicates exposure is less than 12 to 24 hours’ duration (see 
Chapter 5). Fluid and electrolyte replacement therapy and cor-
rection of acid-base are indicated (see Chapter 3). Fluids should 
contain sodium chloride with added potassium and calcium. 
Saturated calcium hydroxide solution orally may bind unab-
sorbed soluble oxalates.

A key management strategy is to prevent or minimize exposure 
by recognizing plants with potential to cause disease as well as 
seasonal variations. This allows for better grazing management and 
implementation of measures to avoid exposure. Animals that are 
hungry or starved will more likely consume dangerous plants when 
given the opportunity. Ruminants can safely graze many oxalate-
contaminated pastures if given time to adapt and not grazing  
during rapid growth phases of the plants. Feeding dicalcium phos-
phate, salt, and supplemental hay can minimize toxicity.

Ethylene Glycol. Another oxalogenic nephrotoxin of poten-
tial risk to small ruminants is ethylene glycol (EG). EG is a 
compound found in automotive antifreeze coolants, brake, trans-
mission fluid, and windshield cleaning fluids, as well as a compo-
nent of many industrial solvents and detergents, all of which are 
commonly found in farm environments. EG converts to nephro-
toxic metabolites, mainly glycolic acid, by the liver, which then 
cause renal damage. Calcium oxalate crystals also form and are 

deposited in renal tubules causing further kidney damage.100 
Toxicity is commonly encountered in dogs and cats, but poison-
ing is rarely reported in farm animals. An early report in a calf 
was followed by experimental reproduction in cattle.101 Lethal 
doses are 5 to 10 mL/kg in mature cattle and 2 mL/kg in pre-
ruminating calves.101,102 The rumen provides some resistance to 
toxicity through normal oxalate metabolic degradation by  
microbes but also serves as a reservoir prolonging absorption EG. 
Contaminated feedstuffs and byproducts may serve as a source of 
EG; thus, feed analysis may be indicated with compatible clinical 
and diagnostic findings.103,104 A clinical case of EG intoxication 
has been reported in a pygmy goat with similar clinical signs and 
progression as reported in other species.105

Central neurologic signs (ataxia, depression, and loss of men-
ace), hypersalivation, tachypnea, GI atony, and rumen bloat are 
typically described as presenting clinical complaints. Clinical signs 
are a result of initial degradation of EG to glyoxylic acid by dehy-
drogenases resulting in central nervous system (CNS) depression 
and acidosis. A more commonly occurring differential diagnosis 
would be polioencephalomalacia. Hemolytic anemia, hemoglobin-
uria, and ocular signs may occur less commonly. Progressive de-
pression and recumbency follow with oliguric/anuric renal failure, 
leading to death in 2 to 10 days, depending on exposure rate. Re-
covery is possible as described in calves (4–5 months old) with 
experimental toxicity dosed at 7.5 mL/kg for 2 consecutive days.102 
Azotemia, metabolic acidosis, hypocalcemia, and hyperphosphate-
mia are expected serum chemistry findings. Urinalysis reflects  
tubular disease with proteinuria and oxalate crystalluria.

Necropsy findings are consistent with oxalate toxicosis and 
histopathology revealing birefringent crystals seen in the renal 
tubules. Frothy rumen contents may be present and may have a 
sweet smell if intoxication was due to antifreeze consumption. 
Differentiate EG poisoning from plant oxalate poisoning through 
tissue testing. Chemical analysis for EG and glycolic acid should 
be performed on rumen contents, urine, renal tissue, and ocular 
fluid.

Aggressive fluid therapy with isotonic sodium chloride and 
bicarbonate should be instituted early; additional calcium and 
potassium can be added later. Ethanol 20% IV saturates alcohol 
dehydrogenase enzymes preventing glycosylation of EG, thus al-
lowing excretion of unaltered nontoxic EG. Bolus doses of 20% 
ethanol (5 mL/kg) at 6- to 8-hour intervals for 24 to 36 hours as 
well as doses of 50 mL/hour have been recommended. In rumi-
nants, EG lingers in the rumen for days, allowing for prolonged 
absorption. 4-Methylpyrazole, an alcohol dehydrogenase inhibi-
tor, is a reported antidote for EG toxicity that works well in  
dogs but not cats, and information does not exist about use in 
ruminants.106 Oral cathartics or activated charcoal are indicated 
to help prevent absorption of EG. Supplemental thiamine  
may also help reduce the toxic effects of glycolic acid.96 Rumen-
otomy and rumen evacuation could be attempted, but patient 
stability should be closely assessed (see Chapter 5).

Heavy Metals. Metals (zinc, lead, mercury, cadmium, copper, 
and arsenic) are potential sources of nephrotoxicity arising from 
environmental as well as feed sources.107 Copper toxicosis is the 
most clinically recognized toxicity in small ruminants. Other met-
als only occasionally cause or have the potential to cause secondary 
kidney disease; however, the kidneys provide a diagnostic  
tissue source for evaluating exposure. Cadmium, an environmental 
contaminant that can cause acute endothelial renal tubular disease, 
has been reproduced experimentally only in sheep, although ex-
posure and accumulation of the toxin in ruminants have been 
documented.108 Lead poisoning is more commonly recognized as 
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a neurologic disease arising from consumption of batteries, lead-
based paints, oil, and contaminated water, but lesions indicating 
chronic kidney degeneration may be discovered at necropsy.  
Mercury toxicosis is very unlikely to be a cause of toxicity in sheep 
or goats and has never been reported. Zinc and arsenic are primar-
ily GI toxins but affect cells with high metabolic rates, including 
the kidneys.

Copper Toxicity.  Acute copper toxicity results from ingestion 
of high copper feeds, copper salts, pesticides, poultry litter, and 
other high-copper substances. Acute copper poisoning can occur 
at copper intakes of 20–50 mg/kg in sheep,109 while goats are 
tolerant of copper. Chronic copper toxicity occurs when high 
levels of copper are ingested over time but at doses below the 
acutely toxic level. Sheep are the most susceptible species to 
chronic copper toxicity because their liver cells have a high affinity 
for copper and they excrete copper into the bile at a very low rate, 
leading to a build-up of liver copper concentration over time. The 
USDA-NAHMS Sheep 2001 survey reported that 2.9% of flocks 
incurred at least one case of copper toxicity in the preceding  
3 years.53 One of the most common causes of toxicity in sheep is 
the accidental feeding of feedstuffs intended for other livestock. 
Molybdenum reduces the accumulation of copper in the liver. 
The ratio of copper to molybdenum in the feed is therefore an 
important factor determining the risk of copper poisoning. 
Chronic copper toxicity typically involves the ingestion of feeds 
that have a high copper-to-molybdenum ratio. Any feed that tests 
to have copper levels .20 ppm copper is potentially toxic to 
sheep, while a copper-to-molybdenum ratio of .10:1 approaches 
toxicity for sheep.109 It is important to note that the feeding of 
monensin to sheep increased hepatic copper and copper retention 
in the liver compared with animals that consumed a diet not 
supplemented with monensin.110 Serum copper levels have been 
shown to be higher in steers fed monensin or lasalocid.111

Copper is a strong oxidizing agent. It binds to proteins in the 
liver cells and is stored in lysosomes within hepatocytes.112 If the 
copper remains stored in lysosomes, it does not cause tissue dam-
age. Copper can, however, be spontaneously released or released 
at times of stress, including shearing, weather extremes, or trans-
port. Chronic copper poisoning is often described as a stress-re-
lated disease. When copper enters the blood, it partitions into red 
cells, elevating red cell copper levels 15 to 20 times, while plasma 
copper levels only increase two to three times. It causes oxidative 
injury to hemoglobin, inducing Heinz body formation and con-
verting it to methemoglobin, which cannot bind O2 or CO2. The 
sulfhydryl groups of the red blood cell membrane also undergo 
oxidative change,113 resulting in significant hemolysis and anemia. 
Finally, this massive release of hemoglobin can result in hemoglo-
binuric nephrosis and renal failure.

Many animals affected by copper toxicity are simply found dead. 
Necropsy findings will include icterus and “gun metal blue” kid-
neys. In the live animal, icterus, red or brown urine, anorexia, pal-
lor, weakness, and recumbency are common signs. Brown blood or 
pink serum may be noted on blood collection and processing; ane-
mia and, in some cases, evidence of red blood cell regeneration will 
be present on blood work. Elevations in creatinine are expected in 
animals with renal involvement. Hepatocellular injury and bile 
duct occlusion occur as the copper release and the enzymes AST 
and GGT levels may be used to predict animals at risk of copper 
toxicity and risk of death and have been shown to rise above normal 
at least 9 weeks before clinical signs in some animals.114

Animals presenting alive ill exhibit anorexia, weakness, icterus, 
and hemoglobinuria.115 Once these clinical signs are recognized, 

the current feed for the flock should be withdrawn pending test-
ing for both copper and molybdenum. Because copper may be 
stored in the liver for up to 18 months, it is common to find that 
the current feed is not the source. On necropsy, fresh samples of 
liver and kidney should be submitted to a diagnostic laboratory 
for copper levels. Serum copper levels are unreliable in live ani-
mals due to the primary storage in liver. If serum copper levels are 
elevated (.2.0 ppm), this is diagnostic. If the levels are below this 
level, copper toxicity cannot be excluded because the elevation in 
serum copper concentration is often transient. Liver copper levels 
should also be interpreted with caution because the release of cop-
per from the liver during the disease process can significantly re-
duce liver copper concentrations.

Treatment is complicated by economic restrictions and anti-
dote availability. Methylene blue (4–10 mg/kg slow IV; given to 
effect) is important in controlling the acute methemoglobinemia. 
Doses up to 15 mg/kg have been shown to be safe in sheep.116 
Response is typically rapid with a noticeable effect expected 
within 15 minutes. The low end of the dose range may be re-
peated if additional doses are required. Methylene blue is a poten-
tial carcinogen, and because of the lack of residue studies that 
account for bound methylene blue in tissues, a slaughter with-
holding of 180 days has been recommended by the U.S. Food and 
Drug Administration (FDA) in any species.117 Free methylene 
blue is not readily retained in the body and is almost completely 
eliminated by 14 days, this being the current recommendation for 
withholding in cattle published by the Food Animal Residue 
Avoidance Database (FARAD),117 but all withdrawals should be 
confirmed to be current by direct contact with FARAD. Sodium 
thiosulfate (1000 mg per animal) is administered orally once daily 
for 3 weeks. This usually comes in an injectable form, which is 
administered orally. This drug is considered by FARAD to not be 
a concern for slaughter, but it is recommended to impose a 
slaughter withdrawal of 24 hours.117 D-penicillamine (26 mg/kg 
orally twice daily for 6 days) is a heavy metal chelator and in-
creases copper excretion via urine. The recommended slaughter 
withdrawal is 21 days.114 Ammonium tetrathiomolybdate (1.7 mg/kg 
IV every other day for three treatments) decreases the absorption 
of copper and increases removal from liver.118 A 10-day slaughter 
withdrawal is recommended, along with a 5-day milk withhold-
ing.117 Vitamin C (500 mg subcutaneously) may also be useful in 
treating copper toxicity as ascorbic acid counters red blood cell 
oxidative damage, as may zinc and vitamin E supplementa-
tion.119,120 Supportive treatments, including blood transfusions 
and aggressive intravenous fluid therapy, should be considered as 
indicated by clinical and economic parameters. When addressing 
individual ill animals, it is also important to consider flock man-
agement. It is recommended that sodium thiosulfate, at the above 
listed dosage, be administered to all at-risk animals daily for  
3 weeks to facilitate copper removal from the liver.

There is considerable overlap of adequate and toxic copper 
levels in the serum of sheep and goats, making serum an inade-
quate sample for definitive diagnosis.109 Liver copper levels in 
goats above 180 ppm wet weight and above 100 ppm wet weight 
in sheep are considered high, with levels .250 in sheep and 
.230 in goats considered toxic.109 Liver and kidney levels of 
copper should be accompanied by histopathology in order to 
document organ damage and failure due to heavy metal toxicosis.

Antibiotic Toxicity. Some antibiotics have the potential to 
cause acute kidney disease, particularly when used in dehydrated 
animals or during episodes of altered renal perfusion such as 
shock. Due to concerns about violative residues with aminoglycoside 
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usage in farm animals, aminoglycoside (gentamicin, neomycin) 
usage has greatly diminished. Gentamicin concentrations are cu-
mulative in the renal tubules and may cause cell death through 
mitochondrial oxidation or other mechanisms.95,121 In addition to 
cardiac affects, tetracyclines can cause nephrotoxicity when given 
at high doses or in dehydrated cattle, although similar occasions 
have not been documented in small ruminants.122,123 Sulfon-
amides have the potential of causing renal disease due to deposi-
tion of precipitates in the renal tubules, resulting in decreased 
blood flow and urine concentration.

Judicious use of antibiotics, patient status recognition, risk fac-
tors, and prompt detection of adverse effects should eliminate 
severe consequences regarding antibiotic toxicity.121 Clinical signs 
of toxicity are consistent with tubular nephrosis, and crystalluria 
may be seen with sulfonamide toxicity. Discontinuing potentially 
nephrotoxic substances, providing intravenous fluids, and diuresis 
can reverse toxic insult and result in recovery.

Chronic Renal Diseases

Systemic Disease
Acute and chronic respiratory, GI, and dermal diseases are com-
mon and have the potential to lead to direct renal pathology and 
dysfunction through seeding infection and abscess formation 
within the kidney or embolic showering. Often, lesions seen in the 
kidneys secondary to a primary disease are subclinical. Sheep and 
goats are susceptible to infection with Corynebacterium pseudotu-
berculosis, leading to chronic systemic abscess formation including 
the kidney. Staphylococcus spp., Streptococcus spp., Salmonella, Esch-
erichia coli, Chlamydia, Klebsiella spp., as well as other environ-
mental contaminants can cause embolic disease, renal infarcts, and 
abscesses. Conidiobolomycosis, a fungal disease seen in tropical 
regions, primarily affects the upper airway/ethmoids but can also 
disseminate to the kidney.124 Chronic intravenous catheterization 
is a risk factor for renal infarction and kidney dysfunction. Evalu-
ation of indwelling catheter effects on kidneys in sheep revealed 
immune-mediated glomerulonephritis; however, clinical disease 
was not apparent.125 Renal lipomatosis was reported as more of an 
incidental finding in a 5-month-old lamb with severe coccidiosis 
as the primary problem.126

Pyelonephritis. Urinary tract infections (UTIs) may cause 
chronic kidney disease in small ruminants but is a less commonly 
reported condition than in cattle. As with other species, infection 
of the kidney results most commonly from ascending infection of 
pathogenic bacteria. Bacterial infections may arise from normal 
inhabitants of the genitourinary epithelium, GI tract, or the envi-
ronment. Infection may ascend from the urinary bladder to cause 
unilateral or bilateral disease of the ureters and kidneys. Pyelone-
phritis of the left kidney is more common, thought to be due to 
a shorter ureteral distance from the bladder, although bilateral 
disease may be present. Ascending infection originating from the 
lower urinary tract is more likely in females due to the shorter 
urethra and is often reported with a history of decreased fre-
quency of urination and with post-parturient diseases. Dehydra-
tion, spinal disease, and anatomical anomalies may result in lower 
volumes of urine produced and decreased urine flow. Down ani-
mals that are unable to rise often urinate infrequently, if at all 
without assistance, and are in closer prolonged proximity to envi-
ronmental contaminants. Other origins for ascending infection 
may be from an infected urachus in neonates, indwelling transab-
dominal cystostomy tubes and cystic-cutaneous marsupialization 

for urethral obstruction, or introduced through urethral catheter-
ization and obstetric manipulation. Hematogenous spread is pos-
sible and inflammatory urinary diseases or trauma may increase 
the likelihood of establishing infection. Inflammation within the 
urinary tract from trauma or urinary calculi increases the risk of 
an established UTI, although E. coli and Corynebacterium renale 
can establish primary infections in normal mucosa.

The most commonly isolated organisms from pyelonephritis 
cases are E. coli and C. renale. E. coli is more commonly considered 
an environmental or opportunistic pathogen, whereas C. renale is 
commonly considered the agent of “infectious” epithelium. Poor 
on-farm environmental hygiene increases the frequency of clinical 
disease. C. renale disseminates into the environment from infected 
animals and may survive there for 2 months.127 Other Corynebac-
terium species, coliforms, and Arcanobacterium pyogenes are also 
capable of causing disease. Some recognized pathogens have been 
isolated from the male genital tract, Corynebacterium spp. in bulls 
and Eubacterium suis (formerly Corynebacterium) in boars, which 
makes venereal transmission possible.128,129 Since C. renale and E. 
coli can be recognized as normal flora in healthy animals, bacterial 
fimbriae attachments, urine pH, and other factors enhance the 
chances of establishing clinical infection in individuals. Mycobacte-
rium avium subsp. paratuberculosis has been associated with pyelo-
nephritis in a free-ranging red deer in Portugal.130

Ill thrift, fever, and vague colic signs may accompany a diagno-
sis of pyelonephritis. There may also be a history of straining to 
urinate or pus in the urine. Ancillary diagnostics should include 
urinalysis for evidence of hematuria, leukouria, bacteriuria, and 
proteinuria. Isosthenuria with an alkaline pH is expected. It is 
important to observe the complete urination period as debris may 
have settled to the ventral bladder and only be voided terminally 
in the urination process. Transabdominal palpation should be 
performed in an attempt to determine pain elicited on palpation 
of the kidneys. Percutaneous ultrasound may be diagnostic.131

Promoting diuresis is an important adjunctive therapy in 
flushing the urinary tract. Intravenous fluids may be used initially 
or in severe cases. Encouraging water intake or administering oral 
fluids should be done at a minimum. Providing salt and feeding 
ammonium chloride (maximum 200 mg/kg per day) will encour-
age water consumption. Ammonium chloride has the added 
benefit of urine acidification, which may prevent adhesion of 
some organisms.

Antibiotic selection should be based on culture and sensitivity; 
however, penicillin is the most common initial treatment of 
choice. Overwhelming infection may result in a lack of therapeu-
tic response despite bacterial susceptibility. Long-term antibiotic 
administration should extend several weeks. Limited studies have 
suggested relapse rates in cattle of nearly 10% and overall mortal-
ity or culling rates of one-third of clinical cases.132

Confirming bilateral disease can be important for prognosis, 
and extent of renal function is more difficult to determine in ru-
minants. Measuring USG, azotemia response to fluid therapy, and 
physical exam findings should be combined to determine re-
sponse to therapy. Nephrectomy may be an option in select cases, 
and both kidneys can be carefully evaluated with palpation and 
ultrasound during the exploratory.133

Amyloidosis. Amyloidosis is a systemic disease associated with 
deposition of insoluble extracellular hyaline protein throughout 
bodily organs. Insoluble b-pleated sheets of amyloid fibrils de-
velop from partial degradation of circulating precursor proteins 
and deposit in multiple tissues. Many forms of amyloid can de-
velop and cause disease in all species. The proteinaceous complex 
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can develop as a result of chronic inflammatory disease, generally 
termed reactive amyloid (AA), be immunologically derived (AL) 
from lymphoid origin neoplasia, namely myeloma, and genetic 
development is recognized in some species/breeds. Cases of amy-
loidosis in small ruminants due to myeloma or genetic suscepti-
bility, disregarding scrapie, were not located in the veterinary  
literature. Only one case of systemic AL amyloidosis in a cow can 
be located in the literature.134 Chronic suppurative, inflamma-
tory, and neoplastic conditions, which are commonly regarded as 
risk factors for development of reactive amyloidosis, often occur 
in small ruminants; however, clinical cases of amyloidosis are  
infrequently reported.135,136 Subclinical amyloidosis may be an 
incidental finding in ruminant species.137 Amyloidosis can be in-
duced experimentally, is more common in hyperimmunized ani-
mals for product development or research, and usually presents a 
more systemic process.138

Amyloidosis is a systemic disease that commonly affects kidney 
function as chronic noninflammatory glomerular disease with a 
history of chronic weight loss, decreasing apatite to anorexia. 
Clinical presentation is usually that of nephrotic syndrome and 
hypoalbuminemia characterized by edema, ascites, pleural and 
pericardial effusion, dyspnea, exercise intolerance, and possibly 
diarrhea. A recent case report described severe chemosis as the 
presenting complaint in a goat.139 Multiorgan dysfunction, in-
cluding hepatic, hematopoietic, and GI, with associated clinical 
signs are expected in addition to renal signs.

Clinical pathology exposes hyperkalemia, hyperphosphatemia, 
and elevated BUN with normal serum creatinine levels.140 Nor-
mal to decreased serum TP may be found with hypoalbuminemia, 
hyperglobulinemia and a decreased albumin-to-globulin ratio. 
Proteinuria is a consistent urinalysis finding with an elevated 
urine protein-to-creatinine ratio. Urine concentration is inconsis-
tent as well as variable sedimentation characteristics of epithelial 
cells and cellular casts. However, unless secondary infection is 
present, the cellular sediment is not active. Enzymuria and ele-
vated serum amyloid markers may also support diagnosis. Ultra-
sonography may reveal renal enlargement and peri-renal edema 
with hyperechogenic parenchyma. Renal biopsy can be performed 
as an additional antemortem test with variable results.

Necropsy findings are somewhat dependent upon the severity 
of amyloidosis and include normal size to grossly enlarged kid-
neys, diffusely pale, or pale miliary foci on the surface and 
throughout the parenchyma.141 Microscopic changes with amy-
loid deposition reveals extracellular hematoxylin and eosin 
(H&E)–positive tissue staining mostly affecting the glomerulus. 
Congo red staining confirms the presence of amyloid.

Treatment is supportive and symptomatic including diagnosis 
and treatment of potential inciting causes. Prognosis is generally 
regarded as poor to grave. Steroids and nonsteroidal antiinflam-
matory drugs can be administered, and several sources indicate 
use of dimethyl sulfoxide (DMSO) may be efficacious for dissolv-
ing amyloid protein. Only medical-grade DMSO is allowable for 
use in food production animals, and FARAD should be consulted 
for withdrawal times.

Glomerulonephritis. Glomerular inflammation and pathology 
occur in both mature and young animals for various reasons. As 
opposed to amyloidosis, the glomerular damage is inflammatory 
with deposition of immune-mediated components of antigen, im-
munoglobulin, and complement and can occur spontaneously in 
sheep and goats.142 In older animals, the inciting cause is usually 
due to a distant chronic inflammatory process, often pneumonia 
or abscesses. Immune complex deposition affects the glomerular 

capillary basement membranes, causing thickening and over-
growth leading to both clinical and subclinical renal disease. Pro-
liferative glomerulonephritis is a common incidental finding  
and often has no clinical significance in sheep and goats. Sheep 
suffering from pregnancy toxemia may develop toxic and vascular 
damage to the glomeruli, resulting in edema and epithelial and 
endothelial cell destruction.

A well-described spontaneous glomerulonephritis occurs in 
purebred and crossbred Finnish Landrace lambs called spontane-
ous mesangiocapillary glomerulonephritis (MCGN).143 Literature 
and research regarding this condition are lacking within the last 
few decades. MCGN has a genetic predisposition of C3 comple-
ment deficiency with a recessive mode of inheritance, affecting 
lambs under 4 months of age.144 Initially presumed to be isolated 
to Scotland, several cases were diagnosed in northern Alberta in 
the mid-1980s.145 This form of glomerulonephritis is considered 
terminal, with lambs developing clinical signs of lethargy,  
abdominal pain, and renal failure within weeks after parturition.

With the exception of MCGN, glomerulonephritis is not rap-
idly progressive in sheep and goats. A relatively non-specific clini-
cal appearance of failure to thrive is noted and may be confused 
with more common conditions such as metabolic disease or GI 
parasitism. Historical evidence of disease (i.e., pregnancy toxemia, 
abscesses, and pneumonia), in addition to concurrent clinical 
signs of active infection or inflammation, should be considered. 
Depending on the degree of glomerular disease leading to hypo-
proteinemia, pleural and peritoneal effusion may develop. The 
hallmark of glomerular disease is proteinuria. Renal biopsy can be 
definitive. Gross and microscopic examination at necropsy reveals 
pale, contracted kidneys with glomerular fibrosis, interstitial 
thickening, tubular fibrosis, and capillary occlusion.

Treatment of the inciting cause should be implemented, if ap-
parent. Immunosuppressive and chronic steroidal therapy may 
suppress glomerular inflammation, but long-term prognosis is 
poor.

Mesangiocapillary Glomerulonephritis.  MCGN is an im-
mune-mediated renal disease characterized by immunoglobulin 
deposition in the glomerular capillary walls and a third component 
of complement deficiency in affected lambs.146 This congenital,147 
heritable condition is best described as recessive, although the 
mode of inheritance is complex144 and colostral intake has not 
been shown to play a primary role in disease development.148 
Affected lambs have been mostly described in Finnish Landrace 
lambs less than 4 months of age, but it has been documented  
in crossbred lambs from “low risk” Finnish Landrace ewes and 
Dorset rams.149 Clinical signs include isolation, anorexia, conjunc-
tival edema, cerebral neurologic signs, and acute death.145 The 
kidneys are grossly enlarged and animals become uremic145 and 
hypoalbuminemic.

Diagnosis is based on histopathology of the kidney, which 
demonstrates crescent lesions of neutrophilic infiltration, fibrosis, 
and glomerular hypertrophy.146 Ultrastructural studies have 
shown this condition to be similar to human MCGN type I.149 
Edema, immunoglobulin G deposition, and cellular infiltration 
have also been seen in the choroid plexus of affected lambs.150 
Treatment is generally not attempted in affected lambs, but alter-
nate day prednisone therapy has been shown to ameliorate the 
disease in children.151

Renal Abscesses. Abscessation of the kidneys typically occurs 
from hematogenous spread, and abscesses are often revealed in 
other organs of the body. Worldwide, the most common cause of 
abscesses in sheep and goats is C. pseudotuberculosis, the cause of 
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caseous lymphadenitis. Abscesses may be superficial, in the subcu-
taneous tissues and superficial lymph nodes, or visceral, primarily 
affecting the lungs, mediastinal lymph nodes, and other organs, 
including the kidneys.152

Corynebacterium spp. shares a family with Rhodococcus, Myco-
bacterium, and Nocardia spp. and are associated with chronic, 
pyogranulomatous inflammation, and infection should be consid-
ered lifelong, as viable bacteria may be cultured from older  
abscesses for several years after infection.125 Sheep tend to have 
more frequent and more severe visceral manifestations of caseous 
lymphadenitis than do goats.152 The purulent material contained 
in the abscess contains large numbers of the bacteria and is ex-
tremely contagious, with transmission generally occurring from 
respiratory, integumentary, oral, and other routes. The bacteria 
invade local lymph nodes and disseminate, producing thickly 
encapsulated pyogranulomas throughout the lymphatic system 
and visceral organs.

Other bacteria have been reported to cause abscesses in sheep 
and goats and serve as differential diagnoses for caseous lymphad-
enitis. Mycobacterium bovis has been demonstrated in an infected 
sheep flock with abscesses throughout the body, including the 
kidneys.153 An avirulent strain of Rhodococcus equi has caused 
disseminated abscesses in goats, but renal involvement did not 
specifically exist in these cases.154 Staphylococcus spp., Streptococcus 
spp., Salmonella spp., and Chlamydia spp. have also been associ-
ated with renal abscesses in lambs.155

Burkholderia (Pseudomonas) pseudomallei has been cultured 
from abscesses in a Boer doe in South Africa, involving the mam-
mary gland and the cortex of one kidney.156 This bacterium 
inhabits soil and water in endemic areas, occurring in Asia, Africa, 
Australia, and Central and South America.

Diagnosis of renal abscesses is most readily made on ultrasono-
graphic examination of the kidneys and retroperitoneal space, 
where fluid pockets or gas accumulation may be encountered. 
Fine needle aspiration of suspected abscesses is recommended 
over needle biopsy to minimize peritoneal contamination. Cul-
ture of abscesses provides etiologic diagnosis, along with antimi-
crobial sensitivities. In the case of C. pseudotuberculosis, cultured 
bacteria frequently demonstrate sensitivity to several antimicrobi-
als in vitro; however, in vivo performance is poor, likely due to the 
thick encapsulation of the abscesses and intracellular activity of 
the organism.152 A course of rifampin and oxytetracycline has 
been shown to result in clinical resolution of caseous lymphadeni-
tis abscesses in sheep, but it was not determined if animals  
remained infected.157 Serologic tests for hemagglutination inhibi-
tion as well as ELISA and other serologic tests are available, as is 
PCR.152

Surgical removal of abscesses in their entirety has been per-
formed. If renal involvement is unilateral, nephrectomy may be 
performed, relying on compensatory changes in the remaining 
kidney,158 although it is likely that other visceral manifestations 
exist. Animals affected with caseous lymphadenitis should be 
considered lifelong, systemic carriers, serving as a potential source 
of infection to other animals and humans, which often makes 
culling the most appropriate management decision.

Miscellaneous Causes of Renal Disease

Parasites Affecting the Kidneys
Protozoa, cestodes, trematodes, and nematodes have been  
shown to infect or have effects on the kidneys of sheep and goats. 

Disseminated disease with Toxoplasma gondii has been docu-
mented in a 2-year-old goat, in which the kidneys showed white 
streaks in the cortex and a necrotizing glomerulonephritis.159 Toxo-
plasma bradyzoites were present in the kidney, and other systemic 
involvement included cystitis, respiratory, and GI lesions.159 A 
4-year-old pregnant goat exhibited encephalitis and abortion and 
was found to have hepatic and renal presence of organisms consis-
tent with Toxoplasma spp.160 Encephalitozoon (Nosema) cuniculi has 
been shown to infect sheep161 and goats.162 Renal tubular cells 
contain the organism and cause a chronic interstitial nephri-
tis.161,162 Congenital sarcocystosis has been documented in a still-
born goat, with Sarcocyst organisms present in the kidneys.163 Of 
particular concern with many protozoan parasites is their zoonotic 
potential. Control of protozoal parasites should include the limita-
tion of contact of flocks and herds with cats and rabbits.

Infertile cysts and cysticerci of the cestodes Echinococcus granu-
losis and Taenia hydatigena have been found in the kidneys of 
sheep,164 with mesangial and membranoproliferative glomerulo-
nephritis, a common change noted with hydatidosis in sheep.165 
An acute nephrosis believed to be caused by Nematodirus battus 
has been shown at affect lambs primarily less than 1 month of age, 
but the exact etiology of this condition is unknown.166 Fasciola 
hepatica also causes anemia and hemosiderin deposition in the 
proximal renal tubules in lambs.167 Control of these systemic 
manifestations of parasites includes the control of carnivores, 
stocking density, regular monitoring for parasitism, and appropri-
ate application of parasiticides with owner education regarding 
food safety issues.

Cloisonnè Kidney
This condition was previously termed caprine cloisonnè kidney, as 
it was originally described exclusively in male white Angora goats 
in Texas168,169 but has since been reported in sheep170,171 as well. 
Grossly, the kidneys are of normal size but appear brown, with this 
discoloration extending throughout the renal cortex.168 Histo-
pathologically, the lesion includes a thickened, brown-pigmented 
proximal tubular basement membrane.169 This pigment has been 
characterized as containing a glycolytic group, inorganic material, 
amino acids,172 and ferritin173 with repeated intravascular hemoly-
sis proposed as an etiology.173 Initially, the condition was believed 
to have a restricted geographic presence168 but has been described 
in North America and Eurasia.169–172 The condition is generally 
subclinical, frequently demonstrated on postmortem sur-
veys168,170–172 or survey renal biopsies169,173 but may have clinical 
significance in some animals.170 Management and treatment prin-
ciples for this condition have not been proposed.

Congenital Anomalies of the 
Kidneys and Ureters
Several congenital anomalies are reported to involve the kidneys 
and ureters, with most of the reports involving lambs. Reported 
anomalies include unilateral and bilateral renal agenesis, cystic and 
polycystic kidneys, hydronephrosis, lobulated kidney, and renal 
dysgenesis in fetal and neonatal lambs, with congenital polycystic 
kidney disease also reported in a stillborn white-tailed deer 
fawn.174–180 Polycystic renal disease in lambs is believed to be an 
autosomal recessive trait.174 Renal agenesis has been reported in 
young goats where the kidneys were pale and slightly small, with 
cysts, fibrosis, cellular infiltrates, and oxalate crystals were present 
in the renal tubules of one goat.181 In one case of cystic renal 
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dysplasia of lambs, 30% of one ram’s offspring were affected, and 
the condition was associated with abortions and stillbirths.178 Poly-
cystic renal disease has been reported in a female adult European 
roe deer with features similar to an autosomal dominant form in 
humans.182 Ectopic ureter has been reported in a goat examined 
for a ventricular septal defect.183 Animals diagnosed with a con-
genital anomaly frequently have concurrent anomalies,175,177,183 
which are important considerations in case management.

Neoplasia of the Kidneys
Multicentric lymphosarcoma has been reported to involve the 
kidney of sheep experimentally infected with the bovine leuke-
mia virus (BLV).184 With this experiment, sheep developed 
tumors at a much higher rate (34.7%)184 than is reported in 
cattle. Goats appear to be more resistant to the development of  
lymphosarcoma as a consequence of BLV infection, but renal 
involvement has been noted. Nephroblastoma has been reported 
in an aborted lamb.185 Embryonal nephroma with pulmonary 
metastases has been reported in an emaciated 1.5-year-old  
female elk.186

DISEASES OF THE URINARY BLADDER

Cystitis
Inflammation of the urinary bladder is a common condition, 
primarily affecting females because of ascending infection. This 
commonly occurs postpartum as a result of contamination from 
the genital tract or iatrogenic from fetal manipulation. Cystitis 
may also result from the presence of uroliths, as an ascending in-
fection from an infected urachus in neonates and from bladder 
atony resulting from neurological disorders. Animals experiencing 
prolonged recumbency may not urinate frequently, predisposing 
them to the development of UTIs. The most common etiologic 
organisms are C. renale, E. coli, Staphylococcus spp., and Streptococ-
cus spp. Animals with cystitis are often pollakiuric and strangu-
ric187 and may have blood clots or purulent debris on the vulvar 
or preputial hairs.

Urinalysis will reveal hematuria or pyuria, with red blood cells, 
neutrophils, and, in some cases, bacteria, visible in microscopic 
sediment. Ultrasound examination of the urinary bladder may 
reveal a thickened wall, hyperechoic urine, and blood clots or 
purulent debris on the bladder floor. Horizontal-beam radiogra-
phy is useful for demonstrating sediment in the bladder, and 
survey and contrast radiography can be utilized to demonstrate 
bladder wall thickening.188 Endoscopy is useful for visualizing the 
interior of the urinary bladder to rule out differential diagnoses, 
including urolithiasis and enzootic hematuria.187 Urine obtained 
as a midstream, free-catch sample or via cystocentesis may be 
submitted for bacterial culture and sensitivity. Cystocentesis pro-
vides the preferred samples for culture, as contamination is mini-
mized. The presence or absence of renal involvement in animals 
with UTIs should be determined. Animals with renal involve-
ment or pyelonephritis will often be systemically ill, febrile, and 
azotemic and will require more aggressive treatment.

Consideration should be given to the administration of anti-
microbials, antiinflammatory drugs,187 promotion of diuresis, 
and urinary acidification in the management of animals with 
UTIs. In selecting an antimicrobial, the agent should be broad-
spectrum, based on culture and sensitivity, and be excreted 
through urine. The beta-lactam antibiotics, ceftiofur and penicillin, 

are most commonly utilized. Sulfonamide and tetracycline prod-
ucts may also be used. For lower UTIs, a treatment duration of 
7 to 10 days is generally recommended, followed by repeat uri-
nalysis to determine the ongoing need for treatment. Antiinflam-
matory medications may be used in the first 2 to 3 days of  
therapy to provide relief of discomfort but should be used with 
caution if renal involvement is suspected. When selecting an 
antimicrobial and antiinflammatory protocol for individual pa-
tients in the United States, the Minor Use Minor Species ap-
proved drug lists and the FARAD should be consulted for drug 
approval and appropriate withdrawals.189,190 Encouraging the 
frequent voiding of urine may be achieved with fluid therapy and 
salt consumption for frequent bacterial removal from the blad-
der. An indwelling urinary catheter provides a consistent outlet 
for urine and the opportunity for bladder lavage. Catheters must 
be placed and maintained in a hygienic manner to avoid further 
contamination of the urinary tract. Urine acidification is particu-
larly useful for infections with C. renale, as it possesses pili that 
adhere to uroepithelium in an alkaline environment.

Urinary Incontinence
Urinary incontinence arises primarily from neurologic disorders 
and is of clinical concern due to urine scalding and risk of UTI 
from urine retention or inadequate urethral sphincter activity. On 
examination of affected animals, the urinary bladder should be 
classified as upper motor neuron (UMN) or lower motor neuron 
(LMN). Those affected with UMN lesions (spinal segment  
L4-S2) exhibit a distended bladder that is difficult to manually 
express. The urinary bladder affected by a LMN lesion (spinal 
segment S2-caudal) will also be distended but will be easily ex-
pressed and animals may dribble urine. These animals also exhibit 
ataxia and decreased tail tone and perineal reflexes.

Causes of urinary incontinence include trauma to lumbosacral 
spinal cord segments, detrusor atony secondary to urinary tract 
obstruction, and a variety of diseases affecting the spinal cord. 
Urinary incontinence has been reported as a clinical sign in a case 
series of enzootic ataxia in goat kids.191 Enzootic ataxia is a disease 
of animals in the first few months of life characterized by low tis-
sue copper levels and Wallerian degeneration and dysmyelinogen-
esis of the cervical and thoracic spinal cord segments.192 Urinary 
incontinence has been reported in a heifer affected with CNS 
migration of Parelaphostrongylus tenuis,193 which also occurs in 
goats.194 West Nile Virus has been reported to cause encephalo-
myelitis in an ewe whose clinical signs included a distended  
urinary bladder and urinary incontinence.195 Urinary inconti-
nence is well recognized as a result of axonal degeneration and 
demyelination in horses consuming Sorghum species but was not 
recognized in lambs affected by CNS lesions after grazing Sor-
ghum pastures.196 Lesions in lambs differed from those in horses 
in distribution and severity, as axonal degeneration and demyelin-
ation were not significantly present in lambs. One study in lambs 
evaluated tail docking and its effects on health, using urine stain-
ing as one parameter.197 There was no significant difference in 
urine staining between docked and undocked lambs, but tail 
docking is believed to be a risk factor for urinary incontinence in 
dogs.198 Urinary incontinence may also result from primary uri-
nary tract disease, including cystitis, ectopic ureter, and hypospa-
dias, which have been reported in goats and sheep and may result 
in urinary incontinence.199–201

Treatment of urinary incontinence has not been specifically 
described in small ruminants and should focus on management of 
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the primary disease, adequate nursing care, and prevention of 
potential sequelae, including hydronephrosis and UTI. Urinary 
catheterization may be performed in females and cystocentesis in 
males to provide relief of the bladder distension and urine  
outflow until neurologic recovery occurs. Animals with detrusor 
atony may be treated with cholinergic drugs such as bethanechol 
(0.04–0.08 mg/kg SC, TID) to stimulate detrusor activity but 
should not be used in animals with urethral obstruction or  
increased urethral tone.

Congenital Anomalies of the Urinary Bladder
A heritable, congenital hypoplasia or aplasia of the urinary blad-
der has been reported in Sufolk lambs along with renal dysplasia 
which was fatal within the first 5 days of life.202 Patent urachus 
has been reported in lambs,200,201 with other concurrent anoma-
lies, including atresia ani and vaginalis. These cases occurred in 
the absence of omphalitis,203 the most common cause of patent 
urachus in ruminant neonates.

Neoplasia of the Urinary Bladder
Leiomyoma, a smooth muscle tumor, has been reported to occur 
with hepatocellular carcinoma and phaeochromocytoma in a 
12-year-old male goat.204 Multicentric lymphosarcoma involving 
the kidneys, ureter, and urinary bladder wall has been reported in 
sheep experimentally infected with BLV.205 Renal and cardiac 
metastases of a goat with Jaagsiekte disease or pulmonary adeno-
matosis have been reported.206 Multiple neoplasias such as hem-
angiosarcoma, hemangioma, and transitional cell carcinoma along 
with chronic cystitis have been reported in a captive fallow deer 
and are believed to have resulted from Bracken fern ingestion.207

DISEASES OF THE URETHRA

The anatomy of the distal urinary tract of male ruminants differs 
significantly from that of males of other species. The penis is sig-
moid in arrangement,208 with two major bends occurring between 
the urinary bladder and the distal glans penis. The glans penis of 
the small ruminant also has a vermiform appendage, or urethral 
process, which is an extension of the urethra 2 to 4 cm beyond the 
distal end of the penis.208 It has a narrowed diameter compared to 
the more proximal portions of the urethra.

Obstructive Urolithiasis
Obstructive urolithiasis is the single most common urinary tract 
disease of small ruminants, with significant economic significance. 
The USDA-NAHMS study in 2001 reported that 20% of surveyed 
sheep operations had at least one case of urinary calculi in the previ-
ous 3 years.209 Urolithiasis has been reported in a 6-month-old 
white-tailed deer and an adult elk.210,211 Males are most commonly 
obstructed, but uroliths may form in females, as well.

Uroliths are solid crystalline formations in the urine, which are 
composed of organic matrix and organic and inorganic crystal-
loids that precipitate in supersaturated urine.212 Factors affecting 
urine supersaturation include the rate of renal excretion of crystal-
loids, negative water balance, urine pH, and the presence or ab-
sence of crystallization inhibitors.212 Metaplasia of uroepithelium, 
as a result of vitamin A deficiency, may contribute cells and pro-
tein for nuclear formation.213 Suture, tissue debris, blood clots, or 
bacteria may also serve as nuclear components initiating urolith 

formation.212 Infection, however, is considered to be a minor 
factor in urolith formation in ruminants.

Urolithiasis is a multifactorial disease with diet, urine pH, and 
body water balance playing significant roles. Struvite (magnesium 
ammonium phosphate) and apatite (calcium phosphate) may be 
commonly seen in animals fed high-grain diets, while animals 
consuming legumes are predisposed to calcium carbonate uro-
liths. Silicate stones may be observed in animals grazing silica-
ceous plants and soils in the western United States and Canada. 
Calcium oxalate stones may be associated with oxalate-containing 
plants. A significant factor in availability of urolith components 
and their binding ability is urine pH.214 Struvite, apatite, and 
calcium carbonate uroliths are known to precipitate in alkaline 
urine.212,214 Struvite crystallization occurs only at a pH range of 
7.2 to 8.4, while apatite stones develop at a urine pH of 6.5 to 
7.5.215 Calcium carbonate stones also tend to form in alkaline 
urine, while pH may have little or no effect on silicate or calcium 
oxalate uroliths. Total body water balance plays an important role 
in calculogenesis by its effects on urine volume and concentration. 
This may be seen in winter and during times of other systemic 
illness when animals consume decreased volumes of water, thus 
reducing urine output.

Uroliths may obstruct urine flow anywhere from the renal 
pelvis to the distal urethra, although the most common sites of 
obstruction are at the distal sigmoid flexure or the vermiform ap-
pendage in sheep and goats (Figure 12.7A, B). Obstruction at 
these sites may result in either rupture of the urethra or of the 
urinary bladder.

Although hematuria may be noted, urolithiasis without ob-
struction rarely results in clinical disease. Animals presenting with 
clinical disease related to urolithiasis are often obstructed and 
signs are dependent upon the degree of obstruction, location of 
the obstruction, and the duration of disease. Uroliths may not 
completely obstruct urine flow yet manifest as an incomplete or 
even intermittent obstruction. Initial incomplete obstruction of-
ten becomes complete obstruction with time due to inflammation 
of damaged urethral mucosa.

Clinical signs of urinary obstruction may range from non- 
specific inappetence and lethargy to overt colic. Restlessness, per-
sistent straining, repetitive posturing to urinate, and vocalization 

A B

•  Fig. 12.7  A. The pelvic urethra from an 8-month-old male goat with 
urinary calculi. B. The urethral process of this buck was occluded by a 
urinary calculi. This was a postmortem finding. (Courtesy of Dr John Rob-
erts, University of Florida, College of Veterinary Medicine.)
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are common. Swelling around the prepuce or bilateral ventral ab-
dominal distension may be noted with rupture of the urethra or 
urinary bladder, respectively.

Clinical pathology findings are related to the duration of ob-
struction and sequela, such as uroabdomen and hydronephrosis. In 
a retrospective study of goats with urolithiasis, the most common 
abnormalities were azotemia and hypophosphatemia.216 Animals 
may also have slight decreases in sodium and chloride with eleva-
tions in potassium and a metabolic alkalosis.216 Unlike monogas-
tric species, the azotemia is often mild or may not be present early 
in the disease as ruminants have the ability to more effectively 
manage uremia. In addition, ruminants often maintain adequate 
phosphorus and potassium homeostasis through salivary secre-
tions,217,218 without experiencing the large increases of these ana-
lytes as seen in obstructed monogastric animals.

The principles of management for obstructive urolithiasis in-
clude establishing a patent route of urine excretion, providing 
analgesia, correcting fluid deficits and electrolyte derangements, 
decreasing inflammation, and preventing infection. The presence 
of the urethral diverticulum prevents passage of a urinary cathe-
ter retrograde from the urethral orifice to the urinary bladder.208 
Retrograde catheterization or retropulsion of uroliths is not rec-
ommended as further trauma or puncture of the urethra is pos-
sible. Attempts at retropulsion of uroliths may result in over 
distention of the urinary bladder as the stone is diverted into the 
diverticulum, allowing fluid to pass into the bladder, followed by 
the urolith falling back into the urethra. Occasionally, removal of 
the vermiform appendage (Figure 12.8) in male sheep and/or 
goats establishes a patent urethra; however, inflammation in the 
proximal urethra from passage of the uroliths may still prevent 
normal urination. Uroliths tend to occur in multitudes in the 
urinary bladder and most animals initially relieved by amputa-
tion of the vermiform appendage will often reobstruct with 
subsequent stone passage. Relief of urinary obstruction often  
requires surgical intervention.

The systemic health of the patient is an important consider-
ation when selecting drugs to facilitate treatment. Acepromazine 
(0.05–0.1 mg/kg IV or IM) has been utilized in the medical 
management of urolithiasis.218–220 Unproven arguments for utili-
zation of acepromazine have been to relax urethral tone through 
a-antagonistic effects on smooth muscle and relaxation of the 

retractor penis muscle. Acepromazine may also suppress the 
anxiety associated with the inability to urinate. Caution should 
be taken when using phenothiazine tranquilizers in patients, 
which may already be hypotensive and hypothermic. Diazepam 
(0.1 mg/kg, slow IV) may also be used for urethral relaxation and 
as an anxiolytic. Xylazine (0.05–0.1 mg/kg, IV or IM) or other 
a-2 agonists may be used in attempt to restrain the patient for 
examination of the penis and have excellent analgesic properties 
in ruminants. Caution should be exercised when utilizing xyla-
zine prior to relief of the obstruction, as it promotes dieresis221 as 
well as enhances hypotension. Lumbosacral epidurals using 2% 
lidocaine (1 mL/7 kg) may be utilized in the place of sedation to 
relieve discomfort and aid in exteriorization of the penis.

Fluid therapy should be instituted as indicated by the clinical 
examination. After relief of the obstruction, diuresis is impor-
tant to replace dehydration, reduce azotemia, and flush the  
urinary tract. Normal (0.9%) NaCl is a good choice for intrave-
nous fluid therapy, although additional electrolyte and acid-base 
abnormalities should be considered. If the animal has been ob-
structed for longer than 36 to 48 hours or has a ruptured blad-
der, potassium is likely to be elevated and electrolyte panels are 
very helpful in guiding the correction of electrolyte and acid-
base abnormalities. Potassium levels may be used as a marker for 
determining the degree of intervention and high levels exert 
inhibitory effects on the heart causing bradycardia. If the potas-
sium levels are high, dextrose may be added to make a 2.5% to 
5% solution (50–100 mL of 50% solution per liter of fluid) or 
insulin may be utilized to move potassium intracellularly, pro-
tecting the heart. The addition of 20 mL of 23% calcium boro-
gluconate per liter of fluids can improve cardiac contractility, 
and atropine 0.04 mg/kg can be used in bradycardic patients. 
Sodium bicarbonate can be used to correct acidosis and decrease 
hyperkalemia but should not be mixed with calcium-containing 
fluids. Nonsteroidal antiinflammatory drugs should be adminis-
tered to decrease inflammation and aid in the prevention of 
urethral stricture formation but should be used with caution 
until adequate renal perfusion is attained. Broad-spectrum anti-
biotic therapy should be instituted to prevent or treat infection 
resulting from devitalized or inflamed urinary tissues or cavita-
tional accumulation of urine. Beta-lactam antimicrobials (peni-
cillins and cephalosporins) may be chosen, as they have good 
spectrum of activity and are excreted in the urine.

There are many methods for relieving urethral obstruction due 
to urolithiasis. Methods with practical application include vermi-
form appendage amputation, urethrotomy, urethrostomy, cystot-
omy, tube cystostomy, and urinary bladder marsupialization. 
Other methods including prepubic urethrostomy, extrapelvic and 
urethropreputial anastomosis, buccal mucosal urethral grafting, 
and laser lithotripsy are described much less commonly.222–225 
Relieving the obstruction by retrograde urinary catheterization is 
highly unlikely to be achieved in ruminants and pigs due to the 
urethral diverticulum present at the ischial arch of the penis.226 
Although traditional straight polypropylene catheters often fail, 
the use of angiographic catheters has been investigated as a more 
successful option in retrograde catheterization.227 On the occa-
sions when an obstruction is cleared by retrograde catheterization, 
the relief is temporary and some surgical treatment will be re-
quired to resolve the condition. In addition, dynamic and physi-
ologic healing characteristics of the ruminant urethra result in a 
strong likelihood for luminal stricture formation as a result of 
trauma from calculi, attempted catheterization or surgery (i.e., 
urethrostomy).

• Fig. 12.8  Removal of the vermiform appendage in an unobstructed goat 
wether. A scalpel blade or sharp scissors may be used.
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Surgeries such as urethrotomy and perineal urethrostomy 
are considered palliative or salvage treatments, as the surgical 
site will likely stricture within months resulting in reobstruc-
tion.228 It should, however, be considered as the treatment of 
choice for long-term survival when the urethra has ruptured 
and there is significant damage to the distal portion of the penis 
and surrounding tissues due to urine accumulation. A modified 
perineal urethrostomy technique involving extensive release of 
penile connective tissue proximally has shown promise in re-
ducing postoperative stricture formation.229 Perineal urethros-
tomy is not a viable option for maintaining intact breeding 
males. Tube cystostomy is a viable option for curative (long-
term) relief of urethral obstruction as well as maintaining  
functional breeding males. Short- and long-term prognoses, 
complication rates and reobstruction rates for each procedure 
have been recently reviewed.230

Vermiform Appendage Amputation
One of the first procedures to attempt relief of urethral obstruc-
tion is to visualize the vermiform (urethral process) for evidence 
of lodged calculi. This is a narrow appendage at the terminal  
urethra that is prone to calculi obstruction (Figure 12.7B). The 
patient is restrained in a sitting position (Figure 12.9), while the 
penis is extended and visualized. Visualization of the penis may 
not be possible without general anesthesia in very young males as 
diffuse preputial-penile attachments are still present before the 
effects of testosterone and maturity allow release. Sponge forceps 
may be used to extend the penis when the obstructed male is 
under general anesthesia, which will allow the clinician to then 
carefully free the distal portion of the penis from the prepuce. 
Amputation of the vermiform is done with either a pair of Mayo 
scissors or a scalpel blade. Amputation is usually performed even 
if calculi are not visualized. Hemorrhage is expected but not pro-
fuse and may continue for some time (hours) due to the effects of 
urine on coagulation.

Urethrotomy, Urethrostomy, and Penile 
Transection and Transposition (With or  
Without Penile Amputation)
Urethrotomy and urolith removal can be attempted when stones 
are located by palpation, radiographs, or ultrasound. The distal 
sigmoid flexure is another common site where uroliths may lodge. 
A urethral incision may be made directly over the stone or in 
healthy urethra adjacent to it, followed by urolith removal. Sutur-
ing the urethra is recommended by most, but allowing second 
intention healing of the urethrotomy site is also acceptable and 
much less technically challenging. Stricture formation is a high-
risk complication for urethral surgery in small ruminants regard-
less of the specific technique employed.

Urethrostomy can be performed in different ways to allow for 
a prolonged or permanent stoma for urinary diversion. The most 
commonly performed method is perineal urethrostomy. A combi-
nation of local and epidural anesthesia is provided, and an inci-
sion is made on midline in the perineum somewhere between the 
ischial arch and dorsal to the sigmoid flexure, which is just dorsal 
to the scrotum. The author prefers to incise the skin and subcuta-
neous tissue as distal as possible since the dissected penis will be 
more mobile for urethrostomy with less tension. The distal ure-
throstomy also provides extra tissue proximally for surgical recon-
struction should stricture develop. Alternatively, the approach can 
be at the level of the ischial arch that may have the benefit of 
urinary bladder catheterization as the urethral diverticulum can 
be bypassed. Once the penis is dissected free from the subcutane-
ous tissue, the urethra can be incised longitudinally and a stoma 
sutured to the skin.

Alternatively, the penis can be transected and dorsal segment 
repositioned. Amputation of the penis provides a simple approach 
to relieving urethral obstructions. However, this procedure may 
not be cosmetically appealing and strictures often occur within 
months after surgery. The surgery can be accomplished under ei-
ther general or epidural anesthesia. Many clinicians prefer to 
perform this surgery after administering epidural anesthesia on an 
animal in sternal recumbency with the hindlimbs off the end of 
the table. A midline incision is made in the perineum dorsal to 
the sigmoid flexure at the point where the perineum turns ventro-
cranially. Careful, sharp dissection is performed to expose  
the penis. The distal sigmoid flexure is identified and pulled to the 
incision site. If there has been significant urine damage to the 
preputial tissues due to urine leakage, the entire distal penis can 
often be extracted from the wound with moderate pressure. The 
penis is avulsed from its preputial attachment. A point on the 
penis 4 to 7 cm distal to the dorsal edge of the skin incision is 
chosen for the amputation site. The dorsal penile vessels are  
ligated dorsal to this point and the retractor penis muscles are li-
gated and transected as far proximally as possible. The distal part 
of the penis is very difficult to remove (and not recommended) if 
the surrounding tissues are normal. If the distal penis in not re-
moved, the dorsal penile vessels should be reflected off the penis 
and left intact. The penis is transected as far distal as the perineal 
skin incision will allow. A wedge-shaped piece of tunica albuginea 
and the underlying cavernous tissue of the corpus cavernosum 
penis (CCP) are removed to allow for better closure of the CCP 
and thus minimize hemorrhage when an intact male is sexually 
stimulated. The transected CCP is closed with a simple continu-
ous or continuous mattress pattern using 2-0 absorbable suture in 
the tunica albuginea surrounding the CCP. The urethra and tu-
nica albuginea of the corpus spongiosum penis (CSP) are split 

• Fig. 12.9  A buck being “set up” to facilitate exteriorization of the penis 
for examination of the vermiform appendage and glans. This method of 
restraint may be used for both sheep and goats.
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longitudinally for 2 to 3 cm in order to spatulate the new urethral 
opening. The urethral mucosa is sutured to the tunica albuginea 
down each side and at the transected end of the penis with a con-
tinuous pattern using 3-0 absorbable material. This suture line 
seals the CSP and lessens hemorrhage during urination. A suture 
can be placed into the tunica albuginea at the mucosal closure 
near the transected end of the penis, around the dorsal aspect of 
the penis (opposite the urethra), and into the tunica albuginea 
again near the mucosa of the opposite side. The suture is then tied 
on the dorsal aspect of the penis. This suture creates a bigger 
opening of the spatulated urethra. The penile stump is secured to 
the skin with a mattress suture. A “bite” is taken through the skin 
where the penile stump will exit the incision. The next bite is into 
the tunica albuginea of the CCP and then the skin on the oppo-
site side. The second half of the mattress suture is placed through 
the skin as normally done ventral to the first bite. This suture will 
secure the penis in place as well as direct the transected end of the 
penis out of the skin incision. The remainder of the skin incision 
is closed in a routine fashion of the clinician’s choosing. Castra-
tion at the same time as the penile amputation is prudent.231

Tube Cystostomy
Surgical success when dealing with urinary obstruction largely 
depends on duration of disease and correction of fluid and elec-
trolyte derangements prior to or during surgery. Not using hypo-
tensive drugs and quickly replacing fluid volume is probably of 
primary importance. The electrolyte abnormalities to correct are 
hypochloremia, hyponatremia, and hyperkalemia. The severity of 
these electrolyte changes varies with duration and if the bladder 
has ruptured.

Potassium levels can be variable in ruminants, even with rup-
tured bladder. A ruptured bladder may quickly lead to hyperkale-
mia and acidosis in many species, but ruminants manage pH and 
electrolyte derangements better through salivary metabolism. 
Small ruminants (especially sheep), however, seem to be affected 
more often with the hyperkalemic acidosis syndrome as seen in 
small animals and foals. This is most likely due to the duration of 
obstruction prior to recognition. Several anesthetic and preanes-
thetic protocols can be used to combat these life- threatening 
changes.

Tube cystostomy can be successfully performed in field situa-
tions with percutaneous introduction of the catheter. A method 
for percutaneous tube cystostomy and vesicular irrigation has 
been described.232 Risks with this procedure include bowel perfo-
ration and increased risk of peritonitis.233 A disadvantage of this 
technique is that it does not allow normograde urethral flushing 
or removing stones via cystotomy. Therefore, the tube will likely 
need to be left in the bladder longer before resolution of the con-
dition. Guafenesin (5%) with 1 mg/mL of ketamine added is 
adequate for intubation and could also be used to maintain a 
surgical plane of anesthesia.234 For surgical induction or intuba-
tion, the dose of the “double drip” mixture is about 0.75 to 1 mL 
per pound of body weight. The onset of anesthesia is slow and the 
drug should be dosed slowly and to effect. In patients to be intu-
bated, the use of a stylet to guide the endotracheal tube through 
the larynx and the use of a long laryngeal blade facilitate the  
procedure.

General anesthesia is not essential for successfully performing 
a tube cystostomy; however, it provides the surgeon more time 
to flush the bladder and attempt normograde catheterization  
for hydropulsion of stones from the urethra. Induction with 

“double drip” (guafenesin and ketamine) and tracheal intuba-
tion with maintenance on a small animal anesthesia machine is 
easily performed in small ruminants. An alternative to general 
anesthesia would be lidocaine epidural and local anesthesia with 
xylazine/ketamine sedation. Care should be taken when using 
lidocaine in goats (toxic dose 5–10 mg/kg). Xylazine should also 
be used with caution due to its hypotensive and diuretic effects. 
Metabolic and electrolyte imbalances should be considered  
(hyponatremia, hypochloremia, and possibly hyperkalemia) and 
either measured or empirically treated. Hyperkalemic animals 
can have significant adverse cardiovascular effects with xylazine, 
and it also sensitizes the heart to catecholamine induced tachyar-
rhythmias (see Chapter 18).

Laparotomy procedures are performed with the patient in 
dorsal recumbency. The abdomen should be clipped and prepped 
for abdominal surgery. A paramedian approach should be used to 
avoid the penis. The incision should be approximately 15 cm long 
(anterior to posterior), with the posterior extent of the incision 
ending just anterior to the teat. Care should be taken to avoid the 
caudal superficial epigastric vessels.

The tip of the distended bladder is easily exteriorized through 
the body wall incision and packed off with moistened towels. Two 
stay sutures are placed in the bladder wall to maintain the bladder 
at the incision once it is decompressed. A sharp stab incision is 
made with a scalpel blade between the stay sutures, taking care to 
avoid abdominal contamination with urine and calculi. Suction is 
very helpful in limiting contamination, if available. The bladder 
incision is enlarged to adequately allow intraluminal palpation of 
the trigone of the bladder for stones. The bladder should be la-
vaged with saline to remove any stones, blood clots, and debris. 
One may find a small spoon or scoop useful in removing stones 
(Figure 12.10). Normograde passage of a polypropylene urinary 
catheter can be attempted to flush stones from the urethra. It may 
be difficult to pass the catheter in many cases, but unsuccessful 
attempts do not predict eventual failure to relieve urethral calculi. 
One technique that aids in placing a catheter in a normograde 
fashion is to put a finger in the trigone area and push the catheter 
under the finger into the urethra. A syringe casing can also be 
used to fill the trigone. This technique more easily directs the 
catheter into the urethra, whereas it may curl in the trigone oth-
erwise. Prolonged attempts at normograde catheterization should 
be avoided to prevent excessive trauma to the urethral mucosa. 

• Fig. 12.10  Uroliths removed via cystotomy from a 2-year-old castrated 
Pygmy goat with obstructive urolithiasis. Calcium carbonate stones tend 
to be smooth and yellow-white to golden and resemble BB’s. Struvite 
crystals tend to be “sand like” in appearance. (Courtesy Dr. AN Baird, 
Purdue University.)
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The tube cystostomy involves placing a Foley catheter through the 
abdominal wall and into the bladder to allow urine flow to bypass 
the urethra while the obstruction resolves, and the urethral mu-
cosa heals. The size of the tube should be large enough to allow 
passage of small blood clots without becoming obstructed. A stab 
incision is made in a caudal paramedian location contralateral to 
the laparotomy incision. The tip of the catheter is then passed 
through the abdominal wall. It is easiest to pass a hemostat from 
interior (peritoneum) to exterior (skin) and pull the catheter 
through. The Foley is then pleated through the omentum several 
times before being inserted into the bladder via a stab incision 
about 2 cm lateral to the cystotomy incision (Figure 12.11). The 
bulb is then filled with approximately 10 mL of saline. Some 
surgeons will then place a purse-string suture around the insertion 
of the catheter into the bladder. The cystotomy incision is then 
closed with a one- or two-layer, inverting pattern. Finally, the 
laparotomy incision is closed in routine fashion. The portion of 
the Foley catheter exiting the abdomen should be anchored to the 
skin using a “finger trap” suture, where it exits the body wall and 
as needed cranially with interrupted sutures to prevent the tube 
from dragging the ground (Figure 12.12). An Elizabethan-type 
collar can be placed on the patient to prevent chewing or dislodg-
ing the Foley. The Foley catheter should be clamped off 3 to 4 
days after surgery to assess urethral patency. Obstruct the catheter 
and monitor for urination or patient discomfort indicating persis-
tent obstruction. If the animal becomes uncomfortable, the clamp 
is removed to allow urine drainage through the Foley. This process 
is repeated until the patient is able to urinate comfortably with 
the Foley occluded for 48 hours, at which time the Foley is re-
moved. The Foley is removed by simply cutting any retention 
sutures, deflating the bulb, and pulling the catheter out of the 
bladder and through the skin. The surgeon should be cognizant 
that the clamp occluding urine flow through the Foley also pre-
vents saline flow from the bulb so unclamp the catheter before 
attempting to decompress the bulb. Regardless of when the ani-
mal urinates normally, the Foley is left in place at least 7 days to 
allow formation of a fibrous tract around the catheter from the 
bladder to the body wall. This prevents urine from diffusely filling 
the abdomen while the catheter site in the bladder heals closed. 
Urine leakage from the insertion site may be noted but will soon 

close. The clinician should expect approximately 14 days before 
the patient is able to urinate, including some instances where 
urethral calculi were present after surgery. However, tube reten-
tion may be necessary for a longer time. Success rate for long-term 
cure (greater than 1 year) is about 70% in one retrospective 
study.230

Walpole’s solution can also be used to dissolve stones in cases 
treated by tube cystostomy. It is infused into the bladder through 
the Foley catheter and the catheter is occluded to retain the solu-
tion in the bladder. This is frequently done twice a day with the 
catheter remaining occluded for up to 30 minutes as long as the 
animal is comfortable. One could be more aggressive with the pH 
testing as described above.

Potential complications from urethral obstruction are hydro-
nephrosis, cystitis, pyelonephritis, atonic bladder from overdisten-
tion, urethral stricture due to trauma from the calculi, failure to 
pass the obstruction, and erectile dysfunction in breeding males 
due to damage to the CCP.233,235 The potential complications 
should be discussed with the client prior to treatment.

Urinary Bladder Marsupialization
Urinary bladder marsupialization provides direct drainage of urine 
from the bladder. A paramedian approach is made similar to tube 
cystostomy. When anticipating an empty or contracted bladder, 
make the approach more caudal than for a tube cystostomy. The 
bladder is localized, and the apex is sutured to the body wall and 
skin at a 3 to 5 cm paramedian incision site contralateral to the 
laparotomy incision. The seromuscular layer of the bladder is se-
cured to the external rectus sheath then the bladder is opened, and 
the mucosa is sutured to the skin. Interrupted or short continuous 
segments of absorbable suture are used to create this stoma for 
permanent drainage of urine (Figure 12.13). Problems may arise 
with localized or ascending UTIs, urine scald, and obstruction of 
the stoma due to bladder mucosal proliferation and prolapse.

Nonsurgical Therapy
The use of Walpole’s solution (sodium acetate and glacial acetic 
acid) has been published as an alternative therapy for obstructed 

• Fig. 12.11  An intraoperative photograph showing a distended, inflamed 
bladder due to an urethral obstruction in a 50-lb Pygmy wether. The Foley 
catheter has been placed through the abdominal wall, pleated through 
part of the omentum, then secured into the decompressed yet still  
inflamed bladder with a purse-string suture. (Courtesy Dr. AN Baird,  
Purdue University.)

•  Fig. 12.12  An immediate postoperative photograph of the Pygmy 
wether, showing the left paramedian abdominal incision closed with a 
continuous suture pattern and the Foley catheter exiting the body wall in 
the right paramedian area. (Courtesy Dr. AN Baird, Purdue University.)
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cases with an intact urinary bladder in which surgery is not 
elected.235 The procedure involves sedation of the animal and 
performance of an ultrasound-guided cystocentesis to withdraw 
urine. Then, 50 mL of Walpole’s solution is infused into the  
bladder. The solution is allowed to remain in the bladder for  
2 minutes, followed by withdrawal of urine and pH testing. This 
procedure is repeated until the urine pH is 4 to 5, making sure 
that sufficient urine remains in the bladder to maintain the cysto-
centesis needle in place. Reportedly, 80% of obstructions are  
resolved in the short-term using this method, but about 30% of 
those animals reobstructed after discharge.236

Once the obstruction is relieved, dietary and management 
modifications should be instituted to prevent reoccurrence in the 
individual animal and in the herd. Risk factors addressed in pre-
ventative strategies include high phosphorus relative to calcium, 
high magnesium, and low fiber content of rations, as well as low 
urine output and alkaline urine. Additional factors, including se-
lective grazing and castration timing, may be addressed.

Medical Management and Prevention. An elevated level of 
phosphorus in the diet with a calcium-to-phosphorus ratio of less 
than 2:1 increases the excretion of phosphorus in the urine and 
provides an ion to bind to organic matrix.237 Increasing the level 
of calcium in the diet markedly decreases the incidence of uroli-
thiasis, probably due to competition with phosphorus for intesti-
nal absorption and matrix binding.237 Phosphorus should not 
comprise greater than 0.6% of the total ration,214 and it is recom-
mended that a 2.5:1 or 2:1 calcium-to-phosphorus ratio be 
achieved by the use of calcium salts, if necessary.235 Calcium over-
supplementation should be avoided as increased calcium excre-
tion in the urine may contribute to calcium-containing uroliths. 
High phosphorus levels are present in grains, particularly sor-
ghum, wheat, corn, milo, and oats. A reduction in phosphorus 
excretion into the urine is also desirable. Excessive dietary levels of 
phosphorus may saturate the salivary pathway of excretion,218 
causing the excess to be excreted in the urine. Urine phosphorus 
excretion is greater in animals fed pelleted rations as compared to 
meal-type rations237 due to a decrease in saliva production, the 

pathway for excess phosphorus excretion. Increases in the rough-
age component of diets are important from this standpoint as 
they increase the amount of saliva that must be produced for 
proper mastication. Particularly in the case of struvite stones,  
but also with apatite stones, an increase in magnesium excretion 
into the urine is contributory to crystallization. It is recom-
mended that magnesium not exceed 0.6% of the total ration of 
ruminants.214

Increasing water intake and urine volume is an important pre-
ventive measure for urolithiasis. The provision of adequate palat-
able water at desirable temperatures according to the ambient 
environment is desirable.214 Ruminants demonstrate a reduction 
in water intake for grain feeding over roughage feeding. Addition-
ally, the feeding of intermittent meals may cause shunting of body 
water into the rumen due to increased osmotic pull from gener-
ated volatile fatty acids, resulting in a decrease in urine output. 
This has led to the recommendation that ruminants be fed ad  
libitum to maintain urine output.214

Increasing forage versus grain in the diet of animals at-risk for 
urolithiasis has many benefits. Grain results in increased  
magnesium, phosphorus, and peptides in the urine and forage 
consumption encourages saliva production for phosphorus excre-
tion, potentially reduces magnesium uptake, reduces overall grain 
consumption, and increases water intake. Legumes and their hays 
should be avoided, as they have high levels of calcium and are 
associated with calcium carbonate urolithiasis.

The role of urine pH in urolithiasis is well documented; urine 
pH goals of 5.5 to 6.5 are recommended, based on the solubili-
ties of the common stone compositions. Due to an ability to alter 
acid-base balance and body water balance, salts have been widely 
used and recommended for the prevention of urolithiasis. An-
ionic salts containing primarily chlorides have been popular and 
used extensively, as they reduce urine pH, increase urine output, 
and ultimately prevent urolithiasis. Sodium chloride (1–4%), 
calcium chloride (1–2%), and ammonium chloride (0.5–2%) 
have been traditionally added to as percentages of rations to in-
crease water intake and produce acidic urine, with inconsistent 
results. The traditional addition of these salts as a simple percent-
age of the diet without consideration for the components of the 
total ration commonly leads to inconsistent and unsuccessful 
maintenance of a low urinary pH. Dietary cation anion differ-
ence (DCAD) is a concept based upon the strong ion difference 
theory and the effects on the body of dietary concentrations of 
the major physiologic cations and anions, represented by the 
formula [Na 1 K] – [Cl 1 S] 5 mEq/kg of feed. With increased 
anions in the diet, the feed has a more negative DCAD, which 
produces a metabolic acidosis and aciduria in the animal. Few 
controlled studies for target DCAD levels currently exist, but a 
DCAD of 0 mEq/kg appears to achieve urine pH of intact and 
castrated goats of less than 6.5.238,239 To accurately assess the ef-
ficacy of salts in the diet, whether DCAD balanced or not, own-
ers should be encouraged to periodically assess urine pH at home 
5 to 7 hours after feeding.

Castration is significantly associated with the development of 
obstructive urolithiasis,215 and early castration is thought to re-
duce the positive influence of testosterone on urethral diameter as 
well as diminish normal preputial to penile attachments that are 
present in the neonate. Delaying castration in pet animals may 
serve to increase urethral diameter as well as increase the ability to 
examine the penis. A 2.53 increase in cross-sectional urethral 
diameter at the level of the distal sigmoid flexure was noted when 
castration of lambs was delayed from 2 weeks to 3 months of 

• Fig. 12.13  An immediate postoperative photograph of a 2-year-old cas-
trated Pygmy goat with obstructive urolithiasis. A bladder marsupialization 
has been performed with the goat under general anesthesia in dorsal  
recumbency. For orientation, the preputial orifice is the left and the rudi-
mentary teats are to the right. The skin at the left paramedian laparotomy 
site has been closed with a simple continuous suture pattern. The bladder 
mucosa has been sutured to the skin edge to the right of midline in a 
simple interrupted pattern. (Courtesy Dr. AN Baird, Purdue University.)
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age.240 When castration was delayed to 5 months, a 3.5 times in-
crease in urethral diameter was seen.240 Other considerations 
should be made regarding prophylactic removal of the vermiform 
appendage in young animals and limiting the grazing of males on 
silicaceous pastures (see Chapter 2).

Ulcerative Posthitis/Vulvovaginitis
Ulcerative posthitis, also known as enzootic balanoposthitis, 
pizzle rot, and sheath rot, is an infectious disease of the external 
genitalia of male small ruminants with lesions also occurring in 
females. The primary etiologic agent is C. renale, a normal inhab-
itant of the skin and external genitalia of small ruminants. 
Parapoxviruses, Corynebacterium pilosum, Corynebacterium cys-
titidis,241 Acholeplasma oculi,241 Caprine herpesvirus-I,241,242 orf 
(parapoxvirus),243 Mycoplasma ovine/caprine serogroup 11,244 
Mycoplasma mycoides ssp. mycoides,245 Ureaplasma spp.246,247 
Mycoplasma capricolum ssp. Capricolum,247 have all been demon-
strated to cause ulcerative or granular posthitis or vulvovaginitis 
in sheep and goats.

Risk factors for infection include high-protein diets, legume 
diets, thick fiber, and wet conditions, and several of these organ-
isms are transmitted venereally. C. renale proliferates on genital 
mucosa in the presence of urea, which increases in concentration 
in the urine of animals fed high protein, legume pasture, and non-
protein-nitrogen (NPN) diets.248 It then acts to hydrolyze urea to 
ammonia, resulting in necrosis of the surrounding tissue. There is 
increased incidence in Merino and Angora animals due to dense 
fiber coats.249 Symptomatic or asymptomatic carriers may spread 
large numbers of the bacteria venereally.

The clinical signs associated with ulcerative posthitis in rams, 
bucks, and wethers include moist ulcers and thin, brown, mal-
odorous scabs at the mucocutaneous junction of the prepuce.250 
The infection may become internalized, with diffuse swelling of 
the prepuce, and the presence of necrotic tissue and exudate. 
Eventually, fibrinous or fibrous adhesions may form between the 
penis and prepuce and stenosis of the preputial orifice may occur. 
In some cases, the preputial orifice may be reduced to a pinhole-
sized stoma.249 The lesions are quite painful and lead to dysuria, 
vocalization during urination, and a stilted gait, and chronic 
weight loss may occur. In does and ewes, ulcerative lesions of the 
perineum and vulva occur with vulvar swelling. Dysuria may re-
sult in cases where infection and inflammation involve the ure-
thral orifice and longstanding cases may result in fibrosis and 
contracture of the vulva. Lesions of herpesvirus include hyperemia 
of the penis, ulcerative lesions of prepuce, discrete punctate areas 
of epithelial desquamation of prepuce and petechiae and ecchy-
moses.241 Other clinical syndromes are known to occur from the 
agents of posthitis/vulvovaginitis, including abortions with cap-
rine herpesvirus-1 keratoconjunctivitis with A. oculi241 and in-
flammation of the entire female reproductive tract, polyarthritis, 
pneumonia, and mastitis with Mycoplasma spp.244,246 Outbreaks 
may occur with up to 95% incidence when nutritional factors 
contribute.241

Diagnosis of this condition is usually based on lesion charac-
teristics of preputial or vulvar hyperemia, scabs, nodules, and 
proliferative masses243,244 and dietary information. Histopathol-
ogy, bacterial culture, and PCR can provide a definitive diagnosis, 
which assists with planning control and prevention programs. 
Serology may show high titers to caprine herpesvirus-1,  
which is antigenically related to bovine herpesvirus (IBR).249 
Serum chemistry may reveal an increased BUN, creatinine, and 

potassium if urinary outflow is obstructed. Mild lesions may  
resolve spontaneously.241

Medical treatment involves reducing the protein or NPN levels 
in diet to less than 16%, which may alone effect a cure with no 
further treatment in mild cases. Shearing fiber away from the ex-
ternal genitalia to allow airflow and irrigation of the sheath and 
application of nonirritating antiseptic/antibiotic solutions is use-
ful. Iodine solutions should be avoided due to their encourage-
ment of adhesions and production of granulation tissue. Systemic 
use of penicillin or oxytetracycline should be initiated in internal-
ized cases and continued until lesions are dry and inflammation is 
reduced. Surgical management may involve lesion debridement 
or, as a salvage procedure, 2- to 4-cm incisions may be made 
through the ventral skin into the prepuce to allow drainage and 
lavage. In order to retain animals for breeding, preputial resection 
to allow urine flow and prevent adhesions may be attempted. 
After treatment, patients should be monitored closely to ensure 
patency of the urinary tract. Three months after a large outbreak, 
33% of animals had residual posthitis and scarring may develop 
after lesion resolution.241

Control and prevention of ulcerative posthitis should involve 
isolation of affected individuals and a reduction in dietary protein 
to less than 16%. Supplementation with grass hay may limit in-
take of high-protein feeds and legume pastures. Shearing animals 
at times of high protein intake, the inclusion of the urinary acidi-
fier ammonium chloride, or chlortetracycline added to the feed 
may reduce disease incidence. Shearing of the entire ventrum has 
been shown to reduce lesion incidence, while shearing only 3” 
around the preputial orifice was minimally effective.251 The fiber 
of affected animals should be burned, and the bacterium is envi-
ronmentally resistant in exudate. The lesion material from wethers 
was able to induce lesions on other wethers, ewes, and steers.250 
Venereal transfer readily occurs from rams to ewes, and flies may 
play a role in mechanical transmission.

The prognosis for recovery depends largely on the severity of 
signs when treatment is initiated. Without a reduction in dietary 
protein, it is unlikely that any treatment or preventative regime 
will be successful. If the disease is recognized prior to fibrosis, 
there may be a good prognosis for a full recovery with appropri-
ate medical and dietary management. Potential sequelae in 
males include loss of breeding soundness due to adhesion of 
penis to prepuce, scarring of the preputial orifice, urethritis, and 
urethral obstruction. In females, there may be urine scalding 
and loss of breeding soundness due to impaired vulvar confor-
mation. Fibrosis of the vulva may be severe enough to cause 
dystocia.

Congenital Anomalies of the Urethra
Hypospadias appears to be the most common congenital anomaly 
of the urethra reported in lambs,251–253 and the urethral exposure 
may range from a small opening ventrally on the glans up to ex-
posure along the full length of the urethra.253 Lambs with hypo-
spadias frequently have concurrent anomalies, including cleft 
scrotum and atresia ani.252

A condition of ventral urethral dilatation has been reported in 
an intersex goat where the urethra was not associated with the 
rudimentary penis.254 Congenital narrowing of the urethral pro-
cess with subsequent formation of a urethral diverticulum has 
been documented and repaired surgically in a goat kid.255 
Congenital urethral diverticulum and surgical correction has been 
reported in male kids.256,257
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13
Diseases of the Neurologic 
System
THOMAS PASSLER AND PAUL H. WALZ

Examination of the Neurologic System
The central nervous system (CNS) is a complex organ, and  
clinical signs of neurologic disease depend on the location of the 
disease process within the nervous system. Diseases of diverse 
etiologic origins can produce similar or identical neurologic signs 
in small ruminants (sheep, goats, and cervids). In addition,  
accurate diagnosis can be challenging because many systemic  
diseases can manifest with clinical signs referable to the nervous 
system. Specific examples are hypocalcemia, hypoglycemia, preg-
nancy toxemia, grain overload, hepatoencephalopathy, and severe 
endotoxemia. Thus, the objectives in the management of sheep, 
goats, or cervids with a clinical problem that could be related to 
the nervous system are (1) to verify that the underlying disorder 
is truly of neurologic origin and (2) to localize the lesion to a 
certain segment or segments of the nervous system (neuroana-
tomic localization). Of note, clinical signs associated with nervous 
system disease usually reflect the location of the pathologic pro-
cess within the nervous system, rather than the specific cause of 
disease. However, determining the cause of the pathologic changes 
and the extent of the lesion is important for prognosis and for 
estimating costs associated with treatment. Finally, obtaining an 
accurate diagnosis is important because some neurologic diseases 
carry herd health implications or are zoonotic, so preventive  
measures are important for limiting or avoiding disease in at-risk 
populations.

Complete Neurologic Examination
Assessment of Chief Complaint. Obtaining information on 

signalment and history and performing a thorough physical ex-
amination including assessment of the nervous system constitute 
the complete neurologic examination. Information on signalment 
is important because disease susceptibility can be linked to age, 
species, breed, and sex. For example, Suffolk sheep older than  
2 years of age are more likely to be affected by scrapie than 
younger animals or animals of different breeds. The signalment 
often is ascertained by simple observation, but specific details 
such as production status and exact age are more accurately deter-
mined through client interview. Some diseases capable of causing 
neurologic signs are species specific, especially those diseases with 
an infectious or genetic basis. In general, young animals with 
neurologic problems are more likely to have congenital, inherited, 
or infectious disorders, whereas older animals are more likely to 

be affected by neoplastic and degenerative diseases. Knowledge of 
common neurologic diseases, in either individual animals or 
groups, related to gender or a particular breed or age can greatly 
assist the clinician in developing a list of entities to consider in the 
differential diagnosis. Many sheep and goats are production ani-
mals, so the expenses associated with evaluation and treatment 
must be weighed against the prognosis for future productivity. 
Although captive cervids can vary in economic value, the expense 
and stress of capture and treatment must be considered. Great 
care and forethought should be employed when capturing cervids 
with neurologic disease, as sedatives and anesthetics can result in 
exacerbation of neurologic signs and mortality. Because small  
ruminants reside in social groups, the interests of the population 
also must be considered.

The clinical history is an important step in the diagnosis of  
neurologic disease. Information related to onset, duration, and 
progression of the chief complaint can assist with an etiologic diag-
nosis (What is the cause?) after the anatomic diagnosis (Where is the 
lesion?) has been made. In collecting historical information, it is 
important to determine the nature of the first clinical signs but also 
to define the relationship between the severity of clinical signs  
with respect to time (as on a sign-time graph). Some neurologic 
diseases occur acutely, with all clinical signs apparent within hours. 
Traumatic, toxic, infectious, and metabolic diseases can manifest 
with this pattern, whereas degenerative, neoplastic, or some viral 
disorders may develop more slowly, requiring days to weeks before 
the full complement of clinical signs becomes apparent. In addition 
to specific information related to the chief complaint, information 
on diet, housing, gestational status, and vaccination and deworm-
ing regimens should be part of the information gathered from the 
client. In interviewing clients for historical information, ambiguous 
or leading questions should be carefully avoided, because the infor-
mation thus obtained may be inaccurate.

A thorough physical examination should be performed in con-
junction with every neurologic examination. The nervous system 
is integrated within many other body systems, and diseases of the 
cardiovascular, respiratory, musculoskeletal, and endocrine and 
metabolic systems can manifest with clinical signs similar to those 
observed with nervous system disease. Before being subjected to 
the stress of handling or capture, the animal should be observed 
in its normal surroundings to assess behavior, mental status, gait, 
tremors, and head, neck, and limb postures. Cervids are best  
visualized in their natural environment using a spotting scope  
or binoculars.
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Mentation. Evaluation of mentation can assist the clinician in 
differentiating intracranial from extracranial disease processes. As 
described previously, some systemic diseases will result in depres-
sion without nervous system pathology. During the period of 
initial observation, the animal’s mental status and behavior can be  
assessed, but this must be done when the animal is not stimulated. 
For animals to be alert and oriented, the cerebral cortex and the 
ascending reticular activating system must be functioning prop-
erly. The ascending reticular activating system makes up the major 
portion of the brain stem parenchyma and is responsible for 
arousal and sleep-wake transitions in animals. Consequently,  
disorders involving the ascending reticular activating system can 
cause somnolence. The ascending reticular activating system is 
composed of several neuronal circuits connecting the brain stem 
to the cortex. External stimuli, such as light, touch, sound, smell, 
and temperature, help to maintain consciousness. An animal 
should appear as sensitive to its environment as its herdmates. If 
removed from its usual environment, the normal animal will be 
alert and cautious of new situations and aware of the examiner. 
The animal should follow the examiner’s movement with its head, 
eyes, and ears. All animals should avoid painful stimuli. Abnormal 
mentation in ruminants can be placed into one of the following 
categories: (1) excitement, mania, or hyperesthesia; (2) seizures; 
(3) depression; (4) aimless circling, stupor, and coma; (5) abnor-
mal vocalization; and (6) blindness.1 Stupor is characterized as a 
condition of unresponsiveness to environmental stimulation  
such as light and sound, with retention of response to painful 
stimuli. By contrast, a comatose animal is nonresponsive to either 
environmental or painful stimulation.

Behavioral changes may be difficult to assess if the animal’s 
environment has been changed. Alterations in behavior include 
aggression, vocalization, compulsive activities such as circling or 
walking or gazing, yawning, head pressing, and increased or  
abnormal sexual activity. The neuroanatomic localization of  
behavioral disorders may be difficult because the components  
of the limbic system—hypothalamus, hippocampus, amygdala, 
and portions of the cerebral cortex—all are associated with  
complex behavior.

Gait and Posture. To properly assess gait and posture, the 
small ruminant should be allowed to move freely within an en-
closed area. A pet or tame animal can be walked at a slow pace by 
the client using a halter. Observations on forelimb gait are made 
as the animal is walked toward the examiner, and observations on 
hindlimb gait should be made as the animal is walked away from 
the examiner. Gait is defined as a regularly repeating series of leg 
movements during walking or running. Goats and sheep walk by 
first flexing the hindlimb on one side and then the forelimb on 
the same side. This process is then repeated for the opposite side. 
Animals integrate multiple neural processes in order to walk. The 
cerebrum initiates voluntary locomotion and adjusts movements  
according to learned functions. The cerebellum contributes to  
the coordination of movement. The vestibular system maintains 
balance and helps anticipate alterations in the animal’s center  
of gravity so that it can compensate appropriately. Spinal cord 
reflexes are responsible for maintaining the limbs in extension, 
supporting the animal’s weight, and initiating stepping motion. 
The organization of stepping motion is performed at the brain 
stem in the reticular formation.

Diseases of the nervous system, muscles, bones, joints, and 
associated connective tissues can affect gait. When associated with 
conditions originating in the nervous system, gait abnormalities 
can result from lesions within the cerebellum, brain stem, spinal 

cord, or peripheral nerves. Ataxia is a term used to describe 
an abnormal gait characterized by incoordination, but without 
spasticity, weakness, or involuntary movements. Ataxia can be 
classified by the quality of signs observed and the pathway in-
volved; the three types are vestibular ataxia, cerebellar ataxia, and 
proprioceptive ataxia. In general, vestibular ataxia is associated 
with a head tilt, while cerebellar ataxia is characterized by hyper-
metria and no proprioceptive deficits. Proprioceptive ataxia also is 
referred to as spinal ataxia because it is associated with spinal cord 
lesions and is characterized by abnormal proprioception, weak-
ness, and lack of head tilt, circling, or other intracranial signs.

Posture typically is evaluated with the animal at rest in a com-
fortable position and unrestrained. Head, neck, trunk, and limb 
posture should be assessed and abnormalities identified. Head  
tilt, rotation of the neck and thoracic, and wide-based stance are 
examples of abnormal head, neck, trunk, and limb posture, re-
spectively. A “base-wide” stance can be caused by lesions within 
the vestibular system, cerebellum, or spinal cord. The inverse 
posture, or “base-narrow” stance, can result from muscle weakness 
due to peripheral nerve disease, abnormalities of neuromuscular 
junctions, or disorders of the skeletal muscles. Spasticity is a condi-
tion of increased tone of skeletal muscles producing abnormal 
limb posture. Abnormal distribution of weight to one side should 
be noted, because this finding can indicate either weakness of  
ipsilateral extensor muscles from a peripheral nerve disorder or 
increased tone of contralateral extensor muscles, which would 
indicate an upper motor neuron (UMN) lesion.2

Assessment of Cranial Nerves. Twelve pairs of cranial nerves 
(CNs), labeled I to XII, are described as follows: CN I, the olfac-
tory nerve; CN II, the optic nerve; CN III, the oculomotor nerve; 
CN IV, the trochlear nerve; CN V, the trigeminal nerve; CN VI, 
the abducent (or abducens) nerve; CN VII, the facial nerve; CN 
VIII, the vestibulocochlear nerve; CN XI, the glossopharyngeal 
nerve; CN X, the vagal nerve; CN XI, the spinal accessory nerve; 
and CN XII, the hypoglossal nerve. Clinical evaluation of CN I 
(olfactory nerve) and CN XI (spinal accessory nerve) cannot be 
reliably performed in ruminants. Because the intact sense of smell 
is important for nutritional intake, CN I is assumed to be intact 
in sheep, goats, and cervids that are eating. CN XI (spinal acces-
sory nerve) has axonal inputs from cervical spinal nerves and  
innervates specific muscles of the neck. Damage to CN XI is rare 
because the nerve is protected throughout much of its course by 
the muscles it innervates, and injury to the spinal canal or base of 
the skull is accompanied by neurologic deficits that can mask 
clinical signs of CN XI damage.

Abnormalities in the function of CNs result from localized 
lesions involving neuronal cell bodies within the brain or the 
specific nerves themselves. With the exception of CN I and CN 
II, which are located within the cerebral cortex, all CNs arise from 
the brain stem. Knowledge of the location of CN nuclei assists the 
clinician in neuroanatomic localization of lesions. The presence of 
neurologic deficits involving CNs III to XII in small ruminants 
that are severely depressed or somnolent would indicate that the 
responsible lesion is most likely to be within the brain stem.

CN II (Optic Nerve): Menace Response  Vision is the function 
of CN II. The nerve transmits sensory information from electro-
chemical receptors in the retina to the visual cortex in the occipi-
tal lobe of the cerebrum. The visual pathway (Figure 13.1) is an 
afferent pathway and consists of an extraparenchymal portion 
(retinas, optic nerves, and optic chiasm) and an intraparenchymal 
portion (optic tracts, lateral geniculate nucleus in the thalamus, 
optic radiations, and visual cortices). In ruminants, 90% of optic 
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CN III (Oculomotor Nerve): Pupillary Light Reflex  The 
oculomotor nerve contains parasympathetic fibers responsible for 
constriction of the pupils and motor fibers, which influence 
movement of the eye. The sympathetic nervous system is respon-
sible for pupil dilation, so as a result of such stimulation, stressed 
and frightened animals can have dilated pupils. The pupillary 
light reflex assesses CN II and CN III. The afferent pathway  
for pupillary constriction during light stimulation follows a  
similar pathway as the afferent pathway for vision (optic nerve, 
optic chiasm, and optic tract); however, before reaching the syn-
apse in the lateral geniculate nucleus in the thalamus, nerve fibers 
associated with the pupillary light reflex diverge from those of the 
optic tract and synapse on the pretectal nucleus, which sends a 
majority of its neurons to the contralateral oculomotor nucleus 
(see Figure 13.1), which forms the basis for the direct pupillary 
light reflex. The pretectal nucleus also sends some of its neurons 
to the ipsilateral nucleus of CN III; this neuroanatomic arrange-
ment forms the basis for the indirect or consensual pupillary light 
reflex. Before performing the pupillary light reflex test, the exam-
iner should assess the pupils for size at rest and symmetry and 
check the eyes for the presence of primary ocular disease. The 
normal small ruminant often has large pupillary diameters owing 
to sympathetic stimulation from fear. Ideally, animals are moved 
to a dimly lit location so that external light does not influence the 
examination. Pupils that are very small are considered miotic, and 
dilated pupils are mydriatic. Occasionally, inequality in pupil size 
may be observed, but if the size difference is not extremely pro-
nounced, this may be a normal finding for the animal. Severe 
asymmetry is termed anisocoria. To assess for irregularity in pupil 
size, the clinician can move the animal from a dark to a bright 
area. Although a sympathetic lesion will prevent the affected pupil 
from dilating in the dark, lesions of CN III (parasympathetic 
nerve) will prevent the pupil from constricting in bright light. To 
assess the pupillary light reflex, a strong light source should be 
used to overcome sympathetic pupil dilation. The light beam is 
directed into one eye in a nasotemporal direction toward the 
temporal region of the retina. The direct response should be con-
striction of the examined pupil, and the opposite eye also should 
constrict as a result of the consensual pupillary reflex, although 
this is difficult to assess by a single examiner. If the intraparenchy-
mal visual pathways are affected by a neurologic disorder (central 
or cortical blindness), the menace response is absent on the side 
contralateral to the lesion, but the pupillary light reflexes are  
intact. With involvement of the extraparenchymal visual pathway 
(retina, optic nerve, and optic chiasm), blindness on the side  
of the lesion is characteristic, and the pupillary light reflexes are 
abnormal.

CNs III (Oculomotor Nerve), IV (Trochlear Nerve), and VI 
(Abducent Nerve): Movement of Eye  CNs III, IV, and VI are 
responsible for conjugate eye movements through innervations of 
the somatic extraocular muscles, and these nerves are examined as 
a functional unit. CN III provides a majority of innervations for 
eye movements because it is responsible for the function of the 
dorsal, ventral, and medial rectus muscles; the ventral oblique 
muscle; and the levator palpebrae muscle. The trochlear nerve 
(CN IV) is responsible for innervation to the dorsal oblique 
muscle of the eye; the abducent nerve (CN VI) is responsible for 
innervations to the lateral rectus and retractor bulbi muscles  
of the eye.

The clinician should first examine the eye position in relation-
ship to the head at rest and note if strabismus (abnormal position 
of the eyeball) exists. Strabismus can be the result of damage to 
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• Fig. 13.1  Schematic of the simplified pathways of vision and pupillary 
light reflex (see text for details). CN, Cranial nerve.

nerve fibers cross at the chiasm to enter the contralateral optic 
tract; this arrangement has important implications in evaluating 
lesions of the visual pathways. During assessment of the chief 
complaint, the client may report that the animal appears blind, 
but an important consideration is that depressed or somnolent 
animals or animals with loss of balance due to cerebellar or  
vestibular disease can stumble and appear blind.

The clinical assessments of visual ability include the menace 
response test and the obstacle test. Eliciting the menace response, 
which also is referred to as the blink response or eye preservation 
response, is the easiest method for evaluation of vision impair-
ment; however, the obstacle test, if performed accurately, is supe-
rior for assessing vision in ruminants. For this test, objects are 
placed in the path of the animal, and then its ability to negotiate 
around the objects is assessed. Degrees of blindness can occur 
with ocular disease, and the simplest obstacle test is to determine 
if the blind animal moves toward the lighted opening when 
placed in a dark environment.

The menace response evaluates the entire visual pathway, CN 
VII, and the cerebellum. This test assesses a response, rather than 
a reflex, because the response involves the cerebrum and thus is a 
learned response. The presence of a response or its magnitude 
parallels the maturity of the cerebellum—thus, a reduced response 
is expected in kids, lambs, and fawns less than a week of age. A 
diminished or absent menace response also can be observed in 
animals that are severely depressed or have cerebellar disease or 
CN VII lesions. The normal response is characterized by an eyelid 
blink, ocular retraction, and head aversion as the examiner rapidly 
moves a finger toward the eye from a rostral direction. It is impor-
tant to limit air movement toward the eye and not to touch the 
eye or adnexa, because such maneuvers may result in a response 
in animals with intact facial sensation (CN V). Alternatively, the 
examiner can drop an object into the animal’s visual field from 
above, which should elicit the menace response from the animal. 
This method is considered imprecise, with a stimulus that is  
too slow, for adequate evaluation of this reflex in ruminants. 
When a visual deficit is observed during the menace response  
or obstacle test, pupillary light reflexes are tested to assist in  
localizing the lesion and in characterizing the blindness as central 
or peripheral.
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the nerves or the muscles they innervate. Further evaluation of  
the motor function of CNs III, IV, and VI can be performed by 
moving the animal’s head. Ruminants should drop the eyes as the 
head is lifted. When the nose is elevated, the eyes tend to main-
tain a horizontal axis, and ventral strabismus becomes apparent. 
Slow, lateral (horizontal) motion of the head should cause the 
animal’s eye to try to remain focused straight ahead, with the re-
sult that the eye moves slowly in the opposite direction of head 
movement. However, as the head continues to turn, vestibular 
influences will then move the eye quickly in the same direction. 
This movement pattern is referred to as physiologic nystagmus, or 
normal inducible vestibular nystagmus, and indicates normal 
function of extraocular muscles, the vestibular system, and CNs 
III, IV, and VI and their connections in the medial longitudinal 
fasciculus. Clinical assessment for lesions affecting CNs III, IV, 
and VI can be performed by moving the animal’s head and  
observing the ocular position. Cerebellar and vestibular diseases 
also produce nystagmus, but the strabismus changes whenever the 
head and neck are moved. With paralysis of CN III, IV, or VI,  
the strabismus should be present with all positions of the head. 
Lesions involving CN III can result in ipsilateral ventrolateral 
strabismus and mydriasis, usually without vision loss in either eye. 
In addition, CN III is responsible for innervation of the levator 
palpebrae muscle, but ptosis (eyelid droop) occurring as a result 
of CN III lesions is not commonly observed in sheep, goats, or 
cervids because the frontalis muscle can lift the upper eyelid.  
Lesions in CN IV can result in ipsilateral, contralateral, or bilat-
eral dorsomedial strabismus. Bilateral dorsomedial strabismus 
occurs in several diffuse encephalopathies such as polioencephalo-
malacia (PEM) and listeriosis, but whether this abnormality is the 
result of a true bilateral lesion involving the CN VI nucleus is 
unclear.2 Lesions involving CN VI result in ipsilateral medial 
strabismus with a more forward positioning of the eye. In addi-
tion, failure to retract the globe may be noted during assessment 
of the palpebral reflex. This is not entirely specific to CN VI,  
because eyeball retraction also may require function of all extra-
ocular muscles, including those innervated by CN III and CN IV.

CN V (Trigeminal Nerve): Corneal and Palpebral Reflexes  
The large CN V contains motor nerve fibers that innervate the 
muscles of mastication and acquires sensory information from 
most parts of the head. The nerve is divided into three branches: 
ophthalmic, maxillary, and mandibular. All three branches have 
sensory nerves, but only the mandibular branch contains motor 
nerve fibers. The mandibular nerve innervates the masseter,  
temporal, rostral digastric, pterygoid, and mylohyoid muscles. 
The masticatory muscles should be palpated for symmetry and 
atrophy. Bilateral loss of motor function of the mandibular nerve 
is rare but would result in muscle atrophy of the temporal and 
masseter muscles, a flaccid and lowered jaw, inability to chew, and 
excessive drooling, which can result in bicarbonate loss. The  
animal’s tongue may protrude from the mouth as a result of  
fatigue, but the tongue can be withdrawn to appropriate stimula-
tion. Unilateral lesions can cause asymmetric muscle atrophy  
and a slightly lowered position of the jaw. This may not result in 
dysphagia, but abnormal wear of teeth and dental problems may 
be evident.

Function of the sensory branches is tested by corneal and  
palpebral reflexes (Figures 13.2 and 13.3) and assessing sensation 
across multiple areas of the face. In the palpebral and corneal  
reflexes, CN V is the afferent (sensory) portion, whereas CN VII 
is the efferent (motor) portion of the reflex. The corneal reflex  
is performed by slowly advancing a finger or cotton swab toward 

• Fig. 13.2  The corneal reflex is assessed by gently placing a finger or the 
loosened fibers of a cotton tip applicator directly on the cornea.

•  Fig. 13.3  The palpebral reflex is tested by touching the periorbital 
skin with the examiner’s finger while keeping the animal from seeing the  
approaching finger.

the animal’s eye and placing it directly on the cornea. The palpe-
bral reflex is performed by touching a finger on periocular skin 
without the animal visualizing the finger. The corneal reflex and 
touching the medial canthus of the eye for the palpebral reflex 
assess the ophthalmic branch of CN V, which innervates the eye 
and surrounding skin and is responsible for the maintenance of 
corneal epithelium. The maxillary branch of CN V can be assessed 
by touching the lateral canthus of the eye during elicitation of the 
palpebral reflex. The normal reflex response with intact CN V, 
CN VI, and CN VII is closure of the lid, retraction of the eye, and 
aversion of the head, respectively. The mandibular branch of CN 
V can be assessed by touching the ear base and observing for  
closure of the lid. A deficient palpebral reflex with a normal men-
ace response suggests a lesion in the trigeminal nerve or ganglion. 
Loss of CN V innervation to the corneal epithelium can result in 
neurotropic or exposure keratitis, because the affected animal can-
not sense corneal dryness or the presence of ocular foreign bodies.
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Damage to any branch of the trigeminal nerve results in sen-
sory losses to the areas it innervates. Deficits in CN V function 
manifests as the ipsilateral loss of sensation over the face  
and affected animals do not reflexively blink or twitch the face. 
This is a subcortical reflex and does not require conscious input. 
The consciously mediated, coordinated movement of the head 
away from the noxious stimuli is assessed by stimulating the  
nasal septum. The examiner applies stimulation using a finger or 
cotton swab to the inner (medial) surface of the nasal septum 
(Figure 13.4). The response in a normal animal is blinking and 
facial twitching; the head is pulled away in response to a painful 
stimulus. This response requires conscious recognition of the  
noxious stimulus by way of CN V maxillary nerve to the contra-
lateral parietal cortex. This determination is important because  
an animal with a CN V maxillary branch abnormality will have 
neither sensation nor conscious recognition of pain, whereas  
small ruminants with a contralateral cerebral cortical lesion  
have normal sensation but no conscious recognition of the painful 
stimulus.

CN VII (Facial Nerve): Facial Expression, Other Brain Stem 
Function  The facial nerve (CN VII) is predominantly a motor 
nerve, providing innervations to muscles responsible for facial 
expression, but CN VII also contains parasympathetic nerve fibers 
that provide innervations to the lacrimal gland and mandibular 
and submandibular salivary glands. The CN VII neurons supply-
ing innervations to the muscles of facial expression are located 
within the brain stem. Assessment of CN VII motor function is 
performed through the menace response test and eliciting the 
corneal and palpebral reflexes as discussed previously. It is impor-
tant to evaluate the symmetry and posture of the eyelids, ears, and 
lips; abnormal findings can provide initial evidence of CN VII 
dysfunction. Goats and sheep of breeds with erect ears should 
hold them upright, whereas those with pendulous ears should be 
able to move the base of the ear canal to follow external stimuli. 
In small ruminants with compromised CN VII motor function, 
eyelid droop (ptosis), lack of ear movement, ear droop, and  
deviation of the nasal philtrum can be observed. CN VII is most 
easily assessed by the menace response and palpebral reflex.  

Simultaneous loss of the menace response and the palpebral  
reflex, characterized by a failure to blink rapidly and completely, 
suggests a lesion in CN VII innervations to the orbicularis oculi 
muscle.3 The animal’s vision is intact when lesions are limited to 
CN VII. CN VII dysfunction results in protrusion of the tongue 
on the affected side of the mouth, and the animal may drool. 
Feedstuff often is found packed into the cheek pouch on the af-
fected side. Damage to CN VII can be localized according to the 
clinical signs.

Lesions in the brain stem can result in a number of discrete or 
diffuse clinical signs in affected animals. Listeriosis in sheep and 
goats can cause discrete lesions throughout the brain stem, which 
may result in abnormal function of the ipsilateral facial muscles. 
An additional manifestation of CN VII dysfunction is the  
presence of neurotropic (exposure) keratitis and corneal ulcer-
ation, because affected animals cannot blink to distribute the tear 
film. Because of close proximity of CN VIII and CN VII nuclei 
in the brain stem, as well as the proximity of the CNs in the  
periphery, vestibular signs often accompany those of facial  
nerve palsy.

CN VIII (Vestibulocochlear Nerve): Head Tilt and Other  
Reflections of Vestibular Function  CN VIII has two main 
divisions: vestibular and cochlear. The vestibular division is  
responsible for maintaining the position of the head and other 
structures relative to gravity; the cochlear division functions in 
hearing.4 The objective assessment of hearing loss in large animals 
is difficult and requires the use of electrodiagnostic testing (brain 
stem auditory evoked response). Animals that have bilateral  
hearing losses may be easier to assess because they do not respond 
to loud environmental noises.

The vestibular part of CN VIII supplies the major input to the 
vestibular system and is evaluated by observing the animal’s head 
and body position. Clinical signs of vestibular dysfunction of CN 
VIII include a head tilt, abnormal nystagmus, ataxia, staggering, 
and positional strabismus. With vestibular dysfunction, many of 
these signs are observed at presentation without being elicited. 
The presence of a head tilt is best assessed with the examiner look-
ing face on at the animal’s head. A head tilt is an abnormal posture 
when sustained and can be visualized as ventral deviation of one 
ear compared with the opposite, or as deviation of an imaginary 
line drawn across the eyes from the normal horizontal plane. The 
head tilt is continuously directed toward the side of the lesion 
whenever CN VIII or the vestibulocochlear nucleus is affected. 
Animals that are recumbent with vestibular disease tend to lie on 
the side of the lesion.

CNs IX (Glossopharyngeal Nerve) and X (Vagus Nerve):  
Laryngeal and Pharyngeal Function  The glossopharyngeal 
nerve, or CN IX, carries motor and sensory fibers to and from the 
rostral pharynx, palate, larynx, and tongue. The glossopharyngeal 
nerve also contains a parasympathetic component that innervates 
the parotid and zygomatic salivary glands. The vagus nerve, or 
CN X, provides motor innervation to the pharynx, larynx, palate, 
and striated muscles of the esophagus by the recurrent laryngeal 
nerve. The parasympathetic branch of CN X arises from the vagal 
nucleus in the medulla and innervates the abdominal and thoracic 
viscera, with the exception of the pelvic viscera. Damage to CN 
IX and CN X results in clinical signs related to laryngeal and 
pharyngeal function. Affected animals have difficulty swallowing 
and may drool from an inability to swallow saliva. Choke also 
may be observed. The gag reflex can be used to assess normal 
function. In normal animals, placing a tongue depressor in the 
back of the mouth elicits the gag reflex, in which the caudal  

• Fig. 13.4  Assessment of the conscious recognition of a noxious stimulus 
by way of the maxillary branch of cranial nerve V to the contralateral pari-
etal cortex. The animal demonstrates the appropriate response of blinking 
and attempting to withdraw the head from the stimulus.
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portion of the tongue pushes the tongue depressor forward. The 
clinician should always wear gloves when examining a small rumi-
nant with suspected CN IX or X disease, because oropharyngeal 
paralysis is common in rabid animals. Inspiratory stertor may be 
heard as a result of unilateral or bilateral paresis of the pharynx 
and larynx. Animals with pharyngeal paralysis can regurgitate 
food through the nose. In small ruminants, disease of CNs IX and 
X is rare.

CN XII (Hypoglossal Nerve): Tongue Function  The hypoglos-
sal nerve, or CN XII, is the motor pathway to the muscles of the 
tongue, allowing its protrusion and retraction. Animals with dam-
age to CN XII often have a history of difficulty apprehending and 
masticating food. The tongue should be examined for atrophy 
and tone. Normal animals attempt to retract the tongue with 
strength when it is pulled by the examiner. A palatable substance 
or loose salt can be placed on the animal’s lips, and with normal 
CN XII function, the animal will lick the substance off the area. 
Unilateral damage to CN XII causes deviation or protrusion of 
the tongue toward the affected side, because the tongue is pushed 
by the intact muscles on that side.

Postural Reactions. Postural reactions complement the evalu-
ation of gait. Postural reactions are easily examined in sheep and 
goats but difficult to evaluate in cervids. Postural reactions include 
hopping, wheelbarrowing, hemi-standing, hemi-walking, placing, 
and proprioception. Testing for the hopping postural reaction is 
performed by lifting three limbs off the ground while walking the 
animal forward. Each of the front limbs should be evaluated for 
the hopping postural reaction; a normal animal will lift and place 
the limb as it would with normal locomotion. Wheelbarrowing is 
similar, but only the two hindlimbs are lifted off the ground as the 
animal is walked forward. Hemi-standing and hemi-walking are 
similar postural reactions that are assessed by lifting the ipsilateral 
front limbs and hindlimbs while the animal is observed at rest and 
during locomotion, respectively. Placing is assessed by lifting the 
goat or sheep and advancing it to the edge of a table; normal  
animals lift the front legs to place them on the table. Propriocep-
tion reflects the animal’s ability to consciously recognize an abnor-
mal limb posture. To test for the proprioception reaction, the 
standing animal’s distal limb is flexed at the fetlock joint, resulting 
in weight-bearing at the dorsum of the digit. A normal proprio-
ceptive reaction quickly results in correction of the abnormal 
weight bearing.

Spinal Reflexes. Five spinal reflexes should be evaluated in 
sheep and goats with suspected neurologic disease: the extensor 
reflex of the front limb, the panniculus reflex, the patellar reflex, 
the perineal reflex, and the withdrawal reflexes of the forelimbs 
and hindlimbs. The spinal reflexes are best examined with the 
animal in lateral recumbency, with the side to be evaluated in the 
upper position. Spinal reflexes involve a local reflex arc that  
includes a stretch or touch receptor, an afferent peripheral nerve 
that relays information to the spinal cord gray matter, spinal cord 
interneurons that can stimulate or inhibit other neurons, an effer-
ent motor neuron that exits the spinal cord, and a muscle. Spinal 
reflexes do not require conscious or voluntary input for normal 
function.

Assessment of spinal reflexes tests the integrity of the lower 
motor neuron (LMN) but also can provide some information on 
influences of the UMNs on the LMN (Table 13.1). The UMNs 
are a group of neurons that do not physically exit the nervous 
system and provide stimulatory or inhibitory influences to the 
LMN. The LMNs are composed of the peripheral nerves and the 
effector organs (primarily skeletal muscles). Several responses can 
be observed when spinal reflexes are tested. A normal response  
can be observed, which indicates normal sensory and motor com-
ponents of the reflex arc. An exaggerated response often is  
observed with UMN pathway abnormalities. A diminished or 
absent response indicates LMN disease in either its sensory or 
motor components. In addition to diminished responses, animals 
with LMN disease exhibit muscle atrophy, hyporeflexia or  
areflexia, hypotonia or atonia, and paresis.

Testing the extensor reflex of the front limb assesses the radial 
nerve. The radial nerve is responsible for weight bearing of the 
front limb and innervates the triceps muscle group. With the 
animal in lateral recumbency, the extensor reflex is assessed by 
placing a hand under the foot of the animal and pushing the limb 
gently toward the animal until extensor tone is noted. The normal 
reflex is for the animal to “push back” with its leg. Animals with 
LMN disease display decreased or absent resistance, and those 
with UMN disease may exhibit increased tone of the triceps 
muscle.

Testing the patellar reflex evaluates motor and sensory compo-
nents of the femoral nerve. The femoral nerve innervates the 
quadriceps muscles, which are responsible for extension of the 
stifle and weight-bearing in the hindlimb. The patellar reflex is a 

TABLE 
13.1 Summary of Lower and Upper Motor Neuron Signs.

Parameter Lower Motor Neuron Segmental Signs Upper Motor Neuron Long Tract Signs

Motor function Paralysis—loss of muscle power, flaccidity Paresis to paralysis—loss of voluntary movements

Reflexes Hyporeflexia to areflexia Normal to hyperreflexia (especially myotatic reflexes)

Muscle atrophy Early and severe: neurologic; contracture after several weeks Late and mild: disuse

Muscle tone Decreased Normal to increased

Electromyographic changes Abnormal potentials (fibrillation, positive sharp waves)  
after 5 to 7 days

No changes

Associated sensory signs Anesthesia of innervated area, paresthesia or  
hyperesthesia of adjacent areas

Decreased proprioception; decreased perception  
of superficial and deep pain

From Oliver JE Jr, Lorenz MD: Handbook of Veterinary Neurologic Diagnosis, Philadelphia, 1983, WB Saunders.
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tendinous reflex and is elicited by lightly tapping the patellar 
tendon with a reflex hammer while observing an extension of the 
stifle. Patellar reflex testing is a subjective assessment, and clini-
cians should be as consistent as possible in technique. To begin, 
the limb should be in relaxed flexion with the patellar tendon just 
barely tightened. The tendon is palpated, and then, while the  
examiner’s fingers are kept on the tendon, the limb is flexed until 
the tendon feels tight. To raise tension in the tendon, the clinician 
can place a hand under the foot while extending the digits. The 
tapping on the tendon is done with a pendulum motion. The re-
flex cannot be elicited if the limb is tense, but by tapping the 
tendon rhythmically, the animal relaxes over time. The strength of 
the patellar reflex is proportional to the force applied to the ten-
don. The plexor (hammer) used for examination of large dogs is 
adequate for testing the reflex of small ruminants. The patellar 
reflex, combined with the proprioceptive reaction, is used to  
determine the integrity of the LMN. With LMN lesions, deficits 
exist in conscious proprioception and patellar reflexes, whereas 
deficits of conscious proprioception in animals with intact patellar 
reflexes indicate lesions in the UMN.

Withdrawal reflexes also are referred to as flexion reflexes, and 
testing is performed by applying a noxious stimulus to the medial 
or lateral digits of the front limbs and hindlimbs. A hemostat  
often is used to apply the stimulus. In the front limb, the  
withdrawal reflex evaluates the axillary, median, and ulnar nerves. 
In the hindlimb, the reflex evaluates the sciatic nerve on the lateral 
part of the limb and the femoral nerve on the medial part of the 
limb. A normal response is the flexion of the limb fully away from 
the stimulus.

Testing the perineal reflex is performed by pinching the skin 
around the anus. The perineal reflex tests the afferent pudendal 
nerve, whereas the efferent nerve fibers are part of the caudal 
nerves. The normal response is anal sphincter contraction and 
downward contraction of the tail. During the reflex test, the tail 
should not be manipulated because this may cause contraction of 
the anus.

The panniculus reflex or cutaneous trunci reflex also relies on 
a reflex arc. This test is performed by applying stimuli to both 
sides of the body, starting caudally at the wing of the ileum to the 
cranial thoracic area (at the T2 level). The stimulus usually is ap-
plied with the tip of a ballpoint pen or a hemostat. The sensory 
fibers from the skin enter the dorsal root of the spinal cord and 
then ascend to the C8 and T1 segments, where the efferent limb 
of the reflex is the motor neurons of the lateral thoracic nerve. A 
normal reflex is flinching of the skin. If twitching of the skin  
occurs at the level of the wing of the ileum, then the afferent limb 
is intact in its entirety. However, a transection of the spinal  
cord caudal to T1 may result in a decreased or absent cutaneous 
response in the area caudal to the transection.

Pain. Whereas spinal reflexes test the LMN, assessments of 
conscious proprioception, voluntary motor functions, superficial 
pain sensation, and deep pain sensation are used to test UMNs. 
With compromise to the spinal cord, conscious proprioception is 
the first deficit observed, followed in order by voluntary motor 
function, superficial pain sensation, and deep pain sensation.  
Superficial pain sensation can be assessed by applying a noxious 
stimulus over a dermatome or cutaneous zone, which is an area of 
skin on the animal’s body surface that is innervated by a single 
nerve. A two-step pinch technique is recommended to test super-
ficial pain sensation. First, a small area of skin is lightly tented 
using a hemostat. After a slight pause, a second, sharp skin pinch 
is applied. Intact superficial pain sensation is present if a reflex 

withdrawal occurs, and the UMN is intact if the animal demon-
strates conscious recognition of the pain through an aversion  
response, vocalization, or both. Deep pain sensation is deter-
mined by placing a large hemostat or needle-holders across the 
digit just above the coronary band and progressively pinching to 
stimulate the periosteum. As with the superficial pain sensation, a 
positive response is conscious recognition of the stimulus, as evi-
denced by aversion, vocalization, or both. The assessment of deep 
pain sensation is important for prognosis for the recumbent small 
ruminant with neurologic disease because deep pain is the last 
function to be lost with a severe spinal cord lesion.

Localization of Neurologic Lesions
During the complete neurologic examination, abnormalities of 
nervous system function should be identified, characterized, and 
recorded. Some abnormalities in nervous system function can be 
readily ascribed to specific segments of the nervous system, 
whereas for others, the origin of dysfunction is more difficult to 
identify. Determining the neuroanatomic location of lesions or 
abnormalities within the nervous system is important with respect 
to management and prognosis for the sheep or goat with neuro-
logic disease. For small ruminants with suspected neurologic  
disease, clinical signs or specific pathologic processes should be 
ascribed to four functional areas of neuroanatomy: (1) the cere-
brum, (2) the cerebellum, (3) the brain stem and CNs, and  
(4) the spinal cord and peripheral nerves (Table 13.2). If the 
location of a lesion is not readily apparent after the complete 
neurologic examination, repeating all or specific portions of the 
neurologic examination can reveal subtle abnormalities missed 
earlier.

Cerebral Disease. Nervous system disorders involving the 
cerebrum can be variable in severity and frequently are character-
ized by alterations in mental acuity, behavioral changes, seizures, 
and blindness. Diffuse or symmetric cerebral disease often does 
not affect the gait on flat surfaces, but gait can appear abnormal 
on ascending or descending slopes. Likewise, postural and pro-
prioceptive reflexes are normal with diffuse cerebral disorders 
unless the affected animal is moved across slopes. In most animals 
with diffuse cerebral disease, spinal reflexes are normal. Of note, 
metabolic abnormalities are considered the most common cause 
of symmetric cerebral disease in ruminants.1 Dehydration and 
acid-base and electrolyte abnormalities often result in depression 
in small ruminants.

With unilateral lesions located within the cerebrum, a majority 
of clinical signs will be observed contralateral to the lesion, with 
the exception of circling and head turn, which usually are in the 
direction of the lesion. Specific examples of clinical signs associ-
ated with asymmetric cerebral disease are contralateral hemipare-
sis, circling with the head turned toward the side of the lesion, 
contralateral facial sensation deficits, and presence of a contralat-
eral menace deficit with normal palpebral reflexes and normal 
pupillary light reflexes.

Cerebellar Disease. The cerebellum functions by providing 
input data to motor areas of the cerebral cortex and brain stem; 
thus, clinical signs of cerebellar dysfunction reflect failure of 
smooth, coordinated movements of the head, body, and limbs. 
Clinical cerebellar disease with lack of coordinating input results 
in ataxia, truncal sway, dysmetria, intention tremors, pupillary 
abnormalities, and vestibular signs. Small ruminants with clinical 
cerebellar disease are characterized by normal mentation and  
abnormal gait; however, depression and stupor can be observed in 
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TABLE 
13.2 Association of Neurologic Signs With Functional Deficits of Clinically Relevant Neuroanatomic Locations.

Neurologic Sign/ 
Disorder

Cerebral  
Diseases

Cerebellar  
Diseases

Diseases of Brain  
Stem and Cranial 
Nerves

Diseases of Spinal  
Cord and Peripheral Nerves

Mentation Abnormal Normal Abnormal or normal Normal

Gait Normal Abnormal Abnormal or normal Abnormal

Posture Normal Abnormal Abnormal or normal Abnormal

Spinal reflexes Normal Abnormal or normal Abnormal or normal Abnormal or normal

Disorders discussed 
within chapter

•	 Bacterial	meningitis
•	 Clostridium enterotoxemia
•	 Lentiviral	encephalitis
•	 Louping-ill
•	 Polioencephalomalacia
•	 Thiamine	deficiency
•	 Sulfur	toxicosis
•	 Lead	toxicosis
•	 Sodium	toxicosis
•	 Pseudorabies
•	 Rabies
•	 Transmissible	Spongiform	

Encephalopathy	(TSE)
•	 Urea	toxicity
•	 West	Nile	virus	encephalitis

•	 Grass	staggers •	 Listeriosis
•	 Otitis

•	 Botulism
•	 Cerebrospinal	nematodiasis
•	 Enzootic	ataxia
•	 Organophosphate	toxicity
•	 Spastic	paresis
•	 Spinal	cord	trauma
•	 Tetanus
•	 Tick	paralysis

Modified from Constable PD: Clinical examination of the ruminant nervous system, Vet Clin North Am Food Anim Pract 20:185, 2004.

kids, lambs, and fawns with congenital cerebellar disease as a  
result of failure to nurse with subsequent dehydration and  
hypoglycemia (metabolic disease). In small ruminants with cere-
bellar ataxia, strength is preserved in the front and hindlimbs, and 
proprioceptive deficits are not observed. Strength of the limbs is 
assessed by applying pressure on the withers and the pelvis.  
Although diffuse cerebellar disease, which is more common in 
large domestic animals/livestock, causes ataxia of all four limbs, 
unilateral cerebellar lesions result in ipsilateral ataxia of front and 
rear limbs.

Brain Stem and CN Diseases. Small ruminants with brain 
stem lesions may have normal or abnormal mentation. Because 
the ascending reticular activating system in the rostral brain stem 
frequently is affected by diseases of the brain stem, profound de-
pression and stupor are common. CN deficits in a small ruminant 
with abnormal mentation characterized as depression and stupor 
suggest that the lesion is localized to the brain stem. During the 
complete neurologic examination, the evaluation of CN function 
should receive much attention. Clinical signs associated with 
brain stem disease include CN deficits (as described previously), 
ipsilateral hemiparesis, coma, and stupor (with abnormalities of 
the ascending reticular activating system). In addition, respiratory 
and cardiovascular abnormalities may be noted because the respi-
ratory center is located in the caudal brain stem.

Spinal Cord and Peripheral Nerve Diseases. Clinical signs of 
spinal cord disease depend on the location of the disease within 
the spinal cord. In examining a small ruminant with suspected 
spinal cord or peripheral nerve disease, differentiating LMN dis-
ease from UMN disease is useful. As described previously, the 
UMNs are a group of neurons that do not physically exit the 
nervous system and provide stimulatory or inhibitory influences 

to the LMNs. The LMNs are composed of the peripheral nerves 
and the effector organs (primarily skeletal muscles). Clinical signs 
of UMN disease include proprioceptive deficits, weakness, and 
paralysis, but exaggerated reflexes and increased extensor tone also 
are observed. Lesions of the LMN result in clinical signs consist-
ing of paresis or paralysis combined with absent or diminished 
spinal reflexes.

Peripheral nerve injuries are uncommon in small ruminants 
but result in clinical signs referable to LMN disease, including 
paresis, paralysis, diminished or absent spinal reflexes, and muscle 
atrophy. The radial nerve and brachial plexus can be traumatized 
in the forelimb. In the hindlimb, the sciatic, peroneal, femoral, or 
obturator nerve can become damaged.

Radial nerve paralysis can result from fractures of ribs or the 
humerus or from avulsion of the brachial plexus, and the severity 
of clinical signs often is dependent on the location of traumatic 
injury. Damage to the radial nerve causes a lack of innervations to 
the triceps muscle group and the inability to extend the elbow 
joint. The more distal the injury on the limb, the less the animal’s 
gait is affected. Trauma to the distal radial nerve results in paraly-
sis of the extensor muscles of the carpus and digits and knuckling 
of the lower limb. A loss of sensory innervation to the dorsum of 
the leg below the elbow also may be evident. The animals may 
have scuffed or abnormally shaped hooves, as well as abrasions on 
the front of the fetlocks.

The femoral nerve provides innervations to the quadriceps 
muscle group. Animals with femoral nerve paralysis drag or carry 
the affected rear limb while hopping on the unaffected leg. Injury 
to this nerve can occur as a result of extreme extension of the 
hindlimb or as a result of injection sites that have become in-
fected. Sensation of medial skin surfaces often is preserved 
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through the saphenous branch of the femoral nerve, because this 
branch separates from the rest of the femoral nerve proximally at 
the level of the iliopsoas muscle.

Obturator nerve paralysis occurs as a result of extreme abduc-
tion of the rear limb or as a lambing or kidding injury. When the 
nerve is damaged, the animal is unable to adduct its rear limb. 
Unilateral involvement of the obturator nerve is associated with 
gait abnormalities less frequently than is bilateral involvement. 
Radiographs of the pelvis are warranted to rule out pelvic fracture.

Sciatic (ischiadic) nerve paralysis can occur after pelvic or lum-
bosacral fractures. The nerve arises from spinal cord segments  
L6 to S2 and travels in the vertebral canal before its fibers exit. 
The sciatic nerve innervates the muscles that extend the hip and 
flex the stifle before dividing into the peroneal and tibial branches. 
The tibial nerve provides motor innervations to the gastrocnemius 
muscle, whereas the peroneal provides motor innervations to the 
extensors of the digits. The tibial and peroneal nerves also collect 
sensory input from the distal portion of the hindlimb. Whereas 
lumbosacral fractures usually cause bilateral hindlimb paresis or 
paralysis, damage to the proximal sciatic nerve, which can be a 
consequence of acetabular and femoral fractures, results in dys-
function of flexor muscles only. The extensor muscles of the stifle 
remain functional, allowing the animal to bear weight but not flex 
the stifle. The animal exhibits a dropped hock, and the limb will 
be knuckled over. On testing, the animal’s flexor response is 
greatly inhibited, and with pinching of the medial claw, the  
animal flexes its hip without flexing the rest of the limb. This  
differential response occurs because the medial side of the limb 
still has intact sensory innervation through the saphenous branch 
of the femoral nerve. Many of these injuries resolve over time, but 
a poor prognosis is associated with the complete loss of deep pain.

The peroneal nerve supplies the muscles that flex the hock and 
extend the digits and provides cutaneous sensory innervation to 
the dorsal aspect of the foot and cranial surface of the hock and 
tibia. Improperly administered injections may injure this nerve, 
resulting in knuckling onto the dorsum of the fetlock and overex-
tension of the hock. Animals appear to be able to compensate 
fairly well with this type of injury by extenuated flexing of the hip 
and extension of the stifle at walk. The flexor response is depressed 
when the dorsum of the fetlock is stimulated; however, if the sole 
of the hoof is stimulated, the animal flexes its leg but keeps the 
hock fixed.

Ancillary Tests
As noted previously, the objectives of the neurologic examination 
are to verify that the small ruminant has disease of nervous system 
origin and to determine the anatomic location of the lesion 
within the nervous system. Once the neuroanatomic location has 
been identified, additional diagnostic testing can be performed to 
identify a specific causative disorder or contributing factor. A 
precise etiologic diagnosis is important because individual sheep, 
goats, and cervids typically are members of a herd or a flock, and 
elucidation of the etiology allows implementation of preventive 
strategies aimed at reducing the potential for disease in other at-
risk animals. A number of diagnostic tests are available for the 
neurologic workup of a small ruminant, but owing to cost and 
availability of testing equipment, only a few tests can be routinely 
used in practice settings for the diagnosis of neurologic diseases  
in sheep and goats. Complete blood count (CBC) and serum  
biochemistry profile, cerebrospinal fluid (CSF) analysis, and  
routine imaging studies such as survey radiographs can be used 

during the diagnostic evaluation of sheep and goats with  
suspected nervous system disease.5,6 For captive and wild cervids, 
postmortem evaluation is often most cost-effective approach for 
diagnosing the cause of neurologic dysfunction rather than  
attempting ancillary tests in support of a diagnosis.

CBC and Serum Biochemistry Panel. Because metabolic 
disorders are the most frequent cause of symmetric cerebral  
dysfunction, the CBC and serum biochemistry panel should be 
performed to evaluate for the presence of hypocalcemia, hypogly-
cemia, acid-base disorders, electrolyte abnormalities, and inflam-
matory conditions. Anomalies observed during routine blood 
workup may be primary or secondary to the nervous system  
disorder6 (see Appendix 2).

CSF Analysis. CSF is located within the subarachnoid space; 
therefore, diseases involving the CNS can lead to alterations in the 
normal composition of the CSF. The CSF can be collected from 
the atlantooccipital space but is more easily obtained at the  
lumbosacral site. General anesthesia or heavy sedation is required 
for atlantooccipital CSF collection, and anesthesia for neurologi-
cally impaired animals often is contraindicated. Positioning and 
restraint are critically important for successful collection of CSF 
(Figure 13.5A). Sampling can be performed in the standing small 
ruminant provided that restraint is sufficient to prevent lateral 
motion, or the animal can be sedated. If recumbent, most animals 
can be manually restrained in sternal recumbency, but mild seda-
tion may be necessary. Ideally, the animal is positioned such that 
the hips are flexed and the pelvic limbs extended alongside the 
abdomen, with the pelvis kept straight and level. The skin over the 
lumbosacral space should be clipped and aseptically prepared.  
A palpable indentation should be felt at the lumbosacral space, 
and this site should be infiltrated with 2% lidocaine (0.5 mL  
administered subcutaneously) (see Figure 13.5B). A final scrub 
should be applied, and the clinician should don sterile gloves.

For lambs, kids, and fawns weighing less than 30 kg, a 20- or 
21-gauge, 1-inch needle can be used; an 18- or 20-gauge,  
1.5-inch needle can be used for adult sheep and goats. A dispos-
able needle or a stylet-type spinal needle can be used. The needle 
should be inserted on midline halfway between the last palpable 
lumbar dorsal spinous process and the first palpable sacral dorsal 
spinous process. The needle should be placed perpendicular to the 
spine from the lateral view and straight up and down as viewed 
from the back of the animal. If bone is encountered, the needle 
should be redirected either cranially or caudally. The needle is 
advanced until a slight “pop” is felt as the needle passes through 
both the interarcuate ligament and the subarachnoid membrane. 
The animal may move or jump slightly when the needle punctures 
the dura mater, or the tail and anus may reflexively contract. The 
clinician can periodically remove the stylet to check for the pres-
ence of CSF in the hub of the needle. Approximately 1 mL of 
fluid/5 kg of body weight can be safely removed, but only 1 to  
2 mL is necessary for cytologic evaluation. Gently and slowly as-
pirating CSF or allowing it to flow freely from the needle prevents 
excessive movement and blood contamination (see Figure 13.5C). 
The CSF samples should be placed in ethylenediamine tetraacetic 
acid (EDTA) for cytologic analysis and in a serum separator tube 
for culture. For biochemical analysis, CSF should be placed in a 
serum separator or lithium heparin tubes. Cytologic evaluation of 
CSF should be performed rapidly, ideally within 60 minutes of 
collection. If this is not possible, the CSF can be mixed with an 
equal volume of 40% ethanol to preserve the cells.

Once collected, CSF can be evaluated for gross appearance, 
cytology, protein concentration, biochemical composition, and 
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• Fig. 13.5  Collection of cerebrospinal fluid. A. Correct positioning of an animal for collection of cerebrospinal fluid 
from the lumbosacral space. The animal is placed in sternal recumbency, and both pelvic limbs are pulled crani-
ally to arch the spinal column. B. The lumbosacral space is identified at the intersection of a line connecting the 
caudal aspects of the tuber coxae with the vertebral midline (between L6 and S1). C. Cerebrospinal fluid is col-
lected by free catch or aspiration using a 5- to 10-mL syringe and immediately placed into tubes for analysis.
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presence of bacteria. Normal CSF is clear and colorless. Red dis-
coloration indicates the presence of blood in the CSF, and the 
hemorrhage may be iatrogenic (Figure 13.6A) or from previous 
hemorrhage within the CSF. In general, blood from a previous 
hemorrhage is evenly mixed with the CSF and often does not clot, 
as opposed to iatrogenic hemorrhage during collection, in which 
the red discoloration may lessen as additional fluid is collected 
and the CSF will clot. Xanthochromia is orange or yellow discol-
oration of the CSF, and this finding can be observed for up to 10 
days after the occurrence of bleeding within the CSF. Turbid CSF 
usually indicates a high white blood cell count, as can occur with 
bacterial meningitis. The total nucleated cell and differential 
counts should be performed to assist with an etiologic diagnosis. 
Normal CSF contains less than 10 nucleated cells/mL, with a 
majority of cells being mononuclear. Bacterial infections of the 
nervous system usually are characterized by a neutrophilic 
pleocytosis (see Figure 13.6B), with the exception of listeriosis 
in small ruminants in which mononuclear pleocytosis  
(see Figure 13.6C) is usually present. Mononuclear pleocytosis 
can also be observed with viral encephalitides and PEM.  

Cerebrospinal nematodiasis (CSN), secondary to aberrant  
migration of nematode parasites, often results in marked eleva-
tions of eosinophils, which may be the predominant CSF leuko-
cyte in affected animals (see Figure 13.6D). Normal protein 
concentrations in CSF are considerably lower than in blood. CSF 
protein concentration of healthy sheep is less than 40 mg of  
protein/dL and that of healthy goats less than 15 mg of protein/dL. 
CSF glucose content generally is low compared with that in the 
peripheral blood. Glucose concentrations normally are 80% of 
the value in peripheral blood, and decreased concentrations are 
detected in animals with bacterial meningoencephalitis as a con-
sequence of bacterial glucose consumption.

Medical Imaging. After a lesion has been localized within the 
CNS, plain survey films may be helpful to identify luxations of 
the vertebral column, osteomyelitis, or fractures of the pelvis. 
Survey radiographs of the skull can be used to diagnose fractures 
or assess involvement of the tympanic bulla in cases of otitis.  
Radiographic techniques used in medium to large dogs are  
applicable to most small ruminants. For UMN disease of the 
forebrain, brain stem, or cerebellum, several diagnostic imaging 
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• Fig. 13.6  A. Iatrogenic blood contamination during collection of a cerebrospinal fluid (CSF) sample. This can be 
differentiated from histopathologic evidence of disease by the presence of red and white blood cells in ratios 
similar to those in blood samples and the presence of thrombocytes. Similar findings are detected in cases of 
traumatic injury occurring within 30 minutes of CSF collection. B–D. CSF cytology for different neurologic dis-
eases. B. Findings in a goat with streptococcal meningitis. A majority of nucleated cells are neutrophils that show 
degenerative changes. The identification of many small cocci in pairs or short chains suggests streptococcal 
meningitis. C. Findings in a goat with listeriosis include a mixed-cell mononuclear pleocytosis, with a predomi-
nance of mononuclear cells, small lymphocytes, and presence of neutrophils. D. Findings in a goat with cerebro-
spinal nematodiasis include predominance of eosinophils, which is seen in cases of aberrant spinal migration by 
Parelaphostrongylus tenuis. (Courtesy Dr. Elizabeth Spangler, Auburn, Alabama.)

procedures can be performed. The structural integrity of the UMN 
anatomy can be evaluated by the use of computed tomography (CT) 
and magnetic resonance imaging (MRI). Myelography can be used to 
identify compressive or expansive lesions in the spinal cord. Electro-
myography also can be used to determine whether specific neurons 
are responsible for neuromuscular disease by assessing the electrical 
activity of the muscle after a neuron is stimulated. Electroencephalog-
raphy can be used to assess the electrical activity in various parts of 
the brain. It is used primarily in cases of presumed neurologic disease 
manifested by seizures, narcolepsy, and encephalopathy.

Cerebral Diseases

Bacterial Meningitis and Encephalitis
Etiology and Pathophysiology. Meningitis is defined as 

inflammation of one or more of the three layers (dura mater, 

arachnoid, and pia mater) covering the CNS, and involvement of 
adjacent structures (CNS or spinal cord) is common. Meningitis 
and meningoencephalitis can be caused by many etiologies,  
but principally result from extension of local processes or hema-
togenous spread of bacteria.7 Infections extending into the 
meninges and nervous tissues may be caused by surgical proce-
dures such as dehorning and tail docking, thermal osteonecrosis 
after cauterization at dehorning, sinusitis, otitis interna, and skull 
fractures. In male adult white-tailed deer, infections by Trueperella 
(Arcanobacterium) pyogenes and other bacteria can cause intracra-
nial abscessation and suppurative meningoencephalitis  
(Figure 13.7 and Chapter 20, Figure 20.19), and while the 
pathophysiology is poorly understood, development of the  
infection may be associated with antler development.8,9

Hematogenous spread of bacteria in cases of pneumonia,  
omphalophlebitis, mastitis, endocarditis, and other septic pro-
cesses may also cause meningoencephalitis and is especially  
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antiinflammatory drugs and anticonvulsive therapy as needed. 
The choice of antibiotic should be guided by an initial Gram stain 
of CSF, or culture and antimicrobial susceptibility, but initial 
therapy should broadly cover gram positive and gram negative 
bacteria. Antibiotic therapy should be administered intravenously 
to attain maximum peak blood and CSF concentrations.11 Rec-
ommended antibiotic choices for treatment of meningitis include: 
ceftiofur sodium (5–10 mg/kg q24h–q8h, intravenously [IV]), 
sodium ampicillin (10–20 mg/kg q8h IV), and trimethoprim-
sulfonamide (5 mg/kg based on the trimethoprim q12h to q8h 
IV), which can be administered in combination (e.g., ampicillin-
ceftiofur or ampicillin-trimethoprim-sulfonamide).12 The use of 
antiinflammatory therapy for treatment of bacterial meningitis 
has not been evaluated in farm animals, but steroidal or nonste-
roidal antiinflammatory drugs should be considered. Seizures 
should be controlled using diazepam (0.01–0.2 mg/kg every  
30 minutes).7 In neonates with failure of passive transfer, plasma 
should be administered (15–30 ml/kg IV).

Prevention. Timely administration of adequate colostrum is 
the most important method of preventing bacterial meningitis in 
neonates. Proper sanitation should be provided during surgical 
procedures, and dehorning of goats should be performed with 
great care for hygiene, analgesia, and limited thermal cauteriza-
tion. Early therapy of predisposing conditions may prevent their 
extension to the nervous system.

Clostridium perfringens
Etiology and Pathophysiology. C. perfringens types C and D 

(and less commonly type E) are important pathogens of sheep and 
goats, and clinical disease has been sporadically reported in 
farmed deer, often associated with overconsumption of energy-
dense diets.13 C. perfringens manifests mainly as enteric disease 
and peracute death, with associated pathologic changes such as 
edema and petechiation in the nervous system. The organisms  
are ubiquitous in the environment and feces of farm animals.  
C. perfringens type C produces a and b toxins, which are not 
degraded in young animals (, 10 days of age) due to low intesti-
nal concentrations of proteolytic enzymes. b Toxin forms ion-
conductive channels in membranes of excitable cells, leading to 
irreversible depolarization and neurologic disease.14 Disease asso-
ciated with C. perfringens type D is usually seen in young small 
ruminants consuming overly plentiful diets, allowing clostridial 
overgrowth and production of a and e toxins in the small intes-
tine; however, neonatal lambs in unvaccinated flocks may also  
be affected.15 Activation of e toxin from its precursor occurs by 
enteric proteases. Subsequently, the toxin causes disruption of 
tight junctions of vascular endothelial cells and vasogenic edema 
in different organs, including the brain, lungs, and kidneys.16

Clinical Signs. The duration of the disease is limited to a few 
hours, and clinical signs preceding death may not be observed. 
Abdominal discomfort and signs of colic, such as teeth-grinding 
and vocalization, may be noticed. Hemorrhagic diarrhea may be 
present in some cases and is regularly observed in goats with type 
D enterotoxemia.17 Neurologic signs include depression, tetany, 
opisthotonus, convulsions, and coma.17,18 In type D enterotox-
emia, focal encephalomalacia may develop, which is characterized 
by aimless wandering, blindness, and walking into inanimate 
objects.17

Diagnosis. The short duration of clinical disease precludes 
most antemortem diagnostics. Identification of large numbers of 
clostridia in fecal smears is suggestive but certainly not definitive. 

•  Fig. 13.7  Brain abscess in a 4-and-a-half-year-old male white-tailed 
deer. Trueperella pyogenes and Escherichia coli were cultured from the 
contents of this abscess. (Courtesy Dr. Kelley Steury, Auburn, Alabama.)

common in neonates with failure of passive transfer. Depending 
on the etiology, various bacterial pathogens may be involved in 
the disease. In neonatal meningoencephalitis, Escherichia coli, 
Pasteurella multocida, Streptococcus spp., Staphylococcus spp., and 
T. (Arcanobacterium) pyogenes are commonly isolated. Infection 
with Mycoplasma mycoides (ssp. mycoides large colony (LC) type or 
ssp. capri) may cause meningoencephalitis in juvenile and adults 
goats, which is typically, but not always, associated with other 
systemic signs such as polyarthritis, pneumonia, and mastitis.10 
Pseudomonas aeruginosa can cause septicemia and meningitis in 
goats secondary to mastitis.11 In the CSF, host immune defense 
mechanisms provide limited protection as antibody and comple-
ment concentrations in CSF are low.7,11 Bacterial and inflamma-
tory insults lead to congestion and infarction of arachnoidal or 
subependymal veins, decreased CSF absorption and hyperten-
sion, and necrosis of nerve cells.7,11

Clinical Signs. Affected animals are often severely lethargic 
and depressed or may be hyperexcitable. In cases associated with 
neonatal septicemia, diarrhea and dysthermia are common.  
Hyperesthesia, a stiff, extended neck, and signs of pain upon  
manipulation of head and neck are observed. Passive manipula-
tion of the neck may result in sudden tonic extension and rigidity 
of the limbs.11 Loss of CN functions may be observed as nystag-
mus, strabismus, and facial palsy.7,11 With progression of the dis-
ease, decreases of sensory function, propulsive walking, seizures, 
and coma develop.

Diagnosis. Meningitis should be suspected based on clinical 
signs, especially in neonates with signs of failure of passive transfer 
and sepsis. To differentiate the disease from metabolic abnormali-
ties, serum electrolytes and glucose should be evaluated. Confir-
mation of meningitis is based on CSF analysis or postmortem 
examination. Marked increases in protein concentration, total 
leukocyte count, and proportion of neutrophils in CSF samples 
are characteristic of bacterial meningitis. The CSF glucose  
concentration is below that of serum, reflecting bacterial con-
sumption of glucose in the CSF.7 Xanthochromia and free or 
intracellular bacteria can also be present. Bacteriological culture 
and susceptibility testing should be attempted if therapy is  
intended.

Treatment. Case fatality rates in farm animals with bacterial 
meningitis are high, which can be attributed, in part, to late  
recognition of the disease. Therapy is based on aggressive and 
prolonged administration of antibiotics, supplemented with  
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Following postmortem examination, the histologic presence of 
enteritis with numerous clostridia in the upper small intestine 
and, in cases of type D enterotoxemia, edematous tissues supports 
the diagnosis. Toxin assays may be performed using polymerase 
chain reaction (PCR), enzyme-linked immunosorbent assay 
(ELISA), or mouse inoculation assays.

Treatment. Affected animals usually die prior to systemic an-
tibiotics possessing a Gram positive spectrum and fluid therapy 
can provide a therapeutic benefit. The administration of C and D 
antitoxin is likely more beneficial to prevent disease in at-risk 
herd-mates than in the treatment of moribund animals.18

Prevention. Routine vaccination of sheep and goats against C. 
perfringens C and D is critical and should be performed in captive 
deer.13 Annual to biannual boosters are recommended for all 
breeding stock. Administration of C and D antitoxin shortly after 
birth should provide protection to lambs and kids of unvacci-
nated dams for approximately 2 weeks.18 Sudden feed changes 
and overconsumption of high-energy diets (grain, lush pasture, or 
milk) should be avoided.13

Lentiviral Encephalitis: Caprine 
Arthritis-Encephalitis and Maedi-Visna

Etiology and Pathophysiology. Lentiviral leukoencephalomy-
elitis is caused by caprine arthritis encephalitis virus (CAEV) in 
goats and either maedi-visna virus (MVV) or, less commonly, 
ovine progressive pneumonia virus (OPPV) in sheep. In North 
America, OPPV is usually associated with respiratory disease; 
however, neurologic disease in sheep has also been described.19 
Small ruminant lentiviruses (SLRVs) belong in the genus Lentivirus, 
family Retroviridae, and have a worldwide distribution, although 
prevalence varies widely among herds.20 While different in certain 
clinical aspects, SLRVs share many virological, epidemiological, 
and pathophysiological features. The nomenclature may indicate 
SLRVs to be species specific, but natural infection of sheep with 
CAEV and goats with MVV is possible, and crossing of species 
barriers is not uncommon.21 The SRLVs are enveloped RNA vi-
ruses that, upon infection of host cells, transcribe their genome 
into a double-stranded DNA, which is inserted into the host’s 
genome, resulting in lifelong infection.20 Monocytes and macro-
phages are the primary cells infected by SRLVs, and invasion of 
target organs is believed to be in macrophages.21,22 Transmission 
of SRLVs is primarily by vertical transmission from dam to  
offspring through viral shedding in colostrum and milk. Less 
frequently, horizontal transmission from respiratory, urogenital, 
or gastrointestinal secretion and excretions can cause infections in 
all age groups. In utero infections are possible, but their relative 
importance is unclear.20,22 Inflammatory changes associated with 
SRLV infection may occur in the CNS, lungs, udder, joints, 
lymph nodes, and blood vessels and result in progressive dysfunc-
tion of the affected organ(s).

Clinical Signs. Clinical signs associated with SLRV infection 
are slowly progressive and initially nonspecific. Neurologic disease 
(leukoencephalomyelitis) is relatively rare in comparison to respi-
ratory disease in adult sheep and arthritis in adult goats.20 
In sheep, clinical signs usually occur in animals older than 1 to  
3 years of age but are possible at a younger age.20,23 Initial signs 
include weight loss, hindlimb weakness, and an abnormal stance 
that progress to ascending paresis and paralysis. Death occurs 
several months after initial signs are noticed and may be preceded 
by neurologic signs of the head such as lip twitching, nystagmus, 
and blindness.

Affected goats are usually 1 to 5 months of age; however, adult 
goats may be affected.22 The clinical course of neurologic disease 
is more rapid in goats than in sheep. Because the virus can induce 
a demyelinating leukoencephalomyelitis, clinical signs include a 
short, choppy gait and unilateral or bilateral posterior paresis and 
ataxia. Some kids may appear to be straining to urinate as part of 
the clinical picture. Initially, the mentation appears to be unaf-
fected, and animals eat, drink, or nurse normally. Progression of 
the disease leads to tetraparesis, and head tilt, circling, torticollis, 
opisthotonos and blindness may develop.

Diagnosis. Neurologic disorders associated with SRLV infec-
tion are relatively rare, and other conditions should be considered 
in the workup. The presence of interstitial pneumonia may sug-
gest SRLV infection, but clinical sigs of respiratory disease are 
often absent. On CSF analysis, increased protein concentrations 
and mononuclear pleocytosis may be present. Identification of 
SRLV antibodies is performed by AGID or ELISA techniques. 
The presence of antibodies in serum implies infection but not 
disease causation. PCR techniques may be used to detect SLRV 
infections before antibodies are produced.24 Postmortem diagno-
sis is based on identification of a nonsuppurative, demyelinating 
encephalomyelitis and lymphocytic infiltration of the CNS.

Treatment. Effective therapies to slow or halt the disease do 
not exist and affected animals should be euthanized.

Prevention. Successful vaccination strategies, suitable for field 
conditions, are not available.25 One option for eradication of 
SRLVs from a herd is a test-and-cull program, which may not be 
feasible in herds with high prevalence rates. Control measures 
should be chosen according to herd prevalence of infection.25 In 
herds with mixed populations of sheep and goats, cross-specific 
transmission is possible and both CAEV and MVV/OPPV must 
be controlled. Control and eradication are based on identification 
of seropositive animals and segregation of infected from unin-
fected animals, removal of infected animals, and continued  
serologic testing. Prevention of perinatal transmission is achieved 
by separation of lambs and kids from their dam immediately  
after birth and by cleaning uterine and placental fluids off of 
newborns.20 Because consumption of colostrum and milk from 
infected dams is an important method of transmission, these 
products should be harvested only from uninfected dams.  
Alternatively, bovine colostrum-sourced colostrum replacers or 
pasteurized colostrum can be used. Heating of colostrum to  
56° C for 60 minutes decreases the load of infectious virus and 
decreases immunoglobulin concentrations only minimally.26 
Use of milk replacers or pasteurized milk is recommended in kid 
and lamb raising protocols. Iatrogenic transmission by needles, 
tattooing equipment, and other surgical instruments must be 
prevented by use of disposable instruments or sterilization.20

Louping-Ill (Ovine Encephalomyelitis)
Etiology and Pathophysiology. Louping-ill is a tick borne 

viral encephalomyelitis of sheep that also affects red grouse (Lagopus 
lagopus scotica) and occasionally other species, including goats, 
deer, and people. The disease is caused by louping ill virus (LIV), 
a member of the tick-borne encephalitis group, in the genus  
Flavivirus, in the family Flaviviridae. LIV is closely related to other 
tick-borne flaviviruses that cause similar disease but demonstrate 
antigenic and geographical variations, including Turkish sheep 
encephalitis virus, Spanish sheep encephalitis virus, and Greek 
goat encephalitis virus.27 Louping-ill occurs in moorland pastures 
in upland United Kingdom, Ireland, and Norway, where the tick 
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vector Ixodes ricinus is supported by a ground layer microclimate 
of high humidity. I. ricinus is a three-host tick that becomes 
infected with LIV by feeding on viremic hosts, which occurs 
mainly in the spring, but also in the early fall, when lambs have 
lost colostral immunity.20,28 Following infection of the tick, LIV 
survives in salivary glands, and infection of a new susceptible host 
occurs when the tick feeds during its next life cycle in the follow-
ing season. Although mainly maintained by the sheep-tick cycle, 
LIV is also amplified by red grouse and hare, in which high levels 
of viremia sustain transmission. After ticks transmit the pathogen 
to sheep, replication of LIV occurs in lymphatic tissues, followed 
by viremia and invasion of the CNS after 6 to 20 days. Viral  
replication in the CNS results in nonsuppurative inflammation, 
neuronal degeneration, and associated clinical signs.29

Clinical Signs. Sheep that have acquired protective antibody 
levels through previous infection, vaccination, or by ingestion of 
colostrum are protected from infection, and clinical signs are 
most common in lambs older than 3 months of age and year-
lings.20,28 Pyrexia, anorexia, constipation, and depression are 
observed during the initial stages of infection. Progression of  
the disease leads to generalized muscle tremors and rigidity,  
hyperesthesia, ataxia, hypermetria, and a stiff, bounding gait. Se-
verely affected animals develop cerebral disease and display head 
pressing, recumbency, convulsion, coma, and death.20

Diagnosis. When neurologic signs develop, viremia has ceased 
and virus isolation from blood is unsuccessful. High levels of 
specific antibodies develop in the CSF of affected animals. CSF 
should be handled with caution due to the zoonotic potential of 
LIV.22,30 Detection of hemagglutinating immunoglobulin M 
antibodies that occur early in the disease may be used diagnosti-
cally.30 No gross lesions are observed on postmortem examina-
tion. Histologic lesions include perivascular cuffing of mononu-
clear cells and neutrophils in the meninges, brain, and spinal cord. 
Neural degeneration is most evident in cerebellar Purkinje cells. 
Virus isolation, immunohistochemistry (IHC), or PCR proce-
dures are used to demonstrate LIV in tissues.20

Treatment. No specific therapy is available, and affected 
animals should receive supportive care.

Prevention. LIV may infect humans, and veterinarians, 
shepherds, and abattoir workers are at increased risk.31 Infection 
of susceptible sheep may be prevented by vaccination and acari-
cide treatments.32

Polioencephalomalacia
The histopathological changes in the cerebral gray matter referred 
to as PEM can result from diverse etiologies. All causes of PEM 
involve a disruption of the cerebral energy metabolism, resulting 
in intracellular sodium and water accumulation. These patho-
physiological changes cause edema, swelling, and subsequent 
pressure necrosis of cerebral neurons, which have a limited capac-
ity to expand within the bony calvarium.33 In small ruminants, 
PEM is most commonly caused by thiamine deficiency but may 
also result from sulfur toxicosis, sodium toxicosis and water depri-
vation, or lead toxicosis. Regardless of etiology, clinical signs are 
similar in most cases of PEM, and further diagnostics may be 
warranted before initiating specific therapies.

Thiamine Deficiency
Etiology and Pathophysiology. Ruminants rely on thiamine 

(vitamin B1) production by ruminal microorganisms for adequate 

amounts of this vitamin, and sufficient quantities are produced by 
the healthy rumen microflora. Thiamine phosphate serves as a 
cofactor for transketolase, the rate-limiting enzyme of the glyco-
lytic pathway (pentose phosphate pathway) that provides most 
ATP to the brain. In thiamine deficiency, reduced availability of 
ATP results in dysfunction of neuronal Na1K1ATPases causing 
intracellular sodium and water accumulation and, subsequently, 
PEM. In sheep, ruminal thiamine synthesis is estimated to be  
approximately 1.5 to 3 mg/day,34 which implies that little excess 
to daily requirements (e.g., 2.9 mg for a 75-kg pregnant ewe)  
exists.35 Thiamine requirements are altered by certain physiologi-
cal and environmental conditions, such as pregnancy, lactation, 
and availability of pasture.35 As is true for all water-soluble 
vitamins, long-term storage of thiamine is impossible and any 
disruption of the ruminal fauna can quickly lead to a state of  
deficiency. Subclinical thiamine deficiency may result from  
increased thiaminase production when dietary changes are made 
without prior adaptation.36

PEM as a result of thiamine deficiency is most commonly  
associated with ruminal acidosis.37 Under acidic conditions, a 
decrease in thiamine-producing bacteria is exacerbated by increas-
ing numbers of bacteria that produce thiaminases. The activity of 
bacterial thiaminase type II is enhanced in acidic conditions such 
as rumen acidosis. This etiology of PEM most frequently occurs 
in lambs and kids on low-roughage, high-concentrate diets such 
as in feedlots or in preparation for shows but may affect rumi-
nants of any age. In cases of PEM in captive and free-ranging deer, 
access to supplemental feed high in carbohydrates was also  
reported.38 In pre-ruminants, the feeding of low-quality milk 
replacers with insufficient thiamin content may also cause PEM. 
Plant-derived thiaminases, produced by bracken fern (Pteridium 
aquilinum), horsetail (Equisetum arvense), Nardoo fern (Marsilea 
drummondii), and prostrate pigweed (Amaranthus blitoides), have 
been implied in experimental and natural cases of thiamine  
deficiency–associated PEM.39–42 Administration of thiamine ana-
logs, such as the commonly used anticoccidial drug amprolium, 
may cause PEM by competitive inhibition.43

Clinical Signs. Typical clinical signs of PEM are bilaterally 
symmetric, develop rapidly, and may progress. The occurrence of 
clinical signs may be peracute, and a rapid development of severe 
clinical signs warrants a poor prognosis.33 Affected animals are 
often found wandering aimlessly but become recumbent and 
display central blindness (absent menace response and intact 
PLR), opisthotonus, muscle tremors, extensor rigidity, periodic 
tonic-clonic convulsions, and nystagmus (Figure 13.8). Affected 
animals may walk along their confinement’s enclosure and into 
inanimate objects (head-pressing). Behavioral changes, such as a 
lack of flight response, depression, stupor, coma, or hyperexcit-
ability, and excessive chewing may observed. Dorsomedial strabis-
mus, although difficult to assess in the presence of opisthotonus, 
was suggested to be typical of PEM caused by thiamine deficiency. 
An ophthalmoscopic examination may reveal papilledema result-
ing from increased intracranial pressure. Normal rumen function 
may be present initially, but inappetence and underlying ruminal 
acidosis result in rumen atony and diarrhea. In addition to  
neurological disease, thiamine deficiency and the presence of  
thiaminases in feces have been associated with poor growth and 
development in lambs.44

Diagnosis. Clinical signs of symmetric cerebral disease, signal-
ment, and history are the basis for a presumptive diagnosis of 
PEM and initial therapy. A rapid response to thiamine therapy 
suggests the correct diagnosis. CBC and serum chemistry findings 
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prevention of ruminal acidosis, and avoidance of phytothiami-
nases are cornerstones to preventing thiamine deficiency. Diets for 
animals at risk for thiamine deficiency may be supplemented with 
oral thiamine. Although protective levels of oral thiamine are not 
well established, rates of 3 to 30 mg of thiamine per kilogram of 
feed have been recommended.45

Sulfur Toxicosis
Pathophysiology. High dietary intake of sulfur or sulfates has 

been associated with PEM in ruminants without thiamine defi-
ciency. Potential sources for sulfur include elemental sulfur, feed 
intake limiters such as gypsum (calcium sulfate), urinary acidifiers 
such as ammonium sulfate, cruciferous crops, Kochia scoparia 
(burningbush, “poor man’s alfalfa”), and molasses.33 Coproducts 
of ethanol production, such as distillers grain with solubles, are an 
important source of sulfur toxicosis for beef cattle47 and may 
cause PEM in small ruminants if fed in sufficient amounts. High 
levels of sulfates have also been found in some water sources, such 
as new wells. Seasonal occurrence of sulfur toxicosis is possible in 
the summer months, when concentrations of sulfates in water 
sources may be elevated, coinciding with increased water intakes 
during high ambient temperatures. Although not completely un-
derstood, the pathophysiology of sulfur-induced PEM is likely 
associated with sulfides produced from ingested sulfur com-
pounds in the rumen. Sulfides are normally incorporated into 
bacterial de novo synthesis of amino acids, eructated as hydrogen 
sulfide (H2S), or absorbed across the rumen wall. Sulfides are 
detoxified by hepatic oxidation, but may reach the brain when 
large amounts are intestinally absorbed and overwhelm hepatic 
capacities. Alternatively, sulfides may circumvent hepatic detoxifi-
cation when inhaled as eructated H2S. Sulfides are thought to 
inhibit the cellular electron transport chain, reducing neuronal 
ATP availability, resulting in PEM.48

Clinical Signs. Clinical signs of bilaterally symmetric cerebral 
disease are principally those described under thiamine deficiency. 
A larger percentage of animals at risk may develop clinical PEM 
due to sulfur toxicosis, compared to thiamine deficiency–induced 
PEM.49,50 In sheep with PEM due to sulfur toxicosis, clinical signs 
included depression, central blindness, and head pressing, but not 
hyperesthesia, nystagmus, or opisthotonus.50 Sulfur toxicosis may 
also be suspected if evidence of acidosis or scouring is absent.49 
The ruminal contents of affected animals may smell of rotten eggs 
(H2S).49

Diagnosis. Sulfur toxicosis may be suspected in cases of PEM 
that do not respond rapidly to thiamine therapy.49,50 In suspected 
cases, all sources of feed and water should be tested for sulfur 
content. Reported cases of PEM have occurred with sulfur con-
tents of 0.43% of a diet fed ad libitum.50 Dietary sulfur contents 
of greater than 4000 ppm and water sulfur contents of greater 
than 1000 ppm are suggestive of sulfur toxicosis.33 Assessment of 
H2S in the ruminal gas cap may be useful to detect sulfur toxico-
sis. Although ruminal H2S concentrations above 1000 ppm 
are considered diagnostic, ruminal H2S concentrations may de-
cline rapidly due to anorexia in affected animals. Comparing the 
ruminal H2S concentrations of affected animals with those of 
unaffected herd mates may be more informative. On postmortem 
examination, cerebrocortical necrosis similar to thiamine defi-
ciency–induced PEM is detected. In cases of sulfur toxicosis, the 
distribution of lesions may be different, with lesions distributed 
multifocally rather than the laminar pattern seen in PEM due to 
thiamine deficiency. Severe involvement of the rostral neuroaxis, 

• Fig. 13.8  A goat with thiamine-responsive polioencephalomalacia, display-
ing opisthotonos, incoordination, recumbency, and central blindness.

are usually unrewarding but may serve to rule out other  
conditions. CSF analysis may reflect mild increases in protein 
concentrations and mononuclear cell count, and increases in  
CSF pressure are present. Specific diagnostic tests include mea-
surements of blood thiamine concentrations, erythrocyte transke-
tolase activity, and ruminal or fecal thiaminase concentrations, 
but these tests are not widely available. Erythrocyte transketolase 
activity is determined using the thiamine diphosphate (TPP) ef-
fect that measures the increase in transketolase activity when TPP 
is added to the sample in excess. A TPP effect above 70 to 80% is 
detected in animals affected by PEM.45 Sheep affected by acute 
ruminal acidosis had a mean TTP effect of 109 6 28% as com-
pared to 22.2 6 3.7% in normal sheep.37

On postmortem examination, evidence of diffuse cerebral 
edema is present. Cerebral gyri are flattened and widened and 
may be yellowish discolored. The cerebellum may be dislocated 
caudally into the foramen magnum. Using ultraviolet illumina-
tion, lesions may autofluoresce, indicating necrosis and engulf-
ment of necrotic tissues by lipophages.45 Histologically, bilateral 
cortical laminar necrosis, edema, and presence of phagocytic cells 
are detected.

Treatment. Therapy is based on immediate thiamine replace-
ment, and initial intravenous administration at a dose of 10 mg/kg 
is recommended.33 Because adverse reactions, including sudden 
death, may occur with intravenous administration of thiamine, 
the injection should be given slowly. Thiamine hydrochloride 
therapy should be continued for several days at a dose of 10 mg/kg 
administered every 3 to 6 hours by subcutaneous or intramuscular 
route. Improvement is often noticed in 6 to 24 hours, and the 
frequency of thiamine administrations can be slowly reduced. In 
severely affected animals, treatment of cerebral edema using man-
nitol (20%, 1–2 g/kg IV), followed by dexamethasone 3 hours 
later (1 mg/kg IV), has been recommended.46 Oral administra-
tion of thiamine hydrochloride (1 g) has been recommended 
when deficiencies are caused by thiaminases, or in herd outbreak 
situations, in which other animals are likely affected. Oral  
thiamine administrations may also be beneficial in cases of acute 
ruminal acidosis.37

Prevention. Adequate provision of good-quality roughage 
(1.5 kg/100 kg), allowing slow adaptation to dietary changes, 
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thalamus, and midbrain without lesions in cerebellum and  
hippocampus may be observed in animals affected by sulfur  
toxicosis.51

Treatment. Specific therapies do not exist and treatment as 
described for thiamine deficiency is recommended.

Prevention. Prevention relies on avoidance of feed and water 
sources with high sulfur contents as determined by testing. Other 
measures to reduce the incidence of PEM include allowing free 
access to a good-quality trace mineral salt, closely monitoring 
animals fed diets containing calcium sulfate, and providing  
free-choice access to good-quality forage. Oral thiamine supple-
mentation may prevent clinical signs of PEM in animals fed a diet 
high in dietary sulfur.47

Lead Toxicosis
Etiology and Pathophysiology. Lead poisoning is among the 

most frequent intoxications of ruminants, although the acute 
form of the disease is more common in cattle than in small  
ruminants.52,53 In recent years, various new sources for lead have 
been eliminated in many countries, but reports of environmental 
contamination continue to be of concern.53 Concomitant pollu-
tion with other heavy metals may occur in areas or situations in 
which lead contamination is detected.53 Sources for lead include 
lead arsenical insecticides and herbicides, lead-acid batteries, lead-
containing paints, gasoline, crankcase oil, shotgun pellets, and 
discharges from smelting plants.33,53

The pathophysiology of lead poisoning is affected by various 
factors. The route and chronicity of exposure influence the type 
and severity of clinical signs. Young animals are more susceptible 
to lead toxicosis due to higher rates of intestinal lead absorption.54 
Metallic or sulfide lead compounds are intestinally absorbed less 
efficiently than are lead acetate, phosphate, carbonate, and  
hydroxide salts; however, chronic toxicities may result from en-
trapment of metallic lead in the reticulum. Once absorbed, most 
lead is irreversibly bound to erythrocyte proteins. When aged 
erythrocytes are removed from the blood stream, lead is again  
released and deposited in bone and, in smaller quantities, in kid-
neys and liver. Lead adversely affects many biological processes 
and enzyme systems. Lead damages capillary endothelial cells and 
interferes with mitochondrial functions and neuronal ATPases, 
resulting in dysfunction of cerebral energy metabolism and subse-
quently to neurologic disease. Gastrointestinal damage results 
from caustic actions of the ingested lead salts. Interference with 
enzymes of heme synthesis, such as d-aminolevulinic acid dehy-
dratase and ferrochelatase, as well as other red cell proteins results 
in a shortened erythrocyte lifespan, anemia, and increases in 
blood d-aminolevulinic acid and porphyrin concentrations. Lead 
readily crosses the placental barrier and accumulates in fetal  
tissues, especially bones.

Clinical Signs. In cases of acute toxicosis, clinical signs of 
neurologic disease and gastrointestinal irritation predominate.  
Affected animals show bilaterally symmetric cerebral disease with 
weakness, ataxia, either dullness or excitability, cortical blindness, 
muscle tremors, and skin twitching. Clinical signs of intestinal 
irritation include abdominal pain, anorexia, and scant feces,  
followed by foul-smelling diarrhea. Subacute and chronic expo-
sures, such as those caused by industrial pollutants, may result in 
emaciation, anorexia, weakness, and anemia.53 In chronically 
exposed sheep, infertility and abortions have been reported.55 
Environmental contamination was demonstrated to cause  
increased testicular lead concentrations and reduce sperm quality 

in exposed deer.56,57 Young lambs grazing lead-contaminated 
pastures may develop stiffness, lameness, and hindlimb paralysis 
as the result of osteoporosis and weakness of vertebral bones that 
results in spinal compression. Posterior paresis in lambs with high 
tissue levels of lead, but without evidence of osteoporosis, has also 
been described.58

Diagnosis. In animals with clinical signs of PEM, the pres-
ence of fetid diarrhea and abdominal pain suggests lead toxicosis. 
Measurement of lead concentrations in whole blood samples is 
the standard method of diagnosis, and levels up to 0.3 ppm are 
considered the maximum normal concentration.59 Because blood 
lead concentrations may vary significantly by laboratory and test 
assay, the interpretation of test results as well as the choice of 
blood tubes for sample collection should be discussed with the 
laboratory. Blood lead concentrations do not reflect the length of 
exposure or tissue concentrations. In some chronic cases, blood 
lead concentrations may be normal. In these cases, submission of 
blood and urine samples after initiation of therapy with calcium 
disodium EDTA has been recommended.59 The activity of eryth-
rocyte d-aminolevulinic acid dehydratase was demonstrated to be 
a sensitive indicator of lead poisoning in sheep.60 In chronically 
exposed animals, a normocytic, normochromic anemia may be 
present. Basophilic stippling and other pathologic changes of red 
cells may be detected, but they are neither specific nor sensitive 
diagnostic tools.60 For postmortem diagnostics, liver, kidney, 
fetuses, and feed samples should be submitted either fresh or fixed 
in formalin.

Treatment. Calcium disodium EDTA is used for chelation 
therapy and removes lead from osseous, but not soft, tissues. Slow 
intravenous administration of EDTA for 3 to 5 days (70–75 mg/
kg IV, once daily) followed by 2 days without treatment and then 
3 to 5 days of additional administrations once daily has been 
recommended. An alternative treatment regimen uses 110 mg/kg 
of EDTA twice daily for 2 days, followed by 2 days without  
treatment, after which 2 more days of twice daily treatment are 
administered.59 At the time of this edition, no commercially 
available products containing Ca-EDTA are available. While the 
use of compounded products is allowed with restrictions, their use 
in food animals requires that no violative residues occur. Admin-
istration of adjunctive thiamine therapy (20 mg/kg or 500 mg/
sheep and goats and, where applicable, cervids, once daily SC) 
enhances the success of chelation therapy and reduces lead deposi-
tion in soft tissues.61,62 Oral administration of magnesium sulfate 
enhances fecal lead excretion by formation of insoluble salts.  
Further treatments may include supportive fluid therapy, nutri-
tional care (oral or total parenteral nutrition), and the control of 
seizures (0.5–2 mg/kg IV of diazepam or midazolam).

Sodium Toxicosis and Water Deprivation 
(Salt Poisoning)

Etiology and Pathophysiology. Sodium toxicosis may result 
either from ingestion of excessive amounts of sodium chloride in 
feed or water or from normal sodium chloride intake during  
restricted access to water. Susceptibility to sodium toxicosis varies 
between species and age groups, but it is plausible that all rumi-
nants can be affected, especially when access to free-choice water 
is limited. High saline concentrations are found in certain water 
sources (e.g., artesian wells), oral electrolyte solutions, or when 
salt is used to limit feed intake. Animals without prior access to 
salt may consume excessive amounts when salt becomes available. 
Limited access to water may be a factor in bottle-fed neonates and 
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transported animals or may become an issue when water  
sources malfunction or freeze. Regardless of etiology, the resulting 
hypernatremia causes fluid shifts from extracellular spaces and 
increases in CSF sodium concentrations. As a protective response 
to prevent neuronal water loss, increased concentrations of  
electrolytes and idiogenic osmoles are maintained within the 
CNS. If hypernatremic animals are allowed unrestricted access to 
water, or are rapidly rehydrated, the serum sodium concentration 
decreases and cerebral edema and PEM result as fluids follow the 
osmotic gradient into the CNS.

Clinical Signs. High dietary salt concentrations may result 
in reduced feed intake, depression, and gastroenteritis. The neu-
rologic disorder is characterized by the classic clinical signs of 
PEM, which include ataxia, central blindness, behavioral changes, 
nystagmus, opisthotonus, coma, and death. Brown-discolored 
serum and urine may result from accompanying intravascular 
hemolysis.33

Diagnosis. Historical overexposure to salt and/or water depri-
vation and the presence of hemolysis may be suggestive of salt 
poisoning. Hypernatremia may be present but may be masked by 
water intake prior to serum chemistry analysis. Sodium concen-
trations in CSF in excess of those in serum are diagnostic for salt 
poisoning.

Treatment. The type and route of administration of fluid 
therapy depend on the number of animals affected and severity of 
clinical signs. Oral and intravenous fluids should be isotonic or 
hypertonic to prevent the development of cerebral edema.  
Affected animals and herd-mates that are still able to drink should 
be provided with restricted access to water four to six times a day 
until free-choice water can be offered after 3 to 4 days. For initial 
therapy, water should be made isotonic by the addition of 9 g of 
sodium chloride per liter. More severely depressed animals should 
be given fluids by oral or intravenous route. Intravenous fluids 
should be isotonic or hypertonic, and a slow correction of the 
serum sodium concentration is desirable, especially in chronically 
affected animals. Although higher rates of correction may be toler-
ated, a reduction of the serum sodium concentration by 1 mEq/L/
hour has been recommended.63 Cerebral edema may be treated by 
administration of intravenous mannitol (20%, 1–2 g/kg IV) and, 
possibly, dexamethasone.

Prevention. The provision of free-choice water of high 
quality to animals of all ages and the proper preparation of milk 
replacers and electrolyte solutions are important in preventing  
salt poisoning.

Pseudorabies (Aujeszky’s Disease, Mad Itch)
Etiology and Pathophysiology. Pseudorabies, also called 

Aujeszky’s disease and “mad itch,” is caused by Suid alphaherpes-
virus 1 (SuHV-1), an alphaherpesvirus of swine. Other domestic 
and free-ranging species, including small ruminants, may develop 
clinical disease but are considered dead-end hosts.20 In young 
piglets, high morbidity and mortality rates occur and are associ-
ated with neurological disease. Case fatality rates decrease with 
age, and older pigs serve as the reservoir for SuHV-1. Few reports 
of pseudorabies encephalomyelitis in small ruminants exist, but 
infection may occur by bite of an infected pig, exposure of open 
wounds or mucous membranes, iatrogenically, and by airborne 
route. The virus is neurotropic and spreads centripetally from 
peripheral neurons to the CNS, resulting in progressive encepha-
lomyelitis. The incubation period and duration of clinical signs 
are short, and death occurs within 2 to 7 days.20

Clinical Signs. In infected ruminants, paresthesia and intense 
local pruritus at the site of inoculation are common.20,64 Pyrexia 
and self-mutilation result in abrasions, swelling, and alopecia. 
Other clinical signs include fever, ataxia, circling, and depression; 
however, excitement and aggression can also be observed. Death 
is preceded by recumbency, convulsions, vocalization, and other 
signs of severe cerebral disease.64

Diagnosis. Pseudorabies should be suspected in ruminants 
that had contact with pigs and show clinical signs of severe pruri-
tus and cerebral disease. At postmortem examination, superficial 
trauma is noted, and signs of meningoencephalitis, including 
histological evidence of nonsuppurative inflammation, are pres-
ent. Affected ruminants die before the development of serum 
antibodies; thus, serology is not useful. Diagnostic confirmation 
is made by identification of SuHV-1 by virus isolation, IHC,  
or PCR.

Treatment. Effective therapeutic measures are not available, 
and affected animals should be euthanized. Pseudorabies is a  
reportable disease and regulatory authorities should be alerted 
when suspicious clinical signs are noticed.

Prevention. SuHV-1 has been eradicated from domestic swine 
in many developed countries; however, the virus remains endemic 
in some populations of Eurasian wild boar and feral pigs. Contact 
of ruminants with infected pig populations should be avoided. 
Contaminated barns and paddocks can be sanitized with quater-
nary ammonium or phenol-containing compounds.65

Rabies
Etiology and Pathophysiology. Infections with rabies lyssavi-

rus (rabies virus) result in a fatal nonsuppurative encephalomyeli-
tis in all mammals. With the exception of a few countries, the 
disease has a worldwide distribution. In 2015, 5508 cases were 
detected in animals and three cases in humans in the United 
States.66 In the same year, seven sheep and goats and one deer 
were confirmed to be positive for rabies virus.66 Rabies is relatively 
rare in U.S. deer, but cases have been reported in free-ranging and 
captive deer, which accounted for 0.07% of all reported rabies 
cases between 1990 and 2009.67,68 Rabies lyssavirus belongs to the 
genus Lyssavirus in the family Rhabdoviridae. Several viral strains 
exist that are adapted to a particular host-species. In ruminants, 
the disease is associated with spillover infections from infected 
wildlife populations, which include the skunk (south-central to 
north-central United States and California), raccoon (southeast-
ern United States and East Coast), fox (southern United States 
and Alaska), and mongoose (Puerto Rico).66 Bat-associated rabies 
variants exist, which, while a public health concern, appear to be 
of limited importance for small ruminants.69 Maintenance of the 
virus within wildlife is influenced by migration, expansion, and 
density of populations. Natural barriers, such as mountain ranges 
and rivers, contain the disease geographically.20,70 Principally, 
transmission of rabies virus occurs by bite of an infected animal 
that contains the virus in its saliva. After infection, the virus rep-
licates in muscle cells and subsequently spreads toward the CNS 
by centripetal axoplasmic flow. The virus replicates in the CNS 
gray matter and, via parasympathetic nerves, invades several  
tissues, including salivary glands.71 Shedding of rabies virus 
may occur before clinical signs are noticeable. The length of the 
incubation period may be from 2 weeks to several months and 
depends on the proximity of the bite wound to the CNS.

Clinical Signs. Rabies should be a differential diagnosis in 
any animal with neurologic disease as clinical signs can be quite 
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variable. Although the disease usually affects individual animals, a 
rabid animal may infect and cause clinical signs in multiple herd- 
or flock-mates.67,72 Early clinical signs may include depression, 
ataxia, and anorexia. Proprioceptive deficits, hyperesthesia, mus-
cle twitching, and ascending paralysis develop as the disease  
progresses. Pharyngeal paralysis results in inability to swallow, 
stertorous breath, and accumulation of frothy saliva around the 
oral cavity. Behavioral abnormalities, such as aggression toward 
handlers and inanimate objects and sexual hyperactivity, may be 
intermittent. The disease is rapidly progressive and affected ani-
mals become recumbent within 3 to 5 days, followed by coma and 
death by 10 days of onset of clinical illness.73

Diagnosis. Whenever rabies is suspected, efforts must be 
focused on preventing the exposure of personnel handling the 
animal, and diagnostic samples must be appropriately labeled 
before submission. Antemortem diagnostics aid in ruling out 
other diseases but are not available for rabies testing. Collection of 
CSF should be avoided because of its zoonotic potential. The  
diagnosis of rabies is based on examination of brain sections  
by histopathology and fluorescent antibody test (FAT) on fresh 
tissues. When fresh tissues are unavailable, an immunoperoxidase 
test can be used on formalin-fixed samples. Tissues should be 
submitted cooled, but not frozen. The entire brain or head of 
suspect cases should be submitted intact. Methods of euthanasia 
that traumatize brain tissue (i.e., captive bolt or gunshot) should 
be avoided. Classically, diagnosis has been based on histopatho-
logical detection of Negri bodies within the hippocampus,  
medulla oblongata, and cerebellum, but false-negative and false-
positive findings are not uncommon. The FAT is a highly accurate 
test and detects viral antigen in the thalamus, pons, and medulla, 
among other regions.

Treatment. Rabies is consistently fatal and effective treat-
ments are not available.

Prevention. In endemic areas, vaccination of sheep and goats 
with a killed vaccine may be appropriate, and vaccines labeled for 
sheep are available. While the efficacy of rabies vaccination and 
duration of immunity in deer are limited, vaccination may be 
considered for valuable animals or those in frequent contact with 
potential host species.67,74,75 Postexposure prophylaxis depends on 
the animal’s vaccination history and the value of the animal and 
should be discussed with regulatory authorities. After cleaning 
and disinfecting all bite wounds, vaccinated animals should be 
revaccinated immediately and observed for 45 days in quarantine. 
Unvaccinated animals may be culled immediately or vaccinated 
and observed for at least 90 days to 6 months with further booster 
vaccinations during quarantine.20

Transmissible Spongiform Encephalopathy
Transmissible spongiform encephalopathies (TSEs) are a group of 
slowly progressive neurodegenerative diseases of humans and ani-
mals. While other factors may be involved in the pathophysiology, 
TSEs are caused by prions (proteinaceous infectious particle), 
which are transmissible, self-replicating proteins that induce mis-
folding of host proteins. Misfolded proteins are not removed from 
the body and accumulate in host tissues. Over time, accumulation 
of prion proteins in nervous tissues results in cell death and the 
typical spongy appearance of affected tissues. There are many 
similarities between the TSE affecting small ruminants, such as 
length of incubation time, uniform fatality in affected animals, 
alimentary route of infection, and presence of abnormal prion 
protein in lymphatic tissues allowing antemortem testing. While 

infection of sheep, goats, and European red deer with bovine 
spongiform encephalopathy (BSE) by the alimentary route is  
possible,76,77 the principle TSEs of sheep and goats and cervids 
are scrapie and chronic wasting disease (CWD), respectively. For 
information on appropriate collection of samples for scrapie and 
CWD testing, please see Chapter 20.

Scrapie
Etiology and Pathophysiology. Scrapie is the earliest known 

member of the TSEs and is characterized as a uniformly fatal, 
progressive neurodegenerative disease of sheep and, less fre-
quently, goats. The disease is classified as “classical scrapie” or 
“atypical scrapie” according to immunobiochemical differences 
and variations in the localization of neuropathological lesions. 
Both classical and atypical forms of scrapie have been reported in 
sheep and goats.78 In addition, BSE can occur naturally in 
goats.79,80 Scrapie is endemic in most countries but appears to 
have been eliminated from Australia and New Zealand by exten-
sive slaughter campaigns. Prevalence rates of 0.1 to 0.3% have 
been reported, but accurate estimates are difficult to obtain. Bias 
from testing sensitivity, underreporting of fallen animals, and dif-
ferences among tested populations (e.g., fallen, culled, or adult 
slaughtered sheep) exists.81–84 Since the institution of a mandatory 
surveillance program in the European Union (EU) in 2002, larger 
numbers of classical and atypical scrapie have been discovered, of 
which many were in a preclinical stage. From 2002 to 2008, scra-
pie was detected in 15,034 sheep and 3292 goats in the EU.78 
While prions are the most widely accepted cause of scrapie, other 
hypothesized agents including bacteria and small virions might be 
involved in the pathophysiology of TSEs and the production of 
the characteristic abnormal protein found in affected animals.85,86

Scrapie-associated prion protein (PrPSc) is highly resistant to 
many methods of disinfection and can be recovered from fresh-
frozen or formaldehyde-fixed tissues.87 Common to all TSEs is the 
misfolding and accumulation of PrPSc, an abnormal isoform of a 
host-encoded glycoprotein that is found in high concentrations in 
lymphoreticular and nervous tissues. Accumulation of PrPSc in 
nervous tissues is associated with the development of clinical 
signs. Transmission of the agent is not fully understood; however, 
infected animals contaminate pastures by shedding from the  
placenta and fetal fluids and possibly by other routes.88 Shedding 
of the pathogen occurs during the extended incubation period, 
and transmission occurs likely only by the horizontal route.  
Susceptible sheep and goats ingest the pathogen, and young sheep 
appear most susceptible to infection.89 Susceptibility and length 
of incubation time are strongly associated with polymorphisms of 
the prion protein gene. In sheep, polymorphisms at codons 136, 
154, and 171 (A136V/T, R154H/L, and Q171R/H/K) are linked 
to susceptibility or resistance to classical scrapie. While various 
polymorphisms exist, the ARR/ARR genotype is most resistant to 
scrapie and therefore recommended for breeding. The greatest risk 
for classical scrapie is found in sheep with genotypes VRQ/VRQ, 
VRQ/ARQ, VRQ/ARH, and VRQ/AHQ.90 Less complex than 
in other breeds, the increased susceptibly of Suffolk sheep is  
associated with homozygosity for glutamine (Q) at codon 171. 
Genotype ARR/ARR does not protect from atypical scrapie, in 
which polymorphisms of codons 141 and 154 are of importance 
for disease susceptibility.90 In goats, susceptibility to scrapie is also 
associated with PrP gene polymorphisms; however, these are not 
completely understood. Codons 142, 154, 211, and 222 appear 
to be influential for classical scrapie in goats, while codon 154 was 
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related to atypical caprine scrapie.78,91 After ingestion, the agent 
crosses the intestinal mucosa and invades gut-associated lymphoid 
tissues, where it replicates and disseminates to other lymphoid 
organs, before invasion of the nervous system. The agent reaches 
the CNS by way of the enteric nervous system, following the 
sympathetic and parasympathetic nerve fibers.88 Initial infection 
of the brain is localized in the diencephalon and medulla oblon-
gata, with subsequent replication in other areas of the brain. A 
noninflammatory, vacuolar degeneration (spongiform) of the gray 
matter with the presence of PrPSc in scrapie-associated fibrils 
follows and results in clinical signs.

Clinical Signs. Scrapie is a progressive and protracted 
neurological and dermatological disease characterized by intense 
wasting, pruritus, behavioral changes, and gait abnormalities. The 
clinical course may last from 2 to 12 months, but in sheep is com-
monly around 6 months and in goats is 2 to 24 weeks.92 Affected 
animals are usually between 2 and 5 years of age but may be older. 
Initial clinical signs are subtle and noticed intermittently. Behav-
ioral changes such as aggression toward people and objects, fixed 
gaze, charging dogs or gates, and failure to respond to herding are 
noticed. Affected animals begin rubbing and biting especially on 
tail head, rump, thighs, and dorsum, and ataxia, and weight loss 
becomes apparent. As clinical signs worsen, pruritus becomes 
more persistent and leads to wool loss and self-inflicted trauma, 
which may manifest as aural hematomas, facial swelling, and 
secondary bacterial infections (Figure 13.9). Application of pres-
sure to affected areas may provoke a “scratch reflex,” during which 
the animal nibbles on the distal extremities, smacks and licks its 
lips, or performs rhythmic head movements. Gait abnormalities 
begin as hindlimb ataxia and are progressive (Figure 13.10). Poor 
postural reactions, exaggerated gaits, hypermetria, “bunny-hop-
ping,” and falling can be observed. Affected animals separate from 
the flock or herd and become severely anorectic, which may pre-
dispose to pregnancy toxemia. Other clinical signs may include 
nystagmus, inability to swallow, dysphonia, blindness, and vomit-
ing. Severely affected animals are emaciated and weak and become 
recumbent with convulsions and hyperextension of the limbs.87,92

Diagnosis. Scrapie is a reportable disease, and early contact 
with regulatory authorities limits the potential for misdiagnosis 
and errors in the enforcement of control and eradication strate-
gies. Clinical signs of scrapie are variable and nonspecific and may 

go unnoticed in early cases. Antemortem diagnostics for scrapie 
rely on the detection of PrPSc in lymphoid tissues; therefore, suc-
cessful detection depends on the stage of the disease, the genotype 
of the affected animal, and the collection of sufficient lymphatic 
tissue.93 IHC is used on biopsies from tonsils, pharyngeal lymph 
nodes, or lymphoid follicles in the rectal mucosa or third eyelid.94 
Detection of PrP plaques in lymphoid tissues enables the identifi-
cation of preclinical animals, before involvement of the nervous 
system. Tonsillary biopsies are better samples for analysis but are 
difficult to collect. Third eyelid biopsies are easier to obtain  
but may not contain sufficient amounts of lymphoid tissue, espe-
cially in early cases, when PrPSc is less evenly distributed.94 For 
collection of third eyelid biopsies, animals are sedated and topical 
analgesia is applied. Visualization of the lymphoid tissue may be 
enhanced by adding histamine to the topical analgesic. Following 
eversion of the third eyelid, lymphoid biopsies are excised using a 
pair of scissors.87 Rectal biopsies are relatively easy to collect and 
can have similar sensitivity rates as tonsil samples if at least  
10 lymphoid follicles are obtained.95

Postmortem diagnostics are based on histological identifica-
tion of degenerative changes in the CNS gray matter. Submitted 
samples must be of good quality. Distribution of lesions varies by 
the genotype of infected animal and infecting scrapie agent.94 In 
classical scrapie, typical PrPSc distribution is observed in the 
medulla oblongata and the peripheral lymphoreticular system, 
but in atypical scrapie, PrPSc accumulates preferentially in cerebel-
lar cortex. Identification of PrPSc is performed by IHC, western 
blot, ELISA, or conformation-dependent immunoassay94 (see 
Chapter 20).

Treatment. An effective treatment is not available. Early 
diagnosis and removal of affected animals are important for  
preventing disease transmission and should be performed in  
collaboration with regulatory authorities.

Prevention. Scrapie prevention is based on removal of affected 
and high-risk animals from herds, biosecurity, and selective breed-
ing for resistant animals. When affected small ruminants are 
identified, regulatory authorities may require removal and testing 
of the entire flock or affected and high-risk animals (sheep born 
in the same year as affected, offspring of affected sheep, lambs 
born in the year affected ewe gave birth).87 In the United States, 
the Voluntary Scrapie Flock Certification Program identifies and 

• Fig. 13.9  Patchy wool loss in a Southdown sheep with clinical scrapie. 
(Courtesy Dr. Michelle L. Crocheck, Ames, Iowa.)

• Fig. 13.10  Hunched posture and wool loss in a Suffolk sheep with clini-
cal scrapie. (Courtesy Dr. Michelle L. Crocheck, Ames, Iowa.)
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monitors enrolled flocks and, if scrapie is not detected, assigns the 
certified status. These herds avoid trade restrictions that are other-
wise impeding the U.S. sheep industry. National breeding efforts 
to perpetuate resistant genotypes and increased testing strategies 
are utilized in scrapie eradication efforts in countries of the EU. 
In the United Kingdom, where widespread testing of breeding 
sheep has been performed since 2001, genotypic selection has  
effectively altered the national PrP genotype, while having little 
influence on performance traits or increased inbreeding.96 While 
genetic selection for resistance is utilized for the prevention of 
classical scrapie in sheep, breeding for resistance against atypical 
scrapie and scrapie resistance in goats still proves challenging.

Chronic Wasting Disease
Etiology and Pathophysiology. CWD is a prion disease of 

captive and free-ranging cervids that was first described in captive 
mule deer in Colorado in 1967 and later classified as a TSE.97 In 
addition to mule deer, CWD can affect other North American 
cervids, including elk (wapiti), white-tailed deer, and, less com-
monly, moose.98,99 Since the first description of CWD, the disease 
has expanded rapidly and has been detected in captive and/or 
free-ranging deer in 23 U.S. states and two Canadian prov-
inces.100 The disease also occurred in Canadian elk imported to 
South Korea and was detected, more recently, in free-ranging 
reindeer in Norway.101,102 The prevalence of CWD in affected 
free-ranging populations is dependent upon species, geographic 
location, age, and sex. While the prevalence in free-ranging popu-
lations is generally lower than in captive cervid populations, rates 
exceeding 10% can be observed in endemic areas.103 In contrast 
to the relatively stable dispersion of the disease in free-ranging 
cervids, captive herds can experience epidemics, during which the 
incidence of disease may approach 90%.104,105

Transmission of CWD is mainly by horizontal spread of infec-
tious prions, either directly by contact with infected animals or 
indirectly by exposure to contaminated environmental sites while 
foraging. Infected deer shed prions in saliva, urine, velvet, and 
feces, and shedding of sufficient amounts to cause transmission 
can occur from preclinical and clinical deer.104 In addition to ex-
cretions from infected deer, decomposing carcasses also serve as a 
source of environmental contamination and infection.106 Similar 
to scrapie prions, CWD prions are very stable in the environment 
and can persist for years. Prions can bind to soil, which, depend-
ing on soil type, enhances environmental persistence and infectiv-
ity and may influence the CWD epidemiology.107,108

Infection is the result of ingestion or inhalation of the infec-
tious prion, which crosses the mucosal barriers and invades oro-
pharyngeal lymphatic tissues. Following several weeks, prions in-
vade systemic lymphoid tissues and reach high concentrations, 
prior to neuroinvasion.109 Ascending fibers of the autonomic ner-
vous system allow prion invasion of the CNS, with widespread 
distribution at the onset of clinical signs.104

As with scrapie, susceptibility to CWD and length of incuba-
tion time are associated with genetic variation in the prion protein 
gene, and polymorphisms associated with reduced susceptibility 
have been identified in white-tailed deer, mule deer, and elk.110 
CWD was demonstrated to cause a population decline in some 
deer populations, and there exist a selection pressure toward the 
CWD-resistant genotype.111,112

Clinical Signs. The incubation time of CWD varies based on 
genetic susceptibility but is generally at least 1 to 2 years.113,114 
Clinically, CWD is characterized by progressive weight loss and 

behavioral changes. Behavioral changes and subtle locomotive 
changes are among the first clinical signs.104 Affected animals have 
difficulty swallowing, ptyalism, polydipsia, and polyphagia. Ab-
normal gastrointestinal function including esophageal dilatation 
and abnormal rumen content may be associated with aspiration 
pneumonia. Additional clinical signs include proprioceptive defi-
cits, ataxia, head tremors, altered posture, low head carriage, and 
increased time spent recumbent. Affected captive deer may sur-
vive for several weeks to months.97 CWD increases the likelihood 
of free-ranging animals dying from predation or vehicular trauma, 
shortening the clinical course of disease.115,116

Diagnosis. As described for scrapie, there exist methods 
for antemortem and postmortem diagnosis of CWD. However, 
while sensitive assays that may allow routine antemortem testing 
of captive and wild cervids have been developed in the last  
20 years, currently approved CWD tests use tissues (medial retro-
pharyngeal lymph nodes or brainstem [obex]) from dead deer.  
On necropsy of CWD-affected deer, pathognomonic CNS lesion 
can be detected, including microcavitation of the neuropil, intra-
cytoplasmic vacuolization, astrocytic hypertrophy and hyperpla-
sia, and neuronal degeneration. Within these lesions, amyloid 
plaques can be visualized by Congo red or Bodian silver staining.117 
Confirmation of the presence of abnormal prion protein can be 
performed by use of immunoassays including Western blot, IHC, 
and enzyme immunoassay. For testing by IHC, tissues should be 
submitted in 10% buffered formalin. More recently, an ELISA  
assay (Bio-Rad ELISA BioRad, Hercules, CA, USA) has been  
approved for CWD detection, for which either chilled or frozen 
tissues should be submitted. The retropharyngeal lymph node and 
dorsal motor nucleus of the vagus in the obex are tissues in which 
abnormal protein is found relatively early in the disease progression 
and are therefore considered the gold standard for postmortem  
diagnosis117 (see Chapter 20, Figures 20.20, 20.21, and 20.22).

While immunoassays are very accurate for postmortem  
diagnosis of CWD in clinically affected animals, they may lack 
sufficient sensitivity for reliable detection of abnormal prions for 
antemortem diagnosis in clinically normal animals and are insuf-
ficient for other sample types such as bodily fluids and soil. To 
achieve greater test sensitivity, in vitro amplification of low levels 
of abnormal prion in a sample can be performed using assays such 
as protein misfolding cyclic amplification or real-time quaking-
induced conversion assay. The use of these in vitro conversion 
assays may allow accurate antemortem detection of CWD- 
infected animals using easily obtainable samples; however, proper 
sample collection and handling remains crucial.117

Treatment. There currently exists no effective treatment 
for CWD.

Prevention. In captive deer, prevention of CWD is centered 
around surveillance for infected animals and biosecurity. In the 
United States, a Voluntary National CWD Herd Certification 
Program was instituted in 2012 and directs enrolled herd owners 
to identify and maintain records of individual animals, control 
deer movement with adequate fencing, test all animals over  
12 months of age that die or are killed for CWD, and limit new 
herd additions to animals obtained from certified herds. Herds 
that are free from CWD for 5 years are certified as low risk for 
CWD and are allowed interstate transport of deer. Some U.S. 
states are not participating in this federal program but may have 
similar or stricter requirements for CWD control.

CWD control in free-ranging animals is based upon surveil-
lance, preventing unauthorized introduction of deer through in-
terstate transport, preventing aggregation of deer at supplemental 
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feeding and baiting sites, and reduction of population densities by 
increased hunting. Selective and nonselective removal and control 
strategies have been evaluated, and while some successful control 
strategies were identified, they may not be generally applicable to 
all environments.118

Urea (Ammonia) Toxicity
Etiology and Pathophysiology. Sheep, goats, or cervids fed 

urea as a source of nonprotein nitrogen, or those accidentally  
exposed to large quantities as a result of fertilizer spills, mixing 
errors, or contamination of water sources, may develop toxic-
ity.119,120 The toxic dose (minimal lethal dose) in ruminants is 
approximately 500 mg/kg.121 In the rumen, urea is catabolized 
to ammonia and assimilated into microbial proteins, provided 
that adequate carbohydrates are available. If this process is over-
whelmed, ammonia is absorbed from the rumen and detoxified  
by the liver. Absorption of ammonia exceeding the liver capacity 
results in clinical signs. Risk factors for the development of toxic-
ity include lack of adaption, high rumen pH (associated with 
poor-quality forages), concurrent feeding of soybean meal (high 
in urease), and the lack of readily fermentable carbohydrates in 
the diet.122

Clinical Signs. Affected animals may display signs of severe 
abdominal pain, become bloated, regurgitate, and froth at the 
mouth. Muscle tremors, hyperesthesia, incoordination, weakness, 
ataxia, violent struggling, convulsions, and recumbency may be 
observed.123 Severely affected animals die from cardiac or respira-
tory failure.

Diagnosis. History of exposure and clinical signs may suggest 
urea toxicity. On serum chemistry analysis, markedly increased 
glucose and potassium concentrations, elevated aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) activities, 
and decreased sodium concentrations may be present.123,124 The 
ruminal pH is markedly increased (,7.5–8), and ammonia con-
centrations are elevated in rumen, blood, and ocular samples.

Treatment. Infusion of cold water and 5% acetic acid 
(vinegar, 0.5–1 L) into the rumen reduces the degradation of urea 
to ammonia and decreases its absorption. This treatment may 
need to be repeated. In valuable animals, intravenous fluid  
therapy and a rumenotomy to remove rumen contents should  
be considered.

Prevention. Rations containing urea should be slowly 
introduced and never contain more than 3% of the chemical.  
The adaptation to urea feeding is lost rapidly (1–3 days), and  
animals must be reintroduced to such rations when urea feeding 
is interrupted.

West Nile Virus Encephalitis
Etiology and Pathophysiology. West Nile virus (WNV) is a 

flavivirus in the family Flaviviridae with wide geographic distribu-
tion. After its first introduction in 1999, the virus has become 
endemic in the United States. Although different studies have 
demonstrated antibodies in sheep and goats, disease caused by 
WNV appears to be rare in small ruminants.125,126 WNV has 
caused sporadic cases of fatal meningoencephalomyelitis in 
sheep.127,128 Similarly, there is serologic evidence of infection of 
deer in Europe and North America, but reports of clinical disease 
are rare.129 Maintenance of WNV relies on an endemic cycle that 
involves mosquitoes (mainly Culex spp.) and various species of 
birds. When a susceptible bird is bitten by an infected mosquito 

during the vector season (July to October), an amplifying viremia 
develops that allows transmission of WNV to another mosquito. 
Large warm-blooded animals appear to be dead-end hosts that do 
not develop viremia sufficient to transmit the virus to uninfected 
mosquitoes.

Clinical Signs. The disease typically affects only individual 
animals within a herd.128 The duration from initial clinical signs 
to death has been reported to be as short as 8 hours to over  
1 week.128,130 Initial clinical signs include fever, depression, ataxia, 
and teeth grinding. Muscle fasciculations, ataxia, and spasms are 
typical signs of WNV infection in horses and have been described 
in sheep and deer. Affected animals become recumbent and may 
convulse preceding death.131,132

Diagnosis. Low viral titers often make attempts of detecting 
WNV in blood samples unrewarding. Hyperfibrinogenemia  
and increased muscle enzymes due to muscle fasciculation and 
recumbency may be present on blood samples. On CSF analysis, 
increased protein concentrations and mononuclear pleocytosis 
can be observed. Definitive diagnosis is based upon comparison 
of acute and convalescent antibody titers or postmortem examina-
tion. Nonsuppurative encephalitis with lymphocytic, plasmacytic 
perivascular inflammation may be suggestive histopathologically. 
The virus can be detected in nervous tissue by virus isolation, 
PCR, or IHC.

Treatment. Reports of effective therapy in small ruminants do 
not exist and treatment is supportive. In addition to fluids, nutri-
tional support, provision of deep bedding, and antiinflammatory 
therapy have been recommended.20 However, studies evaluating 
the efficacy of steroidal or nonsteroidal antiinflammatory drugs or 
oral vitamin E supplementation for its antioxidant properties have 
not been published.

Prevention. Currently, an approved WNV vaccine for use in 
ruminants does not exist, but several vaccines are approved for use 
in horses. Seroconversion and apparent safety were demonstrated 
in reindeer vaccinated with a killed equine vaccine,133 but routine 
vaccination of small ruminants and deer against WNV appears to 
be unnecessary. Prevention of mosquito bites by application of 
repellants, housing animals indoors at dusk and dawn, and use of 
fans to limit indoor invasion and feeding of mosquitoes has been 
recommended.20

Cerebellar Diseases

Grass Staggers
Grass staggers refers to any plant-associated tremor syndrome 
caused by the ingestion of endophytic or intrinsic toxins of 
grasses. Since these toxins confer protection from parasites and 
overgrazing (plant-defensive compounds), infested grasses often 
have a selective advantage over noninfested grasses.134 Although 
toxic principles vary among grasses, the clinical characteristics of 
grass-associated tremor syndromes are similar.

Etiology and Pathophysiology
Annual Rye Grass (Lolium rigidum) Toxicity is caused by co-

rynetoxin produced by Clavibacter toxicus, which infects seed galls 
of annual rye grass infested with the nematode Anguina agrostis. The 
disease has been reported in Oregon, but principally is a problem 
in Australia and South Africa.134,135 Although clinically similar to 
perennial rye grass staggers, toxicosis associated with annual rye 
grass causes severe brain pathology and may be lethal.134

Bermuda Grass (Cynodon dactylon)  The toxic principle 
of offending Bermuda grass pastures has been uncertain but  
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proposed to be intrinsic alkaloids or mycotoxins.136 Production of 
tremorgenic indole-diterpenoid mycotoxins by Claviceps cynodon-
tis similar to those of Claviceps paspali was detected on ergotized 
Bermuda grass samples and reported to cause clinical signs.137

Canary Grass (Phalaris spp.)  Tryptamine alkaloids present in 
certain species of canary grass inhibit the breakdown of serotonin 
by monoamine oxidase, increasing the responses to excitatory 
stimuli in specific brain and spinal cord nuclei.138 Canary grass 
intoxication manifests in the cardiovascular and nervous systems, 
with an acute form of the disease affecting the cardiovascular 
system, while nervous system disease occurs with prolonged expo-
sure to the toxin.139 Only weaned animals are affected in an out-
break, and morbidity rates of up to 80% and mortality rates of 
20% have been described.140

Dallis Grass (Paspalum spp.)  Infestation of grasses of the 
genus Paspalum, including Dallis grass, water couch grass, and 
Argentine bahia grass, with the ergot fungus C. paspali results in 
production of tremorgenic mycotoxins (paspalitrems).The fungus 
infects seed heads, and large amounts of toxin are found in the 
reddish-brown to black sclerotia.139

Perennial Rye Grass (Lolium perenne)  Infestation with Acre-
monium loliae and production of tremorgenic mycotoxins (lolit-
rems) mainly occur during ambient temperatures over 23° C 
(73.4° F) in closely grazed pastures, and the concentration of 
toxin varies seasonally.139 Fungal growth is greatest in basal leaf 
sheaths, and lolitrem B levels of 1800 to 2000 ppb are considered 
the threshold of disease.141 In addition to sheep and goats, the 
disease has been reported in farmed elk (wapiti), red deer, and 
fallow deer in Australia and New Zealand, with wapiti appearing 
to be more susceptible than red deer.142,143

Clinical Signs. Findings are similar for any of the tremorgenic 
grass staggers, regardless of the grass species involved. Multiple ani-
mals in an affected herd often show clinical signs including muscle 
tremors, stiffness, and ataxia. Affected animals exhibit a spastic, 
hypermetric gait and are prone to falling. Excitement or external 
stimuli exacerbate clinical signs and can produce intention tremors 
of the head.136 In addition to ataxia and tremors, ingestion of 
phalaris grass could result in signs of cardiovascular disease includ-
ing arrhythmia, dyspnea, cyanosis, and sudden death.

Diagnosis. Antemortem diagnosis is based on identification 
of the typical clinical signs in animals on contaminated pastures 
and detection of the toxin in plant or seed head. In cases of canary 
grass staggers, severe pathological lesions can be observed in lungs, 
heart, kidneys, and CNS.

Treatment. Animals should be quietly removed from offending 
pastures and provided alternate feed sources. Although severely af-
fected animals may have to be euthanized, spontaneous recovery 
from grass staggers is possible but may take several months.

Prevention. Grasses in which the toxic principle resides in the 
seed head (annual rye grass, Bermuda grass, and Dallis grass) can 
be mowed before seed head development. Mowing and raking 
seed heads or intermittent grazing has also been recommended.139 
Pastures may have to be burned or sprayed, tilled, and reseeded.139 
Toxins produced by claviceps fungi in Bermuda and Dallis grass 
survive drying and remain toxic for years.

Diseases of Brain Stem and CNs

Listeriosis
Etiology and Pathophysiology. Infections with Listeria mono-

cytogenes are common in sheep, goats, and deer worldwide, but 

the disease is most often encountered in temperate climates. In 
addition to focal encephalitis, which is the most common form in 
ruminants, L. monocytogenes may cause septicemia, abortions, 
mastitis, and ophthalmitis, which usually present as separate  
disease entities.144,145 The gram-positive, facultatively intracellular 
bacteria are ubiquitous in the environment of domestic and  
free-ranging animals and can be shed by healthy carrier ani-
mals.146 L. monocytogenes is shed in feces, milk, tears, nasal 
secretions, and uterine fluid of sick and apparently healthy rumi-
nants. Shedding in milk is of concern because the organism is an 
important food-borne zoonotic pathogen. L. monocytogenes sur-
vives for months to years in soil, feces, and contaminated feed and 
is able to grow at broad ranges of pH and temperatures, including 
refrigeration temperatures.147 Classically, listeriosis is associated 
with feeding of improperly fermented silage with pH . 5.5, but 
sources of infection also include other spoiled forages, such as the 
bottom of round bales and rotten vegetation (e.g., grass clip-
pings). Goats consuming woody browse can also be at increased 
risk for the disease.148 Although listeriosis can occur during any 
time of the year, greater morbidity rates are observed during the 
winter months,149 coinciding with silage feeding and crowded 
winter housing. In a listeriosis outbreak in fallow deer that  
occurred during the winter and early spring, suspected risk factors 
included poor beech-mast crop, increased stocking density, and 
sudden weather changes.150

Following ingestion, L. monocytogenes crosses mucosal surfaces, 
resulting in bacteremia, septicemia, and infection of placenta and 
fetus. Although the bacteria may breach the blood-brain barrier 
within infected leukocytes or by direct invasion of endothelial 
cells, invasion of the CNS in ruminants is thought to be most 
commonly by centripetal migration within axons of CNs.151 In 
small ruminants, axonal migration within the trigeminal nerve 
has been demonstrated, and other CNs may serve as ports of  
entry.151,152 Abrasions in the oral cavity associated with hard feed-
stuffs and the replacement of teeth appear to allow entrance of the 
bacteria into CN rootlets, but invasion through intestinal and con-
junctival mucosae may also be possible.144,151 Once in the CNS, L. 
monocytogenes induces the formation of microabscesses, focal neu-
ronal necrosis, and neuronophagia. Clinical signs depend on the 
location of lesions. Commonly, the brainstem and roots of CNs are 
affected. Lesions may also extend into more rostral regions of the 
brain, including the cerebellum, midbrain, and thalamus.151

Clinical Signs. Listeriosis commonly causes unilateral loss of 
function of multiple CNs. Affected animals are anorectic  
and depressed, which may result from metabolic abnormalities, 
meningitis, and involvement of rostral brain regions. Listeriosis is 
an acute disease that, in the absence of therapy, rapidly progresses. 
Fever is observed only in the early stages of the disease, and  
affected animals are often dehydrated and have decreased rumen 
motility. The impaired function of CNs results in facial hypalge-
sia, dropped jaw, and dysphagia (CN V); drooped lips and  
ears, nasal deviation, and ptosis with secondary exposure  
keratitis (CN VII); head tilt, circling, and nystagmus (CN VIII) 
(Figure 13.11); pharyngeal paresis, dysphagia, and upper respira-
tory stertors (CN IX and X); and unilateral tongue paresis and 
dysphagia (CN XII). Involvement of other areas of the nervous 
system may cause further clinical signs, and spinal cord deficits 
may result in limb paresis or paralysis.153 The case fatality rate in 
untreated animals approaches 100%. Recumbency, torticollis, 
and opisthotonus are observed in moribund animals.144,154

Diagnosis. Listeriosis is one the most common CNS diseases 
of ruminants and should be suspected when clinical signs of  
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supported in sternal recumbency, and given adequate supportive 
care. Animals that are treated before becoming recumbent have a 
fair to good prognosis if appropriate antibiotic and supportive 
therapy are provided. Therapy appears to be less effective in sheep 
than in goats.

Prevention. Proper storage and handling of feedstuffs to 
prevent growth of L. monocytogenes are important in preventing 
exposures. Removal of improperly fermented silages and rotten 
forages decreases exposure to the organism. As many healthy  
ruminants, including wildlife, shed L. monocytogenes, fecal con-
tamination of feed sources should be prevented. Adequate animal 
hygiene, prevention of overcrowding, and providing access to 
pasture decrease the risk of listeriosis.149

Otitis Media and Interna
Etiology and Pathophysiology. Infections of the ear are com-

mon in ruminants, and involvement of the middle and/or inner 
ear may be associated with clinical signs of vestibular disease and 
loss of facial nerve function. Invasion of the middle ear by patho-
gens can occur by three routes: (1) invasion of pathogens through 
the auditory tube, which extends from the nasopharynx to the 
middle ear; (2) extension of an infection from the external ear 
canal through the tympanic membrane; and (3) hematogenous 
spread secondary to bacteremia. Hematogenous spread is believed 
to be least common because bacteremia is uncommon in cases of 
otitis media.144 Otitis media/interna most commonly occurs by 
invasion of respiratory bacterial pathogens through the auditory 
tube, and young animals, such as feedlot lambs, are at an in-
creased risk.159,160 Inflammation and accumulation of exudate 
caused by infection of the middle ear result in clinical signs of 
facial nerve dysfunction. Otitis media may remain localized or 
extend through the tympanic membrane into the external ear 
canal. Extension of otitis media into the inner ear is also possible, 
resulting in otitis interna and clinical signs of vestibular disease.

Various bacteria have been isolated from sheep and goats af-
fected by otitis. While reports of bacterial isolation from cervine 
otitis cases are sparse, bacterial pathogens associated with respira-
tory disease in deer are likely to be causative. Mixed bacterial 
populations are often present in otitis cases, and the composition 
of bacterial populations depends on the route of infection.  
In small ruminants, reported bacteria include Mannheimia 
haemolytica, P. multocida, P. aeruginosa, Neisseria catarrhalis, coagulase-
positive, hemolytic and mixed hemolytic Staphylococcus spp., 
hemolytic Streptococci spp., and coliforms.159–161 Several species of 
Mycoplasma, some of which are pathogenic, have been recovered 
from the external ear canal of goats; however, their importance in 
otitis media/interna is uncertain.162–164 A role of ear mites in the 
transmission of Mycoplasma spp. has been suggested, and the 
presence of Mycoplasma in ear-swap samples was associated with 
the presence of ear mites.165,166 Ear mites occur in all ages and 
both sexes of animals, but breeds with dependent ears and 
younger animals may be at increased risk.167,168 In goats, the ear 
mites species Psoroptes cuniculi and Raillieta caprae are commonly 
detected, but infestations are usually subclinical.167,169 Signs of 
otitis externa, including an increased amount of cerumen, drain-
age of purulent material, and head-shaking are present in a small 
percentage of infested animals.167,168 Similarly, otitis externa and, 
less commonly, otitis media caused by P. cunniculi can occur in 
mule deer and white-tailed deer, and rates of infestation appear 
to be greater in captive deer.170–172 Infestation of sheep with Pso-
roptes ovis, which is endemic in many herds, results in clinical 

• Fig. 13.11  Severe head tilt in a goat with listeriosis. Other clinical signs 
in this animal included circling, nystagmus, ataxia, and inability to blink.

unilateral brainstem disease are present. Clinical signs are not 
pathognomic for listeriosis, and specific antemortem tests are  
not available. Clinical pathology reflects metabolic derangements 
associated with dehydration (azotemia, increased hematocrit,  
and increased total protein concentration) and metabolic acidosis, 
which results from loss of salivary bicarbonate in dysphagic  
animals.155 Identification of elevated protein concentrations and 
mononuclear pleocytosis in CSF is useful in diagnosing listeriosis. 
Mononuclear cells often predominate in the CSF of affected  
animals, but neutrophils (see Figure 13.6C) are also elevated. 
L. monocytogenes is rarely identified in CSF, and microbiological 
culture or PCR techniques on CSF samples are unrewarding.156 
On gross postmortem examination, severe pathologic lesions  
are usually absent, but CNS microabscessation and neuronal  
necrosis are characteristic histopathological findings. In tissues, 
the bacteria may be identified using fluorescent antibody or IHC 
techniques.157

Treatment. Treatment of listeriosis includes antibiotic, antiin-
flammatory, and supportive therapy. Therapy must be initiated 
early in the disease course, as the treatment of severely ill and  
recumbent animals is rarely successful.155 Commonly used antibi-
otics include oxytetracycline (5–10 mg/kg slow IV twice a day), 
penicillin (22,000–44,000 IU/kg IM as procaine penicillin twice 
a day or IV as potassium penicillin two to four times a day), and 
florfenicol (20 mg/kg IM every 48 hours). Antibiotic choices 
should not include cephalosporins to which Listeria are intrinsi-
cally resistant, or aminoglycosides, which are discouraged for  
use in food animals and appear not to increase the likelihood  
of successful therapy.158 Nonsteroidal antiinflammatory drugs 
(flunixin meglumine 1.1–2.2 mg/kg IV SID to BID) and fluid 
therapy to correct dehydration and acid-base abnormalities are 
recommended. In cases of conjunctivitis or keratitis, broad- 
spectrum ophthalmic antibiotics (tetracycline) and ophthalmic 
atropine may be indicated. Supportive care involves provision of 
good bedding and maintaining animals in sternal recumbency. 
Enteral force-feeding of alfalfa or beet-pulp slurries, moist feeds, 
green browse, improvement of ruminal microflora by transfauna-
tion, and administration of vitamin B complex might provide 
additional benefit. Recumbent animals should be turned often, 
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sheep scab that is characterized by exuberant yellowish scab  
on the ears and body, intense pruritus, wool loss, and secondary 
lesions.173

Clinical Signs. Otitis externa may be subclinical. Clinical 
signs, when present, include excessive head shaking, ear twitch-
ing, and scratching. Excessive production of cerumen and  
formation of casts at the base of the ear are common findings. In 
addition, scabs and infected crusty lesions may be noted. In  
more severe cases, aural hematomas and abscesses resulting  
in thickening and distortion of the pinnae (cauliflower ears) 
might be present.174 Animals affected by uncomplicated otitis 
media are usually alert and appetent, which can assist in ruling 
out listeriosis.144 Visible discharge from the external ear canal may 
be present in some cases. Loss of facial nerve function results in 
ear droop, the most common clinical sign in affected animals.144 
Ptosis, lip droop, exposure keratitis on the side of the lesion, and 
deviation of lips and nostrils to the opposite side might also be 
observed. Vestibulocochlear nerve dysfunction may follow exten-
sion of the infection into the inner ear and is characterized by 
head tilt, incoordination, falling to the affected side, and occa-
sionally nystagmus. Circling is observed to the same side as the 
head tilt and the tightness of circles may aid in differentiation 
from central vestibular disease, in which the diameter of circles  
is smaller.1

Diagnosis. In addition to the physical and neurologic exami-
nations, an otoscopic examination of the ear canal for presence of 
foreign bodies, severity of inflammation, and integrity of the  
tympanic membrane should be performed. Visualization of the 
tympanic membrane is often complicated, and endoscopy is a 
useful adjunct when evaluating the external ear canal. The pres-
ence of ear mites may support a diagnosis of otitis media, but this 
finding may be incidental. Mites may be localized deep in the ear 
canal at the tympanic membrane, which complicates their recov-
ery by swabbing or irrigation. Bacterial culture of exudate from 
the external ear should include testing for Mycoplasma spp. and 
antimicrobial sensitivity testing. Ancillary diagnostic tests such as 
CBC, serum chemistry, and CSF analysis typically are not helpful 
for diagnosing otitis media/interna, except when meningitis or 
secondary systemic illness is present. Radiographically, thickening 
and loss of definition of the temporal bulla and sclerosis of the 
petrous temporal bone may be visualized. Injection of contrast 
media into the ear canal may improve visualization of the ear  
canal and aid in assessment of the integrity of the tympanic  
membrane.144,175

Treatment. In cases of otitis externa, therapy is based on the 
removal of the inciting cause and treatment of inflammation and 

secondary infections. Solutions used to flush and cleanse the  
ear must be chosen based on the integrity of the tympanic mem-
brane, and mild solutions should be chosen when the tympanic 
membrane is suspected to be ruptured. Warm physiologic saline 
is the safest solution to use, but microbicidal solutions can be  
appropriate (Table 13.3). Irrigation, cleansing, and subsequent 
drying of the ear canal should be repeated before topical treat-
ments are administered. Ear mite infestations can be successfully 
treated using parental administration of ivermectin (0.2 mg/kg 
once or twice) or topical solutions containing rotenone or fen-
thion.176 P. cunniculi was successfully controlled in captive white-
tailed deer by feeding of ivermectin-treated corn (200 µg/kg).177 
In cases of otitis media, extended systemic antibiotic and antiin-
flammatory therapy may be successful, but chronic cases might 
not respond. Surgical lateral ear resection facilitates access to the 
horizontal ear canal in animals that do not respond to medical 
therapy and in which adequate drainage cannot be achieved.

Prevention. Prevention is based on decreasing metabolic and 
environmental stress in animals at high risk and on early and  
appropriate treatment of respiratory disease. Parental administra-
tions of macrocyclic lactone anthelmintics repeated at 2- to 3-week 
intervals are useful in controlling ear mite infestations.144,176

Diseases of Spinal Cord and 
Peripheral Nerves

Botulism
Etiology and Pathophysiology. Botulism is caused by any of 

the seven antigenically distinct toxins (A–G) produced by the 
gram positive, spore-forming, anaerobic bacteria Clostridium 
botulinum. The distribution of these toxin types varies geographi-
cally. Small ruminants are most commonly affected by types C 
and D. Toxin production occurs in warm, moist, anaerobic envi-
ronments such as spoiled forages (forage botulism) and animal 
carcasses (carrion-associated botulism). Contamination of  
feedstuff with carrion, feeding of poultry litter, presence of dead 
rodents around feeding sites, and factors that promote pica (e.g., 
hypophosphatemic animals chewing on bones) increase the risk 
for toxin ingestion.18,178–180 In ruminants, botulism is almost 
always associated with ingestion of preformed toxin, although 
wound contamination or toxico-infectious botulism (prolifera-
tion of C. botulinum in the intestinal tract) are also possible.18 
Because the degradation of ingested toxin by the ruminal micro-
flora provides a degree of protection, young animals are at a 
greater risk than adults. Following intestinal absorption, the toxin 

TABLE 
13.3 Bactericidal Solutions for Flushing the External Auditory Meatus.

Solution Concentration Toxicity Susceptible Organisms Resistant Bacteria

Chlorhexidine 2%, 0.05% Ototoxic Gram negative and gram positive  
bacteria; fungi

Pseudomonas

Povidone-iodine 0.1 to 1%; smaller concentra-
tions are more effective

Ototoxic Gram negative and gram positive  
bacteria; fungi

Gram negative bacteria

Acetic acid 1:1, 1:2, or 1:3 dilution of a 5% 
solution

Ototoxic Pseudomonas, Staphylococcus, Strepto-
coccus, Escherichia coli, and Proteus

Very few bacteria are resis-
tant at 5% concentration, 
but it is irritating to  
mucosa
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is distributed to cholinergic nerve terminals by the bloodstream. 
Similar to tetanus neurotoxin, botulinum toxin attaches to nerve 
cell walls by binding to gangliosides and is translocated into the 
cell. The toxic effects and flaccid paralysis are caused by inhibition 
of synaptic acetylcholine release at the motor endplate and para-
sympathetic nerve endings.

Clinical Signs. After a variable incubation period, generalized 
muscular weakness, reluctance to move, and a stumbling gait de-
velop. Initial weakness and ataxia are more prominent in the rear 
limbs.18 As the disease progresses, animals become recumbent 
with flaccid paralysis. Weakness of the neck musculature results in 
low head carriage and head bobbing. Protrusion of the tongue, 
dysphagia, and drooling may be observed. Rumen hypomotility, 
rumen tympany, regurgitation, and bladder distention can occur. 
Death results from respiratory paralysis and can occur without 
premonitory signs.

Diagnosis. Specific hematologic, serum chemistry, or post-
mortem findings are lacking, and the diagnosis often relies on 
clinical signs. Definitive diagnosis is based on identification of 
toxin in feed, gastrointestinal contents, or liver samples. Botuli-
num toxin can be identified using the mouse bioassay or ELISA 
techniques, but detection may not be successful in all affected 
animals.45

Treatment. Extended nursing care is the mainstay of therapy, 
with the goal of supporting the animal until toxin has degraded 
and new nerve synapses have formed. Such care includes fluid and 
nutritional support and, in severe cases, prolonged mechanical 
ventilation. Repeated bladder catheterizations and relief of rumen 
tympany may also be necessary. Drugs that deplete acetylcholine 
from the neuromuscular junction, such as neostigmine, or that 
enhance muscular weakness, such as penicillin or oxytetracycline, 
should be avoided.181 When feasible, polyvalent antisera may be 
beneficial if administered early in the disease.

Prevention. Adequate feed hygiene and removal of contami-
nated feeds are important factors in prevention. Other measures 
include proper fermentation of silage, rodent control, and the re-
moval of carcasses. Nutritional deficiencies that lead to pica should 
be corrected. Vaccination is practiced in endemic areas of the world; 
however, vaccines are only available in the United States for horses 
(type B toxoid) and mink (type C bacterin-toxoid).18

Cerebrospinal Nematodiasis (Meningeal Worm)
Etiology and Pathophysiology. CSN results from aberrant 

migration of nematode larvae within the spinal cord. In North 
America, Parelaphostrongylus tenuis is endemic in white-tailed 
deer, and CSN has been reported in various ruminant species  
including sheep, goats, elk, moose, mule deer, caribou, reindeer, 
fallow deer, sika deer, red deer, black-tailed deer, bison, and cattle 
when collocated with white-tailed deer. In white-tailed deer, adult 
parasites reside in the subarachnoid space, where they produce 
eggs that are removed from the CNS via venous sinuses. First-
stage larvae hatch and enter the lungs and trachea, are coughed up 
and swallowed, and passed in the feces. Larvae enter snails or 
slugs, their intermediate hosts, in which they develop into the 
infectious third stage and are protected from environmental  
conditions. Deer accidentally ingest the intermediate host when 
feeding. Larvae are released in the gastrointestinal tract and  
migrate to the dorsal horn of the spinal cord, where they mature 
to adulthood and enter the subarachnoid space, completing the 
life cycle.182 In dead-end hosts, such as sheep, goats, and other 
deer species, the life cycle is not completed, and larvae migrate 

aberrantly in the spinal cord, inciting inflammation. Although 
uncommon, aberrant larval migration may extend further  
rostrally, causing brain involvement and more severe disease.183,184 
CSN may also be associated with infection of small ruminants 
and deer with nematodes in the genus Elaphostrongylus in Europe 
and New Zealand185–188 and the filarial nematode Setaria digitata 
in Asia.189–191

Clinical Signs. Infection with P. tenuis occurs most commonly 
from late summer to winter.192 Clinical signs depend on the num-
ber of infecting larvae and their migration pattern. Unilateral to 
bilateral hindlimb paresis and ataxia are most common. Affected 
animals refuse to rise and display neurologic deficits typical of 
UMN disease. Neurologic deficits often progress, and generalized 
ataxia and recumbency can develop. Affected animals are typically 
bright and alert and maintain a good appetite unless larvae have 
migrated into the brain. Brain involvement is uncommon but 
may result in depression, blindness, and death.

Diagnosis. Definitive diagnosis can be made only by identifi-
cation of migrating larvae in the spinal cord during postmortem 
examination. Histopathologic changes include demyelination, 
axonal degeneration, malacia, and presence of larval sections and 
leukocytes. Antemortem diagnosis is based on clinical signs  
and CSF analysis. In a majority of affected animals, eosinophilic 
pleocytosis with 7 to 97% eosinophils may be detected, but 
monocytes might predominate in some cases.183,192 Other CSF 
findings include increased concentrations of proteins, erythro-
cytes, and leukocytes (see Figure 13.6D). Serum chemistry and 
CBC findings are usually normal, but increases in muscle enzyme 
concentrations may be present.

Treatment. Although spontaneous recovery has been reported, 
CSN is usually a progressive disorder. Many treated animals retain 
residual neurologic deficits, and full recovery is slow. Treatment 
protocols for CSN include administration of anthelmintics,  
antiinflammatory drugs, and supportive care. Fenbendazole  
(15–50 mg/kg PO SID for 5 days) may be administered alone or 
in combination with macrocyclic lactone anthelmintics and ap-
pear to provide good clinical efficacy. Disagreement exists as to 
the effectiveness of ivermectin (200–400 µg/kg SC once or twice),  
as this anthelmintic does not cross the intact blood-brain barrier, 
but as the integrity of the blood-brain barrier is disrupted  
in CSN, administration of ivermectin should be efficacious.  
Moxidectin, a milbemycin with enhanced lipid solubility and 
potential to cross the blood-brain barrier, might be an alternative 
to ivermectin. Nonsteroidal antiinflammatory drugs (flunixin 
meglumine 1.1 mg/kg IV for 3–5 days) or glucocorticoids in 
nonpregnant animals aid in the suppression of inflammation that 
is believed to be central to the pathophysiology of CSN. Vitamin 
E given as an antioxidant, physical therapy, and supportive care 
may promote recovery and improve outcome.

Prevention. Removal of susceptible animals from moist, 
low-lying areas that support the intermediate hosts of P. tenuis or 
fencing off these areas could potentially decrease exposure. The 
use of molluscicides is regulated and may be impractical in larger 
production systems. Geese and ducks have been used to reduce 
snail populations. Reduction of contact with white-tailed deer, 
which shed P. tenuis larvae in the feces, is difficult. Preventive 
deworming programs using injections of avermectins every 4 to  
6 weeks are commonly used in at-risk New World camelids and 
disrupt larval migration from the abomasum to the spinal cord. 
Although apparently effective, these programs may be too costly 
for some operations, require repeated handling, and are likely to 
promote anthelmintic resistance of other nematode parasites.
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Enzootic Ataxia (Swayback)
Etiology and Pathophysiology. In sheep, goats, and cervids, 

primary or secondary copper deficiency can cause neurologic dis-
ease. Clinical signs in sheep and goats occur in perinatal and nurs-
ing lambs and kids. Two types of the disease are recognized: a 
congenital form and a delayed form.193 The congenital form affects 
neonates born to dams on diets with very low copper content. The 
delayed form is characterized by slower progression and later onset 
of clinical signs. In contrast to sheep and goats, enzootic ataxia in 
deer occurs in young adult and adult animals and has been reported 
in captive and semicaptive red deer, fallow deer, and sika deer.194–197

Copper is a cofactor for many biological processes. Deficiencies 
cause abnormal mitochondrial function and cytochrome-c oxidase 
activity in the cerebral white matter and spinal cord, which result in 
oxidative degeneration and demyelination.193 Secondary copper 
deficiencies may develop when the copper metabolism is disturbed 
by excess molybdenum, iron, cadmium, or sulfate.

Clinical Signs. Neonatal sheep and goats with congenital 
swayback may be stillborn or are weak and unable to stand and 
nurse. Affected animals show spastic tetraparalysis and die in the 
first week of life.

Delayed enzootic ataxia affects lambs and kids at 2 to  
4 months of age. The disease begins as pelvic limb ataxia and is 
less severe than the congenital form. With progression of the dis-
ease, ataxia and paresis involve all limbs, resulting in recumbency 
and death in most affected animals. In deer, clinical signs of rear 
limb ataxia and incoordination progress over several weeks.  
Affected animals may be observed to be dog-sitting, eventually 
becoming recumbent and losing body condition, all the while 
having normal mentation and appetite.196 In affected herds, 
abnormal hair coat and lameness caused by abnormal bone devel-
opment may be observed in younger deer.198

Diagnosis. Measurements of copper concentrations in diet, 
serum or plasma, and liver biopsy samples are useful to confirm a 
clinical suspicion. Neonatal values may differ from those of 
adults, complicating the evaluation. A plasma copper concentra-
tion of 4.5 to 9 µmol/L (approximately 0.29–0.57 ppm) has been 
proposed as a marginal concentration in sheep.199 Serum or 
plasma concentrations below 0.4 ppm are considered to be  
indicative of copper deficiency. Hepatic copper concentrations 
below 35 ppm (dry matter basis) are considered deficient. Liver 
samples are preferred to blood samples; however, at least 100 mg 
of tissues are required for analysis, necessitating a biopsy instru-
ment with at least 3- to 5-mm internal diameter.200

Treatment. Affected animals may be supplemented with copper 
either orally or parenterally. Many of the CNS changes appear to be 
irreversible, and supplementation of copper may have little effect.

Prevention. Prevention is based on dietary supplementation 
in deficient areas and maintaining proper ratios of copper to  
interacting minerals. Increasing the dietary copper to 5 to 15 ppm 
and maintaining a copper-to-molybdenum ratio of 6:1 in preg-
nant females are usually protective. Copper sulfate (35 mg per 
head twice a week) has been advocated to prevent swayback in 
lambs.200 Sheep have increased susceptibility to copper toxicity, so 
supplementation of copper in the diet should be monitored.

Organophosphate Polyneuropathy
Etiology and Pathophysiology. Organophosphate toxicity 

can result from exposure to insecticides for crop use or overdosing 
of medicinal insecticides and anthelmintics containing  

organophosphate or carbamate chemicals. These chemicals bind 
with and inhibit acetylcholinesterase, resulting in accumulation of 
acetylcholine in tissues.136 In addition to typical clinical signs 
of acute toxicosis (acronym SLUD: salivation, lacrimation, 
urination, and defecation), delayed neurotoxicity may occur. 
Axonal degeneration and secondary demyelination result from 
phosphorylation of the enzyme esterase.122,201 Some sheep appear 
to have a familial predisposition.202

Clinical Signs. Clinical signs occur 8 to 90 days after exposure. 
Posterior incoordination, weakness, and loss of proprioceptive 
ability are signs of neuropathy. Animals become recumbent and 
lose tail, rectal, and bladder function. Additional signs include 
anorexia, depression, ruminal stasis, and diarrhea.122

Diagnosis. History of exposure and clinical signs may suggest 
the disease. On postmortem examination, histological evidence of 
degeneration in peripheral nerves and spinal cord are evident.

Treatment. In contrast to cases of acute intoxications, treat-
ments are unavailable for delayed neurotoxicity. In young ani-
mals, peripheral nerve lesions may improve upon removal of the 
offending chemical. Acute cases may be treated with high doses of 
atropine (0.2–0.4 mg/kg IV) or pralidoxime (2-pyridine aldoxime 
methyl chloride, 20 mg/kg).

Prevention. Use of organophosphates in accordance with 
label instructions aids in the prevention of intoxication and  
neurologic disease.

Spastic Paresis
Etiology and Pathophysiology. Spastic paresis is a sporadic dis-

ease of goats and has been reported in different breeds, including 
Pygmies and Saanens.203,204 The condition is characterized by pro-
gressive and intermittent or continuous contraction of the gastroc-
nemius muscles of one or both hindlimbs. Spastic paresis appears to 
be inherited, although the mode of inheritance and pathophysiology 
are currently poorly understood and other etiologic mechanisms are 
under discussion.205 The exaggerated tone of the gastrocnemius 
muscle is believed to be consequence of overstimulation of myotatic 
reflexes in the muscle spindle of the affected muscles.206

Clinical Signs. Spastic paresis affects goats between 1 and 
3 years of age and results in progressive clinical signs. Contraction 
of the gastrocnemius muscles results in extension of the tibiotarsal 
joint, weight shifting to the front limbs, and apparent lameness. 
The pelvic limbs may barely touch the ground or may be extended 
behind the animal. Clinical signs are abolished or reduced when 
the animal lies down.

Diagnosis. Diagnosis is based on typical clinical signs and 
severe contracture of the gastrocnemius muscle. Other diseases, 
such as CAE, may cause similar clinical signs and must be ruled 
out. Epidural injection of diluted procaine solution briefly  
abolishes clinical signs of spastic paresis and helps confirm the 
clinical diagnosis of spastic paresis.203,206

Treatment. Different surgical techniques including tenectomy 
and partial tibial neurectomy have been utilized in cattle and may 
be successful in goats. Alternatively, medical treatment with lith-
ium (Li) (0.2 mEq/kg) and/or tryptophan potentiated by manga-
nese and especially copper (20–50 mg/kg per day of tryptophan) 
may be effective in early cases.205

Spinal Trauma, Abscesses, and Tumors
Etiology and Pathophysiology. Various clinical entities may 

be associated with impaired function of the spinal cord, either by 
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• Fig. 13.12  Severe clinical signs of tetanus, including recumbency and 
generalized stiffness of the head, neck, and extremities, in a goat that 
sustained traumatic injury to the hindlimb.

external compression or damage as a result of injuries. Space- 
occupying lesions may be neoplastic, infectious, or inflammatory. 
Neoplastic tissue compressing the spinal cord might originate in 
the CNS (e.g., meningioma) or other organs or might be systemic 
(e.g., lymphosarcoma).207,208 Abscesses of the spinal cord usually 
result from vertebral osteomyelitis following hematogenous  
infection as a sequela of bacteremia.209 Septicemia in neonates, 
rumenitis secondary to acidosis, pneumonia, and sepsis develop-
ing at injection sites are common causes of bacteremia. Fractures 
of the spinal cord may be traumatic or pathological and may re-
sult from nutritional imbalances of calcium and phosphorous. 
Traumatic injuries to the spinal are commonly inflicted by other 
animals (predators, horses, and donkeys), a result of motor vehicle 
accidents, or result from high-velocity impacts with inanimate 
objects (e.g., collision with fence during handling of fractious 
animals). Identifying the cause of an injury can be challenging.

Clinical Signs. Clinical signs depend on the location of the 
lesion in relation to spinal nerve roots and the degree of damage. 
In addition to paresis or paralysis of the extremities, animals can 
display signs of pain associated with movement of the spinal  
column. The head and neck may be held in extension, and a stiff 
gait may be noted. Spinal abscesses that extend through the dura 
mater cause clinical signs of septic meningitis.209

Diagnosis. In addition to clinical signs and palpation of the 
vertebral column, radiographs are useful in obtaining a diagnosis 
of demineralization, spinal cord abscessation, osteomyelitis, or 
fractures. Osteomyelitis is characterized by a random pattern of 
hyperlucency and increased bone density in the affected verte-
brae.209 If indications of bone demineralization are present, 
calcium and phosphorus contents of feed and serum parathyroid 
hormone concentrations should be evaluated.193 Myelography 
and advanced imaging techniques (CT and MRI) may be  
required to visualize lesions from soft tissue compression and  
internal concussions.193 While CBC and serum chemistry may 
not reflect diagnostic alterations, analysis of CSF may be useful. 
In cases of trauma, xanthochromia and elevations in total protein 
and mononuclear cells can be observed. Although localized  
abscesses that do not infiltrate the meninges may change the CSF 
composition only marginally, protein elevations and neutrophilic 
pleocytosis have been reported.210 Cytologic examination of CSF 
may also suggest the presence of neoplasia.

Treatment. Therapy is based on the etiology and involves 
administration of antibiotics and antiinflammatory drugs and 
surgical stabilization or decompression. Antimicrobial drugs must 
be given for several weeks to treat vertebral osteomyelitis, but 
prognosis for cure is guarded. Regimens for antiinflammatory 
therapy have not been formally evaluated, and medications 
should be selected according to the etiology.

Tetanus
Etiology and Pathophysiology. Tetanus is caused by toxins of 

the gram positive, anaerobic, spore-forming bacteria Clostridium 
tetani. The organism is ubiquitous in soil and in the intestinal 
tract of herbivores. Under aerobic conditions, C. tetani produces 
tenacious spores that have a drumstick-like appearance and can 
remain viable in soil for years. Contamination of and entrance 
into tissues are usually the consequence of penetrating wounds or 
surgical procedures (tail docking, castration [especially band cas-
tration], velvet harvest, or shearing). Sometimes, the point of 
entry cannot be found because the wound itself may be minor  
or has healed. The organism also can be introduced into the  

reproductive tract during parturition. The disease appears to be 
less common in cervids than in sheep and goats. Although usually 
a sporadic disease, outbreaks of tetanus have been associated with 
contaminated vaccines and injectable dewormers, or following 
ear-tagging of unvaccinated sheep.211,212 Tetanus occurs when 
suitable anaerobic conditions develop within tissues, allowing 
spores to enter the vegetative state and begin production and  
release of toxins.18 The necrotizing toxin tetanolysin enhances 
anaerobic conditions and proliferation of the bacteria. The teta-
nus neurotoxin (tetanospasmin) affects the nervous system and is 
responsible for clinical signs. After receptor-specific binding of 
tetanospasmin to cell-wall gangliosides on target motor neurons 
at the site of infection, the neurotoxin is translocated into the 
neuronal cytoplasm. Following retrograde axonal flow, tetano-
spasmin crosses into inhibitory interneurons of the spinal  
cord and blocks their function. Additionally, effects on the brain-
stem and midbrain may occur with further axonal or circulatory 
transport. Disruption of the synaptic membrane transport  
protein synaptobrevin prevents release of glycine and gamma-
aminobutyric acid, blocking the inhibitory effect of affected  
interneurons.213

Clinical Signs. The incubation period varies with the time of 
development of an anaerobic tissue environment, and a wound 
may not be visible by the time clinical signs are present. Early 
clinical signs include changes in gait, including stiffness or  
apparent lameness. The disease is progressive, and generalized 
stiffness with involvement of head, neck, extremities, and tail 
(pump-handle tail) ensues (Figure 13.12). The animal may be in 
a “saw-horse” stance or recumbent. Trismus (lockjaw), erect ears, 
retraction of lips (sardonic grin), and third-eyelid prolapse are 
observed during examination of the animal’s head. Tetanus  
affecting laryngeal and pharyngeal muscles decreases the ability to 
swallow, and drooling of saliva, regurgitation, bloat, and aspira-
tion pneumonia may develop. External stimuli such as loud noises 
can result in accentuated symptoms and tetanic convulsions.18 In 
animals that recover, clinical signs may last for weeks as  
toxin binding is irreversible. Death from respiratory paralysis is 
common.

Diagnosis. Clinical signs are typical of tetanus and suggest 
the diagnosis. A definitive diagnosis is based on identification of 
C. tetani in infected wounds. Blood work reflects dehydration 
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(azotemia), loss of salivary bicarbonate (acidosis), stress (hypergly-
cemia and stress leukogram), and increased concentrations of 
muscle enzymes.

Treatment. Animals affected by tetanus should be handled in 
a calm and quiet fashion. Treatment is aimed at eliminating the 
infection, neutralizing unbound toxins, relieving muscle spasms, 
and provision of nursing care. Identification and debridement of 
the infected wound removes the anaerobic and necrotic tissues 
and exposes the bacteria to oxygen. Penicillins are the antibiotic 
of choice and are given at high doses and frequency (22,000–
44,000 IU/kg IM SQ as procaine penicillin or IV as potassium 
penicillin two to four times a day). The administration of tetanus 
antitoxin (1500–15,000 IU SQ for 3–5 days) neutralizes  
only unbound toxin and may not be effective in advanced cases. 
Sedation and muscle relaxation can be achieved using aceproma-
zine (0.05–0.1 mg/kg IM BID), diazepam (0.5 mg/kg IV), or 
xylazine (0.02–0.05 mg/kg IV) until signs have improved.  
Soft, deep bedding and a quiet, dark environment are important 
supportive measures. Ruminal tympany and anorexia may be al-
leviated by a rumenotomy to allow escape of free gas as well as 
enteral feeding.

Prevention. Immunization against tetanus is efficacious and 
cost effective. Vaccines containing tetanus toxoid often include 
other clostridial toxoids such as C. perfringens C and D (CD/T). 
Vaccination of captive deer may be appropriate in some herds 
when risk factors (such as surgical procedures or harvest of velvet) 
are anticipated; however, efficacy of vaccination and duration of 
immunity appear to be unknown. Lambs and kids benefit from 
improved colostral immunity when dams are vaccinated with 
tetanus toxoid during pregnancy.214 Lambs and kids should be 
vaccinated at 2 to 3 months of age, followed by a booster vaccina-
tion 3 weeks later, and then revaccinated annually. Adequate  
hygiene should be maintained during predisposing surgical proce-
dures, and nonvaccinated animals should receive tetanus anti-
toxin (150–200 IU) prior to surgery, which provides protection 
for 2 to 3 weeks.

Tick Paralysis
Etiology and Pathophysiology. Tick paralysis is a rapidly pro-

gressing, ascending LMN paralysis of many species, including 
sheep, goats, and possibly deer. In North America, the disease 
mainly occurs west of the Rocky Mountains, despite broader dis-
tribution of the causative ticks, Dermacentor spp.182 Globally, 
various tick species have been reported to cause tick paralysis.215 
The disease occurs during greatest tick activity—from April to 
June in North America.182 Following attachment to the host by a 
female tick, a salivary neurotoxin is secreted, which impairs ace-
tylcholine release at the motor endplate and causes neuromuscular 
blockade.216,217

Clinical Signs. Clinical signs are observed approximately 
1 week after ticks begin feeding on infested animals.218 Initially, 
pelvic limb weakness and ataxia may be present, but flaccid quad-
riplegia rapidly develops.182,218 Affected animals show typical 
LMN deficits, are recumbent, and have diminished spinal and 
withdrawal reflexes. Menace response and corneal and palpebral 
reflexes may be absent.218

Diagnosis. The rapid development of flaccid paralysis and the 
presence of feeding ticks help to differentiate the disease from 
CSN and botulism.

Treatment. Removal of all ticks is curative, and clinical signs 
resolve within 24 hours. Animals must be examined carefully and 

possibly shorn to detect all ticks. Application of acaricides may be 
beneficial but should not replace manual removal of ticks.182

Prevention. In high-risk areas, use of acaricides, such as 
pyrethrins or avermectins, aids in the prevention of the disease.

Congenital and Perinatal 
Neurologic Diseases
A great degree of differentiation, complexity, and long duration of 
development render the CNS prone to congenital disorders. The 
type and severity of congenital defect depend on the gestational 
age and, therefore, stage of fetal brain development, at exposure 
to a teratogen or pathogen. Developmental dysfunctions may re-
sult from hereditable, environmental, or infectious disorders, and 
a combination of lesions within and outside of the CNS may be 
detected in affected animals. Elucidating the cause of a congenital 
defect helps to prevent exposure of other susceptible animals  
to a pathogen or environmental stressor and excludes carriers of 
inheritable conditions from breeding programs. Affected fetuses 
should be evaluated thoroughly and submitted for postmortem 
examination. In neonates displaying neurologic deficits, the  
presence of common neonatal disorders such as hypoglycemia, 
meningitis, hypoxia, and hypothermia should be ruled out when 
congenital disorders are suspected.219 Before the discussion of 
specific etiologies, common congenital disorders affecting the  
cerebrum (hydrocephalus and hydranencephaly) and cerebellum 
(hypoplasia and abiotrophy) are briefly described under separate 
headings, although they may be encountered in combination. 
Various factors, including maternal hyperthermia, plant toxins 
(e.g., false hellebore [Veratrum californicum] or hemlock [Conium 
maculatum]), and medications (e.g., certain benzimidazoles), may 
have teratogenic effects that injure the developing fetal CNS.219,220

Hydrocephalus and Hydranencephaly
Accumulation of excessive fluid in the ventricular system of the 
cranium can be the consequence of infectious, inherited, environ-
mental, nutritional, and neoplastic conditions.219 The disorder 
can be classified as either normotensive (hydranencephaly) or 
hypertensive hydrocephalus, depending on the underlying patho-
physiology. Both conditions may develop as congenital defects in 
ruminants, with hydranencephaly occurring more commonly.221 
In hydranencephaly, fetal cerebral tissues fail to develop or  
undergo necrosis as a result of viral infection or cerebrovascular 
insults. The cerebral hemispheres and basal ganglia are nearly 
completely replaced by CSF, surrounded by a thin layer of  
cerebrum. Affected fetuses do not develop cranial enlargement 
because of the normotensive character of hydranencephaly.  
Hypertensive hydrocephalus is caused by stenosis of the ventricu-
lar system that prevents absorption of CSF and increased intracra-
nial pressures. Developmental anatomical malformations or  
alterations as result of inflammation may cause stenosis and  
hypertension. The resulting compression causes ischemia and ne-
crosis of cerebral hemispheres and enlargement and deformation 
of the calvarium.

Cerebellar Hypoplasia and Abiotrophy
Two distinct pathogeneses may cause cerebellar dysfunction and 
associated clinical signs in neonates and young animals. Cerebel-
lar hypoplasia refers to an arrested development of fetal cerebellar 
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tissue, commonly caused by viral infection of the fetus. The sever-
ity of cerebellar dysfunction depends on the gestational age and 
duration of the developmental arrest and may range from aplasia 
to hypoplasia.219 In contrast, cerebellar abiotrophy occurs in post-
natal animals and describes the premature degeneration of formed 
cerebellar tissues and especially Purkinje cells.219 Affected animals 
may appear healthy at birth but develop clinical signs in the first 
months of life.

Infectious Causes of Congenial and Perinatal 
Neurologic Disease

Akabane Virus. Akabane virus, an orthobunyavirus in the 
family Bunyaviridae, causes clinical disease in cattle and small 
ruminants in Africa, Japan, Israel, Korea, and Australia. Transmis-
sion of the virus is by arthropod vectors, including midges  
(Culicoides spp.) and mosquitos (Aedes and Culex). In Australia, 
Culicoides brevitarsis is considered the major vector, and occur-
rence of disease is closely linked to vector distribution.222 Disease 
in postnatal animals is rare, and infection in nonpregnant animals 
produces protective immunity. Infection of pregnant, susceptible 
animals without sufficient immunity (e.g., vector/virus spread to 
novel locations) results in viremia.222 Transplacental invasion of 
the developing fetus results in a persistent infection of fetal mem-
branes with subsequent spread to fetal tissues.223 Sheep fetuses 
infected at a gestational age of 30 to 36 days are susceptible to 
damage of nervous tissues, because the CNS develops rapidly  
at this time and fetuses are not yet immunocompetent. Viral  
activity is greatest in the CNS and skeletal muscles, resulting in 
nonsuppurative encephalomyelitis and polymyositis. Necrosis  
of subventricular zones of the developing cerebrum prevents mi-
gration of neuroblasts and results in accumulation of CSF (hydra-
nencephaly). Arthrogryposis appears to be a consequence of 
polymyositis and the neurotropic failure of muscle development, 
which results in joint contracture.

Bluetongue Virus and Epizootic Hemorrhagic Disease 
Virus. Infections with bluetongue virus (BTV) and epizootic 
hemorrhagic disease virus (EHDV), orbiviruses in the family 
Reoviridae, cause vascular injury and systemic disease in a variety 
of domesticated and free-ranging ruminants. In North America, 
BTV infections have been reported in cattle, sheep, goats, alpacas, 
white-tailed deer, mule deer, pronghorn, bighorn sheep, and 
American bison.224 In white-tailed deer, BTV infection is indis-
tinguishable from infection with EHDV based on clinical signs or 
postmortem examination.224 White-tailed deer are the principal 
host for EHDV in North America, but the virus can also infect 
domestic cattle, elk, mule deer, pronghorn, bighorn sheep, and 
mountain goats.224 At least 24 serotypes of BTV exist worldwide, 
with infections occurring in all continents except Antarctica.225 
Similarly, seven serotypes of EHDV are recognized worldwide,226 
of which serotypes 1, 2, and 6 are detected in North America. 
Transmission of BTV and EHDV between mammalian hosts  
occurs by biting insects of the genus Culicoides, which serve as the 
vector and are able to introduce the viruses into new geographic 
areas when climatic conditions are permissive. Under field condi-
tions, transplacental infection and congenital defects are not 
caused by all orbiviruses and have only been associated with at-
tenuated live BTV vaccine strains and BTV serotype 8.227,228 
However, under experimental conditions, other BTV and EHDV 
serotypes are capable of teratogenisis,229,230 and orbiviruses should 
be considered as etiologic agents in cases of fetal encephalopa-
thies. Various factors determine the virulence of an infecting viral 

isolate, including nutritional and immune statuses, environmen-
tal stresses, or breed (e.g., more severe disease in European  
fine-wool sheep).225 Infections at the time of development of the 
fetal CNS may result in congenital defects. Neuronal and glial 
precursor cells that reside at subepidermal regions before migrat-
ing into the developing cerebrum are susceptible to BTV infec-
tion and undergo necrotizing cytolysis.225 Fetal lambs infected 
between days 55 and 60 develop hydranencephaly and retinal 
dysplasia (blindness), while infections at days 70 to 80 result in 
porencephaly and cerebral cysts without ocular defects. Other 
congenital lesions in affected fetuses include brachygnathia and 
arthrogryposis. After day 100 of gestation, fetuses may develop 
meningoencephalitis without destructive lesions.231

Cache Valley Virus. Cache Valley virus (CVV) is a member of 
viral family Bunyaviridae that is endemic in North America, and 
subtypes of CVV have been detected in Central and South 
America.232,233 Transmission of CVV is by arthropods, especially 
mosquitoes, in which the virus replicates and persists. White-
tailed deer are believed to be an amplification and reservoir host 
for CVV.234 Infection of ruminants with CVV is common and 
widespread in North America, as evidenced by high seropreva-
lence rates.235 The presence of antibodies in mammalian hosts is 
correlated with the distribution of mosquito vectors, and  
infections are most common in late summer and fall. Seropositive 
animals and their fetuses are protected from clinical disease, but 
fetuses of seronegative sheep are commonly affected by congenital 
abnormalities.233 Seronegative status is common in animals that 
live either in areas previously unaffected by infected mosquitoes 
or in areas in which vector populations have been diminished by 
repeated years of drought and winter frosts.233 In warm and wet 
years when mosquitoes thrive, infection of seronegative ewes may 
result in transplacental infection of fetuses. While infections  
between 27 and 35 days of gestation result in fetal mortality,  
fetuses infected between 36 and 45 days of gestation may develop 
hydranencephaly, skeletal muscle abnormalities, arthrogryposis, 
hydrocephalus, microcephalus, porencephaly, cerebellar hypopla-
sia, and deformities of the spinal cord. Older fetuses are protected 
from congenital abnormalities and may seroconvert.236,237

Pestiviral Infections. Border disease virus and bovine viral 
diarrhea virus are members of the genus Pestivirus, family Flavi-
viridae, and both infect sheep and goats, and several species of 
cervids.238–240 Pestiviral infections in nonpregnant, postnatal ani-
mals are often mild, but infection of susceptible pregnant small 
ruminants may result in substantial clinical disease. In addition to 
pregnancy loss by fetal resorption or abortion, transplacental in-
fection of the developing fetus may result in the birth of stillborn 
fetuses, congenital anomalies, or birth of persistently infected 
offspring. Persistent infections occur when fetuses are infected 
before development of immunocompetence and have been  
reported in sheep and goats as well as captive and free-ranging 
deer, including white-tailed deer, mule deer, Lesser Malayan 
mouse deer, and pudú241,242 In congenitally infected fetuses, CNS 
malformations may include cerebellar hypoplasia, hydranenceph-
aly, hydrocephalus, microencephaly, and ocular lesions, such as 
bilateral microphthalmia and cataracts. Affected neonates may be 
bright and alert but have typical cerebellar deficits (intention 
tremors, ataxia, limb tremors, and inability to stand) that worsen 
when attempting to nurse. In addition, fleece or hair coat changes 
and brachygnathia may be apparent.

Schmallenberg Virus. Schmallenberg virus (SBV) is a member 
of viral family Bunyaviridae and emerged in Northwestern Europe 
in 2011. Since the first description in Germany, SBV has spread 
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TABLE 
13.4 Congenital and Perinatal Neurologic Diseases of Sheep and Goats With Heritable Etiology.

Condition Breeds Inheritance Clinical Findings Additional Information Reference(s)

Cerebellar	abiotrophy Sheep:	Charollais,	
Merino,	Wiltshire

Suspected  
autosomal  
recessive

Cerebellar	dysfunction	in	lambs	
beginning at 1 to 4 months 
of age, tremors, equilibrium 
disturbances

Severe loss of cerebellar Purkinje 
cells,	proliferation	of	Bergmann	
glial cells

16–18

Cerebellar	cortical	 
atrophy (daft  
lamb disease 1)

Sheep:	Corriedale,	
Drysdale,	Welsh	
Mountain

Suspected  
autosomal  
recessive

Weak	lambs,	inability	to	stand,	
wide-based	stance

Severe loss of cerebellar Purkinje 
cells, cell loss, and gliosis of 
the granular layer

17, 19

Star-gazing	lambs	
(daft lamb  
disease 2)

Sheep:	Border	
Leicester,  
Coopworth

Suspected  
autosomal  
recessive

Clinically	similar	to	cerebellar	
cortical atrophy: newborn 
lambs with dorsal arching of 
the neck

No loss of Purkinje cells or  
reactive changes, histopatho-
logic changes in neck muscles 
and nerves

20, 21

Dandy-Walker	 
syndrome

Sheep: Suffolk Probably autoso-
mal recessive

Usually	stillborn	with	enlarged	
domed skull; dystocia com-
mon

Hydrocephalus, agenesis or  
hypoplasia of cerebellar  
vermis

22

GM1 gangliosidosis 
(lysosomal	beta- 
d-galactosidase	
deficiency)

Sheep:	“Coopworth	
Romney,”  
Suffolk, Suffolk 
crosses

Autosomal  
recessive

Normal at birth; at 4–6 months: 
rapidly progressive ataxia, 
recumbency, blindness

Evidence of intraneuronal lipid 
storage, deficiency of  
b-galactosidase	in	
leukocytes

23

Holoprosencephaly Sheep:	Border	
Leicester

Autosomal  
recessive

Facial abnormalities, inability to 
stand, depression, blindness

Lack of longitudinal cerebral  
fissure, fusion of cerebral 
hemispheres, and single  
lateral ventricle

24

Mucopolysaccharido-
sis IIID (lysosomal 
N-acetylglucos-
amine	6-sulfatase	
deficiency)

Goats: Nubian Autosomal  
recessive

Neurologic deficiencies at birth, 
clinical sign of cerebral  
disease

Accumulation of lysosomal  
heparan sulfate glycosamino-
glycan in central nervous sys-
tem and other organs, leading 
to cytoplasmic vacuolation

25, 26

Neuraxonal dystrophy Sheep:	Coopworth,	
Merino, Peren-
dale, Romney, 
South Suffolk

Likely autosomal 
recessive

Onset	of	sign	varies	by	breed,	
progressive ataxia, recum-
bency, cerebellar signs

Spheroidal swellings of axons in 
spinal cord and peripheral 
nerves

17, 27

Neuronal  
ceroidlipofuscinosis

Sheep: Ramboul-
liet, South 
Hampshire

Autosomal  
recessive

Progressive signs from  
7–10 months of age, blind-
ness, circling, proprioceptive 
deficits, reduced cognition

Accumulation of lysosomal  
ceroidlipofuscin in neurons of 
the brain, spinal cord, eye, and  
dorsal root ganglia

28, 29

Spina bifida Sheep: Icelandic 
sheep

Autosomal  
recessive

Paralysis of hindlimbs, arthro-
gryposis, tail defect hairless 
slit in lumbar area

Failure of closure of dorsal arches 
of lumbar and sacral vertebrae

30, 31

widely within and beyond Europe.243 Transmission of SBV occurs 
by different midges of the genus Culicoides. Originally recognized 
as a disease of cattle, infection with SBV has been documented in 
various domestic and free-ranging ruminant species, either by vi-
rus identification or seroconversion.243 In nonpregnant adult ru-
minants infected with SBV, clinical signs are typically absent or 
mild and can include fever, reduced milk production, reduced 
fertility, and diarrhea.244,245 Among small ruminants, goats appear 
to be less susceptible to SBV infection than sheep.246 Infection of 
pregnant ruminants may result in fetal infection, and the out-
come of infection depends on gestational age.247 In polytocous 
species, normal and abnormal fetuses may be born to the same 
dam, and the extent of fetal malformation varies among affected 

animals. Congenital defects in affected fetuses include arthrogry-
posis, torticollis, scoliosis, and other skeletal malformations. CNS 
malformations include porencephaly, hydranencephaly, cerebellar 
dysplasia, and dysplasia of the brainstem and spinal cord.247,248 
Fetuses surviving SBV infection may be weak, may have  
neurologic disease, or may appear normal at birth.

Heritable Diseases and Plants Associated 
With Neurologic Disorders
Table 13.4 summarizes the features of heritable diseases of sheep 
and goats that have significant neurologic manifestation. Plants 
associated with neurologic disease are listed in Table 13.5.
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TABLE 
13.4 Congenital and Perinatal Neurologic Diseases of Sheep and Goats With Heritable Etiology.—Cont’d

Condition Breeds Inheritance Clinical Findings Additional Information Reference(s)

Spongiform leukoen-
cephalopathy

Sheep: Romney Suspected  
hereditary

Posterior	paralysis	in	2-	to	
3-month-old	lambs	develop-
ing to flaccid paralysis

Diagnosis: histopathologic 
evidence of spongy vacuolation 
of brain and spinal cord

32

Thalamic	cerebellar	
neuropathy

Sheep: Merino Suspected  
hereditary

Onset	at	2	years	or	older,	clini-
cal signs of cerebellar and 
spinal cord dysfunction, 
ataxia, tremors, hypermetria

Swelling and degeneration of  
neurons in cerebellum,  
thalamus, and spinal cord

33

b-Mannosidosis	
(lysosomal  
b-mannosidase	
deficiency)

Goats: Nubian Autosomal  
recessive

Recumbency and inability to 
stand in neonates, carpal 
contraction, hindlimb  
extension, excessive gingival 
tissue, thickened skin,  
intention tremors, deafness, 
nystagmus, domed head

Vacuolation	and	demyelinization	 
of neurons, increases in urine 
mannose and N-acetylglucos-
amine, reduced b-mannosidase	
in	plasma	in	homozygotes	and	
heterozygotes

1, 34

TABLE 
13.5 Plants Associated With Neurologic Diseases.a

Disease Category Plant Clinical Signs and Symptoms

Paralysis Astragalus, Oxytropis—locoweed Emaciation, proprioceptive deficits, staggering, paralysis

Delphinium—larkspur Rapid onset, “nervous” behavior, muscle twitching,  
paralysis, death

Seizures	or	central	 
nervous system  
stimulation

Apocynum—Indian hemp Convulsions,	weakness,	coma

Asclepias—milkweed Convulsions,	coma,	death

Cicuta—water hemlock Rapid onset, extremely toxic, convulsions, muscle spasms,  
grinding teeth, coma, death

Conium—poison hemlock Trembling,	incoordination,	respiratory	paralysis

Corydalis—fitweed Rapid	onset,	ataxia,	seizures,	twitching	facial	muscles,	chewing	
movements

Delphinium—larkspur Excitability, staggering, vomiting, convulsions

Lupinus—lupines Nervousness, convulsions, coma

Central	nervous	system	
stimulation and  
depression or mixed  
central nervous effects

Aesculus—buckeye, horse chestnut Vomiting, ataxia, trembling, convulsions, hyperesthesia excite-
ment, or depression

Datura—jimson weed Ataxia, tremors, hallucinations, mydriasis, tachycardia, tachypnea

Eupatorium—white snakeroot Trembling	in	the	muzzle	and	legs	after	exercise,	weakness,	 
difficulty breathing

Haplopappus—rayless goldenrod Depression, stiff gait, trembling, weakness, recumbency,  
coma, death

Kalmia, Rhododendron—mountain laurel, 
rhododendron,	azaleas

Convulsions,	vomiting,	weakness,	paralysis,	death

Leucothoe—fetterbush Incoordination, vomiting, weakness, spasm, coma, death

Lupinus—lupines Nervousness, depression, twitching, convulsions, death

Ricinus—castor bean Diarrhea, dullness, weakness, trembling, incoordination

Solanaceae—ground cherry, nightshade, horsenettle, 
soda apple

Depression, mydriasis, bradycardia, incoordination

Veratrum—false hellebore Vomiting, arrhythmias, weakness, convulsions, coma

Zigadenus—death camas Weakness,	staggering,	convulsions,	coma,	excess	salivation

Continued
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Disease Category Plant Clinical Signs and Symptoms

Depression or weakness Halogeton Rapid and shallow breathing, coma

Helenium—sneezeweed,	bitterweed Depression, weakness, chronic vomiting

Hymenoxys—rubberweed Depression, weakness, bloat, green nasal discharge

Oxytenia—copperweed Depression, weakness, coma

Sarcobatus—greasewood Dullness, nasal discharge, drooling, weakness

Tetradymia—horsebrush Depression, weakness, swelling around head, peeling skin

aCyanogenetic plants such as Triglochin (arrowgrass) and Prunus (wild cherry), as well as plants that contain nitrates, may cause signs that mimic neurologic deficits. Treatment of animals that have 
ingested any of these toxic plants should include oral charcoal (0.5 kg PO) and diazepam (0.25–0.5 mg/kg) to control seizures, maintenance of hydration status, and nutritional support.

TABLE 
13.5 Plants Associated With Neurologic Diseases.—Cont’d
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Diseases of the Eye
RICHARD J. MCMULLEN JR. AND THOMAS PASSLER

Ocular and Adnexal Anatomy
It is important to have a general and functional understanding of 
the anatomy of the eye and surrounding tissues. Without this 
knowledge, it can be very difficult to determine if a lesion or an 
abnormality is actually present. Although individual differences 
are present among each of the species covered in this section, deer, 
goats, and sheep are all arrhythmic ruminants and are equally  
active diurnally and nocturnally. Thus, the ocular, orbital, and 
adnexal anatomy is relatively similar.1,2

Adnexa
Orbit. Sheep, goats, and deer have an enclosed orbit, typical of 

most grazing animals. The bony fossa of the orbit in each of these 
species is comprised of the lacrimal, zygomatic, frontal, sphenoid, 
and palatine bones. Additionally, the maxillary bone forms part of 
the orbit in sheep. The size, shape, and position of the orbit are 
closely associated with visual activity and feeding behavior.1,2 In 
general, prey species such as small ruminants have eyes that are 
located more laterally on the skull, resulting in enhanced mon-
ocular vision with an increased panoramic line of vision, allowing 
these species to scan their surroundings for predators.1,2 Nerves 
and blood vessels enter into the orbital region via the rostral alar, 
ethmoidal, lacrimal, orbital, ovale, optic, rotundum, and supraor-
bital foramina or fissures. The pterygopalatine region has nerves 
and vessels associated with the orbit as well, including the caudal 
palatine, maxillary, and sphenopalatine foramina.1 Glands of the 
infraorbital sinus, or preorbital glands, are present in sheep and 
cervids and are better developed in rams and bucks than in ewes 
or does, respectively. These are specialized cutaneous glands that 
produce pheromones; their secretions exit from the infraorbital 
sinus in a depression just rostral to the eye (Figure 14.1A, B).3–7

Orbital Fascia and Fat. The globe is surrounded by three fas-
cial layers. The periorbita is the most external layer and is attached 
near the optic foramen and the apex of the muscle cone at the exit 
of the optic nerve from the orbit.1,2,8 The superficial muscular 
fascia lies within the periorbita and encloses the lacrimal gland 
and the levator palpebrae superioris muscle. The deep muscular 
fascia is more fibrous than the other two fascial layers and origi-
nates at the upper and lower eyelid and from the limbus. It 
sheaths the extraocular muscles and optic nerve.1,2,8 The orbital fat 
occupies the spaces between the extraocular muscles and fills the 
orbital dead space providing a cushion that protects the globe and 
extraocular muscles.1,2,8

Extraocular Muscles. The extraocular muscles suspend the 
globe within the orbit and are responsible for ocular motility.1 
There are four rectus muscles (dorsal, ventral, medial, and lateral 
recti) that move the globe in their respective directions. The recti 
originate from the orbital apex at the annulus of Zinn and insert 
posteriorly to the limbus at variable distances depending upon the 
species and muscle in question.1 The dorsal oblique muscle origi-
nates from the medial orbital apex, passes anteriorly on the  
dorsomedial wall of the orbit, and is then deflected around the 
trochlea, a cartilaginous pulley attached to the anterior aspect of 
the medial wall of the orbit, to insert on the dorsolateral aspect of 
the globe beneath the tendon of the dorsal rectus muscle.8,9 The 
dorsal oblique muscle rotates the dorsal aspect of the globe both 
medially and ventrally. The ventral oblique muscle originates from 
a depression in the ventromedial wall of the orbit, specifically the 
anterolateral margin of the palatine bone. It passes laterally be-
neath the globe, crossing the ventral rectus tendon before insert-
ing on the ventrolateral aspect of the globe.1,2,8 The ventral 
oblique muscle moves the globe medially and dorsally. The retrac-
tor bulbi muscle, which forms an almost complete cone around 
the optic nerve, originates from the orbital apex and inserts just 
posteriorly to the equator beneath the recti muscles.1,2,8 The re-
tractor bulbi muscle retracts the globe towards the apex of the 
globe for additional protection and allows the nictitating mem-
brane (third eyelid) to move across the surface of the cornea.1,2,8 
The oculomotor nerve (cranial nerve [CN] III) innervates the 
dorsal, ventral, and medial recti muscles. The dorsal oblique 
muscle is innervated by the trochlear nerve (CN IV), and  
the lateral rectus and retractor bulbi muscles are innervated by the 
abducens nerve (CN VI).1,2,8

Eyelids and Conjunctiva. The superior and inferior palpebrae 
(eyelids) are two musculofibrous folds of thin skin continuous 
with the facial skin. The superior eyelid is more mobile than the 
inferior eyelid. The opening formed by the free edges of the eye-
lids is the palpebral fissure.1,2,8,9 Histologically, the eyelids have 
four tissue layers: the skin, the orbicularis oculi muscle, the tarsus 
and stromal layer, and the palpebral conjunctiva. The palpebral 
skin is thin and elastic and is covered by a dense coat of short hairs 
with small tubular and sebaceous glands. The superior palpebrae 
have a row of cilia, and vibrissae are present a short distance from 
the superior and inferior palpebral margins in small ruminants. 
The arrectores ciliorum are bundles of smooth muscle fibers that 
extend from the eyelash follicles toward the tarsus and are present 
in ruminants, but not in carnivores.1,2 The superior palpebral skin 
receives sensory innervation by the ophthalmic branch of the  
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trigeminal nerve (CN V), and the inferior palpebral skin is in-
nervated by the maxillary branch of the trigeminal nerve. The 
orbicularis oculi muscle encircles the entire palpebral fissure and 
functions to close the palpebral fissure. It receives motor innerva-
tion by the palpebral branch of the facial nerve (CN VII). The 
superior eyelid is elevated by the levator palpebrae superioris 
muscle, which receives motor innervation from the oculomotor 
nerve. The levator palpebrae superioris originates at the orbital 
apex and extends along the dorsal half of the mid-stroma. The 
sympathetically innervated Müller’s muscle complements the 
function of the levator palpebrae superioris. Other muscles associ-
ated with eyelid function include the corrugator supercilii muscle, 
which assists in elevating the superior eyelid, and the retractor 
anguli oculi muscle, which lengthens the lateral palpebral fissure. 
Both of these muscles are innervated by the facial nerve. The tar-
sus is a poorly developed narrow layer of dense collagenous con-
nective tissue that separates the eyelid muscles from the palpebral 
conjunctiva. The tarsus is continuous with the septum orbitale in 
both the superior and inferior palpebrae. The septum orbitale is 
attached to the periosteum of the bony orbital rim.1,2 Near the 
margin of both eyelids are the tarsal gland openings. The tarsal 
glands are sebaceous glands that produce the lipid component of 
the preocular tear film. These glands open onto the edge of both 
eyelids through small openings arranged longitudinally. The tarsal 
glands are parasympathetically innervated by the oculomotor 
nerve.1 The palpebral conjunctiva is the mucous membrane that 
lines the inner aspect of the eyelids. It consists of stratified colum-
nar epithelium that becomes more stratified and squamous as it 
nears the eyelid margin. The stratified columnar epithelia have 
numerous goblet cells that contribute to the mucus layer of  
the preocular tear film. The palpebral conjunctiva continues onto 
the globe as the bulbar conjunctiva where it meets and is continu-
ous with the corneal epithelium. The palpebral and bulbar con-
junctivae meet at the fornix, and this region is lined with stratified 
cuboidal epithelium. The potential space created by the conjunc-
tivae is the cul-de-sac. The palpebral, bulbar, and nictitans con-
junctivae are named based on their anatomic locations, but they 
are continuous. The vascular supply to the conjunctiva is from the 
anterior ciliary arteries (branches of the external ophthalmic ar-
tery).1,2 Ventromedially, the lacrimal caruncle is seen as a small 

mucosal elevation that may or may not be pigmented and contain 
hair follicles.

The nictitating membrane (third eyelid, nictitans) is located 
ventromedially between the lacrimal caruncle and the globe. It is 
completely lined by conjunctiva and contains a T-shaped carti-
laginous plate with a gland (gland of the nictitating membrane or 
nictitans) at its base. The horizontal part of the T lies at the free 
edge of the fold. The gland of the nictitating membrane  
surrounds the stem of the cartilage. The anterior and posterior 
aspects of the nictitating membrane are lined with nonkeratinized 
stratified squamous epithelium. The nictitating membrane moves 
passively over the eye in a dorsolateral direction when the globe is 
retracted by contraction of the retractor oculi muscle and  
displacement of the orbital fat.1,2

Lacrimal and Nasolacrimal Systems
The lacrimal system consists of the lacrimal gland, the gland of the 
third eyelid, the accessory glands of Krause and Wolfring, the 
glands of Zeis, the tarsal glands, and the nasolacrimal duct  
system.1,2,8,9 The lacrimal gland lies in the dorsolateral wall of 
the orbit between the dorsolateral wall of the orbit and the globe. 
Histologically, the lacrimal gland of the sheep and goat is a com-
pound tubuloalveolar mixed gland.10,11 The lacrimal gland re-
ceives its blood supply from the lacrimal artery. The lacrimal nerve 
sends sensory innervation to the gland, and the secretory portion 
of the gland is sympathetically innervated by postganglionic fibers 
from the cranial cervical ganglion. Two large and four to five small 
excretory ducts originate from the central surface of the lacrimal 
gland in small ruminants.8,10 The lacrimal fluid drains into the 
dorsal fornix of the conjunctival sac and mixes with the secretions 
of the accessory glands.8 The glands of Zeis and the tarsal glands 
produce the outer lipid layer of the preocular tear film. The lacri-
mal gland, the gland of the third eyelid, and the accessory glands 
of Krause and Wolfring produce the middle aqueous component 
of the preocular tear film. The inner mucin layer is produced by 
the conjunctival goblet cells.1,2 The three layers of the preocular 
tear film are continuously spread across the eye’s surface by the 
eyelids and nictitating membrane during blinking. Unlike cattle, 
sheep and goats have high lysozyme (an antibacterial enzyme) tear 

A B

• Fig. 14.1  A. Closed preorbital gland in a young male fallow deer. B. Manually dilated preorbital gland 
in a young white-tailed deer. (Courtesy Dr. Kelley Steury, Alabama Veterinary Diagnostic Laboratory, 
Auburn, AL.)
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film concentrations.12,13 Excess preocular tear film pools in the 
lacrimal lake at the ventromedial angle of the eye. Mechanical 
pumping action draws the tear fluid into the superior and inferior 
puncta lacrimale (lacrimal puncta). The puncta are located on the 
palpebral conjunctiva, just inside the edge of the eyelid and me-
dial to the last tarsal gland.1,2 Smooth muscle in the puncta con-
tract during blinking to remove pooled tear fluid. The superior 
and inferior lacrimal puncta continue as the superior and inferior 
canaliculi. The canaliculi coalesce at the nasolacrimal sac located 
in the lacrimal fossa of the lacrimal bone.1,2 The lacrimal sac emp-
ties into the nasolacrimal duct, which initially continues rostrally 
through the osseous lacrimal canal and the osseous lacrimal 
groove of the maxilla. It then parallels the mucous membrane of 
the middle meatus and opens on the nasal mucous membrane at 
the junction of pigmented and nonpigmented skin.11

The Harderian gland (glandula palpebrae tertiae profundus) 
and the nictitans gland (glandula palpebrae tertiae superficialis) 
have traditionally been considered to be two distinct individual 
glands. Although the ducts for both glands open on the bulbar 
conjunctival surface of the nictitating membrane, there are dis-
tinct anatomical, histological, and histochemical characteristics 
that vary among the species possessing both glands.14 Rehorek 
et al. (2007) suggest that the two glandular structures known as 
the Harderian and nictitans glands both originate from a single 
inception point and, following differentiation at a later time 
point, separate into two distinct lobes in both the Chinese munt-
jac (Muntiacus reevesi) and fallow deer (Dama dama).14

Vascular Supply of the Eye
In domestic mammals, the majority of the ocular and adnexal 
vascular supply is from the external ophthalmic artery, a branch 
of the maxillary artery. The arteries supplying the globe origi-
nate from the external ophthalmic and the malar artery, a 
smaller branch of the maxillary artery. The nasal and lateral long 
posterior ciliary arteries (LPCAs) branch off of the external oph-
thalmic arteries. The lateral and nasal LPCAs branch to the 
choroid and ciliary processes; in the periphery, each LPCA di-
vides again into dorsal and ventral branches that form the major 
arterial circle of the iris. The LPCAs give off the short posterior 
ciliary arteries (SPCAs). The SPCAs penetrate the globe adjacent 
to the optic nerve to supply the inner layers of the retina and 
then ramify into the choroidal vasculature. The SPCAs also 
branch to the perilimbal region and the anterior ciliary body. 
The smaller internal ophthalmic artery supplies the optic nerve 
and anastomoses with the external ophthalmic artery or one of 
its branches.1 The external ophthalmic artery then gives off two 
muscular branches: the ventral and the dorsal branches. These 
branches supply the extraorbital muscles, the gland of the nicti-
tating membrane, the lacrimal gland, and the levator palpebrae 
superiors.1

Globe
The small ruminant globe (bulbus oculi) is nearly spherical in 
shape. Little published data exist on the globe dimensions of 
small ruminants. Anterior to posterior (axial) globe length in-
creases with age in Saanen goats, with the average values being: 
18.66 mm (45 days), 22.29 mm (180 days), and 24.37 mm  
(549 days) in this particular breed.15 In Barbary sheep, or aoudad 
(Ammotragus lervia), the average axial globe length was deter-
mined to be 28.43 mm in a group of 18 animals.16 These results 

are similar to previously reported values from the early 20th cen-
tury (28.85 mm).1,17 The globe is composed of three tunics 
(distinct layers): the fibrous, vascular, and nervous tunics. The 
external fibrous tunic is composed of dense collagenous connec-
tive tissue that resists the eye’s internal pressure and gives the 
globe its round shape. The fibrous tunic is composed of the cor-
nea and sclera, which coalesce at the corneoscleral junction or 
limbus. This transition is obvious, as the disorganized collagen 
fibers of the sclera transition into the highly organized (i.e., 
transparent) fibers of the cornea (Figure 14.2).18 The middle 
vascular tunic is comprised of the uvea, which includes the iris, 
ciliary body, and choroid. The inner nervous tunic includes the 
retina and optic nerve. The three tunics surround the aqueous 
humor, lens, and vitreous humor.1,2

Fibrous Tunic
Cornea. The cornea is the transparent, avascular, and colorless 

anterior 20% of the fibrous tunic. It is composed of dense col-
lagenous connective tissue arranged in a regular lamellar pattern. 
This lamellar pattern, combined with the physiologic pump of the 
posterior epithelium, maintains the cornea’s transparency and 
deturgescence. The nonkeratinized anterior surface epithelium 
and the small diameter of the collagen fibrils also contribute to 
the cornea’s transparency.18,19

The cornea is the most powerful refractive surface of the eye. 
In small ruminants, the shape of the cornea is elliptical, with its 
horizontal diameter greater than its vertical diameter. In sheep, 
the average width of the cornea is 22.4 mm and the average  
height is 15.4 mm.1,19 The sheep cornea is thickest at its center 
(0.8–2.0 mm) and thinnest at its edge (0.3–0.5 mm).1 A recent 
study evaluating the central corneal thickness via optical coher-
ence tomography has shown the average corneal thickness to  
be 616.9 6 7.1 µm in goats and 741 6 9.9 µm in sheep.20 Not 
only can the overall corneal thickness be evaluated using this  
imaging modality, but the various individual corneal layers (epi-
thelium, stroma, Descemet’s membrane, and endothelium) can be 
readily identified and observed under significant magnification 
(Figure 14.3A, B).20 Corneal innervation is achieved by the long 
ciliary nerves, which originate from the ophthalmic branch of the 
trigeminal nerve.1

• Fig. 14.2  Image of the right eye of a young female sheep. The white 
sclera (dorsal) and clear (transparent) cornea comprise the outer fibrous 
tunic of the globe.
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• Fig. 14.3  A. Optical coherence tomography (OCT) screenshot of the axial cornea of an adult female 
goat. Internal calipers are used to measure the axial corneal thickness (651 µm or 0.651 mm) for this 
animal. B. This imaging modality can be used to assess corneal defects and their response to therapy, 
such as in this adult horse with a 40–50% depth corneal ulcer.

The small ruminant cornea is comprised of four layers. The 
anterior, nonkeratinized, stratified, squamous epithelium (epithe-
lium corneae) covers the outermost corneal surface and is con-
tinuous with the conjunctival epithelium. The most posterior 
layer of the anterior epithelium consists of a monolayer of colum-
nar basal cells that lie on a thin basement membrane. The base-
ment membrane of the anterior epithelium is primarily composed 
of types IV, VI, and VII collagen.1,2 Several layers of polyhedral, 

or wing cells, extend anteriorly from the basal cell layer, and ante-
rior to these are numerous layers of nonkeratinized squamous 
epithelial cells. The basal cells are attached via hemidesmosomes, 
arranged in a linear manner, to the basal lamina of the basement 
membrane (lamina limitans).1,9 The stroma (substantia propria) 
forms the bulk of the cornea. The stroma is composed of extracel-
lular matrix and a lamellar arrangement of collagen fibrils ori-
ented in parallel lamellae positioned at oblique angles to each 
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other and separated by less than a wavelength of light.1,21 Inter-
woven between the collagen fibrils and extracellular matrix are 
keratocytes. Keratocytes possess cellular extensions that help 
maintain the stromal lamellae. After a deep corneal injury, kerato-
cytes can differentiate into fibroblasts and contribute to scar for-
mation.1,2 Descemet’s membrane (lamina elastica), located on the 
posterior aspect of the cornea, is homogeneous and acellular and 
functions as a protective boundary within the cornea. It is pro-
duced throughout life by the corneal endothelium and is made up 
of types I, III, IV, V, VI, and VIII collagen. Descemet’s membrane 
terminates at the apex of the trabecular meshwork in the area of 
the limbus.1,2 The endothelium is a monolayer of flattened 
polygonal cells lining the most posterior aspect of the cornea. In 
adult animals, the endothelium rarely undergoes mitosis and has 
an age-dependent loss of endothelial cells.1,22,23

Lens. The lens further focuses light entering the eye to allow 
for sharp focus of visualized images. The lens is a transparent, bi-
convex, almost spherical structure that is located posterior to the 
iris and anterior to the vitreous. It is held in position by the zonu-
lar ligaments (zonula ciliaris) that arise from the ciliary epithelium 
and are composed of fibrillin.24 Other structures that support the 
lens include the patellar fossa of the vitreous and the iris. Her-
bivorous animals have a marginally functional accommodative 
mechanism resulting in relatively poor near vision.19

The lens is transparent and avascular and receives the majority 
of its nutrients from the aqueous humor. It continues to grow 
throughout life at a slow, regulated rate because of continued divi-
sion and differentiation of the lens epithelial cells into lens fiber 
cells. This growth does not result in an increase in size of the lens 
but leads to compression of the lens fibers, which are responsible 
for the reduced transparency which manifests clinically as nuclear 
sclerosis or cataracts.1,2

The lens is enveloped in a basement membrane of primarily 
type IV collagen. The anterior lens capsule is significantly thicker 
than the posterior lens capsule and continues to thicken through-
out the animal’s life.1,2 The lens capsule is produced by the lens 
epithelial cells, which are present only on the anterior aspect of 
the lens. The lens epithelial cell population is made up of three 
regions. The most central cells are squamous in appearance and 
rarely undergo mitosis. The cells in the germinative region, which 
encircles the central epithelium, are more cuboidal in appearance 
and undergo mitosis at a slow rate. The lens epithelial cells in the 
equatorial region elongate into lens fiber cells, lose their nuclei by 
a process called denucleation, and attach at the anterior and pos-
terior lens sutures. The fiber cells are continually being formed—
the newest fiber cells are located peripherally and the oldest be-
come the most centralized and compressed lens fibers. Nearly 
80% of glucose metabolism in the lens occurs primarily by  
glycolysis. The tricarboxylic cycle accounts for 5%, the pentose 
monophosphate shunt accounts for 15%, and the sorbitol path-
way accounts for a negligible portion of glucose metabolism.1,2

Vitreous. The vitreous (vitreous humor or vitreous body) also 
refracts light that enters the eye and passes through the lens to 
focus light on the retina. The vitreous is gel-like and lies posterior 
to the lens and anterior to the retina. The vitreous is 98% water 
that is suspended in collagen fibers and glycosaminoglycan ma-
trix. The vitreous body physically holds the retina against the 
choroid. Continuous turnover of the vitreous does not occur.1,2

Sclera. The sclera comprises the posterior 80% of the fibrous 
tunic. The sclera differs from the cornea in three basic ways:  
(1) the collagen fibrils of the sclera are irregularly arranged; (2) the 
scleral epithelium is thicker than the corneal epithelium; and  

(3) it has small basal cells with scanty cytoplasm.1,2 Scleral thick-
ness at the entry point of the optic nerve in the sheep is 1.0 to  
1.2 mm. It thins at the equator to 0.25 to 0.30 mm and thickens 
at the corneoscleral junction to 0.4 to 0.5 mm.1,2 These values 
have not been determined for goats or cervids.

Vascular Tunic (Tunica Vasculosa Oculi)
The vascular tunic, or uvea, is comprised of the iris, ciliary body, 
and choroid. These structures are highly vascularized and variably 
pigmented.1,2

Iris. The iris comprises the anterior, and visible portion, of the 
uvea. It is a muscular diaphragm suspended between the cornea 
and the lens. It is attached anteriorly to the sclera, at its periphery, 
by the pectinate ligament and continues posteriorly to fuse with 
the ciliary body.25–27 The iris divides the space between the cornea 
and the lens into the anterior and posterior chambers of the ante-
rior segment. Its central aspect has an aperture, the pupil (pupil-
lae) that changes in size to adjust the amount of light entering the 
eye and reaching the retina. The muscles that regulate pupil size 
are the sphincter pupillae and the dilator pupillae. The sphincter 
muscle is primarily innervated by parasympathetic nerve fibers, 
while the dilator muscle is innervated by sympathetic nerve fibers. 
As a result, the pupil constricts (when the animal is in a relaxed 
state) and dilates (in response to stress) in addition to reacting to 
increases and decreases in light intensity, respectively. The sphinc-
ter muscle lies concentrically near the pupillary margin and the 
dilator muscle has fibers arranged radially from the sphincter to 
the ciliary border. The pupil is oval in a horizontal plane in small 
ruminants and has several round, variably sized black masses at 
the superior and inferior aspects of the pupillary border called 
granula iridica (corpora nigra) (Figure 14.4).1,28,29 The granula 
iridica are extensions of the posterior pigmented epithelium of the 
iris. They enhance the effect of pupillary constriction or miosis.1 
In cervids, the pupil is also elongated horizontally, but obvious 
granula iridica are lacking or are rudimentary (Figure 14.5).

The iris is grossly divided into two regions divided by the col-
larette. The central region is the pupillary zone, and the peripheral 
region is the ciliary zone (Figures 14.1A and 14.6A, B). The pe-
ripheral half of the ciliary zone contains a circumferential artery, 
the annular major arterial circle. The major arterial circle is an 

• Fig. 14.4  Prominent granula iridica are present along both the upper 
(dorsal) and lower (ventral) pupillary margins in the left eye of this young 
sheep.
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• Fig. 14.5  The tapetal reflex highlights the horizontally elongated pupil in 
the right eye of this young fallow deer. Note the lack of granula iridica 
along the dorsal and ventral pupil margin.

A

B

• Fig. 14.6  A. The dark iris collarette represents the pupillary zone and the 
amber-colored stroma represents the ciliary zone of the anterior surface of 
the iris in the right eye of this adult goat. B. The pupillary zone is made up 
of the darkly pigmented collarette and the gray areas along the dorsal and 
ventral aspects of the pupil. The remaining, amber-colored iris represents 
the ciliary zone in the right eye of this sheep. (Courtesy Dr. Chris Pirie, 
MSU.)

incomplete circle that originates from the dorsal and ventral 
branches of the medial and lateral LPCAs. The major arterial 
circle branches into radial arteries that nourish the rest of the iris. 
Radial vessels provide venous drainage for the iris. They empty 
directly into the anterior choroidal circulation.1,2,28

The three cellular layers of the iris are the anterior border layer, 
the middle stroma (which contains the sphincter muscle), and the 
posterior epithelial layers. The anterior border layer consists of 
fibroblasts and melanocytes, and their processes form an incom-
plete layer across the surface of the iris. No continuous layer of 
epithelium extends across the iris’s anterior surface.1,2 The iris 
stroma is loosely arranged and consists of fibroblasts, fine collag-
enous fibers, chromatophores, and melanocytes. Iris color is de-
pendent upon the density of stromal pigmentation. The iris 
sphincter muscle of sheep, goats, and cervids is probably very 
similar to that of the horse, another ungulate with an elongated, 
horizontally orientated pupil.1,2 In the horse, the iris sphincter lies 
in the main portion of the central stroma, is covered by the 
granula iridica, and is parasympathetically innervated.1,2 The iris 
dilator muscle is located in the posterior aspect of the iris stroma, 
is innervated by sympathetic fibers, and is continuous with the 
pigmented epithelium of the ciliary body. The posterior pig-
mented epithelium of the iris is continuous with the nonpig-
mented epithelium of the ciliary body.1,2 Both the iris dilator 
muscle and the posterior pigmented epithelium form the granula 
iridica in herbivores. The size of the dilator muscle in sheep, goats, 
and cervids is likely similar to that of the horse.1,2

Ciliary Body (Corpus Ciliare). The ciliary body is the middle 
portion of the uvea through which the choroid (posterior uvea) 
and the peripheral iris (anterior uvea) converge. It consists of two 
sections: the anterior pars plicata and the posterior pars plana.1 
The pars plicata consists of radial folds called ciliary processes that 
are “thick and clublike with shallow valleys in herbivores.”30 The 
ciliary processes stabilize the lens via zonular fibers that extend to 
the lens equator. In ungulates, the ciliary processes have numerous 
arterioles and veins within their core. The ciliary processes also 
have well-developed capillary beds that produce the majority of 
the aqueous humor.1,2 The pars plana is the thin, flat portion of 
the ciliary body that terminates in the pars ciliaris retinae; the 
junction between the ciliary body and the retina. This portion of 
the uvea is devoid of vasculature and varies in width because the 
retina extends further anteriorly, both medially and inferiorly, in 
most species.1,2 The ciliary muscles, along with the ciliary pro-
cesses, comprise the majority of the ciliary body. The ciliary mus-
culature is composed of meridional smooth muscle fibers coursing 
close to the sclera. This musculature is poorly developed in ungu-
lates, accounting for their poor accommodative ability. Evolution 
has allowed herbivores to develop large corneas, horizontally oval-
shaped pupils, and large anterior chambers for better night vision 
and good motion detection.1,2

Iridocorneal Angle. The iridocorneal angle (ICA) is the most 
anterior aspect of the ciliary body. The most anterior region of the 
ICA is the termination of Descemet’s membrane.26 The ICA is 
bordered by the limbus, the base of the iris, and the ciliary cleft. 
The ciliary cleft is a triangular region that is the posterolateral 
extension of the anterior chamber into the ciliary body. Pectinate 
ligaments are present in the ciliary cleft from the pigmented lim-
bus to the root of the iris.1,2 The ICA and ciliary musculature of 
small ruminants are similar to those of cattle. The outflow tract 
has a large ciliary cleft with prominent spaces of Fontana. The 
large, semi-oval corneoscleral trabecular meshwork and the uveal 
trabecular meshwork form a delineated angular aqueous plexus.26 
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The ciliary cleft and pectinate ligaments are smaller in sheep, 
goats, and cervids than in cattle and horses because of their 
smaller globe size. Aqueous humor can exit the eye through one 
of two pathways: the conventional and the unconventional out-
flow pathway. The majority of aqueous humor exits the eye in 
most species by the conventional pathway. Specifically, following 
its production by the ciliary body, aqueous humor passes into the 
posterior chamber, through the pupil, into the anterior chamber, 
between the pectinate ligaments, through the trabecular mesh-
work, into the scleral venous plexus, and then the systemic  
circulation. Aqueous humor can also exit the eye by a number of 
ancillary pathways. It can drain anteriorly within the iridal stroma 
and across the cornea, it can flow posteriorly into the vitreous 
humor, or it can flow exteroposteriorly along a supraciliary- 
suprachoroidal space into the adjacent sclera.1,2 The uveoscleral 
(unconventional) pathway is the most prominent of the ancillary 
routes of aqueous drainage. Aqueous humor is absorbed from the 
ciliary cleft into the anterior face of the ciliary body and diffuses 
into the sclera and the systemic venous circulation. The percent-
age of outflow by the uveoscleral pathway has been determined 
for many species but not for small ruminants. This outflow path-
way is thought to be the major aqueous outflow pathway in the 
horse and may be a major pathway in other ungulates.1,2,31

Choroid (Choroidea). The choroid is a dense network of blood 
vessels and pigmented stroma between the retina and the sclera. 
The choroid supplies nutrition to the posterior layers of the retina. 
The total choroidal blood supply far exceeds the need for retinal 
nutrition and it may also serve as a heat exchange mechanism to 
prevent the retina from overheating. Morphologically, the choroid 
can be divided into four layers: suprachoroidea, large vessel layer, 
medium-sized vessel and tapetum layer, and choriocapillaris. The 
suprachoroidea is the potential space between the choroidal 
stroma and is attached loosely to the sclera by the lamina fusca. 
The LPCAs and nerves travel in the suprachoroidea along the 
horizontal meridian. The large-vessel layer (lamina vasculosa) is 
the posterior stromal layer. It has large cavernous vessels, primarily 
veins, that drain the choriocapillaris and some branches of the 
SPCA. The medium-sized vessel and tapetum layer are the ante-
rior stromal layer of the choroid. It has smaller vessels connecting 
the choriocapillaris to the large vessel layer.1,2 Within this inner 
stromal layer lies the tapetum. In ungulates, the tapetum is fibrous 
(tapetum fibrosum) and composed of regularly arranged collagen 
fibers and occasional fibrocytes. Herbivores are born with mature 
eyes and well-developed tapeta. Sheep have several hundred layers 
of well-arranged collagen lamellae.32 Capillaries penetrate the ta-
petum at right angles to the collagen lamellae, connecting the 
choriocapillaris to the medium-sized vessels; when visualized end-
on, they are referred to as the “stars of Winslow.”1,2 The chorio-
capillaris is the single layer of capillaries between the choroidal 
stroma and the retinal pigmented epithelium (RPE). These capil-
laries are fenestrated, and external to their endothelium, they have 
a basement membrane that forms the outermost layer of Bruch’s 
membrane separating the choroid from the RPE.1,2

Neural Tunic
The neural tunic is comprised of the retina and optic nerve. Both 
are derivatives of the forebrain, and both can be visualized during 
an ophthalmic examination. As a result, changes in their appear-
ance can provide clinical information about that animal’s physical 
status. The retinal vasculature, which originates from the SPCAs, 
provides the inner retinal layers with the majority of its nutrients, 

with the vitreous providing the rest. The choriocapillaris is re-
sponsible for providing nourishment to the outer retinal layers. 
The retinal metabolic rate is one of the highest in the body, and 
therefore, if either the retinal or choroidal vasculature is even 
marginally compromised, the retina can become ischemic.1,33

The retina is comprised of 10 layers, the outermost of which is 
the RPE; the inner nine layers are known as the sensory retina. 
The five layers of clinical importance (from posterior to anterior) 
are as follows: RPE, photoreceptors, inner nuclear layer (bipolar 
cell nuclei), ganglion cell layer, and the nerve fiber layer (ganglion 
cell axons).1,2

The photoreceptors include the rods and cones. Rods function 
in dim-light conditions. Cones function in bright light and play 
roles in color recognition and visual acuity. Rods dominate in 
sheep, goats, and deer. Photoreceptors are composed of inner and 
outer segments. The outer segments have rhodopsin embedded in 
their membranes. Bipolar cells synapse with photoreceptors on 
one side and with ganglion cells on the opposite side. They trans-
fer the electrical potential generated by the photoreceptors to the 
ganglion cells. The ganglion cells are the innermost cell layer of 
the retina. Projecting axons run parallel to the retinal surface in 
the innermost nerve fiber layer and converge at the optic disc. 
These axons turn posteriorly to form the optic nerve (CN II). 
Optic nerve fibers exit the eye through the lamina cribrosa. The 
highest density of ganglion cells has been determined to be in the 
area centralis and visual streak of goats.34 The retina of the goat 
shows a horizontal visual streak (nasal to temporal) slightly ventral 
to the optic disc. Additionally, the goat retina also contains an 
area centralis (circular area of maximal ganglion cell concentra-
tion) located temporally and situated close to the optic disc. The 
goat retina also contains a vertical streak (concentration of gan-
glion cells) in the upper temporal retina, perpendicular to the 
horizontal visual streak. There are significant variations in the in-
dividual arrangement of both the horizontal and vertical streak in 
the goat, even between the eyes of the same animal.34

The area centralis is the area of maximal cone density and the 
visual streak is the area of maximal ganglion cell density. The 
central retina of sheep is similar to that of other mammals with an 
area centralis and a single visual streak. Goats have an area centra-
lis and also two visual streaks—a horizontal streak and a vertical 
streak.34,35 The rod-to-cone ratio for sheep is 30:1 to 40:1.36 No 
rod-to-cone ratio has been reported in goats or deer. The retinas 
of sheep, goats, and deer have two classes of cone pigment,  
thus providing the requisite retinal basis for dichromatic color 
vision.34,35,37,38

The RPE is a single layer of cells between the sensory retina 
and the choriocapillaris. It is nonpigmented in the dorsal half of 
the fundus, allowing the tapetum exposure to light. The primary 
functions of the RPE are metabolism of retinol for phototrans-
duction and phagocytosis of waste products from the sensory 
retina. The RPE has tight interepithelial junctions that form part 
of the blood-retinal barrier.1

Sheep, goats, and deer retinae have a holangiotic vascular  
pattern. In holangiotic retinae, all quadrants of the retina are 
vascularized with vessels extending from the optic nerve to the 
periphery. Sheep retinae have three or four major venules and 
numerous branching arterioles. Occasionally, the superior arteri-
ole and venule wrap around each other. Goat retinae have five to 
eight primary venules.

The tapetal fundus is roughly triangular; can be yellow, green, 
to bluish-purple; and is stippled with the stars of Winslow.39 
The dorsomedial tapetal fundus has more pigment than the other 
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sections. The non-tapetal fundus is dark due to the pigment 
within the RPE and the lack of a tapetal layer over this portion of 
the fundus. The non-tapetal fundus is located ventral to the tape-
tal fundus. The tapetal–non-tapetal junction separates the two 
fundi. In sheep, the optic nerve head is located within the non-
tapetal fundus just ventral to this junction. Sheep (Figure 14.7A, 
B) have a kidney bean–shaped optic disc, and goats (Figure 14.8A, 
B) have a rounder optic disc that is often located within the tape-
tal fundus. Goats also have a pigmented ring that surrounds the 
optic disc.40 In deer, the optic nerve head is located within the 
non-tapetal fundus and is horizontally elongated. The temporal 

and medial ends of the optic nerve head are wider than the center 
in this species.41,42

The optic nerve is composed of the axons of the retinal gan-
glion cells. The optic nerve head is located ventrolateral to the 
posterior pole of the globe. It is myelinated in all species; in sheep, 
goats, and deer, the myelin is maintained as the fibers enter the 
globe through the lamina cribrosa. The optic nerve head of sheep 
and goats has a small dark central depression called the physio-
logic cup or pit. The orbital portion of the optic nerve is envel-
oped in the thick dura mater and fuses anteriorly with the sclera. 
Internal to the dura mater is the arachnoid sheath, and within this 

A B

• Fig. 14.7  A. Fundus image of the right eye of a sheep. Note the slightly oval-shaped (kidney bean) optic 
disc in this young sheep. The four thick and prominent retinal venules extend into the peripheral retina 
from the optic disc (dorsal, ventromedial, ventral, and ventrotemporal). The dark punctate spots within the 
tapetum (bright green reflective area dorsal to the optic disc) are the stars of Winslow. B. Contralateral 
fundus image from the same sheep as in Figure 14.7A.

A B

• Fig. 14.8  A. Fundus image of the right eye of a goat. Note the round (circular) optic disc in this adult 
goat. The four thick and prominent retinal venules extend and branch into the peripheral retina from the 
optic disc (dorsal, ventromedial, ventral, and ventrotemporal). The dark punctate spots within the tapetum 
(bright green reflective area dorsal to the optic disc) are the stars of Winslow. B. Contralateral fundus im-
age from the same goat as in Figure 14.8A.
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layer is the pia mater. Herbivores, including sheep, goats, and 
deer, exhibit more than 80% decussation at the optic chiasm to 
form the optic tracts. Each optic tract is composed of pupillary 
and visual fibers. The pupillary fibers travel to the pretectal nu-
cleus to control the pupillary light reflex (PLR), whereas the visual 
fibers travel to the lateral geniculate nucleus and then to the visual 
cortex for visual perception.1,2

Ophthalmic Examination
Prior to evaluating or examining an individual animal, or group 
of animals, it is important to obtain a thorough history. The his-
tory should pertain not only to the affected individual animal(s) 
but also to the remainder of the flock or herd. Important, general 
information that should be obtained include signalment, hus-
bandry, feeding habits, geographic location, recent addition of 
any new animals, gestation status, past medical history (prior 
systemic or ocular diseases), and vaccination and deworming sta-
tus. Specific information that should be obtained pertaining to 
the specific ailment of the animal(s) in question include duration 
of current problem, clinical signs associated with ocular disease, 
and medications and their frequency of administration for  
the current disease. Additionally, it is important to ascertain  
the owner’s or flock/herd manager’s impression of the animal’s 
specific response to therapy. Responses should be subjectively 
quantified by assigning a limited-scale of attributes (mild, moder-
ate, and severe), which may result in a more accurate impression 
of the disease progression and subsequent response to therapy, in 
many instances.2

The initial part of any ophthalmic examination should be de-
voted to observation of the animal(s) from a distance. If the ex-
amination is conducted on the farm, it is advisable to observe the 
animal in its normal habitat as it interacts with the other animals 
in the flock or herd. Affected animals should be observed from the 
front; otherwise, subtle differences between both eyes may go 
undetected. Unilateral blindness may be compensated for, quite 
well, despite the lateral globe location in small ruminants. An 
animal may turn its head excessively in an attempt to focus on an 
object, using its visual eye, when that object lies within the field 
of view of the eye with compromised visual acuity. If the examiner 
still harbors doubts concerning vision, he or she can cover each 
eye individually for better assessment.2

The ophthalmic examination (Box 14.1) can be performed 
under manual restraint in sheep while they are seated on their 
rumps; goats can stand for the examination. Deer may be exam-
ined in a confined space with minimal and light restraint.43,44 
Before touching the head, the examiner should assess the eyes for 
symmetry in size and position, note the presence of abnormal 
ocular discharge, observe the eyelids as they pass over the ocular 
surface, and record any rubbing, blepharospasm, or other abnor-
malities. The menace test can be used to evaluate the optic nerve 
(CN II) and facial nerve (CN VII) for the presence of vision and 
ability to blink, respectively. If the palpebral fissures do not close 
completely, a palpebral reflex test should be performed by touch-
ing the skin around the eye. This test assesses the function of both 
the trigeminal nerve (CN V) and facial nerve (CN VII). Both 
pupils should be assessed for size, shape, and symmetry under 
both light and dark conditions without direct stimulation. Shin-
ing a focal bright light source into one eye allows assessment of 
the direct PLR. After the response from the stimulated eye is ob-
served, the contralateral eye should be quickly evaluated for the 
consensual pupillary response. The consensual pupillary response 

is slower and more incomplete compared with the stimulated eye 
because of unequal crossover of the optic nerve fibers at the optic 
chiasm. The PLR is a subcortical response that requires normal 
function of the retina, optic nerve (CN II), midbrain, oculomotor 
nerve (CN III), and iris sphincter muscle. Cortically blind  
animals can have a normal PLR. The dazzle response assesses the 
visual pathway between the optic nerve and the midbrain. A very 
bright light source directed toward the eye usually causes a bilat-
eral blink or turning of the head away from the light stimulus. 
This is a subcortical response that reaches the rostral colliculus 
and also stimulates the facial nucleus to cause the blink reflex. 
This test is extremely valuable in assessing the prognosis in an eye 
following a traumatic incident or in which the posterior segment 
cannot be visualized.2

Abnormalities of the orbit can be assessed by palpation of the 
bones of the orbital rim for fractures and asymmetry or by skull 
radiography. Difficulty in retropulsing the globe (manually push-
ing the globes into the posterior orbit through the closed eyelids) 
may indicate a retrobulbar space-occupying mass or other orbital 
disease. Difficulty or pain on opening of the mouth may indicate 
inflammatory orbital disease. Retrobulbar neoplasia usually does 
not cause pain on opening of the mouth. The involved orbit or 
globe should always be compared with the contralateral side. The 
eyelids should be evaluated for entropion or ectropion, complete 
closure of the palpebral fissures, increased wetness or ocular dis-
charge on the hair adjacent to the eyelid margins, and distichiasis 
or trichiasis. The patency of the nasolacrimal apparatus can be 
assessed by determining whether fluorescein dye passes from the 
lacrimal lake to the nares after it is placed on the globe. If fluores-
cein dye is not evident at one or both nares, the examiner can use 
a 22- or 23-gauge cannula attached to a 5-mL syringe filled with 
sterile saline solution to irrigate the nasolacrimal ducts in an  

• BOX 14.1 List of Instruments and Supplies 
for Ophthalmic Examination

Instruments
•	 Direct	ophthalmoscope	and	Finoff	transilluminator	with	rechargeable	bat-

tery	handles
•	 Indirect	condensing	lenses	(14D,	20D,	28D)
•	 Panoptic	ophthalmoscope
•	 Bright	pocket-sized	LED	flashlight
•	 Graefe	fixation	forceps	(nonlocking,	third	eyelid	forceps)
•	 Applanation	(Tono-Pen)	or	rebound	(TonoVet)	tonometer	with	tip	covers	or	

single-use	probes,	respectively

Supplies
•	 Eyewash
•	 Tropicamide	1%	ophthalmic	solution
•	 Proparacaine	0.5%	ophthalmic	solution
•	 Fluorescein	and	Rose	Bengal	external	dye	strips
•	 Schirmer	tear	test	strips
•	 1-mL	and	3-mL	syringes
•	 25-G	and	30-G	needles

•	 For	application	of	topical	ophthalmic	solutions,	the	needle	should	be	
broken	off	at	the	hub.

•	 Lidocaine	2%	local	anesthetic	solution
•	 Cytobrush	or	microbrush	(collection	of	cytology	samples)
•	 Glass	slides	for	preparing	cytology	specimens
•	 Culturettes	(regular	tip	and	mini	tip)
•	 Gauze	pads
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orthograde direction. This procedure is performed by first apply-
ing topical anesthetic (0.5% proparacaine) to the globe and 
puncta. The distal blunt end of the cannula is inserted into the 
superior puncta, and saline solution is injected until fluid is seen 
to exit the inferior puncta. The cannula is then inserted into the 
inferior puncta and saline solution is gently injected until fluid is 
seen exiting the distal naris.2

The conjunctiva should not be hyperemic, thickened, or 
edematous (chemosis). Examination for hemorrhage, foreign 
bodies (especially beneath the nictitating membrane), and lym-
phoid follicle hyperplasia should be performed. Samples from the 
conjunctiva for culture and sensitivity, cytology, immunofluores-
cent antibody (IFA), and biopsy can be obtained in physically 
restrained animals after the application of topical anesthetic  
solution. Fluorescein dye should not be applied before sample 
collection for IFA because it may result in a false-positive result.45

The cornea is examined with a focal light source for clarity. A 
bluish hue is indicative of edema, white opacities may indicate scar-
ring, a yellow-white color is often associated with white blood cell 
infiltrate, and red is consistent with neovascularization (this condi-
tion is generally more prominent at the limbus). Corneal edema 
can result from injury to the superficial corneal epithelium or cor-
neal endothelium. Corneal ulcers result in focal corneal edema and 
positive uptake of fluorescein dye. Fluorescein is a hydrophilic dye 
that binds exposed corneal stroma, but not epithelium or Des-
cemet’s membrane. The slit beam on a direct ophthalmoscope can 
be used to assess the depth of a corneal ulcer by how deeply the 
beam is projected on the ulcer. If the ulcer is deep and fluorescein 
dye uptake is not evident, a descemetocele is likely. A perforated 
corneal ulcer may have aqueous humor draining from the perfora-
tion. The iris may also prolapse through the lesion, and along with 
fibrin, may occlude the perforation. These ulcers should not be 
manipulated and minimal diagnostics should be performed because 
surgical intervention is the treatment of choice.

The anterior chamber is evaluated for clarity and depth. Dam-
age to the blood-aqueous barrier allows protein and cells into the 
aqueous humor, creating turbidity or the Tyndall effect (aqueous 
flare). The slit beam or the smallest circle on a direct ophthalmo-
scope can be used to identify aqueous flare. The beam of light is 
focused directly on the cornea and then observed at 90 degrees to 
the direction of the beam as it passes through the anterior cham-
ber. There should be no evidence of light absorption within the 
anterior chamber. Aqueous flare is seen when protein and cells 
absorb light and the light beam is reflected in the aqueous humor. 
Iris bombé and intumescent cataracts can cause the anterior 
chamber depth to appear decreased, and hypermature cataracts 
can cause the anterior chamber depth to appear increased.2,40

The iris is examined for abnormal shape (dyscoria), color, 
thickness, miosis, or mydriasis inconsistent with the level of ambi-
ent light. Dyscoria can result from lens luxation or subluxation, 
synechia (adhesions), or a mass caudal to or within the iris. Pupil 
size should be examined in bright and dim light, and the exam-
iner should determine direct and consensual PLRs. The color and 
thickness of the iris should be compared with the contralateral 
side; increased iridal thickness may be obvious in cases of cellular 
infiltrate and anterior uveitis. The granula iridica should be exam-
ined for size and symmetry because severe acute or chronic uveitis 
can cause them to atrophy (Figure 14.9).2,40

Intraocular pressure (IOP) in most species is between 15 and 
25 mm Hg. The average IOP values in sheep, goats, and deer  
are summarized in Table 14.1. IOP can be measured in small ru-
minants using a Tono-Pen applanation or a TonoVet rebound  

tonometer. Rebound tonometry using the Tono-Pen is performed 
by gently tapping the tip of the instrument to the cornea, after the 
application of a topical anesthetic. The instrument takes a number 
of readings and then provides the average of those readings in mm 
Hg. A high reading is consistent with glaucoma. Excessive neck 
restraint should be avoided during the use of either instrument 
because this elevates the IOP. Applanation tonometry using the 
TonoVet tonometer is performed without the use of topical anes-
thetics. The instrument must be held in the vertical position. The 
magnetized probe tip is repeatedly projected at the cornea  
when the examiner depresses the measuring button with their  
thumb. The IOP is internally calculated by the instrument by 
evaluating the time required for the probe tip to return to the start 
position.46–48

The lens, vitreous, and fundus are best evaluated through a 
dilated pupil. The pupil can be dilated with a short-acting topical 
parasympatholytic such as 1% tropicamide. Time to effect for 
tropicamide is 10 to 20 minutes, and the effect lasts between  
4 and 8 hours.40 The lens should be evaluated for position and 
clarity. Nuclear sclerosis is an aging change that does not preclude 
evaluation of the fundus but must be differentiated from  
cataracts.

The fundic examination can be performed by either direct or 
indirect ophthalmoscopy. Direct ophthalmoscopy is performed at 
a distance of 2 to 3 cm from the patient’s eye. The large light 
circle is used when the pupil is dilated, and the smaller light cir-
cles are used when the pupil is not dilated. The instrument is set 
at either 0 or the red 2 to begin the examination. The numbers are 
sequentially changed to bring a lesion into focus depending on its 
location. The disadvantages of direct ophthalmoscopy include the 
small field of view (approximately 2% of the entire fundus) and 
difficulty in examining the peripheral fundus. The advantages of 
direct ophthalmoscopy include greater magnification and the 
ability to alter the dioptric strength of the ophthalmoscope.40,49

Indirect ophthalmoscopy requires a focal light source to be held 
adjacent to one of the examiner’s eyes and an indirect lens (held at 
arm’s length) positioned 2 to 4 cm in front of the patient’s eye after 
the tapetal reflex has been identified. A relatively inexpensive  

• Fig. 14.9  Corpora nigra atrophy due to chronic uveitis in a goat. This 
goat was diagnosed with anterior uveitis of unknown origin. Note the ir-
regular pupil shape (dyscoria) due to posterior synechia (adhesions  
between the iris and anterior lens capsule) and the fibrin clot within the 
temporal portion of the anterior chamber.
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indirect condensing lens ($50–$75) is effective. The virtual image 
seen is inverted and reversed. The advantages of using indirect 
ophthalmoscopy include a larger field of view (approximately 40% 
of the entire fundus depending on the strength of the lens), which 
allows the peripheral fundus to be examined more completely, and 
stereopsis (use of both of the examiner’s eyes). Disadvantages in-
clude the need for a relatively dilated pupil. Examination in a 
darkened room and use of a dimmed light source and a 28-diopter 
lens often allow fundic evaluation without dilation in herbivores 
through their horizontally oval pupils. Another limitation of  

indirect ophthalmoscopy is that it requires practice for the exam-
iner to become proficient with the technique. When examining 
the fundus by indirect ophthalmoscopy, the examiner should move 
his or her head in the direction that is to be visualized within  
the fundus. The examiner should have a pattern for examining the 
fundus beginning with the optic nerve, dividing the fundus into 
quadrants, and examining each one by evaluating the vessels and 
color of the tapetal and non-tapetal fundi.2,40,49

A viable alternative to both the direct ophthalmoscope and 
indirect ophthalmoscopy is the PanOptic ophthalmoscope (Welch 

TABLE 
14.1 Intraocular Pressure Values of Small Ruminant Species.a

Species

REBOUND TONOMETRY APPLANATION TONOMETRY

Tono-Vet Tono-Vet-D Tono-Vet-P Tono-Pen-XL Tono-Pen-Avia
230Sheep

OS
OD

12.7	6	3.0
11.7	6	3.3

9.8	6	2.7
10.5	6	2.4

230Goat

OS
OD

21.6	6	5.4
24.3	6	5.6

13.0	6	4.3
14.1	6	4.6

61Fallow	deer
(Dama dama) 14.1	6	2.48

61Mouflons
 (Ovis orientalis musimon) 14.9	6	2.20

61Ibexes
(Capra ibex) 13.1	6	2.43

61Chamois
(Rupicapra rupicapra) 10.2	6	2.50

46Adult	pygmy	goats
(Capra hircus)
OS
OD
OU

12.2	6	1.5
11.3	6	1.4
11.8	6	1.5
(range	9–14)

7.9	6	2.1
7.9	6	1.4
7.9	6	1.7

(range	6–12)

10.8	6	1.8
10.8	6	1.8
10.8	6	1.7
(range	8–14)

16Barbary	sheep	or	aoudad
(Ammotragus lervia) 19.5	6	3.9

47Asian	fallow	deer
(Dama mesopotamica) 11.9	6	3.3

47Eland
(Taurotragus oryx) 14.6	6	4.0

44	Samba	deer
(Rusa unicolor)

Young	animals	(,2	years)
Adult	animal	(4–8	years)

11.4	6	2.8

(range,	7.5–10.5)
(range,	7.5–17.5)

43	Brown	brocket	deer
(Mazama gouazoubira)
OD
OS	

15.3	6	3.3
15.1
15.4

aAll values are given in millimeters of mercury (mm Hg). Tono-Vet-D indicates calibrated for the dog, and Tono-Vet-P, unspecific calibration.
OD, Oculus dextra, right eye; OS, oculus sinistra, left eye; OU, oculus uterque, both eyes.
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Allyn, Inc., Skaneateles Falls, NY). This instrument has the ad-
vantage of being used like a direct ophthalmoscope but provides 
an approximately five times greater field of view. The image ap-
pears anatomically correct and the fundus can be examined 
through a miotic pupil.

Auriculopalpebral Nerve Block
The auriculopalpebral nerve is a branch of the facial nerve and 
provides motor function to the eyelids.50 It can be palpated along 
the dorsal margin of the zygomatic arch. Local anesthesia of the 
auriculopalpebral nerve results in flaccid eyelids, which facilitates 
manipulations of the lid and examination of the cornea and con-
junctiva, especially in a painful eye. When combined with topical 
anesthesia (0.5% proparacaine), local anesthesia via the auriculo-
palpebral nerve block can greatly facilitate additional diagnostic 
tests and some minor ophthalmic procedures, for example, for-
eign body removal, corneal or conjunctival sample collection for 
cytology (Figure 14.10), irrigation of the lacrimal puncta, and 
subconjunctival injections (Figure 14.11). The auriculopalpebral 

nerve block is performed by first palpating the nerve over the zy-
gomatic arch and then tenting the skin over the nerve to insert a 
22- or 25-gauge needle to the hub (Figure 14.12). A 3-mL syringe 
with 2% lidocaine or 2% mepivacaine is then attached, and 1 to 
1.5 mL of lidocaine is infiltrated subcutaneously around the 
nerve.51 Geographic local anesthesia of the eyelids may be useful 
when performing minor eyelid laceration repairs or for eyelid 
mass removal. In these situations, a local subcutaneous infiltration 
of the local anesthetic agent of choice surrounding the area to be 
treated. Generally, 3 to 4 mL of local anesthetic will provide suf-
ficient analgesia. In small ruminants, the amount of lidocaine 2% 
used for local anesthetic purposes should remain below the toxic 
dose (5 mg/kg).50

Specialized Diagnostic Tests

Corneoconjunctival Bacterial Culture
Specimens obtained via cotton-tipped applicator or a cytobrush 
from the conjunctiva, cornea, or third eyelid may be cultured to 
isolate and identify microorganisms. Aerobic bacterial cultures are 
valuable for the diagnosis of infectious keratoconjunctivitis in 
small ruminants. Antibiotic susceptibility testing of bacteria iso-
lated should be used as a guide for therapy.50

In clinically normal sheep, 60% of eye swabs were negative for 
bacterial growth.52 In sheep, the most commonly isolated bacteria 
were similar to Branhamella ovis (previously Neisseria ovis) and 
were recovered in low numbers. Other frequently isolated organ-
isms were Micrococcus and Streptococcus species. Less common 
isolates included Corynebacterium, Acinetobacter, Bacillus, Staphy-
lococcus, Pseudomonas, Moraxella, Escherichia coli, and Pasteu-
rella.52–54 In conjunctival swab samples from adult and juvenile 
goats without ocular disease in the Midwestern United States, 
Staphylococcus and Streptococcus spp. were most common. The 
same study identified age-associated and seasonal variation of 
bacterial populations and detected the presence of Moraxella bo-
voculi in 40% of adult goats but none of the kids, in which 
Staphylococcus equorum was most commonly identified. These re-
sults are similar to previous studies performed in goats.55,56 The 

• Fig. 14.10  Cytology collection using a cytobrush. The examiner main-
tains contact with the animal using the non-dominant hand to open the 
eyelid margins.

• Fig. 14.11  The eyelids held open with the examiner’s nondominant hand 
and a 25-gauge needle attached to a 1-mL syringe is used to inject an 
antibiotic solution into the subconjunctival space.

• Fig. 14.12  Auriculopalpebral nerve block. The auriculopalpebral nerve is 
palpate over the zygomatic arch. The skin is tented and a 22- or 25-gauge 
needle is inserted to the hub. 1 to 1.5 mL of lidocaine or mepivacaine is 
infiltrated subcutaneously around the nerve.
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role of Moraxella spp. as causative agents of infectious keratocon-
junctivitis in small ruminants is not fully understood; however, 
the bacteria are more frequently isolated from animals with ocular 
disease than from clinically healthy animals, suggesting either 
primary or secondary involvement.57–60 In fallow deer, bacteria 
were detected in 100% of conjunctival swab samples and were 
determined to be predominantly gram-positive.61 Similarly, bacte-
ria were presented in all conjunctival samples of Sambar deer and 
were predominantly found to be Staphylococcus spp. and Bacillus 
spp.44 A study investigating conjunctival swabs from live-captured 
and hunter-harvested mule deer detected various gram-positive 
and gram-negative bacteria including Staphylococcus spp. and Mi-
crococcus spp. and Enterobacter spp., E. coli, and Pseudomonas spp., 
respectively, of which some were considered to be environmental 
contaminants.62 The same study also identified the presence of 
Moraxella bovis and Moraxella ovis in deer without clinical signs of 
infectious keratoconjuctivits.62

Technique. Following the application of topical anesthetic, 
the upper and lower eyelids are manually retracted and the pe-
ripheral edges of the affected conjunctiva or cornea is swabbed 
using a standard tip or microtip bacterial culturette (e.g., COPAN 
Transystem swab or BBL CultureSwab, respectively, both made 
by COPAN Diagnostics, Inc., Corona, CA).50 Care should be 
taken to avoid contamination from the palpebral margins. The 
sample should immediately be placed in the transport tube or 
plated onto an appropriate growth medium. Corneoconjuncti-
val swabbing ideally should be performed before application of 
topical anesthetic or fluorescein stain to the eyes. Although 
topical anesthetic solutions have been reported to have antibac-
terial effects,54 culture results obtained from the corneas of 
33 dogs, 12 cats, and 19 horses did not differ following the ap-
plication of saline compared with those obtained following 
topical anesthesia with 0.5% proparacaine.63 The additional 
compliance and post-cytology comfort level of the animal war-
rant the use of topical anesthesia prior to corneoconjunctival 
sample collection. Once collected, the sample is submitted to a 
veterinary microbiology laboratory, with care taken to specify 
appropriate culture conditions (especially with Mycoplasma spp.) 
for the presumptive clinical diagnosis. Anaerobic bacteria and 
fungi are rare ocular pathogens in small ruminants.53 Fungal 
cultures usually can be obtained using standard culturettes; 
however, scraping the tissue with a sterile Kimura cytology 
spatula and placing the sample directly onto fungal culture me-
dia may provide even better results.54

Corneoconjunctival Cytology
Conjunctival cytologic evaluation is valuable for the diagnosis of 
infectious keratoconjunctivitis.50 Corneal cytologic examination 
is useful in characterizing cellular infiltrates such as bacteria, 
fungi, and specific types of inflammatory cells. Cell samples ob-
tained from conjunctival scraping also can be submitted for 
polymerase chain reaction (PCR) testing. Before the procedure is 
performed, the cornea and conjunctiva should be anesthetized 
with topical 0.5% proparacaine. An auriculopalpebral nerve 
block may help to facilitate a quick and efficient sample collec-
tion. If conjunctival follicles are present, these areas should be 
avoided to obtain a more representative sample. Cytologic sam-
ples are obtained either by gently scraping the tissue with a 
spatula or by using a cytobrush (e.g., Care Express Products, Inc., 
Cary, IL) or regular-size Microbrush (Microbrush International, 
www.microbrush.com), which is simply rolled over the affected 

tissue. The cytobrush is inexpensive and very easy to use and cre-
ates slides with evenly distributed cells with little crush artifact. 
Cytologic samples should be very gently rolled or smeared onto 
a slide and allowed to dry somewhat for 1 or 2 minutes before 
staining with Diff-Quick, Wright’s stain, or Gram stain.64–68 At 
least one additional slide should be collected and left unstained 
for submission to a veterinary clinical pathologist, if required. 
Viral, mycoplasmal, or chlamydial organisms are poorly identi-
fied by Gram staining.53

Healthy conjunctiva is characterized cytologically by numer-
ous epithelial cells, occasional lymphocytes, and rare neutrophils. 
Intracytoplasmic melanin granules may be observed in  
dark-faced breeds and can be mistaken for bacteria or chlamydial 
elementary bodies. Goblet cells are more common in animals 
with subacute to chronic keratoconjunctivitis but can be a nor-
mal finding in corneal or conjunctival cytologic preparations. 
Neutrophils are the predominant cell type seen in acute conjunc-
tivitis, especially of bacterial or viral origin. A few mononuclear 
cells, multiple bacteria, and degenerating epithelial cells also 
should be present. Lymphocytes and plasma cells are more  
typical to chronic infection. Presence of small numbers of eo-
sinophils in otherwise normal sheep probably indicates a local 
reaction to environmental irritants.69 A recent study evaluated 
conjunctival cytology obtained by using a sterile barren interden-
tal brush (Interdental Brush Oral B, Procter & Gamble Brazil, 
Amazonas, Brazil) from the ventral conjunctival sac of healthy 
sambar deer (Rusa unicolor).44 Following sample collection, 
no macroscopic conjunctival trauma was identified. The con-
junctival cytology cell population was characterized by the  
predominance of columnar epithelial cells containing discrete 
cytoplasmic pigmentation along with small numbers of squa-
mous pigmented cells and superficial epithelial cells. Additional 
cells observed were lymphocytes, intact neutrophils, some rare 
erythrocytes, and bacteria.44

Nasolacrimal Irrigation
Signs of nasolacrimal duct obstruction may include moderate to 
severe epiphora (wet face appearance), especially at the medial 
eyelid margin (medial canthus), that persists for days to weeks or 
accumulation of mucus or purulent material, in the absence of 
obvious ocular lesions or mild conjunctivitis. A presumptive diag-
nosis of an obstructed nasolacrimal duct is made based on the 
delayed or absent passage of fluorescein stain from the lacrimal 
puncta to the nasal punctum (Jones test). Normo-grade irrigation 
of the nasolacrimal duct is performed after application of a topical 
anesthetic (0.5% proparacaine). A 5-mL syringe is filled with 
buffered saline or eyewash solution, and a nasolacrimal cannula or 
blunted, smooth 20- or 22-gauge stainless steel hypodermic nee-
dle is used to cannulate the dorsal and ventral lacrimal puncta, 
near the medial canthus.49 Fluorescein stain can be added to the 
irrigation solution to aid visualization of the fluid passage. In 
larger patients, a small canine urinary catheter or 3.5F flexible 
polypropylene catheter (e.g., Tom Cat Catheter, Sherwood Medi-
cal Industries, Inc., St. Louis, MO) may be used for normograde 
and retrograde flushing. In ruminants, the nasal orifice of the 
nasolacrimal duct is located caudolateral to the alar fold.8

Imperforate lacrimal puncta, congenital atresia of the nasal 
puncta, or agenesis of the distal nasolacrimal duct should be sus-
pected in young animals presented with bilateral nasolacrimal 
duct obstruction. Surgical intervention and management should 
follow published guidelines for other ruminants and foals.49,70
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Treatment Techniques

Cleaning the Eyes and Periocular Tissues
Commercially available eyewash bottles are most appropriate for 
this purpose. Care must be taken by the examiner to avoid aiming 
the stream directly at the cornea or holding the bottle tip too close 
to the surface of the eye, as either may lead to exacerbation of an 
underlying injury or may directly result in injury to the cornea. 
Likewise, the tip of the bottle should not touch any ocular or 
periocular tissues, tear film, mucoid ocular discharge, exudate, or 
blood owing to the risk of aspirating contaminated fluids back 
into the eyewash bottle. Mucoid or purulent ocular discharge can 
be wiped off from the conjunctiva or lid margins with a dry or 
lightly moistened cotton pad or cotton balls. Gauze pads should 
not be used around the eyes, as their fibers can easily cause dam-
age to delicate ocular tissues. Care must be taken to avoid contact 
with the cornea during this process, regardless of the type of ma-
terials used.

In preparing periocular tissues before surgery (e.g., tarsorrha-
phy, eyelid laceration repair, and third eyelid flap), it is crucial to 
ensure protection of the globe and avoid causing any additional 
damage. Application of a sterile artificial tear ointment will help 
to protect the cornea during general anesthesia. Hair removal near 
or around the eyes requires particular care and should be done 
using sharp clipper blades. Repeated lavage using eyewash solu-
tion or buffered sterile saline is warranted after clipping to ensure 
that all hair particles are removed from the ocular surface and 
conjunctival sac. Povidone-iodine solution (added to sterile saline 
to obtain a 5% solution) is a useful detergent for periocular skin 
preparation. Chlorhexidine solutions or scrubs are very irritating 
to the eye and should be avoided50 (see Appendix 1).

Topical Medications
Administration of topical eye medications in small ruminants is 
relatively easy to accomplish when proper restraint has been ob-
tained but can be challenging in a noncooperative animal. In 
most cases, ophthalmic ointments and solutions can be applied 
to the eye surface directly from the tube or bottle, respectively. 
Despite being recommended as an alternative method of applica-
tion in the past, using a gloved fingertip to smear a ½- to 1-inch 
strip of ointment across the medial canthus or one of the lid 
margins not only may result in inadvertent injury, but also, it is 
a wasteful practice.71 Use of ophthalmic ointments should 
be avoided if a deep corneal ulcer or corneal perforation is sus-
pected because such preparations are very irritating to intraocular 
structures.

Ophthalmic solutions can either be administered directly 
from the bottle or may be squirted onto the cornea or conjunc-
tiva using a 1-mL syringe with a 26-gauge needle hub (needle 
broken off after the solution has been drawn up out of the bot-
tle). It is easiest to administer topical ophthalmic solutions or 
ointments by retracting the eyelids (using the left hand to open 
the left eyelids and the right hand to open the right eyelids) by 
placing the index finger on the upper eyelid and the thumb on 
the lower eyelid (Figure 14.13). The eyelids should be gently 
retracted (opened) while maintaining constant pressure. Once 
open, apply the ointment (5-mm strip) or solution (two to three 
drops) directly to the conjunctiva lining the lower eyelid. A tip 
to make the application easier is to lightly apply direct pressure 
to the globe through the upper eyelid with your index finger. 

This will push the globe deeper into the orbit, allowing the third 
eyelid to move across the cornea. The drug can now be applied 
directly onto the conjunctiva between the third eyelid and lower 
eyelid. There are two advantages of using this method: (1) the 
third eyelid blocks the animal’s line of sight, so they no longer 
react (i.e., pull away) to the tube or bottle coming toward their 
eye; and (2) if contact is made to the tissue with the ointment 
tube or solution bottle, it will be with the third eyelid and not 
the cornea, thereby minimizing the risk of inadvertent injury 
during treatment. Ophthalmic solutions can alternatively be 
squirted onto the cornea or conjunctiva using a 1-mL syringe 
with a 26-gauge needle hub (needle broken off after the solution 
has been drawn up out of the bottle) (Figure 14.14). For this 
method, the eyelids are held open, as previously described, and 
the solution is squirted, steadily, but not fast, directly onto the 

• Fig. 14.13  Right eye of a young lamb being held open for application of 
topical ophthalmic medications.

•  Fig. 14.14  Topical ophthalmic solutions being squirted onto the eye 
using a 1-mL syringe and a 25-gauge needle hub after the needle has 
been broken off.
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cornea from approximately 5 to 10 cm from the eye. This 
method is generally well tolerated unless excessive pressure is 
used (rapid application) to squirt the drug onto the cornea, or if 
the animal is surprised by the stream. This often happens when 
an attempt is made to squirt the drug onto the eye without 
manually opening the eyelids. This is not recommended and 
should be avoided.

The choice of topical eye medication formulation should be 
based on the specific ocular disease present, product availability, 
patient demeanor, and ease of treatment for the caretaker. Several 
ophthalmic medications, either solutions or ointments, are com-
mercially available. Topical ointments have a contact time with 
the eye of no more than 20 minutes, and even shorter for topical 
solutions. Ointments are appropriate for eyelid, conjunctival, and 
corneal disease with no threat of perforation; however, many own-
ers find ointments more difficult to administer, and their use re-
quires a closer proximity to the eye, risking accidental contact 
with ocular structures. Solutions can be used for eyelid, nasolacri-
mal, conjunctival, corneal, and anterior intraocular disease.  
Systemic therapy is required for posterior intraocular disease (cho-
rioretinitis), retrobulbar or orbital disease, severe blepharitis, and 
severe dacryocystitis. The frequency of topical treatment depends 
on the specific disease being treated and its severity. A septic cor-
neal ulcer should be treated every 2 to 4 hours; however, prophy-
lactic treatment of a superficial, noninfected corneal ulcer can be 
appropriately treated every 6 to 8 hours. Anticollagenase drugs for 
melting corneal ulcers should initially be applied every 1 to  
2 hours. In a mild case of uveitis, one dose of atropine may pro-
vide mydriasis for several days, whereas in a severe case of uveitis, 
atropine may be required every 6 hours.2,49

Powdered preparations, sprays, insecticides, mastitis prepara-
tions, or injectable antibiotics are, in most cases, very irritating to 
the eyes because of either the carrier type or an acidic or alkaline 
pH and should be avoided.

Subpalpebral Ocular Lavage System
For safe and reliable delivery of ophthalmic solutions, a single-
hole subpalpebral ocular lavage system (SPL) can be a valuable 
means of providing topical ophthalmic medications. This is  
especially the case in patients with severe ocular disease requiring 
frequent medication (q1–q2h), in noncompliant animals, or 
those with a very painful eye in which direct manipulation and 
treatment of the eye can be expected to be difficult or uncomfort-
able.50 The lavage apparatus is commercially available (Eye Lavage 
Kit, Mila International, Inc., Erlanger, KY) or can be easily fabri-
cated from polyethylene tubing. Homemade fabrication of an 
SPL entails cutting a 90-cm-long piece of #190 polyethylene tub-
ing and creating a footplate flange by warming the tube extremity 
over a match flame until it is softened and then pressing it gently 
against the flat surface of a scalpel blade.72

If necessary, the patient can be sedated before placement of an 
SPL. An auriculopalpebral nerve block, as previously described, 
will ease the procedure. The skin at the exit point of the needle 
tip, in the area of the dorsal to dorsolateral orbital rim, is asepti-
cally prepared and locally anesthetized by infiltrating 2 mL of 2% 
lidocaine subcutaneously at the site where the needle will exit. 
Using a 26-gauge needle hub (obtained by breaking off the needle 
while leaving the hub attached), 0.2 to 0.3 mL of 0.5% propara-
caine is sprayed into and across the dorsal conjunctival fornix. If 
a fabricated SPL is to be used, the lavage tubing is secured into a 
hub-less needle.

The SPL tubing is attached to a trocar in the commercially 
available kit. The needle-tubing unit is held in one sterilely gloved 
hand. To facilitate placement of the trocar through the eyelid 
while minimizing the risk of iatrogenic injury, a spinal needle 
catheter sleeve, or the small plastic tube in the Eye Lavage Kit 
(Mila International, Inc.) can be used as a guide. Not only is the 
animal’s cornea better protected from iatrogenic injury from the 
trocar, but also the risk of improper placement or inadvertent 
threading of the SPL tube through the palpebral conjunctiva is all 
but eliminated. The trocar is then steadily pushed through the 
fornix of the upper eyelid. Care should be taken to avoid inserting 
the trocar through the orbital periosteum, as this may result in 
kinking of the tube, making passage of the medications through 
the tubing difficult. Once the trocar is approximately 50% ex-
posed through the eyelid, the trocar is grasped in the middle 
(avoid reaching above the trocar) and the tubing is gently pulled 
through until the footplate reaches its destination in the dorsal 
conjunctival fornix. An alternative placement in the lower, medial 
conjunctival fornix between the eyelid and nictitans has been de-
scribed in the horse.73

Waterproof “butterfly” tape is placed around the tube and su-
tured to the skin at the lavage exit point from the upper eyelid, to 
prevent retrograde movement of tubing and footplate and poten-
tial damage to the cornea. A 20-gauge, 2-inch intravenous catheter 
is carefully inserted in the extremity of the polyethylene tubing and 
then occluded with an injection cap. To avoid tubing damage, the 
stylet should be retracted 2 to 3 mm from the catheter tip during 
placement. Additional butterfly suture units are placed along the 
length of the tubing as needed. To prevent breaks, the remaining 
free portion of the tubing and catheter is folded (not bent), taped 
along a wooden tongue depressor or similar light plastic device, 
and secured to the animal’s halter or dorsum. If used to fixate the 
SPL, the regular halter must be left in place until the ocular condi-
tion is improved enough to warrant removal of the SPL.

For each treatment, 0.1 mL of ophthalmic solution is admin-
istered through the injection cap of the subpalpebral lavage sys-
tem. 2 to 3 mL of air should be slowly injected into the catheter 
following the application of each drug. Care must be taken to 
avoid rapidly injecting air through the catheter as this will cause 
significant distress and discomfort to the animal, making subse-
quent treatments more difficult.

Medications should be given individually as combining some 
drugs causes precipitates in the tubing74 and risks diluting the ef-
fectiveness of medications. Minor lid swelling can be expected 
within 48 hours after SPL placement. The swelling must be dif-
ferentiated with subconjunctival migration of the footplate, which 
occurs more commonly with small homemade lavage systems, as 
the footplates are small and firm. Damage to the lavage (e.g., tears 
and perforations) and loss of the injection cap are common mal-
functions associated with the SPL systems. Fortunately, the SPL 
tubing can be readily spliced using small animal (19- to 21-gauge) 
intravenous catheters and patience. A tubular stockinette can be 
placed and fitted around the head of the patient to protect the 
tubing from getting caught on objects and subsequently torn. 
Improper placement of the lavage system or loosening of the but-
terfly sutures can result in corneal ulceration as a consequence of 
rubbing of the footplate on the cornea. It is therefore essential to 
check for and correct such technical problems. Loose sutures 
causing the tubing to slide through the tape butterflies should  
be repaired immediately, and an improperly placed SPL must be 
removed and replaced without hesitation in order to avoid severe 
complications.
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Subconjunctival Injections
Subconjunctival injections with antibiotics are meant to provide 
a drug deposit or an initial high drug concentration locally.50 They 
frequently are administered by everting a lid and injecting  
beneath the palpebral conjunctiva. Depending on the volume 
injected, a small portion of the drug will leak from the needle 
tract onto the surface of the eye and mix with the tear film. Local 
antibiotic concentration may be high initially, but drug persis-
tence over time is expected to be short-lived. Owing to the specif-
ics of eyelid vasculature and lymphatics, the major portion of the 
injected drug is quickly absorbed into the systemic blood circula-
tion, where it is unavailable for treating the affected globe.  
Therefore, subconjunctival injections are not recommended for 
treatment of infectious intraocular diseases in small ruminants.

An alternative and potentially more effective technique con-
sists of injection of nonirritating antibiotics (e.g., procaine  
penicillin G) under the dorsal or dorsolateral bulbar conjunctiva, 
using a 25-gauge needle (Figure 14.11). Before injection, proper 
restraint (physical or chemical), combined with an auriculopalpe-
bral nerve block, is desirable. A few drops of topical ophthalmic 
anesthetic (e.g., proparacaine) are instilled to improve patient 
compliance. A total subconjunctival volume of 0.5 mL should be 
sufficient in most small ruminants. Care must be taken to avoid 
penetrating the globe; thus, direct visualization of the injection 
site is essential. Slight hemorrhage at the injection site may occur, 
and the blood will resorb over a 7- to 10-day period without any 
long-term consequences. Subconjunctival injection of antibiotics 
should not be substituted for topical antibiotic administration.75

Tarsorrhaphy and Third Eyelid Flap
When protection and support of the cornea are indicated (e.g., 
with severe corneal ulcer or facial nerve paralysis with subsequent 
exposure keratitis), a temporary tarsorrhaphy or third eyelid (nic-
titans) flap procedure can be performed with the use of light seda-
tion, auriculopalpebral nerve block, and topical anesthesia.50

Tarsorrhaphy. The placement of a tarsorrhaphy, using hori-
zontal mattress sutures, is useful in cases requiring short-term (a 
few days to a few weeks) corneal protection.50,73 Nonabsorbable 
suture, 3-0 or 4-0, is first placed through a stent (made from a 
rubber band, intravenous drip set tubing, or button), followed by 
a partial-thickness bite into the lower eyelid, with the needle en-
tering 3 to 4 mm below the lower eyelid margin and exiting 
through the center of the eyelid margin through the meibomian 
gland orifices (Figure 14.15A–C). While the cornea is protected, 
the suture is continued through the opposite lid margin center 

and exits the skin in a similar fashion. A second stent is placed, 
the needle direction is reversed, and the mattress suture is com-
pleted by taking a final bite through the lower eyelid stent. Care 
must be taken to achieve apposition of the lid margins and to 
avoid inversion (entropion), which could lead to further damage 
of the cornea. Depending on the size of the palpebral fissure, ap-
proximately five to seven horizontal mattress sutures may be 
necessary to complete the tarsorrhaphy. The lid margins are care-
fully apposed; then each horizontal mattress is secured in place 
with surgeons knots. Bow-type knots are not recommended, as 
they may inadvertently loosen, which may result in significant 
secondary corneal damage. Care must also be taken to ensure that 
the knots remain secured. If they come loose, they should be  
removed or replaced immediately.

Third Eyelid Flap. A third eyelid flap may be used in selected 
cases of ulcerative keratitis as a temporary ophthalmic bandage.50 
The flap technique is advantageous in that it provides slightly 
more intimate contact with the cornea than that afforded by a 
tarsorrhaphy. After administration of a topical anesthetic com-
bined with a local block over the dorsolateral aspect of the upper 
eyelid, the nictitans is sutured to the dorsolateral fornix of the 
upper lid with one or two simple interrupted horizontal mattress 
sutures, with bites spaced accordingly. The preferred suture mate-
rial is 2-0 or 3-0 nonabsorbable monofilament. In brief, the  
sutures are preplaced using a curved cutting needle directed 
through the skin and conjunctiva of the upper eyelid, 1 cm from 
the lid margin. The upper lid is grasped and pulled away from the 
globe as the needle is directed out through the palpebral fissure, 
guarding the cornea. With the third eyelid extended, a partial-
thickness horizontal mattress-like bite is taken through the palpe-
bral or front surface of the nictitans, 2 to 3 mm from its free edge. 
A partial-thickness bite in the cartilage is acceptable so long as it 
remains on the palpebral surface of the third eyelid. The sutures 
should not be placed around the base of the T-shaped cartilage or 
on its caudal or bulbar surface.72 The suture is completed by pass-
ing it back through the palpebral conjunctiva and skin so that the 
final bite is 2 to 4 mm from the first. An additional suture is pre-
placed in a similar fashion. Before tying is completed, the sutures 
are pulled in unison to allow the nictitating membrane to sit as 
deeply as possible in the dorsal conjunctival fornix, avoiding  
corneal injury by the suture material. If the flap is to be left in 
place for several weeks, the sutures should be first placed through 
stent tubing and tied with surgeons knots, similarly to that just 
described for tarsorrhaphy. Nonabsorbable sutures should be  
removed as soon as the ocular disease has resolved.76

Tarsorrhaphy and creation of a third eyelid flap are procedures 
with the primary goal of protecting and supporting the globe. 
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• Fig. 14.15  A–C. Placement of temporary tarsorrhaphy sutures and stents.
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They should be avoided in cases of melting corneal ulcers, ulcers 
deeper than three quarters of the corneal stromal thickness, and 
infected ulcers. Institution of an appropriate primary therapeutic 
regimen must precede their implementation, and the regimen 
should continue as needed on the basis of follow-up evaluations.

Housing and Feeding Recommendations
Small ruminants experiencing ocular diseases, regardless of the 
nature of the condition, must be housed in shaded areas, away 
from prevailing winds and dusty environments.50 Ideally, the ani-
mals should be fed on the ground. Animals eating hay from an 
elevated feed trough may further worsen their ocular condition, 
especially when a deep or melting corneal ulcer is present.

Pathologic Conditions of the Eyelids, Third 
Eyelid, and Nasolacrimal Duct

Entropion
An inward rolling of the eyelid margin is referred to as entropion. 
It can affect both the upper and lower eyelids; however, the lower 
eyelid is more commonly affected. The inward deviation of the 
eyelid margin allows the eyelashes and/or hairs from the eyelid 
skin to come in contact with the cornea, thus resulting in signifi-
cant corneal irritation and discomfort. Entropion is commonly 
associated with blepharospasm and moderate to severe epiphora. 
Entropion is a common ocular disease in small ruminants, espe-
cially in neonatal lambs.50,77 In the case of congenital (or primary) 
entropion, which is relatively common, the lower eyelids are af-
fected bilaterally.77–81 Secondary (or acquired) entropion may re-
sult from trauma, severe dehydration, loss of retrobulbar fat due 
to emaciation, advanced age, microphthalmia, phthisis bulbi, or 
painful ocular conditions that cause contraction of the retractor 
bulbi muscle and blepharospasm.

Clinical Signs. Clinical signs of entropion that may be observed 
in lambs during the first few weeks of life include blepharospasm, 
photophobia, rubbing of the eye, epiphora, and keratoconjunctivi-
tis. Epiphora gradually progresses to mucopurulent discharge as the 
disease progresses and secondary bacterial keratoconjunctivitis de-
velops (Figure 14.16). Secondary entropion is usually unilateral and 

may affect either the upper or lower eyelid, or both. Animals of any 
age may be affected by secondary entropion.2,82

Treatment. Initial treatment of entropion generally is con-
servative and involves the administration of topical antibiotic 
ointments and nonsurgical attempts (e.g., eyelid eversion using 
temporary “tacking” sutures or Michel-wound-clamps) to evert 
the affected eyelid(s) (Figure 14.17A–C).78 Antibiotic oint-
ments should be applied at least every 8 to 12 hours, especially 
in the early course of the disease. Topical 1% atropine is indi-
cated if severe ocular pain and ciliary spasm are present and 
should be administered every 12 hours until the pupil is  
dilated, after which the frequency of administration may be 
reduced.76

Nonsurgical eversion of the affected eyelid may be attempted 
using a variety of methods, ideally instituted within 48 hours of 

• Fig. 14.16  Secondary entropion of the right lower eyelid in a goat with 
keratitis. Note the moderate mucopurulent ocular discharge that devel-
oped as a result of chronic corneal irritation and uncontrolled discomfort.
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•  Fig. 14.17  A–C. Nonsurgical correction of entropion in lambs using 
temporary “tacking” sutures or staples. 
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birth for best outcome.2,78–80,82 For economic reasons, entropion 
in lambs has been treated with subcutaneous injection of benza-
thine or procaine penicillin to physically alter lid alignment. The 
injected drug acts as a local irritant that often causes sufficient fi-
brosis to correct the problem.80,82 Approximately 1 to 2 mL of 
penicillin (sufficient to evert the eyelid) is injected in a linear 
fashion just parallel to the affected eyelid margin.72 Another 
method for producing local irritation involves the application of 
a hemostat on the skin just below and parallel to the eyelid margin 
for a period of 30 seconds.82

Although various correction techniques, including the injection 
and pinching methods described above, can be successful, the re-
sults depend greatly on the frequency and timing of application.82 
Placement of two or three vertical mattress sutures of 2-0 or  
3-0 nylon or surgical skin staples (Figure 14.17A–C) is preferred 
to injection or local irritation techniques by some authors.50,76,82 
Skin staples have the advantage of being easy to apply as well as less 
traumatic and irritating, with persistence in the tissues for longer 
than sutures.83 In most cases, entropion is effectively treated with 
these nonsurgical methods. Surgical correction should be consid-
ered only when temporary eversion techniques have not been suc-
cessful.84 Because the condition generally progresses and improves 
over time, it is strongly recommended to delay permanent surgical 
correction of entropion to animals of at least 4 to 6 months of age 
or, ideally, until facial maturity is reached.83,84

While suture tacking or wound clip eversion techniques typi-
cally resolve entropion in young animals,72 surgical correction, 
also referred to as the Celsus-Hotz procedure85 (Figure 14.18A–D), 
may be necessary in some cases and is best undertaken with the 
animal anesthetized and placed in lateral recumbency.50 After 
surgical preparation of the area, a crescent-shaped flap of skin is 
removed from the affected eyelid using a no. 15 scalpel blade. 
The flap of skin to be removed is first incised 1 to 2 mm distal to 
the eyelid margin (e.g., at the haired-nonhaired border) and is 

made 3 to 4 mm wider than the affected area. Placement of a 
sterile tongue depressor, Jaeger lid plate, or scalpel handle under-
neath the eyelid in the conjunctival fornix facilitates incision and 
dissection of the eyelid. A second incision that arcs between the 
ends of the first incision is made, creating the crescent-shaped 
skin flap. The skin defect is closed in one layer with a series of 
small, closely spaced simple interrupted sutures placed perpen-
dicular to the eyelid margins. Closure should begin in the middle 
of the incision or widest point of the resected tissue and proceed 
to the edges, to ensure even skin tension across the suture line. 
Soft, monofilament (nylon), fine (3-0 to 6-0) suture material is 
recommended. The clinician should take care to tie knots away 
from the cornea, to prevent irritation. Sutures should be removed 
in 10 to 14 days. Topical antibiotics should be continued for 
several days after surgery or until any corneal ulcers have healed. 
Systemic administration of a nonsteroidal antiinflammatory 
agent also is indicated to alleviate pain and reduce soft tissue 
swelling in the postoperative period.50

Prevention. Congenital entropion is suspected to be a herita-
ble trait,86 and affected animals should not be used for breeding 
purposes.50 Dusty or windy conditions may contribute to the 
development of entropion in genetically predisposed animals.84 
The percentage of animals affected by congenital entropion in  
a flock ranges from 4 to 80%, usually affecting several lambs in 
the new lamb crop.87 Female lambs develop entropion more 
frequently than male lambs do, and the incidence is higher in 
small pure-bred flocks with only one breeding ram and in breeds 
with a limited population.78 By contrast, acquired or secondary 
entropion normally affects only single animals.50

Ectropion
The most common causes of ectropion include iatrogenic overcor-
rection of entropion and trauma.50,77,79 Ectropion is relatively rare 
in small ruminants.77,79 A congenital upper eyelid eversion has 
been described in Piebald sheep.88

Clinical Signs. Clinical signs of ectropion include drooping of 
the affected eyelid, epiphora, and exposure keratoconjunctivitis.50 
Some sheep display mild drooping of the eyelids as a normal  
conformational variation. Mildly affected animals may be predis-
posed to development of conjunctivitis, but most have no clinical 
signs of ocular disease.77

Treatment. If surgical correction is necessary, a V-to-Y blepha-
roplasty or eyelid shortening procedure is recommended, using 
techniques as described for other species.77,83,85

Eyelid Trauma
Traumatic injury to the eyelids may result in defects that require 
surgical reconstruction, especially when involving the lid mar-
gins.50 Minor and major injuries necessitate cleaning, debride-
ment of the wound edges, and primary closure (apposition) of the 
eyelid tissue. Prompt treatment is essential to avoid distortion, 
scarring, infection, and loss of eyelid function.89 Preservation of 
the eyelid margin is paramount because loss or distortion of this 
margin may result in inadequate distribution of the precorneal 
tear film, which may lead to corneal desiccation and fibrosis (scar-
ing) or chronic corneal ulceration. Permanent irritation from 
disoriented or displaced hairs (trichiasis) may result from eyelid 
lacerations that are left to heal from second intention or those in 
which loose eyelid tissue has been excised. The excision of loose or 
“dangling” eyelid tissue should be avoided, if at all possible.
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•  Fig. 14.18  A–D. Celsus-Hotz procedure to correct lower eyelid 
entropion.
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Surgical preparation must be gentle to prevent further edema. 
Tissue debridement must be minimal, with freshening of the 
wound margins (e.g., scraping the laceration edges with a scalpel 
blade until they are cleaned of obvious debris and exudates), until 
bleeding is noted.83 A two-layer tissue closure is recommended. 
The first layer is in the subcutaneous layer just superficial to the 
conjunctiva, with care taken not to penetrate the conjunctiva. 
Braided, absorbable suture (4-0 to 6-0, polyglactin 910) is used to 
close this layer in a simple continuous pattern. For the second 
layer, the skin edges are apposed with nonabsorbable (2-0 to  
5-0 nylon) sutures in a simple interrupted pattern. A figure-eight 
suture is ideal at the eyelid margin to provide apposition across 
the eyelid while keeping the knot away from the lid margin.89 
Topical and systemic antibiotics should be used perioperatively. 
Standard wound hygiene and application of fly repellent are  
recommended. The duration of postoperative medical therapy 
(typically 5–7 days in most patients) varies on a case-by-case basis. 
Systemic administration of nonsteroidal antiinflammatory drugs 
and application of warm compress postoperatively may minimize 
pain and swelling.83

Bacterial Blepharitis
Bacterial blepharitis may be caused by Dermatophilus congolensis, 
Actinobacillus lignieresii, and Clostridium novyi.2,76,79 A. lignieresii 
infections are characterized by pyogranulomatous nodules with 
draining tracts. Impression smears of exudate reveal clumps of 
filamentous gram-negative bacteria and inflammatory cells.71

“Bighead” (C. novyi infection) usually occurs in rams as a conse-
quence of head trauma during fighting and butting. Affected ani-
mals exhibit extensive facial and cervical swelling that may involve 
the eyelids.76,79 Blepharoedema may be severe enough to obliterate 
the palpebral fissure, leading to functional blindness, or may  
severely impede eyelid function, resulting in exposure keratitis.79

Treatment. Prevention of C. novyi infection through proper 
immunization and selective isolation of breeding rams is the most 
reasonable approach.2 However, when the disease is diagnosed, 
systemic antibiotics (e.g., penicillin), antiinflammatory therapy, 
and supportive treatment for the eyes such as application of  
topical antibiotic ointments are warranted79 (see Chapter 16 and 
Appendix 1).

Viral Blepharitis
Inflammation of the upper and lower eyelids can be associated 
with numerous pathogens, several of which cause systemic dis-
eases that are likely to affect other body systems. Viral causes of 
blepharitis in sheep, goats, and cervids include parapoxvirus infec-
tions such as contagious ecthyma (orf and sore mouth) and ulcer-
ative dermatosis (lip and leg ulcer), sheep pox and goat pox virus 
(capripoxiviruses), cervidpoxvirus, and the orbiviruses bluetongue 
virus and epizootic hemorrhagic disease virus, which are primarily 
transmitted by Culicoides midges (gnats).2

Clinical Signs. Lesions of contagious ecthyma are character-
ized by vesicles or pustules that rapidly progress to proliferative, 
coalescing, scab-like crusts of the face, especially at the mucocuta-
neous junctions of the mouth and nose and, less frequently, the 
eyelids.

Sheep pox virus and goat pox virus are mostly exotic to North 
America, although goat pox virus has been reported in parts of the 
United States.90 The disease affects animals of all ages and causes 
pyrexia, anorexia, conjunctivitis, rhinitis, and skin lesions on the 

eyelids. Morbidity and mortality rates are high. The lid lesions 
first appear as circular (1–3 cm) hyperemic maculas, progress to 
raised firm papules, and eventually become delicate scabs that can 
be easily removed.79 Infections with cervid poxvirus are reported 
in North American captive and free-ranging cervids with marked 
cutaneous and, occasionally, systemic signs.91–94 Clinical signs are 
similar to those described for sheep and goats, and viral blephari-
tis and keratoconjunctivitis may occur.

Clinical manifestations of bluetongue are more likely to be 
observed in sheep than in goats and include blepharitis, blepharo-
edema, blepharospasm, and conjunctivitis,77,79 accompanied by 
pyrexia, oral ulcerations, cyanotic tongue, and abortion in preg-
nant females. Other ocular lesions associated with this disease 
include hyperemia and eczema of the adnexal skin and retinal 
dysplasia.77

Treatment and Prevention. There are currently no commer-
cially available ophthalmic antiviral drugs that can be used to treat 
viral diseases affecting the eyes in veterinary species.83 Treatment 
of viral blepharitis in small ruminants is largely symptomatic and 
involves frequent cleaning of the periocular skin, followed by  
application of ophthalmic antibiotics to prevent secondary bacte-
rial infection.77 Symptomatic therapy should include oral or 
intravenous fluid therapy, systemic or topical nonsteroidal anti-
inflammatory drugs, and provision of adequate nutrition.

Prevention of viral blepharitis is by strict biosecurity measures, 
isolation of affected animals, and vaccination if available.

Fungal Blepharitis
Dermatophytosis or ringworm is caused by skin infection with 
Microsporum and Trichophyton species. It is uncommon in goats 
and rare in sheep. Similarly, there are limited reports of clinical 
dermatophytosis in cervids in the literature.95–97

Clinical Signs. Clinical manifestation of dermatophytosis in-
cludes facial alopecia and crusting that may affect the eyelids. The 
lesions often are circular. Pruritus is variable in severity but usually 
is mild.2 Young goats are most commonly affected, and cases are 
most likely to occur during late winter and early spring.77 
Diagnosis may be based on fungal culture, fungal growth on der-
matophyte test media (i.e., a DTM plate), and microscopic  
examination of affected hairs after application of potassium hy-
droxide (KOH). For fungal cultures, broken hairs at the periphery 
of the lesions constitute the sample of choice. Dermatophytes are 
potentially zoonotic, and people should wear gloves when exam-
ining and treating infected animals.2

Treatment. Fungal blepharitis usually is self-limiting, and 
most animals recover in the spring with improved pasture condi-
tions. Symptomatic therapy may involve the application of topical 
antifungal ointments or shampoos.77

Parasitic Blepharitis
A variety of ectoparasite infestations can lead to blepharitis either 
directly through the effects of the parasite itself or indirectly, from 
the pruritus and consequent self-induced trauma. Chorioptic, 
psoroptic, or sarcoptic mange may cause intense pruritus but 
rarely involves only the facial area.77 Diagnosis is based on clinical 
signs and confirmed by microscopic examination of skin scrap-
ings. Other external parasites that may cause blepharitis include 
sheep keds, biting and sucking lice, and ticks.77,79

The nematode Elaeophora schneideri (arterial worm), a parasite 
of mule deer and black-tailed deer, may cause disease in small 
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ruminants in the western United States, which has also been de-
scribed in elk, moose, and white-tailed deer in other areas.98–101 
Following transmission by horseflies, the intermediate host, larval 
migration, and development result in clinical elaeophoriasis.  
Larval migration in the leptomeningeal arteries causes ischemic 
necrosis of brain tissue, resulting in blindness, cerebral signs (see 
Chapter 13), and sudden death. In surviving animals, lodging of 
microfilaria in skin capillaries results in clinical signs (sorehead), 
including facial swelling, blepharospasm, keratoconjunctivitis, 
alopecia, ulceration, and encrusted lesions of the face. Sorehead 
most commonly affects adult sheep during the fall and winter.77,84 
Diagnosis is based on consistent presence of clinical signs in ani-
mals residing in endemic areas and demonstration of E. schneideri 
microfilaria in skin or conjunctival biopsy specimens.

Treatment. Mite infestations can be treated by ivermectin 
administration (0.2 mg/kg subcutaneously [SC] at 14-day inter-
vals for two to four treatments), pour-on eprinomectin, insecti-
cide dips, and local application of insecticides as necessary  
(see Chapter 10). Reported effective treatments for E. schneideri 
infection include piperazine (50 mg/kg PO) and diethylcarbam-
azine (100 mg/kg PO). The efficacy of ivermectin against this 
parasite is unknown (see Appendix 1).

Miscellaneous Causes of Blepharitis
Other causes of blepharitis and blepharoedema include photosen-
sitization, solar dermatitis, contact hypersensitivity dermatitis, 
and cutaneous myiasis.77,102

Neoplasia
Neoplasms reported to affect the eyelids of sheep and goats include 
squamous cell carcinoma, fibroma, fibrosarcoma, melanoma, and 
papillomatosis.77,83,102 Pigmented tumors (malignant and benign 
melanoma, pigmented schwannomas and papillomas) have  
been reported in red deer (Cervus elaphus)103–105 and fallow deer 
(D. dama).106 Involvement of peripheral adjacent lymph nodes or 
other ocular structures should be determined at time of evaluation. 
Papillomavirus infection has been documented to cause eyelid warts 
in sheep and goats.77,102 Likewise, cutaneous fibromas caused by 
papillomaviruses are common in cervids, including white-tailed deer 
and mule deer, and may affect the eyelids.107,108 In immunocompe-
tent animals, warts generally are fairly benign and self-limiting.

Treatment. Papillomas that interfere with eyelid function or 
irritate the cornea should be removed.77 Treatment selection for 
benign and malignant eyelid neoplasms is determined by the in-
vasiveness of the tumor and its proximity to the eyelid margin and 
may involve surgical debulking, followed by cryotherapy or local 
radiofrequency hyperthermia, “block” surgical removal, or CO2 
laser excision. Surgical debulking with adjunct cryotherapy or 
hyperthermia is a simple, effective, rapid, and affordable approach 
for use in small ruminants.50

Prior to surgical debulking or excision, proper restraint and 
local anesthesia of the eyelids with 2% lidocaine are recom-
mended.109 A no. 15 or no. 10 scalpel blade is used to shave as 
much of the raised portion of abnormal tissue as possible, ideally 
to the level of the normal skin underneath. If present, significant 
hemorrhage should be controlled appropriately. In performing 
cryotherapy, liquid nitrogen is used to freeze the tissues to  
230° C at least twice and up to three times, with complete thaw-
ing between freeze cycles.83 A portable nitrous oxide cryotherapy 
unit with a contact probe is preferred for direct contact with small 

or pedunculated lesions (less than 5 mm in diameter); however, a 
spray delivery system with liquid nitrogen may be used with 
larger, broad-based lesions (greater than 5 mm). Extreme care 
must be taken to avoid freezing normal ocular and periocular tis-
sues. A piece of Styrofoam cup, shaped according to the area to be 
protected and coated with sterile ophthalmic lubrication, works 
well for this purpose.49,50,83,110 In performing radiofrequency hy-
perthermia, the surface probes of the unit are used to heat the 
tissues to 50° C for a period of 30 seconds.83,111 In horses and 
cattle with ocular squamous cell carcinoma, the latter technique is 
not recommended for large tumors (5 cm in diameter or greater) 
with deep eyelid penetration.112 Follow-up evaluation is recom-
mended, and retreatment may be necessary in some cases.

Surgical Removal. Selection of the most appropriate surgical 
approach for en bloc (“block”) resection of eyelid neoplasm is 
based on its size, location, and nature. Surgical resection of small 
tumors or masses can be performed through an elliptical or tent-
shaped incision, as described elsewhere.72 For removal of larger 
tumors, a wedge resection or H- or V-to-Y blepharoplasty may be 
indicated.83,113 Topical antibiotic ointments should be adminis-
tered for several days after surgery (see Chapter 10).

No matter which technique is used for treatment of eyelid neo-
plasms, as much of the tumor as possible should be removed, and 
margins of the excised tissue should be examined histologically.50

Third Eyelid Diseases
Abnormalities of the nictitating membrane are uncommon.  
Lymphoid follicles of the third eyelid may be very prominent in 
cases of infectious conjunctivitis, especially if the condition is 
caused by chlamydial organisms. Carcinomas and adenocarcino-
mas affecting the third eyelid may be treated by local excision or, 
preferably, removal of the entire nictitating membrane.77

Third eyelid amputation is simple, requiring proper head re-
straint and use of an auriculopalpebral nerve block coupled with 
topical anesthetic. In brief, the third eyelid is grasped and fully 
exteriorized. One or two curved hemostats are clamped across the 
base of the nictitans, proximal to the lesion. Using a scalpel blade 
or a sharp pair of scissors, the tissue distal to the hemostat is re-
sected along the clamp. The hemostatic clamps are left in place for 
at least 2 to 3 minutes for proper hemostasis. If clamps are not 
used, slight hemorrhage can be anticipated but poses no problem. 
Closure of the conjunctiva with 5-0 to 6-0 resorbable suture ma-
terial (polyglactin 910) using a simple continuous pattern will 
help to prevent secondary orbital infection or seeding of neoplas-
tic cells into the retrobulbar orbit. Microscopic examination of 
the lesion and its surgical margin is valuable in confirming the 
diagnosis and establishing a prognosis.113

In cases of tetanus (Clostridium tetani infection), the third 
eyelid of affected small ruminants often is prolapsed. Also  
reported in association with this condition is mild bilateral  
exophthalmia secondary to retraction of the eyelids.50

Thelazia skrjabini was isolated from beneath the asymptomatic 
nictitating membrane in an adult female white-tailed deer  
(Odocoileus virginianus) in a targeted search for this parasite in a 
cohort of hunter-killed white-tailed deer and mule deer (Odocoileus 
hemionus) in Alberta, Canada.114

Nasolacrimal Duct Disease
Disease of the nasolacrimal duct of sheep most commonly is 
caused by larvae of the nasal bot (Oestrus ovis). Two species of 
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pharyngeal bot flies (Pharyngomyia picta and Cephenemyia aurib-
arbis) have been found to parasitize wild red deer (C. elaphus) and 
fallow deer (D. dama) in Spain, with P. picta larvae being three to 
six times more prevalent.115 Normally, the larvae of the nasal bot-
fly mature in the frontal and nasal sinuses until they are sneezed 
out to complete their life cycle. Occasionally, larvae may aber-
rantly migrate up the nasolacrimal duct and enter the conjuncti-
val sac, causing local inflammation.

Clinical Signs. Clinical signs of ocular or nasolacrimal infec-
tion include epiphora, mucoid or mucopurulent ocular discharge, 
and conjunctivitis. Affected animals also may exhibit frenzied 
behavior to avoid adult botflies, stomp, or sneeze and may have  
a nasal discharge. Finding the larvae in the conjunctival sac is  
diagnostic.

Treatment. Treatment involves mechanical removal of visible 
larvae, flushing of the nasolacrimal ducts, and administration of 
ivermectin (0.2 mg/kg SC). Nasal bot infections are most effec-
tively treated in the fall, when larvae are smaller77,84 (see Chapter 7 
and Appendix 1).

Pathologic Conditions of 
the Conjunctiva and Cornea

Conjunctival Trauma
Goats, sheep, and cervids have large, prominent eyes that may  
be traumatized by fencing, feeders, and coarse forage during 
browsing. Dusty or windy conditions may exacerbate subclinical 
conjunctivitis.

Clinical Signs. Animals with conjunctival trauma often have 
conjunctival hyperemia (red and irritated conjunctiva) and/or 
conjunctival swelling (i.e., chemosis). If the globe appears soft 
(decreased IOP), the cornea has a wrinkled appearance, or if the 
anterior chamber is shallow or flat, a scleral or corneal laceration 
may be present. Careful examination is necessary to prevent  
further injury. Subconjunctival hemorrhage is often an incidental 
finding in neonates and is caused by minor trauma during  
parturition.

Treatment. Uncomplicated cases of conjunctival irritation and 
minor trauma will likely resolve with a short course (5–7 days) of 
a topical broad-spectrum antibiotic ointment (e.g., triple antibi-
otic). The antibiotics are utilized to prevent secondary bacterial 
infection in addition to providing corneal lubrication.116

Corneal Trauma
Corneal trauma has various clinical manifestations and may be 
caused directly by penetrating foreign bodies or lacerations or 
from eyelid injuries or neoplasia resulting in secondary ulcerative 
keratitis. The most common ocular foreign bodies are small par-
ticles of plant material that become embedded in the conjunctiva 
or corneal stroma.

Treatment. Removal of small, superficial foreign bodies is of-
ten accomplished with topical anesthesia using 0.5% propara-
caine and manual restraint. Initially, small superficial foreign 
bodies may be dislodged by a strong stream of eye wash aimed 
directly adjacent to the material to be removed. A thin and power-
ful stream can be achieved using a 26-gauge needle hub (quickly 
and repeatedly move the needle back and forth with one hand, 
while stabilizing the syringe/hub combination with the opposite 
hand until the needle breaks off at the base of the hub) and 3 mm 

syringe to spray an exposed edge of the foreign body with a small 
stream of eye wash. If this method is unsuccessful, an attempt can 
be made to remove the foreign body using cotton-tipped applica-
tors or ophthalmic forceps. Care must be taken to ensure that the 
foreign body does not penetrate into the anterior chamber. If that 
is the case, and the foreign body is dislodged or removed, respec-
tively, aqueous humor may leak from the corneal perforation, 
putting the eye at risk for further damage to the cornea and  
secondary intraocular infection (e.g., endophthalmitis). If it is 
unclear if the foreign body is penetrating or not, referral to an 
ophthalmologist is recommended.

After foreign body removal, topical broad-spectrum antibiotics 
should be administered every 6 to 8 hours for several days. Fluo-
rescein dye applied to the corneal surface and evaluated using a 
cobalt blue filter (direct ophthalmoscope) will confirm corneal 
reepithelialization (no fluorescein dye uptake can be seen). Non-
penetrating corneal lacerations may be treated as simple corneal 
ulcers with topical antibiotics and 1% atropine.116

Chemical injuries to the cornea and conjunctiva are caused by 
insecticide dips or sprays, shampoos, disinfectants, or deworming 
agents inadvertently getting into the eyes. In the case of chemical 
injuries, immediate lavage with large volumes of isotonic saline or 
tap water is essential to flush the conjunctival sac and dilute the 
offending agent. After lavage, the affected eyes should be treated 
with topical antibiotics (0.1 mL, q4h–q6h) and atropine (0.1 mL 
q12h–q24h). Additionally, topical autologous serum and/or other 
anticollagenase preparations such as acetylcysteine, may be ben-
eficial to reduce ongoing corneal degeneration (0.1 mL,  
q2h–q4h). These lesions may take several weeks to re-epithelialize. 
Systemic antiinflammatory agents are indicated to control  
secondary uveitis and to minimize discomfort for the affected 
animal.116

Infectious Keratoconjunctivitis
Infectious keratoconjunctivitis (IKC) (Figure 14.19), also known 
as “pinkeye,” is recognized worldwide as a common contagious 
disease affecting the eyes of domestic and wild ovids and 
caprids.50,117 IKC has also been described as a common disease in 
Eurasian reindeer (Rangifer tarandus tarandus) and has been re-
ported in other deer species, such as mule deer and moose.59,118–121 

•  Fig. 14.19  Keratoconjunctivitis with mild chemosis, epiphora, corneal 
neovascularization, and secondary (spastic) entropion.
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Numerous bacterial agents have been associated with IKC in 
small ruminants. However, only Mycoplasma conjunctivae and 
Chlamydophila pecorum are considered to be the primary etiologic 
pathogens in sheep and goats.122–124 In deer, cervid herpesvirus 
2 (CvHV2) and other novel herpesviruses appear to be have the 
greatest role as etiologic agents of IKC.118,120

Mycoplasma Keratoconjunctivitis
Mycoplasma species (M. conjunctivae, Mycoplasma mycoides subsp. 
mycoides, Mycoplasma capricolum, Mycoplasma agalactiae, and My-
coplasma arginini) are important and frequent pathogens causing 
IKC in domestic sheep and goats (Figure 14.20).50 Within this 
group, M. conjunctivae appears to be the most commonly isolated 
pathogen, which has also been associated with disease in free-
ranging caprids, in which severe outbreaks have been described.125 
Apparent healthy carriers of M. conjunctivae have been described 
in free-ranging and domestic ovids and caprids, and the pathogen 
is considered to be endemic in some populations.126,127 Other 
clinical syndromes associated with mycoplasmal infection in small 
ruminants include pleuropneumonia, arthritis, mastitis, and cel-
lulitis.128

Clinical Signs. Classic clinical signs of ocular mycoplasmal 
infections are conjunctival hyperemia, photophobia, blepharo-
spasm, and epiphora, which may become mucopurulent.50 
Clinical signs are commonly observed bilaterally. Corneal neovas-
cularization and opacification beginning at the limbus and central 
progression may occur in some cases. Occasionally, accompanying 
conjunctival follicles may be noted. In severely affected animals, 
findings may include anterior uveitis, corneal ulcers, and tempo-
rary or persistent blindness consequent to intense corneal opac-
ity.117,127,129 Clinical signs of M. conjunctivae infection are more 
common and severe in adult sheep than in lambs.122,130 Goats are 
usually less severely affected.79

Diagnosis. Diagnosis of mycoplasmal infection is based on 
clinical signs, IFA staining of conjunctival scrapings, and positive 
culture of lacrimal secretions, blood, or milk.77,122 Conjunctival 
scrapings stained with Giemsa-type stains may reveal basophilic, 
coccobacillary organisms within the cytoplasm of the epithelial 

cells (Figure 14.21).77,122,130 Conjunctival neutrophils, lympho-
cytes, and plasma cells, as well as necrotic epithelium, also may be 
observed.77 Culture results are more likely to be positive when 
swabs are obtained soon after the onset of clinical signs130 
and placed immediately into Mycoplasma transport medium.122 
M. conjunctivae also can be detected rapidly with a high level of 
sensitivity using real-time PCR techniques on conjunctival swab 
samples.66

Treatment. Many cases of IKC are self-limiting, and the 
condition may resolve completely within a few weeks without 
treatment.131,132 However, immunity to Mycoplasma-associated 
keratoconjunctivitis is poor, and relapses in individual animals 
and recurrence of outbreaks in flocks are common. The disease 
can be spread to other flocks or herds by clinically healthy ani-
mals, because the organism can persist in the ocular and nasal 
secretions for 3 to 6 months after apparent clinical recovery from 
the disease.122,133 Both systemic and topical antibiotic therapeutic 
strategies have been proposed, and both may accelerate the  
recovery period of affected animals.134,135 Systemic tylosin, oxytet-
racycline (10–20 mg/kg intramuscularly [IM] or SC), chlortetra-
cycline (80 mg/head/day in the feed), and streptomycin have been 
found to be effective in vitro against isolates taken from sheep.135 
Topical tetracycline alone (applied at least once a day for 5 or 6 
consecutive days)130 or combined with polymyxin B134 also is re-
ported to be effective, especially when clinical signs are restricted 
to the conjunctiva. Subconjunctival administration of oxytetracy-
cline is not recommended because it may cause a severe local in-
flammatory reaction.50 If anterior uveitis also is present, atropine 
sulfate ointments are indicated. A single intramuscular injection 
of oxytetracycline in lambs experimentally infected with M. con-
junctivae was successful in improving clinical eye scores; however, 
it did not clear the bacteria from the ocular secretion.136 In the 
face of an outbreak of IKC, the prophylactic use of long-acting 
oxytetracycline (20 mg/kg every 72 hours IM or SC) may prevent 
the appearance of clinical signs in other members of the herd or 
flock130 (see Appendix 1).

Prevention. Affected animals should be isolated to prevent the 
spread of disease. Affected herds or flocks often have a history  
of a recent introduction of new members that were subclinical 
carriers of M. conjunctivae.122,130 The infection is spread by direct 

•  Fig. 14.20  Mycoplasma-associated keratoconjunctivitis in a goat. 
Periocular swelling, epiphora, generalized corneal edema with circumlim-
bal deep corneal neovascularization. Note the fluorescein positive super-
ficial geographic ulcer within the dorsal aspect of the ulcer. This finding 
indicates an active infectious process.

• Fig. 14.21  Photomicrograph of a conjunctival epithelial cell from the goat 
in Figure 14.20. Note the basophilic coccobacillary pleomorphic body 
within the cytoplasm. This finding is consistent with Mycoplasma infection. 
Diff quick, 2503 magnification.
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contact with infective ocular secretions, fomites, and face flies.77,130 
Isolation and prophylactic treatment of new addition to the herd 
or flock have been recommended77,130 (see Chapters 7 and 16).

Chlamydophila Keratoconjunctivitis
Chlamydophila abortus and C. pecorum are two species of the ge-
nus Chlamydophila (formerly Chlamydia) that cause diseases in 
sheep and goats.50 Infection with and circulation of Chlamydophila 
spp. has also been reported in different cervine species, but their 
role as a pathogen is not clear.137–139 C. abortus has affinity for the 
reproductive tract and represents an important cause of abortion 
and orchitis in small ruminants.123 C. pecorum commonly is iso-
lated from the digestive tract of ruminants and has been deter-
mined to be the cause of keratoconjunctivitis and polyarthritis 
outbreaks, predominantly in sheep flocks.53,77,123

Clinical Signs. Initial ocular manifestations of Chlamydophila 
infection include epiphora, conjunctival hyperemia, and chemo-
sis.50 As the condition progresses, ocular discharge progresses 
from mucoid to purulent, inflammation spreads from sclera onto 
the cornea resulting in corneal neovascularization, and follicle 
formation in the conjunctiva becomes prominent, which may 
become chronic.140,141 Corneal ulceration can occur but is un-
common.140 Lymphoid follicles appear initially as small, discrete, 
pale, elevated areas in the conjunctiva that gradually enlarge and 
coalesce to form pink to red folds in the lower conjunctival fornix. 
They can protrude as much as 8 to 10 mm to fill the conjunctival 
fornix and become confluent with the follicles on the surface of 
the nictitating membrane.140 Most keratoconjunctivitis cases 
(approximately 80%) show bilateral and symmetrical lesions.53,77,140 
Clinical signs are generally more severe in lambs compared to 
adults. Despite the high morbidity (as many as 90% of a lamb crop 
may become infected), the mortality rate is generally low.50,53,77 In 
case of a keratoconjunctivitis outbreak, approximately 25% of  
affected animals are expected to develop polyarthritis.142 Due to 
the similarity in clinical signs, infection caused by Chlamydophila 
in small ruminants can be indistinguishable from that caused by 
M. conjunctivae.53

Diagnosis. Early in the disease, microscopic examination of 
conjunctival scrapings reveals numerous neutrophils with some 
lymphocytes and plasma cells.140 Intracytoplasmic chlamydophilic 
inclusions are basophilic (on Giemsa staining), usually juxtanuclear, 
and may be found in approximately a third of eye scrap-
ings.77,122,140,142 Their presence can also be confirmed by IFA 
testing.123 The organisms can be cultured from conjunctival scrap-
ings or blood sampled from sheep with keratoconjunctivitis and 
polyarthritis.142,143 Organisms are more likely to be found using 
culture or cytologic methods early in the disease process.130,144 PCR 
testing may be used for screening and confirmatory testing.61,145

Serologic studies using the complement fixation test (CFT) or 
enzyme-linked immunosorbent assay (ELISA) assays may also be 
used to diagnose Chlamydophila infection in small ruminants. A 
four-fold or greater rise between titers in acute and convalescent 
serum samples (taken 2 weeks apart) identified by CFT may con-
firm the diagnosis.122

Treatment and Prevention. Treatment of Chlamydophila in-
fection is as described for mycoplasmal infections. Long-acting 
systemic and topical tetracycline is reportedly effective.50,77,122 
Parenteral antibiotics should be considered for lambs with  
Chlamydophila-induced keratoconjunctivitis, particularly because 
of the possibility of polyarthritis as a sequela.122 To reduce the 
incidence and severity of clinical disease associated with  

Chlamydophila outbreaks, a recommended regimen is administra-
tion of 150 to 200 mg of tetracycline/head/day in the feed.123 In 
uncomplicated cases, the disease usually is self-limiting, and re-
covery can be expected within 2 to 3 weeks77,140 (see Appendix 1).

Transmission is by direct contact with infective secretions, es-
pecially in closely confined animals,123 and indirectly by in-
sects.77,140 Recovered animals may shed C. pecorum in tears and 
nasal secretions for several months after the resolution of clinical 
signs.77,122 In 8- to 10-month-old lambs, a degree of resistance 
appears to develop.140

Two commercial vaccine products based on a live attenuated 
temperature-sensitive mutant strain of C. abortus are licensed for 
sheep and goats in several countries. However, there is evidence to 
suggest that the 1B vaccine strain has been transmitted from vac-
cinated to naïve animals, causing disease.146 In the United States, 
a Chlamydia psittaci bacterin is commercially available for aid in 
the control of ovine enzootic abortion, but its efficacy in prevent-
ing keratoconjunctivitis is unknown.

Moraxella ovis Keratoconjunctivitis
The role of Moraxella ovis (previously Branhamella ovis) as a 
causative agent for IKC in small ruminants is still unclear. As 
described earlier, Moraxella spp. are often cultured from small 
ruminants with IKC, but in some reports are isolated as fre-
quently from unaffected animals.57,147,148 Experimental infection 
with Moraxella ovis did not induce keratoconjunctivitis, even after 
previous scarification of the cornea,149 but it is possible that other 
factors such as strain-specific virulence or coinfection with other 
pathogens increases the pathogenicity of Moraxella spp. Moraxella 
ovis may be opportunistic pathogens contributing to infections by 
other organisms such as M. conjunctivae and C. pecorum or may 
increase the severity of disease.150–152

Animals of all ages are susceptible, with those younger than  
1 year of age most commonly affected.151 In clinical cases, bilat-
eral conjunctivitis, epiphora, injected scleral blood vessels, photo-
phobia, and corneal neovascularization occur.77,150,153 In one re-
port, affected goats also developed 0.5- to 1-mm raised transparent 
conjunctival follicles.153 Keratitis is not a common finding of 
Moraxella ovis and may occur only in severe cases.77,153

Diagnosis. A predominance of gram negative diplococci on 
Gram staining of conjunctival scrapings is suggestive of Moraxella 
ovis infection; however, bacterial culture should be used to con-
firm the diagnosis.50,150

Treatment. Affected animals should be treated using parental 
or topical antibiotics, especially to avoid exacerbation of lesions 
caused by coinfecting bacteria.151,154 While Moraxella spp. can be 
treated successfully with a variety of antibiotics, there are differ-
ences in antimicrobial susceptibility, and some Moraxella ovis may 
be resistant to oxytetracycline and penicillin.154 Affected animals 
should be treated with systemic antibiotics for several days using 
either long-acting antibiotics such as florfenicol or oxytetracycline 
or, more frequently, topical antibiotics or short-acting systemic 
antibiotics (ampicillin or ceftiofur). In one report, injection of 
procaine penicillin G under the bulbar conjunctiva was successful 
in treating affected goats.153 Animals without corneal involvement 
recover within 48 hours.150

Acholeplasma oculi Conjunctivitis
A. oculi has been described as an infrequent ocular and mammary 
pathogen in sheep and goats.155–157 Clinical signs of ocular disease 
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include conjunctivitis, keratitis, blepharospasm, epiphora, and 
pannus.155,156 Treatment with systemic or topical oxytetracycline 
may be appropriate in affected animals.

Listerial Keratoconjunctivitis 
and Uveitis (Silage Eye)
Listeria monocytogenes, the causative organism of listerial encephali-
tis, septicemia, and abortion, is occasionally associated with ocular 
disease in small ruminants.57,158,159 Keratoconjunctivitis and ante-
rior uveitis caused by L. monocytogenes infection are associated with 
the feed of silage, especially baled silage and silage fed in ring feed-
ers, prompting the term “silage eye.”160 The pathogenesis of the 
disease is poorly understood, but direct exposure of the eye to silage 
under these feeding conditions is believed to facilitate infection.

Clinical Signs and Diagnosis. Ocular disease is typically not 
associated with other clinical signs of listeriosis such as neurologic 
disease or systemic illness. Lesions may be unilateral or bilateral, 
and clinical signs include catarrhal conjunctivitis, miosis, blepha-
rospasm, moderate to severe ophthalmitis with hypopyon and 
iridocyclitis, and corneal edema. Bacterial culture or molecular 
detection of L. monocytogenes is used to confirm the diagnosis.160

Treatment and Prevention. Successful therapy can be achieved 
using systemic and/or topical antibiotics and steroids. In one re-
port, topical ophthalmic oxytetracycline alone was ineffective, but 
when it was combined with parenteral administration of ampicil-
lin, resolution was obtained within 2 weeks of therapy, with no 
residual corneal scarring.161 Proper preparation of silage, limiting 
contact of eyes with silage by changing feed design, and ensuring 
good nutritional status and housing conditions have been recom-
mended to prevent silage eye.160

General Considerations in Management 
of Bacterial Keratoconjunctivitis

Treatment Options. Most of the bacterial ocular pathogens 
of small ruminants are susceptible to tetracycline.50 Combina-
tion therapy with long-acting injectable tetracycline (20 mg/kg 
IM or SC every 72 hours) and an ophthalmic preparation of 
tetracycline (every 6–8 hours) usually is effective for most bacte-
rial infections.75 Topical ointments generally are preferred to 
solutions because of their prolonged contact time and because 
less drug is likely to be lost in ocular secretions. Subconjunctival 
injection of antibiotics may be used to achieve initial high con-
centrations of the therapeutic agent but should not be consid-
ered a substitute for application of topical antibiotics.75 Third 
eyelid flaps may be used in some cases of ulcerative keratitis as a 
temporary ophthalmic bandage. In the presence of overt ulcer-
ative keratitis and anterior uveitis, atropine sulfate ointments are 
recommended. Steroids are contraindicated in cases of corneal 
ulceration and should be avoided until corneal reepithelializa-
tion has occurred.79

Removal of ocular discharge is important to prevent blephari-
tis, periocular dermatitis, and formation of adhesions between the 
upper and lower lids and to improve the penetration and bioavail-
ability of ophthalmic medications. Removal of exudates or crusts 
with moistened cotton or gauze, flushing with commercial eye 
cleaning solutions, and “warm packing” of the eyelids not only 
improves the patient’s comfort but also represent useful and inex-
pensive add-on therapies for most conjunctival diseases.50

Control and Prevention. In epizootic cases of suspected bac-
terial keratoconjunctivitis, several control measures have been 

suggested to reduce the spread of disease.76 Infected animals and 
animals in direct contact with them should be completely iso-
lated from the rest of the herd or flock for at least 2 weeks, or 
longer (3–4 weeks) if possible.50 While in quarantine, clinically 
affected and exposed animals should be treated and carefully 
monitored on a daily basis for clinical signs of ocular disease, 
respectively.

Exposure to environmental irritants such as flies, dust, pollen, 
and wind should be avoided. Pastures should be mowed to elimi-
nate long-stemmed or rough weeds and grasses. Contaminated 
stall bedding should be removed, and water troughs and feeders 
should be cleaned and disinfected. Affected animals may have 
visual deficits and should either be confined or kept near readily 
accessible feed and water sources.50

Viral Keratoconjunctivitis
CvHV2 has been identified by experimental infection and epi-
demiologic studies as a primary cause of keratoconjunctivitis in 
young Eurasian reindeer.59,162 The disease is characterized by 
increased lacrimation initially, followed by conjunctivitis and 
periorbital and corneal edema. In some affected animals, the 
disease can progress in severity, with the development of  
corneal ulceration and panophthalmitis leading to permanent 
blindness.162 Other alpha- and gammaherpesviruses have been 
implicated as possible causes of viral keratoconjunctivitis in 
farmed and free-ranging cervids,120,163,164 but the role of these 
pathogens as etiologic agents of cervine ocular disease is less well 
understood.

As in cattle, malignant catarrhal fever caused by ovine, caprine, 
or alcelaphine gammaherpesvirus can cause ocular disease in af-
fected deer. Reported eye lesions include conjunctivitis, corneal 
opacity, and fibrin clots in the anterior eye chamber,165 accompa-
nied by other systemic clinical signs.

Viral keratoconjunctivitis has been rarely reported in sheep 
and goats. Severe conjunctivitis, keratoconus, corneal opacifica-
tion, and blindness were reported in two goats naturally infected 
with infectious bovine rhinotracheitis virus. The virus was isolated 
from the nasal secretions of both goats. The goats exhibited clini-
cal signs of respiratory tract disease before ocular involvement  
was noted, and both recovered.166 Bluetongue virus infection 
may cause conjunctivitis, blepharitis, and blepharoedema in 
sheep79,167,168 Conjunctival edema and hyperemia are also features 
in infection of cervids with epizootic hemorrhagic disease virus, a 
closely related orbivirus.169

Mycotic Keratitis
Mycotic keratitis appears to be rare in small ruminants.79 If fungal 
elements are cultured or observed in conjunctival scrapings, their 
presence as possible environmental contaminants should be care-
fully considered.50 Fungal cultures should be performed in ani-
mals with chronic keratitis, plaque-like corneal growths, or severe 
keratomalacia, especially if antibiotic and steroidal therapy had 
been previously administered.170

Treatment. Treatment involves the application of topical anti-
fungal agents, such as natamycin, miconazole, itraconazole– 
dimethyl sulfoxide (DMSO), ketoconazole, or fluconazole.50 Use 
of topical miconazole usually is the most cost-effective regimen, 
and application every 4 to 6 hours is recommended. Superficial 
keratectomy can be used for both therapeutic and diagnostic  
purposes.50
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Parasitic Keratitis
Thelazia californiensis, the eye worm, causes infection in many 
warm-blooded animals in North America and can be detected in 
free-ranging deer at high prevalence rates.62,171 Thelazia rhodesii is 
a parasite of small ruminants in Europe, Asia, and Africa. The 
nematodes are small, 7 to 18 mm long, and are found in the con-
junctival fornix, particularly behind the third eyelid.79 Infre-
quently, they may invade the nasolacrimal system. Development 
of clinical signs of is uncommon.84,172 Such signs, if present, may 
include epiphora, conjunctivitis, and subtle blepharospasm in 
mild cases. With more severe infestation, corneal edema, ulcer-
ation, and neovascularization may occur.172 O. ovis larvae can 
aberrantly migrate into the conjunctiva or nasolacrimal duct of 
sheep, causing epiphora and conjunctivitis.84 Keratoconjunctivi-
tis, blepharospasm, and blepharoedema may occur in small rumi-
nants as manifestations of E. schneideri infection.84

Treatment. Thelazia infestation can be removed by irrigation 
with sterile saline after the application of topical anesthestics.79 
Topical application of an avermectin (e.g., one to two drops of 1% 
moxidectin for injection) or systemic treatment with avermectins 
or levamisole should be therapeutic.170 Face flies and other Musca 
species are intermediate hosts for the parasite, so fly control is  
essential for reducing the prevalence of infections.50 Therapy for 
O. ovis and E. schneideri is described further on under “Pathologic 
Conditions of the Eyelid”.

Exposure Keratitis
Various etiologies such as listeriosis, otitis media or interna, or 
trauma can result in facial nerve paralysis or paresis, reducing the 
ability to blink normally, leading to secondary exposure-related 
keratoconjunctivitis sicca. This condition can also be caused by 
locoweed (Astragalus and Oxytropis species) toxicity, which causes 
paralysis of the palpebral nerve.84 Locoweed toxicity also causes 
marked cytoplasmic vacuolization of the lacrimal gland secretory 
epithelium. The resultant decrease in tear production further 
contributes to keratoconjunctivitis sicca, leading to a “dull-eyed” 
appearance in some affected animals.173

Conjunctival Manifestations of Systemic 
Diseases
The conjunctival membranes are very accessible to physical in-
spection during an examination and may provide diagnostic clues 
to many ongoing systemic diseases.50 Extreme pallor of the con-
junctiva may be used for clinical identification of anemic sheep 
and goats secondary to Haemonchus contortus infestation. The se-
verity of the anemia can be scored according to the FAMACHA 
eye color chart174 (see Chapters 6 and 16).

Yellow coloration of the conjunctiva and sclera (e.g., icterus) 
accompanied by weakness, possibly progressing to death, in small 
ruminants may be due to hemolytic diseases such as copper  
toxicity, eperythrozoonosis (Mycoplasma ovis), anaplasmosis 
(Anaplasma ovis), leptospirosis (Leptospira interrogans serovar po-
mona or icterohaemorrhagiae), bacillary hemoglobinuria (Clos-
tridium haemolyticum), and piroplasmosis (Babesia ovis), the last 
being exotic to the Americas.50 Icterus also may be a feature of 
liver diseases such as pyrrolizidine alkaloid toxicity, liver fluke 
infestation, and infectious hepatitis (e.g., black disease).50

Hemorrhages in the conjunctiva are most likely to be trau-
matic in origin, especially if unilateral. Petechiae or ecchymoses 

may be observed in patients suffering from gram negative sepsis 
(as in neonates), severe thrombocytopenia, or warfarin toxicity.175

Miscellaneous Disorders of the Eye
Dermoids (choristomas) are ectopic patches of epidermal tissue 
and can be found on the conjunctiva, limbus, and cornea.50 Only 
rare reports exist in small ruminants.176,177 Dermoids affecting the 
conjunctiva or palpebral mucosae often are easily removed by 
sharp dissection with use of topical or regional anesthesia.  
Corneal dermoids can be surgically removed through a superficial 
lamellar keratectomy. Regeneration can occur if the entire lesion 
is not removed.178 Referral to an ophthalmologist for patients 
showing regrowth of the lesion is recommended.

Pathologic Conditions of the Uveal 
Tract and Lens

Uveitis
Clinical Signs. Clinical signs of uveitis may include miosis, 

photophobia, iris hyperemia, aqueous flare, hypopyon, hyphema, 
blindness, and fibrin deposition within the anterior chamber 
(Figure 14.9).2,40,76,77,79,179

Aqueous flare (hazy cloudiness of the aqueous humor) is due 
to breakdown of the blood-aqueous barrier with increased  
permeability of vessels in the iris and ciliary body, allowing small 
proteins to pass in the aqueous humor.83 Hypopyon is due to ac-
cumulation of white blood cells, leading to formation of a thick, 
white layer in the ventral anterior chamber.

Uveitis frequently develops secondary to bacteremia or septice-
mia and is often observed in neonates with failure of passive 
transfer.175 The causative organism usually gains access to the 
bloodstream through the umbilicus or the gastrointestinal tract if 
enteritis is present. A thorough physical examination is indicated 
to identify the origin of the foci of infection and to determine if 
it has extended to other organs (joints, meninges, and lungs).175

Mycoplasma spp. often causes septicemia and systemic disease 
(pneumonia, mastitis, and polyarthritis) in both neonates and 
adult animals. The bacterium has been isolated from goats with 
keratoconjunctivitis and associated iritis.132 In young goats, Myco-
plasma infection may result in development of bilateral uveitis 
with miosis, aqueous flare, and fibrin deposition in the anterior 
chamber accompanied by polyarthritis.132 L. monocytogenes infec-
tions can result in septicemia in 4- to 6-month-old feedlot lambs 
fed silage-based rations. The affected animals may exhibit clinical 
signs of uveitis, conjunctivitis, and endophthalmitis, as well as 
CN deficits.77,79,84 E. schneideri infection (“sorehead”) can cause 
uveitis; however, blepharitis and conjunctivitis are more likely to 
occur as a result of infection with this bloodborne parasite.79

The intracellular protozoan Toxoplasma gondii is an uncom-
mon cause of anterior uveitis in small ruminants.84 In sheep, ocu-
lar toxoplasmosis results in nonsuppurative iridocyclitis, involving 
the iris, ciliary body, and retina.180 Sheep infected with Trypano-
soma brucei (an exotic species in the United States) may develop 
significant keratoconjunctivitis, which is associated with corneal 
edema and inflammation of the eyelids and panuveitis. Histopa-
thology confirmed a nonpurulent panophthalmitis associated 
with fibrinous and mononuclear exudate in both the aqueous and 
vitreous humors, iridocyclitis, choroiditis, retinitis, optic neuritis, 
and ocular myositis.181
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Diagnosis and Treatment. The goals of uveitis treatment are 
to suppress the intraocular inflammation, prevent synechia (adhe-
sions between the iris and cornea [anterior synechia] or between 
the iris and the anterior lens capsule [posterior synechia]) forma-
tion, and identify and treat the underlying cause of the disease. 
Topical and systemic antiinflammatory drugs (topical corticoste-
roids [e.g., prednisolone acetate 1% or dexamethasone 0.1%] and 
systemic nonsteroidal antiinflammatory drugs) are very effective 
at suppressing intraocular inflammation. Topical atropine is used 
to prevent synechia formation, to decrease pain by paralyzing 
ciliary muscle spasm, and to help stabilize the blood-aqueous bar-
rier. Appropriate topical and systemic antibiotics are indicated 
based on the underlying cause. In septicemic neonates, results of 
blood culture and sensitivity testing are valuable to determine if 
antimicrobial agents are indicated. Correction of total or partial 
failure of passive transfer and use of supportive therapy (e.g., in-
travenous fluids) are also strongly recommended.175 Culture 
of ocular secretions or blood may identify pathogenic Mycoplasma 
or Listeria species. Mycoplasmas usually are susceptible to tetracy-
cline, erythromycin, and tylosin.77,79 Penicillin, tetracycline, or 
florfenicol generally are effective against L. monocytogenes.

Piperazine (50 mg/kg PO) and diethylcarbamazine (100 mg/kg 
PO) have been reported to be effective treatments against E. schneideri 
infection.182 Systemic pyrimethamine and sulfadiazine, in com-
bination with topical 10% sulfacetamide, atropine, and steroid 
ointments, may be effective against ocular toxoplasmosis79 (see 
Appendix 1).

Diseases of the Lens
Cataracts. Cataracts are the most common lens abnormality 

in small ruminants. The majority of cataracts in young animals are 
suspected to be hereditary.84 Any opacity in the lens theoretically 
constitutes a cataract. However, a change associated with aging in 
the lens that results in a cloudy appearance that does not obstruct 
visualization of the animal’s retina is referred to as nuclear sclero-
sis. Nuclear sclerosis is a result of compression of the oldest and 
most central lens material. Cataracts are characterized based on 
their appearance, anatomical location, and size. The smallest cata-
racts (less than 5% of the total lens volume) are referred to as  
incipient. Immature cataracts make up the largest category and 
range from early immature (6–99%) (Figure 14.22) to late 
immature (51–99%). Mature cataracts involve the entire lens  

and are generally bright white in color. After a cataract reaches the 
mature stage, if it continues to progress, its cortical fibers begin to 
undergo liquefaction. At this stage, the lens capsule becomes 
wrinkled and capsular plaques form on the anterior and posterior 
aspects.183 Cataracts with an autosomal dominant inheritance 
have been described in New Zealand Romney sheep.184 The cata-
racts were bilateral and the majority of them developed between 
2 and 4 months of age; however, some lambs were affected at 
birth. Congenital, nonprogressive nuclear cataracts that did not 
result in obvious visual deficits have been observed in sheep and 
goats.179 Incipient cataracts and confirmed diabetes mellitus have 
been reported in twin male lambs.185 Cataracts also may occur as 
sequelae to ocular trauma and severe uveitis.84,179 Any animal with 
uveitis may develop secondary cataracts, especially in cases of 
chronic, persistent disease. Septicemia caused by organisms such 
as M. agalactiae can result in uveitis-induced cataracts.84,179 
Intraocular E. schneideri infection may cause significant posterior 
synechia that leads to cataract formation.186

Cataracts have been identified in white-tailed deer (O. virgin-
ianus),176 elk (Cervus canadensis),187 and in free-ranging moose 
(Alces alces).188

Surgical removal of the lens is the only viable treatment option 
for cataracts. Animals with cataract secondary to uveitis generally 
are not good surgical candidates, especially if the disease is active. 
The client should be referred to an ophthalmologist if he or she 
wishes to explore the possibility of cataract extraction.79

Miscellaneous Conditions Affecting the Lens
Although uncommon, a persistent hyaloid artery remnant may be 
an incidental finding during ophthalmoscopic examination of 
small ruminants.189 The hyaloid artery supplies blood to the lens 
during fetal development and normally atrophies after birth. 
Remnants of the hyaloid artery may be seen in as many as 30% 
of sheep between 1 and 3 years of age, and approximately 40% of 
goats, in one or both eyes.189 The remnant of the hyaloid artery 
appears as a thin, tight linear structure extending from the poste-
rior lens capsule to the optic disc.189 The point of insertion on the 
optic disc is referred to as Bergmeister’s papilla.

Persistent pupillary membranes (PPMs) have been reported in 
sheep.179 The remnants of the embryonic pupillary membrane 
appear as pigmented strands of iris tissue extending from the iris 
collarette to the iris stroma (iris to iris PPMs), from the iris col-
larette to the anterior lens capsule (iris to lens PPMs), or from the 
iris collarette to the corneal endothelium (iris to cornea PPMs). 
Mild cases may appear only as small pigmented foci over the an-
terior lens capsule. Focal opacities may be present in the cornea or 
on the anterior lens capsule in areas where the PPMs adhere. An 
essential iris atrophy has been reported in Shropshire sheep.190 
Affected sheep are born apparently normal, but ocular lesions can 
be seen by 1 to 1.5 years of age. Lesions are bilateral but asym-
metric and include partial- or full-thickness holes in the iris 
stroma and an absent or rudimentary corpora nigra.190 Pupils are 
pear shaped and respond sluggishly to light and do not dilate 
completely following the administration of topical tropicamide. 
Generally, neither persistent hyaloid remnants, PPMs, or iris atro-
phy in small ruminants require treatment.190

Glaucoma
There is very little information in the available literature pertain-
ing to glaucoma in sheep, goats, or cervids. Glaucoma, in any 
species, is a neurodegenerative disease that, over time, results in 

• Fig. 14.22  Unilaterally immature cataract in an adult goat. The cataract 
was noted as an incidental finding. The goat did not demonstrate any vi-
sual deficits that were obvious to the owner. The cause for this cataract 
was unknown.
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the loss of retinal ganglion cells and, ultimately, blindness.191 One 
of the most common risk factors associated with glaucoma in 
animals is an increase in IOP. Until applanation or rebound to-
nometry (applanation or rebound) becomes more widely available 
in small ruminant practices, early detection of glaucoma will re-
main elusive. Glaucoma is categorized as primary (clinical signs of 
glaucoma without any identifiable cause) or secondary (clinical 
manifestation of glaucoma resulting from the presence of an un-
derlying cause, i.e., chronic uveitis).

Topical application of prednisolone acetate, administered ev-
ery 8 hours, has been shown to cause steroid-induced ocular hy-
pertension in sheep.192 In that study, the IOP returned to the 
baseline level over a period of 1 to 3 weeks following discontinu-
ation of the topical prednisolone acetate.192 The same group of 
researchers further discovered that a single dose of a gene therapy 
vector carrying an inducible metalloproteinase human gene can 
protect against elevation in IOP caused by topical prednisolone 
acetate application and quickly reduces the elevated IOP caused 
by topical corticosteroid application.193

Glaucoma in small ruminants is associated with ocular inflam-
matory conditions such as severe keratoconjunctivitis, corneal 
ulcers, anterior uveitis, ocular trauma, and septicemia.76,77 Glau-
coma develops from a decreased outflow of aqueous humor, 
which may result from extensive anterior synechia or filtration 
angle obstruction with inflammatory cells or fibrin.76,191

Clinical Signs. Clinical signs of glaucoma include congestion 
of conjunctival and episcleral blood vessels, epiphora, corneal 
edema, buphthalmos (enlarged globe), mydriasis, blindness,  
exposure keratitis, lens luxation, and cataracts.179

Treatment. Buphthalmic (enlarged) eyes should be enucle-
ated, especially if exposure keratitis is present or if painful.76 A 
silicone intraorbital spherical implant may be placed in some cases 
if a cosmetic appearance is desired and the animal is unilaterally 
affected.179 If the animal retains vision in the affected eye, diode 
laser cycloablation can be performed to destroy some of the ciliary 
body epithelial cells, which decreases aqueous humor production. 
Medical therapy of glaucoma may be attempted and is centered 
around decreasing aqueous humor production (carbonic anhy-
drase inhibitors) and minimizing concomitant inflammation.179

Pathologic Conditions of the Retina

Infectious Conditions and Related Disorders
Many infectious organisms and septicemic conditions can cause 
retinitis (retinal inflammation) or retinal changes. Septic neonates 
and feedlot lambs with listeriosis may develop chorioretinitis.84 In 
sheep, toxoplasmosis frequently causes focal retinal necrosis and 
cyclitis or iridocyclitis.50,180

E. schneideri infections in small ruminants can result in retinal 
disease. Distinct retinal changes associated with this parasite, can 
be readily observed during ophthalmic examination of the fundus 
in affected animals.186 Those changes include diffuse chorioretinal 
atrophy with proliferation of pigment within the tapetal fundus, 
attenuation of retinal vasculature, and optic nerve atrophy.186 The 
optic discs of affected animals may have an indistinct and hazy 
outline and may appear edematous (dull, matt) and pale gray.186 
In contrast to elk, affected sheep do not become blind.186

Lambs born to dams naturally infected with bluetongue virus, 
or if a modified live vaccine is administered during the first half 
of gestation, may develop a necrotizing retinopathy and retinal 
dysplasia.194 These lambs have obvious visual impairment and 
central nervous system defects.84 Goats and deer are more 

resistant to bluetongue virus than sheep are.79,176 Modified live 
bluetongue vaccine should not be administered to pregnant ewes, 
but if vaccination is necessary, it should not take place during the 
first half of gestation.77

Scrapie has been shown to be a rare cause of blindness, with 
affected sheep lacking a menace response and bumping into ob-
jects, despite maintaining PLRs.195 Several raised, and oval-shaped, 
blister-like lesions were visible scattered throughout the tapetal 
fundus. The lesions ranged in size from three-fourths to one optic 
disc diameter.195 Histology identified the lesions as accumulations 
of pigmented lipid located between the RPE and photoreceptors 
in the retina (subretinal space).195 Finding such lesions in associa-
tion with chronic weight loss, poor body condition, neurologic 
signs, wool loss, and pruritus is suggestive of this diagnosis.195 The 
presence of prion protein PrPSc can be confirmed in clinical and 
preclinical ovine cases of scrapie using immunohistochemistry 
staining of formalin-fixed third eyelid 196,197 or rectoanal mucosa198 
biopsy specimens (see Chapters 13 and 16).50

Plant Toxicity
Bracken fern (Pteridium aquilinum), when grazed chronically, 
causes a progressive retinal degeneration in sheep colloquially 
called “bright blindness.”199–201 A majority of affected sheep are 
noted to be blind between September and November,200 several 
months after they begin to graze bracken fern.199 Most sheep are 
affected between 3 and 4 years of age, and the earliest detectable 
clinical sign is an increased tapetal hyperreflectivity (shimmering 
of the tapetal fundus during fundoscopy).200 Affected sheep are 
permanently blind but alert. Their pupils are dilated and round, 
and the PLR is poor.199,200 Ophthalmoscopic examination may 
reveal attenuated and narrowed retinal blood vessels that appear 
more widely separated than normal. In advanced cases, the non-
tapetal fundus is pale, with small linear cracks and gray foci, and 
the optic disk may appear pale or grayish-pink.199,200 Choroidal 
vessels may be visible in some areas of the fundus.199 Ptaquiloside, 
the glycoside present in bracken fern, has been identified as the 
toxic principal responsible for bright blindness in sheep; however, 
the exact mechanism of action is unknown.202 Possible explana-
tions include disturbance in blood circulation secondary to nar-
rowing of the blood vessels202 and decreased retinal lactate dehy-
drogenase activity.200 Platelet and leukocyte counts also 
are significantly lower in affected sheep.200 Microscopic lesions are 
limited to the retina and are characterized by a complete destruc-
tion of the outer nuclear layer and photoreceptors.50,200

Locoweed (Astragalus and Oxytropis spp.) toxicity causes 
marked cytoplasmic vacuolization of the retinal ganglion and  
bipolar cells, which may result in visual deficits.173 Blindgrass 
(Stypandra imbricata) toxicity occurs in sheep and goats of West-
ern Australia. Ocular clinical signs include blindness (no PLR, 
mydriasis) caused by lesions in the photoreceptor layer of the 
retina, optic nerve, and optic tracts.203 In southwest Africa, rumi-
nants grazing on Helichrysum argyrosphaerum may develop paresis 
or paralysis and blindness characterized by bilateral mydriasis and 
papilledema on fundus exam.204 Cataracts may be observed in 
affected sheep. The toxic principle of H. argyrosphaerum is un-
known, but ingestion leads to retinal degeneration and demyelin-
ation of the optic nerve.50,204

Inherited Retinal Degeneration
Ceroid lipofuscinosis (Batten’s disease) is an inherited lysosomal 
storage disease that causes blindness, ataxia, and tremors in South 
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Hampshire sheep.205 Atrophy of the cerebral cortex results in early 
vision loss, and ceroid lipofuscin pigment accumulation in the 
retinal cells leads to concurrent retinal dystrophy.206,207 Decreased 
retinal function is confirmed with electroretinography.206,207 Reti-
nal degeneration characterized as a rod-cone dysplasia has been 
reported in a 4-month old Toggenburg doe.208 Signs of vision loss 
including bumping into objects, horizontal nystagmus, poor 
PLRs, and weight loss were observed after the doe was weaned.

Vitamin A Deficiency
The retina requires a constant supply of vitamin A to maintain 
vision. Phototransduction is dependent upon vitamin A, and 
progressive retinal degeneration can develop when insufficient 
levels of vitamin A are obtained from the animals diet.19 Rhodop-
sin initiates the cascade of phototransduction and is made up of 
opsin (a protein that determines the wavelength of the photon the 
pigment will absorb) and retinol (a vitamin A derivative).19 Fol-
lowing photoreceptor light stimulation, rhodopsin undergoes a 
series of conformational changes and activates transducing acti-
vating phosphodiesterase. This activation of phosphodiesterase 
leads to hyperpolarization in the outer segments of the photore-
ceptors.19 Depletion of rhodopsin leads to impaired rod function, 
which results in diminished vision in low-light situations. Clini-
cally, this manifests as nyctalopia or night blindness in domestic 
species.19,83 Ruminants are efficient in converting dietary beta-
carotene into vitamin A if they have access to good-quality green 
forage sources.50 Vitamin A content is depleted from these forages 
as they mature in the hay-making process. As a result, the vitamin 
is no longer available from the hay after several years of storage.50 
Vitamin A is stored in the liver, and hepatic stores may prevent 
vitamin A deficiency disease for many months if dietary defi-
ciency occurs.2

In young calves, vitamin A deficiency induces bony remodel-
ing of the optic canal and thickening of the dura mater, which  
in turn causes an ischemic necrosis of the optic nerves.209,210 Re-
modeling of the optic canal does not occur in skeletally mature 
animals, and associated blindness probably is caused by retinal 
degeneration.209,210

Clinical Signs. Clinical signs of vitamin A deficiency may not 
become apparent for at least 3 months in goats211 and 200 days in 
sheep212 if they previously have been grazing good-quality pas-
ture. Under the same conditions of dietary vitamin A deficiency, 
males apparently are more susceptible than females to the devel-
opment of clinical signs of deficiency.210 Nyctalopia is a consistent 
clinical sign of vitamin A depletion in sheep and goats, along with 
anorexia and poor body condition.213,214 Severely affected animals 
may be completely blind with dilated and unresponsive pu-
pils.210,213 Ophthalmoscopy reveals papilledema (pale optic disk 
with an inverted-heart appearance), papillary and peripapillary 
retinal hemorrhages, and depigmentation of the non-tapetal ret-
ina.210,213 Determination of vitamin A levels in plasma and feed is 
the most direct method of diagnosing the dietary deficiency.50

Treatment. Nyctalopia is reversible with vitamin A replace-
ment. The minimum recommended daily dose of vitamin A for 
both growing lambs and 60-kg replacement ewes is 50 IU/kg.215 
Pregnant and lactating ewes require 100 IU/kg and 150 IU/kg of 
vitamin A, respectively.215 The upper safe dietary limit for sheep 
and goats has been suggested to be 20,000 IU/kg for a maximum 
duration of 4 weeks.215 In affected cattle, the recommended treat-
ment regimen consists of parenteral injection of 440 IU/kg of 
vitamin A once daily for 3 to 4 days and then 6000 IU/kg every 
50 to 60 days until the diet has been enriched.216 Animals with 

severe and complete blindness caused by damage to the retina and 
optic nerves will not regain their vision despite therapy.210 Allow-
ing free access to green forages or parenterally administering a 
commercially available vitamin A product usually is preventive in 
areas in which dry, brown hay is fed for extended periods. In such 
feeding conditions, inclusion of vitamin A in a feed or mineral 
supplement is warranted50 (see Chapter 2).

Blindness
Apparent blindness has been described in severely ill or septice-
mic animals in association with depression or systemic disease. 
Evaluation of vision is difficult in neonatal animals because they 
normally lack a menace response for several days after birth. 
Blindness can be caused by severe hypoglycemia in kids and 
lambs or by neurologic diseases such as hydrocephalus, intracra-
nial neoplasia, and any encephalitis, including caprine arthritis-
encephalitis, ovine progressive encephalomyelitis (maedi-visna), 
scrapie, cerebral abscesses, bacterial meningitis, coenuriasis, toxo-
plasmosis, and aberrant parasite migration (e.g., by larvae of 
Parelaphostrongylus tenuis).179,217,218 L. monocytogenes infections 
may cause blindness as a sequela of septicemia, which generally 
causes severe endophthalmitis or, less commonly, meningoen-
cephalitis.76,218 Other clinical signs of listeriosis are optic neuritis, 
amaurosis, decreased PLRs, head tilt, and unilateral CN 
deficits.218 Pituitary abscesses or neoplasia may lead to blindness 
if the optic chiasm is compressed. Overeating disease (Clostridium 
perfringens syndrome characterized by ophthalmoscopically type 
D infection)219 and hepatic encephalopathy secondary to acute 
or chronic liver failure may cause blindness and neurologic signs. 
Diseases causing retinitis or retinal degeneration (e.g., E. schneideri 
infection or bluetongue; intoxication with bracken fern, locoweed, 
or blindgrass; vitamin A deficiency) may lead to visual impair-
ment. Pregnancy toxemia and ketosis may produce clinically  
apparent blindness as a consequence of cerebral energy depriva-
tion and swelling.220 Lightning strike, trauma, and improper use 
of debudding irons may damage the cerebral cortex, with  
resultant blindness.50,77,170,217

Central blindness is a clinical syndrome characterized by oph-
thalmoscopically normal eyes, absence of a menace response, and 
normal PLR bilaterally.217 Causes of central blindness in sheep and 
goats include thiamine deficiency, sulfur toxicosis, lead poisoning, 
and sodium toxicosis or water deprivation (Chapter 13).50,216

Ascertaining the animal’s signalment, obtaining a complete 
history, and performing a thorough physical, neurologic, and 
ophthalmologic examination are warranted to localize the lesion 
and identify the most likely disorders causing the visual impair-
ment. Diagnostic workup for blindness in small ruminants may 
include but is not limited to blood glucose level determination 
(neonates), urinalysis (pregnant doe or ewe), complete blood 
count, serum chemistry panel, cerebrospinal fluid analysis (for 
sodium content), cytologic studies and bacterial culture, testing 
for a significant response to parenteral administration of thiamine 
(within 12–24 hours), determination of blood lead levels, and 
computed tomography evaluation. Appropriate treatment should 
be based on the final diagnosis.50

Pathologic Conditions of the Orbit

Exophthalmos
Prominent anterior displacement of the globe (exophthalmos)  
can be caused by any orbital space-occupying lesion, such as  
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retrobulbar abscesses or neoplasia, especially lymphoma and squa-
mous cell carcinoma. Advanced nasal adenocarcinoma or squa-
mous cell carcinoma may cause exophthalmia and facial asym-
metry in sheep and are associated with clinical signs of respiratory 
disease (e.g., chronic nasal discharge, inspiratory dyspnea, and 
diminished airflow from the nostrils).221,222 Orbital cellulitis is 
rare but may result from periocular puncture wounds, migration 
of plant awns from the oral cavity, and caseous lymphadenitis–as-
sociated abscesses.2,84

Cyclopia
Cyclopia in fetal lambs, a developmental anomaly characterized 
by the presence of only one orbit, has been associated with the 
consumption of Veratrum californicum (skunk cabbage, corn lily, 
or false hellebore) by ewes on day 14 of gestation.223,224 The plant 
grows in the mountain ranges of the Western United States. 
Other congenital defects attributed to grazing V. californicum in-
clude anophthalmia, shortening or absence of the maxillary and 
nasal bones, cebocephalus (“monkey face”), hydrocephalus, and 
harelip.223,224 The incidence of congenital deformities may range 
from 1 to 25% of lambs in flocks grazing pastures contaminated 
with skunk cabbage.223 Occasionally, only one lamb of twins is 
affected.223,224 Because no treatment is available for affected off-
spring, prevention is warranted. Examination with a magnifying 
loupe, ultrasonography, radiography, computed tomography, en-
doscopy of the upper airways, and cytologic analysis of fine needle 
aspiration samples or histopathologic examination of tissue  
biopsy specimens may be appropriate to confirm the cause of  
exophthalmia. Appropriate treatment should be selected on the 
basis of the final diagnosis.50

Miscellaneous Ophthalmic Problems
Congenital microphthalmia (small eye), along with other ocular 
defects such as aphakia, aniridia, and optic nerve hypoplasia, may 
be inherited as an autosomal recessive trait in Texel sheep.77 Several 
ocular abnormalities may occur in lambs born to ewes grazing sel-
eniferous pastures, including microphthalmia.79,225 In addition to 
microphthalmia, conjunctival cysts, aphakia or displacement of the 
lens, aniridia or rudimentary iris, and lack of a division between the 
cornea and sclera have been reported. Some 75% of affected lambs 
die at birth.50

What was initially thought to be bilateral microphthalmia in a 
3-day-old male red deer (C. elaphus) was diagnosed with complex 
bilateral ocular dysgenesis. No lens material was found in either 
eye, and dermoid metaplasia of the primitive lens vesicle was di-
agnosed on histopathologic evaluation.226 Microphthalmia and 
aphakia have also been identified in a small group of white-tailed 
deer (O. virginianus).227 A recent survey of 3645 white-tailed deer 
for congenital ocular abnormalities detected microphthalmia, 
congenital cataracts, anophthalmia, colobomata, anterior segment 
dysgenesis, ectopic lacrimal gland tissue, and/or congenital blind-
ness with corneal opacity in 15 affected animals.176

Enucleation
Enucleation is indicated for removal of any blind and painful eye, 
as well as eyes damaged by severe keratitis, perforating injury, 
glaucoma, and intraocular neoplasia, for which medical therapy is 
not feasible or effective. Exenteration, involving surgical removal 
of the entire globe, extraocular muscles, and adnexa, may be nec-
essary in cases of extensive neoplasia. However, transpalpebral or, 

better even, transconjunctival enucleation can be performed in a 
much more efficient manner. Regardless of the reason for enucle-
ation, the contralateral eye should be carefully evaluated to ensure 
normal vision prior to enucleation or exenteration being per-
formed. Systemic peri- and postoperative antibiotics are indicated 
in cases of significant infectious disease or if the procedure is  
performed under sedation and local analgesia.

Retrobulbar Anesthesia
Sedation or general anesthesia with local eyelid and retrobulbar 
anesthesia may be used to facilitate enucleation in small rumina
nts.2,51,109,228 Two common retrobulbar anesthesia techniques are 
the Peterson eye block and the four-point block.51 Enucleation, 
or other ophthalmic surgeries, can be facilitated using a retrobul-
bar block as the optic nerve, extraocular muscles, and sensory 
innervation of the eye and adnexa are desensitized. The oculomo-
tor (CN III), trochlear (CN IV), maxillary and ophthalmic 
branches of the trigeminal nerve (CN V), and abducens nerve 
(CN VI) are all effectively desensitized following retrobulbar 
anesthesia. A 3.75-cm, 22-gauge, slightly curved (bent) needle 
may be used to perform retrobulbar anesthesia.51 Achievement of 
an acceptable level of local anesthesia is confirmed by corneal 
desensitization, mydriasis, and lack of globe motility.

Peterson Eye Block. Following aseptic preparation of the in-
jection site with a dilute, aseptically prepared povidone-iodine 
solution (5%), 2 to 3 mL of local anesthetic (2% lidocaine or 
mepivacaine) is injected subcutaneously at a point halfway be-
tween the lateral canthus and the base of the horn, at the posterior 
aspect of the supraorbital process and the zygomatic arch.51 The 
injection is carried out using an 18- or 16-gauge, 3�4-inch needle.72 
A slightly curved, 3- to 4-inch, 18- or 20-gauge needle is then 
inserted through the skin opening, advanced medially with the 
concavity of the needle directed caudally and slightly ventrally, 
along the zygomatic arch.50,72 The needle tip should then be 
“walked-off” of the anterior border of the coronoid process of the 
mandible and advance, without resistance, toward the medial 
floor of the orbit, approximately 2 to 3 inches. Once the medial 
orbital floor is contacted, the needle is retracted 2 to 3 mm. Quick 
aspiration prior to injection of the local anesthetic agent will en-
sure that the needle has not entered the ophthalmic artery.  
Approximately 7 to 8 mL of local anesthetic is slowly injected into 
the retro-orbital space.50,72

Four-Point Block. A series of four injections are performed 
using a 2.5-inch, 20-gauge, slightly curved needle to deposit a 
local anesthetic agent into the retrobulbar space. Landmarks for 
the injections are the dorsal, ventral, medial, and lateral edges of 
the bony orbit. Topical ophthalmic anesthetic (0.5% propara-
caine) should be applied and eyelid blocks performed prior to 
performing the retrobulbar anesthesia in order to desensitize the 
cornea and conjunctiva and minimize discomfort during the four-
point retrobulbar injections.50,72 The surgeon’s index finger should 
be used to deflect the globe and protect it from the needle as each 
injection is administered. The clinician palpates the wall of the 
bony orbit and inserts the needle from the conjunctival fornix 
until it encounters the apex of the orbit. Approximately 1 to 2 mL 
of local anesthetic (2% lidocaine or mepivacaine) is injected at 
each site as the needle is advanced.2,51,109,228

Proper needle placement is essential to avoid complications 
associated with the retrobulbar anesthesia techniques described 
previously. Although uncommon, retrobulbar hematoma and 
iatrogenic injury to the globe can occur, especially if the animal 
moves during the injections. The risk of these complications can 
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be minimized using proper technique and manual or chemical 
restraint of the animal. Seizure activity resulting from inadvertent 
injection of lidocaine into the meningeal reflection of the optic 
nerve has been reported. Although the convulsions associated 
with this complication are generally self-limiting, they may be 
fatal.113

Subconjunctival and Transpalpebral Enucleation 
Techniques

Preoperative Considerations. Enucleation may be performed 
using the subconjunctival or transpalpebral technique. The sub-
conjunctival approach allows for targeted removal of the globe 
and usually results in less hemorrhage. If a prosthesis is to be 
placed for a more cosmetic result, the subconjunctival approach 
should be used.2,72,228,229 The transpalpebral approach is indicated 
in cases of significant ocular infection or neoplasia. This method 
involves the collective removal of the entire globe, conjunctiva, 
extraocular muscles, and nictitating membrane. If enucleation is 
to be performed to remove a severely infected and/or ruptured 
globe, the transpalpebral approach is indicated to reduce surgical 
contamination.50

Transpalpebral Enucleation. After induction of general anes-
thesia or sedation and retrobulbar anesthesia, the patient is placed 
into lateral recumbency with the eye to be enucleated toward the 
surgeon. The affected orbit should be lavaged with a 1:50 dilution 
of povidone iodine solution and isotonic saline. If a transpalpebral 
approach is used, the affected eyelids should be sutured closed 
using a monofilament, nonabsorbable suture material in a simple 
continuous pattern, prior to clipping and aseptic preparation of 
the surgical field. A tail of suture should be left at each end of the 
incision to facilitate manipulation of the eye during surgery. The 
palpebral skin is incised 3 to 4 mm from the eyelid margins using 
a no. 15 or no. 10 scalpel blade. Blunt dissection is then per-
formed circumferentially, using curved scissors and proceeding 
deeply into the eyelids and external to the extraocular muscles. 
The optic nerve and vessels may be clamped with a curved hemo-
stat, then transected. The orbit should be gently lavaged several 
times with sterile saline solution containing a broad-spectrum 
antibiotic. Closure of the remaining soft tissues may be attempted 
to reduce the orbital dead space and to minimize postoperative 
sinking of the eyelids; however, this is often difficult in small ru-
minants because of their rather deep and wide bony orbit. The 
subcutaneous tissues are closed using absorbable suture (2-0 to 
3-0) in a simple continuous or subcuticular pattern. The skin is 
closed using nonabsorbable suture (2-0) in a simple interrupted 
pattern. Systemic antibiotics and antiinflammatory drugs should 
be continued for several days after surgery.

Subconjunctival Enucleation. A subconjunctival approach can 
be utilized to remove the globe itself, while preserving most of the 
orbital soft tissue. This method allows for more effective compart-
mental closure of the orbit, as the periosteum is closed to contain 
any orbital hemorrhage. The surgical site is prepped as outlined 
above for the transpalpebral enucleation. An eyelid speculum is 
placed to facilitate visualization of the globe, and a circumferential 
conjunctival incision is made approximately 4 to 6 mm posterior 
to the limbus using small tenotomy scissors. Care must be taken to 
ensure that the incision incorporates Tenon’s capsule, the fibrous 
bulbar sheath closely apposed to the conjunctiva. The bulbar con-
junctiva/Tenon’s capsule is then bluntly dissected to expose the 
extraocular muscle attachments. These muscle attachments are 
readily located by sliding a muscle hook under their respective 

scleral attachments. Each isolated extraocular muscle tendon is 
dissected as close to the sclera as possible, under direct visualiza-
tion. This results in far less hemorrhage than cutting through the 
muscle bodies. Following resection of each of the rectus and 
oblique extraocular muscles, the retractor bulbi muscles, optic 
nerve, and vessels are sharply dissected using curved or semi-
curved enucleation scissors. Following removal of the globe, the 
third eyelid (nictitating membrane) is removed. The eyelid margins 
are then removed using a no. 15 or no. 10 scalpel blade approxi-
mately 4 to 5 mm from the eyelid margins, taking care to ensure 
that the Meibomian glands and the lacrimal caruncle (medial can-
thus) are removed in the process. Following removal of the eyelid 
margins, the remaining conjunctiva is stripped from the eyelid tis-
sue. The periosteum is then closed using absorbable suture (2-0 to 
3-0) in a simple continuous pattern. The remainder of the closure 
is performed as outlined above for the transpalpebral enucleation 
technique. A modified head bandage may be placed initially to 
compress the enucleated orbit and decrease postoperative swelling; 
however, this is generally not necessary. All enucleated eyes should 
be submitted for histopathologic examination to determine the 
exact cause of ocular disease.2,72,228,229
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15
Diseases of the Mammary 
Gland
PAUL J. PLUMMER, KELLY M. STILL BROOKS, 
AND MISTY A. EDMONDSON

Growth in the small ruminant dairy industry is driving the need 
for more sheep- and goat-specific research and tailored applica-
tion of milk quality principles and practices to small ruminant 
production settings. Intramammary infections (IMIs) in dairy 
operations result in significant economic losses to the producer. 
Mammary health is critical to young stock performance in food 
and fiber herds and to overall wellbeing in small ruminants kept 
as pets.

Normal Anatomy of the Mammary Gland
The mammary structure of the sheep and goat consists of two 
functionally and anatomically separate glands (halves), each with 
one teat; four teats are typically observed in cervids. Each half is 
supported by a medial and a lateral suspensory ligament. In turn, 
these ligaments branch off as secondary laminae that enter and 
support the gland tissue. The medial suspensory ligaments are 
adhered together and run on midline from the prepubic sym-
physial tendon to the abdominal tunic. The intramammary 
groove is formed where the medial suspensory ligaments meet the 
skin of the ventral udder. The elastic medial ligament should hold 
the udder high and tight to the abdominal wall above the level of 
the hocks. Heritability of the medial suspensory ligament confor-
mation is 0.33,1 and breeding programs should specifically select 
against a pendulous udder in order to minimize the risk or trauma 
and mastitis. The lateral suspensory ligaments run deep to the 
skin and superficial to the mammary neurovascular and lymphatic 
structures. The draining supramammary (superficial inguinal) 
lymph node is located at the dorsocaudal aspect of each gland. 
The main arterial supply to the udder is from the external  
pudendal arteries, which emerge from the inguinal rings and  
can be readily identified by their tortuous path. The paired exter-
nal pudendal veins, paired branching subcutaneous abdominal 
veins, and paired perineal veins drain the udder and the  
supramammary lymph nodes. The gland is innervated by the 
genitofemoral nerve with superficial contributions from the lum-
bar cutaneous nerves (cranially) and from the mammary branch 
of the pudendal nerve (caudally).

Each half of the udder consists of multiple gland lobes that 
drain into six to nine milk ducts.2 These ducts coalesce to form a 
gland cistern, which in turn drains into the teat cistern. Fursten-
berg’s ring, an annular venous structure, forms the demarcation 

between udder and teat. As in cattle, the teat wall consists of five 
layers: mucosa, vascular connective tissue, circular and longitudi-
nal muscular layers, and epithelium. A 0.5- to 1.0-cm streak canal 
at the distal end of the teat connects the teat cistern to the teat 
orifice and is identified proximately by the rosette of Furstenberg. 
The streak canal is an important anatomic and physiologic barrier 
to the udder with its keratin-producing squamous epithelial cell 
lining and muscular teat sphincter.

Production and Component Benchmarks
Species and operation type significantly influence various aspects 
of lactation. Dairy goats typically are milked for a 305-day lacta-
tion with a 60-day dry period, in a regimen similar to that for 
dairy cattle. In commercial operations, it is common for kids  
to be hand-reared on pasteurized milk or milk replacer in order to 
allow the sale of more milk and in some cases to minimize risk of 
vertical transmission of pathogens. In smaller or hobby dairy goat 
operations, kids may be allowed to nurse. Dairy sheep have a 
much steeper lactation curve of approximately 5 months, similar 
to that for sheep and goats in meat and fiber operations. A com-
mon practice in dairy sheep operations is to dam-raise the lambs 
for the first 1 to 2 months and then switch over to machine milk-
ing for commercial milk production; the suckling and suckling-
to-milking periods offer some unique challenges with regard to 
mastitis control. Farm-raised white-tailed deer operations may use 
either hand rearing or allow nursing, or in some cases a combina-
tion of approaches based on the sex of the fawn. Hand rearing has 
the potential benefit of acclimating the deer to more human con-
tact but requires significant labor and time. Nutrition, mastitis, 
and reproduction are the major factors influencing production in 
all herd types (see Chapters 2 and 8).

Milk volume and composition differ among the dairy species. 
Compared with milk from goats and cows, sheep milk is highest 
in fat (7.62%), proteins (6.21%), caseins, and other solids.3 As a 
result, rennet coagulation time is shortened and curd firmness and 
yield are typically improved during cheese production. However, 
dairy sheep produce less milk volume per lactation period, and 
genetic potential differs significantly between European and U.S. 
lines. As a rough average, the East Friesian breed produces ap-
proximately 1000 lb of milk per lactation, and the Lacaune lait 
breed, evaluated on an as-milked basis (excluding milk used to 
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dam-rear the lambs), produces around 650 lb per lactation.  
Cervid milk is much higher in fat (8.3–22.5%) and protein 
(10.3–11.9%) and lower in lactose (2.2–3.8%) than milk of  
domestic ruminants.4

Goat milk frequently is suggested for cow milk–intolerant 
children and adults; 40% of people who cannot digest cow milk 
will be able to tolerate goat milk.3 Digestibility is facilitated by 
smaller fat globules and a higher proportion of short-chain fatty 
acids, such as the appropriately named caproic, caprylic, and cap-
ric acids.3 Dairy goats produce more milk volume than that 
typical for sheep, with component percentages falling between 
those of cattle and sheep. Production volume and components are  
significantly influenced by breed, herd, and individual genetic 
potential. Miniature breeds produce a smaller volume of milk 
with higher fat and protein content. The average milk production 
in Wisconsin herds for 2008 was 1288 lb/doe, with the top four 
herds averaging 1510 lb/doe.5 By comparison, the 2009 “honor 
roll” members of the California Dairy Herd Improvement Asso-
ciation (DHIA) produced as much as 2717 lb/doe and 603 lb/doe 
for standard and miniature breed dairy goats, respectively.5 In 
many commercial operations, milk production of greater than 
2000 lb during the first lactation is selected for higher production 
typical in subsequent lactations.

In the standard European breeds, a 3.8% fat content is typi-
cal.3 Among the top California operations, fat contents as high as 
4.9% and 6.9% were recorded for standard and miniature 
breeds.6 In one high-volume operation, however, the result of a 
butterfat test was very low at 2.7%. As in cow milk, milk fat in 
goat milk can be suppressed by highly fermentable diets (with a 
carbohydrate-to-forage ratio greater than 2:1), subacute ruminal 
acidosis, and heat stress. Increasing dietary forage and offering 
free-choice buffers (e.g., bicarbonate) will help raise measured 
butterfat content. In the standard European breeds, protein aver-
ages 2.9%.3 Among the top California operations, protein ranged 
from 2.61 to 3.96% and 3.91 to 5.0% in the standard and min-
iature breeds, respectively.6 Unlike cow milk, the fat in goat milk 
does not readily rise to the top while sitting, making it essentially 
naturally homogenized, due to the smaller size of the fat globule.

Somatic Cells
In small ruminants, normal increases in somatic cell counts 
(SCCs) are associated with increased parity, days in milk, stress-
ors, and onset of estrus, as well as with infection. The contribu-
tion of these factors is compounded in a seasonally producing 
herd. In a survey of 71 U.S. goat dairies, 65% did not meet grade 
A standards near the end of their lactation cycle,7 and many had 
difficulty meeting grade B standards of 1.5 million cells/mL. Apo-
crine milk production in small ruminants, in contrast to mero-
crine milk synthesis in cattle, complicates SCC determination 
because some testing methods will miscount normal DNA-free 
cytoplasmic droplets; goats produce 10 times more cytoplasmic 
droplets than sheep does.8 The Levowitz-Weber stain used for 
cattle SCC determinations does not adequately differentiate be-
tween leukocytes and cytoplasmic droplets.8 Direct microscopic 
counts using the pyronin Y methyl green stain is specified by the 
U.S. reference standard for small ruminant milk, but staining 
methods and technician competency may vary by laboratory.8,9 
With Fossomatic techniques, counts are in good agreement with 
the reference standard.7,9 Due to the difficulty in collection, SCCs 
are not generally monitored or measured in cervids.

Normal somatic cell populations also differ dramatically be-
tween the species. Neutrophils are the most common leukocyte in 
both the infected and uninfected caprine mammary gland, mak-
ing up 74 to 80% of the cell population in late lactation.10 By 
comparison, the noninfected ovine mammary gland cell popula-
tion is comparable to that in cattle, being largely composed of 
macrophages (45 to 85%), with fewer neutrophils (10 to 35%), 
lymphocytes (10 to 17%), and epithelial cells (2 to 3%); neutro-
phil numbers increase during infection and are highly correlated 
with SCC.8,10

The degree to which infection directly correlates with SCC is 
controversial. Some workers suggest that IMI status is the major 
variable factoring into SCC.10,11 In one goat dairy, however, 
although SCC increased with IMI prevalence, 90% of SCC vari-
ability related to factors other than mastitis.12 In both species, 
higher SCCs in early and midlactation are more likely to indicate 
infection than equivalent counts in late lactation,2,10 and repeated 
tests, or comparative samples between udder halves, are more  
informative than single test points.10 SCC also is moderately 
heritable, estimated at approximately 0.11 to 0.15 in the larger 
sheep breed databases. French Lacaune breeders are trying to  
reduce SCC through selective breeding.10

Bacterial Pathogens
Bacterial pathogens responsible for clinical and subclinical mas-
titis in small ruminants are well characterized. Sporadic cases of 
clinical mastitis most frequently are caused by Staphylococcus 
aureus, coagulase-negative Staphylococcus spp., Arcanobacterium 
pyogenes, Corynebacterium, Pasteurella spp., and Pseudomonas spp.10 
Outbreaks of clinical mastitis most frequently involve S. aureus, 
Streptococcus spp. (Streptococcus uberis, Streptococcus agalactiae, 
and Streptococcus suis), and opportunists such as Aspergillus, 
Pseudomonas, Burkholderia, and Serratia.10 Similar pathogens are 
presumed to cause clinical mastitis in cervids. Additionally, mas-
titis due to disseminated Trueperella pyogenes and Mycobacterium 
bovis infections have been reported in North American white-
tailed deer.13,14

Numerous studies have identified coagulase-negative Staphy-
lococcus spp. as, by far, the most important cause of subclinical 
mastitis in both the sheep (78%) and goat (71%). Staphylococcus 
epidermidis and Staphylococcus caprae are isolated most fre-
quently, although other species are commonly identified.9,10 
Shedding of coagulase-negative staphylococci often is cyclic, in 
inverse proportion to SCC elevation, and may be missed on 
single culture. From 60 to 80% of cultured strains of coagulase-
negative staphylococci are hemolytic. Hemolytic strains, and  
S. epidermidis as a species, tend to cause very high elevations in 
SCC, whereas other coagulase-negative staphylococcal species 
may not be obviously associated with an elevated SCC.10 S. aureus 
is the second most frequently isolated subclinical mastitis agent 
in the sheep (4%) and goat (8%), whereas Streptococcus spp. and 
Corynebacterium are less frequently identified.10 Unlike dairy 
cattle, gram negative bacteria are infrequent causes of mastitis in 
the sheep (3%) and goat (8%).10 This difference is likely due to 
the difference in fecal consistency between small ruminants and 
cattle, resulting in less contamination of the teat end by feces 
containing gram negative organisms. Although rarely involved 
in mastitis, Listeria and Salmonella spp. are worth mentioning 
owing to their zoonotic potential; Listeria can be shed from 
clinically normal udders.2



387CHAPTER 15 Diseases of the Mammary Gland

Functional Abnormalities and Therapies

Congenital Abnormalities
Supernumerary Teats. The normal conformation of the udder 

in both sheep and goats includes the presence of two teats, one on 
each half of the udder; however, some animals may be identified 
with three to six teats. Dairy breed organizations (for both goats 
and sheep) often identify supernumerary teats as a serious dis-
qualification in both sexes and prohibit the surgical removal and 
subsequent registration of purebred animals with extra teats. In 
meat animals and unregistered stock, less emphasis is placed on 
teat conformation, and many meat breed animals have supernu-
merary teats. In some instances, breeders have even advocated the 
selection of meat breed replacement animals that have four 
“clean” teats (i.e., fully and separately developed) as a means of 
increasing productivity.

As with many conditions in goats and sheep, a variety of lay 
terms have emerged to describe specific supernumerary teat con-
formations. A clean teat is a single normally shaped teat with a 
single teat orifice located at the end of the teat. Teats are then 
further classified as functional or nonfunctional, based on the pres-
ence of a single teat orifice and the ability to produce and excrete 
milk from that teat. Nonfunctional teats have the potential to 
interfere significantly with nursing if associated with a separate 
milk gland that is not drained by the primary teat; in our experi-
ence, the presence of such teats can lead to udder asymmetry with 
a slightly increased risk of mastitis. Cluster teats are multiple teats 
in close proximity to each other but remaining distinctly indepen-
dent (i.e., not split or bifid). In some instances, two teats will be 
fused for some or all of their length. These fused teats may have 
either one or two teat orifices. If the fused portion accounts for 
less than 50% of the teat length, the teats are referred to as split, 
whereas teats that are fused for the entire length often are referred 
to as fishtailed. Both teat types have been referred to as bifid teats. 
In rare instances, more than two teats may be fused together; such 
large, conglomerate teats are referred to as “Christmas tree”  
teats because of their multibranched appearance. Animals with 
supernumerary teats also may have supernumerary mammary 
glands—a condition referred to as hypermastia.

As mentioned earlier, most dairy breed organizations prohibit 
the registration of animals with more than two clean functional 
teats. The breed registry requirements for meat breeds vary widely 
by registry. The American Boer Goat Association (ABGA) allows 
registration of animals with up to two functional teats per side (for 
a total of four) and also allows split teats (in which 50% or more of 
the teat is separate), with clean teats being preferable. The ABGA 
considers cluster teats and fishtail teats to be disqualifications.

Bifid (split or fishtailed) teats, when present, sometimes can be 
associated with and drain two distinct and noncommunicating 
portions of the mammary gland. In such instances, a thin mem-
branous division along the full length of the teat cistern may be 
visualized with ultrasonography of the distal teat. For this exami-
nation, a 7.5-MHz or higher-resolution probe will provide images 
of reasonable quality. Use of a probe standoff will facilitate better-
quality images; in field situations, submerging the teat in a plastic 
container of water will suffice for this purpose. For this technique, 
a small plastic flat-sided storage container is filled with water and 
then lifted to the ventral portion of the udder, with the teat sub-
merged in the middle of the container. Coupling gel can then be 
applied to the probe and the side of the container, and the teat is 

imaged in the middle of the water bath through the side of the 
container. In the presence of a membranous division of the teat 
cistern, a distinct variable-thickness hyperechoic division will  
be seen extending down the length of the teat cistern dividing the 
two teats. This finding is of greatest clinical significance when one 
of the teat cisterns lacks a teat orifice. In such cases, this portion 
of the gland cannot be emptied of milk and may remain swollen 
and painful until the gland atrophies, which can take prolonged 
periods in high-producing animals.

From a production standpoint, the presence of supernumerary 
teats poses significant management problems. Most obviously, 
because the milking machine claws have only two teat cups, the 
presence of more than two functional teats constitutes a practical 
problem in getting the animals milked. Furthermore, the presence 
of a split or bifid teat precludes proper placement of the inflation 
and renders milking by mechanical means impossible on that teat. 
These issues are less important in meat production operations; 
nevertheless, supernumerary teats can complicate initial attempts 
at nursing by newborn lambs or kids, with cluster teats in par-
ticular presenting significant challenges for offspring trying to 
latch on to a functional teat.

Although detailed studies of the inheritance of supernumerary 
teats in small ruminants are not available, a genetic mode of in-
heritance has been recognized. Consequently, attention to the teat 
structure in breeding males and females should be of high priority, 
and animals with unacceptable teat conformation should be 
culled. Surgical correction of supernumerary teats, especially 
those classified as a disqualification, does not address the genetic 
inheritance of this condition and only prolongs and increases the 
prevalence of this defect in the breeding population.

Weeping Teats and Teat Wall Cyst. In some animals selected 
for high milk production, milk-secreting tissue may be present in 
the wall of the teat. Three outcomes are possible relative to the 
milk produced by such tissue:
 1. In some instances, the milk passes through local pores into the 

teat cistern, with no clinical evidence of presence of this tissue.
 2. Alternatively, the milk can pass through skin pores in the ex-

ternal epithelial surface of the teat and be released onto the 
skin surface, resulting in a “weeping teat.” Because the muscu-
lar orifice typical of the teat streak canal is absent, this tissue 
may be prone to development of retrograde bacterial infec-
tions and localized mastitis. Clinically, animals with weeping 
teats are easily identified by the presence of milk on the lateral 
external surface, particularly at the time of milking. Owners of 
affected animals also may report that during hand-milking, 
their hands become wet with milk. Apart from the aesthetic 
downside of these lesions and the very occasional associated 
mastitis, they generally do not pose significant health problems 
for affected animals. The use of silver nitrate sticks to cauterize 
these weeping pores has been reported2; however, this proce-
dure may potentially lead to the development of a teat cyst, as 
described later in this chapter.

 3. Finally, if no porous passage exists for the milk to move out of 
the teat wall, a teat wall cyst will develop to contain the  
accumulating milk. In such cases, the cyst can be readily iden-
tified clinically by detection of a focal fluctuant swelling in the 
teat wall.
Teat wall cysts may be as small as a couple of millimeters in 

diameter up to 1 to 2 cm in diameter. Ultrasonographic evalua-
tion of the teat (as just described for bifid teats) will readily iden-
tify a hypoechoic fluid-filled structure located in the teat wall. 
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Aspiration of the cyst, performed using aseptic technique, will 
confirm the diagnosis.2 In some instances, presence of the cyst 
may lead to difficulty in placing the teat cup on the teat; however, 
this problem generally is of limited importance. Perhaps more 
significant is the occasional teat cyst that results in deformation of 
the mucosal wall of the teat cistern with consequent functional 
outflow obstruction of milk through the teat canal. In such cases, 
ultrasonography-guided aspiration of the cyst may restore milk 
flow, and surgical resection of the teat cyst can be performed if 
warranted.

Poor Suspensory Ligament Support. The mammary gland is 
supported by three primary attachments: the two lateral suspen-
sory ligaments and the medial suspensory ligament located be-
tween the two halves of the udder and oriented in the axis parallel 
to the animal’s body. These three suspensory ligaments provide 
the support necessary to hold the udder up tight against the body 
wall, where it is less likely to be injured. In cases where these sus-
pensory ligaments do not provide sufficient support, the udder 
will be carried in a more pendulous fashion with excessive move-
ment and swinging during locomotion. One commonly used rule 
of thumb is that ideally the udder should be held above the level 
of the hock in lactating sheep and goats, while cervids generally 
have smaller and higher-held udders.

Poor support of the udder contributes to a variety of potential 
problems for both the doe or ewe and her offspring. Excessively 
low carriage of the udder often makes it difficult for newborn 
lambs or kids to find the teats, because by nature, they tend to 
look up at the base of the udder. Furthermore, as the lambs and 
kids grow older, a normal nursing posture becomes impossible 
when teats are close to the ground. In the doe, poor udder sup-
port predisposes the animal to injury, bruising, and mastitis. 
Pendulous udders can experience significant trauma associated 
with swinging while the animal runs, or more directly when ei-
ther the females’ penmates step on a portion of the udder or teat 
or from injury incurred in a drop chute. Pendulous udders also 
are more prone to damage during dog attacks or from barbed 
wire or horns of other animals. With regard to mastitis, the low 
carriage of the mammary system exposes it to more fecal and 
environmental contamination from the bedding and predisposes 
affected animals to some forms of mastitis, including coliform 
mastitis.

Poor udder conformation generally is considered to be an  
inherited genetic defect and should be negatively selected for in 
breeding programs, for the health of both the females and their 
offspring. Commercially available nylon mesh udder supports are 
available when warranted. Alternatively, a mastectomy provides a 
long-term solution if the animal is being kept as a pet. Because 
these animals should not be bred, the absence of an udder will not 
be of significant concern with regard to raising offspring.

Uneven or Asymmetric Udder. Asymmetric udders or uneven 
udders can occur as both a congenital and an acquired condition. 
In rare instances, the suspensory ligaments of the udder are  
attached in an asymmetric fashion, which results in a “twisted” 
appearance of the udder in relation to the main body axis. In dairy 
goats, it is relatively common for does to have an asymmetric ud-
der associated with uneven milk production. This situation may 
be present from the time of parturition or may develop over the 
course of the lactation period. In some cases, this finding may be 
associated with a subclinical infection with coagulase-negative 
staphylococci on the side with less milk production, so milk  
culture of each half performed separately is suggested. If the con-
dition occurs as a herd-level problem, a thorough evaluation of 

the milking system should be conducted in addition to individual 
animal milk cultures. Milking system cleaning and disinfection 
practices should be evaluated, as well as milking claw design and 
placement during milking. In our own practice, we have observed 
a herd-level problem with asymmetric udders associated with 
placement of milking claws from the side, resulting in differential 
milking rates from the halves and, consequently, differential milk 
production.

Physiologic Abnormalities
Agalactia. Agalactia is the absence of milk production in an 

animal that should be producing milk. The two most common 
causes of this condition in domesticated small ruminants are  
systemic disease and mastitis. Cervid lactogenesis is especially 
sensitive to environmental and nutritional cues. In animals with 
severe systemic disease and decreased feed intake, milk production 
will drop dramatically and, in some cases, will cease altogether. A 
good physical examination often will identify the specific systemic 
disease, and treatment should be focused on correction of the 
underlying issue. If the duration and extent of the systemic disease 
are limited in duration and severity, the animal may return to 
some level of milk production for the remainder of the lactation. 
If, however, the insult is severe, milk production may not be sal-
vageable for that lactation. A syndrome known as “contagious 
agalactia” associated with mastitis may be caused by any of several 
members of the Mycoplasma genus. Many of the organisms con-
sidered in the etiology of this syndrome are not routinely found 
in the United States and are considered the agents of foreign ani-
mal diseases; however, Mycoplasma spp. have been identified as a 
significant cause of mastitis in some U.S. operations and can be 
associated with decreased or absent milk production. In clinical 
practice, the presence of agalactia with evidence of abnormal 
mammary gland secretions or texture should result in inclusion of 
mastitis (due to any of the organisms discussed later) on the dif-
ferential diagnosis list.

Udder Edema. Udder edema is a common finding in recently 
fresh animals, especially primiparous goats and sheep. Careful 
evaluation of an enlarged mammary gland is indicated to differ-
entiate between mastitis and edema. In mastitis, the gland often 
will be enlarged, may be either very warm or very cold to the 
touch, may be painful, and typically expresses milk with an ab-
normal-looking texture or color or with an odor. In edema of 
other causes, the clinical presentation also will include mammary 
gland swelling, but the milk will be normal. Considerations in the 
differential diagnosis for udder edema should include trauma, 
hypoproteinemia, recent parturition (fresh doe or ewe), and  
dependent edema. A less obvious but nonetheless important pos-
sibility is hypoproteinemia associated with intestinal parasitism. 
In one herd, udder edema was the first clinical sign of hypopro-
teinemia and resolved after appropriate therapy for the parasitic 
infection (see Chapter 6).

In most cases, uncomplicated udder edema resolves without 
treatment in recently fresh animals. Correction of the primary 
cause of hypoproteinemia generally will result in clinical  
resolution when this is the cause of udder edema. Diuretics such 
as furosemide can be considered if the udder edema poses a sig-
nificant risk for trauma or is seen to impede locomotion; however, 
extra-label drug usage requirements would be important consid-
erations in that decision.

Precocious Udder. Precocious udder can occur in all small 
ruminant species but most commonly is observed in nulliparous 
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dairy goats with high genetic potential for production. In these 
animals, the mammary gland development occurs before breeding 
or is excessive for the stage of gestation in bred animals. The pres-
ence of a precocious udder generally is not cause for concern; 
however, the udder should be evaluated for texture, heat, and pain 
which may be indicative of a mastitis. If heat and pain suggest the 
presence of an infection, expression of some secretions for bacte-
rial culture often is possible, but the benefit of this procedure 
must be weighed against the decreased mammary gland protec-
tion associated with removing the keratin plug from the teat 
streak canal. Precocious udders may be asymmetric but should be 
soft and pliable on palpation. If an infection is confirmed, antimi-
crobial therapy may be indicated. Although intramammary infu-
sion of an appropriate drug for mastitis therapy may be considered, 
the very small size of the streak canal may preclude infusion with-
out significant trauma. In such cases, systemic therapy with an 
antimicrobial with good volume of distribution may be a more 
effective option. In either case, emphasis on appropriate drug 
withdrawal protocols is important because most producers are not 
accustomed to scenarios involving antimicrobial-associated milk 
withdrawals at the time of parturition.

Gynecomastia. Gynecomastia refers to the abnormal develop-
ment of a mammary system and milk secretion in a male. Three 
different causes have been identified in small ruminants, particu-
larly goats. In two published reports, the animals had evidence of 
sex chromosome abnormalities, one with Y chromosome dele-
tions and the other with sex chromatin in the neutrophils.15,16 
Gynecomastia also has been reported to occur as the consequence 
of a familial predisposition associated with high milk production 
in the maternal line. It is speculated that the affected animals may 
have higher baseline production of prolactogenic hormones that 
lead to the abnormal mammary gland development.17 Similarly, 
animals with endocrine imbalances associated with adrenal tu-
mors may exhibit gynecomastia.18 Finally, excessive mechanical 
stimulation of the teats associated with simulated milking or nurs-
ing appears to be sufficient to elicit mammary gland development 
with secretion of small volumes of milk.17

In many cases of short-term gynecomastia, the fertility of the 
buck may not be affected; nevertheless, a full breeding soundness 
exam is always warranted. When the mammary gland is exces-
sively large, it may interfere with normal cooling of the testicles, 
with the potential for decrease in or loss of fertility.17 With abnor-
malities involving the sex chromosomes, the affected animal 
generally is infertile.

Obstructions to Flow
Blind Half. Severe damage to the mammary gland associated 

with mastitis (bacterial or viral) or trauma may result in fibrosis of 
the secretory tissue and the loss of function in one or both halves 
of the mammary gland. In such cases, the mammary gland typi-
cally appears atrophied and no milk can be expressed from the 
gland. The situation may resolve spontaneously at the time of the 
next parturition or may be present for the remainder of the ani-
mal’s life. Anecdotally, some practitioners also have utilized 
chemical (chlorhexidine or iodine) means of “killing” one half of 
an udder in cases of chronic non-treatable mastitis; however, no 
published reports have evaluated the safety of this procedure, and 
the potential exists for adulterated milk from the untreated gland. 
In naturally occurring cases of “blind halves,” no therapy is re-
quired, and the prognosis for returning to normal full production 
is moderate to guarded.

Hard Milker. In some animals, the small size of the streak canal 
in the teat severely limits flow of milk through the orifice; animals 
with this condition are routinely referred to as “hard milkers.” 
This problem may be the result of genetic inheritance of small 
streak canals or due to trauma or irritation associated with teat 
end lesions. In severe cases, any of several types of teat knife or 
bistoury can be used to expand the streak canal opening. The in-
strument is placed through the streak canal and then removed in 
such a fashion as to cut the internal portion of the streak canal 
while minimally cutting the external portion of the canal. This 
procedure should be performed while the udder is full, to assist in 
assessing the teat opening size. A second or third cut may need to 
be performed in severe cases. After surgery, the teat ideally should 
be milked every 20 minutes for 2 hours and then every hour until 
the next day. Owners should be warned that milking will become 
more difficult over the next 2 to 3 days owing to swelling, but the 
surgery should not be repeated until at least 1 week later, when a 
true assessment of the success can be determined. This procedure 
does carry significant risk of inducing a mastitis or chronic teat 
leakage if the surgeon is overly aggressive. In the authors’ experi-
ence, some does with small but milkable teat orifices tend to have 
lower SCCs; however, no controlled studies have been performed 
to determine the role of teat canal size in relation to mastitis and 
SCC. In commercial herds that wish to keep hard milkers due to 
their genetic potential or lower SCC, one could consider milking 
all affected animals in a single group to reduce parlor dysfunction 
associated with having a single slow milking animal in a group.

Teat Spider and Lactoliths. Another consideration in the 
differential diagnosis with animals that are difficult to milk is the 
presence of a so-called teat spider or one or more lactoliths. Un-
like with tight streak canals, these conditions result in difficult 
milking as a consequence of partial or intermittent blockage of 
the canal from abnormal tissue or by calcified concretions. Tissue-
associated blockage often is secondary to formation of a mass on 
a pedunculated stalk that allows its free movement—the teat 
spider. A concretion termed a lactolith may form within the teat 
cistern, starting from a particulate nidus or teat gargot, and grow 
to the point that it can occlude flow through the teat canal.  
Typically, blockage occurs at the top of the streak canal by a ball 
valve mechanism.

In cases of blockage, palpation of the teat often will reveal a 
firm pea-size mass that may be movable in the teat cistern. Ultra-
sound examination can be performed as described in the “Diag-
nostic and Therapeutic Procedures” section and can reveal the 
presence of a tissue mass extending from the mucosa surface of 
the teat cistern. With this type of lesion, two basic forms of 
therapy have been used: (1) various forms of teat knives can be 
introduced through the streak canal and used to macerate the teat 
spider so that it can be removed in smaller portions19 and (2) al-
ternatively, a surgical thelotomy may be performed to remove the 
mass. Anesthetic block is obtained with local infiltration of lido-
caine in a circumferential pattern at the base of the teat. For the 
procedure, a 3- to 4-cm-long incision is made parallel to  
the length of the teat. A teat cannula should be passed through the 
streak canal and used to protect the mucosa of the opposite  
side of the teat cistern during entry. The mucosa surrounding the 
lesion should be undermined and its edges apposed with mono-
filament suture19 to prevent excessive granulation tissue from 
developing and occluding the teat cistern. The submucosa and 
intermediate layer are closed in a continuous horizontal pattern 
using resorbable monofilament suture, and the skin is closed with 
simple interrupted sutures.
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Common Surgeries of the Teat and Udder
Teat Laceration Repair. The first step in repair of any teat 

laceration is to consider the prognosis for return to function. 
Several factors influence the prognosis, including laceration sever-
ity (partial thickness versus full thickness), laceration site, direc-
tion of laceration (parallel versus perpendicular to teat axis), and 
involvement of complex anatomic structures (streak canal or an-
nular ring). With a full-thickness laceration that penetrates either 
the teat cistern or gland cistern, the risk of mastitis or elevated 
SCC is significant. An additional risk with these lesions is the 
potential for postoperative development of teat fistulas. The likeli-
hood of successful laceration repair generally increases as the  
laceration moves closer to the base of the teat and when the lac-
eration is oriented parallel to the teat axis.

Preoperatively the animal can be sedated if necessary, and a 
ring block with 2% lidocaine is performed around the base of the 
teat, with care taken to avoid the circumferential vein and the teat 
and gland cistern. If the laceration is full-thickness, some clini-
cians also place a tourniquet at the base of the teat to minimize 
interference with surgical visualization by milk from the teat. If 
necessary, the wound should be surgically debrided, with preser-
vation of as much tissue as possible. Full-thickness lacerations 
should be closed in three layers.19 First, the submucosa is closed 
using a continuous horizontal pattern that does not penetrate the 
mucosa, followed by closure of the intermediate layer using a 
similar pattern, best accomplished with 4-0 monofilament syn-
thetic absorbable suture introduced by a swaged-on taper needle. 
Finally, the skin is closed using 4-0 or 3-0 monofilament suture in 
a simple interrupted pattern. Postoperatively, the patient should 
not be subjected to mechanical milking or hand-milking for at 
least 10 days. Instead, the milk should be passively removed from 
the teat cistern using a teat cannula. Intramammary antibiotics 
should be given every other day during this time, and the mam-
mary gland should be closely monitored for signs of mastitis.

Teat Fistula Repair. Teat fistulas that develop after teat lacera-
tions increase the risk for mastitis in that gland of the udder. Be-
cause they do not have a streak canal or sphincter, they are open 
to retrograde movement of bacteria and often are associated with 
elevated SCCs or mastitis. When surgical correction of the fistula 
is warranted, the lesions should be allowed to heal until the fistula 
is well demarcated and easily visible. The teat should be anesthe-
tized as described previously; then an elliptical incision is made 
along an axis parallel to that of the teat and around the perimeter 
of the fistula. Care is taken to minimize the width of the elliptical 
tissue removed so as to retain as much normal skin as possible for 
closure. The incision is closed as described for the full-thickness 
teat laceration.

Mastectomy. Radical mastectomy is a treatment for mam-
mary conditions such as gangrenous mastitis not responsive to 
medical treatment, precocious udder that exhibits inappropriate 
lactation, or other localized mammary disease. Goats with gangre-
nous mastitis present with clinical signs of a discolored (dark) 
udder that is cold, painful, and swollen. The milk usually is 
blood-tinged. Most animals are affected at 10 to 15 days after 
kidding. Medical treatment is seldom successful, and chronic 
mastitis frequently is the end result.20 Mastectomy has proved to 
be a safe and effective treatment to allow good quality of life in 
pet animals or in genetically valuable animals to be used as em-
bryo donors, or in natural dams of offspring to be hand-raised.21

A radical mastectomy is performed with the animal in  
dorsal recumbency under general anesthesia (Figure 15.1). This 

positioning allows access to more skin for closure with minimal 
tension. Some veterinary surgeons prefer an elliptical skin inci-
sion. The inverted cloverleaf skin incision, however, allows dissec-
tion of the skin away from the mammary tissue and identification 
of the vasculature to allow ligation of the vessels to prevent hem-
orrhage (Figure 15.2). The arterial blood supply to the mammary 
gland arises from the external pudendal and perineal arteries. The 
blood drains from the gland by way of the external pudendal and 
perineal veins as well as the large subcutaneous abdominal vein. 
The mammary tissue can be bluntly dissected off the external  
rectus sheath by fanning of the operator’s hand under the glandu-
lar tissue. The skin closure is then done in an X shape, with latex 
drains placed subcutaneously exiting away from the incision line 
(Figure 15.3). The dissection leaves abundant dead space, which 
should be ablated as much as possible by tacking the subcutane-
ous tissue to the external rectus sheath with absorbable sutures.

• Fig. 15.1  Three lines of the four that make up the inverted cloverleaf skin 
incision for mastectomy in a 4-year-old pygmy doe. This view is from the 
rear, with the animal in dorsal recumbency. The teats are being held adja-
cent to each other by an assistant’s gloved hand. (Courtesy Dr. A.N. Baird, 
Purdue University.)

• Fig. 15.2  The external pudendal vein near the right inguinal ring, in the 
doe shown in Figure 15.1. In this caudal view, the skin has been dissected 
to the left and the mammary tissue is to the right. (Courtesy Dr. A.N. Baird, 
Purdue University.)
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Partial mastectomy may be performed in the case of unilat-
eral disease. The partial mastectomy is done through an elliptical 
incision around the teat of the affected gland. Partial mastec-
tomy is technically more difficult to perform because of  
collateral circulation and different dissection required. Care 
must be taken in the dissection not to compromise the gland to 
be left intact.22

An alternative to radical mastectomy in does with gangrenous 
mastitis is ligation of the mammary vasculature in conjunction 
with the amputation of the teat. This surgical approach allows 
drainage of the glandular discharge and, ultimately, avascular ne-
crosis of the udder. When compared with a traditional radical 
mastectomy, this method was described as quicker to perform, less 
expensive, and less stressful to the goat.23 However, the sloughing 
udder may not be cosmetically pleasing to the owner.

Ligation of the External Pudendal Artery. The patient with 
severe gangrenous mastitis may be an unsatisfactory anesthetic 
risk. In such cases, one option is to ligate the external pudendal 

artery and vein as they exit the inguinal canal. This procedure can 
be performed with use of mild sedation and local anesthesia with 
the animal in lateral recumbency. After ligation of these vessels, 
the absorption of toxins from the mammary gland is limited, and 
the mammary gland will atrophy because the external pudendal 
artery is the primary vascular supply for the mammary gland of 
sheep, goats, and cervids.19

For this procedure, the animal is placed in lateral recumbency, 
and the area external to the inguinal canal is infiltrated with 2% 
lidocaine. A skin incision is made over the region and blunt dis-
section is used to identify the inguinal canal with both the exter-
nal pudendal artery and vein exiting it. Each vessel is triple-ligated 
and incised, leaving two ligatures on the cardiac side. The dead 
space is minimized using several layers of subcutaneous sutures, 
and the skin is closed in a routine fashion. The clinician also may 
consider teat amputation after this surgery, in order to facilitate 
drainage of the mammary gland.19

Mastitis: Diagnostic Approach and Techniques

Herd Milk-Quality Investigation
Mastitis is an “economic, hygienic, and legal” problem for pro-
ducers.10 Although the incidence of small ruminant clinical mas-
titis typically is less than 5% per year,9,10 problem herds may have 
clinical mastitis rates of 30 to 50%. The prevalence of subclinical 
mastitis in the average herd is very high, especially during late 
lactation, when chronic infections are at their highest preva-
lence.10 Mastitis in small ruminants, especially the goat, often 
persists through the lactation and dry periods, and reinfection is 
common. Self-cure rates for subclinical mastitis during the dry 
period are 35 to 67% in the ewe and 20 to 60% in the doe.10 New 
infections are associated with the first third of lactation, the start 
of machine milking, and the suckling-to-milking transition.10 
Mastitis control programs should focus on hygiene, the milking 
system and process, dry-off protocols, and culling. Culling often 
is the best recommendation for animals with clinical mastitis and 
for those with subclinical disease that do not respond to dry 
therapy (Figure 15.4).2,10

• Fig. 15.3  X-shaped skin closure after mastectomy in the doe with a latex 
drain in place. The view is from the right side of the doe with her rear to 
the right. (Courtesy Dr. A.N. Baird, Purdue University.)

Clinical mastitis in a small ruminant

Is the milk normal: No
Is the gland normal: No

Is the animal normal: Yes

Day 1:
Submit milk culture

Monitor every 6-8 hours
No therapy if maintaining

Day 2:
Re-evaluate severity

Initiate IMM treatment
based on preliminary culture

Day 2:
Re-evaluate severity

Initiate IMM treatment
based on preliminary culture

Day 2:
Continue therapy

Re-evaluate IMM choice
based on culture

Day 1:
Submit milk culture
No therapy initiated

Monitor carefully

Day 1:
Submit milk culture
Initiate fluid therapy,
systemic antibiotics,
antiinflammatories,
IMM therapy (target

S. aureus when in doubt)

Is the milk normal: No
Is the gland normal: No
Is the animal normal: No

Is the milk normal: No
Is the gland normal: Yes
Is the animal normal: Yes

• Fig. 15.4  Flow chart for clinical mastitis in a small ruminant. IMM, .
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Prevention and Control
Hygiene. Skin flora and IMIs are the main reservoir for 

staphylococcal and streptococcal pathogens. Infections are spread 
and established during milking or nursing, and nursing of two or 
more offspring increases the risk of clinical mastitis in dam-reared 
systems.10 Although supporting evidence for their use is minimal, 
udder hygiene practices common to cattle dairies are encouraged 
in sheep and goat dairy operations.2 The dry, pelleted form of 
small ruminant feces facilitates good udder hygiene scores; this is 
especially important at milking, when the teats must be clean and 
dry. Teat-dipping is recommended, especially “post-dipping,” 
which can reduce the incidence of new IMI by 30 to 40% and 
also improve bulk tank SCCs8; in goat herds, use of individual or 
single-use towels also can reduce IMI rates.24 These effects are 
most obvious during early lactation and in herds with high levels 
of IMI. If the producer is unwilling to adopt routine teat-dipping, 
strategic application of teat dips during the high-risk periods is a 
reasonable compromise.2,8,24 Teat dip solutions should be clean 
and changed regularly, with use of potable water to avoid con-
tamination with Pseudomonas and Serratia.10 Intramammary infu-
sions should be applied with good aseptic technique and minimal 
cannula insertion. Splitting or sharing antibiotic infusion tubes 
between teats is not recommended, but if it is done, the healthy 
half should be infused first.2,10 Any teat injury (e.g., lacerations, 
frostbite, orf infections, and teat end hyperkeratosis) increases the 
opportunity for pathogen colonization.

Farm hygiene and general herd management practices can have 
a direct effect on udder health. Bedding areas should be kept clean 
and dry to prevent coliform invasion. Moldy feed and bedding 
may introduce fungal pathogens.1 Strict attention should be paid 
to stocking density; poor air ventilation and increased humidity 
associated with overcrowding will result in high airborne bacterial 
counts and a more favorable cutaneous environment for patho-
gens. There is some evidence to the role of nutrition in reducing 
clinical and subclinical mastitis, specifically ensuring that ade-
quate levels of vitamin A and E and selenium are provided in the 
prepartum and lactating ration and that animals are managed to 
avoid prepartum ketosis.25,26 Similarly, there is reasonable 
evidence that parasitic infections increase the risk of mastitis 
through relative depletion of energy stores and increased inci-
dence of ketosis.27

Milking Processes.  Milking practices and the milking system 
may have a critical impact on udder health by causing mechanical 
insult or by providing bacterial reservoirs in dirty equipment. 
Producers are advised to implement a milking order whereby 
primiparous and nonmastitic animals are milked first. This  
strategy will decrease major (clinical) mastitis rates among first- 
lactation animals and decrease minor (subclinical) mastitis rates 
among multiparous animals.10 Milking insult cumulatively in-
creases end-of-lactation bulk tank SCCs.10

Milking practices that should be avoided include overmilking 
and undermilking, claw removal under vacuum, and vigorous ud-
der massage or stripping. Overmilking will promote teat end hy-
perkeratosis and subsequent bacterial colonization; undermilking 
can increase udder sensitivity to bacterial pathogens.10 In dairy 
cattle, milkout and milk letdown are directly influenced by the 
teat prep process and timing. In sheep or goats, however, milk 
letdown is not closely dependent on the teat preparation process 
because most of the milk (more than 50% in dairy sheep and 
80% in goats) is stored in the gland cistern, rather than the gland 
alveoli.2,28 Impact events such as claw removal under vacuum, 
vigorous udder massage, and machine stripping transmit mastitis 

through retrograde entry of infected milk and surface bacteria 
into the teat.10 Overmilking in commercial operations is often 
due to a relatively high number of animals in the parlor with short 
milking times and minimal help. When teat end keratosis is  
observed, particular attention should be paid to how the parlor is 
managed and to whether the first animals having units placed on 
them are being overmilked while the milker is prepping and plac-
ing the remainder of the units. Although uncommon in commer-
cial goat dairies, the use of automatic take-offs can help control 
some of this issue.

Machine milking systems should optimize equipment to pro-
duction levels, teat conformation, and operation size. Ideal small 
ruminant milking systems have not been fully characterized, and 
it is likely that current recommendations will continue to evolve. 
Institution of a program of annual system inspection and mainte-
nance is a reasonable and often-overlooked step. Detailed infor-
mation on how to perform a system inspection is published by the 
National Mastitis Council (NMC) as well as other sources. Infla-
tions should be inspected and replaced before visible wear caused 
by time, milking, and sanitation processes. Suggested replacement 
frequencies include every 1000 to 1500 milkings and annually 
(for rubber inflations) and on alternating years (for silicone infla-
tions)1 and as often as every 60 days.2 The milking system should 
be cleaned twice daily by a clean-in-place (CIP) system using  
appropriate detergents, sanitizers, and water temperatures. A 
blacklight exam can identify milkstone or protein deposits missed 
by the cleaning program; further information on CIP processes is 
published by the NMC.

Most milking system mechanical recommendations are based 
on data from dairy cattle. Milk lines should be constructed with 
sufficient size and slope to avoid milk slugging. Low-line systems 
that permit lower and more consistent teat end vacuum are pre-
ferred in small ruminant dairies.2,24 Low teat end vacuum pres-
sures of 11.5 to 12 mm Hg are appropriate for small ruminant 
low-line systems2; slightly higher teat end vacuum pressure is 
necessary in high-line systems. Unnecessarily high vacuum pres-
sure will cause teat end hyperkeratosis and increased SCCs.10 
System vacuum requirements are similar to those for cattle dairies. 
Line system requirements can be calculated by summing a base of 
30 cubic feet per minute (CFM) plus 1.5 CFM/milking unit and 
3 to 4 CFM in reserve; bucket systems require a base of 10 CFM 
plus 1 CFM/unit. Current recommendations for pulsation rate 
are 70 to 100 pulsations/minute, with milk-to-rest ratios ranging 
from 50:50 to 70:302; these are at the higher end of cattle-specific 
recommendations. Pulsation rates are often set similar to cattle or 
slightly higher with as high as 90 per minute being used in some 
operations.

Dry-Off.  The dry period permits udder involution and colos-
trum development before the next lactation cycle. If well man-
aged, it is an excellent opportunity to improve udder health and 
cure existing IMIs. Institution of dry-off should be prompted by 
decreased milk production or increased bacterial or somatic cell 
concentration or should coincide with the next kidding date. 
Generally, it is considered better for udder health to abruptly 
cease milking than to gradually decrease milking frequency; how-
ever, some studies in nursing ewes have failed to demonstrate a 
difference.29 This approach is facilitated by decreasing the doe’s or 
ewe’s nutritional plane several days in advance of the dry date.

Dry therapy is used to cure existing infections or to prevent 
new infections in the close post-dry period; the former is more 
important in sheep and goats.30 Animals with IMIs that persist 
through the dry period despite appropriate treatment should be 
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culled.10 Intramammary dry treatments significantly improve 
mastitis cure rates in the ewe (65 to 95.8%) and doe (50 to 
92.5%) in comparison with untreated control animals10,30; coagulase-
negative staphylococcal infections are more responsive to dry 
therapy than are S. aureus infections.11 In herds with a low preva-
lence of subclinical mastitis (30 to 40% or less), selective treat-
ment of only infected animals or halves is a reasonable  
approach; otherwise, all animals should be dry-treated.9–11,30 In 
Mycoplasma-free herds, goats with multiple individual SCCs 
(iSCCs) greater than 2 million cells/mL probably are infected 
with S. aureus (with sensitivity of 100% and specificity of 74%) 
and should be dry-treated or culled.9,10 Unless steps are taken to 
prevent new IMI in the following lactation period, dry-treated 
animals will lose their udder health advantage by 75 to 100 days 
in milk.8,11 Given the importance of antibiotic stewardship, blan-
ket dry treatment should only be used when a sufficient medical  
rationale can be articulated. Otherwise, selective therapy should 
be used with decisions based on individual animal history, exami-
nation, and risk.

Parenteral dry therapy is theoretically an option in meat and 
fiber herds but should only be used after consideration of routine 
antibiotic stewardship concepts. It is not advised in dairy  
operations, however, because antibiotics that achieve effective 
concentrations in the gland are associated with prolonged milk 
residues. Limited evidence suggests that two or more injections of 
parenteral medication may be needed to achieve mastitis cure 
rates above those in control animals.10 Several studies show a 
positive effect of extra-label tilmicosin on udder texture, bacterial 
shedding, and preweaned lamb performance when administered 
to ewes10,31; tilmicosin should not be used in goats owing to 
reports of adverse events. Additionally, the benefit of using a 
broad-spectrum, medically important antibiotic for these limited 
medical benefits should be weighed.

Clinical trials are unavailable for several other drugs that  
theoretically should be effective in the mammary gland. Both 
tulathromycin (2.5 mg/kg subcutaneously in a one-time dose) 
and florfenicol (20 to 25 mg/kg intravenously or intramuscularly 
[IM] twice a day) are legal for extra-label drug use under the 
Animal Medicinal Drug Use Clarification Act (AMDUCA) in the 
United States. Tiamulin (25 mg/kg IM twice daily) is not avail-
able in an injectable form in the United States, and the labeled 
swine feed and water additives are not legal for extra-label use. 
Other drugs that are not labeled or recommended for food animal 
use in the United States include the aminoglycosides tobramycin 
and apramycin, along with two fluoroquinolones (enrofloxacin 
and norfloxacin) that cannot be legally used extra-label in the 
United States.10

Three nonantibiotic dry period interventions are teat sealants, 
mastitis vaccination, and vitamin E and selenium supplementa-
tion. Vitamin E and selenium supplementation may decrease 
SCC in the following lactation.2,10 Teat sealants are available in 
either external (e.g., Stronghold) or internal (Orbeseal) formula-
tions. Research in dairy cattle demonstrates that appropriately 
applied teat sealants help prevent new IMIs during the critical 
dry-off and precalving weeks.32 Although sheep and goats are less 
susceptible to acquiring new infections during the dry period, 
these products may help in certain herds for which the environ-
ment is less than optimal. External sealants may require multiple 
applications—once at dry-off and repeated applications from  
10 days before parturition until kidding or lambing. The internal 
sealant should last through the dry period and will need to be 
stripped out at the first milking.32 Early milk from animals treated 

with internal sealants will appear clotty and mastitic but will not 
cause a positive reaction on the California mastitis test (CMT). 
External sealants may be the better choice in herds that dam-rear 
the young, unless personnel will be available at parturition to 
vigorously strip out the sealant material before nursing can begin.

Staphylococcal and coliform mastitis vaccines are available. 
Several S. aureus vaccinations have been used in small ruminants 
with variable success. They are most effective in decreasing the 
severity but not the frequency of mastitis and may be of value if 
gangrenous mastitis prevention is the goal, rather than reduction 
in herd infection prevalence and decreased SCCs.2 A commer-
cially available vaccine in Europe has shown efficacy at decreasing 
subclinical carriage of coagulate-negative Staphylococcus while also 
decreasing the severity of acute gangrenous S. aureus mastitis. 
There is hope that this vaccine may have approval for marketing 
in the United States in the near future. The coliform J5 cattle vac-
cine originally was modeled in goats. This vaccine did reduce 
shedding and clinical signs in experimental infection.2 In general, 
coliform mastitis is not a significant problem in small ruminant 
herds, and when counts are elevated, hygienic practices should be 
evaluated first.

Elevated Bulk Tank Bacterial Counts
Elevated bulk tank bacterial counts indicate poor milk quality and 
create an economic crisis for the producer when in excess of legal 
limits (U.S. Pasteurized Milk Ordinance [PMO] Grade A, more 
than 100,000 colony-forming units [CFUs]/mL; PMO Grade B, 
more than 300,000 CFUs/mL). The first step is to determine the 
bacterial source: mastitis, dirty udders, dirty equipment, or poor 
milk cooling. The standard panel of bulk tank bacteriologic tests 
includes the standard plate count (SPC), preliminary incubation 
(or preincubation) count (PIC), lab-pasteurized count (LPC), and 
coliform count (Table 15.1). The SPC regulatory test is a measure 
of the total bacteria in the milk flora and generally is nonsensitive 
to source. Unlike with infections in cattle, very high elevations in 
SPCs do occur with high herd prevalence of staphylococcal IMI. 
Clinical laboratories that are more accustomed to reading cattle 
milk cultures may report growth of coagulase-negative staphylo-
cocci as “nonsignificant”; in small ruminants, culture of these  
organisms is very significant. The PIC is performed on milk that 
has been incubated at 55° F for 18 hours before plating and 
counting; this test selects for psychrotrophic bacteria, and the PIC 
is an indicator of on-farm sanitation and milk cooling problems. 
The LPC is performed on milk that has been subject to pasteuri-
zation temperatures and times in the lab before plating and count-
ing; this test selects for thermoduric bacteria, and an increased 
LPC is an indicator of poorly cleaned milking equipment, biofilm 
development, and occasionally dirty udders. The coliform count 
is performed by plating milk on selective media and is an indica-
tor of dirty udders (elevated but relatively lower levels), poor 
equipment sanitation (high levels), or possibly coliform mastitis 
(rare in the small ruminant). It is important that the bulk tank 
sample was correctly obtained; a sanitized dipper should be used 
to draw a 2-oz sample from the top of a tank that has been thor-
oughly agitated for 10 minutes.

The results of these tests will direct the remainder of the diag-
nostic investigation (see Figure 15.4). Consistently high coagulase-
negative Staphylococcus counts in these test is highly suggestive of a 
IMI source as these organisms. Scores indicative of mastitis neces-
sitate follow-up individual cultures in order to isolate the 
pathogen(s) and identify infected animals. Improved mastitis  
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controls, selective therapy, and removal of individual animals from 
the main milking string may be necessary. Milking procedures and 
udder cleanliness scores should be examined if dirty animals are 
implicated. Problems with equipment sanitation require a thor-
ough inspection of the entire milking and CIP system. Any gasket 
or rubber components should be closely inspected, the CIP process 
and chemicals should be reviewed, and the cleaning water should 
be tested. The farm’s milking equipment supplier can be a welcome 
asset in this investigation. If inadequate cooling or holding tem-
peratures are suspected, submersible temperature data loggers such 
as the HOBO (Onset, Bourne, Massachusetts) can track milk 
temperatures between milk shipments.

Elevated Bulk Tank Somatic Cell Counts
Some commercial milk processors pay a premium or deduct from 
the base price based on low or high SCC, respectively. Unfortu-
nately, a high bulk tank SCC often is ignored until a regulatory 
violation occurs. Such problems often arise late in the lactation 
cycle, when making substantial changes can be very difficult. Al-
though nonpathologic increases in SCC are unavoidable, espe-
cially in goats, it is possible to influence SCC by controlling 
subclinical mastitis. Focusing on the annual average bulk tank 
SCC will help control for lactation-stage confounding factors and 
identify herd-level IMI. A strong correlation (r2 5 0.845) be-
tween the annual average bulk tank SCC and persistent subclini-
cal mastitis has been documented in ewes. Each 100,000 cell/
mL–step increase in average bulk tank SCC equals a 2.5% in-
crease in flock IMI prevalence (e.g., 250,000 cells/mL 5 16% 
prevalence; 1 million cells/mL 5 35% prevalence).1 Although 
interpretation of SCC in goats is more complex, a survey of  
155 French goat dairies demonstrated a similar association: bulk 
tank SCC of 750,000 cells/mL 5 30% (6 12%) prevalence; 
1 million cells/mL 5 39% (6 8%) prevalence; and 1.5 million 
cells/mL 5 51% (6 8%) prevalence.10 For these reasons, eleva-
tions in bulk tank SCC should be treated as an udder health 
problem until proven otherwise.

In cattle, high bulk tank SCCs typically are broken down into 
“cow versus herd” and “new versus chronic” classification catego-
ries. High iSCCs are tallied, and a 15% threshold is used to  
separate out herd issues from a few very high-level shedders.  
If it is a herd problem, then the percentage of new infections 
(10% threshold) is used to classify chronicity; new problems often 
are due to lapses in milking technique or hygiene (Schukken Y, 
personal communication, 2009). Although this approach has  
not been validated in small ruminants, the theory should trans-
late. Most often, chronic, herd-level IMI is observed in small  
ruminants.

iSCCs and production records should be obtained to identify 
the heaviest contributors to the tank and likely candidates for 
individual cultures. While interpretation of individual goat SCC 
scores is imprecise, individual ewe SCC scores greater than 
1,000,000 are indicative of mastitis and counts between 500,000 
and 1,000,000 are suspect and should be cultured.33 Whole-herd 
CMT testing is a cheaper but less informative option. Bulk tank 
aerobic and Mycoplasma cultures should be performed. If these 
tests support subclinical mastitis, individual culture specimens 
should be obtained in all animals with the top 50% SCCs; ideally, 
all animals would be tested. Milking processes and dry therapy 
should be closely reviewed, as discussed earlier. Nonphysiologic, 
noninfectious causes of elevated individual or bulk tank SCCs 
include feeding the Guatemalan avocado leaf (20 g of fresh leaf/
kg of body weight) and very recent intramammary infusions.2

Milk-Quality Crisis Intervention
Because a majority of bulk tank SCC and bacterial violations oc-
cur in late lactation, one rapid but temporary solution is to iden-
tify and remove the highest-contributing animals through milk 
diversion, treatment, or dry-off. These animals can be identified 
by calculating and ranking the contribution to the tank for each 
herd member; current iSCC or quantitative bacterial counts and 
production volumes are needed. The per-animal contribution to 
the tank can be estimated by multiplying the iSCC or bacterial 

TABLE 
15.1 Standard Bulk Tank Bacteriologic Test Panel: Significance of Results.

Procedure/Result (cfu/mL) Mastitis Dirty Udder Dirty Equipment Poor Cooling

SPC . 10,000 Possible Possible Possible Possible
SPC . 100,000 Possible (especially in  

small ruminants)
Unlikely Possible (more likely  

in cattle)
Possible (more likely in cattle)

LPC . 200–300 Unlikely Possible Possible, more likely Unlikely (can occur under  
certain circumstances)

PIC high versus  
SPC (. 3–4 3 SPC 
or . 50,000)

Unlikely Possible Possible, more likely Possible, more likely

SPC high/no increase  
in PIC

Possible Unlikely (can occur under  
certain conditions)

Possible Unlikely (can occur under  
certain conditions

Coliform count high  
(. 25–50)

Possible (rare, especially  
in small ruminants)

Possible Possible Unlikely (can occur under  
certain conditions)

Murphy, S. 1997. Raw milk bacteria tests: SPC, PIC, LPC and coliform count - what do they mean for your farm? pp. 34-42 in Proceedings for the National Mastitis Council 1997 Regional Meeting. Syra-
cuse, NY. in:- RAW MILK BACTERIA TESTS – Standard Plate Count, Preliminary Incubation Count, Lab Pasteurization Count and Coliform Bacteria Counts & SOURCES AND CAUSES OF HIGH BACTERIA 
COUNTS – AN ABREVIATED REVIEW –.
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counts by production volume after first converting to matching 
units. This “Band-Aid” approach will allow the producer to  
maintain the maximum possible production while quickly meet-
ing regulatory standards. If the underlying disease issues are  
not addressed, a rapid return to elevated herd counts can be  
expected. In one 138-head goat dairy, the bulk tank bacterial 
counts were reduced from 1 million CFUs/mL to as low as  
6000 CFUs/mL simply by removing 13 animals from the main 
milking string/line.

Considerations in Responsible Antibiotic 
Therapies and Residue Avoidance
Important considerations in medicating dairy animals include 
bioavailability in the udder and residue avoidance. Route of ad-
ministration (systemic or intramammary) and drug type will  
influence both factors. Generally, an antibiotic that easily crosses 
into mammary tissue after systemic administration will persist in 
the milk for an extended period. Because very few drugs are  
labeled for small ruminants in the United States, proper extra- 
label use under AMDUCA guidelines should be followed. Drugs 
prohibited from extra-label use (e.g., enrofloxacin [Baytril], phen-
ylbutazone, chloramphenicol, and metronidazole) should not be 
used in sheep and goats in the United States. Future restrictions 
on extra-label cephalosporin use exist for cattle; however, minor 
species including all small ruminants are exempt from the extra-
label cephalosporin ban. Given that almost all IMI antibiotics 
available are cephalosporins, this exemption is critical to the treat-
ment of mastitis in small ruminants. Although gentamicin is le-
gally allowed, the American Association of Small Ruminant 
Practitioners supports a voluntary ban on the use of this drug in 
ruminants because of extremely long tissue-withdrawal times.

One significant challenge with extra-label drug use is calculat-
ing an appropriate withdrawal period. Several studies have docu-
mented increased milk residues from cattle intramammary prod-
ucts used in goats,2,10 and goats that are dry less than 2 months 
are at increased risk for dry-therapy residues.2 General recommen-
dations include at least doubling the label withdrawal period.2 
The European Union requires a 7-day withdrawal period for all 
extra-label lactating intramammary therapy regimens and a  
14-day withdrawal for nonlactating intramammary therapy regi-
mens.10 Clearance of systemic penicillin is highly variable in the 
goat, and residue testing should be performed before the milk  
is returned to the tank.2 The Food Animal Residue Avoidance 
Databank (available at www.farad.org) can be consulted for spe-
cific pharmacokinetic and residue concerns. More information on 
AMDUCA and extra-label drug use is available on the American 
Veterinary Medical Association website (www.avma.org/reference/
amduca/amduca1.asp).

Diagnostic and Therapeutic Procedures
California Mastitis Test. The CMT is widely used in the 

United States as a rapid “animal-side” assay that can be used in 
conjunction with clinical signs to identify mastitis. The basis for 
this test is lysis of somatic cells by the CMT reagent to precipitate 
the DNA and proteins contained in the cells. Consequently, the 
development of a change in viscosity of the reagent when it is 
added to milk is directly related to the relative number of somatic 
cells. Based on the viscosity change, the sample can be semiquan-
titatively scored to allow for sample comparison and to facilitate 
communication of the severity. In the United States, the scale in 

common use ranks the samples from “trace” to “111.” Concur-
rent to evaluating the change in viscosity, the CMT reagent also 
contains a pH indicator that will turn from blue to yellow in 
acidic milk.

Owing to the higher SCCs in dairy goats relative to dairy 
cattle and the seasonal variability in SCCs in the fall, the interpre-
tation of CMT results in goats is more complicated than in cows. 
With clinical mastitis, the test will clearly show evidence of a 
change and provides additional support for a diagnosis. The more 
complicated situation arises in trying to interpret “trace” or “1” 
reactions in animals that have no clinical signs of mastitis. For this 
reason, the CMT may be best used to evaluate trends in animals 
or to compare the results for one half of the udder with those for 
the other half. Demonstration of a clear difference in the test re-
sults between halves of the udder would provide good support for 
an increased SCC in one side and may require further diagnostic 
investigation including, but not limited to, a more thorough 
physical exam, milk culture, and SCC. The CMT also may pro-
vide a reasonably low-cost screening test to evaluate each of the 
animals in a herd with high bulk tank SCCs or bacterial counts. 
Of note, however, if an animal with a very high SCC contributes 
only a small amount of milk to the bulk tank, its contribution 
may involve a lower total number of cells than that contributed 
by a very heavy milker shedding moderate levels of cells or bacte-
ria. Therefore, the one downside of using the CMT as a screening 
test for bulk tank problems is that it does not allow for specific 
quantitation and subsequent “percent contribution” calculations, 
which provide the most useful data in these situations.

To perform the CMT, equal amounts of milk and CMT re-
agent are added to individual wells of the CMT paddle and 
swirled while scoring. The paddles are made of white plastic that 
allow for easy visualization of “stringing” with even small changes 
in viscosity. The results should be read quickly and will change 
with prolonged incubation. The paddle should be rinsed with 
clean water between uses (Figure 15.5).

Somatic Cell Count Testing. Monthly measurement of indi-
vidual animal SCCs is a sensitive and easy method of identifying 
subclinical mastitis cases in dairy herds. Such testing often is per-
formed as part of a monthly DHIA testing plan; however,  
very few producers use the data to fullest potential. The results are 
reported back as either an actual count or a linear score that is 
logarithmically derived from the actual count. Perhaps one of the 
easiest ways to utilize these data is to monitor for animals that 
have a linear score above a preselected “trigger score” or have had 
a significant jump in linear scores from the previous test point. 
These animals should be identified and “pulled” for further evalu-
ation by physical exam and milk culture. Use of a CMT in these 
animals may help identify if one half is worse than the other, to 
focus diagnostic testing, with expected cost savings if separate 
milk cultures are to be performed for each half. Application of 
these techniques to herd-level problems is discussed in the earlier 
“Diagnostic and Therapeutic Procedures” section. There is  
evidence that log-transformed somatic-cell scores can be used to 
indirectly select ewes for traits conferring resistance to IMI and 
improved milk quality parameters.34

One important consideration with use of SCC testing is that 
some automated SCC methods developed for cattle are not valid 
when applied in dairy goats. Unlike cattle, goats produce milk by 
apocrine secretion, which results in the release of a large quantity 
of nonnucleated cellular debris in the milk. If this debris is enu-
merated by the automated cell counter as a true somatic cell, it 
will result in a falsely elevated count. For this reason, SCCs in 
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dairy goats are most accurate when performed with a dye proce-
dure that monitors for nuclear staining. The Pasteurized Milk 
Ordinance requires that such a technique, the pyocyanin green 
assay, be used for all regulatory purposes associated with dairy 
goat milk.

Milk Culture and Antibiotic Susceptibility Testing. Milk cul-
tures provide a cheap and cost-effective means of confirming a 
clinical mastitis, driving therapy, and determining the potential 
sources for infection. Cultures should be obtained before the ini-
tiation of antimicrobial therapy and should be collected in a 
sterile fashion. The teat should be thoroughly disinfected with teat 
dip and then cleaned with isopropyl alcohol. Care should be 
taken to prevent recontamination of the sample or of the teat by 
the collector’s hands. A sterile milk vial should be used for sample 
collection; after the cap is removed, the tube should be held  
close to horizontal to prevent contaminates from falling into the 
tube during collection. An important consideration is whether the 
sample should be collected as a composite sample of the two 
halves or as a “half ” sample with independent samples taken from 
each side. If one half of the udder is clearly more affected then the 
other, an independent sample of the effected side probably is war-
ranted. In instances in which no clear differences are observed 
between the udder halves, the decision may be more difficult. 
Individual samples ideally should be collected from each half, al-
though culture cost must be weighed against the potential added 
benefit. In many cases, the results of the halves are not the same, 
often with one side being culture-negative and the other culture-
positive. Recognition of such differences will help focus intrama-
mmary therapy to the affected side, with some drug cost savings 
realized from not having to treat both sides (Table 15.2).

After collection, the milk samples should be rapidly cooled  
to minimize overgrowth of contaminates and then sent to the 

laboratory for testing. If the samples will not be inoculated within 
24 hours, freezing the samples until processing may be consid-
ered. The effect of freezing on bacterial recoverability has been 
evaluated and apparently is negligible, especially with S. aureus, 
which may be more readily identified after freezing—an effect 
probably mediated by cellular rupture and release of intracellular 
organisms. Also of clinical importance is the identification of 
likely suspects among possible etiologic pathogens, because this 
consideration may have significant implications for sample sub-
mission. For instance, if involvement of Mycoplasma spp. is sus-
pected, this possibility needs to be noted on the submission form 
and a separate Mycoplasma culture requested in addition to the 
standard aerobic culture. In cases in which the clinician is familiar 
with the herd and knows what microorganisms are common in 
the herd, rapid culture screening that does not speciate the organ-
isms may be sufficient to drive clinical decision-making to maxi-
mize cost savings. In such cases, for example, knowing that the 
organism is gram positive and looks like either a “strep” or a 
“staph” may be all that is needed. On-farm culture systems that 
use combinations of selective media have been developed to allow 
producers to perform their own milk cultures but do require some 
training and supervision to be fully effective.

Milk cultures ideally should be collected and submitted in all 
cases of clinical mastitis and when significant changes in SCC are 
observed during monthly testing. Recent data suggest that many 
animals with subclinical mastitis may freshen, so routine screen-
ing of recently fresh animals in herds in which significant  
subclinical mastitis is present may be considered. Farm records 
should be kept with the culture information, to permit trend 
evaluation and identification of common organisms, which can 
be used to drive therapy decisions during the wait for culture  
results.

Biopsy
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• Fig. 15.5  Flow chart for individual animal mastitis investigation. CAE, Caprine arthritis-encephalitis; CMT, 
California mastitis test; OPP, ovine progressive pneumonia; SCC, somatic cell counts.
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In most instances, treatment decisions have already been made 
before the results of antibiotic sensitivity testing, which often 
takes 48 hours after sample submission, become available. Deter-
mining sensitivity patterns may be helpful in driving treatment 
decisions on future cases, particularly when common trends in the 
isolated organisms are observed. An additional important consid-
eration is that only a limited number of drugs have mammary-
specific minimum inhibitory concentration cutoff points for 
testing; thus, reported sensitivity findings need to be interpreted 
in light of the drug distribution and locally attainable concentra-
tions. A point worthy of emphasis is that no drugs are currently 
labeled for use in mastitis of sheep, goats, or cervids—hence, all 
such regimens constitute extra-label drug use and must follow the 
guidelines provided by AMDUCA.

When herd-level problems are identified, the use of bulk tank 
milk cultures also may be worthwhile. These cultures provide a 
herd-level view of potential pathogens and of the relative extent of 
mastitis issues in the herd. Bulk tank milk culture samples should 
be collected only after the tank has been agitated for a minimum 
of 5 minutes and should be taken from the top of the tank using 
a sterile dipper.35 Samples should not be collected at the outlet of 
the tank. The primary bulk tank culture method used is the SPC, 
which enumerates culturable bacteria per milliliter of bulk tank 
milk. It also provides some speciation and an estimate of relative 
numbers of different bacterial classes, which can assist in identify-
ing what pathogens are present in the herd and what organisms 
predominate in the sample. Knowledge of the most prevalent  
organisms can help identify the likely source of the problem, be-
cause the organisms that cause subclinical mastitis (commonly 
coagulase-negative staphylococci) typically do not overlap with 
the organisms commonly associated with poor sanitation of the 
milking system.

Two additional bulk tank milk culture techniques, the LPC 
and the PIC, can be used for further evaluation of the types of 
organisms present. For the LPC, the bulk tank milk sample is 
subjected to a simulated pasteurization process. This test is used 
to identify thermophilic organisms (those that survive and repli-
cate in hot conditions), which often are associated with improper 

sanitation and cleaning of the milking system or pipeline. Eleva-
tions in LPC should trigger further evaluation of the milking 
system, replacement and cleaning of pipeline gaskets, and evalua-
tion of the cleaning protocols. The second test is the PIC, which 
allows a moderate-temperature incubation period before an SPC 
is performed. This test identifies organisms that may be associated 
with milk spoilage as well as organisms that will overgrow if the 
bulk tank is not cooling appropriately and rapidly. Bulk tank 
cultures can also be used to assess the herd status of contagious 
organisms such as S. aureus and Mycoplasma. As with standard 
milk culture, the laboratory needs to be made aware if Myco-
plasma culture is needed at the time of sample submission.

Ultrasound Examination. Mammary gland ultrasonography 
is most helpful in identifying lesions associated with the teat cis-
tern, streak canal, or teat wall.36 Details of its use for this purpose 
are provided in the sections discussing those topics. Ultrasonogra-
phy also can be utilized to evaluate focal swellings of the mam-
mary gland associated with abscessation of the supramammary 
lymph nodes; elevated length (. 9.5 mm), depth (. 6.7 mm), 
and ellipse area (. 11.7 mm2) of the supramammary lymph node 
is a sensitive (92–96%) through non-specific (50–62%) indicator 
of subclinical mastitis in ewes.37 The procedure is best performed 
with a 7.5- to 10-MHz linear or curvilinear probe and a latex 
standoff. Use of a standoff permits higher-resolution imaging of 
superficial structures, particularly of the teat. Alternatively, the 
teat can be submerged into a plastic container holding water and 
the probe used to image it through the container wall, creating an 
inexpensive standoff (Figure 15.6). Endoscopic examination of 
the teat has been described using a 2.7-mm rigid endoscope under 
local anesthesia and strict aseptic conditions.33

Biopsy. In cases in which other diagnostic modalities fail to 
provide sufficient evidence of a specific cause mastitis, mammary 
gland biopsy may be considered. This procedure should not be 
used to evaluate routine mastitis cases and should instead be re-
served for complex cases in which definitive diagnosis both is 
necessary and will drive treatment decisions. Complications of 
udder biopsies include iatrogenic mastitis, production of blood 
tinged milk, and udder edema.

TABLE 
15.2 Treatment Recommendations Based on Milk Culture Results in Small Ruminants.

Bacterial  
Culture Result Treatment Recommendations

No growth If not sick: No antibiotics; monitor for disease progression If sick (fever, off feed, dehydrated): Antiinflammatories, IV or oral fluids if 
warranted for dehydration; monitor often for progression of disease

Coagulase-negative 
staphylococci

If not sick: IMM lactating antibiotics; milk last; record 
culture result in record; monitor closely for recurrence

If sick (fever, off feed, dehydrated): IMM lactating antibiotics, fluid 
therapy if warranted; monitor often for progression of disease

Staphylococcus  
aureus

If not sick: Immediately segregate animal and milk last; 
consider culling; extended IMM therapy is an option  
but need to monitor culture status; monitor for disease 
progression

If sick (fever, off feed, dehydrated): Treat aggressively (rapid deterioration 
is possible): IV fluid therapy, IMM lactating therapy with drug effective 
against staphylococci and NSAIDs; consider teat amputation, pudendal 
artery ligation, or mastectomy in genetically valuable animals if  
systemic illness progresses; monitor often for progression of disease

Coliform If not sick: IMM antibiotics with high CFU count (consider 
use of IMM preparation with adequate coliform activity, 
possibly ceftiofur hydrochloride IMM preparation);  
monitor low CFU counts; monitor for disease progression

If sick (fever, off feed, dehydrated): Treat aggressively (possible rapid 
deterioration): IV or oral fluid therapy, systemic antibiotics with good 
gram negative activity, IMM antibiotics with high CFU count, NSAIDs; 
monitor for progression of disease

CFU, Colony-forming unit; IV, intravenous; NSAID, nonsteroidal antiinflammatory drug.
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Biopsy is best performed using a 16- to 18-gauge spring-
loaded biopsy needle. In our experience, the automated feature of 
these biopsy needles allows more reliable collection and results in 
higher-quality biopsy specimens. Generally, the skin is prepared 
using sterile technique and the needle is introduced through the 
skin into the area of interest. Of note, with some styles of instru-
ments, the biopsy tray will extend 1 to 2 cm past the needle with 
deployment. The biopsy instrument should therefore not be ad-
vanced too deep to miss the desired biopsy area. Ultrasound- 
assisted or -guided biopsy allows for sampling a target area when 
localized lesions are present. The biopsied material can be used for 
bacterial culture, viral isolation, and histopathologic analysis 
when needed. In one report, the biopsy was performed by passing 
a Tru-Cut needle through the streak canal and up into the mam-
mary gland parenchyma.

Mastitis Pathogens
Clinical Mastitis. Although clinical mastitis constitutes a small 

percentage of mastitis cases in small ruminants, usually less than 
5%, it frequently is the form of mastitis that the producer is most 
aware of.10 Clinical signs of mastitis include hard and swollen 
glands, enlarged supramammary lymph nodes, and possibly fever. 
Milk from affected glands may have an “off” color, contain flakes 
or clots, or be thinner or thicker than normal. Lameness or abnor-
mal gait may be observed in some animals because of pain in the 
affected gland. Clinical mastitis usually is limited to sporadic 
cases, but occasional herd outbreaks have been observed.38–40 
Even with treatment, clinical mastitis can become subclinical 
mastitis in many cases and clinical cure is not synonymous with 
bacteriological cure. When possible, best outcomes are typically 
achieved through early treatment with an effective drug.

Several different organisms have been implicated in small ru-
minant clinical mastitis. The most common cause of clinical 
mastitis in both dairy and meat production systems is S. aureus.10 
Mannheimia haemolytica is also a significant primary cause of 
clinical mastitis in meat production systems.41 Other organisms 
that have been implicated include coagulase-negative staphylo-
cocci, Enterobacteria spp., Pseudomonas spp., A. pyogenes, Strepto-
coccus spp., Bacillus spp., mycoplasmas, and fungal organisms.10

Coliform Mastitis. Although coliforms are very common in 
clinical mastitis in dairy cattle, these organisms are not a common 
cause of clinical mastitis in small ruminants. Coliforms account 
for between 1.4% and 14.2% of reported cases.42–44 Coliforms, 
mainly Escherichia coli and Klebsiella, have been isolated in cases 
of small ruminant clinical mastitis. Both organisms are gram 
negative rods and form large gray or yellow, colonies. The rela-
tively lower incidence of coliform mastitis in small ruminants 
probably is due to the difference in fecal consistency between 
small ruminants and cattle. The drier feces of small ruminants 
contribute to less fecal contamination of the udder. Coliform 
mastitis is most common in periparturient does.

Clinical Signs  Clinical signs of coliform mastitis include fever, 
elevated heart rate, swelling, and heat and pain in the affected 
gland.45 Although coliforms are not the predominant species 
associated with this disorder, they have been isolated in clinical 
cases.44 Coliforms can cause an endotoxin release that leads to 
severe systemic illness in the affected animal. Many of the clinical 
signs of coliform mastitis are associated with release of lipopoly-
saccharides and the systemic response to these endotoxins.

Treatment  Treatment of coliform mastitis must be aimed at 
elimination of the organism as well as supportive care of the pa-
tient. Intramammary and systemic antibiotics may be indicated. 
Controversy exists regarding the benefit of antibiotic therapy in 
cases of coliform mastitis. It is believed that the bacteria are 
cleared from the udder very quickly and that a majority of the 
clinical signs constitute a reaction to the endotoxin release; intra-
mammary antibiotics may therefore be of little benefit.46 Some 
research has shown a benefit from systemic antibiotics. Systemic 
antibiotics may be helpful in cases with evidence of septicemia. 
Therefore, treatment with systemic antibiotics should be consid-
ered in cases in which the animal is systemically ill. Supportive 
care includes administration of antiinflammatory agents, such as 
nonsteroidal antiinflammatory drugs (NSAIDs), and intravenous 
fluid support (see Chapter 3 and Appendix 2). It is important to 
evaluate the hydration status of the patient when NSAID dosages 
are determined. Dehydration increases the potential for nephro-
toxic effects of NSAIDs. Until the hydration status is corrected, 

A

R UDDER

CISTERN

TEAT

B

• Fig. 15.6  A. Ultrasound image of the right mammary gland obtained 
from a 3-year-old LaMancha cross goat, demonstrating the normal ap-
pearance of the udder in a lactating goat. The cistern has an echogenic 
appearance in which the anechoic milk accumulates and is directed  
toward the teat. The milk usually is seen to swirl during real-time examina-
tion. This image was obtained using a 7-MHz microconvex transducer. 
Dorsal is to the left. B. Ultrasound image of the mammary gland of a 
4-year-old pygmy doe with chronic mastitis of 1 year’s duration. Fibrin 
strands of adhesions, in response to the chronic inflammation, appear as 
hyperechoic lines throughout the gland cistern. The normal gland cistern 
should appear as a cavity containing anechoic milk. This image was ob-
tained using a 7-MHz microconvex transducer. The adhesions were  
confirmed by gross examination after mastectomy in this goat. (Courtesy 
Dr. Debra Baird, Purdue University.)
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the dose of NSAIDs should be reduced to decrease the chance of 
damage to the kidneys.

Prevention.  Coliform mastitis is an environmental disease, so 
prevention strategies should be aimed at the environment. Care 
should be taken to provide dry, clean bedding, and teats should 
be dried thoroughly after milking. Efforts also should be made to 
prevent teat end injuries as well, because teat injuries may predis-
pose affected animals to the development of coliform mastitis.

Bluebag (Gangrenous Mastitis). Bluebag is a form of acute 
mastitis characterized by ischemic necrosis of the udder causing 
discoloration of the udder. The most common bacterium isolated 
in gangrenous mastitis is S. aureus.44,47 M. haemolytica, Clostrid-
ium spp., and the coliforms also have been isolated in cases of 
gangrenous mastitis.44 In one study, S. aureus was isolated in 60% 
of cases.46 Gangrenous mastitis typically is seen during lactation 
but occasionally appears during the last week of gestation as well.

Clinical Signs.  Clinical signs of gangrenous mastitis begin with 
change in the teat or udder floor becoming cool and edematous. 
The affected animal also may become lame. Animals with gangre-
nous mastitis often will develop a fever and have a decreased ap-
petite as well. Eventually, the udder progresses in appearance from 
a reddish to a blue discoloration, and the secretions become watery 
and red. Occasionally, gas bubbles may be present as well. In some 
cases, death may occur within 24 hours of onset of clinical signs. 
If the animal survives the initial stage of infection, a demarcation 
line will form on the udder, and the affected portion of the udder 
will slough. Supramammary lymph nodes also will become en-
larged, edematous, and hemorrhagic. Histopathologic exam of the 
affected tissues reveals proliferation of the connective tissue and 
thrombosis and necrosis of groups of lobules.47

Treatment.  Treatment of gangrenous mastitis varies depend-
ing on the severity of the infection. Early cases can be treated with 
antiinflammatory agents, systemic antibiotics, and fluid support. 
As cases progress and a larger portion of the udder becomes ne-
crotic, surgical removal of the affected udder may be required. 
Surgical removal can be accomplished through a surgical mastec-
tomy or by vascular ligation and teat amputation.23 The case-
fatality rate is high with gangrenous mastitis, especially in cases 
left untreated.

S. aureus Mastitis. S. aureus is the most common cause of 
clinical mastitis in small ruminants, accounting for 11 to 65.3% 
of the cases.42–44 This organism is a gram positive coccus that oc-
curs in clumps or pairs. It forms large colonies that are sur-
rounded by a zone of incomplete hemolysis and up to 2 mm of 
complete hemolysis (Figure 15.7). Most but not all isolates 
exhibit such double-zone hemolysis.

Clinical Signs.  The clinical presentation in S. aureus mastitis 
ranges from severe gangrenous mastitis to subclinical mastitis. 
Acute infections manifest with a swollen, hot, and painful udder 
half accompanied by systemic illness. Chronic infections are asso-
ciated with decreased production accompanied by induration and 
abscess formation within the udder.2 Subclinical infections are ex-
tremely difficult to treat and should be considered contagious.

Control.  S. aureus is thought to be transmitted primarily 
through milking. The organism resides in microabscesses in chron-
ically infected animals, which then serve as a source of infection 
for other members of the herd or flock. S. aureus mastitis can be 
very difficult to cure, with documented resistance to streptomycin 
(48–87%) and up to 30% resistance to penicillin and ampicil-
lin.48 All culture-positive animals should either be culled or 
milked last to prevent spread to flock- or herdmates. S. aureus is 
shed intermittently, so a single negative culture does not mean 

that an animal is truly clear of the organism. Before an animal can 
be returned to the main milking string, negative results on serial 
cultures and persistently low SCCs must be documented. S. aureus 
milk should be pasteurized before it is fed to kids or lambs, be-
cause diarrhea, pneumonia, and even death have been reported in 
kids and lambs consuming infected milk.2 Recently, a commercial 
biofilm matrix polysaccharide vaccine (VIMCO, HIPRA, Spain) 
has been licensed in Europe for control of S. aureus mastitis in 
small ruminants.

Mannheimia Mastitis. M. haemolytica is a common cause of 
mastitis in sheep and occasionally has been isolated from goat’s 
milk. This organism is a gram negative bipolar rod that forms 
medium, gray-tinged, transparent colonies on blood agar. Hemo-
lysis also can be seen on blood agar. M. haemolytica probably is 
transmitted by suckling kids or lambs, where it often is found as 
part of the normal flora of the upper respiratory tract.49,50 Clinical 
signs can mimic those of S. aureus mastitis, so this infection 
should be a consideration in the differential diagnosis for bluebag.

Pseudomonas Mastitis. Pseudomonas is a gram negative rod 
that forms granular and dry-appearing colonies of a variety of 
colors. The source of Pseudomonas may be contaminated water or 
teat dips, old pitted inflations on the milking machine, and wet 
bedding. Case presentations range from subclinical to gangrenous 
mastitis.40,51 Affected animals show clinical signs of systemic 
disease such as inappetence, fever, and depression, in addition to 
a firm, swollen, painful udder. Culling of infected and carrier 
animals is recommended; however, aggressive therapy may be suc-
cessful.52 When this organism is cultured from a mastitis speci-
men, careful attention should be paid to the water in the parlor 
and the teat dip as a possible source.

T. pyogenes Infection. T. pyogenes (previously known as A. 
pyogenes) is a small gram-negative rod that grows slowly on blood 
agar and forms very small “peach fuzz” colonies. T. pyogenes infec-
tions are associated with multiple abscesses in the udder. T. pyo-
genes infections are more severe in nonlactating animals than in 
lactating animals. With chronic infection, culling is advised. If no 
evidence of spread to any other organs is found, amputation of 
the affected teat or gland can be performed.2

Other Species Associated With Clinical Mastitis. Additional 
species that have been isolated in clinical mastitis cases include 

•  Fig. 15.7  Characteristic double-zone hemolysis of Staphylococcus 
aureus. Black arrow shows the complete hemolysis zone; white arrow 
shows the incomplete hemolysis zone.
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Streptococcus spp., Micrococcus spp., Corynebacterium spp., and 
Bacillus spp.43,52,53

Mycoplasma Mastitis.  Mycoplasma mastitis frequently is sus-
pected when signs of clinical mastitis appear, but repeated bacte-
rial cultures are negative. Mycoplasma also should be considered as 
the infecting organism in mastitis associated with arthritis, pneu-
monia, or conjunctivitis in the herd.54 Several different species of 
Mycoplasma that cause mastitis in sheep and goats appear to be of 
limited clinical significance in cervids, although the supporting 
literature is sparse.55,56 These species vary in their geographic 
distribution and clinical signs of disease.

Mycoplasma agalactiae. M. agalactiae is the etiologic agent 
associated with the specific disease entity contagious mastitis. At 
present, M. agalactiae infection is rare in the United States but 
commonly is found in Mediterranean countries, Europe, Middle 
East, and South Africa. In the United States, M. agalactiae masti-
tis is a reportable disease. Clinical signs of contagious mastitis 
include septicemia with localization in the udder, joints, or eyes. 
The organism is shed in the milk, urine, feces, and ocular and 
nasal discharge for months, which can be a source of infection for 
other animals in the flock or herd.10 Transmission of M. agalactiae 
is through ingestion or inhalation. Environmental contamination 
can occur and can be a source of infection as well.

Mycoplasma Mycoides Subsp. Mycoides (Large Colony). M. 
mycoides subsp. mycoides (large colony) has been identified in cases 
of mastitis in the United States, Israel, and Europe.38,44,54,57–60 
This species is associated with respiratory disease as well.54 It also 
has been classified by some workers as a cause of contagious  
agalactia. The disease associated with the organism occurs  
frequently in Europe.

Mycoplasma Putrefaciens. M. putrefaciens has been associated 
with outbreaks of mastitis, agalactia, abortion, and arthritis in 
California, Europe, and the Middle East.2,45 M. putrefaciens also 
has been identified in cases of subclinical mastitis characterized by 
fibrosis or palpable inflammation within the udder with no visible 
changes in the milk. This organism does not always cause fever in 
affected animals.

Other Mycoplasmas. Several other Mycoplasma species have 
been described in association with mastitis. M. mycoides subsp. 
capri and M. mycoides subsp. capricolum have both been impli-
cated in cases of mastitis in goats in France. Experimental infec-
tions with M. mycoides subsp. capricolum resulted in severe clinical 
mastitis in does, manifesting with thick yellowish secretions,  
increased somatic cells, agalactia, and enlarged lymph nodes. 
Pneumonia, polyarthritis, and keratoconjunctivitis also were  
observed in the nursing kids. Mycoplasma arginini has been associ-
ated with purulent mastitis in does in India but usually is consid-
ered nonpathogenic.

Clinical Signs.  Clinical signs of Mycoplasma mastitis develop 
within 5 to 7 days of infection. Affected animals usually are in 
early lactation. Early signs of Mycoplasma mastitis seen during the 
septicemia stage include decreased appetite and depression. Some 
animals also will be unwilling to follow the herd. The septicemic 
stage is followed by development of purulent mastitis and agalac-
tia. The secretions initially are watery but quickly become thick 
and lumpy. A very rapid decrease in milk production with pro-
gression to agalactia within 2 to 3 days may be seen. Affected 
udders may return to production in subsequent lactations. Myco-
plasma does not always affect both halves of the udder. In cases in 
which young animals are ingesting the affected milk, pneumonia 
and polyarthritis may develop in the young stock. Mortality rates 
can reach up to 20% if the disease is left untreated. Carrier  

animals can be found in herds or flocks and can act as a source of 
infection to the rest of the herd or flock. Several Mycoplasma spe-
cies have been cultured from the external ear canals of goats and 
sheep and may be a reservoir for the organism in carrier animals.61 
In addition, ear mites have been suggested as a potential vector for 
spread between animals because large numbers of mycoplasmas 
have been isolated from ear mites, which easily pass between ani-
mals.61 Mycoplasma mastitis also can occur in conjunction with 
outbreaks of respiratory disease, arthritis, or abortion.61,62 Death 
can be seen during the acute stage of the disease.

Diagnosis.  Mycoplasma mastitis can be suspected when blood 
agar cultures are negative in face of a clinical mastitis outbreak or 
when SCCs are elevated with no cause. Special cultures must be 
performed to diagnose Mycoplasma, so Mycoplasma cultures must 
be specifically requested from the diagnostic lab. In addition to 
milk samples, joint fluid, ocular swabs, ear swabs, blood, liver, 
spleen, feces, and urine can all be potential samples for culture. 
Polymerase chain reaction (PCR) assay is available and may speed 
diagnosis of Mycoplasma infection. Serologic testing using a com-
mercially available enzyme-linked immunosorbent assay (ELISA) 
is available in Europe but is not widely available or utilized in the 
United States at this time.

Histopathologic examination reveals marked interstitial inflam-
mation with mononuclear leukocytes seen around acini and ducts. 
Additionally, mononuclear cells and desquamated epithelial cells 
also may be seen within the ducts. Immunohistochemistry or  
Giemsa staining may identify the organism.

Treatment.  Treatment of Mycoplasma mastitis generally is in-
effective. Antibiotics that typically are effective against mycoplas-
mas can be tried but may induce carrier status in affected animals, 
and their use entails very extended milk withdrawal periods. 
Slaughter or culling of affected animals is recommended unless 
Mycoplasma is endemic in the herd or flock. In such situations, 
anti-Mycoplasma treatment is recommended for all animals in the 
herd or flock.

Control.  Mycoplasma usually is introduced into the herd or 
flock through a carrier animal that has subclinical disease. If avail-
able, serologic testing may be used to determine the herd status.63 
In vaccinated herds, such testing is unable to differentiate between 
infected and vaccinated animals.63 In dairy herds, bulk tank cul-
tures can be a starting point to determine if Mycoplasma is present 
in the herd or flock. Outbreaks may occur months to years after 
the introduction of a carrier animal. This time lag reflects the 
potential for intermittent shedding of mycoplasmas. Stress  
can trigger shedding of the organism. Reported risk factors for  
M. agalactiae infections have included introduction of outside 
rams, improper cleaning of milking equipment, and leaving the 
young animals on the dams.64

In herds or flocks in which Mycoplasma is present, any affected 
animals should be either culled or segregated.38 The decision to 
cull or to segregate should be based on the prevalence of the or-
ganism within the herd or flock. In addition, the use of common 
udder towels should be avoided, and individual single-use towels 
should be instituted. With M. agalactiae infection, environmental 
contamination is an important transmission factor. M. agalactiae 
is shed in urine and feces, so it is important to remove bedding 
and disinfect stalls. Because Mycoplasma organisms lack a cell wall, 
they appear to be susceptible to most routine disinfectants.

Several vaccinations have been developed but are not commer-
cially available at this time.65 The vaccines appear to protect 
against clinical disease, but carrier states can still develop despite 
vaccination. Therefore, vaccination should be used only as part of 
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a complete prevention program. Vaccination may complicate  
the interpretation of serologic test findings, because such tests are 
unable to differentiate between vaccinated animals and infected 
animals.

Fungal Mastitis. Although uncommon, fungal mastitis does 
occur and usually is the result of prolonged antibiotic use. A vari-
ety of organisms have been implicated, including Candida albi-
cans, Aspergillus fumigatus, Aspergillus terreus, Cryptococcus albidus, 
Cryptococcus neoformans, Yersinia pseudotuberculosis, Nocardia 
spp., Rhodotorula glutinis, and Geotrichum candidum. Clinical 
signs of fungal mastitis include purulent mammary secretions, 
induration of the affected gland, fever, and weight loss.66 Gener-
ally, treatment is not recommended owing to the lack of approved 
drugs for use in food-producing species.

Subclinical Mastitis
Subclinical mastitis is a significant cause of elevated SCC and 
decreased production levels in small ruminants. Subclinical dis-
ease accounts for a majority of mastitis cases in a flock or herd and 
is a common cause of high bacterial counts or SCCs. Identifica-
tion of animals affected by subclinical mastitis is much more  
difficult than recognition of those with clinical mastitis. In sub-
clinical mastitis, few outward signs emerge to indicate the pres-
ence of a problem. Occasionally, the affected milk may have a 
slightly “off” color and may contain clots or blood, but frequently, 
the affected milk may be completely normal in appearance. Some 
producers will note a decrease in production levels for an animal 
subsequently found to have subclinical mastitis. Detection of 
subclinical mastitis may require some additional testing such as 
with CMT or by SCC.

Bacterial Subclinical Mastitis. The most common cause of 
subclinical mastitis in most herds or flocks will be bacterial in 
origin. Coagulase-negative staphylococci have been implicated as 
the leading cause of subclinical mastitis, with prevalence rates of 
71% and 78%, respectively, in goats and sheep.1 The second most 
common reported cause of subclinical mastitis is S. aureus, with 
reported prevalence rates of 8% in goats and 4% in sheep.10 Sub-
clinical S. aureus infections may start as clinical mastitis, which 
subsequently progresses to chronic, subclinical mastitis.

Coagulase-Negative Staphylococci  A variety of species have 
been implicated in causing subclinical mastitis, including S. epider-
midis, S. caprae, Staphylococcus haemolyticus, Staphylococcus simu-
lans, Staphylococcus lugdunensis, Staphylococcus chromogenes, and 
Staphylococcus warneri.67–71 S. epidermidis and S. caprae are the 
most common isolates (Figure 15.8). These subclinical infections 
tend to persist through the lactation cycle and are more common 
in older does and with later lactation. Coagulase-negative staphy-
lococci commonly are found on the skin or in the environment. 
An ongoing debate concerns the clinical significance of infections 
due to coagulase-negative staphylococci.68,71 Overall, the economic 
importance is unclear, because these infections do not cause severe 
illness or major production losses. A high prevalence of these infec-
tions is seen in many dairy goat herds.

Coagulase-Positive Staphylococci.  S. aureus is the most 
common coagulase-positive staphylococcal isolate in subclinical 
mastitis. Many of these subclinical cases started as clinical masti-
tis, which did not resolve completely because the organism was 
not fully eradicated from the udder. Chronic S. aureus mastitis 
can be very difficult to clear, and any culture-positive animals ei-
ther should be culled from the milking herd or should be milked 
last to decrease the potential to spread the organism to other  

animals in the herd. Only after multiple negative cultures and a 
low SCC have been obtained should an animal be returned to the 
main milking string.

Streptococcus spp.  Streptococci also have been isolated in 
cases of subclinical mastitis. Prevalence rates range between 1.1% 
and 6.8% of subclinical mastitis cases.43,44,52,53 With the exception 
of S. agalactiae, these organisms are environmental contaminants 
and should be treated as such.

Retroviral Mastitis. The caprine and ovine retroviruses that 
are the agents of caprine arthritis-encephalitis (CAE) and ovine 
progressive pneumonia (OPP), respectively, both can be the cause 
of subclinical mastitis. Although mastitis may not be the primary 
clinical sign observed with each of these infections, the mastitis 
caused by these viruses can significantly affect the productivity of 
the doe or ewe.

Retroviral mastitis commonly is referred to as “hard udder” or 
“hard bag.” It is an interstitial mastitis that frequently is recog-
nized at the time of parturition. The primary clinical manifesta-
tion in interstitial mastitis is a firm udder with loose overlying 
skin. No edema in the skin, heat, or erythema is noted. At the 
start of lactation, the affected animal may produce little to no 
milk, but milk production may gradually increase over the first 
couple of weeks after parturition. Any milk that is produced will 
be normal in appearance but will have significantly elevated cell 
counts. Evidence of systemic illness is lacking in affected animals. 
Supramammary lymph nodes also may be enlarged. Firmness 
also may be noted in the udder of does or ewes that are milking 
normally. In addition, affected animals may show signs of arthritis 
or respiratory problems.

Diagnosis of retroviral mastitis includes a physical exam to 
rule out other potential causes such as metritis, udder edema, or 
teat obstruction. Biopsy of the affected udder also can be done 
antemortem but frequently is done at necropsy. Histopathologic 
changes that may be observed include an accumulation of 
mononuclear cells (lymphocytes, macrophages, and plasma-
cytes) in the parenchyma and around the ducts. Occasionally, 
these cells will be organized into lymphoid follicles. The cellular 
infiltrations can compress ducts or protrude into ducts. Lobular 
atrophy and prominent corpora amylacea also have been re-
ported. CAE or OPP testing can be done on either the herd level 
or in individual animals. Testing options include ELISA, agar 

•  Fig. 15.8  Typical appearance of nonhemolytic staphylococci. Often, 
these are coagulase-negative staphylococci.
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gel immunodiffusion (AGID) testing, and PCR testing. Addi-
tionally, bacterial and mycoplasmal cultures should be done to 
rule out bacterial mastitis.

Unfortunately, no treatment is available for CAE or OPP. 
Therefore, culling of affected animals is recommended. Cortisone 
injections can be given 2 days before parturition to decrease 
clinical signs and make the animals more comfortable. Control of 
CAE and OPP is aimed at eradicating the viral infection within 
the herd or flock. CAE and OPP prevention programs include 
removal of kids or lambs at birth and feeding heat-treated colos-
trum and pasteurized milk or milk replacer. Biannual testing of 
the herd or flock should be done, and all seropositive animals 
culled. Another option is to dam-raise kids or lambs on known 
CAE- or OPP-negative animals (see Chapter 16).

Zoonotic Pathogens of Raw Milk
Because of today’s growing interest in raw milk products, the 
veterinarian should be aware of the potential risks associated with 
raw milk consumption. At present, raw milk sales are allowed in 
30 states, and efforts are ongoing in several other states to legalize 
the sale of raw milk. Proponents of raw milk availability cite 
higher nutritional qualities, increased nutritional benefits, and 
better taste as reason for consumption of raw milk. Little research 
has been able to document improved nutritional values and ben-
efits of raw milk. Opponents of raw milk cite the public health 
implications for requiring pasteurization. Since the implementa-
tion of the Pasteurized Milk Ordinance, a majority of reported 
milk-associated foodborne illnesses have been associated with 
consumption of raw milk products. Between 2000 and 2008,  
12 outbreaks associated with consumption of raw unpasteurized 
milk were reported, compared with only two documented out-
breaks associated with pasteurized milk consumption.72 Especially 
in consideration of the quantity of raw versus pasteurized milk 
consumed, these data show the significantly higher rate of food-
borne illnesses associated with raw milk consumption.

Several foodborne pathogens have been identified and isolated 
from raw milk. The most commonly identified organisms that are 
studied further for clinical significance are Campylobacter jejuni, 
Shiga toxin–producing E. coli, Listeria monocytogenes, and salmo-
nellae. Several surveys have been done to evaluate the incidence of 
these organisms in bulk tank milk from cattle dairies. A summary 
of the reported findings found that the incidence of these organ-
isms varies significantly between surveys.72 Several studies also 
have looked directly at the incidence of these organisms in goat or 
sheep milk; isolates have included C. jejuni, L. monocytogenes, 
Salmonella, and E. coli.73–78 In these reports, the most common 
isolate is S. aureus, with 7 to 43% of samples culturing positive for 
S. aureus.74–77,79 In addition to these foodborne pathogens, several 
other potentially zoonotic organisms can be found in unpasteur-
ized milk and milk products, including Coxiella burnetii, Brucella 
melitensis, Mycobacterium tuberculosis, and M. bovis, all of which 
do not show up on routine milk culture and require additional 
diagnostic testing.80 In investigations of potential foodborne 
pathogens in raw milk, it is important to consider the source of 
such organisms. Although several of these organisms are shed di-
rectly into the milk, other organisms find their way into the milk 
through fecal contamination of the product at the time of or after 
milking. Depending on the organism involved, detection and 
control methods will vary depending on the potential source of 
the organism. An important point is that several of these organ-
isms are shed intermittently, so negative bulk tank cultures may 

not reflect the microbiologic reality, and the occurrence of a single 
fecal contamination event can infect a tank.

Home pasteurization can be performed to reduce the  
incidence of foodborne pathogens in milk or milk products used 
for home consumption. As specified in the Pasteurized Milk  
Ordinance, pasteurization can be performed by heating the milk 
to a temperature of 161° F for 15 seconds. Several other combina-
tions of heat and time, as set forth in the Pasteurized Milk  
Ordinance, also are effective.
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In this chapter, multisystemic diseases are discussed in small ru-
minants (sheep, goats, and cervids). These include diseases of the 
hematologic, immunologic, and lymphatic systems. In general, 
species will be discussed together, but when pertinent data are 
available, each species will be considered separately. The terms 
“cervid” and “deer” have been used interchangeably in parts of 
this chapter by the authors.

Basic Hematology
An adequate volume of blood for hematologic and biochemical 
analysis is best obtained from the jugular vein. A docile animal 
may be restrained in a standing position or tipped up (sheep only) 
with the head turned away from the jugular vein to be used. 
Wilder ones, such as some cervids, may require restraint devices 
or chemical sedation. Ideally, the animal should be restrained by 
someone other than the blood collector, although the same person 
may be able to both restrain a sheep and collect blood if the ani-
mal is tipped up or a halter is used (see Chapter 1). The animal 
should be at rest, with minimal excitement. The collector parts or 
clips the wool or hair to visualize the jugular vein and then uses 
the hand not holding the needle to apply digital pressure proxi-
mally just above the thoracic inlet to block blood movement 
through the vein. The vessel may take a second or more to distend 
after pressure is applied. The collector may then use the needle-
bearing hand to “strum” the vessel and cause the blood to oscil-
late. If in doubt about whether the distended vessel is the jugular 
vein, the collector can release the hand placing pressure on the 
vessel and observe whether the distended vessel disappears; if it 
does, the distended vessel was probably the jugular vein. The col-
lector should avoid vessels that pulsate because these are likely to 
be the carotid arteries. The area should be cleaned with alcohol or 
other disinfectant, water, or a clean, dry gauze sponge. An 18- or 
20-gauge, 1- to 1.5-inch needle is usually adequate to collect 
blood from an adult, whereas a 22-gauge needle may be used in a 
neonate. The skin of adults or males may be thicker and more 

difficult to penetrate with the needle. A syringe or evacuated tube 
attached to a Vacutainer (Becton Dickinson Inc., Rutherford, NJ) 
can be used to collect blood. The needle should be plunged 
through the skin into the vein at an approximate 30-degree angle. 
The blood should not come out of the vessel in pulsatile waves; 
this is suggestive of an arterial stick. After aseptically obtaining an 
adequate volume of blood, the collector removes the needle and 
releases the pressure on the vessel near the thoracic inlet. Pressure 
should be applied to the site of puncture for a minute or more to 
prevent extravascular leakage of blood and hematoma formation. 
The blood should be carefully transferred to a vial containing the 
appropriate anticoagulant to prevent red blood cell (RBC) rup-
ture. Goat erythrocytes are small and particularly prone to hemo-
lysis. To minimize this problem, goat blood should be collected 
with a needle and syringe, not a Vacutainer. White blood cell 
(WBC) differential distribution, individual blood cell staining 
characteristics, and morphology may be assessed by microscopic 
examination of a stained blood film. The differential distribution 
provides more information than total WBC count because in-
flammatory conditions in artiodactyls often result in a shift in 
neutrophil populations toward more degenerate, toxic, or imma-
ture forms without changing the overall WBC count.1 The 
preferred anticoagulant for a complete blood count (CBC) is 
ethylenediaminetetraacetate (EDTA), and tubes should be filled 
to ensure the proper blood-to-anticoagulant ratio. Blood samples 
should be processed as soon as possible after collection. If a delay 
is anticipated, the blood sample should be refrigerated (4° C) and 
an air-dried blood smear should be made because prolonged con-
tact of blood with EDTA causes changes in WBC morphology 
and the separation of some RBC parasites. Blood can be refriger-
ated for 24 hours and still yield an accurate CBC.

A reference range for hematologic data for sheep and goats is 
provided in Table 16.1 (see Appendix 2, Tables 1 and 2). Goats 
tend to have a low mean corpuscular volume (MCV) because of 
their small erythrocytes. Sheep and goats younger than 6 months 
old tend to have lower hematocrit, RBC count, hemoglobin, and 
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plasma protein concentrations, as well as a higher total WBC 
count. Neonates often have a high hematocrit at birth that  
decreases with colostral ingestion. Lactating animals may have 
decreased hematocrits, RBC counts, and hemoglobin concentra-
tions. Animals grazing at high altitude (mountain goats and Big-
horn sheep) tend to have increased RBC counts, hematocrits, and 
hemoglobin concentrations.

Interpreting hematologic changes in cervids is more complex. 
Restraint method affects a variety of parameters in non-acclimated 
individuals. Physical restraint yields red cell counts and hematocrit 
and hemoglobin concentrations that are 20 to 40% higher than 
animals immobilized chemically.2,3 Neutrophil, lymphocyte, 
monocyte, and total white cell counts are also 70 to 100% higher 
in physically restrained cervids (see Appendix 2, Tables 1 and 2).

Adult deer also have seasonal variations in their hemogram. 
Red cell numbers and related values are highest during midsum-
mer and late winter.3 White cells, especially neutrophils, are also 
highest in midsummer, and platelet counts are highest in spring 
and fall. These changes may relate to diet or to seasonal activities, 
such as antler growth and rutting conflicts, which increase the 
chance of trauma.

Red cell stickling has also been reported in a variety of deer 
species. This appears to relate to a mutation in hemoglobin’s  
b-globin component, similar to the disorder in people, but no 
pathologic role has been described.4

Additional Hematologic Assessments

Bone Marrow Aspiration
Bone marrow aspirates and core biopsy samples taken from sites  
of active erythropoiesis can be useful to evaluate erythrocyte pro-
duction and determine the cause of anemia and other hemogram 

abnormalities. The sites of biopsy include the sternebrae, femur, 
and ileum. The procedure should be done under chemical sedation 
or anesthesia (see Chapter 18). The area over the biopsy site is 
clipped and surgically prepared; the sampler should wear sterile 
gloves to maintain asepsis. Aspirates can be obtained by inserting a 
sterile needle attached to a 3- or 6-cc syringe containing one or two 
drops of EDTA through the bone and into the bone marrow. 
Drawing back on the syringe plunger several times may aid in the 
procurement of an acceptable sample; such a sample may consist of 
as little as 0.5 mL of bone marrow. If the sample is going to be 
processed immediately, no anticoagulant is required. Core biopsies 
are obtained using a Jamshidi or Westerman-Jensen biopsy needle. 
The skin is incised with a scalpel and the biopsy needle is inserted 
into the bone and turned several times to obtain a core sample. 
More than one site may be used. The sampler then closes the skin 
with sutures or staples. Biopsy samples are preserved by placing 
them in 10% neutral buffered formalin solution. Impression smears 
can be made from these samples by gently rolling them on a clean 
glass slide before placing them in the formalin solution. Informa-
tion obtained from bone marrow samples includes subjective data 
regarding cell density, megakaryocyte numbers, abnormal cells, 
maturation patterns of RBCs and WBCs, and the ratio of erythroid 
to myeloid cells. Prussian blue stain can be used on bone marrow 
to demonstrate iron stores. Bone marrow aspirates and biopsies are 
painful and invasive procedures. Therefore, animals should be 
placed on antibiotics and antiinflammatory drugs prophylactically.

Blood Cultures
Blood cultures can be useful in diagnosing bacteremia in an inter-
mittently or persistently febrile animal or one with numerous  
sites of organ infection. Ideally, the clinician should obtain the 
sample before instituting antimicrobial therapy. However, if this 
is impossible, antimicrobial therapy should be discontinued 48 to 
72 hours before sampling. Samples should be taken before and 
during febrile episodes. The jugular vein is most commonly used 
to attain a blood culture. As described previously, the skin over 
the jugular vein should be clipped and surgically prepared. The 
person collecting the blood sample should wear sterile gloves and 
use a sterile needle and syringe. Blood samples should be placed 
immediately in a blood culture flask. The chances of attaining a 
positive culture from bacteremic animals increase with the size of 
the sample up to about 30 mL, but adding more than the recom-
mended amount to any single culture vial may overwhelm the 
capacity of the specialized antibiotic-absorbing resins within the 
flasks. The clinician should change the needle on the sample  
syringe after collecting the blood and before putting the sample in 
the culture medium. Samples should be refrigerated until they can 
be sent to a diagnostic laboratory, where aerobic and sometimes 
anaerobic cultures are made.

The FAMACHA System of Assessing Anemia
As an alternative to hematologic testing, comparing conjunctival 
color to swatches on a standardized FAMACHA chart has been 
used as a rapid and inexpensive assessment of anemia in whole 
flocks, primarily to assess the impact of Haemonchus contortus 
and other blood-sucking parasites.5,6 Results from a number of 
trials have yielded fair to good sensitivity to packed cell volume 
and H. contortus load in both sheep and goats. Similar to body 
condition scoring systems, it is essential to calibrate assessors to 
ensure consistency when using this system.7 Also, some breeds 

TABLE 
16.1

Normal Hematologic Parameters for Sheep and 
Goats.

Parameter (Units) Adult Sheep Adult Goat

Hematocrit (%) 27–45 22–36

Hemoglobin (g/dL) 9–15.8 8–12

Red blood cell count (3106/mL) 9–17.5 8–17

Mean corpuscular volume (fL) 28–40 15–26

Mean corpuscular hemoglobin  
concentration (g/dL)

31–34 29–35

Platelet count (3105/mL) 2.4–7.0 2.8–6.4

Total white blood cell count (/mL) 4000–12,000 4000–13,000

Segmented neutrophils (/mL) 1500–9000 1400–8000

Band neutrophils (/mL) 0 0

Lymphocytes (/mL) 2000–9000 2000–9000

Monocytes (/mL) 0–600 0–500

Eosinophils (/mL) 0–1000 0–900

Basophils (/mL) 0–300 0–100

Total plasma protein (g/dL) 6.2–7.5 6.0–7.5

Fibrinogen (mg/dL) 100–600 100–500
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read differently on the cards, and use of an electronic color ana-
lyzer, while more expensive and less field-friendly, may detect 
anemia earlier (see Chapter 6, Figure 6.4A, B, and Chapter 19).8 
Easy use of this technique in deer is limited by their intractability 
and has not been reported.

Changes in the Hemogram
The most common and significant abnormality of the hemogram is 
anemia. Anemia occurs most commonly after blood loss, hemoly-
sis, or chronic disease. Blood loss is usually covert and commonly 
caused by gastrointestinal or external parasites. Overt blood loss is 
usually caused by major trauma such as that caused by dog bites, 
severe lacerations, male rivalry fighting, or complications of castra-
tion or dehorning. CBC values appear normal immediately after 
acute blood loss. However, after a few hours of fluid redistribution, 
anemia and hypoproteinemia are evident. Evidence of red cell re-
generation (macrocytosis, reticulocytosis, and nucleated red cells) 
should appear within a day or two of the blood loss.

Hemolysis occurs most commonly after ingestion of toxic 
plants, RBC parasitism, intravenous (IV) injection of hypotonic or 
hypertonic agents, contact with bacterial toxins, water intoxica-
tion, or immune-mediated destruction of opsonized erythrocytes. 
Ingested toxins include sulfur compounds from onions and Bras-
sica plants (kale and canola),9–12 nitrates, nitrites, and copper.13–16 
Except for that caused by copper, hemolysis usually occurs within 
a day or two after ingestion. Copper toxicosis can occur after acute 
overingestion but more commonly is seen in animals that are 
chronically overfed copper and suffer some stressful event. Goats 
are more tolerant of excess copper than sheep are, and certain 
breeds of sheep, particularly the Suffolk, are highly sensitive to 
copper toxicosis (see Chapters 2 and 5).

Hemolytic bacterial toxins include those from Clostridium perfrin-
gens type A, Clostridium haemolyticum, and Leptospira interrogans.17,18 
Intraerythrocytic parasites include Anaplasma species, Mycoplasma 
(Eperythrozoon) species, and Babesia species.19–23 Immune-mediated 
RBC destruction is very uncommon except with parasitemia, the 
administration of certain drugs (penicillin), or bovine colostrum to 
small ruminant neonates.24 Rapid reduction of plasma osmolality can 
lead to osmotic lysis of erythrocytes. This can occur locally as a se-
quela to rapid IV injection of hypotonic substances or after ingestion 
of a large quantity of water following a period of water deprivation 
and dehydration (water intoxication). Selenium and copper defi-
ciency have also been associated with Heinz body anemia.25

Parasite infestation, opsonization, and ingestion of toxic plants 
typically cause extravascular hemolysis. In these cases, damaged 
erythrocytes are removed by cells of the reticuloendothelial system, 
resulting in anemia, pallor, weakness, depression, icterus, and dark 
urine. Bacterial toxins, changes in plasma osmolality, and copper 
toxicosis cause intravascular hemolysis, resulting in the additional 
signs of hemoglobinemia and hemoglobinuria. Other signs such  
as fever, neurologic symptoms, and sudden death may be seen  
with specific diseases. Signs of regeneration should be seen on the 
hemogram 1 to 2 days after the onset of hemolysis.

Anemia that is not related to the loss or destruction of eryth-
rocytes usually results from a lack of production and thus are 
nonregenerative. Although mild forms may exist in pregnant 
sheep and goats and those deficient in vital minerals (e.g., iron, 
selenium, copper, and zinc), the most common cause of nonre-
generative anemia is chronic disease. Under these conditions, iron 
is sequestered in an unusable form in the bone marrow; staining 
a marrow sample with Prussian blue stain reveals large iron stores, 

differentiating this disease from iron-deficiency anemia. The 
causes of anemia of chronic disease are numerous and include 
infectious conditions (e.g., pneumonia, foot rot, and caseous 
lymphadenitis), malnutrition, and environmental stressors.1

Treatment of Anemia
Most anemia does not require treatment. Unless loss of RBC mass 
is rapid and severe, the animal is usually able to compensate to the 
decreased oxygen-carrying capacity by decreasing activity. It is 
important to remember in this regard that anemia often first be-
comes apparent to the manager of a flock or herd when animals 
appear overly stressed or die during movement or handling.

If possible, the cause of the anemia should be addressed. This 
can involve trying to control internal and external parasites, chang-
ing the diet, and treating infectious diseases. Maintaining adequate 
hydration is essential in animals with intravascular hemolysis to 
avoid hemoglobin-induced renal tubular damage. Specialty com-
pounds such as molybdenum salts, such as ammonium molybdate, 
and sulfur or penicillamine for copper toxicosis16 and methylene 
blue (15 mg/kg in a 4% solution in 5% dextrose or normal saline 
intravenously) for nitrate toxicity are usually too expensive or dif-
ficult to be used on a flock-wide basis but may be useful in valuable 
individual animals. Veterinarians should be aware that methylene 
blue is no longer approved for use in food-producing animals.

Animals with severe acute blood loss or hemolysis may benefit 
from a whole blood transfusion. Because transfusion reactions are 
rare and strong erythrocyte antigens have not been identified in 
small ruminants (including cervids), almost any donor of the same 
species is acceptable for a first transfusion. Cross-matching can be 
done to ensure compatibility, which becomes more important if the 
animal receives more than one transfusion. Blood should be with-
drawn aseptically from the donor and collected by a bleeding trocar 
into an open flask or by a catheter into a special collection bag. 
Blood should be mixed at a 7.5:1 ratio with acid-citrate dextrose, or 
9:1 with 2% sodium citrate, or another suitable anticoagulant and 
administered through a filtered blood administration set. If the 
jugular vein is not accessible, blood may be infused into the perito-
neal cavity, but the slower absorption from that site makes it less 
effective for treating acute blood loss. The first 15 to 30 minutes of 
administration should be slow. If no reaction is seen (fever, tenes-
mus, tachypnea, tachycardia, and shaking), the rate may be in-
creased. Transfused erythrocytes may only survive a few days, and 
therefore, the original cause of the anemia must be addressed.1

Changes in the Leukogram
Peripheral WBCs include granulocytes (neutrophils, eosinophils, 
and basophils) and mononuclear cells (lymphocytes and mono-
cytes). Immature forms of neutrophils and lymphocytes may be seen 
during severe inflammatory diseases. Abnormalities of the neutro-
phil line are usually the best cellular evidence of inflammation in 
small ruminants, and inflammation is almost always a sequela of 
infection. An increase in neutrophil numbers and their proportional 
contribution to the total WBC count is usually seen in mild gram 
positive, subacute, or chronic bacterial infections. Animals with 
more severe disease may exhibit high or normal counts, but a greater 
proportion of the neutrophils will have toxic changes or be imma-
ture forms (band cells, metamyelocytes, or myelocytes). In severe, 
acute inflammation and many diseases caused by gram negative 
bacteria, a temporary reduction in neutrophil numbers is observed, 
often with a concurrent shift toward more toxic or immature forms. 
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If the animal survives the peracute disease, neutropenia should re-
solve over 3 to 4 days, first through an increase in immature cells, 
and later through a mature neutrophilic response. Another impor-
tant cause of increased total and relative neutrophil counts is stress 
(or glucocorticoid administration), which inhibits neutrophil mar-
gination and extravasation and thereby increases the number of these 
cells in the midstream blood.

Increases in eosinophil counts are usually related to exposure 
to eukaryotic parasites. Decreases are rarely of clinical significance 
and may be part of the stress response. Idiopathic allergic-type 
reactions also are indicators of pathology but are very rare. In-
creases in basophils are rarely clinically significant.

Increases in lymphocyte counts often reflect chronic inflamma-
tory disease such as that seen with internal abscesses. In rare cases, 
lymphocytosis may consist of abnormal, blast-type cells and indi-
cate a lymphoproliferative neoplasm. Lymphopenia is an impor-
tant part of the stress response; nevertheless, the clinician must 
keep in mind that many diseases stimulate a stress response. There-
fore, lymphopenia and neutrophilia may represent either stress or 
inflammation, and an examination of neutrophil morphology and 
plasma fibrinogen concentrations may be useful in distinguishing 
the two situations. A high fibrinogen concentration, toxic changes, 
and high counts of immature neutrophils indicate inflammation 
under those circumstances. Blood monocyte counts also may indi-
cate stress or chronic inflammation. The difficulties in interpreting 
individual cell count abnormalities highlight the importance of 
obtaining a differential WBC count and description of cellular 
morphology in assessing sick sheep and goats.

Leukogram abnormalities are rarely given specific treatment. It is far 
more common and useful to use the information from the leukogram 
to develop a plan to treat the disease responsible for the abnormality.

Assessment of the Lymphatic System
Palpation of external lymph nodes is part of the thorough physical 
examination. Lymph nodes that can be found in normal sheep 
and goats include the submandibular, prescapular, and prefemoral 
nodes. None of these should be prominent or painful on palpa-
tion. Additional nodes that may be palpated occasionally in nor-
mal animals include the parotid, retropharyngeal, supramam-
mary, perirectal, and popliteal nodes. Internal lymph nodes that 
may be identified during specialized diagnostic procedures in-
clude the mediastinal, mesenteric, and other abdominal nodes.

Enlargement of lymph nodes may be focal, multifocal, or gen-
eralized. Identification of a single enlarged superficial node does 
not always rule out a multifocal or generalized disorder because 
the status of the internal nodes often cannot be determined. En-
largement generally indicates either inflammation or neoplasia. 
Inflammatory enlargement is generally related to an associated 
disease with an infectious component. Small ruminants are par-
ticularly sensitive to lymph node–based infections (e.g., caseous 
lymphadenitis), so the search often does not extend beyond aspi-
rating or draining the lymph node itself. Neoplastic enlargement 
almost always results from lymphosarcoma.

Diseases of the Lymphatic System

Lymphosarcoma
Pathogenesis. Neoplastic transformation of a member of 

the lymphocyte cell line leads to unregulated clonal expansion 

of that cell. The cause of transformation is usually unknown; 
in rare cases, especially in flock outbreaks in sheep, it can be 
linked to exposure to the bovine leukemia virus, which has 
occurred experimentally and as a result of the administration 
of whole blood Anaplasma vaccines. Whether the bovine leu-
kemia virus can induce lymphosarcoma in goats and cervids is 
still unclear. Multicentric lymphosarcoma has been reported 
sporadically in white-tailed deer (Odocoileus virginiatus) and 
other deer, but bovine leukemia virus infection has not been 
diagnosed in cervids.26

In one study of neoplastic diseases affecting goats from 1987 
to 2011, lymphoma was identified as the most common  
neoplasm, accounting for 17.7% of the assessed tumors.27 In 
contrast to other species such as cattle, sheep, and horses, lym-
phomas in goats are predominantly T-cell lymphomas affecting 
the mediastinum. A recent study attempted to classify the type 
of lymphoma affecting 15 goats. Using immunohistochemistry 
(IHC), it was determined that 73% (n 5 11) of affected goats 
had T-cell lymphoma and only 27% (n 5 4) had B-cell lym-
phoma.28 Proliferation of T or B lymphocytes leads to mass le-
sions and infiltration of viscera. These changes cause physical 
obstruction (to breathing, blood flow, urination, defecation, 
etc.), ulceration of mucosal surfaces (blood loss, bacterial inva-
sion), immune system dysfunction, organ failure, and general-
ized malaise and cachexia. Tissue masses may be internal or 
visible on external examination.

Clinical Signs. Clinical signs in affected animals vary accord-
ing to the type of lymphoma (T- or B-cell) and the location of the 
masses. T-cell lymphomas in goats are usually localized in the 
thoracic cavity and/or neck, suggesting thymic origin or hom-
ing.27 In contrast, B-cell lymphomas tend to have a multicentric 
distribution.27 Lymphoma in small ruminants usually presents 
with non-specific signs that can mimic other respiratory or gastro-
intestinal conditions. Slowly progressive weight loss is the most 
common finding. In some cases, generalized peripheral lymph-
adenopathy and expansile masses are noted29; at first, they usually 
are presumed to be caseous lymphadenitis abscesses. Progressive 
chemosis and exophthalmos have been reported in a sheep and a 
goat with multicentric B-cell lymphoma.29,30 Most masses form at 
the sites of internal or external lymph nodes. In sheep, masses in 
the brain, skin, joint, and lymphoid tissue have been reported.30 
Leukemia is rare. The most common abnormalities are those of 
chronic disease and cachexia and include nonregenerative anemia 
and hypoalbuminemia. Bone marrow examination may reveal 
clonal expansion of lymphoid precursor cells.

In cervids, lymphadenopathy and multifocal masses affecting 
the heart, blood vessels, kidney, urinary bladder, and peritoneum 
have been reported.31 A more recent report described a subcutane-
ous maxillary mass in a 13-year-old captive-born, female white-
tailed deer.26 The mass was diagnosed as focal lymphosarcoma 
with local metastasis.

Diagnosis. History and clinical signs are important in the di-
agnosis of lymphoma in small ruminants. Age of affected animals 
ranges from 2 to 18 years and no gender or breed predisposition 
has been reported.29 Final diagnosis of affected animals is achieved 
through necropsy, histopathology, and IHC. Lesions seen at nec-
ropsy include homogeneous white to tan masses that bulge on the  
cut surface. They may be small or large. Less commonly, diffuse 
paleness of the reticuloendothelial organs is noted. Microscopic 
examination of these tissues reveals infiltrates of abnormal cells of 
the lymphocyte line.
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Prevention. Avoiding exposure to the bovine leukemia virus 
and restricting the use of instruments to one animal between 
cleaning procedures may help prevent the spread of lymphosar-
coma. In most animals, however, this neoplasm appears to de-
velop spontaneously.

Failure of Passive Transfer
Pathogenesis. Lambs, kids, and fawns are born with func-

tional lymphocytes that can produce endogenous immunoglobu-
lin. These cells develop the ability to respond to foreign antigens in 
the fetus during mid to late gestation. Because of a lack of in utero 
exposure, however, basal concentrations of immunoglobulin are 
very low at birth. These cells therefore are naïve to foreign antigens 
and unable to develop protective immunity through specific cell-
mediated and immunoglobulin production. Additionally, as with 
other ruminants, no transplacental passage of maternal immuno-
globulin to fetal sheep, goats, and fawns occurs. Lambs, kids, and 
fawns depend exclusively on intestinal absorption of maternally 
derived colostral antibodies, immune cells (T-lymphocytes), and 
other immune factors to provide a ready supply of specific immu-
nity and allow opsonization of pathogens for the first months 
of life.

Adequate passive transfer requires delivery of a sufficient quan-
tity of good-quality colostrum (immunoglobulin G [IgG] con-
centration in mg/mL) into the gastrointestinal tract, as well as 
adequate absorption of antibodies (timely) from the colostrum 
into the blood. However, the amount of maternal colostrum pro-
duced by the dam, and its composition, as well as the ability of 
the newborn to stand and nurse in a timely manner, can be  
affected by several factors. Colostrum IgG concentration and 
volume of production can be influenced by breed, age, nutrition, 
body condition score (BCS) at parturition, and vaccination status 
of the dam. The IgG concentration in colostrum samples from 
ewes of different breeds can vary between 60 and 125 mg/mL.32 
One study demonstrated that primiparous ewes with low BCS  
(, 2.75) at lambing produced less colostrum compared with 
multiparous ewes with similar BCS. Additionally, ewes with 
higher BCS (. 2.75) tended to produce higher volumes of colos-
trum compared with ewes with lower BCS.32 Another study sug-
gested that undernutrition of ewes during late gestation can affect 
colostrum quality and immune development and function in 
newborn lambs.33 It has been suggested that at least 30 g of total 
IgG should be fed to newborn lambs and kids during the first 24 
hours of life to reach adequate transfer of passive immunity. Ad-
equate transfer of passive immunity in small ruminant neonates 
has been suggested as serum IgG levels at 24 hours of life of  15 
mg/mL. One study indicated that lambs that nurse low-quality 
colostrum (IgG , 30 mg/mL) had lower serum IgG concentra-
tions compared with lambs that that nurse colostrum of higher 
quality (IgG . 110 mg/mL), indicating that the concentration of 
IgG in colostrum is a determining factor for the presentation of 
failure in the transfer of passive immunity.34 Other factors such as 
pregnancy toxemia, gastrointestinal parasitism, excess of iodine 
intake during pregnancy, and inadequate vaccination of the dam 
can result in poor colostrum synthesis and quality.35

Timely consumption of maternal colostrum during the first 
hours of life is essential to achieve adequate transfer of passive 
immunity. In small ruminants, cells of the small intestine are able 
to internalize and transfer IgG into the blood during the first  
24 hours of life; however, the absorption efficiency of IgG is 

higher during the first 6 to 12 hours of life.32,36 Factors associated 
with the neonate, such as weakness, inability to stand, and con-
genital abnormalities, will prevent timely nursing of maternal 
colostrum and lead to failure of passive transfer (FPT). Litter size 
and body weight (BW) of the kid(s) have also been correlated 
with inadequate absorption of IgG from colostrum. One study 
demonstrated that litter sizes of three light goat kids (, 2.8 kg 
BW) or more had significantly lower mean serum IgG levels at 24 
hours of life when compared with litter sizes of one or two heavier 
kids (9.85 versus 18.30 mg/mL, respectively).37 This suggests that 
special attention and monitoring should be paid to multiple fetus 
gestation as the risk of FPT under these circumstances at kidding 
is higher; however, the quality of colostrum, amount ingested, 
and adequacy of absorption are rarely monitored by small rumi-
nant producers in natural or artificial rearing systems. The use of 
monitoring tools to evaluate colostrum quality and IgG absorp-
tion is common in modern dairy cattle operations, and these tools 
are readily available for small ruminant production systems. Re-
cent reports have presented the use of %Brix in maternal colos-
trum and neonate serum and its positive correlation with serum 
total proteins (STPs) at 24 hours as effective monitoring tools of 
FPT in lambs and goat kids.38–40 The use of STP has also been 
used to monitor colostrum deficiency intake in mule deer fawns41; 
however, adequate values of serum IgG for cervid neonates have 
not been established yet.

Inadequate colostrum intake and low serum IgG at 24 to  
48 hours of life have been consistently associated with higher 
morbidity and mortality rates in lambs, goat kids, and fawns. One 
study reported that 46% of lamb mortality between 24 hours and 
5 weeks of age can be attributed to FPT.42 Another study sug-
gested that colostrum deficiency and low serum IgG in goat kids 
resulted in higher mortality rates at weeks 10 and 12 of life due 
to chronic infections with Pasteurella multocida and Escherichia 
coli.43 Other reports demonstrated that 45% of lambs with a se-
rum IgG of , 6 mg/mL at 24 hours died before 3 weeks of 
age compared with only 5% of the lambs with a serum IgG of  
. 6 mg/mL at 24 hours.34 In a previous report, mule deer 
(Odocoileus hemionus) fawns with a STP of # 5 g/dL between 
days 1 and 7 of age developed diarrhea and died before 17 days of 
age compared with fawns with STP . 5 g/dL.41 In a more recent 
report, a 7-day-old Formosan sambar deer (Rusa unicolor swin-
hoei) with a history of colostrum deprivation died due to severe 
suppurative meningitis caused by E. coli infection.44

In addition to immunoglobulins, colostrum also contains large 
quantities of fat-soluble vitamins that do not cross the placenta. 
The most important of these are vitamins A, D, and E, which are 
important in bone development and the immune or inflamma-
tory response. Neonates that have not ingested enough colostrum 
are likely to be deficient in these vitamins.

Diagnosis. History of dam dystocia, inadequate colostrum 
nursing, complete colostrum deprivation, and signs of under-
nourishment or sepsis in the first few days after birth are usually 
a presumptive indication of failure in the transfer of passive im-
munity. A high prevalence of diarrhea and respiratory disease in 
neonates should prompt investigation and evaluation of passive 
transfer of immunity in affected herds or flocks. Owners occasion-
ally evaluate lambs or kids for adequate intake by picking up  
the animal and holding it at ear level, while carefully cradling the 
head and neck, and then shaking the abdomen to hear milk in the 
abomasum; however, this is not a reliable indication of adequate 
transfer of passive immunity. A definitive diagnosis of FPT can be 
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made by direct laboratory measurement (single radial immuno-
diffusion [SRID]) of IgG in serum at 24 hours of life. Although 
some practitioners use the value of IgG used in dairy calves  
(10 mg/mL), others have suggested an IgG value , 15 mg/mL to 
establish the presence of FPT in small ruminants.45

Numerous semiquantitative methods of estimating IgG are 
available and are easy to use in sheep, goats, and cervids. The most 
common is the measurement of serum total solids or STP values 
at 24 hours of life through an optical refractometer. The STP at 
24 hours of life in a well-hydrated animal has demonstrated cor-
relation with serum IgG in calves, lambs, and goat kids. Studies 
in goat kids indicated that an STP between 5.3 and 5.4 g/dL was 
associated with adequate transfer of passive immunity.39,40 Another 
study demonstrated FPT in lambs with STP values , 4.5 g/dL at 
24 hours of life.32 A study in mule deer suggested that fawns with 
an STP # 5 g/dL had inadequate colostrum intake and FPT. Re-
cently, the measurement of %Brix in maternal colostrum and se-
rum with a digital Brix refractometer has become an alternative 
method to evaluate colostrum quality and FPT in dairy opera-
tions. Colostrum %Brix . 22% and serum %Brix . 8.4% have 
been associated with adequate transfer of IgG in calves and goat 
kids.39 Other qualitative methods to assess the transfer of passive 
immunity in large animals include various agglutination (glutaral-
dehyde), precipitate assays (sodium sulfate), and measurement of 
g-glutamyl transferase (GGT) in serum. These methods may be 
relied on to give an overall flock assessment of adequacy of passive 
transfer, but they are rarely accurate enough to provide definitive 
information on individual animals.

Treatment. FPT is not in itself pathologic, but it greatly in-
creases the neonate’s susceptibility to infectious diseases. The 
amount of colostrum absorbed across the gut decreases with time, 
especially in animals that have been ingesting other proteins (e.g., 
the casein in milk); it also decreases with illnesses that decrease 
gastrointestinal function. Neonatal small ruminants should re-
ceive at least 4 g of IgG/kg of BW or ideally 30 g of total mass of 
IgG from a good-quality colostrum source (. 50 mg/mL of IgG) 
during the first hours of life.32 Other authors recommend an in-
take of 180 to 210 mL of colostrum/kg during the first 18 hours 
of life.46 In artificial rearing systems or lamb feedlots, feeding of 
colostrum every 6 hours until 24 hours of life is recommended.47 
When same species’ maternal colostrum is unavailable, goat colos-
trum or bovine colostrum/colostrum replacers or are a good alter-
native; however, hemolysis has been reported in lambs receiving 
cattle colostrum.48 One study demonstrated that there was no 
difference in serum IgG levels of lambs that received the same 
volume of sheep or goat colostrum at birth.47 Another study dem-
onstrated that lambs that received 250 mL of a bovine colostrum 
replacer at birth in addition to 250 mL of stored sheep colostrum 
at 6 hours of life had higher serum %Brix values at 24 hours and 
had less incidence of disease during the preweaning period com-
pared with lambs that received the same volume of stored sheep 
colostrum at birth and at 6 hours of life.38 Since IgG absorption 
cannot be extended more than 24 hours after birth, administra-
tion of an oral colostrum source is the best treatment in the im-
mediate postpartum period in still-healthy neonates. After the 
window for immunoglobulin absorption has closed, plasma, se-
rum, or whole blood administered by the IV or intra-peritoneal 
route is the best way to raise the neonate’s blood immunoglobulin 
concentrations. Adult donor plasma contains approximately  
2.5 to 3.5 g of immunoglobulin/dL, so administration of a vol-
ume equivalent to 10% of BW or a dose of 20 to 40 mL/kg has 
been recommended for the treatment of large animal neonates. If 

plasma is used instead of colostrum, administration of vitamins A, 
D, and E also may be beneficial.

If colostrum and plasma are unavailable or cost-prohibitive, “clos-
ing” the gut as quickly as possible with milk, maintaining high stan-
dards of hygiene, and possibly administering prophylactic antibiotics 
offer the greatest prospects for preventing infectious disease. Vaccina-
tion of the neonate or the administration of antitoxin hyperimmune 
serum should not be considered protective but may be of value.

Prevention. Prevention of FPT should be based on the estab-
lishment of an adequate colostrum program managing the previ-
ously mentioned factors that affect production, quality, and  
absorption of maternal colostrum components in lambs, goat kids, 
and fawns. Ensuring colostral quality is best done through good 
nutrition, health care, and vaccination of dam (see Chapters 2 and 
19). Administration of vaccines 6 weeks before parturition, fol-
lowed in 2 weeks with a booster, provides the highest quantity of 
protective immunoglobulin in the colostrum. Antepartum leakage 
is rarely the problem in small ruminants that it is in horses and 
cattle. However, in a flock or herd environment, still-pregnant 
dams may steal babies from other sheep or goats. To prevent such 
theft and the resultant loss of colostrum by the “adopted” neonate, 
owners may choose to keep pregnant animals separate from those 
that have already delivered. If complete separation is not possible, 
the dam and her offspring should be allowed to bond with each 
other in a private pen (“jug” or “crate”) for at least 24 hours before 
being placed back with the flock. Clipping excessive wool or mo-
hair from around the perineal area and udder before lambing or 
kidding, expressing the teats to ensure they are not plugged, and 
having extra colostrum available when pregnant females are placed 
in jugs or crates are other good preventive measures.

Uncomplicated Neonatal Diarrhea
Etiology and Pathogenesis. Uncomplicated diarrhea in lambs, 

goat kids, and fawns may be caused by infectious agents such as 
viruses, bacteria, and protozoa. In goat kids and elk calves, meta-
bolic causes of diarrhea have been described.49,50 Group B and A 
rotavirus, enterotoxigenic E. coli K99, Cryptosporidium parvum, 
and other Cryptosporidium spp. have been commonly identified as 
causal agents of diarrhea in small ruminant neonates.51–54 With re-
cent advances in diagnostics and metagenomics of the enteric envi-
ronment of large animals, novel viruses have been identified as po-
tential causal agents of diarrhea in lambs and goat kids. Adenovirus, 
Astrovirus, Calicivirus, Coronavirus, and Picornavirus have been 
identified in feces of diarrheic lambs and goat kids55; however, their 
role in the pathogenesis of neonatal diarrhea is still uncertain. These 
organisms differ from the agents of complicated diarrhea in that 
they do not invade beyond the gut wall or result in systemic tox-
emia (see Chapter 5). Additional causes of diarrhea reported in goat 
kids and elk include lactose intolerance and hypernatremia, respec-
tively.49,50 Less frequently, bacteria such as C. perfringens, Clostrid-
ium difficile, and attaching and effacing E. coli have been associated 
with complicated diarrhea in small ruminant neonates.54,56

The net result of such an infection is that a large volume of 
water and electrolytes are lost into the bowel due to malabsorp-
tive, hypersecretory, or hyperosmolar processes. If enough fluid 
and electrolytes are lost, dehydration and metabolic acidosis arise, 
inducing systemic clinical signs of depression and weakness in 
association with diarrhea. In goats, this clinical entity is one com-
ponent of the floppy kid syndrome.

Clinical Signs. Profuse, watery, yellowish-green to brown diarrhea 
without fever is the hallmark clinical sign. With severe dehydration 
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and acidosis, affected lambs, kids, and fawns become weak and dull 
and lack appetite.50–52 Excessive salivation and loss of suckle reflex 
have also been reported in affected lambs and kids.51,52 Mucous 
membranes become tacky, and skin tenting times are prolonged. 
Shock signs may develop. Physical assessment often must take the 
place of clinicopathologic analysis in affected neonates.

Mild, nonclinically complicated diarrhea is characterized by pro-
fuse diarrhea with minimal systemic signs. The affected animal is 
bright and alert, with minimal skin tenting, and can stand and eat 
readily, with a strong suckle reflex. It is less than 5% dehydrated, 
with a blood pH of 7.35 to 7.50, and bicarbonate deficit is minimal.

Moderate uncomplicated diarrhea is characterized by profuse 
diarrhea in a dull but responsive animal. Skin tenting is pro-
longed, but eye luster is normal. The affected animal is able to 
stand and eat but eats slowly and has a weak suckle reflex. The 
head typically is held down. It is 5 to 7% dehydrated, with a 
blood pH of 7.10 to 7.25 and a bicarbonate deficit of 5 to  
8 mEq/L. Severe uncomplicated diarrhea is characterized by pro-
fuse diarrhea. The affected animal is dull and minimally respon-
sive, with a very long skin tent time and dull, sunken eyes. It can 
stand only with assistance and prefers to stay in sternal recum-
bency with its head up. The animal eats very slowly, if at all, and 
has a minimal suckle reflex. It is 8 to 10% dehydrated, with a 
blood pH of 6.90 to 7.10 and a bicarbonate deficit of 10 mEq/L.

Very severe uncomplicated diarrhea is characterized by profuse 
diarrhea and profound weakness. The animal’s skin remains 
tented for more than 1 minute, and its eyes are very sunken and 
dull. It is nonresponsive with no suckle response. It is unable to 
maintain sternal recumbency, lying on its side instead. The animal 
is 10 to 12% dehydrated, with a blood pH of 6.8 to 7.0 and a 
bicarbonate deficiency of 15 to 20 mEq/L.

Epidemiology. Morbidity and mortality of uncomplicated di-
arrhea in small ruminants and fawns vary depending on the cause. 
Reports of rotaviral diarrhea in newborn lambs indicate morbidity 
rates between 50% and 100% and mortality rates between 0 and 
10%51,52; however, one study reported a 50% case fatality rate in 
lambs affected with types B and A rotavirus diarrhea.52 Another 
study reported mortality rates between 10% and 30% in lambs 
and kids affected with C. parvum diarrhea.57 Most of infectious 
agents associated with uncomplicated neonatal diarrhea in small 
ruminants are shed by adult animals and older lambs/kids around 
stressful events such as lambing/kidding and extreme weather con-
ditions. One study reported that pregnant does shed 7 to 10 times 
more oocysts during the 3 weeks around kidding compared with 
other time periods.58 Additionally, poor husbandry/hygiene of 
lambing/kidding sheds, fecal soiling, flock size (. 200 animals), 
lambing/kidding season (winter/spring), and the presence of  
C. perfringens type A in feces have been suggested as potential risk 
factors for uncomplicated diarrhea in small ruminant neonates.58–60

Clinical Pathology. The leukogram should be normal or show 
abnormalities compatible with stress. Serum biochemical or blood 
gas analysis may reveal evidence of intestinal malabsorption, elec-
trolyte loss, metabolic acidosis (hypoglycemia, hyponatremia, 
hypochloremia, hyperkalemia, low bicarbonate, and increased 
anion gap), and dehydration (hyperalbuminemia and increased 
blood urea nitrogen [BUN] and creatinine). In contrast with the 
common leukogram and biochemical abnormalities found in 
calves, lambs, and goat kids with uncomplicated diarrhea, elk 
calves with diarrhea develop leukocytosis, hyperchloremia, and 
hypernatremia (serum Na . 153 mEq/L).50 Additionally, in-
creased anion gap, BUN, creatinine, and albumin concentrations 
have been reported in affected elk calves.50

Diagnosis. A presumptive diagnosis may be based on the 
characteristic history and clinical signs. Response to conservative 
treatment also is supportive of this diagnosis. Identification of the 
specific causative agent is less important than proper treatment  
of affected animals; however, feces or intestinal contents from  
affected animals can be submitted for electron microscopy, re-
verse-transcription polymerase chain reaction (PCR), and cell 
culture immunofluorescent assays to identify viruses.51–53 Addi-
tionally, intestinal tissue can be submitted for IHC for rotavirus 
and C. parvum.53,57 Feces of affected animals can also be submitted 
for enzyme-linked immunosorbent assay (ELISA), Ziehl-Neelsen 
staining technique, light or fluorescence microscopy, sugar  
flotation, and auramine or fluorescent antibody staining for the 
diagnosis of C. parvum infection.60 Fecal culture to determine a 
bacterial cause is recommended.

Treatment. The immediate goals of treatment are rehydration, 
replacement of lost electrolytes, and restoration of acid-base balance 
as these are usually the leading causes of death in affected neonates. 
Less immediate goals are provision of nutrition and replacement of 
ongoing losses. The aggressiveness of treatment is dictated by the 
severity of the condition, as well as economic considerations.61

 1. Rehydration: Calculate the percent dehydration and use to 
calculate fluid requirements for a 24-hour period.
Example: 10% dehydration in a 3-kg lamb:
Dehydration: 0.1 3 3 kg 3 1 kg/L 5 0.3 L or 300 mL.
Maintenance: 100 mL/kg/day 5 0.3 L or 300 mL.
Total fluids to replace in 24 hours 5 0.6 L or 600 mL
Fluid loss due to dehydration (300 mL in this case) should  

be replaced during the first 4 hours and the rest can be  
replaced in the next 20 hours.

 2. Replace lost electrolytes: Sodium, chloride, and bicarbonate are 
lost roughly in proportion to extracellular fluid (ECF) in the 
acute phase of diarrhea (1–2 days) in untreated animals. Potas-
sium tends to be increased in this phase due to the presence of 
metabolic acidosis and care should be taken when selecting flu-
ids containing potassium to treat affected animals at this time. 
In chronic cases of diarrhea, and especially in cases where the 
owner/producer has given oral milk replacer or electrolyte sup-
plements/replacements to affected animals before veterinary 
evaluation, the serum concentration of sodium, potassium, and 
bicarbonate might be variable or increased. Special care should 
be taken in these cases when selecting fluids to treat affected 
animals as the risk of causing hypernatremia is higher.61 In cases 
of diarrhea in elk calves, hypernatremia is common, and fluids 
should be selected accordingly.50 In the majority of cases, initial 
replacement of sodium, chloride, and bicarbonate with fluids 
containing proper composition is recommended.61

 3. Restore the acid-base balance: Estimate bicarbonate deficit by 
blood gas analysis (24 mEq, as measured), serum bicarbonate 
concentration, or physical assessment. In calves, clinical signs of 
posture, demeanor, and presence of absence of suckle reflex can 
be used to estimate base deficit, and this might be applied for 
small ruminant neonates. Briefly, diarrheic neonates that are 
alert, are standing, and have a suckle have a bicarbonate deficit  
, 8 mEq; those that are depressed, are sternal recumbent, and 
have no suckle have a bicarbonate deficit between 8 and 10 mEq; 
and those that are severely depressed, laterally recumbent, no 
suckle animals have a bicarbonate deficit . 15 mEq.61 After 
calculating the bicarbonate deficit, calculate the whole body need 
of bicarbonate using the following formula:

Bicarbonate needs 0.6 bicarbonate defic� � iit (mEq) BW (kg)�
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Example: Assessment suggests a bicarbonate deficit of 16 mEq 
bicarbonate in a 3-kg, comatose lamb with prolonged skin tenting 
(0.6 is the multiplier for ECF in a neonate): 0.6 3 (16 mEq) 3 
3 kg 5 29 mEq bicarbonate. Commercial IV 8.4% sodium bicar-
bonate solutions contain 1 mEq of bicarbonate per milliliter and 
could be added directly to IV fluids in severely dehydrated and 
acidotic animals.61

Therefore, the immediate goal is to provide 300 mL of fluid 
and 29 mEq of bicarbonate to this lamb in a formulation that 
resembles normal ECF. Fluids can be given by various routes. 
Selection of route of administration of fluids depends on degree 
of dehydration, presence or not of a strong suckle reflex, and 
degree of depression. Neonates with advanced degrees of dehy-
dration, depression, and absence of suckle reflex will benefit 
from IV fluid therapy. In contrast, neonates with mild dehydra-
tion and active suckle reflex can be effectively treated with oral 
electrolytes61; however, if oral fluids have not produced an im-
provement within 2 to 4 hours, IV treatment should be strongly 
considered. Other routes such as subcutaneous, intra-peritoneal, 
and intra-osseous can also be used for fluid administration to 
neonates.

Routes
Oral

•	 Advantages: Oral fluids are inexpensive (nonsterile) and easy 
to give. They are less likely to cause fatal arrhythmias or 
neurologic disease than IV fluids.

•	 Disadvantages: An animal receives a maximum of its gastric 
volume (5% of BW), and good gastric motility is required. 
Oral fluids may not be well absorbed by a damaged gut. 
Absorption also is slow.

Intravenous
•	 Advantage: This method allows rapid correction of all deficits, 

even in moribund animals.
•	 Disadvantages: It is expensive (sterile), requires venous access, 

and can rapidly lead to overcorrection.
Subcutaneous

•	 Advantages: This method does not require venous access or 
good gut motility.

•	 Disadvantages: It is expensive (sterile), and the fluids may 
not be well absorbed in very dehydrated animals. Absorp-
tion is not as quick as by IV administration. Animals 
should be given only hypotonic or isotonic fluids.

Intra-peritoneal
•	 Advantages: This method does not require venous access or 

gut motility. Fluids are absorbed quickly by this route.
•	 Disadvantages: It is expensive (sterile) and can cause perito-

nitis. Isotonic fluids are best used in this route. Only a 
limited volume can be given.

Many commercial oral electrolyte solutions for neonatal 
ruminants are available; however, not all of them fulfill the  
requirements to adequately replace fluids and electrolytes in neo-
natal ruminants with diarrhea. Oral electrolyte solutions must 
contain enough sodium (90–110 mEq), provide agents that in-
crease absorption of water (glycine, glucose, and acetate), provide 
an alkalinizing agent (bicarbonate, propionate, acetate, and  
citrate; acetate has demonstrated best results), and an energy 
source (glucose).61 The amount of carbohydrates might vary and 
is usually higher in “high-energy” solutions specifically used for 
severely affected neonates that are not eating and develop negative 
energy balance. Less carbohydrate is needed in less severely af-
fected animals because they are usually eating some and are less 

likely to have severe negative energy balance. Fluids to be avoided 
include medicated milk replacers and unbuffered saline solutions.

IV treatment should be provided with a sterile commercial prod-
uct. Such preparations typically contain 25 to 30 mEq/L of base. 
Additional sodium bicarbonate solution or sterile powder can be 
added to fluid therapy based on the bicarbonate deficit (1 mEq/mL 
of 8.4% solution and 12 mEq of bicarbonate/g of powder, respec-
tively). The bicarbonate deficit should be over the first 4 hours.

After deficits are replaced, the following continued treatments 
and adjuncts may be considered:
 1. Continued administration of fluids (oral rather than IV, if 

possible) to replace ongoing losses:
•	 Oral	electrolytes	at	a	volume	equal	 to	5%	of	 the	BW	per	

feeding can be given; the number of feedings can be  
increased from two (normal) to three to six per day.

•	 IV	fluids	can	be	continued	at	twice	the	maintenance	fluid	
rate until appetite is restored.

•	 More	bicarbonate	may	be	necessary.
 2. Consideration of addition of milk to the treatment regimen:

•	 Milk	 or	 milk	 replacers	 should	 be	 added	 to	 the	 therapy	
of neonates with diarrhea. They provide nutrition to the 
affected neonate, preventing negative energy balance and 
promoting intestinal healing.

•	 Care	should	be	taken	to	NOT	mix	oral	electrolyte	solutions	
with milk or milk replacers in the same container as the 
concentration of sodium and overall osmolarity of the solu-
tion can dramatically increase, leading to hypernatremia or 
other metabolic abnormalities.

•	 Milk	 or	milk	 replacers	 should	 be	 given	 in	 small	 volumes	
(,20% of total requirements) but at a higher frequency 
(every 3–6 hours) to avoid overloading the abomasum and 
intestine of affected animals. Lambs fed milk lose less 
weight with scours.

•	 Free	water	helps	prevent	hypernatremia.
•	 Milk	is	a	good	potassium	source	(see	Chapter	3).
Elk Deer Calves. Elk deer calves commonly develop diarrhea 

with hypernatremia (serum Na . 153 mEq/L) compared with 
other large animal neonates, where hyponatremia is more com-
mon.50 Therefore, administration of oral electrolyte solutions de-
signed for other ruminants (calves, lambs, and kids) should be 
avoided in these animals. A dilution (1:2 or 1:4) of commercially 
available bovine calf electrolyte solutions to reduce sodium con-
tent is recommended for the treatment of elk calf diarrhea.50 The 
use of lactated Ringer’s solution, which has a low sodium concen-
tration in addition to a very low reduction rate of serum sodium 
(, 1.7 mEq/L/hour) has been advocated in the fluid therapy of 
hypernatremic elk calves with diarrhea.50

Additional Therapy. Dextrose (2.5–5%) solutions can be 
added to the fluid therapy of hypoglycemic animals. The use of 
nonsteroidal antiinflammatory drugs (NSAIDs) in neonatal rumi-
nants with diarrhea is controversial due to the risk of renal damage 
and abomasal ulceration; however, in cases of diarrhea complicated 
by septicemia or endotoxemia, NSAIDs should be used to reduce 
the effects of systemic inflammation. Flunixin meglumine at a dose 
of 1.1 to 2.2 mg/kg is the only NSAID approved for food animal 
use. Similarly, the use of oral or systemic antibiotics in cases of 
uncomplicated diarrhea is controversial due to its potential effect 
on the intestinal microbiota and development of bacterial resis-
tance; however, their use is warranted in the presence of septicemia 
or endotoxemia in addition to diarrhea. In these cases, b-lactams 
such as oral amoxicillin or systemic ceftiofur are usually good 
choices. The effect of mucosal protectants and probiotics in cases 
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of diarrhea is unknown in small ruminant neonates, and their  
use is left to practitioners based on their own experiences (see  
Appendix 1).

Prevention. Prevention of uncomplicated diarrhea in small 
ruminant neonates is based primarily on the timely feeding of 
adequate amounts of good quality maternal colostrum or colos-
trum replacer (see “Failure of Passive Transfer” section). Vaccina-
tion of dams with antigens of common infectious agents associ-
ated with uncomplicated neonatal diarrhea before parturition has 
demonstrated to be effective increasing colostrum immunity and 
prevention of diarrhea in lambs.62 Maintenance of adequate hus-
bandry and hygiene conditions in lambing/kidding sheds or barns 
is necessary to reduce neonatal exposure to infectious agents nor-
mally shed in feces of dams during parturition such as rotavirus 
and C. parvum.

Other Causes of Weakness and Depression 
in Neonates
Ruling out infectious causes of depression and weakness is diffi-
cult, and clinicians often do well to assume that an infectious 
disease is contributing to clinical signs when making treatment 
decisions. However, several noninfectious systemic disturbances 
also can depress neurologic and muscular function. Successful 
treatment often requires identification and correction of each of 
these disturbances. Among the more common abnormalities lead-
ing to depression in neonates are hypoxemia, metabolic or respira-
tory acidosis, hypothermia, hyperthermia, hypoglycemia, dehy-
dration, azotemia, and some electrolyte imbalances.

Hypothermia and hyperthermia can easily be diagnosed by mea-
suring body temperature with a rectal thermometer. Hypothermia 
is far more common and can result from weakness, shock, and en-
vironmental stress. Cold, windy weather or tube feeding with cold 
milk replacer or fluids can lead to a rapid drop in core body tem-
perature, especially in neonates that are small or weak or have been 
inadequately licked off or were rejected by their dams. Strong, vig-
orous neonates usually are protected by heat produced during 
muscular activity and are able to seek food and shelter. Clinical 
signs appear when the rectal temperature drops to 98° F (36.7° C) 
or below. Protection from wind and cold such as with an individual 
ewe jug or pen, heat lamps (positioned far enough away so as not 
to burn the neonate), hot water bottles, blankets, and administra-
tion of warm fluids is helpful in treating and preventing hypother-
mia. Shearing the ewe before lambing is of value because it forces 
the ewe to seek shelter. If this management technique is used, care 
should be taken to avoid inducing severe hypothermia in the dam.

Environmental hyperthermia is much less common than fever 
in neonates. Therefore, treatment for infectious diseases in young 
animals with high temperatures usually is warranted. Providing 
cool shelter with good ventilation, minimizing stressful events, 
ensuring adequate fluid intake, and shearing the adults are the 
best defenses against environmental heat stress.

Hypoglycemia also is easy to diagnose with the aid of an inex-
pensive, portable glucose meter. Lambs and kids typically develop 
hypoglycemia under the same circumstances as those leading to 
hypothermia. Administering 50 mL/kg of dextrose (approxi-
mately 3.5 fl oz/lb, or 5% of BW) in warm milk replacer or 1 mL/kg 
of 50% dextrose, by either the IV or oral route (diluted to 5% 
dextrose), should provide ample energy to correct hypoglycemia. 
IV administration may be necessary if gut motility is absent. 
Follow-up treatment may be necessary if the neonate does not 
regain its appetite.

Except during severe conditions, normal lambs and kids 
should be able to maintain normal body core temperature. They 
should therefore be examined for an underlying disorder if they 
exhibit signs of hypothermia or hyperthermia. Clinicians and 
owners should not assume that warming and feeding a cold, weak 
neonate will always correct the problem.

Hypoxemia is much more difficult to diagnose. Portable blood 
gas meters for arterial analysis and radiography units for thoracic 
imaging are available but are still not in common use in small ru-
minant practice. For those reasons, hypoxemia usually is underdi-
agnosed. Hypoxemia can result from prematurity or dysmaturity, 
infection, depression or weakness (decreased ventilation), meco-
nium aspiration, bullous emphysema, hernias, and other thoracic 
fluid or tissue masses. It is likely to be a contributing factor in  
illness and death in most weak neonates younger than 3 days of 
age. Such animals benefit from the provision of supplemental oxy-
gen, either through a nasal insufflation tube or by oxygen tent. In 
addition to its direct effect on general wellbeing and behavior/ 
attitude, hypoxemia at birth leads to poor gut function and subse-
quent poor colostral absorption. Many animals that exhibit FPT 
and subsequent sepsis had a previous bout of hypoxemia.

Azotemia, metabolic acidosis, and electrolyte imbalances are 
difficult to diagnose without clinicopathologic analysis. There-
fore, these problems are best treated in animals showing signs of 
dehydration with the administration of a balanced, physiologic 
electrolyte solution. Metabolic acidosis usually is accompanied by 
either obvious evidence of bicarbonate loss (diarrhea) or severe 
dehydration. However, neither of these conditions is present with 
floppy kid syndrome. This descriptive title is applied to muscle 
weakness, anorexia, and depression in kids observed in the first  
2 weeks of life. By its strictest definition, floppy kid syndrome refers 
to metabolic acidosis with a high anion gap without dehydration 
or any known cause in young kids that were normal at birth. A 
variety of disorders and conditions have been proposed as the 
cause of metabolic acidosis without dehydration, including intes-
tinal fermentation of milk in well-fed kids with subsequent ab-
sorption of volatile fatty acids, transient neonatal renal tubular 
acidosis, and lactic acidosis secondary to toxic impairment of 
cardiovascular function. Overgrowth of C. perfringens type A of-
ten is suggested as a source of the toxin. With a high anion gap, a 
pathologic condition that leads to overproduction of an organic 
acid is more likely than one that leads to bicarbonate loss. The 
disease can occur in individual animals or in outbreaks; although 
parity of the dam and number of offspring have not been associ-
ated with this metabolic disturbance, aggressively feeding kids  
are more likely to suffer from milk fermentation or clostridial 
overgrowth. An infectious etiology appears to be more likely in 
herds displaying an increased incidence of this metabolic distur-
bances as the kidding season progresses. The disease also is re-
ported to be more common in meat goats than in dairy goats. The 
prevalence can vary tremendously from year to year in a single 
flock or region. A similar disease has been reported in calves and 
llama crias, and lambs are likely to be susceptible under the right 
conditions.

Because blood gas analysis and exclusion of other diseases often 
are impractical, the term floppy kid syndrome frequently is used by 
owners to refer to any kid that is weak and does not have an overt, 
organ-specific sign (e.g., diarrhea). Different pathologic processes 
are grouped together by their common clinical endpoint (as with 
“thin ewe syndrome”), and the veterinarian is charged with deter-
mining the etiology in a specific flock. Most possible causes are 
found in the previous list of conditions that cause weakness and 
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depression in neonates. Among these entities, sepsis and hypox-
emia are the most important items and therefore must also be 
considered possible causes of floppy kid syndrome. Treatment and 
prevention of floppy kid syndrome currently follow the same lines 
as for treatment and prevention of neonatal sepsis or enteritis. 
Spontaneous recovery of animals with floppy kid syndrome may 
occur. However, in valuable kids, quick assessment of blood chem-
istry and base deficits will allow requisite correction of electrolyte 
and blood pH abnormalities with 1.3% sodium bicarbonate.63

Diseases Caused by Tissue-Invading 
Clostridia
Tissue-invading clostridia are large, straight, gram positive rods 
that are 3 to 10 mm in length. C. perfringens and C. haemolyticum 
are smaller bacteria, and Clostridium novyi, Clostridium chauvoei, 
and Clostridium septicum are larger. The bacteria grow best under 
anaerobic conditions and produce waste gases. Clostridia bear 
spores, which may be the only viable form in the environment 
(soil and decomposed organic matter). Identification of these 
spores within bacteria on microscopic examination is useful to 
identify clostridia, but it is not diagnostic of disease. Spores in  
C. perfringens are central and do not affect the shape, whereas 
most other species have the spore toward one end and appear 
slightly club shaped.

Clostridia cause infectious, noncontagious disease. The bacte-
ria inhabit the intestinal tract and are present in the feces of rumi-
nants. Small numbers of organisms in their dormant spore form 
also may reside in tissues such as liver and skeletal muscle. They 
can be isolated from soil, where most are thought to have short 
life spans. Soil concentrations are highest in locations recently 
contaminated with ruminant feces, especially crowded, overused 
facilities such as feedlots and lambing sheds. Environmental con-
taminations are associated with cool, damp times of the year such 
as late winter and spring.

The concentration of organisms and their toxins found in the 
feces, gut contents, and internal organs of most adult ruminants 
usually is small. Competition and peristalsis prevent overgrowth in 
the gut, and aerobic conditions prevent overgrowth in other tissues 
in live animals. However, rapid overgrowth and tissue invasion en-
sue after death, making rapid postmortem examination essential to 
ascertain whether clostridial organisms are responsible for the 
death. Pathogenic clostridial organisms all produce heat-labile pro-
tein exotoxins. Most make a variety of toxins, and the relative 
contribution of each toxin to the disease state is not known.

Enteric Infections
C. perfringens is a normal commensal of the intestinal tract of clini-
cally healthy large animals, including cervids; however, the number 
of bacteria and their toxin production within the intestine usually 
remain low due to peristalsis and normal homeostasis.64 C. perfrin-
gens is classified into five biotypes (A, B, C, D, and E) based on the 
production of four major exotoxins, namely alpha (CPA), beta 
(CPB), epsilon (ETX), and iota (ITX); however, the production of 
more than 16 different exotoxins in various combinations has been 
associated with these bacteria, including perfringolysin O (PFO), 
enterotoxin (CPE), and beta2 toxin (CPB2).64 The different bio-
types of C. perfringens cause different diseases in relation with the 
exotoxins they produce. The major effect of the phospholipase/
sphingomyelinase CPA, produced by all C. perfringens biotypes, is 

cell lysis and hemolysis, and its role on intestinal disease of large 
animals is not well understood. However, this toxin has been associ-
ated with hemolytic disease and hemorrhagic enteritis in large ani-
mals; CPB, produced by C. perfringens types B and C, is a trypsin-
labile toxin associated with necrotizing enteritis and enterotoxemia 
in large animal neonates; ETX, produced by C. perfringens types D 
and B, is a trypsin-activated necrotizing toxin associated to vasculi-
tis, edema, and necrosis of the CNS and enterotoxemia; and ITX, 
another trypsin-activated necrotizing toxin produced by C. perfrin-
gens type E, has also been associated to intestinal disease in small 
ruminants.64,65 C. perfringens types C and D are considered the 
most important types in veterinary medicine as they can cause dis-
ease in most farm animals.66 Severe clinical disease due to bacteria 
sporulation and massive toxin production only occurs when the 
normal intestinal environment and microbial balance are disrupted 
in affected individuals. Decreased peristalsis and poor ruminal and 
abomasal function have also been proposed as factors that contrib-
ute to disease presentation. Weather and handling stresses, feed 
changes, and an overabundance of high-energy feeds such as milk, 
bakery products, and cereal grains might promote bacteria  
overgrowth and exotoxin synthesis and release. Additionally, other 
enteric infections that disrupt the mucosal border may increase 
systemic absorption of toxins and promote severe disease.

C. perfringens type A Disease
C. perfringens type A is a normal inhabitant of the intestinal tract of 
large animals and is ubiquitous in the environment (soil). One 
study reported C. perfringens type A as the most common isolate 
among other clostridia from healthy young lambs.67 C. perfringens 
type A has been associated with a fatal hemolytic syndrome in 
younger lambs and cattle but not goats (“yellow lamb disease”),66,68 
acute hemorrhagic enteritis and hemolytic enterotoxemia in cattle 
(hemorrhagic bowel/jejunal syndrome) and goats,66,69,70 and intes-
tinal hemorrhage and splenomegaly in farmed deer.71,72 Risk factors 
for infection have not been established; however, high soluble car-
bohydrate diets and high BCSs have been associated with clinical 
disease.69,70,72 This disease occurs most commonly in lambs 2 to 
6 months old. Under favorable conditions, the organisms prolifer-
ate and cause a corresponding increase in alpha toxin production. 
The alpha toxin (CPA), in synergy with the beta2 toxin (CPB2),  
is responsible for hemolytic crisis, vasculitis, and gastrointestinal 
lesions. The clinical course usually is less than 24 hours.

Clinical Signs. In most cases, sudden death or history of found 
dead is common. Clinical signs observed usually include weak-
ness, depression, fever or hypothermia, icterus, anemia, hemoglo-
binuria, tachypnea, colic, hemorrhagic diarrhea or absence of  
feces, and terminal recumbency.66,69,70–72 Adult animals also are 
susceptible to hemolytic disease and vasculitis caused by C. per-
fringens type A infection.66 Fatal abomasitis and rumenitis in neo-
nates and juveniles also have been blamed on C. perfringens type 
A, but the rapid postmortem proliferation of the organism makes 
substantiation of this claim difficult.73 Morbidity in a flock is 
lower than for many of the other enteric clostridial diseases, but 
the mortality rate is very high.

Diagnosis. The most characteristic clinicopathologic change is 
neutrophilic leukocytosis with a left shift. Other evidence of sys-
temic toxemia (metabolic acidosis, azotemia, and increases in liver 
and muscle enzymes) also may be seen. Laboratory evaluation 
reveals evidence of intravascular hemolysis. Necropsy in sheep, 
goats, and cervids usually reveals evidence of hemolysis, pallor, 
jaundice, hemoglobinuria, hyperemic and edematous intestines, 
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splenomegaly, gastrointestinal serosal and mucosal hemorrhage, 
and multifocal internal petechial hemorrhages.66,69,70–72 The isola-
tion of C. perfringens type A from necropsied animals is not itself 
diagnostic. Definitive diagnosis can be made based on identifica-
tion of the alpha toxin and the absence of other toxins by ELISAs 
or older, live animal assays. More recently, multiplex PCR tech-
niques are replacing immunodiffusion assays for the identification 
of a specific toxin-producing gene isolate, typing of bacteria, and 
demonstration of toxins or toxin genes.74 Gut content and intes-
tinal samples collected from freshly dead animals make the most 
meaningful samples for diagnosis.74

Treatment. Administration of high doses (. 30,000 IU/kg 
BID) of penicillin and Clostridium antitoxin (10–20 mL 
subcutaneously [SC] or orally [PO]) is the mainstay of treat-
ment, although animals may die acutely before therapies can 
be instituted.

Prevention. A conditionally licensed toxoid against the clos-
tridial alpha toxin is available for cattle in the United States. A 
recent report demonstrated that a new vaccine including recom-
binant CPA, CPB, and ETX was effective at inducing protective 
antibodies to C. perfringens biotypes in cattle, sheep, and goats. 
This could be an alternative for the prevention of morbidity and 
mortality caused by C. perfringens type A. Prevention efforts 
should focus on environmental hygiene and avoiding gut condi-
tions favorable for proliferation of the organism (high content of 
soluble carbohydrates in the diet). Because this type appears to 
survive better in soil than other types, preventing ingestion of soil 
may be important in preventing disease.

C. perfringens Type B and C Disease
C. perfringens types B and C occur in the soil and the animals’ 
housing environment and can be shed by asymptomatic individu-
als. The reported geographic range of both diseases is limited  
(type B to the United Kingdom and South Africa and type C  
to the United Kingdom, Australia, and North America), even 
though infection with C. perfringens type C appears to occur 
worldwide. These organisms cause very similar diseases called 
lamb dysentery and hemorrhagic enterotoxemia, respectively. Very 
young lambs and kids (1–4 days to 2–3 weeks of age) are usually 
affected due to the presence of trypsin inhibitors in colostrum.75 
Older animals may become susceptible as a result of overwhelm-
ing infection or trypsin inhibition by some soy and sweet potato 
products or temporary suppression of pancreatic trypsin produc-
tion (Struck in adult sheep). With both diseases, the beta toxin 
(CPB) is a required pathophysiologic factor, and inactivation of 
this toxin after maturation of pancreatic trypsinogen secretion is 
what commonly limits the susceptible population to neonatal 
animals. The cytolytic and necrotizing effects of the beta toxin 
(CPB), in synergy with the beta2 toxin (CPB2), cause necrosis 
and ulceration of the intestinal mucosa and are translocated into 
circulation, causing severe toxemia and death.75 The diseases ini-
tially affect lambs and kids younger than 3 days of age, with illness 
occasionally occurring in older lambs. The incidence of disease in 
lambs and kids can be around 15 to 30%, with a case fatality rate 
of 100%. High stocking density in lambing areas, cold weather, 
single-born lambs, and high milk production of dams have been 
suggested as potential risk factors for type B and C enterotox-
emia.76 Because of management practices in young animals and 
age-related vulnerability, fecal contamination of teats, hands, and 
equipment that enter the mouths of the neonates (orogastric 
tubes and nipples) is a major cause of infection.

Clinical Signs. Severely affected animals or those at the begin-
ning of an outbreak usually are found dead. Less acutely affected 
animals expel initially yellow, fluid feces that progressively become 
brownish and/or hemorrhagic. Feces may also contain flecks of 
blood and show splinting of the abdomen, especially when han-
dled, along with signs of colic and feed refusal. The clinical course 
usually is short, and the disease is almost always fatal. One study 
reported acute abdominal pain, hemorrhagic diarrhea, and death 
within 24 hours of experimental oral inoculation of three goat kids 
with a field strain of C. perfringens type C.75 Dehydration, anemia, 
and severe weakness are also common clinical signs in affected 
animals. Terminal convulsions and coma occasionally are noted, 
especially in outbreaks in the United States. C. perfringens type C 
in older sheep causes the disease known as “struck.” Affected ani-
mals usually are found dead or with signs of toxemia. Specific an-
temortem signs of gastrointestinal disease are rare. Specific ante-
mortem signs of gastrointestinal disease are rare. Clinical pathology 
changes observed in these animals include neutrophilic leukocyto-
sis with a left shift. Additional evidence of systemic toxemia 
(metabolic acidosis, azotemia, and increases in liver and muscle 
enzymes) also may be seen.

Necropsy Findings. Postmortem examination reveals focal 
hemorrhagic ulcers (up to 2.5 cm in diameter) in the small intes-
tine (mostly in the ileum) with type B infection and diffuse red-
dening with hemorrhage and necrosis of the abomasum and the 
entire segments of the intestine with type C infection. Type C in-
fections in ruminants can also present with generalized peritonitis, 
subendocardial and subepicardial hemorrhages, and hemorrhagic 
lymph nodes. Animals that die very rapidly may exhibit minimal 
or no gross abnormalities of the intestine. A similar syndrome of 
type C enterotoxemia has been previously reported in a sika deer 
(Cervus nippon).72 Sudden death, severe hemorrhagic gastritis in-
cluding forestomach and abomasum, and catarrhal enteritis was 
observed in the affected animal.

Diagnosis. Diagnosis of these diseases is made by identifica-
tion of characteristic history, clinical signs, postmortem lesions, 
and positive toxin assays. Because the beta toxin is very labile, 
negative toxin assays are less significant than negative assays  
for presence of other tissue-invading clostridia. The isolation of  
C. perfringens type B or C from necropsied animals is not itself 
diagnostic. Immunodiffusion assays or multiplex PCR of intesti-
nal contents for specific isolate and beta toxin (CPB) identifica-
tion are recommended to obtain final diagnosis (see “Diagnosis” 
in “C. perfringens type A” section).

Treatment. If the infection is identified early in the disease 
course, high doses of oral and parenteral penicillin and C. perfrin-
gens C and D antitoxin may be of benefit. IV fluids and antiinflam-
matory agents may be indicated as well. Usually, the condition is 
not recognized early enough, and animals are found dead or dying.

Prevention. A beta toxoid is available in the United States and 
other countries. It usually is packaged with an epsilon toxoid. The 
best protection is achieved by vaccinating pregnant dams twice, 
with the second dose administered approximately 3 to 4 weeks 
before lambing or kidding and annual booster. Deer does should 
receive double the dose of sheep as low antibody responses to 
clostridia have been reported in these animals.77,78 Vaccination of 
pregnant dams is directed to increase specific colostrum antibod-
ies to protect neonates. Juveniles also should be vaccinated twice 
or three times at 2 months, 3 months, and 4 months. Adults, 
including males, should receive an annual booster. In the face of 
an outbreak, the lambing area should be moved to a different 
place. Additionally, vaccination of dams and newborns with a 
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beta toxoid and administration of C. perfringens C and D anti-
toxin can be carried out in the face of an outbreak to reduce 
morbidity and mortality.

C. perfringens Type D Disease
C. perfringens type D produces epsilon toxin (ETX), which is re-
sponsible for causing type D enterotoxemia in sheep, goats, calves, 
and deer.79,80 Other common names for the disease include “over-
eating disease” or “pulpy kidney disease.” The disease has a world-
wide distribution and occurs primarily in suckling lambs of 1 to 
10 weeks of age, although it has also been reported in weaned 
lambs up to 10 months of age and adult sheep. The disease is also 
common in grazing goats and deer. The prevalence of disease has 
been reported from 1.49 to 3.14%, with a 100% case fatality rate 
in feedlot lambs.81 One study on proportional distribution of goat-
herd mortality in the province of Quebec, Canada, reported a 
17.1% mortality of goats to C. perfringens type D enterotoxemia.82 
The disease is more common in feedlot lambs after they enter the 
lot. Tail docking, castration, and other management interventions 
are thought to decrease the incidence of this disease by temporarily 
decreasing appetite. The disease also affects unvaccinated adult 
sheep, even without any history of stressors or feed changes. Sud-
den changes in the diet are the main predisposing factor in goats. 
The disease can occur in vaccinated goats, as vaccination has not 
demonstrated to be completely protective in this species.83,84

C. perfringens type D is normally found in the gastrointestinal 
tract of healthy ruminants, but the acid environment of the ab-
omasum and continuous peristalsis help to keep numbers of bac-
teria and levels of toxin production low. However, under specific 
conditions such as overingestion of high-energy feeds (milk, grain, 
and lush pasture), excess of fermentable starches in the intestine, 
and intestinal stasis, the organism proliferates rapidly, producing 
lethal quantities of epsilon toxin. These conditions are usually  
triggered in well-conditioned, fast-growing animals that are on a 
highly nutritious diet. The epsilon toxin, once produced, acts lo-
cally, causing increasing gut permeability and widespread tissue 
damage. Epsilon toxin and other exotoxins are then absorbed 
through the intestinal tract into systemic circulation and trans-
ported to the brain, lungs, and kidneys, causing increased endothe-
lial permeability, perivascular edema, and generalized necrosis.79,83 
The characteristic increased vascular permeability and perivascular 
edema in the kidney and brain are responsible for the name of 
“pulpy kidney disease” and “focal symmetric encephalomalacia.”

Clinical Signs. The course of the disease is usually very short 
(0.5–12 hours), so sudden or spontaneous death is a common 
clinical sign across affected small ruminant species.80,84–86 Natural 
disease caused by C. perfringens type D differs between sheep and 
goats, possibly because of a difference in relative local and sys-
temic actions of the epsilon toxin, although experimental models 
have demonstrated that both species develop similar lesions.84,87,88 
In sheep, systemic actions of the toxin leads to mostly neurologi-
cal signs such as dullness, depression, ataxia, trembling, stiff 
limbs, opisthotonus, convulsions, frothy mouth, and rapid death. 
In goats, actions of the toxin appear to be more localized to the 
intestinal tract, causing enterocolitis, colic, diarrhea, dehydration, 
and occasional neurological signs.85,86

Necropsy Findings. Postmortem findings in sheep are charac-
terized by edema of the brain, lungs, and heart in addition to 
hydropericardium.89 Edema of the kidneys (pulpy kidney lesion) 
is inconsistent. Sheep usually demonstrated minor and inconsis-
tent intestinal changes.89 Other lesions reported in cattle and deer 

include hemorrhages on the epicardium, thymus, and diaphragm 
and petechial hemorrhages in the jejunal mucosa.80,90 Necropsy 
lesions reported in goats include pseudomembranous enterocolitis 
with mucosal ulceration, as well as fibrin, blood clots, and watery 
contents in the bowel lumen. Evidence of systemic toxemia,  
including multifocal petechial and ecchymotic hemorrhage, pro-
teinaceous exudates in body cavities, pulmonary edema, hydro-
pericardium, and cerebral malacia with perivascular cuffing, have 
also been reported in goats and affected deer.80,84,87,88,91

Clinical Pathology. Characteristic clinicopathological changes 
include pronounced hyperglycemia and glucosuria, which are 
considered a hallmark of C. perfringens D enterotoxemia.86 Addi-
tionally, neutrophilic leukocytosis with a left shift and evidence of 
systemic toxemia (metabolic acidosis, azotemia, and increases in 
liver and muscle enzymes) also may be seen.

Treatment. In general, the course of disease is too acute for 
the establishment of any treatment. However, as with infections 
with types B and C, if the disease is identified early in the disease 
course, high doses of oral and parenteral penicillin in addition to 
Clostridium C and D antitoxin may be of benefit. IV fluids and 
antiinflammatory agents may be indicated as well.

Prevention. Vaccination of pregnant ewes with two doses of 
toxoid, with the second dose given 3 to 4 weeks before lambing, and 
adequate ingestion of colostrum are the best methods of protecting 
newborn lambs. Vaccination of older lambs should occur before 
exposure to diets rich in carbohydrates (grain—feedlot settings) or 
lush pastures. In these cases, lambs should be vaccinated twice or 
three times around 2, 3, and 4 months of age. Males and adult fe-
males that are not part of the breeding program may be vaccinated 
annually. Vaccination has been shown to protect goats from experi-
mental disease, but clinical evidence suggests that well-vaccinated 
goats are still susceptible to developing clostridial enteritis. The tox-
oids may not protect against local action of the toxins in the goat, 
which appears to play a greater role in their disease than it does  
in the sheep.84,87,88 More frequent vaccination (every 6 months) in 
goats is suggested to increase protection. The adjuvant present in 
some multivalent clostridial vaccines may cause subcutaneous reac-
tions that may lead to abscess formation. In the face of an outbreak, 
immediate mass administration of C and D antitoxin (200 IU/kg) 
in addition to vaccination is recommended.92

Nonenteric Clostridial Infections
C. novyi, C. septicum, C. chauvoei, and C. sordelli have been iden-
tified as causal agents of severe muscle, liver, and abomasal necro-
sis in small ruminants and cervid species.66,93–95 These organisms 
are usually present in the soil and environment and in the gastro-
intestinal tract and liver of healthy ruminants.66 Pathogenesis is 
usually facilitated by trauma of affected tissues, local multiplica-
tion of the organism, local and systemic damage by exotoxin 
production, and ultimately death.66,96 Four types of C. novyi have 
been described, A, B, C, and D. C. novyi type C is considered 
nontoxigenic and therefore is not associated with disease. C. novyi 
type A produces alpha toxin and is associated with wound infec-
tions and myonecrosis in cases of “bighead” and “malignant 
edema.” C. novyi type B produces alpha and beta toxins and is 
associated with infectious necrotic hepatitis or “black disease.”97,98 
The temporal and geographic distributions of black disease re-
semble those of fascioliasis, with the highest incidence of disease 
in milder, moister months in many countries. Black disease is less 
common in sheep than in cattle and is rare in goats.66,96 C. novyi 
type D (C. haemolyticum) produces beta toxin and is associated 
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with bacillary hemoglobinuria (red water disease). C. septicum 
produces alpha toxin and is associated with malignant edema and 
necrotic abomasitis (Braxy). C. chauvoei produces alpha and beta 
toxins and is associated with severe myonecrosis observed in 
blackleg and C. sordelli produces a hemolytic toxin associated with 
myonecrosis in cases of malignant edema and blackleg.96,97

Black Disease
Pathogenesis. Spores of the organism shed in feces of carrier 

animals contaminate the environment and are ingested with feed/
grass and stored within Kupffer cells.97,98 Liver damage caused by 
migrating liver fluke larvae (Fasciola hepatica, Fasciola gigantica, and 
Cysticercus tenuicollis) create perfect ischemic conditions that induce 
germination of C. novyi type B spores and toxin synthesis and pro-
duction.97,98,99 The alpha toxin is necrotoxic and causes liver necro-
sis and diffuse damage of the vascular system.98 The beta toxin is 
produced in smaller amounts and contributes to vascular damage 
and systemic toxemia. Infective organisms also may be brought into 
the liver by the flukes.

Clinical Signs. The course of disease from first illness to death 
is short and never lasts more than a few hours in sheep. Therefore, 
peracute or sudden death is not uncommon in this species. Well-
nourished adult sheep between 2 and 4 years are more commonly 
affected. The disease course is a little longer (1–2 days) in cattle 
and deer.66,95 Affected sheep are debilitated, fail to keep up with 
the flock, and exhibit generalized weakness, sternal recumbency, 
separation, and anorexia. Tachypnea and tachycardia may be seen; 
high fever (105–107° F) occurs early in the disease. Clinical signs 
observed in cattle, goats, and deer are similar and may include 
severe depression, anorexia, abdominal distention, colic, ruminal 
stasis, and lateral recumbency.66,94,95,99,100,101 A report of black 
disease in a forest reindeer (Rangifer tarandus fennicus) described 
serosanguinous discharge from mucocutaneous orifices (nostrils 
and anus), periorbital edema, and nystagmus in addition to other 
clinical signs.95

Necropsy Findings. Necropsy might be difficult due to rapid 
autolysis of tissues in affected animals. Severe venous congestion 
usually darkens the underside of the skin of affected animals, giv-
ing this disease its common name of “black disease.” Fluid in the 
pericardial sac, pleural space, and peritoneal cavity is usually pres-
ent.66 Endocardial and epicardial hemorrhages are a common 
finding. The liver is swollen and congested and on its diaphrag-
matic surface presents pale foci of coagulation necrosis; however, 
solid organs such as liver and kidneys could be in an advanced 
state of autolysis. Characteristic lesions of black disease in the liver 
are single or multiple yellow to white areas (1–2 cm in diameter) 
of necrosis surrounded by a bright hyperemic zone.102 A recent 
report of black disease in a reindeer described moderate amounts of 
dark red thoracic and pericardial fluid, edema of the lungs and up-
per respiratory tract, swollen spleen, and several well-circumscribed 
areas of black discoloration in the liver.95

Diagnosis. The most characteristic clinicopathological change 
is neutrophilic leukocytosis with a left shift. Additional evidence 
of systemic toxemia (metabolic acidosis, azotemia, and increases 
in liver and muscle enzymes) also may be seen; however, diagnosis 
of black disease is based on characteristic history (endemic liver 
fluke areas), clinical signs, and postmortem findings and testing. 
An impression smear of the margins of the liver might reveal large 
numbers of gram positive rods, but this is not definitively diag-
nostic. Anaerobic culture of C. novyi from typical liver lesions, 
in addition to demonstration of the alpha/beta toxins from  

peritoneal fluid or liver (fresh—refrigerated), through ELISA or 
PCR is required to establish final diagnosis.98,100 The use of fluo-
rescent antibody and IHC for the identification of C. novyi on 
liver impression smear samples or other liver (formalin-fixed) 
samples have also been described.95,100

Treatment and Prevention. Treatment is rarely possible be-
cause of the fulminant clinical course of the disease; however, if 
treatment is attempted, high doses of penicillin G sodium 
(20,000–40,000 IU/kg) IV every 6 hours or oxytetracycline  
10 mg/kg IV every 12 hours should be initiated. Supportive care, 
including IV fluids, nutritional support, and stress reduction, may 
be beneficial. In the face of an outbreak, vaccination of the whole 
herd/flock should be initiated immediately.

Efforts to control fluke infestation constitute the most effective 
approach to prevention of this disease. Administration of multi-
valent clostridial vaccines containing C. novyi is highly effective. 
Animals should be vaccinated every 6 months starting around  
2 to 3 months of age and before parturition as protective immu-
nity is short lived. In flocks at high risk for developing this  
disorder, a booster vaccine given 1 month before expected fluke 
exposure may provide additional protection.99,100 Deer should be 
vaccinated in the same fashion as sheep but double the vaccine 
dose for sheep should be used for these animals as they do not 
develop a strong antibody response to commercially available 
multivalent vaccines.77,78 Efforts to eliminate the organism from 
soil and environment are usually unrewarding but carcasses of 
animals dying from the disease should be burned, deeply buried, 
or removed from the premises.

Bacillary Hemoglobinuria (Red Water Disease)
Pathogenesis. C. novyi type D (C. haemolyticum) is the etio-

logic agent associated with red water disease. C. haemolyticum is 
similar to other clostridial species in its life cycle and appears to 
thrive on alkaline soils and pastures with standing water. The dis-
ease tends to be seasonal occurring at times of high larval fluke 
migration. Similar to C. novyi B, C. haemolyticum colonizes the 
livers of healthy animals and proliferates after liver damage, includ-
ing damage caused by migrating flukes (F. hepatica, Fascioloides 
magna, Dicrocoelium dendriticum, and C. tenuicollis), liver absces-
sation (Fusobacterium necrophorum or Trueperella pyogenes), or 
damage incurred during liver biopsy.100,103 Under ischemic condi-
tions of the liver, spores of C. haemolyticum germinate and produce 
high amounts of beta toxin. The beta toxin causes localized hepatic 
necrosis and after reaching circulation induces severe intravascular 
hemolysis and damage of the capillary endothelium.103 Intravascu-
lar hemolysis leads to rapid anemia and death due to anoxia. The 
disease is seen worldwide and is more commonly reported in sheep 
than in goats. Bacillary hemoglobinuria has been reported in a 
free-ranging elk calf (Cervus elaphus roosevelti) found dead in the 
southwest of the state of Washington, United States.104

Clinical Signs. Bacillary hemoglobinuria usually affects well-
nourished animals older than 1 year of age.105,106 In most cases, 
the disease is per-acute and sudden dead or found dead is the only 
sign.103 In cases where signs are recognized antemortem, affected 
animals appear weak, depressed, and febrile (104–106° F); blood 
or blood-tinged froth may be present in the nostrils; rectal bleed-
ing and bloody feces may be present; and severe hemoglobinuria 
(dark red, port wine-colored urine) is usually observed.105,106 
Blood appears thin and watery and mucous membranes are  
pale and icteric. Heart and respiratory rates are high and become 
much higher with any sort of effort or stress. Other terminal signs 
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include bloat and the presence of blood in the nostrils, mouth, 
vagina, and rectum. Death occurs within hours to a few days after 
onset of clinical signs.100

Necropsy Findings. Gross lesions include jaundice of mucous 
membranes and tissues and subcutaneous petechial/ecchymotic 
hemorrhages, edema, and emphysema. Marked autolysis of inter-
nal organs might prevent identification of typical lesions. Dark 
red urine is present in the bladder.102 Lymph nodes and spleen are 
congested and hemorrhagic. Hemorrhagic abomasitis and enteri-
tis might occur, as well as the presence of hemoglobin-stained 
transudate in pleural and peritoneal cavities and pericardial sac. 
Pulmonary edema is common. The pathognomonic lesion is the 
ischemic hepatic infarcts ranging from 5 to 30 cm in diameter 
with a hyperemic interface with healthy liver tissue.100,102

Diagnosis. Clinicopathological abnormalities usually include 
anemia, leukocytosis with mature neutrophilia, and degenerative left 
shift (immature forms of neutrophils and toxic changes) often is 
present.106,107 Serum biochemical evaluation may reveal increased 
levels of liver enzymes such as sorbitol dehydrogenase, GGT, aspar-
tate aminotransferase, and increased indirect total serum biliru-
bin.105–107 Presumptive diagnosis can be made on history, clinical 
sigs, clinicopathological abnormalities, and postmortem findings; 
however, similar to black disease, final diagnosis should be based on 
anaerobic culture of C. novyi from typical liver lesions in addition to 
demonstration of the beta toxins from peritoneal fluid or liver 
(fresh—refrigerated) through ELISA or PCR techniques.98,100,104,106 
The use of fluorescent antibody and IHC for the identification of C. 
novyi on liver impression smears or other liver (formalin-fixed) 
samples has also been described.95,100 More recently, a PCR assay for 
the detection of C. novyi type D in cattle has been reported.107

Treatment and Prevention. Treatment is rarely possible be-
cause of the fulminant clinical course of the disease; however, if 
treatment is attempted, high doses of penicillin G sodium 
(20,000–40,000 IU/kg) IV every 6 hours or oxytetracycline  
10 mg/kg IV every 12 hours should be initiated. Supportive 
therapy should include the administration of IV fluids, blood 
transfusions, and antiinflammatory agents. Efforts to control liver 
flukes and prevent other causes of liver damage are most impor-
tant. Administration of multivalent clostridial vaccines containing  
C. novyi is highly effective. Animals should be vaccinated every 
6 months starting around 2 to 3 months of age and before partu-
rition as protective immunity is short lived. In flocks at high risk 
for developing this disorder, a booster vaccine given 1 month 
before expected fluke exposure may provide additional protec-
tion.100 Deer should be vaccinated in the same fashion as sheep, 
but double the vaccine dose for sheep should be used as these 
animals as they do not develop a strong antibody response to 
commercially available multivalent vaccines.77,78 Efforts to elimi-
nate the organism from soil and environment are usually unre-
warding but carcasses of animals dying from the disease should be 
burned, deeply buried, or removed from the premises.

Bighead
Pathogenesis and Clinical Signs. Fecal and soil contamina-

tion of wounds received during fighting (head-butting) or de-
horning (disbudding) leads to proliferation of C. novyi type A in 
damaged head and neck tissues.100 Accumulation of secreted tox-
ins leads to swelling, edema, serohemorrhagic exudates, and local 
tissue necrosis. Wounds appear and smell gangrenous. Systemic 
toxemia may affect internal organs, leading to the death of the 
animal. C. sordelli causes identical disease.

Diagnosis. Laboratory analysis may reveal an increase in en-
zymes of muscle or liver origin as well as neutrophilic leukocytosis 
with many immature and toxic neutrophils. Postmortem findings 
include local necrosis around the injury site. Diagnosis usually is 
made by characteristic clinical signs and lesions.

Treatment. Wound management (disinfection, debridement) 
and administration of high doses of penicillin G sodium (20,000– 
40,000 IU/kg) IV every 6 hours are important treatment  
considerations.

Prevention. Ram management may aid in the prevention of 
head-butting wounds. Vaccination with multivalent clostridial 
toxoids starting around weaning time (3–6 months of age) and 
with annual boosters also may be helpful. In flocks with a high 
prevalence of this disorder, a booster vaccine given to rams  
1 month before the breeding season and to ewes/does before par-
turition may provide additional protection.100

Malignant Edema and Braxy
Pathogenesis. C. septicum is the most important agent in the 

pathogenesis of malignant edema and braxy. In the case of malignant 
edema, other tissue-invasive clostridia (C. chauvoei, C. sordelli, and 
C. perfringens A) have also been associated with this disease, and 
mixed infections are common. The pathogenesis of infection is often 
similar to that seen with bighead and blackleg: soil or fecal clostridial 
invasion of a contaminated wound. In sheep and goats, this disease 
has been reported following lambing/kidding, after shearing of tail 
docking.100 C. septicum can also invade the abomasal lining of lambs, 
causing severe hemorrhagic, necrotic abomasitis known as braxy.108 
Activation of dormant bacteria in previously damaged tissue  
(myositis/abomasitis) similar to that seen in clostridial necrotic 
hepatitis also occurs.108 In both cases (malignant edema and braxy), 
bacterial toxins precipitate local tissue necrosis and systemic toxemia. 
The alpha, beta, gamma, and delta toxins produced by C. septicum 
are lecithinase, deoxyribonuclease, hyaluronidase, and hemolysin, 
respectively. Commonly affected sites of malignant edema include 
castration, dehorning, and injection sites; the umbilicus; and the 
postpartum uterus.100 Factors that promote braxy have not been 
identified, although it usually affects weaned and yearling lambs in 
the winter after ingestion of frozen feedstuffs implicated as initial 
causes of abomasitis.100,108 Both forms of the disease have worldwide 
distribution and are described more in sheep than in goats.100,108

Clinical Signs. Malignant edema is characterized by local le-
sion (wound) or regional pain characterized by swelling and 
edema that progressively becomes tense and dark (skin). High 
fever, signs of shock/toxemia, and frothy exudation of the wound 
are usually present. Evidence of subcutaneous gas production is 
less common in this infection than in blackleg. Uterine infection 
may cause a fetid vaginal discharge. Death occurs within hours to 
a few days after onset of clinical signs.100 Braxy usually causes 
death before any abnormalities are noted. On rare occasions, signs 
of sudden onset of illness with high fever, abdominal distention, 
depression, colic, and recumbency may be seen before death.100

Diagnosis. Characteristic clinicopathologic changes include 
neutrophilic leukocytosis with a left shift. A decrease in WBC and 
RBC counts also is possible because of the leukocidal and hemo-
lytic effects of the toxins. Additional evidence of systemic toxemia 
(metabolic acidosis, azotemia, and increases in liver and muscle 
enzymes) also may be seen. Examination of a Gram-stained smear 
from the edematous swelling(s) or wound swabs could give an 
early diagnosis. One study reported the successful use of a PCR 
assay for the identification of bacteria associated with malignant 
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edema in cattle, sheep, and other ruminants.109 Postmortem 
changes with malignant edema include dark red, swollen muscle 
filled with hemorrhagic, proteinaceous exudate and little or no 
gas. With braxy, the abomasal wall is hemorrhagic and necrotic. 
Both diseases are associated with rapid postmortem decomposi-
tion of the carcass.

Treatment and Prevention. Wound management and the 
rapid administration of high doses of penicillin (penicillin G so-
dium at 20,000–40,000 IU/kg IV every 6 hours) are important in 
treating malignant edema. Local treatment consists of surgical 
incision of the affected area to provide drainage and irrigation 
with peroxide. Injection of penicillin directly into or in the pe-
riphery of the lesions may help. Ancillary treatments such as IV 
fluids, antiinflammatory agents (e.g., flunixin meglumine, 2 mg/kg 
IV), and nutritional support may be necessary. Maintenance of 
good hygiene during procedures such as lambing, tail docking, 
shearing, castration, obstetric manipulation, and administering 
injections is helpful in preventing malignant edema. Multivalent 
clostridial toxoids may provide some protection and should be 
given annually to animals at risk for the disorder.110

Blackleg
Pathogenesis. Several species of clostridial organisms can 

cause myonecrosis in small ruminants.93,111,112 The disease is acute 
to per-acute, has a short course of duration, and is usually fatal. 
C. chauvoei, C. septicum, and C. sordelli are commonly involved 
with clostridial myonecrosis in ruminants.111–113 Blackleg can be 
enzootic in some areas or farms because of increased bacterial 
contamination and occurs more commonly in the warm months 
of the year.113–115 Animals between 4 months and 3 years of age 
can be affected.111,112 C. chauvoei is the most important cause of 
blackleg. C. sordelli tends to be involved in the myonecrosis of 
older feedlot animals.112 These organisms are found in the soil and 
can gain access to muscles after translocation from the gastroin-
testinal tract and liver into systemic circulation. Additionally,  
direct inoculation of the organisms by penetrating wounds or 
intramuscular injections has been suggested. Local tissue trauma, 
wounds, unsanitary procedures (i.e., shearing, tail docking, and 
castration), umbilical infection (neonates), or vaginal trauma 
from lambing can create perfect conditions for the germination of 
clostridial spores inducing rapid toxin synthesis and produc-
tion.113 In some cases, bacterial proliferation appears to occur in a 
site distant from the original wound (i.e., fetal infections after 
shearing of a ewe and myocardial necrosis in cattle and sheep).113 
Bacterial toxins cause severe local tissue necrosis, systemic tox-
emia, and ultimately death. As with braxy, several other strains  
of tissue-invasive clostridia can cause this disease and mixed  
infections are common.

Clinical Signs. Clostridial myonecrosis usually progresses 
rapidly and sudden death or history of found dead is not uncom-
mon.111–113 Clinical signs in animals who are still alive include lo-
cal to regional painful, edematous swelling most commonly in the 
limbs or trunk muscles. Skin of the affected area can become dis-
colored and crepitus; however, in affected sheep, subcutaneous 
edema and gaseous crepitation are uncommon and cannot be felt 
before death.111 Other signs might include stiff gait, lameness, 
fever, and signs of shock. In cases where the infection occurred 
through a wound, there is extensive local damage and malodorous 
serosanguinous fluid discharge. C. chauvoei also causes uterine in-
fection and severe gangrenous mastitis in postparturient ewes.111,113 
In these cases, uterine and mammary infections may cause fetid 

vaginal and mammary discharge, respectively. Death often occurs 
within 12 to 36 hours after onset of clinical signs.

Necropsy Findings. Rapid tissue autolysis is not uncommon 
in animals that succumb to clostridial myonecrosis. Blood-
stained fluid and froth can be observed discharging from nostrils 
and anus. In small ruminants and especially sheep, affected 
muscle areas are more localized and deeper, brown to black dis-
coloration is present, the subcutaneous edema is not as severe, 
and, although there is gas present, is not in such large amounts 
as in cattle. In cases of infection from skin wounds, the area 
demonstrates subcutaneous edema, swelling, and underlying 
muscle discoloration. In cases of infection through the urogeni-
tal tract, typical lesions are found in the perineal area, vagina, 
uterus, and fetus. Lung congestion, fibrinohemorrhagic pleuri-
tis, pericarditis, myocardial damage, and bloat are also common 
findings.111,112

Diagnosis. It is rarely possible to obtain samples for clinico-
pathological analysis due to the per-acute course of the disease. If 
samples can be obtained, common findings include neutrophilic 
leukocytosis with a left shift. A decrease in WBC and RBC counts 
also is possible because of the leukocidal and hemolytic effects of 
the toxins. Additional evidence of systemic toxemia—metabolic 
acidosis, azotemia, and increases in liver and muscle enzymes—
also may be seen. Presumptive diagnosis can be made from his-
tory, characteristic clinical signs, and gross pathology findings; 
however, aspirates or tissue specimens from affected muscles for 
direct smear examination, fluorescent antibody testing, or anaero-
bic culture are required for definitive diagnosis.111,112 A multiplex 
PCR is available for identification of pathogenic clostridia on 
fluid and tissue samples.109

Treatment and Prevention. Aggressive antibiotic therapy (e.g., 
penicillin G sodium or potassium penicillin at 20,000–40,000 
IU/kg IV every 6 hours), in combination with surgical debride-
ment of affected tissues (fasciotomy), and supportive care (nutri-
tional support, IV fluids, and antiinflammatory agents) are 
important within the treatment plan for clostridial myositis. Prog-
nosis for treatment of all types of clostridial myositis cases is usu-
ally guarded to poor and depends on the duration and extension 
of the lesions. Maintaining excellent hygiene during invasive pro-
cedures such as castration, obstetric manipulation, shearing, tail 
docking, and administering injections is helpful in preventing 
blackleg. Multivalent clostridial toxoids may provide some protec-
tion and should be given to all animals starting at weaning time, 
before parturition, and annually.114,115

Diseases Caused by Noninvasive Clostridia
Both tetanus and botulism are important diseases in small rumi-
nant medicine. These two diseases are covered elsewhere in this 
book (see Chapters 5, 11, 13, 19, and 20).

Juvenile and Adult Sepsis 

Pathophysiology
Older animals are generally more resistant to sepsis than neonates 
because they have larger amounts of circulating antibodies. How-
ever, this resistance can be overwhelmed by aggressive bacteria, or 
loss of immune function can allow invasion by opportunistic 
bacteria. Malnutrition, parasitism, transport, overcrowding, other 
diseases, extreme weather conditions, and other stressors are the 
major causes of immune suppression.
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Clinical Signs
Sepsis may produce peracute, acute, or chronic disease signs. Per-
acute signs include fever, injected mucous membranes (including 
the sclera), tachycardia, tachypnea, dyspnea, swollen joints, lame-
ness, splinting of the abdomen, weakness, depression, anorexia, 
recumbency, seizures, coma, and sudden death. Acute signs are 
similar, except that they persist for a longer period and therefore 
are more likely to be noticed. Chronic signs usually result from 
the partial clearance of infection after an acute episode, which 
may be clinical or inapparent.

Gram Negative Sepsis
Pathogenesis. Gram negative bacteria and their toxins gain 

access to the blood from a site of proliferation or destruction. The 
most important toxin is endotoxin, a group of lipopolysaccharide 
molecules that reside within the wall of the bacteria. Bacteria or 
endotoxins incite a systemic inflammatory response, chiefly 
through activation of host macrophages and stimulation of host 
cytokine release. These cytokines cause inflammation, produce 
leukocyte recruitment, increase capillary permeability, induce fever 
through stimulation of the hypothalamus, and have regional or 
diffuse vasomotor effects.

Because the ruminant gut has a plentiful population of gram 
negative bacteria, it is implicated as the source of most cases of 
gram negative sepsis. Grain overload causes a die-off of the normal 
gram negative ruminal flora, ulcerative enteric disease allows inva-
sion of bacteria or absorption of their toxins, and ingestion of 
pathogens provides a suitable place for proliferation and route for 
invasion of the body. Gram negative sepsis caused by opportunistic 
organisms is best recognized in immunocompromised neonates 
but also can be seen in stressed or immunocompromised animals 
of all ages. E. coli is commonly found in fecal material, Klebsiella 
pneumoniae is found in feces and wood products, F. necrophorum 
lives in the gastrointestinal tract and in soil and invades through 
compromised gastric mucosa or foot-rot lesions, and Pseudomonas 
aeruginosa is commonly found in water and wash solutions.

Primary pathogens are most common in adults. Although some 
coliform bacteria may fit into this category, by far, the most impor-
tant genus is Salmonella. Sources of Salmonella infection are 
numerous and include carrier animals of the same species, cattle, 
rodents, birds, other animals, environmental contamination, and 
possibly feedstuffs. Only one serotype of Salmonella is specifically 
adapted to sheep (Salmonella abortus ovis), and it is not found in 
North America. No strain is known to be host-adapted to goats or 
cervids. Therefore, all infections in sheep, goats, and cervids have 
the potential to spread to and from other species, including hu-
mans. Serotypes of Salmonella that have caused important infec-
tions in sheep or goats include Salmonella typhimurium, Salmonella 
dublin, and Salmonella montevideo. Most of these infections lead to 
bacteremia with mild systemic signs, followed by abortion. S. dub-
lin and S. typhimurium tend to cause more illness in adults because 
of fibrinonecrotic enteritis.

Clinical Signs. Affected animals can exhibit anything, from 
mild depression with a low-grade fever to shock. Common signs 
include fever, tachycardia, tachypnea, depression with slow or ab-
sent eating and drinking, weakness or recumbency, and injection 
or cyanosis of mucous membranes. Organ-specific signs may be-
tray the source or at least the primary location of the infection. 
Fetid discharge may be seen with metritis or abortion; dyspnea and 
abnormal lung sounds may be seen with pulmonary infection; and 

bloat, ruminal atony, abdominal distention, and diarrhea may be 
seen with gastrointestinal infections.

Diagnosis. The most common abnormality identified on a 
CBC with peracute gram negative sepsis is panleukopenia. Over 
the course of several days, this condition may resolve, first 
through an increase in immature neutrophils and later through an 
increase in mature neutrophils and restoration of lymphocyte 
counts. Very immature cells, severe toxic changes, and persistence 
of neutropenia suggest a poor prognosis. Serum biochemical 
changes often reflect the severity of the condition. The greater the 
evidence of shock or tissue damage, the worse the prognosis. 
Metabolic acidosis with a large anion gap and azotemia suggest 
advanced disease. Necropsy findings include diffuse evidence of 
inflammation, including pulmonary congestion, and polyserositis 
with body cavity exudates. Hemorrhagic pneumonia or fibrinone-
crotic enteritis may be seen and reflect the source of bacterial inva-
sion. In all cases, diagnosis is best confirmed by bacteriologic 
culture of body tissues or fluids. In the live animal, culture of 
blood, feces, or tracheal fluid yields the best results. When several 
animals are infected, environmental samples (including feed, wa-
ter, and bedding) should be tested for the presence of the bacteria. 
Bacteriologic culture of aborted fetuses or placentas frequently 
yields heavy growth of the organism.

Prevention. Maintaining overall good health and hygiene 
is the best means of preventing gram negative sepsis. Anti- 
endotoxin bacterins are available for cattle in the United States, 
but their use in small ruminants has been too limited to assess 
their efficacy. During a flock outbreak, the use of autogenous 
bacterin may help prevent the spread of disease on a farm.

Important Bacterial Causes of Sepsis
Actinobacillus seminis is a gram negative bacillus or coccobacillus 
that affects primarily the male and female reproductive tracts. 
Infection causes posthitis, epididymitis, and orchitis in rams and 
metritis and abortion in ewes. Other sites of infection, including 
rare occurrences of chronic sepsis, also are possible. Serologic tests 
are much more useful for identifying infected flocks than infected 
individuals within flocks. Definitive diagnosis depends on bacte-
riologic culture of the organism and differentiation of it from 
Brucella ovis. The bacillus is common in sheep in some parts of the 
world but is uncommon in North American sheep and goats.

T. pyogenes is best known as an abscess-forming bacterium be-
cause of the thick pus formed in response to infection by it and 
the fibrinous response it elicits. It occasionally also causes sepsis. 
Its association with chronic sepsis lends credence to the belief  
that Trueperella is often a secondary invader that colonizes tissues 
damaged by another bacterium (see Chapter 10).

Bacillus anthracis is a large, gram positive, anaerobic bacillus 
that causes anthrax. It forms spores under aerobic conditions (such 
as on culture plates) but rarely does so when oxygen tensions are 
low, as in carcasses. The organism affects most mammals, with 
herbivores being most susceptible. It is usually carried from one 
area to another by shedding or dying animals and also can multiply 
in alkaline, nitrogenous soils. Periods of heat and intermittent 
flooding promote overgrowth of the organism. B. anthracis spores 
may be inhaled or ingested; in rare cases, the bacillus itself may be 
spread by biting flies. After local replication, the organism gains 
access to the blood, where it multiples readily. Large numbers of 
the organisms colonize the spleen. B. anthracis secretes a holotoxin 
made of edema factor), protective antigen, and lethal factor. This 
toxin impairs phagocytosis, increases capillary permeability, and 
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inhibits clotting. Splenic engorgement, generalized edema, circula-
tory shock, and bleeding diathesis are the most common lesions 
and signs of anthrax. Generalized infection should be considered 
uniformly fatal. Death may occur before or within hours of initial 
recognition that the animal is sick. Prophylactic antibiotic treat-
ment of healthy animals (oxytetracycline 10 mg/kg IV SID) may 
decrease spread and mortality during outbreaks. The disease is re-
portable in many areas. Local forms of anthrax also occur, most 
commonly after transmission through a skin wound or fly bite. 
Local heat, pain, swelling, and necrosis are seen first, and the  
generalized syndrome often follows.

Treatment for Sepsis (Adult and Juvenile)
Bacterial organisms are rarely identified before important treat-
ment decisions must be made. Therefore, treatment should follow 
general principles and have a wide spectrum of efficacy. Antimi-
crobial drugs are the cornerstone of treatment. In meat- or milk-
producing animals, the veterinarian must be careful to use drugs 
within label directions or have a rational plan for extra-label drug 
use. The issue of extra-label drug use is especially important in 
small ruminants and cervids because very few pharmaceutical 
products have been licensed for them in North America.

Unless a specific organism is suspected (clostridiosis or ana-
plasmosis), a single antibiotic or combination of antimicrobial 
drugs to provide a broad spectrum of coverage should be selected. 
Penicillins, macrolides, tetracyclines, and cephalosporins all  
provide effective coverage against gram positive pathogens. The 
newer third-generation cephalosporins are effective against many 
systemic and enteric gram negative pathogens. The gram negative 
pathogens of the respiratory tract are often sensitive to other 
classes of antibiotics. Macrolides and tetracyclines also are effec-
tive against Mycoplasma species and rickettsial organisms.

NSAIDs are almost always beneficial in severe infectious con-
ditions because of their antiinflammatory, antipyretic, and anti-
endotoxic effects. They are likely to be more effective than corti-
costeroids because they provide benefits without suppressing the 
immune response. All such drug use should be considered extra-
label and administered accordingly with appropriate withdrawal 
times established. Specific antisera are available for some of the 
clostridial diseases and may be beneficial if given before wide-
spread tissue necrosis has occurred. Severely compromised ani-
mals should be treated with fluids for shock (see Chapter 3).

Zoonotic Infections

Contagious Ecthyma
The most common zoonotic disease risk posed by exposure to small 
ruminants is orf, also known as contagious ecthyma in animals (see 
Chapter 10). The disease is caused by an epitheliotropic poxvirus 
and is transmitted to humans by direct contact with infected ani-
mals. Skin trauma is a significant risk factor for transmission in 
both humans and animals. In humans, erythematous macules or 
papules appear at the site of infection 2 to 3 days following expo-
sure. The infection is generally self-limiting in immunocompetent 
individuals with complete healing occurring within 8 weeks.

Reproductive Pathogens
Brucella Melitensis. Apart from contagious ecthyma, the 

greatest risk of zoonotic disease from small ruminants is due to 

pathogens typically found in the reproductive tract that are trans-
mitted to humans through contact with aborted fetuses, the pla-
centa, or birthing fluids or through the consumption of raw or 
improperly pasteurized dairy products. B. melitensis is more com-
mon in goats than sheep (see Chapter 8). Swine, cattle, and other 
ruminants are common hosts. Infection in animals usually causes 
inapparent mammary infection and abortions; infection in hu-
mans is characterized by undulant fever, myalgia, and fatigue.

Coxiella Burnetii. C. burnetii is a rickettsial organism that is an 
important cause of abortion in sheep and goats (see Chapter 8). 
Wildlife and farm-raised deer may serve as reservoir hosts for infec-
tion in other ruminants and humans.116 Infection is a documented 
cause of reproductive failure in farmed deer and prolonged shedding 
of the organism is an important source of environmental contamina-
tion.117 In addition to abortion, newly infected sheep and goats oc-
casionally have mild, transient fevers. C. burnetii is far more impor-
tant as the cause of Q fever in humans, who become infected after 
inhaling particles, handling contaminated animals, or coming into 
contact with contaminated body fluids (uterine fluid, milk) from 
infected animals. Infection in humans may be asymptomatic, pres-
ent with flu-like symptoms, or, in the chronic form, present as 
granulomatous hepatitis, osteomyelitis, or bacterial endocarditis.

Chlamydophila spp. Chlamydophila abortus (previously 
Chlamydia psittaci) is an obligate intracellular parasite and the 
cause of enzootic abortion of small ruminants (see Chapter 8). 
Chlamydophila pecorum may cause polyarthritis and keratocon-
junctivitis (see Chapter 14) in sheep and goats. Transmission be-
tween animals and to humans most commonly occurs through 
direct contact with infected tissues or materials. Infection in hu-
mans results in an acute febrile syndrome or respiratory symp-
toms. Chlamydial diseases are more commonly reported in sheep 
than in goats. Chlamydial diseases are suspected to cause disease 
in other species, including deer. Recent serologic evaluation of 
wild ungulates identified multiple species of deer with antibodies 
against several Chlamydial species.118 The clinical significance of 
serological infection in these species remains undetermined.

Francisella Tularensis. F. tularensis is more common in sheep 
than goats. The organism has many hosts, of which the most 
important are wild rabbits and rodents. It can contaminate water 
sources. Transmission to sheep is usually through biting arthro-
pods that have previously fed on an infected wild mammal. Acute 
or chronic sepsis may be seen, with more widespread and severe 
disease occurring in sheep with poor immune function. At nec-
ropsy, the disease is characterized by military foci of necrosis in 
the liver, and less commonly in the lymph nodes, spleen, and 
lungs. Most cases in humans result in acute onset of flu-like symp-
toms a few days after exposure.

L. interrogans. Pathogenesis. Leptospira spp. are spirochete 
bacteria that live in moist environments. Their survival time out-
side of hosts is usually short, so their most important reservoirs 
are the kidneys of infected animals, especially rodents. Infected 
animals shed the organisms through urine and most other body 
fluids. Organisms enter new hosts through mucous membranes 
and skin breaks and cause bacteremia. Signs of sepsis range from 
inapparent to severe, with more severe signs predominating in 
neonates. Intravascular hemolysis may result. In animals that 
survive the acute stage, infection may localize in sites such as the 
kidneys, eyes, and fetoplacental unit. Abortion may occur a 
month or more after acute signs first become evident while renal 
shedding may occur for several months. Leptospirosis is zoonotic. 
In most cases, infections in humans are asymptomatic and self-
limiting. However, in approximately 10% of cases, severe, and 
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potentially fatal, systemic disease may develop, including jaun-
dice, renal failure, and pulmonary hemorrhage.

Clinical Signs  Acute leptospirosis causes signs of sepsis, in-
cluding fever, depression, dyspnea, exercise intolerance, weakness, 
and death (see Chapter 12). Additionally, many affected animals 
show signs of intravascular hemolysis such as anemia, icterus, and 
hemoglobinuria.

Diagnosis  Evidence of intravascular hemolysis such as anemia, 
hyperbilirubinemia, hemoglobinuria, and hemoglobinemia is sug-
gestive of this disease. In chronic infection, non-specific inflamma-
tory changes and azotemia may be seen. Animals dying in the acute 
hemolytic stage are likely to have dark, discolored urine, bladder, 
and kidneys. Spirochetes can be identified on dark-field microscopy 
of fresh urine or plasma from infected animals and may be cultured 
with special techniques. In animals with less severe infection, a rise 
in antibody titers can be used to support a diagnosis of leptospirosis.

Prevention  Numerous vaccines are available for sheep. Be-
cause protection is serotype specific, it is important to vaccinate 
against common serotypes in the area. Leptospira pomona is the 
most consistent isolate from sheep and goats; Leptospira hardjobovis 
is the predominate serovar in deer.119 Vaccination immunity is 
thought to be short lived; boosters should be given at least twice a 
year in endemic areas. Vaccination of deer against serovars Hard-
jobovis and Pomona has been associated with decreased urine shed-
ding and increased growth rate in young animals.120

Listeria Monocytogenes
Pathogenesis. L. monocytogenes causes disease with similar 

frequency in sheep and goats (see Chapter 13). The organism is a 
common soil and fecal contaminant. It also proliferates in silage 
that is not properly acidified and in rotting, woody debris. Risk of 
exposure depends on the feed and environment of the animals. 
Environmental and fecal contamination is a more common 
source than silage in small ruminants overall because most sheep 
and goats throughout the world are not fed silage. Infection in 
humans almost always results from ingestion of contaminated 
food products or unpasteurized milk.

Clinical Signs.  Nervous system dysfunction and abortion are 
the most common manifestations of the disease. Animals with the 
brainstem form of the disease display signs reflective of cranial 
nerve dysfunction, including drooped ears or eyelids, decreased 
facial sensation, and deviated nasal septum. A head tilt and cir-
cling may be present; in advanced cases of the disease, the animal 
is recumbent. Clinical signs are mainly unilateral, occasionally 
bilateral, according to the nerve nuclei affected.

Diagnosis.  Antemortem diagnosis of listeriosis is difficult. A 
presumptive diagnosis is made based on history, clinical signs, and 
potential response to treatment. Histopathologic identification of 
microabscesses in the brainstem and culture of the organism from 
affected tissues can be used to confirm the diagnosis.

Pasteurella and Pasteurella-Like Infections

P. multocida
Pathogenesis. P. multocida is a small, gram negative, bipolar, 

ovoid rod that inhabits the pharynx of healthy ruminants. It can 
survive in soil and water for varying amounts of time after con-
tamination with ruminant nasal secretions. Healthy ruminants 
shed P. multocida much more frequently than Mannheimia haemo-
lytica. Disease occurs when bacteria colonize the lower respiratory 
tract or enter the blood. Risk factors for pulmonary and systemic 

infection include viral or mycoplasmal respiratory diseases, tem-
perature extremes, respiratory tract irritants, transport, overcrowd-
ing, changes to higher-energy feeds, and handling stress. These 
factors are thought to both increase bacterial replication in the 
airway and suppress mechanisms to clear the infection. Pasteurel-
losis is a major problem in feedlot sheep but less common in small 
breeding or hobby flocks. Pasteurellosis also is a significant disease 
in certain wild small ruminants such as bighorn sheep.

Direct spread of the organism between animals occurs with 
nasal contact, and indirect spread occurs after contact with in-
fected nasal secretions. The organism persists in the environment 
for longer periods during warm, moist weather. P. multocida pro-
duces a polysaccharide capsule that inhibits phagocytosis and an 
endotoxin that contributes to clinical signs. The major disease 
caused by P. multocida is pneumonia (see Chapter 7). However, 
Pasteurella spp. also are capable of entering the blood to cause 
septicemia in young lambs and hemorrhagic septicemia in adults. 
Occasionally, focal infections such as septic arthritis and mastitis 
are found.

Clinical Signs. Clinical signs of pneumonic and septicemic 
pasteurellosis include severe depression, bilateral purulent nasal 
discharge, coughing, diarrhea, anorexia, high fever, and edema of 
the head, neck, and brisket. The disease course can be short with 
septicemic pasteurellosis and is usually more insidious with  
P. multocida pneumonia. Pasteurella mastitis is characterized by 
the bluebag condition or gangrene of the udder.

Diagnosis. Inflammatory changes in the leukogram and hy-
perfibrinogenemia are the most frequent abnormalities. With se-
vere disease and in the septicemic form, immature neutrophils 
may predominate over mature cells. Inflammation of the intestine 
and abomasum also may be seen. Hemorrhage and fibrin are usu-
ally absent or less prominent than in pneumonia caused by  
M. haemolytica. Samples for bacteriologic culture are usually 
obtained postmortem. Blood or tracheal fluid may be obtained 
before death if the value of the animal warrants it.

M. haemolytica
M. haemolytica is a gram negative rod that is a common commen-
sal inhabitant of the tonsils of young animals. Disease is much 
more frequently described in sheep than in goats and occurs when 
the organism gains access to the lower respiratory tract.

Clinical Signs and Diagnosis. The most common syndrome is 
enzootic pneumonia, which is seen in young lambs and their 
dams (see Chapter 7). Hemorrhagic bronchopneumonia is the 
major lesion and respiratory signs predominate. Gangrenous mas-
titis (bluebag) is seen in some of the dams, presumably after they 
have been nursed by infected offspring. Factors that promote re-
spiratory disease, including viral infections, airborne irritants, 
high stocking density, and stress, are thought to promote invasion 
of the lower airway by these bacteria.

Bibersteinia trehalosi
B. trehalosi is a gram negative rod that is a commensal inhabitant 
of the upper respiratory tract (see Chapter 7). Disease is much 
more frequently described in sheep than in goats and occurs when 
the organism gains access to the lung or blood. Replication occurs 
in the lung and systemic toxemia or bacteremia resulting in septi-
cemic pasteurellosis. Septicemic pasteurellosis is a significant 
cause of mortality in young lambs and in some farms is the lead-
ing cause of death in the age group.
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Clinical Signs. Septicemic pasteurellosis occurs most com-
monly in weaned lambs, often following some form of stress such 
as transport, marketing, or weaning itself. The course of the dis-
ease is relatively rapid, and animals may be found dead within  
6 hours without showing premonitory clinical signs. When ob-
served, clinical signs include depression, recumbency, and signs of 
toxemia.

Diagnosis. Septicemic pasteurellosis should be suspected 
when presented with a dead, recently weaned, sheep with a recent 
history of stress. Diagnosis is best confirmed by typical lesions at 
necropsy and culture of the organism from bodily tissues. Dem-
onstration of B. trehalosi in nasal swabs is of limited value due to 
the high prevalence of upper respiratory tract colonization in 
healthy lambs. At necropsy, there may be no evidence of pneumo-
nia, but blood-stained foam can be found in the upper respiratory 
tract. Ulceration of the pharynx and esophagus is commonly pres-
ent as is subcutaneous hemorrhage of the neck and thorax.

Prevention. Treatment is difficult due to the rapid course of 
disease. Efforts should be made to minimize stressors, particularly 
during and following weaning, and to manage management fac-
tors that may contribute to the disease. Vaccination with Pasteu-
rella bacterins is rarely effective at controlling natural outbreaks of 
disease.

Other Bacterial Causes of Disease

Common Abscess-Forming Bacteria
Pathophysiology. Abscess-forming bacteria are usually able to 

survive phagocytosis and thereby avoid destruction by cells of the 
immune system. Alternatively, they invoke such an inflammatory 
response that the host body “walls off” the entire region with fi-
brous tissue. Abscesses may occur locally, frequently after a wound 
infection, or at numerous or distant sites from the point of infec-
tion. For abscesses to occur at the latter sites, the organism must 
travel either by way of the blood or within leukocytes. Disease 
characterized by multifocal or internal abscesses usually results 
from a low-grade, transient event of bacteremia.

The best known and most important abscess-forming bacte-
rium in small ruminants is Corynebacterium pseudotuberculosis, 
the gram positive, facultative anaerobic coccobacillus that causes 
caseous lymphadenitis. Infection is usually maintained in a flock 
by infected animals that spread the organism to others through 
purulent material draining from open abscesses. The organism  
is very hardy, so infection can occur through direct contact or 
indirect contact with contaminated common instruments and 
facilities. Infection is usually introduced into a flock through ac-
quisition of an infected animal, although it also can occur when a 
naive flock is moved into a contaminated area. Horses, cattle, and 
humans also are minor hosts. Infection is thought to occur after 
ingestion, inhalation, or wound contamination. Except for lower 
respiratory tract invasion, a surface break is thought to be neces-
sary. Contaminated shears, tail-docking knives, and emasculators 
readily spread the organisms through a flock. Abscesses can form 
at the site of invasion or more commonly at the site of the local 
lymph node.

Clinical Signs. Clinical signs of external abscesses include sur-
face swellings and draining lesions. Drainage may be intermittent 
and usually consists of thick, yellow-white purulent material.  
Internal abscesses are more difficult to diagnose. Thoracic masses 
may cause inspiratory dyspnea or occlude venous return to the 
heart. Abdominal lesions may cause tenesmus, stranguria, and 

occasionally colic. The most common sign of internal abscesses is 
weight loss with or without intermittent fever. Common external 
sites include the submandibular or retromandibular space and the 
preinguinal, prefemoral, and supramammary lymph nodes. Head 
and neck lesions are more common in goats, whereas sheep have 
a more even distribution of cranial and caudal lesions, presumably 
as a result of shearing wounds. External infections rarely cause 
clinical illness beyond the draining abscess, although some degree 
of cachexia may be present.

Diagnosis. Diagnosis is often made by the characteristic le-
sions with their thick, nonmalodorous pus. Bacteriologic culture 
provides a definitive diagnosis, which may be important for flock 
management. Serologic tests have been developed to identify car-
rier animals and may be useful if the manager wishes to eliminate 
infection from the flock.

Treatment. Treatment is often unrewarding: antibiotic sensi-
tivity profiles do not reflect the degree of protection afforded the 
organisms within the abscesses. Long-term treatment with antibi-
otics and drainage of any compromising masses may lead to some 
degree of resolution, but internal abscesses are likely to persist.

Prevention. Prevention through the use of vaccines has been 
attempted. Vaccines appear to reduce the severity of the disease 
but do not completely prevent infection. Moreover, live attenu-
ated bacterins lead to de facto infection of all vaccinated animals 
and therefore should not be used in naïve flocks.121

Other abscess-forming bacteria are most important as differen-
tial diagnoses for caseous lymphadenitis. T. pyogenes is another 
wound contaminant that affects focal areas or regional external 
lymph nodes. It also commonly colonizes damaged internal tis-
sues such as postpneumonic lungs, postacidotic livers, and dam-
aged feet and heart valves. It is thought to be ubiquitous and 
poorly invasive in ruminants and therefore does not have the same 
flock significance as C. pseudotuberculosis. Flocks with outbreaks 
of this infection often have suboptimal management. F. necropho-
rum causes similar disease and often coinfects with T. pyogenes. It 
is generally more necrotizing and leads to greater systemic signs of 
acute illness, including death. F. necrophorum also produces fetid 
pus, whereas T. pyogenes usually does not. Rhodococcus equi is a 
rare cause of pulmonary abscesses in sheep.

Numerous small, coalescent, nodular skin abscesses may result 
from Pseudomonas pseudomallei infection (melioidosis). Infection 
usually occurs after the sheep or goat is bitten by an insect that 
previously fed on an infected rodent. This organism is found in 
many subtropical regions, including the Caribbean, but is not 
reported in North America.

Fusobacterium Infections
F. necrophorum causes or is associated with a variety of diseases in 
sheep and is likely to cause many similar diseases in goats. It is 
best known as a cause of foot rot and hepatic abscesses and ap-
pears to be important in lip-leg ulceration. It is an enteric gram 
negative anaerobe and as such can cause gram negative sepsis after 
entrance of the bacteria or its toxins into the circulation. F. nec-
rophorum has a poor ability to invade healthy tissue. However, it 
readily colonizes regions damaged by trauma, persistent moisture, 
and infection. In addition to endotoxin, the bacterium produces 
leukocidal and cytolytic toxins that form zones of necrosis around 
bacterial colonies. This tissue necrosis and the foul-smelling waste 
gases produced by the bacteria are characteristic of necrobacillosis, 
or F. necrophorum infection. Clinical signs include necrotic, fetid 
lesions, usually of the mouth or feet, that can cause ingestion  
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or lameness problems. Efforts to maintain good hygiene are help-
ful in preventing fecal contamination. Additionally, preventing 
trauma to foot and mouth tissues through good surface choices 
and proper pasture drainage is important.

Yersiniosis
Pathogenesis. Yersinia spp. are gram negative bacteria. Yersinia 

enterocolitica and Yersinia pseudotuberculosis both have many mam-
malian and avian hosts, including humans, and cause clostridial 
enteritis–like disease in goats. Rodent and bird hosts may be impor-
tant reservoir populations for infections in domestic animals. Kids 
younger than 6 months develop enteritis, bacteremia, and diarrhea 
that is watery but not bloody. Severe toxemia and sudden death can 
occur. Older kids and flocks with chronic exposure tend to have less 
severe acute disease. Instead, chronic diarrhea and weight loss are 
seen, usually in association with gut wall and abdominal abscesses. 
Sheep, deer, and wild ungulates are rarely affected.

Clinical Signs. Signs of enteritis or sepsis predominate in acute 
disease, whereas signs of wasting are more common in chronic 
disease.

Diagnosis. Evidence of acute or chronic inflammation is pro-
vided by blood work. Characteristic necropsy lesions include nu-
merous microabscesses in the gut wall and mesenteric lymph 
nodes, as well as other evidence of enteritis or sepsis. Culture of 
lesions and demonstration of a rising antibody titer are diagnostic.

Prevention. Avoiding exposure to sources and maintaining over-
all flock health are helpful in preventing losses due to yersiniosis.

Mycobacterial Disease
Pathogenesis. Mycobacteria are small, aerobic, straight or 

curved pleomorphic rods with thick lipid cell walls. They can be 
stained with acid-fast stains and are usually gram positive. The 
bacteria live within infected animals of many mammalian species 
and survive for several years in warm, moist environments. Infec-
tion occurs after ingestion or inhalation. An identifying character-
istic of the mechanism of infection by Mycobacteria is the bacteria’s 
ability to survive within macrophages by preventing fusion of 
phagosomes and lysosomes. The organisms are carried to local 
lymphatic vessels or lymph nodes, where they form granulomas. As 
they enlarge, granulomas may develop necrotic or mineralized 
centers surrounded by macrophages and giant cells. Disease can be 
local, regional, or generalized, depending on the distance the or-
ganism is carried from the original site of infection. Granuloma-
tous pneumonia, enterocolitis, and lymphadenitis are the most 
common local and regional forms of the disease.

Organisms from ruptured granulomas may be spread in  
contaminated respiratory secretions and feces. Mycobacterial in-
fections of all types are uncommon in North American sheep, 
goats, and cervids, and these species are considered to be relatively 
resistant to infection. Mycobacterium bovis is the most common 
organism associated with ovine tuberculosis in other countries 
(see Chapter 7), but Mycobacterium avium is more common in the 
United States. The most common mycobacterial infection is  
Johne’s disease (paratuberculosis) caused by the etiologic agent  
M. avium subsp. paratuberculosis (see Chapter 5). Mycobacterium 
tuberculosis is rare in the United States. Mycobacterial infections 
are reportable in most parts of the United States. Some debate  
is ongoing about human susceptibility to M. avium subsp. para-
tuberculosis; the other organisms are known to be pathogenic in 
people.

Clinical Signs. The most common clinical sign is emaciation. 
Diarrhea may be seen terminally in both tuberculosis and paratu-
berculosis. The disease is insidious, with signs becoming more 
apparent over several weeks to months. Respiratory signs may be 
seen, especially with infection by M. bovis or M. avium subsp. 
paratuberculosis.

Diagnosis. Reports of clinicopathologic abnormalities are 
rare. Hypoalbuminemia and hypoproteinemia are likely to be 
common with chronic enterocolitis caused by either tuberculo-
sis or paratuberculosis. The most common necropsy lesions 
seen in tuberculosis are nodular lesions of the lung, liver, lymph 
nodes, spleen, and intestines. Histologic evaluation reveals the 
nodules to be granulomas with giant cells and acid-fast organ-
isms. Frequently, the center of the lesion is necrotic and miner-
alized. Intestinal lesions appear to be more common than pul-
monary lesions in goats. The lesions of paratuberculosis are 
centered around the ileocecocolic junction and the adjacent 
mesentery. The regions may appear normal or be notably thick-
ened. Thickening of bowel or nodular infiltrates of lung or liver 
may be detected antemortem using imaging modalities, such as 
ultrasonography or computed tomography. Postmortem diag-
nosis is made by identifying characteristic lesions and culturing 
the organisms. Antemortem diagnosis of tuberculosis is best 
achieved by observing the reaction to intradermal injection of 
tuberculin with or without comparative injection of purified 
protein derivatives of M. bovis and M. avium subsp. paratuber-
culosis. All tuberculosis testing should be done in accordance 
with local regulations. Antemortem diagnosis of Johne’s disease 
can be achieved by fecal culture of the organism, but this test 
takes several weeks to months to complete and is far less reliable 
in sheep or goats than cattle, with a sensitivity as low as 0.08. 
Serologic tests (e.g., ELISA) appear to be sensitive and specific 
for Johne’s disease in animals demonstrating clinical disease 
rather than preclinical infection. Serologic detection of clinical 
Johne’s disease in cervids has been shown to be highly sensitive 
and specific while the sensitivity of fecal culture is low in both 
sheep and goats. The recommended organism detection method 
in both species is fecal PCR.122 Fecal or milk PCR can be 
used on pooled samples for flock identification and to type the 
organism.

Prevention. Tuberculosis should not be endemic in flocks in 
the United States because positive animals are quarantined or 
destroyed. Preventing exposure to wild ruminants and other pos-
sible sources is crucial. Except in goat flocks raised for the produc-
tion of milk that is to be sold unpasteurized, testing is uncom-
mon, so animals are usually not identified until they develop overt 
disease. Paratuberculosis is much more common and may be 
maintained in flocks by carrier animals. No effective treatment is 
available for either disease, nor should any be encouraged because 
efforts should be concentrated on eliminating infection from the 
flock or herd. Vaccination of sheep is used extensively in Australia 
to control paratuberculosis. Prolonged vaccination has been 
shown to decrease fecal shedding in infected animals over time.123

Nonhemotropic Mycoplasmal Diseases
Pathogenesis. Mycoplasma spp. are very small, simple bacteria 

that parasitize cells of higher species. They are common inhabit-
ants of mucous membranes and can have either a commensal or 
pathogenic relationship with the host. Transmission between ani-
mals is most likely through direct or indirect contact with body 
fluids from infected animals, inhalation of respiratory droplets, 
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and arthropod vectors. Common sites for superficial infection 
include the ocular membranes, lung, mammary gland, and female 
reproductive tract. The organisms can also enter the blood and 
cause septicemia, abortion, pleuritis, and polyarthritis. Flare-ups 
often occur during times of crowding and during parturition, 
when neonates can spread the organisms from the mother’s 
mouth to her udder and in turn become infected by ingesting 
contaminated milk.

The most important mycoplasma species in the United States 
are Mycoplasma conjunctivae, Mycoplasma capricolum, and the less 
pathogenic Mycoplasma ovipneumoniae. They are most com-
monly associated with keratoconjunctivitis, acute or chronic 
sepsis, and pneumonia, respectively. M. conjunctivae and C. abor-
tus are the most common causes of pinkeye in North American 
small ruminants. Mycoplasma spp. are thought to inhibit tracheal 
ciliary function and thus may have a role similar to viruses in 
“shipping fever pneumonia” in facilitating lower respiratory tract 
invasion by primary bacterial pathogens. Many of the major 
pathogenic serotypes found in other countries (some of which 
cause severe pleuropneumonia without the participation of an-
other bacteria), including Mycoplasma mycoides subsp. mycoides, 
Mycoplasma mycoides subsp. capri, Mycoplasma agalactiae, and 
strain F38, are not found in or have been eradicated from North 
America

Clinical Signs. Keratoconjunctivitis, mastitis, exudative vulvo-
vaginitis, fever, cough, dyspnea, exercise intolerance, abortion, 
lameness, swollen joints, neonatal death, and depression may all 
be seen with mycoplasma infections.

Diagnosis. No specific clinical pathologic findings occur with 
these diseases. Mycoplasma infection should be suspected in 
sheep and goats with severe exudative pleuropneumonia in some 
parts of the world. Mycoplasma can be identified by bacteriologic 
culture or staining of exudates. Examiners must take care in inter-
preting positive cultures from body surfaces because nonpatho-
genic mycoplasma are common.

Prevention. Vaccines against mycoplasmal infections are avail-
able in some parts of the world, but not in the United States. 
Providing fly control, preventing stress and overcrowding, and 
isolating sick animals from healthy ones may help prevent the 
spread of disease.

Blood and Tissue Parasites

Anaplasma ovis, Mycoplasma ovis, 
and Babesia spp.

Pathogenesis. A. ovis and M. ovis are small bacteria that lack 
cells walls and parasitize erythrocytes. These and similar organ-
isms have undergone recent reclassification following molecular 
analysis. Other species of hemotropic mycoplasmas may affect 
sheep and cervids.116 The organisms are spread from animal to 
animal by insect or mechanical vectors. Known arthropod vectors 
for A. ovis include ticks and horseflies; other biting flies may be 
more important with M. ovis infection. Hypodermic needles and 
equipment used for tail-docking, castrating, or disbudding ani-
mals may be important in iatrogenic transmission. After being 
introduced into a naive host, the organisms proliferate, and the 
number of red cells infected increases rapidly until an effective 
immune response begins 1 to 2 weeks later. A similar proliferation 
of organisms may occur in chronically infected animals after  
temporary immune suppression. The humoral and cellular im-
mune responses against A. ovis lead to opsonization of parasitized 

erythrocytes and their removal by cells of the reticuloendothelial 
system; M. ovis infection is thought to cause more intravascular 
hemolysis. The result in both cases is hemolytic anemia.117 The 
protozoon parasites Babesia ovis and Babesia motasi have similar 
life cycles and cause similar diseases, but they have been eradi-
cated and are reportable in the United States. Babesia spp. affect-
ing small ruminants are generally less pathogenic than are their 
bovine counterparts.

Animals surviving acute hemolytic crisis reduce the parasites to 
low numbers but rarely clear the infection completely; they serve 
as sources of infection for other animals. Sheep and goats are 
susceptible to infection by either organism; goats generally appear 
to be more resistant to the development of severe parasitemia and 
clinical signs.

Clinical Signs. Signs present during hemolytic crises include 
fever, weakness, pale mucous membranes, and pigmenturia. 
Urine discoloration results from increased amounts of bilirubin 
in most cases, although hemoglobinuria may be seen in some 
sheep with M. ovis infection. Icterus is usually present only after 
the acute hemolytic crisis. Clinical signs are exacerbated during 
times of stress, and infection is often first noted when the animals 
are moved or handled. Chronically infected animals may appear 
clinically normal, may have recrudescence of infection after 
stress, or may display signs of ill-thrift such as poor body condi-
tion and fleece. Babesiosis occasionally causes concurrent central 
neurologic signs.

Diagnosis. The major clinical laboratory finding is regenera-
tive anemia with detection of the intraerythrocytic bodies. Chron-
ically infected sheep often have high counts of nucleated erythro-
cytes. Because M. ovis consumes glucose, hypoglycemia and 
metabolic acidosis may be detected, especially in blood samples 
that are not processed immediately. Diagnosis is by identification 
of the organisms on blood smears. Special stains are available to 
make the organisms more visible. Postmortem lesions include pal-
lor or icterus of membranes and splenomegaly. Some evidence of 
vasculitis, including edema or exudates in body tissues or cavities, 
may be seen with M. ovis infection.

Treatment. Mycoplasma spp. and Anaplasma spp. are sensitive 
to tetracycline antibiotics. Babesiosis is more difficult to treat. Ef-
fective drugs include diminazene, pentamidine, and imidocarb 
dipropionate. Supportive care for all blood parasite infections in-
cludes whole blood transfusions, nutritional support, and admin-
istration of fluids.

Prevention. Prevention in most cases involves maintaining 
low levels of parasites rather than eliminating them entirely. This 
method ensures continual stimulation of the immune response, 
whereas eradication often leaves the animal susceptible to another 
bout of acute infection. Vector control can also be important in 
management of the disease.

Anaplasmataceae of WBCs
Pathogenesis. Two organisms belonging to the Anaplasmata-

ceae family, Ehrlichia ovis and Anaplasma phagocytophilum, 
infect ovine WBCs, causing fever, immune suppression, and some 
organ damage. A. phagocytophilum is the causative agent of tick 
borne fever in sheep and granulocytic anaplasmosis in horses, dogs, 
and humans. The organism is transmitted by ticks (Ixodes spp.) and 
maintained in the environment by asymptomatic carrier  
animals. The distribution and incidence of disease is seasonal with 
the life cycle of the tick. The organism infects cells of the granulo-
cytic lineage, leading to severe persistent neutropenia and acute 
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lymphopenia. Fever occurs 1 to 2 weeks after infection, lasts as long 
as 2 weeks, and occasionally relapses. Chronic infection is common. 
Spleen, lung, liver, and kidney tissue may show some damage be-
cause of immune destruction of infected cells, but organ-specific 
signs are usually the result of secondary infection. Secondary bacte-
rial joint infections in lambs infected with A. phagocytophilum de-
velop debilitating lameness known as tick pyemia.

E. ovis causes fever (benign ehrlichiosis) 1 to 2 weeks after infec-
tion. Because of this organism’s predilection for mononuclear cells, 
the degree of immunosuppression and subsequent importance of 
this disease are much less than for A. phagocytophilum infection.

Diagnosis. Specific diagnosis is best made by identifying 
darkly stained bodies at the periphery of granulocytic cells, as 
well as occasional large bodies deep within the cytoplasm of 
some cells. Stained bodies also can be seen on the periphery of 
mononuclear cells from a blood smear during the acute febrile 
stage or in tissues during chronic infection. Serologic tests are 
available for detection of Anaplasmosis. The available cELISA is 
incapable of distinguishing species of anaplasma and serologic 
results must be interpreted appropriately, and the species  
confirmed by PCR.

Both infections affect sheep and goats (A. phagocytophilum 
also affects many other ruminants, including white-tailed deer), 
but neither has been reported in North America. A recent study 
demonstrated that sheep are capable of being experimentally in-
fected with a human isolate A. phagocytophilum. Interestingly, the 
sheep did not develop clinical disease.118 Such findings suggest 
that sheep could serve as asymptomatic carriers and potential 
reservoirs for humans. A. phagocytophilum is widespread in 
northwestern Europe, including the United Kingdom, Scandina-
via, and India, and E. ovis is found mainly in countries bordering 
the Indian Ocean. In spite of documented seropositive status of 
animals, there have been no reports of sheep or goats naturally 
infected with A. phagocytophilum in the United States developing 
clinical disease.

Treatment and Prevention. Treatment and prevention efforts 
should focus on reducing vectors and bacterial counts during  
vector season. Both organisms are susceptible to treatment with 
tetracycline.

Trypanosomiasis
People and animals can become infected with trypanosome pro-
tozoa. The trypanosomes can complete their developmental cycle 
only in tsetse flies (Glossina species). Trypanosomes multiply in 
blood, tissues, and body fluids of their vertebrate hosts and are 
transmitted between vertebrate hosts in the saliva of blood-suck-
ing flies as they feed. The trypanosome species that are known to 
infect goats and sheep include Trypanosoma congolense, Trypano-
soma vivax, Trypanosoma brucei subsp. brucei, Trypanosoma evansi, 
and Trypanosoma simiae.

Pathogenesis. After entering through the skin, trypanosomes 
reach the bloodstream by way of the lymphatic system. The para-
sites multiply, and the prepatent period lasts for 10 to 14 days 
after infection. The infection is characterized by periods of para-
sitemia, followed by the absence of parasites. This pattern of infec-
tion occurs because of antigenic variation: Trypanosomes vary the 
antigenic nature of their glycoprotein surface coat to evade the 
host’s immune system. This immune system–evasive maneuver 
prolongs infection and is responsible for chronic disease. Some 
trypanosomes tend to invade extravascular spaces, such as the 
ocular aqueous humor and cerebrospinal fluid. The pathogenicity 

of trypanosomes varies with the different host species. Trypano-
somes may produce a hemolysin early in the course of the disease 
that causes anemia in the host. Later, increased phagocytic activity 
results in massive erythrocyte destruction.

Clinical Signs. The clinical signs are variable and non-specific 
and depend on the speed of onset of anemia and the degree of 
organ impairment. Entire herds may be affected. All aspects of 
production are impaired—fertility, birth weight, lactation, wean-
ing weight, growth, and survival. Trypanosomiasis may predispose 
the animal to the development of other diseases that mask the 
underlying trypanosome infection.

Trypanosomiasis may be acute, subacute, or chronic, with 
chronic infection occurring most commonly. Acute disease often 
causes abortion. Dairy goats may show a sudden drop in milk 
production. Depression, anorexia, and a stiff gait may be present. 
Physical examination reveals tachycardia, tachypnea, and a slight 
fever. Hyperemic mucous membranes and excessive lacrimation 
may be noted. Affected animals often become recumbent and 
anorexic and die within 1 to 3 weeks of onset of clinical signs. If 
the animal survives, progression to the subacute phase, character-
ized by listlessness, weight loss, enlargement of superficial lymph 
nodes, and a dull, dry hair coat, may occur. In such cases, auscul-
tation findings are similar to those in other forms of acute cardiac 
disease, as well as pale mucous membranes and a pronounced 
jugular pulse. The animal may linger for several weeks or months, 
or the chronic form of the disease may develop. Affected animals 
show ill-thrift: dull and dry hair coat, inelastic skin, lethargy, 
emaciation, peripheral lymphadenopathy, pale mucous mem-
branes, and exercise and stress intolerance. Death may occur 
many months or even years after infection and usually results 
from congestive heart failure. Subclinical trypanosomiasis causes 
acute episodes when animals are stressed by inadequate nutrition, 
increased production demands, or concurrent disease.

Diagnosis. Diagnosis is difficult because the parasitemia is 
intermittent, clinical signs are non-specific, and infection is not 
always synonymous with disease. A PCR assay is gaining accep-
tance as the most sensitive diagnostic modality, but not all in-
fected animals exhibit clinical disease. Although a tentative diag-
nosis of pathologic trypanosomiasis can be made on the basis of 
history, clinical signs, and the presence of appropriate vectors, a 
definitive diagnosis requires identification of trypanosomes on a 
fresh blood smear, a Giemsa-stained blood smear, or less com-
monly, a lymph smear. Examination of the buffy coat of centri-
fuged blood with darkfield phase-contrast spore illumination is 
the most sensitive direct microscopic method and is useful when 
parasite numbers are low. Pathogenic trypanosomes must be dis-
tinguished from more ubiquitous, nonpathogenic species particu-
larly common in cattle, such as Trypanosoma theileri. Repeated 
blood sampling in individual animals often is necessary, because 
as noted, parasitemia is intermittent. The diagnosis is supported 
by evidence of anemia on a CBC. Indirect diagnostic methods 
include an indirect fluorescent antibody test and the ELISA. 
These tests are less helpful for diagnosis of a single clinical case but 
are useful in assessment for herd infection. Both T. congolense and 
T. brucei readily infect rats and mice, and detection of these 
pathogens can be used to diagnose the infection indirectly.

Treatment. Treatment consists of the use of trypanocidal 
agents and supportive care. Animals with acute, subacute, and 
subclinical disease respond better to treatment than those with 
chronic disease because of the irreversible damage to hematopoi-
esis associated with chronic infection. With most trypanocides, 
the therapeutic index is low and varies with the host species.  
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Trypanocide efficacy also varies with the species of trypanosome 
present; resistance to agents is common. Some trypanocides are 
irritating to the skin and may cause severe inflammation at the 
injection site.

In sheep and goats with T. brucei infection, the trypanocide of 
choice is diminazene aceturate, which should be used at a higher 
dosage rate (7 mg/kg given intramuscularly [IM] or SC) than that 
recommended for cattle. Protection after trypanocide use usually 
lasts 2 to 4 months, depending on the season. Animals must be 
rested before and after treatment. Supportive care consists of pro-
viding fluids, an environment conducive to rest, good nutrition, 
and possibly blood transfusions.

Prevention. Vector control, stress and nutrition management, 
and selection of trypanosome-tolerant breeds of sheep and goats 
all help control or prevent trypanosomiasis. No vaccine is avail-
able. Animals can be treated with insecticides (pyrethroids) to 
prevent bites by tsetse flies and other flies. Control is accom-
plished by strategic use of trypanocides during the peak season. 
Continued parasitologic and clinical surveillance is essential to 
determine the efficacy of control measures.

Sarcocystis spp. and Neospora caninum
Pathogenesis. Sarcocystis spp. are protozoon parasites that 

have a two-host life cycle. Sexual reproduction occurs in the 
bowel of a carnivore (mainly dogs and wild canids) after the car-
nivore ingests cysts in the muscles of sheep, goats, and cervids. 
Sporocysts are passed in the carnivore’s feces and later ingested by 
a sheep, goat or cervid. The sporocysts hatch in the ruminant gut 
and invade the vascular endothelium during three phases of 
asexual reproduction. After the third phase (approximately 8 to 
10 weeks after ingestion), merozoites enter the ruminant’s muscle 
tissue and encyst. Clinical signs are uncommon but can occur 
during the stages of reproduction and muscle invasion of the host. 
N. caninum has a similar life cycle and causes similar disease, ex-
cept that it appears more likely to cause abortion and affect the 
central nervous system.

Clinical Signs. Most infections are asymptomatic. However, if 
a large number of sporocysts are ingested, tissue damage may oc-
cur during the intestinal, vascular, and muscle stages of the Sarco-
cystis life cycle. Fever, lameness or a stiff gait, reluctance to move, 
and diarrhea may be seen. Central neurologic signs (blindness, 
changes in mentation, and seizures) may occur if the organisms 
invade the brain or interrupt blood flow to it. Abortion can occur 
as early as 4 weeks after ingestion. With severe chronic infections, 
emaciation and anorexia are seen.

Diagnosis. The most characteristic abnormality is an increase 
in muscle enzyme activity in the blood. Anemia is common and 
may result from extravascular hemolysis. Cerebrospinal fluid may 
show mild mononuclear pleocytosis or may appear normal. On 
necropsy, muscles may display pale streaks or macroscopic cysts 
throughout. Other evidence of vasculitis includes hemorrhagic 
serosal surfaces, body cavity fluids, and lymphadenopathy. Micro-
scopic or ultrastructural examination of affected tissues should 
reveal the presence of organisms. Specific antibody tests are avail-
able and do not cross-react with T. gondii antibodies. Blood anti-
body titers often peak around the onset of clinical signs  
and should be markedly higher than baseline values. Antibody 
preparations also are available for identification of organisms in 
tissue preparations.

Treatment. Sheep infected with Sarcocystis species can be 
treated with salinomycin (200 ppm in complete feed), monensin 

(0.5–1 mg/kg PO), or amprolium (25–40 mg/kg PO). Drugs 
such as sulfadiazine or trimethoprim (25–44 mg/kg IM SID), 
pyrimethamine (0.5–1 mg/kg PO SID), and clindamycin have 
shown some success in treating Neospora infections. These treat-
ments are off-label and thus are governed by regulations regarding 
extra-label drug use.

Prevention. Preventing contamination of feedstuffs with the fe-
ces of infected carnivores and preventing ingestion of raw meat by 
carnivores are most important, but these measures may not be pos-
sible in flocks handled with dogs or those living on range land. An-
ticoccidial drugs appear to decrease the chance of clinical disease.119

T. gondii
Pathogenesis. T. gondii is a protozoon parasite with a life cy-

cle very similar to Sarcocystis, except that the definitive host is the 
cat and that a wider range of mammalian and avian species, in-
cluding humans, appear to be capable of acting as intermediate 
hosts. Sporocysts are infective a few days after passage in cat feces, 
and most ruminants are infected by eating feed contaminated 
with cat feces. People can become infected by ingesting raw meat 
or milk from infected animals.

Abortion, stillbirth, and neonatal death are the most common 
forms of clinical disease in sheep and goats, and Toxoplasma 
should be considered one of the most common causes of perinatal 
losses in small ruminants (see Chapter 8). Abortion usually occurs 
during the final month of pregnancy. Fever, vasculitis-induced 
disease, and neurologic disease are less common manifestations.

Clinical Signs. Beyond abortion, clinical disease is rare in 
adults and resembles systemic sarcocystosis. Clinical signs include 
fever, dyspnea, depression, and anorexia. Neurologic signs are 
more common than with Sarcocystis infection, especially in lambs 
and kids infected in utero.

Diagnosis. No specific laboratory abnormalities are associated 
with toxoplasmosis. Nodular lesions similar to sarcocysts may be 
seen in various tissues, including the brain. Aborted or stillborn 
fetuses may appear normal except for histologic lesions in the 
brain, liver, or lung, but more commonly fetuses are macerated. 
The placenta is usually abnormal, with gross and microscopic  
evidence of necrosis of the cotyledons. Microscopic identification 
of the organism in body tissues is the most common means of 
diagnosis. Serologic tests also are available.

Treatment and Prevention. Drugs similar to those used to 
treat Neospora may be effective against Toxoplasma. Preventing 
contamination of feeds with cat feces and preventing ingestion of 
dead animals by cats are the most important ways of stemming 
the spread of this organism. Both methods are likely to be difficult 
in most flocks. Direct spread from one animal to another is rare.

Acute Viral Diseases

Bluetongue
Etiology. Bluetongue is an acute viral disease of domestic and 

wild ruminants caused by an RNA virus in the genus Orbivirus 
and family Reovirus; it is transmitted by the insect vector Culicoi-
des varipenniis in North America and other Culicoides species in 
other countries. Six of the 24 serotypes of the virus are found in 
the United States. Of the domestic ruminants, sheep are most 
severely affected. Goats and cattle rarely develop acute disease.

Clinical Signs. Bluetongue disease has two different 
manifestations—reproductive problems (see Chapter 8) and acute 
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vasculitis of several organ systems. With vasculitis, a spiked fever 
often precedes depression, anorexia, and rapid weight loss. Leuko-
penia is present. Affected animals may develop edema of the lips, 
tongue, throat, ears, and brisket. Other signs include excessive 
salivation and hyperemia or cyanosis of the oral mucosa, includ-
ing the tongue (hence the name bluetongue). Affected sheep often 
produce profuse serous nasal discharge that soon becomes muco-
purulent and produces crusts and excoriations around the nose 
and muzzle. Oral lesions progress to petechial hemorrhages, ero-
sions, and ulcers. Pulmonary edema is often severe, and pneumo-
nia may develop. Skin lesions can progress to localized dermatitis. 
Affected sheep may exhibit stiffness or lameness because of mus-
cular changes and laminitis. Cyanosis or hemorrhagic changes of 
the skin of the coronet can extend into the horny tissue. After 
recovery, a definite ridge in the horn of the hoof may be present 
for many months. In severe cases, the hoof sloughs. Mortality 
varies widely. In Africa, the virus is much more virulent than in 
the United States, and mortality ranges from 2 to 30%. The re-
productive or teratogenic form of the disease varies greatly with 
strain, host, and environmental factors. Teratogenic effects in-
clude abortions, stillbirths, and weak, live “dummy lambs.” Con-
genital defects may include hydranencephaly.

Diagnosis. In parts of the world where the disease is common, 
the diagnosis is usually based on clinical signs alone. The virus can 
be isolated from blood, semen, or tissues (spleen and brain from 
aborted fetuses). Viral isolation from blood obtained during the 
viremic state is the most definitive means of diagnosis. Serologic 
evaluation involves two types of viral antigen groups called P7 and 
P2. The former is found in all bluetongue viruses, and the latter 
determines the serotype. Sera are commonly tested with comple-
ment fixation, agar gel immunodiffusion (AGID), or one of sev-
eral ELISA tests. A competitive ELISA is considered the best se-
rologic test for detecting group antibodies to bluetongue virus. A 
direct fluorescent antibody test is available. Molecular tests (e.g., 
PCR) for bluetongue have recently become available and are ex-
tremely sensitive and specific. They can be useful for distinguish-
ing serotypes. Other clinicopathologic signs that aid in diagnosis 
include leukopenia during the early febrile stage of the disease and 
an increase in serum CK corresponding to the latter phase of 
muscle stiffness and lameness.

Treatment. Treatment is non-specific and consists of nursing 
care. Because of the reluctance of animals to eat, they should be 
fed a gruel of alfalfa pellets by stomach tube or encouraged to eat 
soft feeds and green grass. Broad-spectrum antimicrobials are of-
ten used to treat secondary pneumonia and dermatitis. Animals 
should be kept on soft bedding with good footing. Water and 
shade should be readily available. NSAIDs are commonly used.

Prevention. The Culicoides vector is difficult to eliminate, so 
animals should be kept indoors during periods of peak gnat activ-
ity (dusk and early evening). Owners should attempt to eliminate 
gnat breeding grounds such as overflowing watering troughs and 
shallow septic systems and should limit exposure of sheep to gnats 
with the use of repellent sprays.

Modified live vaccines based on local strains and serotypes are 
available in some parts of the world. Some cross-protection 
among serotypes does occur. The vaccine should be administered 
at least 2 weeks before breeding season to prevent teratogenic ef-
fects. Vaccinated breeding rams may have a slight risk of decreased 
fertility. Lambs can be vaccinated in the face of an outbreak. Preg-
nant animals cannot be vaccinated with modified live vaccines. 
Sheep that have recovered from an attack of bluetongue are solidly 
resistant for months to infection by the same viral strain and to 

some other viral types. Active immunity in sheep requires both 
humoral and cellular immunity.

Epizootic Hemorrhagic Disease
Etiology. Epizootic hemorrhagic disease virus (EHDV) is an 

orbivirus belonging to the family Reoviridae. The virus is structur-
ally related to bluetongue virus, and the pathogenesis and clinical 
signs of disease resulting from these two viral infections are very 
similar. At least seven distinct serotypes of EHDV are recognized, 
although formal classification of serotypes has yet to be finalized. 
Only two serotypes (EHDV1 and EHDV2) have historically cir-
culated throughout North America, and those serotypes are largely 
considered to be endemic in almost all areas of the United States, 
with the exception of the northeast and arid areas of the southwest. 
However, in 2006, EHDV6 was isolated from surveillance efforts 
in dead white-tailed deer.124 Since then, EHDV6 has been increas-
ingly identified from both surveillance samples and clinical cases 
and is also believed to be endemic in several regions.125

Pathogenesis. Epizootic hemorrhagic disease (EHD) is a 
noncontagious disease that is transmitted by the Culicoides biting 
midges. Culicoides sonorensis is the primary vector of EHDV in 
the United States, although other species are also suspected to 
transmit the disease based on the geographic distribution of clini-
cal cases, although this has yet to be formally shown. Due to the 
vector-borne route of transmission, peak incidence of the disease 
is closely associated with peak vector population, namely, in the 
late summer and fall of the year.

Although capable of infecting a wide range of wild and domes-
tic ruminants, EHDV is largely a pathogen of wild cervids, par-
ticularly white-tailed deer. Episodes of clinical disease are less 
common in mule deer, pronghorn antelope, and bighorn sheep 
and have lower morbidity and mortality. Sheep are only rarely 
infected with the virus and goats appear to be resistant to the  
virus. Cattle are commonly infected based on seroprevalence sur-
veys, but overt clinical disease is uncommon. As a rule, infection 
in livestock is usually asymptomatic except for periodic epidem-
ics. The last major EHD epidemic in the United States occurred 
in 2012 and affected a variety of captive and wild ruminant  
species.126 In endemic areas, seroprevalence in cervids and other 
ruminants is high, but clinical disease is not commonly seen. 
Conversely, where seroprevalence is low, introduction of the virus 
results in widespread infection, where morbidity and mortality 
can reach 90% and 60%, respectively.

Following transmission of the virus by biting midges, EHDV 
replicates in the endothelial cells of the lymphatics surrounding the 
site of the bite. A primary viremia allows for systemic spread of the 
virus and secondary replication in lymph nodes throughout the 
body and the spleen. Viremia is important for disease propagation 
and generally lasts no more than 3 weeks following infection,  
although the virus can occasionally be isolated from deer infected 
50 days previously. Antibodies to EHDV are first detected 10 to 
14 days following infection but are not always capable of com-
pletely neutralizing the infection. Thus, it is possible to find both 
neutralizing antibodies and live virus in the same animal. Passive 
antibodies in fawns can be found up to approximately 4 months 
of age. As in adults, antibodies in fawns may not protect from in-
fection but generally protect from severe clinical signs.

Clinical Signs. Clinical disease in white-tailed deer can be 
peracute, acute, or chronic. The course of the peracute syndrome 
of diseaseis relatively short, with death often occurring within  
36 hours of infection, with or without the presence of clinical 



429CHAPTER 16 Diseases of the Hematologic, Immunologic, and Lymphatic Systems (Multisystem Diseases)

signs. When present, clinical signs include severe edema of the 
head and neck, swelling of the tongue and conjunctiva, anorexia, 
fever, weakness, and respiratory distress. Hemorrhagic diatheses 
are not present antemortem but may occur after death. In con-
trast, in the acute form of the disease, the clinical signs of the 
peracute form are accompanied with bleeding throughout body 
tissues (Figure 16.1A, B). Ulcers may be evident in the oral cavity 
and throughout the upper gastrointestinal tract, forestomachs, 
and abomasum. Case fatality rates are high for both the peracute and 
acute forms. Deer that recover after several weeks of illness are 
said to suffer from the chronic form of the disease. Signs of previ-
ous illness may include breaks or rings in the hoof horn due to 
interrupted growth and synthesis leading to lameness, sometimes 
severe. Ulceration and scarring of the rumen and gastrointestinal 
tract may result in loss of body condition despite a seemingly 
normal appetite and ample nutrition. Widespread evidence of 
vasculitis may be observed histopathologically.

Diagnosis. The gold standard for EHDV diagnosis is virus 
isolation. Demonstration of neutralizing antibodies to EHDV 
reference strains is evidence of previous infection but may be of 
limited value in endemic areas where seroprevalence levels are 
expected to be high. Also, all potentially suspected serotypes must 
be used when testing the sample, thereby increasing the time and 

cost involved with the test. Continued research and refinement of 
molecular techniques, including PCR, are ongoing and are attrac-
tive due to the short turnaround times and the potential for high 
throughput of samples. However, it is important to remember 
that a positive result using molecular techniques does not equate 
to the presence of infectious virus, and thus, interpretation of  
results must be done with caution.

Control. Control of EHD is difficult and relies on a combina-
tion of disease surveillance, vector control, and potentially, vacci-
nation. Eradication of vector-borne diseases from endemic areas is 
difficult and time-consuming, and thus, disease control is likely 
more attainable than strict eradication. Vector control is more 
important in the late fall and summer, when populations are at 
peak levels and viral transmission is more likely. Midge-proofed 
housing and the treatment of animals with pyrethroid insecticides 
have been attempted but may be logistically challenging and have 
yet to have been demonstrated efficacious. Vaccine availability in 
North America is limited, but inactivated autogenous vaccines 
have been developed from isolates obtained from ill or recently 
diseased animals. Autogenous vaccines are tested for purity but 
not necessarily for efficacy. Vaccine usage must be approved by the 
U.S. Department of Agriculture prior to administration.

Peste des Petits Ruminants (Pseudorinderpest)
Etiology. Peste des petits ruminants (PPR) is an acute or per-

acute, febrile, often fatal disease of ruminants caused by a virus in 
the family Paramyxoviridae and genus Morbillivirus. Sheep are 
less susceptible than goats and white-tailed deer. Cattle are only 
subclinically infected, and some wild ungulates, as well as camels, 
appear to suffer the occasional epizootic. The virus (PPRV) is sero-
logically related to the virus that causes rinderpest. Geographically, 
the virus is found throughout Northern Africa, the Middle  
East, and adjacent regions of Asia, with possible movement into 
southern Africa and Europe noted.

Pathogenesis. The main route of infection is respiratory, and 
PPR is spread by airborne droplets. All secretions and excretions 
of infected animals are contagious throughout the course of the 
disease, but no carrier state exists. The virus targets lymphoid 
tissue. Lymphocytes are destroyed in germinal centers in lymph 
nodes, Peyer’s patches, tonsils, splenic corpuscles, and cecal  
lymphoid tissue. Immunosuppression results from lymphoid 
destruction. Lymphocytes are partially replaced by plasma cells, 
macrophages, an eosinophilic acellular matrix, and occasionally 
neutrophils. The epithelial lining of the mouth and digestive 
tract is highly vulnerable to the PPRV. With the loss of the ali-
mentary tract mucosa, weight loss and diarrhea become severe. 
The incubation period is usually 2 to 6 days, with up to 10 days 
possible.

Clinical Signs. The clinical disease produced by PPRV in sheep 
and goats closely resembles that of rinderpest, but the course is 
much more rapid. With the acute form, sheep and goats typically 
display an abrupt rise in temperature to 104° to 106° F (40°–41° 
C). Within a few days, infected animals develop nasal and lacrimal 
discharge, depression, thirst, anorexia, and leukopenia. Congestion 
of the conjunctival and other mucous membranes occurs, followed 
by serous and mucopurulent exudates. Sheep and goats develop 
oral erosions with necrotic foci, which results in excessive salivation. 
Diarrhea that may be profuse but rarely hemorrhagic develops 
within 2 to 3 days and is accompanied by abdominal pain, tachy-
pnea, emaciation, and severe dehydration. Bronchopneumonia, 
particularly that caused by Pasteurella spp., may be a terminal 

•   Fig. 16.1  A. The lungs of the adult pen-raised, white-tailed deer, have 
been retracted to reveal to ecchymoses on the ventral surface of the 
“ribcage.” Petechiae and ecchymoses can occur anywhere within the 
carcass in cases of epizootic hemorrhagic disease (EHD), but common 
locations are on the epicardium, on the pleural surface the ribs, subcuta-
neously, and on the surface of the spleen. B. Ecchymoses over the sur-
face of the reticulum (bottom right of photo) and the surface of the rumen 
(left side of photo). In addition to EHD, this deer also had bronchopneu-
monia (fibrin overlying consolidated lung can be seen in the far right of 
photo). (Courtesy Dr. Kelley Steury, Auburn, AL.)

A

B
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sequela. Death usually occurs 5 to 10 days after the onset of fever. 
Pregnant sheep or goats with PPR may abort.

Diagnosis. A presumptive diagnosis of PPR can be made on 
the basis of clinical, pathologic, and epizootiologic findings. The 
diagnosis can be confirmed by isolating the virus from blood or 
tissues, including lymph nodes, tonsils, spleen, and lung. Immu-
nocapture ELISA or PCR may be used to detect infection several 
days before the development of clinical disease. Most serologic 
tests (complement fixation or AGID) cannot differentiate between 
PPR and rinderpest. Characteristic postmortem findings include 
necrotic stomatitis that is generally confined to the inside of the 
lower lip and adjacent gum, the cheeks near the commissures, and 
the ventral surface of the free portion of the tongue. Abomasal 
erosions are often present. In the small intestine, Peyer’s patches are 
markedly affected, particularly in the first portion of the duode-
num and terminal ileum. The large intestine may be severely af-
fected. Lesions occurring near the ileocecal valve, at the cecocolic 
junction, and in the rectum are often described as zebra stripes that 
indicate areas of congestion along the folds of the mucosa.

Treatment and Prevention. Infection with PPRV has no spe-
cific treatment. Mortality can be reduced by supportive care, in-
cluding the administration of antimicrobial and antiinflammatory 
agents, as well as nutritional support. In the United States, state and 
federal veterinarians should be notified if PPRV is suspected. Meth-
ods used to eradicate rinderpest are useful in the eradication and 
control of PPR. All sick sheep and goats and those exposed should 
be slaughtered and disposed of by burning, burying, or rendering. 
The premises should be decontaminated, and the area quarantined. 
Sheep and goats can be protected against PPR by immunization 
with rinderpest vaccines or by the simultaneous administration of 
PPR hyperimmune bovine serum and virulent PPRV.127

Louping Ill
Pathogenesis. Louping ill is a tickborne disease caused by a 

flavivirus. It affects mainly lambs but occasionally also affects 
other livestock species and infrequently affects deer, camelids, and 
humans. Transmission is most common during tick season, and 
Ixodes ricinus is thought to be the most important infective host.

Many sheep clear the infection after a few days of fever and 
viremia, but others develop severe, fatal viral encephalitis. The 
virus is shed in many secretions, including milk, which is an im-
portant source of infection for other animals (and humans). The 
severity of the disease depends on herd immunity because previ-
ous exposure gives long-lasting immunity. Colostrum from im-
mune females is protective for the neonate. High antibody titers 
also appear to shorten the duration and level of viremia and 
thereby prevent invasion of the central nervous system. Naïve 
flocks may have fatality rates as high as 60%.

Clinical Signs. High biphasic fever, anorexia, and depression 
are seen in most infected sheep. Lambs may die quickly before 
illness is noted. Some sheep also develop central neurologic signs, 
including hyperexcitability, muscle tremors, and rigidity. Abnor-
mal coordination and muscle activity may cause sheep to move 
with a bounding gait (hence the name louping ill).

Diagnosis. The condition has no characteristic gross lesions. 
Microscopic examination of animals with neurologic signs reveals 
evidence of viral meningoencephalitis. Diagnosis is made by history 
(based on location, signs, and time of year), the identification of 
characteristic lesions, virus isolation, or fluorescent antibody staining 
of fresh brain tissue. A demonstrated increase in specific antibody 
titers in survivors strongly suggests the presence of this infection.

Prevention. Vaccines are available in endemic areas to control 
infection. Vector control during tick season also is important. 
Lambing season should also be timed so that lambs have high 
colostral antibody protection at the time of exposure to ticks.

Foot-and-Mouth Disease and Vesicular 
Stomatitis

Pathogenesis. Foot-and-mouth disease is caused by a highly 
contagious picornavirus and has been eradicated from the United 
States. Vesicular stomatitis is caused by a rhabdovirus and is inter-
mittently eradicated from the United States. Both diseases are 
highly contagious, nearly indistinguishable from each other clini-
cally, and reportable. Foot-and-mouth disease has a broad host 
range that includes most hoof stock (including pigs but not 
horses) and several other mammalian species. Vesicular stomatitis 
also affects many species of hoof stock, including both pigs and 
horses. Sheep and goats are relatively less susceptible than cattle, 
particularly to vesicular stomatitis.

The viruses are spread by aerosol and mechanical vectors and 
primarily colonize skin or mucous membranes. Milking ma-
chines, flies, birds, and humans all may be important mechanical 
vectors. Vesicular stomatitis tends to remain at the site of infec-
tion, and colonization is facilitated by damage to the skin. Oral 
mucous membranes, coronary bands and interdigital skin, and 
teat-end skin are common sites of lesions. Vesicular stomatitis 
outbreaks in the United States tend to occur in the summer or fall 
and end with the first killing frost.

Viremia plays more of a role with foot-and-mouth disease. The 
virus is present in most body tissues and fluids in infected animals 
and can be transmitted through milk, meat, bone, and hide prod-
ucts; semen; equipment that pierces the skin; and biting arthro-
pods. It also tends to spread through the circulation from the site 
of infection to other susceptible tissues, including the sites of ve-
sicular stomatitis, as well as to the nasal cavity, mammary glandu-
lar epithelium, and ruminal pillars.

The basic lesion for both diseases are the vesicles that form in 
the oral cavity and on the teats and coronary band. The vesicles 
quickly rupture and may not be visualized before forming ero-
sions. Ruptured vesicles leave deep erosions on the skin or mu-
cous membranes and appear to cause pain. Tissue damage and 
inflammation are often compounded by secondary bacterial infec-
tion, which can cause greater morbidity and mortality than the 
original viral infection. Morbidity is related to feed refusal, in-
creased recumbency, and secondary infections of the mouth, ud-
der, and feet.

Clinical Signs. Sheep and goats usually develop minor lesions, 
if any, and are more important in many outbreaks as transport or 
multiplying hosts than as primary clinical cases. However, identi-
fication of lesions should raise suspicion of this disorder. In the 
worst cases, vesicles, erosions, and ulcers are seen at target sites. 
They may appear mildly inflamed and erythematous; if they are 
infected, they may appear severely inflamed with hemorrhage and 
necrosis. Other signs vary according to the location and severity 
of the lesions. Lingual and buccal lesions cause salivation, dyspha-
gia, and feed refusal. Foot lesions, which are the most common 
clinical manifestation in small ruminants, cause lameness and re-
cumbency. Teat lesions cause reluctance to be milked or nursed 
and a decrease in production. Fever also may be seen early in  
the disease, when vesicles are most apparent. The fever then usu-
ally abates, and vesicles are replaced by erosions or ulcers. Abor-
tion may occur, especially with foot-and-mouth disease, and is 
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probably related to the fever rather than to fetal infection. The 
disease is usually self-limiting; most animals recover within 2 to  
3 weeks. Shedding of the virus causing vesicular stomatitis is 
thought to subside soon after healing of lesions. Foot-and-mouth 
disease virus may be shed for as long as 6 months, and all body 
secretions and tissues should be considered contagious, including 
milk, semen, meat, and offal. Both viruses have zoonotic potential 
and cause a disease in humans that resembles mild influenza. The 
diseases are self-limiting, but people can shed the viruses in suffi-
cient quantities to infect other animals.

Diagnosis. No characteristic clinicopathologic changes are re-
ported for either virus. Gross lesions resemble those seen before 
death and include vesicular, erosive, and ulcerative lesions of the 
mouth, feet, and teat ends; foot-and-mouth disease also causes le-
sions of the mammary gland and ruminal epithelium. Microscopic 
findings include hydropic degeneration of cells of the stratum 
spinosum of the epidermis without inclusion bodies. Secondary 
bacterial infection may lead to deeper ulcers and complicate iden-
tification of the viral etiology of these lesions. Myocarditis lesions 
may be seen with some forms of foot-and-mouth disease.

A presumptive diagnosis may be made by identifying charac-
teristic lesions during a season and in an area at risk for one of 
these infections. In North America, bluetongue should be consid-
ered as an important differential diagnosis for ulcerative oral le-
sions in sheep. A confirmed diagnosis of foot-and-mouth disease 
is achieved by a combination of virus isolation (from vesicles), 
IHC, and serology by regulatory officials. Identifying the source 
of infection also is very important. Diagnosis of vesicular stoma-
titis is achieved by complement fixation or fluorescent antibody 
staining of virus in vesicular fluid or detection of a rise in anti-
body titers. Flocks with either of these diseases in the United 
States are subject to quarantine and possible destruction (espe-
cially for foot-and-mouth disease).

Prevention. Meticulous personal hygiene and avoidance of 
contact with new animals are important during outbreaks to  
prevent spread between flocks. Vaccines against foot-and-mouth 
disease are available in many parts of the world, but not in the 
United States. Most nations slaughter or quarantine affected ani-
mals. Vaccines against vesicular stomatitis are available and are 
most commonly used if the risk of outbreak is high, but vaccina-
tion does not prevent infection or shedding. Good hoof and teat 
care and soft feeds may help prevent spread of the virus by provid-
ing a healthy, intact barrier against invasion.

Sheep and Goat Pox
Pathogenesis. Sheep and goat pox are caused by two closely 

related poxviruses. Some strains are infective to both sheep and 
goats; most are species specific. They are maintained in popula-
tions by infected animals, and transmission occurs by aerosol or 
direct or indirect contact. Flies may play an important role as 
mechanical vectors in some flocks. Viruses remain infective in the 
environment for as long as 6 months.

After infection, viremia and inflammation of the oral, nasal, 
and ocular mucous membranes occur. Erythematous papular pox 
lesions appear a few days later. Severity varies according to strain 
pathogenicity, breed susceptibility, and immune status. Mild infec-
tions are characterized by lesions concentrated in the non-wooled 
or hairless regions of the skin. Severe infections produce lesions 
throughout the oral cavity, respiratory tract, and peritoneal  
cavity. Secondary infection is common with the severe form and 
mortality is high. If the animal survives, lesions heal in 3 to  

4 weeks. Both diseases have been eradicated from the United States 
and are reportable. People can develop mild disease on exposure to 
these viruses.

Clinical Signs. Fever, inappetence, conjunctivitis, and upper re-
spiratory signs are seen in the initial stages. Pox lesions are visible 
shortly thereafter. Secondary infection can lead to a variety of more 
serious signs indicative of respiratory disease, sepsis, and shock.

Diagnosis. Characteristic pox lesions are highly suggestive of 
this disease. Microscopic analysis reveals eosinophilic intracyto-
plasmic inclusion bodies, acantholysis, and pustule formation 
within the epidermis and occasionally the dermis. Viral particles 
may be seen on ultrastructural examination. Gross and micro-
scopic lesions are characteristic with the severe form, but mild 
disease may produce mild lesions that are difficult to differentiate 
from other viral diseases that cause oral proliferative or ulcerative 
lesions. Virus can be isolated from blood or tissues (mainly skin) 
during the acute viremic stage and identified by antibody staining 
of more chronic lesions. Serologic tests are available to detect ris-
ing titers in convalescent animals.

Treatment and Prevention. No specific treatment is available 
for sheep or goat pox. Antibacterial drugs may be useful to treat 
secondary infection. Judicious use of insecticides and confine-
ment of affected animals may prevent spread. Vaccines are avail-
able in some countries, but not in the United States. Infected 
flocks are placed under quarantine or destroyed in regions where 
the diseases are not endemic. These viruses are difficult to eradi-
cate from flocks because of their environmental persistence and 
the constant supply of susceptible hosts.

Chronic Viral Diseases

Caprine Arthritis-Encephalitis Virus Infection
Caprine arthritis-encephalitis virus (CAEV) is an enveloped, single-
stranded retrovirus in the Lentivirus genus. Like other retroviruses, 
CAEV integrates into the host chromosomal DNA before replicating. 
The virus is able to remain latent or undergo sporadic bouts of produc-
tive viral replication. CAEV is closely related to ovine lentiviruses.

Clinical Signs. Clinical disease may be evident in only 10% of 
goats from a CAEV-infected herd at any given time. As many as 
85% of seropositive goats may be clinically normal. CAEV pro-
duces four clinical syndromes: encephalomyelitis, arthritis, intersti-
tial pneumonia, and indurative mastitis. The pattern of disease 
usually varies with age. Arthritis is generally seen in sexually mature 
goats, whereas encephalomyelitis is generally seen in kids 2 to  
4 months old. Interstitial pneumonia and indurative mastitis are 
more common in adult goats. Some goats suffer from a wasting 
disorder characterized by poor body condition and rough hair coat.

Diagnosis. A presumptive diagnosis of CAEV can be made on 
the basis of history and clinical signs suggestive of one or more of 
the syndromes. In general, ELISA tests are better for detecting 
disease in an individual animal because the sensitivity of the test 
is higher than that of the AGID, whereas the AGID is better for 
herd screening that requires high specificity. With the AGID test, 
false negatives may occur in goats that have not yet seroconverted 
to recent infection. Individual goats may take months or years  
to seroconvert or may never do so. Parturition or advanced stages 
of disease also may contribute to a false-negative result. False 
positives may occur in goats younger than 90 days old that have 
colostral antibodies. For this reason, it is often suggested that kids 
be at least 6 months old before they are tested. PCR testing has 
high specificity and sensitivity and can detect infection within a 
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day of exposure. Other less commonly used tests include a West-
ern blot to detect antibodies and a Northern blot to look for  
mitochondrial RNA. Because of the limitations in interpreting 
serologic results, CAEV-induced disease can only be definitively 
diagnosed by identification of characteristic lesions from exami-
nation of biopsy specimens or postmortem viral isolation.

Treatment. No specific treatments are available for any of the 
syndromes associated with CAEV. Young goats suffering from 
encephalomyelitis may benefit from physical therapy if they are 
recumbent, and bottle feeding may help maintain hydration and 
caloric intake. Antibiotics may be beneficial to goats affected with 
interstitial pneumonia or mastitis if secondary bacterial infection 
is present. Generally, the prognosis is poor for the encephalitic 
form and guarded for the other forms.

Prevention. Prevention of CAEV is crucial because infection 
is lifelong. Infected colostrum and milk are the most important 
sources of infection. Newborn kids should be prevented from 
ingesting colostrum from infected does and should instead be fed 
pasteurized goat’s milk or milk from CAEV-negative goats. All 
goats in a herd should undergo serologic testing twice yearly; se-
ropositive goats should be segregated or culled to prevent direct 
contact between infected and uninfected animals.

Ovine Progressive Pneumonia Virus Infection
Ovine progressive pneumonia (OPP) is an ultimately fatal retro-
viral disease that causes chronic, progressive, debilitating inflam-
matory conditions of the lungs (United States) and central ner-
vous system (other parts of the world). It also is called maedi- (mæði 
is Icelandic for “shortness of breath”) visna (meaning “wasting”). 
The virus is a member of the Lentivirus genus of retroviruses and 
is closely related to CAEV. Recombination between OPP and 
CAE viruses has been observed.128

The virus primarily affects sheep and rarely goats and has been 
identified worldwide, except in Australia and New Zealand. The 
disease has a long incubation period and protracted clinical course.

Pathogenesis. Only sheep older than 2 years of age are 
affected by OPP virus (OPPV). The virus is spread by direct con-
tact, probably in respiratory and salivary secretions, and by excre-
tion in the milk and colostrum. Transplacental transfer is of  
minor importance. Virus is excreted by animals that exhibit clini-
cal signs and asymptomatic animals. Infection is established in the 
monocyte and macrophage cell line and spread by these cells to the 
lungs, lymph nodes, choroid plexus, spleen, bone marrow, mam-
mary gland, and kidneys. Like CAEV, OPPV evades the cellular 
and humoral immune system of the host by incorporation of its 
provirus in host DNA, low-grade replication of virus only when 
monocytes differentiate into macrophages (restricted replication), 
and production of antigenic variants that are not neutralized by 
existing antibodies. Continual antigenic stimulation of the host by 
low-grade replication of OPPV results in chronic inflammation 
and resultant lymphoid proliferation in various target tissues. The 
virus may prevent B lymphocytes from differentiating into plasma 
cells in lymph nodes and may thereby impair immunoregulation. 
Seroconversion occurs within 2 to 3 weeks after infection.

Clinical Signs. In the United States, serologic surveys reveal 
infection rates of between 30 and 67% but rarely is more than 5% 
of a flock lost to OPPV. Icelandic, Texel, Border Leicester, and 
Finnish Landrace appear to be susceptible sheep breeds. More re-
sistant sheep breeds include Rambouillet, Suffolk, and Columbia.

Various clinical syndromes are associated with OPPV and in-
clude wasting (thin ewe syndrome), dyspnea occasionally with a 

dry cough, pneumonia, mastitis (“hard bag”), posterior paresis, 
arthritis, and vasculitis. In North America, pneumonia and indu-
rative aseptic mastitis are common sequelae of infection. Coinfec-
tion with the Jaagsiekte virus (the cause of pulmonary adenoma-
tosis) worsens respiratory signs. Visna, the neurologic form, is 
more common in goats. Over the course of up to a year, subtle 
signs such as a head tilt or hindlimb weakness progress to gross 
incoordination, whole body tremors, and rarely more profound 
cranial nerve signs.

Diagnosis. A presumptive diagnosis can be made on the basis 
of clinical signs, poor response to treatment, characteristic post-
mortem findings, and serologic testing. Definitive diagnosis re-
quires PCR or isolation of the virus from WBCs (buffy coat of 
whole blood sample) or tissues. Less expensive and faster serologic 
tests include AGID, ELISA, and an indirect immunofluorescence 
test. The AGID test is frequently used as a flock screening test, but 
the ELISA is more sensitive on an individual basis and can detect 
antibodies earlier in the course of the disease. As with CAEV, false 
negatives and false positives are possible.

Characteristic postmortem lesions include generalized wasting 
and firm, noncollapsing lung or firm, mottled mammary glands, 
both with regional lymphadenopathy. Microscopic evaluation of 
those tissues reveals interstitial non-septic, mononuclear cell infil-
trates, although these may be complicated by secondary infections. 
Histopathology of nervous tissue reveals meningoleukoencephalitis.

Treatment. No effective treatment is available for OPPV. Sup-
portive therapy that includes appropriate husbandry and control 
of secondary infection with antibiotics may prolong life for a few 
weeks or months but, ultimately, the disease is fatal. Because of 
the poor prognosis and risk of exposure of naive animals to clini-
cal disease, long-term treatment is not recommended.

Prevention. The only known method of preventing OPPV 
infection in a flock is to prevent exposure to the virus. Manage-
ment practices that help decrease the incidence of horizontal trans-
mission include disinfection of milking equipment, dehorning 
instruments, and tail docking and castration tools before use and 
between animals. Contaminated feed and water also are potential 
routes of infection and should not be shared among infected and 
uninfected animals. Serologic testing and separation or culling of 
seropositive animals may help reduce infection. Although OPPV 
can readily be isolated from ewe colostrum, colostral transmission 
of OPPV has not been definitively established. However, many 
prevention guidelines recommend that offspring from infected 
dams be separated from the dam before they nurse and then be fed 
cow colostrum and artificially reared. Quarantine and serologic 
testing of flock additions before placing them with the current 
flock and purchase of sheep only from OPPV-free flocks are im-
portant to prevent the introduction of new infections. Because of 
the potential cross-species spread, all precautions taken for sheep 
also apply to contact goats. Serologic testing should be performed 
at least annually in a flock until two consecutive negative test re-
sults are obtained.

Border Disease Virus
Border disease virus (BDV) is in the genus Pestivirus and family 
Flaviviridae, which also includes the two genotypes of bovine viral 
diarrhea virus (BVDV) and classical swine fever virus. It rarely 
causes disease in adults and is most important as a cause of in utero 
infection of lambs and kids. The condition gets its name from the 
fact that it was first reported in sheep along the Welsh border of 
the United Kingdom. Other names such as “hairy shakers” and 
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“fuzzy lamb disease” refer to some of the clinical signs seen in af-
fected newborns. It is important to recognize that although BDV 
is genetically distinct from the two types of BVDV, sheep and 
goats also are susceptible to some strains of BVD.

Pathogenesis. Horizontal transmission of BDV occurs 
through contact with secretions and excretions of body fluids and 
tissues from infected animals. The virus crosses intact mucous 
membranes and can spread rapidly through a flock. The major 
reservoir is the persistently infected sheep or goat. These reservoirs 
are usually asymptomatic, congenitally infected, and often serone-
gative animals that shed large quantities of virus. These may be 
residents of a flock with an ongoing problem or bought in as re-
placement animals to a naïve flock. Some cross-infection from 
other species is possible, particularly from cattle.

Adult, immunocompetent sheep rarely show any signs of acute 
infection. However, if a pregnant ewe or doe is infected, the virus 
may be transmitted vertically to the embryo or fetus. Depending 
on the stage of gestation, embryonic or fetal infection may have 
different outcomes ranging from embryonic reabsorption to nor-
mal birth. These infections are the most important aspect of 
border disease.

The major organ system targeted by BDV is the fetal central 
nervous system. The hallmark lesion is hypomyelination, or degen-
eration of oligodendroglial cells. Three factors contribute to this 
lesion. The first is direct viral damage. The second is viral-induced 
inhibition of the thyroid gland that causes decreased secretion of 
thyroid hormones. In the absence of these hormones, a resultant 
lowered concentration of a specific nucleotide in the central ner-
vous system also contributes to the hypomyelination. The third 
factor is altered immune function. The virus causes the host to 
produce a virus-specific delayed hypersensitivity reaction that 
causes inflammation in the central nervous system. It also causes 
immunosuppression. Death often results from opportunistic con-
ditions such as parasitism, diarrhea, and bronchopneumonia.

Clinical Signs. Clinical signs depend on the time during gesta-
tion when the fetus or embryo is exposed to the virus. Clinical 
signs also may vary in severity from animal to animal because  
different fetuses develop competent immune systems at different 
times. If the fetus or embryo is exposed to the virus within  
45 days of conception, it dies and is resorbed or aborted. These 
losses are not usually noticed by the flock manager. The principal 
manifestation in the flock is a large number of open ewes and a 
small lamb crop. Infection of the fetus between days 45 and 80 of 
gestation causes damage to rapidly growing systems such as the 
skin and nervous, lymphoid, thyroid, and skeletal systems. Con-
genital malformations are seen at birth. Lambs have abnormal 
fleece characteristics (hairy rather than woolly in consistency), 
small stature, domed heads, shortened legs, and dark pigmenta-
tion of the skin, particularly on the dorsal aspect of the neck. The 
lamb may exhibit tonic-clonic tremors (“hairy shakers”) when 
awake, which may prevent standing or suckling. Most of these 
lambs die within a few days of birth. If they survive, the hair 
changes disappear in 9 to 12 weeks and the central nervous system 
signs resolve by 20 weeks. Goats infected at this time have similar 
symptoms except that they rarely exhibit hair coat changes. If kids 
are infected before day 80 of gestation and are still viable, they 
may become persistently infected and immunologically compro-
mised. They are small at birth and generally weak.

Typical outbreaks of border disease cause abortions and birth 
of weak lambs in the first year as the virus rapidly spreads 
throughout a susceptible flock and then insignificant losses in the 
succeeding years as adult sheep develop immunity. However, if 

new naïve ewes are introduced in the flock, substantial losses may 
occur in perpetuity.

Diagnosis. Border disease viral antigens can be demonstrated 
in abomasum, pancreas, kidney, thyroid, skin, and testicle tissues 
from aborted fetuses and persistently infected animals using fluo-
rescent antibody tests. However, IHC on ear notch samples is not 
considered as reliable for detecting persistently infected small ru-
minants as it is for cattle. The virus can be isolated, or viral anti-
gen detected by ELISA, from serum, heparinized whole blood, 
and tissue taken from brain, spinal cord, spleen, and bone marrow 
from affected lambs. Whole blood is better than serum if colostral 
antibodies are likely to be high; serum is an adequate sample in 
neonates and juveniles that have not suckled.

Antibodies to the virus may be quantified by serum neutraliza-
tion, AGID, and complement fixation with hyperimmune BVD 
antiserum. Serologic tests are useful to detect exposure in late-
gestation (after day 80) neonates and unvaccinated animals but 
may be confounded by colostral antibodies in suckling neonates, 
previous exposure, and vaccination in older animals. Any titer in 
a presuckling neonate indicates in utero exposure, whereas a se-
rum neutralization titer of 1:20 to 1:320 suggests infection in 
adults. The presence of specific antibodies in the cerebral spinal 
fluid suggests BDV infection. Negative presuckling serologic tests 
do not rule out exposure because persistently infected lambs tend 
to be immunotolerant to the BDV and therefore are born without 
an antibody titer. These animals may subsequently develop a titer 
that is indistinguishable from that of a normal animal. Although 
persistently infected animals do not respond immunologically to 
the strain of the virus they carry, they may respond to other strains 
of the virus, including vaccine strains.

As with BVD, PCR assays are gaining popularity for the detec-
tion of BDV in fluids and tissue samples. These assays appear to 
be superior to other techniques, except in autolyzed tissues. Real-
time PCR may also be used to differentiate BDV from BVD and 
to type isolates.

Gross postmortem findings include hydranencephaly, poren-
cephaly, microcephaly, cerebellar hypoplasia, abnormal rib cur-
vature, brachygnathia, doming of the frontal bones of the skull, 
narrowing of the distance between the orbits, shortening the 
crown-to-rump length, shortening of the diaphyseal length, 
retention of secondary hair fibers, and abnormal skin pigmenta-
tion. The major histopathologic changes include hypomyelin-
ation and hypercellularity of the white matter. Glial cells appear 
normal.

Treatment. No treatment is available for border disease infec-
tion. Supportive care may include assistance in nursing and stand-
ing for affected lambs, provision of good bedding and solid footing, 
and treatment of secondary opportunistic infection.

Prevention. Control is primarily achieved by eliminating per-
sistently infected carrier animals from the flock and preventing 
the addition of new carrier animals. This is easiest in a closed flock 
but especially difficult in small ruminant flocks because of the 
frequent desire to import new genetics. To identify carriers, virus 
isolation must be performed on every animal in the flock; carrier 
animals must be culled. Additionally, all unborn animals must be 
considered potential carriers and should be tested at birth. An 
alternative solution in hobby flocks is to arrest breeding activity 
until all animals have been shown to be free of infection. New 
animals should be quarantined and tested before admission to the 
flock. Herd screening with the ear skin biopsy test using fluores-
cent antibody staining to detect virus is less expensive and more 
convenient than the whole blood virus isolation test.
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The role of vaccination in preventing infection is still unclear. 
No vaccine against BDV is available, but some reports suggest 
that BVDV vaccines for cattle may be helpful for sheep at risk. 
However, these vaccines have proven to be more effective at pre-
venting clinical disease in vaccinated animals than in preventing 
in utero infection because they do not prevent transient viremia. 
Vaccination decreases viremia and fetal infection but does not 
eliminate them. Therefore, vaccines play a role in decreasing eco-
nomic loss but do not replace culling of carrier animals as the 
major method of control.

Scrapie
Another member of the slow infection group of diseases of small 
ruminants is scrapie. It is an afebrile, chronic, progressive degenera-
tive disorder of the central nervous system of sheep and occasionally 
of goats (see Chapter 13). Scrapie is caused by a prion and, as such, 
is one of the transmissible spongiform encephalopathies.

Sheep (and goats and mouflon to a lesser degree) are the natu-
ral hosts for scrapie. Clinical signs often do not usually appear 
until animals are 2 years old, and animals as old as 5 years may 
exhibit clinical disease. Both vertical and horizontal transmission 
have been demonstrated experimentally in sheep and goats. Ab-
normal scrapie protein has been identified in milk, urine, and 
seminal plasma of sheep up to 20 months prior to the develop-
ment of clinical signs. Also, new evidence from deer with chronic 
wasting disease, a similar disorder, suggests that infective prions 
are excreted in the saliva and feces well before the development of 
clinical signs. These new revelations may help explain horizontal 
transmission of infection.

Clinical Signs. The onset of scrapie is insidious. Initially, 
sheep show subtle changes in behavior such as mild apprehen-
sion, staring or fixed gaze, failure to respond to herding dogs, and 
boldness around humans. Several months later, the animals be-
come intolerant of exercise and develop a clumsy, unsteady gait 
and floppy ears. Later, the sheep develop itchy skin that causes 
them to rub themselves excessively against firm, immobile ob-
jects (origin of the name scrapie). This leads to excoriations and 
wool damage. There is a general decline in body condition and 
coordination.

Diagnosis. Histologically, the only consistent lesions are degen-
erative changes in the central nervous system consisting of bilater-
ally symmetric vacuolation of the neurons in the brainstem and 
spinal cord with accompanying spongy degeneration. As a preclini-
cal test, IHC may be performed in lymphoid tissue from the tonsils, 
third eyelid, or rectoanal mucosa, but none of these methods is 
foolproof. CWD is discussed in Chapters 13, 19, and 20.
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Examination of the Cardiovascular System

History
Thorough information about history and signalment helps to 
formulate an accurate differential diagnosis list and guides appro-
priate treatment. Breed, sex, use, and age can be predisposing 
factors to cardiovascular disease. For example, while clinical signs 
of cardiovascular disease in neonatal or juvenile patients are most 
likely caused by congenital heart disease, acutely developed clini-
cal signs in adult animals suggest an acquired disease. The onset 
and duration of clinical signs help to distinguish cardiac from 
noncardiac conditions. Most conditions caused by left-sided car-
diac decompensation have an acute onset. In contrast, noncardiac 
etiologies are more likely associated with chronic respiratory 
clinical signs. On the other hand, right-sided cardiac decompen-
sation is typically more chronic, and associated clinical signs such 
as ascites and peripheral edema may be present for a longer dura-
tion. History of travel, feed, and housing environment are impor-
tant since many environmental factors can lead to cardiovascular 
disease (plant and nutritional toxicities, nutritional deficiencies, 
and endemic infectious diseases). Information about the presence 
and nature of clinical signs in other herd members may suggest 
the presence of a common source or an infectious etiology.

Visual Examination
Visual examination of the animal can provide important informa-
tion about cardiovascular health. The animal should be observed 
for overt signs of cardiovascular compromise, such as tachypnea, 
dyspnea, coughing, exercise intolerance, weakness, collapse, nasal 
discharge, abdominal distention, and peripheral edema. Interac-
tion of the small ruminant with the examiner, handler, or other 
animals of the herd can suggest disease severity. Animals with se-
vere cardiac disease, such as those in respiratory distress, may be 
disorientated and stop interacting with the surrounding environ-
ment. The size and growth rate of the animal should be noted, as 
neonatal or juvenile animals with significant cardiovascular disease 
tend to be smaller than their healthy cohorts. Cardiac cachexia is 
common in animals with significant cardiac disease, and body 

condition score and musculature should be noted. Occurrence of 
similar clinical signs in multiple herd members should be noted as 
they may suggest a common etiological source (feed or environ-
mental toxicity, nutritional deficiency, or infectious disease).

Cardiac Auscultation
Cardiac auscultation allows detection of heart rate and rhythm, 
heart murmurs, and presence of pericardial disease. With some 
individual variation, the heart extends from the third to the fifth 
intercostal space. Prior to auscultation, both hemithoraces should 
be palpated simultaneously for the point of maximal intensity 
(PMI) at which the heartbeat is palpated most strongly. In normal 
animals, the PMI is located on the left hemithorax at the level of 
the mitral valve, which represents the apex of the heart. This usu-
ally coincides with the left fourth intercostal space. Certain car-
diac conditions causing right-sided pathology (pulmonic stenosis, 
tetralogy of Fallot, and pulmonary hypertension) can shift the 
PMI to the right hemithorax. The semilunar valves are auscultated 
cranially and dorsally to the PMI on the left hemithorax, usually 
around the third intercostal space. This area represents the base of 
the heart. Palpation of the base of the heart is important for detec-
tion of congenital cardiac defects such as semilunar valve pathol-
ogy, atrial septal defects (ASDs), and ventricular septal defects. An 
arterial pulse should be palpated simultaneously with cardiac 
auscultation, if possible. Systole coincides with the arterial pulse, 
so concurrently palpating an arterial pulse may aid in matching 
auscultation abnormalities (heart murmurs and/or irregular 
rhythms) with the appropriate phase of the cardiac cycle.

There are four main heart sounds: S1, S2, S3, and S4. S1 and 
S2 are the two heart sounds that can be auscultated most reliably, 
but S3 and S4 may not be present or may not be heard unless 
hemodynamic or pathologic processes are present. Tensing and 
closure of the atrioventricular valve (AV) apparatuses lead to the 
generation of the first heart sound, S1. This sound is usually heard 
most loudly over the left apex, coinciding with the mitral valve. 
Tensing and closure of the semilunar valves generate the S2 heart 
sound, coinciding with the end of ventricular systole. S3 and  
S4 cannot be auscultated in most ruminants, but when present, 
cardiac pathology should be suspected. These sounds are referred 
to as gallop sounds and occur during diastole. S3 is generated  
by rapid ventricular filling at the beginning of diastole and is  
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associated with ventricular systolic dysfunction with dilation of 
the affected ventricle. S4 is generated by atrial contraction, with 
blood entering a noncompliant or dilated ventricle. S4 is most 
often heard in animals with significant ventricular diastolic  
dysfunction, such as those with restrictive cardiomyopathy or 
constrictive pericarditis.

Muffled Heart Sounds. The heart sounds can be dampened, or 
muffled, when attenuated by structures between the stethoscope and 
the heart. While blood transmits vibrations generated by the heart 
very well, other fluids, tissues, air, and bone attenuate cardiac vibra-
tions. Body habitus and age can affect the acoustics of the heart 
sounds. Large depositions of adipose tissue, thick skin, and thick 
musculature can attenuate heart sounds. Fluid between the stetho-
scope and the heart, such as subcutaneous edema, pleural effusion, 
and pericardial effusion, can muffle heart sounds. Gas accumulation, 
associated with subcutaneous emphysema, pneumothorax, and 
pneumopericardium, can muffle heart sounds. Similarly, abnormal 
soft tissue structures or solidification of tissues, such as cutaneous or 
subcutaneous masses, pulmonary masses, pneumonia, pulmonary 
edema, pulmonary abscesses or granulomas, and pulmonary hemor-
rhage can lead to attenuation of heart sounds.

Cardiac Murmurs. Cardiac murmurs are auditory vibrations 
caused by turbulent and/or high-velocity blood flow within the 
heart or great vessels. Flow velocity, vessel size, and blood viscosity 
have an impact on the generation of heart murmurs. The timing 
of a murmur can be systolic, diastolic, or continuous. Systolic 
murmurs are present at the start of or within the S1 to S2 interval. 
Diastolic murmurs are present at the start of or within the interval 
from S2 to the subsequent S1 sound. Simultaneous palpation of 
the arterial pulse aids in distinguishing systolic and diastolic mur-
murs. Peripheral arterial pulses can help determine hemodynamic 
status. Depending on the size of the animal, the femoral, trans-
verse facial, and brachial arteries are the most appropriate periph-
eral arteries for palpation in ruminants. The femoral artery is  
located in the inguinal region of the pelvic limbs within the 
femoral triangle and is often the most consistently palpable  
peripheral artery in sheep.1 The transverse facial artery crosses 
superficially over the ramus of the mandible and is palpable mid-
way between the ventral aspect of the mandible and the temporo-
mandibular joint.2 The brachial artery may be palpable along the 
midline on the medial aspect of the brachium of the thoracic 
limbs.2 The arterial pulse occurs with systole, and murmurs heard 
concurrently with palpation of the arterial pulse are systolic.  
A diastolic murmur is heard between palpated arterial pulses.  

A continuous heart murmur is one heard throughout all of systole 
and diastole, with no clear demarcation between the two phases 
of the cardiac cycle. To-and-fro murmurs are uncommon but can 
be confused with continuous heart murmurs. To-and-fro mur-
murs have a systolic and diastolic component, either from the 
same valve or two different cardiac lesions during the same cardiac 
cycle, and can occur with severe infective valvular endocarditis, 
which can cause turbulent blood flow in systole and significant 
aortic regurgitation during diastole.

Murmurs can be divided into physiologic (functional) and 
pathologic categories. Physiologic murmurs are present in hyper-
dynamic states, usually due to increased cardiac output. These 
conditions include pain, excitement, fever, pregnancy, lactation, 
anemia, and iatrogenic fluid overload. Physiologic murmurs are 
usually mild to moderate in intensity, systolic, and heard most 
loudly over the left base since they are caused by increased velocity 
across the semilunar valves during systole. The location of the 
heart murmur suggests the area of the heart affected. While apical 
murmurs include those associated with the AVs, basilar murmurs 
include those associated with the semilunar valves or sometimes 
with atrial and ventricular septal defects. A congenital defect is 
most likely the cause of a murmur in neonatal or juvenile animals 
(Table 17.1), whereas acquired cardiac disease is more likely in 
adult animals with a newly developed murmur (Table 17.2).

Pathology of one or both of the AVs can cause an acquired 
apical systolic heart murmur. Valvular endocarditis most com-
monly affects the AVs, especially the tricuspid valve leaflets in 
small ruminants and cervids.1,3–5 Although endocarditis of either 
valve can alter the morphology and function of the valve, a mur-
mur may or may not be present. In sheep and deer, endocarditis 
may be associated with polyarthritis, with Erysipelothrix rhusio-
pathiae and Streptococcus species having been isolated in sheep.3 
The vegetative lesions may become sufficiently severe to cause 
right-sided congestive heart failure (CHF), but despite the pres-
ence of clinical signs of valvular endocarditis, cases may not be 
diagnosed until postmortem examination.1,4,5 Acquired basilar 
systolic heart murmurs can be associated with endocarditic lesions 
on either of the semilunar valves, with the aortic valve being  
most commonly affected.6 If sufficiently severe, significant aortic 
regurgitation can occur, causing a diastolic murmur as well.  
Calcification of the semilunar valve cusps may be associated  
with ingestion of plants with high 1,25 dihydroxycholecalciferol 
concentrations,7,8 which, while rare in small ruminants and cer-
vids, should prompt a nutritional analysis when encountered.

TABLE 
17.1

Congenital Cardiac Lesions and Their Associated Heart Murmurs and Natural Outcomes in Small Ruminants 
and Deer.

Lesion Murmur Side Murmur Location Murmur Timing Natural Outcomea

Ventricular septal defect* Right . left Base . Apex Systolic L-CHF

Tetralogy of Fallot Left Base Systolic R-CHF, polycythemia

Patent ductus arteriosus Left Base Continuous L-CHF

Mitral valve dysplasia Left Apex Systolic L-CHF

Tricuspid valve dysplasia Right Apex Systolic R-CHF

Atrial septal defect* Right . left Base Systolic L-CHF

*, Left-to-right shunting; L-CHF, left-sided congestive heart failure; R-CHF, right-sided congestive heart failure
aRepresents most severe form of each condition; patients with mild or moderate forms may be asymptomatic.
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Auscultating Arrhythmias. In addition to evaluating for heart 
murmurs, cardiac auscultation also provides valuable information 
regarding the cardiac rhythm. Premature ectopic beats can be 
heard and substantiated via concurrent arterial pulse palpation. 
During premature ectopic beats, there is usually an arterial pulse 
deficit associated with that beat. Although auscultation and arte-
rial pulse palpation can diagnose premature ectopic beats, these 
alone cannot differentiate atrial from ventricular premature 
beats—an electrocardiogram is required to make this distinction.

Bradyarrhythmias can be caused by electrolyte imbalances and 
structural pathology to the cardiac conduction system. Alterations 
in calcium, potassium, and magnesium are the electrolytes that 
tend to have the strongest effect on cardiac rhythm. Changes to 
the conduction system can be due to fibrosis and/or infiltrative 
disease (infection, inflammation, and neoplasia).

Tachycardia can be caused by excitement, stress, fever, pain, 
hypovolemia, electrolyte derangements, toxins, systemic disease 
(gastrointestinal disease, infection, or inflammation), anemia, 
and primary cardiac disease. A thorough history of travel and 
environmental factors (toxins in feed, exposure to toxic plants, 
etc.) should be recorded. As with bradyarrhythmias, blood elec-
trolyte concentrations should be measured when persistent or 
paroxysmal tachycardia is present. In animals with clinical signs 
associated with an arrhythmia (episodic weakness, lethargy, or 
syncope), it is recommended to auscultate for prolonged peri-
ods of time, because some arrhythmias, especially tachyarrhyth-
mias, can be paroxysmal and easily missed during abbreviated 
auscultation. Once electrolyte derangements are ruled out in 
patients with a bradyarrhythmia or tachyarrhythmia, echocar-
diography is warranted to assess the potential for structural 
cardiac disease. If echocardiography does not demonstrate overt 
structural disease, measuring serum cardiac troponin I (cTnI) is 
recommended (see later), as myocarditis can cause significant 
arrhythmias.

Pericardial Friction Rubs. Pericardial friction rubs are extra 
sounds created by the rubbing together of the parietal and visceral 
pericardial layers. In normal animals, the movement of these lay-
ers is inaudible. When the layers are inflamed, they no longer 
interact smoothly and friction is created. This results in audible 
sounds, which can occur in synchrony with the heartbeat, during 
both phases of respiration, and/or between breaths. Occurrence 
between breaths differentiates pericardial from pleural friction 
rubs, which are auscultated only during respiration. The most 
common cause of pericardial friction rubs in small ruminants is 
infectious pericarditis, but noninfectious inflammatory and  
idiopathic pericarditis can occur.

Peripheral Arterial Pulses
The locations for peripheral arterial pulse palpation were previ-
ously discussed. Decreased cardiac output and systemic hypoten-
sion are common causes of weak arterial pulses. Obstructive  
lesions, such as thrombi or tumors, can also cause weak or absent 
arterial pulses. In cases of weak arterial pulses occurring secondary 
to decreased cardiac output or hypotension, all palpable periph-
eral arterial pulses are expected to be weak, as these conditions 
affect the cardiovascular system as a whole.

Hyperdynamic pulses, also called bounding or “water-ham-
mer” pulses, are caused by conditions causing a larger difference 
between the systolic and diastolic pressure. Hyperdynamic pulses 
occur most commonly with diseases causing a significant decrease 
in diastolic pressures, such as patent ductus arteriosus (PDA), 
significant aortic insufficiency, and the hyperdynamic phase of 
shock.

Pulsus paradoxus describes an abnormally large decrease in 
cardiac output and peripheral pulse strength during the respira-
tory cycle in cases of cardiac tamponade and constrictive peri-
carditis. Normally, preload to the right side of the heart increases 
slightly during inspiration, which decreases flow to the left side 
of the heart. This causes a decrease in systemic cardiac output 
during inspiration. This pattern is reversed during expiration, 
causing an increase in cardiac output and peripheral pulse 
strength.

As previously discussed, peripheral arterial pulse deficits can be 
palpated during ectopic beats. Because of the abbreviated interval 
between the normal beat and subsequent premature beat, dia-
stolic filling is decreased. This leads to decreased cardiac output 
during the following systolic phase, creating an arterial pulse 
deficit during the ectopic beat.

Mucous Membranes
Evaluation of the mucous membranes can be performed to assess 
hydration and perfusion status. It also provides information on 
potential clinicopathologic abnormalities, such as anemia or  
icterus. Mucous membranes most commonly evaluated include 
the buccal, scleral, conjunctival, and vulvar or preputial mucous 
membranes.

Capillary Refill Time. Capillary refill time (CRT) helps to 
assess perfusion, although it is somewhat insensitive for determin-
ing cardiac output and tissue perfusion status accurately. CRT can 
be decreased in patients in hyperdynamic states, and the mucous 
membranes may appear injected due to peripheral vasodilation. 

TABLE 
17.2

Acquired Cardiac Lesions and Their Associated Heart Murmurs and Natural Outcomes in Small Ruminants 
and Deer.

Lesion Murmur Side Murmur Location Murmur Timing Natural Outcomea

Tricuspid valve degeneration/endocarditis Right Apex Systolic R-CHF

Aortic valve endocarditisb Left Base Systolic L-CHF

Aortic valve calcification Left Base Systolic L-CHF

Mitral valve degeneration Left Apex Systolic L-CHF

L-CHF, left-sided congestive heart failure; R-CHF, right-sided congestive heart failure.
aRepresents most severe form of each condition; patients with mild or moderate forms may be asymptomatic.
bSevere aortic valvular endocarditis may also cause a diastolic murmur due to severe aortic insufficiency.
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Causes include those of both benign and malignant etiologies, 
such as excitement, stress, fever, and hyperdynamic shock. In 
these conditions, concurrent tachycardia would be expected. CRT 
can be prolonged in patients with decreased tissue perfusion and 
hypodynamic shock. Since CRT can be insensitive as a one-time 
diagnostic measurement, serial evaluation of CRT may be more 
useful in determining the efficacy of treatment.

Pale Mucous Membranes. Pale mucous membranes usually 
indicate anemia or decreased tissue perfusion. White mucous 
membranes are suggestive of significant anemia and/or signifi-
cantly decreased tissue perfusion.

Dark Mucous Membranes. Dark red or muddy mucous 
membranes can signify polycythemia. Right-to-left shunts 
should be considered in young patients with polycythemia, as 
chronic hypoxia associated with these shunts stimulates in-
creased release of erythropoietin. Severe polycythemia may cause 
petechiae and ecchymosis of the mucous membranes. Methe-
moglobinemia causes the mucous membranes to become brown 
in color.

Icteric Mucous Membranes. Icteric, or yellow-colored, mu-
cous membranes are caused by the accumulation of bilirubin. 
Prehepatic, hepatic, and posthepatic causes of hyperbilirubinemia 
should be considered, although prehepatic (hemolysis) causes are 
most common in small ruminants.9 Icterus develops once biliru-
bin exceeds 2 mg/dL.10

Cyanotic Mucous Membranes. Cyanosis (blue or purple col-
oring of the mucous membranes) is indicative of decreased 
concentrations of oxygenated hemoglobin. The degree of cyano-
sis is dependent on the concentration of deoxyhemoglobin, and 
cyanosis usually occurs only once deoxyhemoglobin concentra-
tions exceed 5 g/dL. Animals with significant anemia cannot 
develop cyanosis due to an insufficient amount of hemoglobin. 
Cyanosis can be categorized as central or peripheral. Central 
cyanosis is caused by arterial hypoxemia and usually presents as 
generalized cyanosis. In this condition, all mucous membranes 
(those of the cranial and caudal aspects of the body) are expected 
to be cyanotic. Causes include right-to-left shunts, ventilation-
perfusion mismatch, diffusion impairment, hypoventilation, 
and inspiration of air with low oxygen concentrations. A right-
to-left PDA classically causes “differential cyanosis,” with the 
mucous membranes of the head being normal in color, while the 
mucous membranes of the caudal half of the body (vulvar or 
preputial) are cyanotic. A congenital cardiac defect causing 
right-to-left shunting should be considered in any neonatal or 
juvenile patient that has persistent hypoxemia despite supple-
mental oxygen therapy.

Peripheral cyanosis refers to the cyanosis of the distal extremi-
ties, including the limbs and ear pinnae. Peripheral cyanosis is 
caused by pooling of blood in the venous system and/or decreased 
arterial blood flow. Decreased arterial blood flow is most often 
caused by significantly decreased cardiac output (valvular regurgi-
tation and/or cardiac dysfunction), local vasoconstriction (during 
hypothermia and states of shock), and arterial obstruction (throm-
boembolism and neoplasia). Unlike patients with central cyano-
sis, those with peripheral cyanosis are expected to have normal 
arterial oxygen saturation. Since some causes of peripheral cyano-
sis can lead to regional arterial hypoxemia, peripheral blood  
collection at affected sites may lead to inaccurate results. These 
results provide the local arterial oxygen saturation but may not 
represent systemic saturation. Therefore, peripheral arterial blood 
sampling should be performed from an unaffected area in patients 
with peripheral cyanosis, if possible.

Hydration Status
Hydration status can also be assessed by evaluating the mucous 
membranes. Dry and tacky mucous membranes are often associ-
ated with at least 5 to 7% dehydration. Assessing the hydration 
status based on mucous membrane quality is subjective and may 
not accurately represent the severity of dehydration. Therefore, 
other clinical indications of dehydration should be evaluated  
concurrently (see Chapter 3).

Venous Pressures
Jugular venous pulses, ascites, and peripheral edema can all be 
caused by increased venous pressures. Among cardiogenic causes, 
pericardial disease, cor pulmonale, tricuspid valve disease, right 
ventricular dysfunction, left-sided cardiac disease, and arrhyth-
mias can lead to right-sided CHF.

Chronic inflammation of the pericardium, due to chronic in-
fection, neoplasia, or chronic pericardial and pleural effusions, 
can lead to constrictive pericarditis. Constrictive pericarditis has a 
profound effect on diastolic filling and, when compromised, se-
verely affects cardiac output. Since the heart cannot fill appropri-
ately, constrictive pericarditis often leads to right-sided CHF.

Cor pulmonale is defined as right-sided cardiac disease 
secondary to pulmonary pathology. Various pulmonary patholo-
gies can lead to pulmonary hypertension, which then leads to 
right-sided cardiac remodeling. All causes of pulmonary pathol-
ogy leading to pulmonary hypertension, except those associated 
with left-sided cardiac disease, can be categorized under cor pul-
monale. Pneumonia, pulmonary vasculitis, parasitic infestation, 
neoplasia, pulmonary thromboembolism, chronic hypoxia, and 
chronic lower airway disease can all cause cor pulmonale.8,11 Iden-
tifying cor pulmonale is important so that appropriate treatment 
for pulmonary pathology, as well as supportive care for the cardiac 
changes, is initiated.

Left-sided cardiac disease can lead to right-sided CHF. Reac-
tive pulmonary arterial vasoconstriction occurs with significant 
left-sided cardiac disease, causing pulmonary hypertension. 
Therefore, left-sided cardiac disease should be considered in any 
patient with signs of right-sided CHF.

Bradyarrhythmias and tachyarrhythmias can both lead to 
increased venous pressures and subsequent right-sided CHF. 
Chronic bradycardia can lead to cardiomegaly due to a reduc-
tion in cardiac output from the right side of the heart, increasing 
intracardiac pressures, and preventing appropriate cardiac filling 
from the systemic venous system. Tachycardia can lead to right-
sided CHF by not allowing appropriate diastolic filling time. 
Thus, venous return to the heart is compromised and decom-
pensation occurs. Controlling the underlying arrhythmia is  
imperative in adequately controlling fluid accumulation in these 
circumstances.

Jugular Venous Pulses. The presence and quality of jugular 
venous pulses can be used to assess venous pressures. In normal, 
standing animals with the head held in a neutral position, jugu-
lar venous pulsations can be detected extending one third up the 
neck. Jugular pulsations that extend greater than one third up 
the neck toward the mandible are an indication of increased 
venous pressures. Jugular venous pulsations should not be as-
sessed if the head is held in a lowered position, which causes 
venous pooling. While the lack of a jugular pulses suggests  
hypovolemia, an obvious jugular pulse may not be noticeable  
in some normal patients. In normal animals, central venous 
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pressure decreases slightly during inspiration. This phenomenon 
is absent in cases of constrictive pericarditis because intrathoracic 
pressure changes during the respiratory cycle are not translated to 
the cardiac chambers. Therefore, venous pressure actually in-
creases during inspiration, causing pronounced jugular pulses 
during inspiration. This is termed Kussmaul’s sign and is indica-
tive of constrictive pericarditis.

Ascites. Ascites caused by primary cardiovascular disease oc-
curs due to increased hepatic sinusoidal hydrostatic pressures, 
which can damage the endothelium, increase membrane perme-
ability, and lead to effusion. Hepatic sinusoids have a fenestrated, 
discontinuous endothelium and lack a typical basement mem-
brane, which predispose to increased permeability.10 Abdominal 
ballottement and/or ultrasonography can be performed to deter-
mine if ascites is present. Once ascites is confirmed, a hepatojugu-
lar reflex test can be performed as a quick method to determine if 
ascites is due to increased intravascular hydrostatic pressure (right-
sided CHF). The hepatojugular reflex test is performed by apply-
ing compression to the abdomen in a cranial direction (toward 
the liver) and holding the compression for 20 to 30 seconds. If the 
ascites is due to increased intravascular hydrostatic pressure, the 
increased pressures in the abdomen increase intravascular hydro-
static pressure in the jugular veins, causing engorgement and  
potentially abnormal pulsation of the jugular veins. Ascites  
secondary to increased intravascular hydrostatic pressure can 
compromise venous return from the gastrointestinal organs.  
Gastric and/or intestinal edema can be present, which can lead to 
nausea, gastroenteritis, and even malabsorptive/maldigestive con-
ditions. Significant ascites also pushes the diaphragm cranially 
and can impair appropriate respiratory function. When ascites is 
caused by other etiologies (metabolic conditions, vasculitides, 
lymphatic abnormalities, peritonitis, etc.), caution must be exer-
cised if drainage is considered, since depletion of fluids, proteins, 
and electrolytes can occur rapidly.

Peripheral Edema. While often associated with noncardiac 
conditions, such as intestinal parasitism, peripheral edema is a 
common sign of right-sided CHF, and all of the cardiac and peri-
cardial causes previously discussed should be considered when 
peripheral edema is present. The edema usually accumulates in 
gravity-dependent areas, such as the distal limbs, submandibular 
region, ventral thorax, ventral abdomen, and prepuce. As de-
scribed earlier, cor pulmonale and left-sided cardiac disease can 
manifest as right-sided CHF; therefore, primary pulmonary pa-
thology and left-sided cardiac disease should be considered in 
animals with peripheral edema.

Pleural Effusion. Pleural effusion can be caused by right-sided 
CHF but may not always cause clinical signs. A significant 
amount of pleural effusion can cause tachypnea and dyspnea, but 
in most cases, a subclinical volume is detected and other clinical 
signs and physical examination findings are used to determine a 
potential etiology. Many noncardiac etiologies may also cause of 
pleural effusion, and additional diagnostic tests are recommended 
to determine the most likely cause.

Left-Sided Congestive Heart Failure
Left-sided CHF occurs due to increased left atrial pressure and 
subsequent increased pulmonary capillary hydrostatic pressure. In 
the early stages of pulmonary edema, fluid remains in the intersti-
tial space, but as the disease progresses, alveolar flooding can oc-
cur. This allows edema to leak into the airways and presents as oral 
and/or nasal discharge. Clinical signs associated with pulmonary 

edema in small ruminants include tachypnea, dyspnea, coughing, 
and oral and/or nasal discharge. This discharge can be clear, sero-
sanguinous, foamy, and/or mucoid. As discussed, significant left-
sided cardiac disease can manifest as right-sided CHF, so jugular 
venous pulses, ascites, and peripheral edema may be present. 
Causes of left-sided CHF include those of congenital and ac-
quired origin. Congenital diseases leading to left-sided cardiac 
decompensation include abnormalities associated with the aortic 
valve and mitral valve, atrial or ventricular septal defects, and 
PDA. Acquired cardiac diseases leading to left-sided cardiac  
decompensation include infective valvular endocarditis and  
myocarditis of various etiologies.

Cardiogenic Weakness, Exercise Intolerance, 
and Syncope
Significantly decreased cardiac output can cause weakness, exercise 
intolerance, and syncope. Cardiac conditions leading to these signs 
include arrhythmias, pulmonary hypertension, and systemic hy-
pertension. Syncope is defined as a transient loss of consciousness 
due to decreased perfusion to the brain. Episodic weakness and 
“presyncope” are terms sometimes used when animals are ataxic, 
and may even collapse, but never completely lose consciousness. 
Syncope can mimic neurologic disease. Seizure-like activity, such 
as paddling, opisthotonos, urination, and defecation can be seen in 
cardiogenic syncope as well as with primary neurologic diseases. If 
the episode is not witnessed by the examiner, an accurate history 
of the event is crucial. Primary neurologic seizures usually include 
a postictal phase, with animals showing prolonged disorientation 
and/or ataxia. A postictal phase is not expected in animals with 
cardiogenic syncope. As a caveat, prolonged cerebral hypoperfu-
sion due to decreased cardiac output can cause direct neurologic 
side effects, mimicking a postictal phase. Neurocardiogenic (vaso-
vagal) syncope and myotonia congenita (fainting goat syndrome) 
can also mimic cardiogenic syncope, although the latter is often 
associated with a stiff gait and generalized muscle contractions  
immediately prior to occurrence.8

Myocarditis
Myocarditis can be caused by multiple etiologies, including infec-
tious, immune mediated, toxic, neoplastic, and idiopathic. The 
inflammation can cause arrhythmias and/or cardiac dysfunction 
(systolic and diastolic) via disruption of the cardiac electrical con-
duction system and structural damage to the myocytes, respec-
tively. Although history, electrocardiographic (ECG), and/or 
echocardiographic findings may suggest myocarditis, a definitive 
diagnosis requires myocardial biopsy. Thus, it is difficult to obtain 
a diagnosis with routine, noninvasive tests. Because of this, the 
use of biomarkers has become more frequent in these species. 
Cardiac biomarkers allow noninvasive diagnosis of cardiac abnor-
malities, with plasma cTnI concentrations being used most often 
for the detection of myocarditis. cTnI is specific to the myocar-
diocytes and is released into circulation with myocardial cell in-
jury or necrosis, which occurs with myocarditis. cTnI assays have 
been validated in small ruminant and cervid species, with concen-
trations less than 0.02 ng/mL considered normal in healthy adult 
animals of these species.12–15 cTnI is increased in small ruminants 
with congenital cardiac defects and myocarditis of various etiolo-
gies and can increase during routine and complicated pregnancies 
and parturition for both the dam and offspring.14–17 The age of 
the animal should be taken into consideration when interpreting 
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cTnI concentrations, as levels are increased in newborn goat 
kids.14 Due to the apparent differences in reference ranges in age 
groups, life stages, and species, cTnI concentrations should be 
compared to appropriately matched controls when possible. 
Plasma cTnI concentrations can provide valuable information as 
to the presence of myocarditis but do not insinuate a specific 
cause of the myocarditis. Therefore, ancillary diagnostic tests 
should be used in combination with plasma cTnI concentrations 
to determine a specific cause.

Electrocardiography
ECG records the electrical potentials generated by the heart and 
is useful in diagnosing cardiac arrhythmias and conduction dis-
turbances. Electrodes can be adhered to the animal via alligator 
clips, small (21–23 gauge) needles, or electrode pads. When using 
needles, the needle should be inserted through the dermis, or 
deeper, for appropriate securement. The use of alcohol and con-
ductive gel on each electrode is recommended. Shaving the skin 
at the attachment location of each electrode reduces artifacts and 
improves accuracy of tracings. ECG tracings can be recorded in 
the right lateral or standing positions, as body position has not 
been shown to result in significant changes on the ECG.18

There are two common methods for acquiring ECG recordings 
based on positioning of the electrodes: the base-apex lead method 
and the six-lead method using bipolar standard and augmented 
unipolar limb leads (Figure 17.1). Using the base-apex lead 
method, lead I usually shows the best tracing, but there is some 
individual variation. For the six-lead method, the electrodes are 
usually placed just proximal to the elbow and stifle joints, but 
they can be moved proximally or distally on the limbs to reduce 
artifacts. The method of ECG recording affects the amplitudes 
and durations of the ECG waveforms (Figure 17.2).19 In sheep 
and goats, the P wave is usually positive in lead II but can be 
negative in normal animals, and the T wave is usually of opposite 
polarity of the major QRS deflection.18,20 Respiratory sinus 
arrhythmia is common in goats, with occasional instances of  
second-degree AV block type 1 and wandering pacemaker,  
suggesting that vagal tone is dominant in this species.18,21

Age, breed, and species should be considered when evaluating 
intervals, amplitudes, and durations of the ECG waveforms. Al-
though mostly similar, there are some significant differences in 
ECG parameters between sheep and goats.20 Age has a strong 
influence on ECG parameters in sheep and goats and affects the 
heart rate, PR interval, QT interval, QRS amplitude, and T-wave 
amplitude being dependent on age.18,22 There is also considerable 
variation between breeds, especially in the QRS pattern. This 
normal variation is thought to be due to differences in topo-
graphic anatomy of the heart within the thorax, position of the 
heart related to the limbs, variability of the size and shape of the 
heart, and subtle changes in the mechanism of ventricular activa-
tion. P-wave polarity and morphology can also vary, as positive, 
inverted, and notched P waves have been reported in normal 
sheep and goats.20,23 Because of these differences, it is recom-
mended that the practitioner use species-, age-, and breed-
matched reference ranges for all ECG parameters recorded.

ECG Intervals and Waveforms. Each waveform on the ECG 
represents activation of specific areas or chambers of the heart, as 
discussed in the following.
P wave—represents atrial depolarization; firing of the sinoatrial 

node is not detected on the surface ECG.
PR interval—corresponds to conduction through the bundle of His.

QRS complex—represents ventricular depolarization and is vari-
able within and between species and breeds.

T wave—represents ventricular repolarization.
QT interval—represents electrical systole. This occurs just before 

mechanical systole as seen on echocardiography.
Chamber Enlargement on ECG. The following ECG changes 

are suggestive of cardiac chamber enlargement, but additional 
diagnostic imaging (e.g., thoracic radiographs, echocardiography) 
is recommended to confirm suspicion of underlying cardiomegaly 
based on ECG recordings.
P wave

Increased amplitude—right atrial enlargement; termed P pul-
monale

Prolonged duration—left atrial enlargement; termed P mitrale
R wave

Increased amplitude—left ventricular enlargement
Prolonged duration—may represent left ventricular enlarge-

ment or left bundle branch block depending on the degree 
of prolongation

Conduction Disturbances on ECG. Disturbances in conduc-
tion, such as bundle branch block and AV block, can be re-
corded on ECG. Since the majority of these changes are due to 
underlying disease, additional diagnostic tests (e.g., echocar-
diography, cTnI levels) are recommended to aid in determining 
the etiology.

• Fig. 17.1  A. Electrode placement for the base-apex lead configuration 
in an awake, 1-year-old LaMancha buck in right lateral recumbency. 
Positive electrode (left arm, LA) is placed at the level of the apex beat on 
the left thorax, the negative electrode (right arm, RA) is placed in the right 
jugular furrow in the caudal third of the neck, and the third electrode (right 
leg, RL, or left leg, LL) is placed remotely from the heart. B. Electrode 
placement for the limb lead configuration in the same goat. Positive elec-
trode is placed on the left thoracic limb, the negative electrode is placed 
on the right thoracic limb, the red electrode (LL, left leg) is placed on the 
left pelvic limb, and the green electrode (RL, right leg) is placed on the right 
pelvic limb.
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Bundle Branch Block. The His bundle splits into the left and 
right bundle branch. Delayed or complete absence of conduction 
through one of the branches results in ECG changes. Regardless of 
the side affected, bundle branch block results in prolongation of 
the QRS complex. In other species, a positive or negative net de-
flection of the prolonged QRS complex determines if the bundle 
branch block is left sided or right sided, respectively, which is dif-
ficult to assess in small ruminants due to the high variability of the 
QRS morphology on ECG tracings. However, detection of a pro-
longed QRS complex warrants further investigation. Causes of 
bundle branch block usually involve infiltrative disease (infectious, 
inflammatory, or neoplastic) and/or significant cardiomegaly.

Atrioventricular Block. AV block can be due to delayed con-
duction or complete absence of conduction through the AV node 
and/or bundle of His. There are three degrees of AV block. First-
degree AV block and second-degree AV block type 1 are often 
associated with increases of the vagal tone, which can be normal. 
Second-degree AV block type 2, high-grade second-degree AV 
block, and third-degree AV block are usually associated with  
cardiac pathology and should be further evaluated with echocar-
diography and cTnI levels.
First-degree AV block—prolongation of the PR interval. Con-

duction through the AV node and bundle of His is present, but 
delayed.

Second-degree AV block—signal is intermittently not conducted 
through the AV node and/or bundle of His, as denoted by a  
P wave without an associated QRS complex. There are three 
categories of second-degree AV block.

Second-degree AV block type 1 (Mobitz type 1, Wencke-
bach)—the PR interval prolongs in consecutive beats prior to 
a blocked P wave. This diagnosis requires that there are at least 
two consecutively conducted P waves with associated QRS 
complexes prior to the blocked P wave.

Second-degree AV block type 2 (Mobitz type 2)—the PR inter-
val remains constant in the consecutive beats prior to the 
blocked P wave. This diagnosis also requires that there are at 
least two consecutively conducted P waves with associated 
QRS complexes prior to the blocked P wave.

High-grade second-degree AV block—conducted P waves with 
associated QRS complexes are present in combination with 
nonconducted P waves, but there are not two consecutively 
conducted P waves prior to the conduction block, so a descrip-
tion of type 1 or type 2 AV block cannot be assigned.

Third-degree AV block—complete AV dissociation is present. 
No P waves are conducted, and an escape rhythm is usually 
present. None of the QRS complexes are associated with any 
of the P waves.

Arrhythmias
Bradyarrhythmias. ECG evaluation of a bradycardic animal 

is essential in determining the electrophysiologic cause and ap-
propriate treatment. ECG can distinguish bradyarrhythmias such 
as sinus bradycardia, AV block, and atrial standstill. In most cases, 
the blocked P waves in AV block cannot be auscultated, so ECG 
is helpful in determining their presence. Atrial standstill is de-
noted by the absence of P waves with an escape rhythm (either 

• Fig. 17.2  A. Normal base-apex electrocardiogram (ECG) recording from lead I in a 1-year-old LaMancha 
buck in right lateral recumbency. B. Normal limb lead ECG recording from the same goat. Both tracings 
are recorded at 50 mm/second and 20 mm/mV.

A

B
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junctional or ventricular in origin). There are two types of atrial 
standstill: transient atrial standstill (sinoventricular) and persis-
tent atrial standstill. Transient atrial standstill, also termed sino-
ventricular rhythm, is often caused by electrolyte disturbances, 
specifically hyperkalemia; therefore, measuring serum electrolyte 
concentrations is recommend in animals with this arrhythmia. 
Correction of electrolyte abnormalities is the treatment of choice. 
Persistent atrial standstill involves primary pathology of the atrial 
tissue and not has been reported in small ruminants.

Tachyarrhythmias.  Auscultation of a tachyarrhythmia cannot 
determine the cause alone; therefore, ECG is used to determine 
whether the arrhythmia is supraventricular (arising from above 
the AV node) or ventricular. The QRS morphology of supraven-
tricular tachyarrhythmias usually mimics that of the normal sinus 
beats, but the QRS morphology of ventricular tachyarrhythmias 
is often wide and bizarre, suggesting ventricular origin without 
use of the normal conduction system. Distinguishing a supraven-
tricular from ventricular tachyarrhythmia is essential for appropri-
ate treatment. Infiltrative disease and cardiomegaly may lead to 
supraventricular and ventricular tachyarrhythmias, and additional 
diagnostic tests are warranted if either of these arrhythmias is de-
tected. Figure 17.3 shows an ECG recording from an adult sheep 
in which an irregular rhythm was auscultated. The average heart 
rate is 110 bpm, but the ECG shows an atrial rate of 300 bpm, 
consistent with a supraventricular tachycardia. The tachycardic 
atrial rate and subsequent AV block could not be detected on 
auscultation alone, highlighting the importance of utilizing an 
ECG in animals with an arrhythmia.

Echocardiography
Echocardiography provides a rapid, noninvasive assessment of 
cardiac chamber structure and function, valve morphology and 
competency, blood flow velocity through the heart, and intracar-
diac lesions. The pericardium and pericardial space can also be 
readily evaluated. Echocardiography can be performed with the 
animal in the standing position or in lateral recumbency and can 
be performed from both sides of the chest. For improved contact 
between the skin and transducer, clipping of the hair is often 
necessary. The exposed skin should be sprayed with alcohol, and 
coupling gel should be applied to the transducer to optimize im-
age quality. For most small ruminants and deer, a 5-MHz phased-
array transducer should provide adequate images, but a 6- or 
7-MHz phased-array transducer may be sufficient for smaller ani-
mals (, 10 kg). For thorough evaluation, both long-axis and 
short-axis views should be obtained. Right-sided parasternal views 

are often easier to obtain than those on the left hemithorax, so 
they will be discussed briefly. The best imaging window is often  
2 to 3 cm dorsal to the olecranon in the 4th and 5th intercostal 
spaces.24 Because of the cranial location of the heart, the right 
thoracic limb needs to be pulled cranially or abducted to allow 
appropriate positioning of the transducer. For long-axis views,  
the marker on the transducer should be pointed toward the ani-
mal’s shoulder, approximately 45 degrees from horizontal. Four-
chamber long-axis images can be obtained from this view, as 
shown in Figure 17.4. Short-axis (transverse) views are obtained 
by rotating the probe clockwise and pointing the marker toward 
the animal’s elbow. Transverse images of the left ventricle and as-
sociated papillary muscles, left atrium and aorta, and main pul-
monary artery and its associated branches are obtained by fanning 
the probe from the apex toward the base of the heart. Detailed 
orientation of the transducer and structures obtained for each 
view are discussed elsewhere.24

Different echocardiographic modalities can be used to evaluate 
certain cardiac parameters. B-mode (most often two-dimensional 
imaging), M-mode (motion-mode), spectral Doppler (pulsed-
wave and continuous wave Doppler), and color Doppler are the 
most commonly used modalities. Two-dimensional imaging is 
used to evaluate the structure and function of the cardiac cham-
bers and structure of the cardiac valves. M-mode is used to evalu-
ate cardiac chamber size, systolic function, and wall thickness. 

• Fig. 17.3  Base-apex electrocardiogram (ECG) tracing of an atrial tachycardia with high-grade second-
degree AV block in an adult sheep. The P waves in the tracing are negative and denoted by the arrow-
heads. Conducted P waves are denoted by asterisks. The atrial (P-P) rate is 300 bpm. The average 
ventricular (R-R) rate is 100 bpm (instantaneous rate 5 46 to 130 bpm). There is variable AV conduction, 
ranging from 2:1 to 5:1 AV conduction. The PR interval varies, consistent with Wenckebach periodicity, 
which is a normal electrophysiologic response to the atrial tachycardia. Paper speed 5 50 mm/sec; 
amplitude 5 10 mm/mV. (Courtesy Dr. Rebecca Legere, Auburn University.)

•  Fig. 17.4  Two-dimensional right parasternal long-axis four-chamber 
view in a 1-year-old LaMancha buck showing the normal left atrium (LA), 
left ventricle (LV), right atrium (RA), and right ventricle (RV).



447CHAPTER 17 Diseases of the Cardiovascular System

Spectral Doppler is most often used to record blood flow velocity 
across cardiac valves or intracardiac shunts, and color Doppler is 
used to detect blood flow and its direction through cardiac cham-
bers and across valves.

Echocardiography is useful in diagnosing congenital and ac-
quired cardiac disease. Although heart murmur characteristics can 
suggest specific cardiac lesions, echocardiography is the only non-
invasive diagnostic modality to provide a definitive diagnosis. 
Two-dimensional imaging can be used to detect the location, 
type, and extent of congenital and acquired defects, while spectral 
and color Doppler can be used to assess the velocity, direction, 
and turbulence of blood flow across lesions and valves. The useful-
ness of echocardiography in diagnosing congenital cardiac disease 
is highlighted in Figure 17.5, showing an ASD in a 9-month-old 
doeling that presented for respiratory distress. Two-dimensional 
imaging was used to visualize the lesion in Figure 17.5A, and 
color Doppler was used to determine the direction of flow across 
the lesion, as seen in Figure 17.5B. An example of diagnosing 
acquired disease via echocardiography is presented in Figure 17.6, 
which shows a myocarditic lesion in a 3-week-old Anglo-Nubian 
doeling that was presented for fever. There is limited literature on 
echocardiographic parameters in sheep and goats, but species-
specific and breed-specific reference ranges are available for  
two-dimensional, M-mode, and pulsed-wave parameters in small 

ruminants.24–27 Evaluation of echocardiographic parameters in 
goats during pregnancy, lactation, and the dry period has also 
been performed.28

Cardiopulmonary Resuscitation
Evidence-based consensus guidelines on cardiopulmonary resus-
citation (CPR) in veterinary medicine are available.29,30 Pre-
paredness and prevention include routine training and ready 
availability of drugs and equipment necessary to perform CPR. 
When available, monitoring devices such as ECG and capnogra-
phy should be used. Early recognition and quick, standardized 
assessment of the high-risk animal is critical. Evaluation of the 
airway, breathing, and circulation (ABCs) identifies animals in 
cardiopulmonary arrest (CPA), and CPR should be started im-
mediately even if CPA cannot be definitively confirmed.30 Basic 
life support includes chest compressions and ventilation. The 
main goals of chest compressions are to (1) restore pulmonary 
elimination of CO2 and O2 uptake by providing pulmonary 
blood flow and (2) deliver O2 to tissues by providing systemic 
arterial blood flow.30 Use of drug therapy during resuscitation 
must follow and not precede nor impact performance of ventila-
tion and chest compression efforts. Administration by venous or 

• Fig. 17.5.  A. Two-dimensional right parasternal long-axis view showing 
an interatrial septal abnormality (*) in a 9-month-old doeling presenting for 
respiratory distress. Note the atrial septal aneurysm bowing toward the 
right atrium. Given the aneurysmal dilation and central location of the  
defect within the interatrial septum, a patent foramen ovale is most likely, 
but a secundum atrial septal defect cannot be excluded. The right ven-
tricle is moderately dilated. B. Same view with color Doppler interrogation, 
showing left-to-right flow across the interatrial septal defect from the left 
atrium into the right atrium. LA, Left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle.

A

B

• Fig. 17.6  A. Two-dimensional right parasternal long-axis view highlight-
ing the interatrial septum (*) in a 3-week-old Anglo-Nubian doeling pre-
senting for fever. The interatrial septum is extremely thickened and heter-
oechoic with irregular margins. A premortem diagnosis of suppurative 
myocarditis was made based on endomyocardial biopsies. B. A similar 
echocardiographic view from the same doeling 2 months later, showing 
resolution of the lesion in the interatrial septum, but extension of the lesion 
to the mitral (black arrow) and tricuspid (white arrowhead) valves. LA, Left 
atrium; RA, right atrium; LV, left ventricle; RV, right ventricle.

A

B
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intra-osseous routes is preferable. Use of vasopressors (e.g.,  
epinephrine), parasympatholytics (e.g., atropine), antiarrhyth-
mics (e.g., lidocaine), intravenous fluids, and alkalinizing agents 
(e.g., bicarbonate) may be indicated during CPA. Reversal agents 
should be used where appropriate (e.g., naloxone, yohimbine, 
and atipamezole) (see Appendix 1 and Chapter 18).30

Chest Compressions
The animal is placed in lateral recumbency. In mature animals, a 
two-hand technique, with the hands placed directly over the 
heart, should be performed. In lambs, kids, or fawns, a one-hand 
technique with the hand wrapped around the sternum over the 
heart is an alternative method. Chest compressions should be 
one-third to one-half the width of the chest and at a rate of  
100 to 120 compressions per minute, regardless of animal size or 
species. The person’s elbows are locked, and shoulders are directly 
above the hands. Compressions are delivered without interrup-
tion in cycles of 2 minutes—pauses of 2 to 5 seconds every  
2 minutes allow switching of personnel to avoid fatigue and to 
obtain ECG recordings. Excessive pauses between compressions 
should be avoided.30

Ventilation
If possible, the animal should be intubated with a cuffed endotra-
cheal tube. Ventilation and chest compressions occur simultane-
ously. A low minute ventilation is adequate during CPR because 
pulmonary blood flow is reduced. Goals include a ventilation rate 
of 10 breaths/minute, a short inspiratory time of approximately 1 
second, and a tidal volume of approximately 10 mL/kg. Hyper-
ventilation should be avoided. Mouth-to-nose ventilation can be 
performed if intubation is not possible. Pressure over the esopha-
gus should be applied to maximize air movement into the trachea 
rather than the esophagus. Compressions and mouth-to-nose 
breaths should occur at a ratio of 30 compressions to two breaths, 
continued for 2-minute cycles.30

Monitoring
Capnography allows assessment of end-tidal CO2 (ETCO2), 
which can be a useful indicator of chest compression efficacy, as 
ETCO2 is proportional to pulmonary blood flow when minute 
ventilation is held constant. Very low ETCO2 values during CPR 
(e.g., , 10–15 mm Hg) are associated with a reduced likelihood 
of resuscitation success.30 Common ECG arrest rhythms observed 
in dogs and cats are asystole, pulseless electrical activity, and  
ventricular fibrillation.

Congenital Cardiac Diseases
A description of congenital cardiac lesions with associated mur-
murs and natural outcomes for each is listed in Table 17.1. Ven-
tricular septal defects (VSDs) are the most common congenital 
cardiac abnormality in kids, lambs, and probably deer. Both peri-
membranous and muscular VSDs have been reported, and the 
perimembranous form is more common.31–33 Because the left ven-
tricular pressures are greater than the right ventricular pressures, 
ventricular septal defects shunt blood from left to right. The peri-
membranous location of the defect allows blood to immediately 
flow to the lungs via the main pulmonary artery, causing pulmo-
nary overcirculation. If severe enough, this can lead to left-sided 

CHF. The associated heart murmur is right sided, is systolic, and 
can be apical or basilar, depending on the orientation of blood 
flow. Right-to-left shunting, or Eisenmenger’s physiology, occurs 
if significant right-sided pathology is present, which increases 
right ventricular pressures above those of the left ventricle. This 
allows deoxygenated blood to bypass the lungs, potentially lead-
ing to cyanosis and polycythemia.

Tetralogy of Fallot has been reported in kids and lambs and, 
similar to right-to-left shunting VSDs, can cause cyanosis and 
polycythemia.17,33 Tetralogy of Fallot is characterized by a 
perimembranous VSD, dextropositioned (or over-riding) aorta, 
pulmonic stenosis, and secondary right ventricular concentric 
hypertrophy. The VSD and dextropositioned aorta allow deoxy-
genated blood to flow into the aorta, causing the cyanosis and 
polycythemia.

Although rare, cases of PDA have been reported in ruminants, 
which, in contrast to other species, are not expected to have PDA 
after birth. Therefore, a continuous murmur in a neonatal rumi-
nant should always be considered to be abnormal.34 PDA leads to 
significant volume overload to the lungs and left side of the heart, 
ultimately leading to left-sided CHF. Dysplasia of the mitral and 
tricuspid valve has been described. Ebstein’s anomaly, which is a 
form of tricuspid valve dysplasia with apical displacement of the 
tricuspid valve annulus, was reported in two kids.35 This is associ-
ated with a right-sided, apical, systolic heart murmur. ASDs have 
been reported and are usually present concurrently with other 
congenital cardiac defects.31,35 An ASD can cause a heart murmur, 
but the heart murmur(s) associated with concurrent cardiac de-
fects usually camouflage those of the ASD.

Treatment of congenital cardiac defects varies depending on 
the defect. Left-sided CHF, regardless of cause, can be treated 
with diuretics (e.g., furosemide 0.5–1 mg/kg intravenously [IV]). 
Treatment of left-sided CHF secondary to a PDA or hemody-
namically significant VSD is often futile, as diuretics have poor 
long-term control of the associated volume overload. Surgical li-
gation or interventional closure of a PDA can be performed but 
is often foregone in ruminants due to associated costs, possibility 
of heritability, or likely cardiac-related death prior to correction. 
Animals with significant right-to-left shunts are not responsive to 
oxygen therapy and succumb to the condition or are euthanized 
due to poor quality of life and grave prognosis. Phlebotomy can 
be performed in polycythemic animals, but this often does not 
provide long-term control of the disease.

Acquired Cardiac Diseases

Pericardial Diseases
Pericarditis

Etiology and Pathophysiology. Pericarditis can be classified 
as either primarily effusive, constrictive, or a combination of both. 
Inflammation between the parietal and visceral layers of the peri-
cardium results in the accumulation of serous or fibrinous inflam-
matory exudate. A common cause in cattle is the advancement of 
a reticular foreign body through the cranial wall of the reticulum 
and diaphragm into the pericardium, carrying bacteria into the 
pericardium and causing traumatic reticulopericarditis (hardware 
disease). Hardware disease is rare in small ruminants but has been 
reported in sheep, goats, and deer.36–39 More common causes of 
pericarditis include hematogenous spread of bacteria during sep-
ticemia or extension of disease within the thorax.40 Other causes 
of pericarditis include external wounds and neoplastic effusions.41 
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Regardless of etiology, pericarditis results in decreased cardiac 
distensibility and increased ventricular end-diastolic pressures. 
This impairs the ability of the heart to fill during diastole, which 
reduces venous return to the heart and increases atrial pressures. 
Overall, the myocardial perfusion is reduced, resulting in de-
creased ventricular contractility, stroke volume, and cardiac out-
put. Decreases in arterial pressures and renal blood flow result. 
Compensatory mechanisms (increased heart rate, vasoconstric-
tion, and sodium retention) initially ameliorate the condition, but 
failure to maintain cardiac output eventually leads to circulatory 
collapse.

Clinical Signs.  Affected animal may be febrile and demon-
strate signs of thoracic pain, such as standing with abducted  
elbows, grunting, and breath-holding.36,42 Non-specific but con-
sistent signs include anorexia, depression, and loss of body condi-
tion. Clinical signs depend on the time course and volume of 
fluid accumulation within the pericardium. Sudden death is a 
possible development. Depending on the severity of cardiac tam-
ponade, jugular distention and edema of the submandibular, 
brisket, and ventral abdomen may be apparent, along with other 
signs of CHF.42 On auscultation, the most consistent signs of 
pericarditis include tachycardia due to cardiac compression and 
muffled heart sounds. Abnormalities in heart sounds reflect the 
fluid characteristics within the pericardial space. A large amount 
of serous fluid results in splashing or gurgling sounds, with alter-
nating loud and quiet heartbeats. The presence of fibrinous exu-
date results in rubbing, squeaking, or scratching sounds. The 
characteristic “washing machine murmur” in cases of traumatic 
pericarditis results from accumulation of fluid and gas in the peri-
cardium.42 Lung sounds may be dampened, or absent ventrally, 
and more pronounced dorsally.

Diagnosis.  Ultrasonography is the method of choice for im-
aging pericardial effusion.43 In cases with significant amounts of 
pericardial effusion, ultrasound equipment used for pregnancy 
diagnosis in ambulatory practice (high-frequency linear probe) 
may be sufficient to visualize abnormal fluid and to guide sam-
pling. On ultrasound examination, the fluid surrounding the 
heart can appear anechoic to echogenic, the pericardium is thick-
ened, and the presence of echoic strands of fibrin may be noticed. 
The presence of hyperechoic pinpoint echoes corresponds to gas, 
indicating the presence of anaerobic bacteria. Significant pericar-
dial effusion causing cardiac tamponade can result in right ven-
tricular diastolic collapse and right atrial collapse. ECG findings 
associated with pericarditis include decreased amplitude of the 
QRS complexes, electrical alternans, and S-T segment elevation 
or slurring. A right axis deviation may be noted using the standard 
limb leads.44,45

Ultrasound-guided pericardiocentesis (further described under 
treatment) allows collection of samples for cytological character-
ization and bacterial culture (aerobic and anaerobic), as well as 
fungal and virus isolation, if indicated. Cytological changes sug-
gestive of infectious pericarditis in cattle include a straw-colored 
to blood-tinged, foamy, and malodorous fluid; an increased pro-
tein concentration (. 3.5 g/dL); and an increased white blood 
cell count (. 2500/mL) comprised mainly of neutrophils.46 Tho-
racic radiographs may demonstrate apparent cardiomegaly and 
obstruction of the cardiac silhouette, vena cava, and diaphragm. 
Dorsal displacement of the trachea and interstitial pneumonia 
may also be noted. In hardware cases, radiographs of the reticu-
lum, diaphragm, and caudal thorax may be useful in the visualiza-
tion of metallic foreign bodies.42 Clinicopathologic changes are 
non-specific and may include evidence of hemoconcentration, 

mild anemia, leukocytosis with an absolute neutrophilia or lym-
phopenia, and hyperfibrinogenemia. Hypoalbuminemia and hy-
perglobulinemia may be present. Mild increases in liver enzymes, 
creatinine, bilirubin, and serum urea nitrogen are frequently 
seen.42 Myocardial biomarkers may be increased, but the useful-
ness of cardiac troponins for distinguishing between pericarditis 
and other cardiac, thoracic, and systemic diseases is limited.47

Treatment.  Traumatic pericarditis has a poor prognosis, and 
euthanasia should be considered. In cattle, several therapeutic  
options are described for the treatment of traumatic reticuloperi-
carditis. Conservative treatments may entail the administration of 
a magnet and long-term antibiotics, as well as the removal of a 
foreign body by rumenotomy to prevent further migration, but 
this is rarely curative. More intensive therapies include (1) pericar-
diocentesis and pericardial lavage, (2) pericardiotomy, pericardial 
lavage, and placement of pericardial drain, and (3) fifth rib resec-
tion, pericardiostomy, and daily pericardial lavage until wound 
closure by secondary intention. Ultrasound-guided placement of 
chest tubes within the pericardial sac should be performed under 
heavy sedation and local anesthesia or general anesthesia. Surgical 
interventions require general anesthesia. The reader is directed 
elsewhere for detailed descriptions of the surgical procedures.48–51 
Regardless of the method used, pericardial drainage rarely results 
in full return of normal heart function. All therapeutic options 
carry a guarded to poor prognosis, are for salvage purposes, and 
can be cost-prohibitive.49–51 Prognosis for nontraumatic pericardi-
tis is also guarded. Identification and treatment of concurrent 
systemic disease (e.g., septicemia) are critical, and treatment of the 
potentially resulting restrictive pericarditis may require surgical 
intervention.

Aspiration and drainage of pericardial fluid are performed 
most often on the left side in large animals, in the fifth or sixth 
intercostal space, near but dorsally to the level of the costochon-
dral junction to avoid the cranial epigastric vessels. This is best 
and most safely performed with ultrasound guidance.48 If the 
amount of pericardial fluid is minimal, an 18- to 14-gauge over-
the-needle catheter (with extension tubing and a three-way stop-
cock) can be used to aspirate fluid for diagnostic purposes. When 
a large amount of fluid is present, a large-bore trocar catheter is 
more suitable to facilitate drainage. The site is surgically prepared, 
blocked with local anesthesia, and a stab incision is made in the 
skin. Introduction of the catheter should be near the cranial as-
pect of the rib to avoid the intercostal neurovascular structures, 
which course along the caudal aspect of each rib. The catheter is 
advanced slowly until a popping sensation is felt as it penetrates 
the parietal pericardium. As fluid fills the catheter, the catheter is 
advanced over the trocar into the pericardial space until only sev-
eral centimeters of it remains externally or until the heart is felt 
beating at the tip of the catheter, at which point the catheter is 
retracted slightly. The catheter is secured using a Chinese finger-
tie suture and is either clamped off or left open with a one-way 
Heimlich valve affixed.52 The rate of pericardial fluid drainage 
should be controlled to minimize the effect of fluid shifts and 
hemodynamic decompensation. ECG monitoring throughout the 
procedure is useful for detecting the development of arrhythmias. 
If observed, the depth of the catheter should be decreased. Ad-
ministration of diuretics before pericardiocentesis is contraindi-
cated—by decreasing preload, diuretics decrease cardiac filling 
and can precipitate cardiogenic shock. When indicated, diuretic 
use should be reserved until after pericardial drainage.53 Pericar-
dial lavage is beneficial to remove infectious organisms, inflamma-
tory cells, and fibrin and can be performed once to twice daily 
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using balanced polyionic fluids. Following pericardial lavage, in-
trapericardial instillation of antimicrobials (sodium penicillin, 
ceftiofur, ampicillin, or ticarcillin) may be considered. Sodium 
penicillin is preferable to potassium penicillin to avoid arrhyth-
mias. Indwelling pericardial catheters are typically maintained  
for 1 to 3 days.52 Intravenous treatment with systemic broad-
spectrum antibiotics is indicated, ideally based on bacterial sus-
ceptibility. Systemic antibiotics should be administered for  
several days to weeks. Nonsteroidal antiinflammatories should be 
used to control pain and inflammation (e.g., flunixin meglumine 
1.1 mg/kg, IV, q12–24h).

Prevention.  Prevention of septicemia involves good nutrition 
and colostrum management and adequate husbandry and vacci-
nation practices. Forages and feed should be free of foreign objects 
and debris. Routine use of magnets in small ruminants is typically 
not indicated but may be used in at-risk flocks or herds.

Diseases of the Myocardium

Cardiotoxic Plants
Various plants contain plant-defensive compounds that can cause 
cardiovascular toxicity in ruminants. Free-ranging species and 
animals with access to abundant forage and browse are less likely 
to ingest sufficient amounts to cause toxicity. A greater risk of 
consumption exists during periods of forage scarcity or when 
toxic plants or seeds are blended in hay and concentrates. Clinical 
signs caused by cardiotoxic plants vary, depending on the affected 
species, toxic principle, and ingested amount. In addition to  
sudden death, a common clinical sign of cardiotoxicity, affected 

animals may show other signs of cardiovascular, neurologic, and  
enteric disease. Table 17.3 lists cardiotoxic plants reported to 
cause disease in small ruminants and/or deer, and the associated 
pathophysiology and clinical signs are discussed here.
Avocado—Avocado trees are cultivated in tropical and subtropi-

cal regions around the world. Toxicity is associated with the 
Guatemalan varieties. While Guatemalan 3 Mexican hybrids 
(Hass) are also toxic, the Mexican varieties are not.54 Leaves are 
the most toxic plant part, but fruit, stems, and seeds are also 
toxic. Sufficient consumption leads to myocardial degenera-
tion with associated clinical signs of weakness, dyspnea, tachy-
cardia, tachypnea, peripheral edema, and cardiac arrhythmia.54 
In addition to cardiac disease, consumption of avocado leaves 
may also cause a non-infectious mastitis in goats.55

Cardiac Glycosides—Worldwide, a wide variety of plant genera 
produce cardiac glycoside compounds (cardenolides or bufadi-
enolides) that are associated with either acute or chronic toxic-
ity in livestock.56,57 Clinical signs are caused by toxic effects on 
the autonomous nervous system, heart, and gastrointestinal 
system. Cardiac glycosides inhibit cellular Na1K1ATPase 
transport pumps, resulting in decreased potassium and in-
creased sodium concentrations in affected cells. Increased in-
tracellular sodium causes an increase in intracellular calcium 
affected by the cellular Na1Ca21 exchanger. Electrolyte distur-
bances, in conjunction with an increased vagal tone, result in 
impaired cardiac conduction, bradycardia, and dysrhythmia 
with poor cardiac output and function. Cardiac glycosides are 
present in all plant parts and remain toxic in dried leaves.57 
Consumption of relatively small amounts of plant material 
may cause acute cardiac toxicity, for example, 0.110 g/kg to 

TABLE 
17.3 Plants Associated With Cardiovascular Disease in Small Ruminants and Deer.

Group Common Name Latin Name Toxic Principle Reports of Cardiotoxicity in:

Avocado Persea americana Persin Sheep and goats54,164

Canary grass Phalaris spp. Tryptamine alkaloids Sheep60,62

Coffee weed Senna (Cassia) occidentalis Dianthrone Sheep and goats64,65

Cottonseed Gossypium spp. Gossypol Sheep and goats67,69

Plants containing  
cardiac glycosides

Common Oleander
Yellow oleander

Nerium oleander
Thevetia peruviana

Oleandrine, other cardenolides Sheep and goats58,165

Foxglove Digitalis purpura Digitoxin, other cardenolides Sheep and captive red 
deer166,167

Lily of the valley Convallaria majalis Convallatoxin, other cardenolides

Dogbane (Indian hemp) Apocynum cannabinum Cymarin

Milkweed Asclepias spp. Calactin, and cardenolides

Hellebore Helleborus spp. Hellebrin, helleborin, and others

Jimsonweed Datura stramonium Tropane alkaloids atropine,  
hyoscyamine, and  
scopolamine

Sheep and goats168

Plants containing  
grayanotoxins

Laurels Kalmia species Grayanotoxins Sheep and goats169

Rhododendron azalea Rhododendron spp. Grayanotoxins Sheep and goats71,72

Yew Taxus spp. Taxine alkaloids Sheep, goats, fallow deer, 
moose, and roe deer73–76,170
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0.330 g/kg body weight (BW) of dried oleander leaves resulted 
in rapid development of clinical signs and death in experimen-
tally exposed sheep and goats.58,59 Clinical signs of intoxication 
include lethargy, abdominal pain, rumen stasis and distention, 
diarrhea, polyuria, dyspnea, tachypnea, bradycardia, dysrhyth-
mia, and death.56,58,59

Canary Grass—Grasses of the genus Phalaris have been associ-
ated with neurologic disease (see Grass staggers, Chapter 13) 
and sudden death caused by cardiac failure in sheep and, less 
commonly, cattle. Cardiac failure may occur as part of two 
distinct syndromes, termed “cardiac sudden death” and “PE-
like sudden death.”60,61 The indole alkaloids responsible for 
Phalaris staggers do not cause sudden death, during which 
peracute ammonia toxicity was detected.62,63 The pathophysi-
ology of canary grass poisoning likely involves multiple toxic 
principles, and cardiac failure may occur with or without 
clinical signs of neurologic disease.

Coffee Weed—Senna occidentalis and sicklepod (Senna obtusifo-
lia) commonly grow in disturbed soils, such as corn and soy-
bean fields, but are also found in pastures and along roadways. 
While the entire plant is toxic when consumed, seeds are of 
greatest concern when they contaminate crops during harvest. 
Dianthrone, the toxic principle of Senna, is a myotoxin that 
causes a mitochondrial myopathy in a dose-dependent fash-
ion.64 Degeneration of skeletal and cardiac muscles result in 
clinical signs of muscular weakness, tremors, recumbency, 
myoglobinuria, and death. The effects of Senna poisoning ap-
pear to be irreversible, and affected animals often die or are 
euthanized within 30 days.65

Cottonseed—Gossypol is a yellow polyphenolic pigment of cot-
ton, which is concentrated in seed glands. The concentration 
of gossypol varies among cotton varieties and ranges from 0.02 
to 6.64%.66 Gossypol is present in whole cottonseed and cot-
tonseed meal, especially when oil has been extracted by solvent 
extraction. Protein binding in the rumen reduces the risk of 
toxicity, which is therefore more common in monogastric spe-
cies and young ruminants. The risk of toxicity is influenced by 
the dietary content of protein, iron, selenium, calcium, and 
vitamin E, and toxic effects on reproductive function and  
hematologic parameters may occur without overt clinical 
signs.67,68 Toxicity of gossypol is cumulative, and clinical signs 
typically occur weeks or months after introducing cottonseed 
byproducts into the diet. For example, daily intake of ap-
proximately 400 mg of free gossypol per animal for 3 months 
resulted in CHF in three of five dairy goats.67 Lambs receiving 
409 mg per day of free gossypol died within 30 days.69 Gos-
sypol has multiple toxic effects on tissues, and cardiotoxicity is 
associated with the production of reactive oxygen species and 
lipid peroxidation.66 Clinical signs include anorexia, dyspnea, 
cough, and peripheral edema and may be mistaken as respira-
tory disease.

Grayanotoxin—Some plants in the family Ericaceae, including 
azalea, mountain laurel, rhododendron, and others, produce 
grayanotoxins, which are found in all parts of the plant, with 
greatest concentrations in the leaves. Leaves are toxic when 
fresh or dried, and poisoning of small ruminants commonly 
occurs following exposure to yard clippings. In ruminants, 
ingestion of 0.1 to 0.2% of plant material may be toxic. 
Grayanotoxins bind to voltage-dependent sodium channels 
and increase the influx of sodium ions and, secondarily, cal-
cium ions into excitable cells such as nerve, heart, and muscle 
cells.70 Clinical signs develop rapidly following exposure71,72 

and include lethargy, signs of abdominal pain, vomiting, 
ataxia, head-pressing, convulsion, cardiac dysrhythmias, and 
death. Most clinical signs resolve within 24 hours, but signs  
of neurologic disease and aspiration pneumonia may be  
prolonged.70

Yew—Several species of the genus Taxus are associated with toxic-
ity in ruminants. All plant parts, with exception of the non-
toxic red berry (aril) containing toxic seeds, are poisonous to 
ruminants. Yew poisoning has been reported in small rumi-
nants, and only small amounts of leaves are necessary to cause 
toxicity (2.5 g of leaves/kg BW for sheep and 12 g of leaves/kg 
BW for goats).56,73,74 Yew poisoning has also been reported in 
captive and free-ranging deer.75,76 However, there are apparent 
species and breed-specific tolerances to yew intoxication, and 
yew is browsed extensively by some deer populations.77,78 The 
variation in tolerance to yew consumption among ruminants 
may be result of ruminal or hepatic adaption following expo-
sure to sublethal doses.75,79 Yew contains various cardiotoxic 
alkaloids, of which taxine A and B are the most important 
cardiotoxins. Taxines inhibit sodium and calcium channels of 
cardiomyocytes, causing dysrhythmia, AV blockade, bradycar-
dia, and cardiac arrest. Sudden death is the most common 
clinical sign and occurs within 24 hours of consumption, but 
dyspnea, muscle tremors, and collapse may be observed.56

Treatment. Following removal of the source of toxicity, treat-
ment consists mainly of supportive therapy. Oral administration 
of activated charcoal ( 2 g/kg BW) and mineral oil or magne-
sium sulfate reduce toxin absorption and enhance excretion. A 
rumenotomy may be performed in cases of recent exposure. Intra-
venous or oral fluid therapy is recommended, but volume over-
load should be prevented. Intravenous lidocaine (loading dose of 
1 to 2 mg/kg, followed by CRI of 1–2 mg/kg/h) can be adminis-
tered to control cardiac arrhythmias. Atropine (0.05–0.1 mg/kg, 
slow IV to effect) is used to treat bradycardia and AV block.  
Propranolol (0.25–1 mg/kg IV), a beta-adrenergic receptor block-
ing agent, can be administered to treat tachycardia.

Prevention. Plant-associated toxicities can be prevented by 
provision of good forage in adequate quantities, proper disposal 
of hedge clippings, and avoidance of potentially toxic plants when 
preparing hay, silage, or green chop.

Ionophore Toxicity
Etiology and Pathophysiology
Ionophores are commonly used feed additives in ruminant and 
poultry diets and enhance growth and feed efficiency, prevent ru-
men acidosis, avoid fog fever, or control coccidia. Commercially 
available ionophores include monensin, salinomycin, lasalocid, 
laidlomycin, narasin, and maduramycin. Ionophore toxicity has 
been reported in many mammalian and avian species, including 
sheep, goats, and deer, but sensitivity to toxicity varies between 
species and ionophores.80 Cases of ionophore toxicity are typically 
caused by errors during feed mixing but may be associated with 
accidental or deliberate access to feed formulated for a less sensi-
tive species. In one report, litter from poultry fed maduramicin 
resulted in chronic ionophore toxicity in cattle and sheep.81 Iono-
phores bind and transport monovalent or divalent cations along 
concentration gradients across biological membranes. Normally, 
ion gradients across cell membranes are tightly controlled by  
specialized transport complexes, such as Na1-K1-ATPase and 
Ca21-Mg21-ATPase, but during ionophore toxicity, control of 
physiologic ion gradients is lost.82 Exertion of cation efflux 
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complexes, ATP depletion, and effects of increased Ca21 on cel-
lular and mitochondrial metabolism result in reduced cellular 
function and cell death. Highly excitable cells, including those of 
the myocardium, skeletal muscles, gastrointestinal tract, and ner-
vous tissues, are especially sensitive to the effects of ionophores, 
and clinical signs are associated with damage to these cells. Dam-
age to cardiac myocytes results in degenerative cardiomyopathy 
and CHF with reduced cardiac function and output. The renin-
angiotensin-aldosterone system is activated in response to reduced 
cardiac output and increases afterload by increasing arterial resis-
tance.9 This compensatory response in combination with reduced 
cardiac function leads to pulmonary edema, a common clinical 
and postmortem finding in affected ruminants.83,84

Clinical Signs. Clinical signs of ionophore toxicity in rumi-
nants vary depending on the ingested dose and type of ionophore 
and may develop peracutely to acutely after consumption of toxic 
doses in feed. While sudden death without premonitory signs is 
possible in cases of severe overdosing,83 clinical signs of acute in-
toxication typically develop within 24 hours of initial exposure. 
Animals not dying following acute exposure or those exposed to 
lower doses are likely to have clinical signs for several weeks to 
months, characterized by ill-thrift, decreased growth rates, mus-
cular weakness, and, potentially, sudden death from cardiac fail-
ure. Feed refusal is often an initial clinical sign; however, lower 
toxic doses do not appear to prevent consumption.85–87 Typical 
clinical signs of acute intoxication include lethargy, muscle weak-
ness, stiff and stilted gait, recumbency, abdominal pain, diarrhea, 
salivation, clear nasal discharge, dyspnea, and moist cough-
ing.84,85,87,88 Incoordination, opisthotonos, convulsive seizures, 
and other neurologic signs may be observed in some affected ani-
mals. Further examination may reveal tachycardia, pulmonary 
edema, rumen hypomotility, dehydration, and congested mucous 
membranes. Cardiac arrhythmias, jugular distention, jugular 
pulses, peripheral edema, and cardiac murmurs as result of ven-
tricular dilatation may be signs of cardiac failure in some cases.9,86

Diagnosis. Ionophore toxicity should be suspected when signs 
of inappetence, musculoskeletal damage, and cardiac insufficiency 
with postmortem findings of rhabdomyolysis and cardiomyopathy 
are observed, especially when they occur shortly after a feed change. 
The diagnosis is confirmed by analysis of feed (0.5–1 kg), gastroin-
testinal contents, and liver samples.89 Blood work reflects damage 
to skeletal and cardiac muscles (elevated concentrations of cTnI, 
creatine kinase [CK], and lactate dehydrogenase [LDH]) and kid-
neys (elevated blood urea nitrogen and creatinine concentration), 
erythrocyte fragility, and reduced serum potassium and calcium 
concentrations.9,90 An ECG may reveal supraventricular tachycar-
dia or other arrhythmias, with absence of the P-wave, large, de-
formed QRS complexes, and significant tachycardia.88 Echocar-
diography may reveal evidence of a dilated cardiomyopathy and 
decreased myocardial function.9 Typical postmortem findings 
include pulmonary edema; pleural, pericardial, and peritoneal  
effusion; cardiac dilation; presence of pale streaking and hemor-
rhages on skeletal and cardiac muscles; and cardiac petechiation. 
Histologically, cellular necrosis and fibrosis in myocardium, skeletal 
muscles, liver, and kidney are detected.

Treatment. Specific treatments for ionophore toxicity are not 
available. Severely affected animals should be euthanized. Follow-
ing removal of the offending feed, symptomatic therapy may in-
clude careful fluid therapy to correct dehydration and electrolyte 
imbalances, while preventing fluid overload. Oral administration 
of activated charcoal may help to reduce ionophore absorption. 
Affected animals should be kept in a quiet environment or  

stall-rested, as sudden cardiac failure is possible in animals re-
covered from acute intoxication. Administration of diuretics  
(e.g., furosemide) and antiarrhythmic drugs (e.g., quinidine) may 
improve clinical signs, but their long-term benefit in cases of 
ionophore toxicity has not been demonstrated.

Prevention. Ionophores are apparently safe for small rumi-
nants and deer when correctly dosed; therefore, prevention is 
based on correct formulation and offering medicated feeds only to 
the intended species. Ionophore toxicity may be potentiated by 
various antibiotics, including tiamulin, oleandomycin, chloram-
phenicol, erythromycin, and sulfonamides, and concurrent  
administration should be avoided.

Nutritional Myodegeneration (White Muscle 
Disease)
Etiology and Pathophysiology
Nutritional myodegeneration, also called white muscle disease 
(WMD), weak calf syndrome, or stiff lamb disease, is a myode-
generative disease of the skeletal and cardiac muscles due to defi-
ciencies in selenium, vitamin E, or both.91,92 WMD occurs in 
most livestock species, including sheep and goats, as well as deer.93 
It typically affects young, rapidly growing animals and often those 
born to dams fed selenium-deficient diets during gestation. In 
utero development of WMD is possible, resulting in abortion or 
neonatal death.94 Two distinct clinical syndromes are observed: a 
cardiac form and a skeletal form.

Normal cellular metabolism results in the generation of free 
radicals and peroxides that are scavenged by antioxidants. Sele-
nium is an essential trace element, often incorporated into pro-
teins as the amino acid selenocysteine, an integral component of 
selenoproteins. The selenoprotein family includes at least 25 pro-
teins that are involved in multiple physiologically processes. This 
includes the selenoenzyme glutathione peroxidase (GSH-Px), a 
biologic antioxidant.95 Another important antioxidant is vitamin 
E (i.e., a-tocopherol), which is involved in the prevention of 
peroxide formation from fatty acids. Deficiencies of selenium and 
vitamin E result in the destruction of cell membranes and pro-
teins. In skeletal and cardiac muscles, free radical–mediated rhab-
domyolysis occurs.96 Many animals deficient in selenium and/or 
vitamin E exhibit no evidence of nutritional myodegeneration, 
and sometimes both nutrients must be deficient to cause clinical 
signs.

Clinical Signs. The cardiac and skeletal forms of WMD are 
associated with peracute to subacute disease. Severe cardiac de-
compensation and sudden death in neonatal lambs and kids may 
be observed within hours of birth with the cardiac form.97 Clini-
cal signs of the cardiac form are caused by myocardial, diaphrag-
matic, and intercostal muscle damage and include profound 
weakness, recumbency, lack of suckle reflex, dyspnea, tachypnea, 
and foamy or blood-tinged nasal discharge. Death may occur 
within 24 hours. An irregular, rapid heart rate and a cardiac mur-
mur may be present. Animals that survive the cardiac form may 
fail to thrive due to permanent myocardial damage, and myode-
generation of skeletal muscles may be observed later in life.98

Diagnosis. Antemortem evaluation of selenium and vitamin 
E status can be performed in whole blood, plasma, and serum. 
Plasma concentrations of vitamin E are preferred. Plasma sele-
nium concentrations are impacted by recent administration of 
mineral products or changes in the diet. Whole blood concentra-
tions of selenium or glutathione peroxidase analysis (an indirect 
measure of selenium) reflect long-term selenium status, as these 
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include measurement of selenium incorporated into intracellular 
selenoproteins over the previous several months.99 Testing should 
include whole blood selenium concentrations and plasma vitamin 
E concentrations. Liver samples can be used to evaluate body 
stores of selenium. Ration analysis may help support a herd diag-
nosis.100 Non-specific clinicopathologic findings suggestive of 
WMD include significant increases in CK, aspartate aminotrans-
ferase, and LDH. Evidence of dehydration and myoglobinuria 
may be present. Under experimental conditions, selenium- 
deficient lambs demonstrated progressive ECG changes, which 
included an elevation of S-T segment and an increase in T-wave 
amplitude.101

At necropsy, grossly visible lesions include white streaks in 
muscle fibers and pale areas associated with acute coagulative ne-
crosis, chronic fibrosis, or mineralization of the myocardium. 
Chronic passive congestion of the liver and congestion and edema 
of the lungs may be present. Histopathologic changes reflective of 
cardiocytic injury include myofibrillar lysis and sarcoplasmic 
vacuolation and granule formation, along with nuclear enlarge-
ment and proliferation.102 With increasing disease severity, 
contraction band necrosis and mineralization of myocardial  
lesions are observed.102

Treatment. The cardiac form of WMD carries a poor to grave 
prognosis, despite appropriate treatment and supportive care. Both 
oral and injectable vitamin E products are available. Injectable se-
lenium and vitamin E preparations should be used.97 The vitamin 
E content of combination supplements is insufficient to correct 
vitamin E deficiency. The risk of selenium toxicity should be 
stressed to producers, as accidental oversupplementation is a com-
mon cause of selenium toxicosis.103 In lambs, the LD50 for intra-
muscularly administered sodium selenite has been reported to 
range from 0.45 to 1 mg of Se/kg BW. Signs of selenium toxicity 
include cardiovascular collapse, with development of pulmonary 
edema, hydrothorax, and hydropericardium.104

Prevention. Prevention is based on proper supplementation 
of the dam either by salt mix or by total ration supplementation 
(0.1–0.3 ppm selenium in the diet). During late gestation, use of 
injectable selenium and vitamin E products may be necessary, 
which should be administered at least one month prior to parturi-
tion105 (see Chapters 2 and 11).

Parasitic Myositis and Myocarditis
Sarcocystis
Sarcocystis, a protozoan parasite, has an obligatory prey-predator 
life cycle with asexual stages developing in the intermediate host 
(e.g., sheep, goat) and sexual stages developing in the definitive 
host (e.g., carnivore).106 Numerous sarcocystis species have been 
described in domestic livestock and wildlife species. Generally, 
host specificity is greater for the intermediate host than the de-
finitive host. While generally nonpathogenic in the definitive 
host, sarcocystis species may be pathogenic or nonpathogenic for 
intermediate hosts. Sheep are intermediate hosts for five sarcocys-
tis species: Sarcocystis tenella, Sarcocystis arieticanis, Sarcocystis 
gigantea, Sarcocystis medusiformis, and Sarcocystis mihoensis. Goats 
are intermediate hosts for three species: Sarcocystis capracanis, 
Sarcocystis hircicanis, and Sarcocystis moule.107 Depending on geo-
graphic location, the prevalence of sarcocystis can be very high.107 
Sheep and goats become infected by ingesting sporocysts shed in 
the feces of infected definitive hosts. Merogony and cyst forma-
tion (asexual reproduction) take place in the intermediate host, 
and gametogony (sexual reproduction) and sporogony take place 

in the definitive host. Initial stages in the intermediate host  
affect the vascular endothelium, followed by the production of 
sarcocysts in muscle, which are comprised of the infective brady-
zoite stage. Carnivores are infected by consuming tissues contain-
ing mature sarcocysts.106 In intermediate hosts, clinical signs 
typically occur during the acute phase, during which the parasite 
multiplies in blood vessels. The presence of edema and hemor-
rhage may be observed in multiple organs. In chronic phases,  
lesions are restricted to muscle, consisting of nonsuppurative 
myositis and degeneration of sarcocysts. Common sites involve 
the tongue, esophagus, diaphragm, and heart. Both microscopic 
and macroscopic lesions are possible, depending on sarcocystis 
species.108 Condemnation of carcasses due to macroscopic sarco-
cysts is of economic importance worldwide.109 Diagnosis can be 
obtained by light microscopy of tissues.110 Detailed ultrastruc-
tural descriptions of pathological changes and differentiation of 
sarcocystis species occurs by electron microscopy and molecular 
techniques (see Chapter 6).111,112

Cysticercosis
Cysticercus ovis is the intermediate stage of the canine cestode, 
Taenia ovis, with sheep and goats representing intermediate host 
species. Domestic dogs and, to a lesser extent, wild canids are the 
definitive hosts, becoming infected by ingestion of viable cysti-
cerci in infected sheep or goat meat.113 In the definitive host, the 
adult tapeworm resides in the intestinal tract and produces eggs, 
which are passed in the feces and are immediately infective. Sheep 
and goats are infected by ingestion of contaminated pasture and 
feedstuffs with feces from dogs actively shedding T. ovis ova. Lar-
vae hatch within the ruminant gastrointestinal tract and subse-
quently migrate to form tissue cysts in skeletal and cardiac mus-
cles.114 Cysticerci in muscle lesions are infective to canids at 
approximately 6 to 8 weeks of development in the intermediate 
host and remain infective for approximately 4 to 8 weeks.115 Most 
infections of sheep and goats are clinically inapparent and are 
detected at harvest. The appearance of tissue lesions prompts the 
common name: sheep measles. Maturation and subsequent de-
generation of cysts, approximately 7 to 10 weeks after ingestion, 
can result in clinical signs that depend on the affected muscles. 
Signs may include sudden death, gait deficits, chewing abnor-
malities, and ill-thrift.116 T. ovis does not appear to be zoonotic 
but is of significant economic consequence due to carcass con-
demnation. T. ovis is not known to infect cervids. However, infec-
tions with cysticerci of T. ovis krabbei were reported in red deer, 
roe deer, fallow deer, reindeer, and caribou. T. ovis krabbei pos-
sesses a similar sylvatic cycle to T. ovis, with foxes and wolves, and 
less commonly, domestic dogs as the main definitive hosts.117

Diagnosis. Infection is most commonly found at necropsy or 
harvest, by the presence of multiple, white, 3- to 10-mm-long 
ovoid lesions in heart, diaphragm, and skeletal muscles. The gross 
appearance of tissue cysts changes with time, beginning as cystic 
lesions and degenerating into caseous nodules over several weeks 
postinfection. Chronic lesions may become calcified. Skeletal and 
cardiac muscle cysts due to T. ovis krabbei in deer are similar in 
appearance.118 Historical information may include exposure to 
infected guardian/stock dogs or wild canids. Changes in ECG have 
been described in lambs with cardiac involvement under experi-
mental challenge conditions. These included sinus tachycardia  
and arrhythmias, atrial fibrillation or dissociation, a pathologic  
Q deflection, decreased amplitude of the R wave, and inversion of 
the T wave.116
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Prevention. Treatment of cysticerci tissue cysts is neither cost-
effective nor practical in large production settings. The effects of 
praziquantel and mebendazole on cysts of Echinococcus granulosus, 
Taenia hydatigena, and T. ovis have been evaluated in sheep. If 
clinical signs necessitate the treatment of individual cases, use of 
praziquantel (50 mg/kg, subcutaneously) could be attempted, but 
efficacy is limited when tissue cysts are numerous.119 Therefore, 
mitigation of risk factors and minimizing exposure is the mainstay 
of cysticercosis control. Efforts should include reducing infection 
in guardian and stock/companion dogs with routine use of an-
thelmintics effective against Taenia species (e.g., praziquantel). 
New dogs should be treated with a cestocide at least 1 week prior 
to entry onto the farm and should not have access to carcasses. 
Treatment of guardian dogs with a cestocide should occur prior to 
pasture turnout and retreatment occurring every 5 weeks in order 
to eliminate patent infections (as the prepatent period is  
6 weeks).120 Dead livestock should not be fed to guardian dogs, 
and carcasses should be properly disposed of by burial, compost-
ing, or incineration (see Chapters 6 and 20).121

Endocardial and Vascular Diseases

Vegetative Endocarditis
Etiology and Pathophysiology
Infectious endocarditis is rare in small ruminants and has a poor 
prognosis. Only a few cases of infectious endocarditis in sheep 
and goats are reported,5,122,123 and even fewer are available for 
cervids.3,124 Therefore, discussions of pathogenesis and recom-
mendations for diagnostics, treatment, and prognosis are com-
monly extrapolated from horses and cattle. Acquired endocarditis 
may be inflammatory, infectious, degenerative, traumatic, or idio-
pathic in etiology. Risk factors for the development of endocardi-
tis include disturbed blood flow (e.g., congenital heart defects), 
endothelial injury, hemostatic dysfunction, and bacteremia allow-
ing colonization of the endocardium.125 Chronic active infec-
tions, such as rumenitis, liver abscesses, mastitis, and metritis, 
with sustained or intermittent bacteremia, are believed to predis-
pose ruminants to bacterial endocarditis. In small ruminants and 
cervids, E. rhusiopathiae, Mannheimia haemolytica, Listeria spp., 
and Streptococcus spp. were reported as causative pathogens of in-
fectious endocarditis. While the right AV is presumably most 
commonly affected, involvement of all heart valves has been  
reported.3,122,123 Vegetative lesions interfere with the proper func-
tioning of the valve and result in cardiac dysfunction, either  
impairing ejection of blood by obstruction or by valvular  
insufficiency. Valve incompetence can eventually result in CHF 
(discussed earlier).5,126 Depending on the valve involved, sequelae 
may include pulmonary venous hypertension and left-sided heart 
failure (with aortic and mitral regurgitation) or elevated central 
venous pressure and right-sided heart failure (with tricuspid  
regurgitation). In ruminants, right-sided heart failure is most 
common. Fragmentation and septic embolization are common, 
resulting in infarction and abscess formation at distant sites such 
as the lung, liver, kidney, and joints.126

Clinical Signs. The clinical signs of bacterial endocarditis are 
insidious, and specific signs of heart disease are not frequently 
observed early during disease. Advanced cases may have signs of 
severe debilitation and CHF. Based on limited case reports, recog-
nition of bacterial endocarditis in small ruminants is likely to 
occur late in the disease when evidence of heart failure is pres-
ent.5,123 Historical information may include previous treatment 

for chronic inflammatory processes. Clinical criteria to assess sen-
sitivity and specificity of different clinical findings and ancillary 
tests are described in cattle with bacterial endocarditis.127 Clinical 
signs may include intermittent fever, reduced appetite, weight 
loss, poor body condition score, polyarthritis, lameness, and evi-
dence of thoracic pain, as well as evidence of CHF (e.g., exercise 
intolerance, tachycardia, respiratory distress, cough, jugular dis-
tention and pulsation, subcutaneous edema, and ascites).128 The 
absence of an audible murmur should not preclude a diagnosis of 
bacterial endocarditis, as cardiac auscultation can lack sensitivity 
and specificity, with , 60% of cattle with bacterial endocarditis 
having an audible murmur at presentation.129

Diagnosis. Diagnosis of bacterial endocarditis can prove dif-
ficult. Physical examination with detailed cardiac auscultation is 
critical, as most small ruminants are evaluated in the field without 
access to additional diagnostic tools. Loud, pounding heart 
sounds should prompt the clinician to listen carefully for a mur-
mur.126 The presence of systolic heart murmurs over the left or 
right heart apex or diastolic murmurs over the left base are sugges-
tive of valve incompetence. A heart murmur in a sheep or goat 
with concurrent clinical signs of bacterial endocarditis has a high 
positive predictive value.126 Evidence of CHF further strengthens 
a presumptive diagnosis of bacterial endocarditis. However, ancil-
lary diagnostic methods are required to confirm a presumptive 
diagnosis. These include echocardiography and bacteriological 
blood culture.129,130

A complete echocardiographic examination is both sensitive 
and specific for the diagnosis of vegetative endocarditis. Two-di-
mensional echocardiography can detect lesions, dysfunction, or 
insufficiency of the heart valves and provide assessment of ven-
tricular function. Detection is limited to lesions measuring at least 
2 to 3 mm in size. M-mode ultrasonography may help detect 
chamber enlargement and a decrease in left ventricular shortening 
fraction. Color flow, pulse wave, or continuous wave Doppler 
ultrasound evaluation may be useful to help quantify the severity 
of valve regurgitation.130

Bacteriologic culturing of blood samples in suspected cases of 
bacterial endocarditis is of diagnostic and therapeutic value. Peri-
odic emboli arising from the infected endocardium are common 
in bacterial endocarditis. Ideally, blood is collected during febrile 
episodes and before antibiotic administration. For example, three 
venous blood samples, collected aseptically from separate veni-
puncture sites, are collected during a 1- to 2-hour period.131 
Culture and antimicrobial susceptibility results should be used in 
the selection of antibiotic treatment. Use of molecular techniques 
to identify potential infectious microorganisms involved in endo-
carditis is becoming more common in livestock species.132

Non-specific clinicopathological findings may include nonre-
generative anemia, neutrophilia with or without a left shift, hy-
perglobulinemia, and hyperfibrinogenemia suggestive of chronic 
infection.127,133 Radiographic changes associated with bacterial 
endocarditis in small ruminants have not been reported but may 
include generalized or focal cardiac enlargement and evidence of 
embolic pneumonia.

Treatment. Treatment of bacterial endocarditis requires long-
term administration of antibiotics. Bactericidal antibiotics with 
good tissue penetration should be administered for a minimum of 
4 to 6 weeks, up to several months.131 Serial evaluation of clinico-
pathologic parameters, blood culture, and echocardiographic 
measurement of endocardial lesions help with decisions regarding 
continued therapy and the likelihood of disease resolution. The 
decision to treat bacterial endocarditis should be weighed against 



455CHAPTER 17 Diseases of the Cardiovascular System

the likelihood of treatment failure, a protracted convalescence 
with consideration of animal welfare, costs incurred by prolonged 
drug administration, lengthy drug withdrawal periods, and the 
possibility that the carcass is deemed unfit for human consump-
tion at harvest. Even with prolonged antibiotic therapy, treatment 
of bacterial endocarditis carries a poor to grave prognosis (see  
Appendix 1).126,131,134

Shock
Etiology and Pathophysiology
Shock is defined as inadequate cellular energy production, which 
most commonly results from poor tissue perfusion and decreased 
oxygen delivery. Hypoperfusion and tissue hypoxia can be caused 
by inappropriate vascular tone, leaky vasculature, pooling of 
blood within capacitance vessels, or reduced cardiac output or a 
combination thereof. If left untreated, the resulting multiorgan 
dysfunction can progress to multiorgan failure.135–138 Numerous 
causes and pathophysiological mechanisms are involved in shock, 
and a detailed description is beyond the scope of this chapter. 
Functional classifications of shock include hypovolemic shock 
(loss of intravascular volume), distributive shock (maldistribution 
of vascular volume), cardiogenic shock (failure of the cardiac 
pump), metabolic (derangement of cellular metabolism), and 
hypoxic causes (e.g., severe anemia).136 Common causes of shock 
in ruminants include severe dehydration, electrolyte and acid-base 
disturbances, anemia, sepsis, overwhelming bacterial infections, 
myocarditis, and cardiovascular anomalies.

Clinical Signs. Physical assessment of the circulatory system 
allows assessment of global perfusion. A diagnosis of shock is made 
based on physical examination, which should be performed serially 
during the monitoring and treatment of shock.139 Perfusion pa-
rameters include mentation, temperature of extremities, heart rate, 
peripheral pulse quality, CRT, mucous membrane color, jugular 
fill, and urine production. Additional parameters of dehydration 
assessment include skin tent turgor, eyeball recession, and dryness 
of mucous membranes.140,141 Examination includes careful auscul-
tation of the heart and lungs, which should be performed repeat-
edly during treatment to detect subtle changes suggestive of pul-
monary dysfunction, fluid overload, or continuing failure to 
respond to resuscitation efforts. Body temperature is also evalu-
ated, with both hypothermia and hyperthermia (primary hyper-
thermia and true fever) common. Clinical signs commonly  
observed in ruminants with shock include weakness, depression or 
obtunded mention, decreased urination and defecation, pale or 
cyanotic mucous membranes, and alterations in respiration.  
Depending on the inciting cause, a moderate to severe degree of 
dehydration may be present. Monitoring devices, such as blood gas 
analysis, blood pressure, pulse oximetry, and point-of-care tests 
(e.g., L-lactate) may provide useful data to the clinician.

Diagnosis. Diagnosis is made by characteristic clinical exam 
findings and supported by clinicopathologic abnormalities. Clin-
icopathologic data may reflect the inciting cause as well as the 
extent of organ injury due to ongoing shock. In-house analyses 
should include packed cell volume, serum total protein, blood 
smear evaluation, urine dipstick, and urine-specific gravity quan-
tification.141 The severity of dehydration or anemia should be 
interpreted in conjunction with clinical examination findings. 
Use of handheld meters for blood glucose and L-lactate can be 
helpful, the former particularly useful in neonatal lambs and 
kids.142,143 When possible, a complete blood cell count and se-
rum biochemistry should be performed. Severe inflammatory or 

infectious states (septic or maldistributive shock) may cause neu-
tropenia with the presence of immature neutrophils. Dissemi-
nated intravascular coagulopathy may be present, evidenced by 
thrombocytopenia and low fibrinogen concentrations (in the 
case of fibrinolytic states). Changes on serum biochemistry may 
include metabolic acidosis, azotemia, and alterations in blood 
glucose. Increases in liver enzymes may be due to a primary dis-
ease or can reflect impaired perfusion of the liver.141 In cases of 
presumptive sepsis, blood culture may be useful in finding a de-
finitive diagnosis. Other measurements of tissue perfusion, oxy-
gen delivery, and cardiac output include: central venous pressure, 
mean arterial pressure, urine output, pulse oximetry, venous and 
arterial blood gas analyses, and echocardiography and pulmonary 
artery catheterization to determine cardiac output indices.144,145 
However, routine use of these monitoring tools in sheep and 
goats are limited.

Treatment. The treatment goals for shock therapy include early 
recognition of shock and the restoration of tissue perfusion and 
oxygen delivery. Therapy for all forms of shock, except cardiogenic 
shock, is based on the administration of intravenous fluids to re-
store effective circulating volume and tissue perfusion. Delivery of 
fluids by subcutaneous or oral routes is ineffective in animals with 
shock. Current guidelines in veterinary critical care medicine favor 
the fluid challenge method.146,147 This entails the use of isotonic 
crystalloids given as fluid boluses with the serial appraisal of clinical 
parameters for goal directed endpoints and, if warranted, the  
continuation of fluid therapy and additional treatments (e.g., vaso-
pressors). The goals of resuscitation are the rapid correction of  
hypovolemia and the reversal of clinical signs of shock, as seen  
with improvement in perfusion parameters (as discussed earlier). 
Additional goals include the correction of hypotension, tachycardia, 
oliguria, and hyperlactatemia. Treatment of dehydration requires 
more time but should be part of the clinical assessment. Once re-
suscitation efforts have been achieved, intravenous fluid therapy is 
continued as needed to address maintenance requirements and 
ongoing losses. The maximum bolus rate (shock rate) of 90 mL/
kg/h is often stated in the veterinary literature; however, other  
authors recommend lower rates (e.g., 30–50 mL/kg/h) to prevent 
overhydration and hypertension.148 Importantly, perfusion param-
eters should be reassessed repeatedly following administration of 
boluses (e.g., 10–20 mL/kg administered over 20–30 minutes) with 
additional boluses as needed. Typically, one to three boluses are 
necessary, and a fourth bolus is rarely required.146 In addition to 
isotonic crystalloids, hypertonic saline (7–7.5%) can be adminis-
tered at a rate of 4 mL/kg IV.149 If appropriate, plasma or whole 
blood transfusions may be used to treat failure of passive transfer, 
anemia, endothelial dysfunction during sepsis/SIRS, or other causes 
of reduced oncotic pressure. Use of commercial colloid products in 
sheep and goats is rare, but recommendations made for other  
species apply. Colloids can be administered at a rate of 3 to 5 mL/
kg but should not exceed 10 mL/kg/day due to the risk dose- 
dependent coagulopathies.150 Importantly, ongoing hemorrhage 
must be controlled, as resuscitative efforts exacerbate bleeding if 
present. If hemorrhage is uncontrollable, hypotensive resuscitation 
is warranted. If animals remain hypotensive despite intravascular 
volume resuscitation (i.e., a full shock dose has been administered 
without significant improvement), vasopressor or inotrope therapy 
may be required to treat myocardial dysfunction. Commonly used 
vasopressors include catecholamines (e.g., epinephrine, norepi-
nephrine, and dopamine) and positive inotropic drugs (e.g., dobu-
tamine).151 Additionally, corticosteroids may be used as adjunct 
pressor agents. Resuscitation in the case of cardiogenic shock  
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requires special attention, as these animals are very prone to the 
development of pulmonary edema, dyspnea, and the untoward  
effects of stressful handling. If tolerated, supplemental oxygen 
therapy via nasal cannula or facemask should be provided. Furose-
mide can be used at a dose of 1 to 2 mg/kg IV every 6 to 12 hours. 
Greater doses (up to 8 mg/kg) or an increased frequencies of ad-
ministration (i.e., every 1–2 hours) may be required until respira-
tory characteristics improve.152 Electrolytes should be monitored 
when using diuretics at high doses or for prolonged periods.153,154 
During resuscitation therapy, monitoring for volume overload is of 
utmost importance, especially in animals at risk for fluid overload 
and pulmonary edema (e.g., hypoproteinemia/hypoalbuminemia 
and renal insufficiency). Clinical signs of fluid overload include 
increased respiratory rates, subtle changes on thoracic auscultation, 
presence of serous ocular and nasal discharge, subcutaneous edema, 
and deterioration of mentation.155 Further details about fluid 
therapy can be found in Chapter 3. Other treatments for primary 
disease processes, such as antimicrobials, antiinflammatory drugs, 
and antitoxins as well as basic supportive care should be adminis-
tered, as indicated (see Chapter 3).156

Heartwater (Cowdriosis)
Etiology and Pathophysiology
Heartwater is a tick-borne, rickettsial disease of various wild and 
domestic ruminants in sub-Saharan Africa and islands in the In-
dian Ocean and the Caribbean caused by Ehrlichia ruminantium 
(formerly Cowdria ruminantium). The genus Ehrlichia shares the 
family Anaplasmataceae with four other rickettsial genera includ-
ing Anaplasma, Neoehrlichia, Neorickettsia, and Wolbachia. Several 
tick species in the genus Amblyomma serve as vector for E. rumi-
nantium, including Amblyomma hebraeum (bont tick) in southern 
Africa, Amblyomma lepidum in eastern Africa, and Amblyomma 
variegatum (tropical bont tick) in sub-Saharan Africa and island 
of the Indian Ocean and Carribean.157 Other tick species appear 
to be suitable vectors, raising concerns that the disease could 
spread to currently unaffected areas, including Central, North, 
and South America. Heartwater is one of the most important 
diseases of African livestock, and the disease is most severe in in-
troduced animals, hampering efforts of genetically improving 
production parameters of indigenous breeds. In endemic areas, 
severe heartwater occurs in nonindigenous sheep and goat breeds 
and in introduced Rusa (Timor) deer and chital (Axis deer), but 
the disease is possible in various other ruminants, including 
white-tailed deer, either by natural or experimental infection.158,159

After the transmission of E. ruminantium by infected ticks, the 
organism replicates in cells of the mononuclear phagocyte system 
in regional lymph nodes, followed by hematogenous dissemina-
tion and invasion of vascular endothelial cells of many organs, 
including the brain. Increased vascular permeability leads to fluid 
accumulation in body cavities, tissue edema, and corresponding 
clinical signs. The outcome of infection and severity of clinical 
signs depend on various host and pathogen-associated factors, 
such as genetic susceptibility, immune status, age, and pathogenic 
genotype of the organism. Animals surviving infection may be 
carriers for extended periods of time.

Clinical Signs. After an incubation time of 7 to 35 days (14 
days on average), infection with E. ruminantium may result in 
peracute, acute, or subacute disease.160,161 Peracute disease is un-
common but can occur in nonindigenous goat breeds and is 
characterized by sudden death preceded by paroxysmal convul-
sions or, occasionally, diarrhea. In the more common acute form, 

clinical signs include fever, listlessness, respiratory signs such as 
moist coughing and dyspnea, lowered head position, and progres-
sive neurologic signs. Neurologic signs include incoordination, 
ataxia, dysmetria, hyperesthesia, behavioral changes, chewing 
movements, licking of the lips, lateral recumbency, paddling, 
opisthotonos, and seizures. The subacute from is characterized by 
prolonged pyrexia and milder respiratory and neurologic signs, 
from which affected animals may recover with 1 to 2 weeks.160,161

Diagnosis. Postmortem findings include severe hydropericar-
dium and hydrothorax, ascites, pulmonary edema, presence of 
frothy serous foam in the airways, and brain edema.161 Giemsa or 
CAM’s quick staining allows visualization of the organism by 
light microscopy in the cytoplasm of endothelial cells in smears of 
brain tissue or tissue sections from brain or kidney. The organism 
can also be detected in tissue samples or blood by polymerase 
chain reaction, loop-mediated isothermal amplification, or cul-
ture on ruminant endothelial cells.160,162 Various serological tests 
for E. ruminantium are available, but results should be interpreted 
carefully, due to cross-reactivity with other bacteria in the family 
Anaplasmataceae and low antibody titers in some infected ani-
mals.160

Treatment. Antibiotic treatment and prevention rely on tetra-
cyclines, and different treatment regimens have been recom-
mended (e.g., 5–10 mg/kg tetracycline IV or intramuscularly 
[IM] every 12–24 hours or two doses of 20 mg/kg oxytetracycline 
IM or subcutaneously [SC] on two successive days). Treatment 
should be initiated during the febrile stage of the disease to pre-
vent additional organ damage and worse prognosis.8,160

Prevention. Prevention of heartwater is based on tick control, 
use of resistant (indigenous) breeds in endemic areas, preventative 
use of tetracyclines, and vaccination. While successful control of 
A. variegatum has been possible on some Caribbean islands, con-
trol or eradication of Amblyomma is difficult and impractical un-
der many field conditions due to the development of resistance to 
acaricides and need for regular handling of animals. Long-acting 
acaricides are a valuable replacement for long-practiced plunge 
dipping. Strategic tick control aims at reducing tick numbers, 
while maintaining a low level of challenge and, thus, immunity. 
Regular or preventive use of tetracycline antibiotics is expensive 
and likely results in the development of antibiotic resistance. 
Newly introduced animals may be treated with multiple doses of 
tetracycline as described previously. Inactivated, attenuated, and 
recombinant vaccines have been developed, but a highly effica-
cious vaccine that is protective against all immunotypes of the 
genetically diverse pathogen is still needed.160,163
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18
Anesthetic and Pain 
Management
ANN B. WEIL AND A.N. BAIRD

Introduction
General anesthesia in sheep and goats has many similarities to the 
process used for large ruminants, with the exception that it is 
generally easier to induce and manage recumbency. The anatomy 
and physiology of small ruminants are similar enough to cattle to 
make many techniques comparable and often procedures can be 
accomplished with sedation and local anesthesia. Food- and fiber-
producing animals like sheep and goats are also popular pets, so 
proper anesthetic care is needed for several of the more common 
procedures and problems with small ruminant husbandry. There 
is little information in the literature concerning the anesthesia of 
goats compared with that of sheep due to the popularity of sheep 
as a model for biomedical research. Sheep and goats are similar 
enough that most of the recommendations in this chapter can be 
applied to both species. Cervids will be discussed separately. Pain 
assessment and management should always be taken into account 
when working with all species. A balanced anesthesia technique is 
useful to provide optimal conditions for surgery, including good 
muscle relaxation, unconsciousness, and analgesia. Small rumi-
nants and cervids may be anesthetized with injectable agents 
alone, or injectable anesthetics combined with inhaled anesthetics 
for maintenance. Rarely is inhalant anesthetic alone utilized in 
adults.

There are very few anesthetic drugs approved for use in small 
ruminants, which are classified as a minor species according to 
Food and Drug Administration definitions. As thiobarbiturates 
are the only approved drug in sheep, and only one anesthetic is 
approved in goats (ophthalmic proparacaine), the majority of 
anesthetic and analgesic drugs are used in an extra-label fashion 
(ELDU) in small ruminants.1 Modern inhaled anesthetics have 
little cumulative effect on milk or meat residues, but other drugs 
such as analgesics, sedatives, and injectable anesthetics may be 
part of the anesthetic plan. The Food Animal Residue Avoidance 
Databank is an excellent resource for advice on extra-label drug 
use in food animal species, providing up-to-date advice on milk 
and meat withdrawal times when anesthetic drugs are used. Some 
of the information available is summarized in Table 18.1.1–3 
Proper preanesthetic preparation of small ruminants is crucial to 
success if a general anesthetic technique is necessary. Despite  
their small size or stature, adult small ruminants are subject to  
the same concerns of regurgitation, aspiration, and bloating as 
large ruminants. When planning general anesthesia for elective 

procedures, adult small ruminants should be fasted for 12 to  
18 hours and water deprived for 8 to 12 hours in order to de-
crease the size of the rumen and reduce the risk of aspiration.4 
Almost all drugs used in an anesthetic protocol will reduce gas-
trointestinal motility. Normal eructation is hampered by general 
anesthesia and lateral or dorsal recumbency, thus promoting the 
tendency to bloat. Increased abdominal size and pressure can 
make ventilation more difficult, especially if there is no means to 
provide assistance. Pulmonary functional residual capacity may 
be better preserved when ruminants are fasted prior to anesthe-
sia.5 Neonatal small ruminants are prone to hypoglycemia and so 
are not fasted if nursing. If an emergency anesthesia is required 
and the animal cannot be fasted, then care must be taken to 
avoid regurgitation and aspiration of fluid at the time of induc-
tion and intubation.

Venous catheterization is very helpful prior to general anesthe-
sia. Small ruminants and cervids have a prominent and easy-to-
catheterize external jugular vein. Either side of the neck may be 
utilized, although the esophagus does run down the left side of 
the neck. If the jugular vein is not accessible, the cephalic veins 
can be utilized, although it is much more difficult to maintain a 
catheter for postanesthetic use. Venous catheters are easier to place 
and have less stress imposed on the animal if preanesthetic seda-
tion is used. Sedatives may be administered intramuscularly to 
avoid damaging the vein prior to catheterization. Muscles of the 
hind limb (semimembranosus, semitendinosus) or the epaxial 
muscles may be used for intramuscular drug administration. A 
16-gauge catheter is usually sufficiently sized for small ruminants 
and cervids. A sterile prep should be used if the catheter is  
intended to be in place for several days.

Intubation of small ruminants is advised when general anes-
thesia is performed in order to protect the airway from the aspira-
tion of rumen contents. Passive regurgitation of rumen contents 
can occur any time during the course of general anesthesia as the 
cardia relaxes, while lightly anesthetized ruminants experience ac-
tive regurgitation when intubation is attempted.4 Intubation can 
be challenging in these species, especially in goats. The tracheal 
size of ruminants tends to be smaller than that of other species, so 
a sheep or goat would have a smaller tracheal diameter than a  
foal or dog of comparable size. Small ruminants have a narrow 
oral cavity with a larynx positioned well behind a large tongue. 
Strips of gauze can be used to hold the mouth open instead of an 
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TABLE 
18.1

The FARAD Recommended Withdrawal Interval for Sheep and Goats for Single and Multiple Treatments 
of Anesthetic Drugsa (see Appendix 1).

Drug Dose (mg/kg) Meat Withdrawal Interval (Days) Milk Withdrawal Interval (Hours)

Acepromazine Up to 0.13 IV 7 48

Aspirin
Aspirin

Typical use
100 PO

1
1

24
24

Butorphanol 0.02 to 0.05 SC or IV 2 72

Detomidine
Detomidine

Up to 0.08 IM, IV
0.05 to 0.08 IV

3
7

72
72

DMSO Not specified 4 96

Guaifenesin Up to 100 IV 3 48

Flunixin Meglumine 0.5–1 mg/kg IV 10 72

Ketamine Up to 2 IV; 10 IM 3 48

Ketoprofen Up to 3.3 IV, once daily for 3 days 7 24

Lidocaine with epinephrine Infiltration, epidural 1 24

Phenylbutazone 5, every other day 6 to 8 months

Ultra-short-acting barbiturate Thiamylal, up to 5.5
Thiopental, up to 9.4

1 24

Tolazoline 2 to 4 IV 30 NA

Xylazine

Xylazine

0.016 to 0.1 IV
0.05 to 0.3 IM
0.3 to 2.0 IM
0.1 to 0.3

10

5

120

72

Yohimbine Up to 0.3 IV 7 72

DMSO, Dimethyl sulfoxide; FARAD, Food Animal Residue Avoidance Databank; IM, intramuscularly; IV, intravenously; PO, per os; SC, subcutaneously.
aWhenever using unapproved pharmacologics in animals intended for meat or milk production, the clinician should check with federal authorities concerning proper withdrawal times.

assistant’s fingers for safety reasons as well as making more room 
in the oral cavity to visualize the larynx. It is more difficult to 
open the mouth fully to visualize the larynx than it is in dogs and 
cats. The tongue should be gently pulled forward and to one side 
of the mouth. It is common to find the epiglottis entrapped by 
the soft palate upon induction of general anesthesia. The use of a 
laryngoscope is very helpful to improve conditions for successful 
intubation. The tip of the laryngoscope blade should be placed 
underneath the epiglottis and pushed down to bring the larynx 
forward and assist in visualization.

Other techniques that aid in intubation include the use of a 
guide tube or stylet. A polypropylene canine urinary catheter 
(10F, 22 inches) can be passed between the arytenoid cartilages 
with the help of a laryngoscope. The stylet should be two to three 
times the length of the endotracheal tube. Depending on the 
length of the endotracheal tube to be used, a stylet of sufficient 
length must sometimes be “crafted” by joining two or more uri-
nary catheters together. Once the guide tube has been gently 
placed within the trachea, the endotracheal tube can be slid over 
the guide tube. This helps with visualization, as the guide tube is 
much smaller than the endotracheal tube and is easier to inspect 
for proper placement. Goats are generally a bit more difficult to 
visualize the larynx and intubate than sheep. Care should be taken 
to ensure that the animal is at an appropriate depth of anesthesia: 
too deep a plane may result in apnea in a patient that is difficult 

to intubate and gain control of the airway. Too light a plane of 
anesthesia can make intubation impossible and will stimulate the 
larynx. Repeated attempts at intubation with repetitive stimula-
tion of the larynx can increase the likelihood of regurgitation and 
fluid may flood the pharynx. It is helpful to keep suction equip-
ment available for this situation. All ruminants should be held in 
sternal recumbency until intubation is accomplished and the cuff 
of the endotracheal tube is sufficiently inflated to prevent aspira-
tion of fluid. The endotracheal tube should be quickly secured in 
place with a gauze tie or tape and then the cuff inflated. The cuff 
should be inflated enough to protect the lungs from aspiration of 
secretions and gastric contents, but not excessively inflated so that 
the tracheal mucosa is damaged from overpressure.6 The cuff of 
the endotracheal tube should contain sufficient air (or be an exact 
fit) to enable the anesthesia provider to use an airway pressure of 
20 cm H2O when ventilating the animal.

Premedications
Premedication of sheep and goats facilitates catheter placement 
and reduces stress to the animal. These drugs may also be a source 
of analgesia, depending on the drug selected. Premedications may 
be administered intramuscularly or intravenously, but intramus-
cular use is generally easier to administer and results in a less  
intense drug effect of longer duration. Care must be taken in  
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animals that have a thick fleece that the drug actually goes into 
the muscle and not the fiber. Premedication choices for small  
ruminants include phenothiazines, benzodiazepines, opioids, 
guaifenesin, and sometimes alpha-2 agonists. Small ruminants 
are, in general, easier to physically restrain than larger ruminants.

Most of the time, a combination of drugs will result in better 
clinical effects than the use of a single agent. The combination of 
tranquilizers or sedatives with an opioid is called neuroleptanalge-
sia.7 Lower drug doses can be used because of the synergism of 
effect when drugs are combined. This has the benefit of improved 
sedation or analgesia while minimizing and reducing undesirable 
side effects like cardiovascular depression, because you can lower 
doses of drugs that have a greater impact on the cardiovascular 
system. Please see Table 18.2 for drug doses.

Phenothiazines and Butyrophenones
Acepromazine and azaperone are two tranquilizers that can be 
useful in small ruminant and cervid chemical restraint protocols. 
Acepromazine is the most common phenothiazine tranquilizer in 
veterinary medicine and is readily available. Azaperone is classified 
as a butyrophenone. They have very similar clinical effects. 
Acepromazine is a dopamine antagonist. Acepromazine does not 
have an analgesic effect, and the heavy sedation produced by 
drugs like the alpha-2 agonists should not be expected from the 
use of this drug. Doses that have been recommended in sheep and 
goats range from 0.03 mg/kg to 0.05 mg/kg, which may increase 
the risk of regurgitation during anesthesia.8 Nonetheless, 
acepromazine can be useful to calm patients and facilitate catheter 

placement, while enabling the use of lower doses of other drugs to 
induce and/or maintain anesthesia. Side effects like hypotension 
and reduced cardiac output are minimized when low doses are 
used. Respiratory depression is minimal with this drug. There is 
no antagonist for acepromazine.9 Azaperone (0.2 mg.kg) is 
labeled for swine but is a neuroleptic drug that can be used to 
reduce stress while translocating deer.10 Zuclopenthixol acetate 
(1 mg/kg) can provide up to 4 days of tranquilization, and deer 
treated with this drug demonstrated decreased flight distance, 
decreased stress, and improved feed and water consumption.11

Benzodiazepines
Benzodiazepines available to veterinarians include diazepam,  
midazolam, and zolazepam. Zolazepam is part of a proprietary  
mixture (Telazol; distributed by Zoetis, Kalamazoo, Michigan; 
Made in Spain) and is not readily available as a single agent.  
Diazepam and midazolam are both controlled substances and 
subject to appropriate controlled-drug handling, as are the opioid 
drugs. Both drugs are useful sedatives in small ruminants, as they 
produce predictable sedation without the excitement sometimes 
seen in other species. Midazolam is a water-soluble benzodiazepine 
and as such is better suited for intramuscular administration than 
diazepam. Diazepam is an insoluble drug that is formulated in a 
propylene glycol vehicle: administration of this drug intramuscularly 
will result in drug effect, but it is not as well absorbed from the 
muscle and is a painful injection. Diazepam should not be mixed 
with drugs other than ketamine in the same syringe as precipitation 
will readily occur. In addition to their utility as sedatives in small 
ruminants, benzodiazepines are anticonvulsants with minimal car-
diovascular depression associated with their use. This is a distinct 
advantage, as their use with other drugs will result in less cardiovas-
cular depression from other drugs. They do not promote arrhythmias. 
They are excellent muscle relaxants. The effects of benzodiazepines 
may be antagonized by flumazenil. It is rare for this to be necessary 
in small ruminants. A benzodiazepine is frequently used along with 
dissociative anesthetics in order to provide muscle relaxation. In a 
study that examined the optimum dose of midazolam for sedation 
in goats, it was reported that 0.6 mg/kg of midazolam administered 
intramuscularly produced the maximum level of sedation 20 minutes 
postinjection.12 The same dose given intravenously (IV) produced 
maximum hypnosis in 5 minutes. Increasing the IV dose to 1.2 mg/
kg resulted in an increased reflex suppression and longer duration of 
effect.12 The author (AW) has used doses of 0.2–0.5 mg/kg IV or 
intramuscularly (IM) with good effect for sedation, especially if 
combined with an opioid.

Guaifenesin
Guaifenesin is a centrally acting muscle relaxant that acts on the 
internuncial neurons of the spinal cord.13 It has mild sedative 
properties and provides very little analgesia.14 Although most 
commonly used in equine anesthesia, it can be a helpful addition 
to anesthetic protocols for small ruminants and cervids. Five per-
cent solutions are most commonly commercially available and 
most appropriate for use in ruminants, as red blood cell lysis can 
occur with 10% solutions of guaifenesin. Guaifenesin can be used 
as part of a premedication plan or it can be used with anesthetic 
agents like ketamine as a vehicle to maintain general anesthesia in 
a total IV anesthesia (TIVA) plan. Commonly, a guaifenesin solu-
tion is given rapidly in a large volume compared to most drugs. 
Many anesthesia providers will use a pressurized bag or bottle if 

TABLE 
18.2

Preanesthetic and Sedative/Analgesic Drug 
Dosages for Sheep and Goats (see Appendix 1).

Preanesthetic 
Drug

Dosage for Sheep  
(mg/kg)

Dosage for Goats  
(mg/kg)

Acepromazine 0.03–0.05 mg/kg IV
0.05–0.1 mg/kg IM

0.01–0.05 IV
0.05–0.1 mg/kg IM

Butorphanol 0.05–0.2 mg/kg IV 0.05–0.2 mg/kg IV

Buprenorphine 0.005–0.1 IV or IM 0.005–0.1 IV or IM

Detomidine 0.003–0.01 IV, IM 0.003–0.01 IV, IM

Diazepam 0.1–0.5 IV, IM 0.1–0.5 IV, IM

Fentanyl 0.01 IV 0.01 IV

Guaifenesin #1 mL/kg of 5% 
solution

#1 mL/kg of 5% 
solution

Midazolam 0.1–0.5 IV, IM 0.1–0.5 IV, IM

Morphine 0.05–0.5 IV, IM 0.05–0.5 IV, IM

Xylazine 0.01–0.02 IV standing
0.1–0.2 IV recumbent
0.2–0.3 IM

0.01–0.02 IV standing
0.05–0.1 IV recumbent
0.1–0.3 IM

IM, Intramuscularly; IV, intravenously.
Sources: Lin HC, Caldwell F, Pugh DG: Anesthetic management. In Pugh DG, Baird N, editors: 
Sheep & Goat Medicine, ed 2, St. Louis, MO, 2012, Elsevier; Valverde A. Treatment of acute 
and chronic pain in ruminants. In Egger CM, Love L, Doherty T, editors: Pain Management in 
Veterinary Practice, Ames, 2014, John Wiley & Sons; Riebold TW: Ruminants. In Grimm, KA, 
Lamont LA, Tranquilli, WJ, Greene, SA, Robertson, SA, editors: Veterinary Anesthesia and 
Analgesia: The Fifth Edition of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.
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they are accustomed to using it in horses. Care must be taken 
when using the solution in small ruminants that an inadvertent 
overdose is not given. This author (AW) recommends no more 
than 1–2 mL/kg be administered prior to induction in small ru-
minants. The use of a catheter is highly recommended, as the so-
lution is quite irritating if administered perivascularly.

Opioids
Commonly used opioids in small ruminants include butorphanol, 
nalbuphine, morphine, fentanyl, and buprenorphine. This class of 
drug is important to consider for meeting the analgesic needs of 
animals. Most injectable anesthetics, with the exception of the 
dissociative anesthetics (ketamine or tiletamine), do not contrib-
ute an antinociceptive effect to a balanced anesthetic or sedative 
protocol. Opioids provide excellent supraspinal analgesia of vari-
able potency depending on the receptor type activated. Opioids 
are classified primarily via receptor type: “full” agonists act mostly 
on the mu receptor. Partial agonists such as buprenorphine act on 
the mu receptor but do not turn on all the mu receptors to their 
full effect or do not turn on all of the receptors. Agonist-antagonist 
drugs like butorphanol or nalbuphine are kappa receptor agonists 
and mu receptor antagonists.15 Butorphanol remains a mainstay 
of large animal analgesia due to its relative lack of side effects 
compared to the full opioid agonists in these species. Nonetheless, 
significant pain in small ruminants may require treatment with a 
full mu agonist opioid such as morphine or fentanyl. Opioids 
may be administered IM, IV, or via a continuous-release patch 
(fentanyl). They are not very bioavailable when administered 
orally due to first pass metabolism by the liver.

All of these opioids can be useful sedatives in small ruminants, 
especially if they are combined with other drugs or if the animal 
is very young, very old, or debilitated. Full mu receptor opioids 
like morphine can contribute to dysphoria in large animal species. 
This can manifest as an increase in movement and locomotor ac-
tivity, as well as excitement or agitation. Kappa agonist opioids 
such as butorphanol or nalbuphine are much less likely to cause 
this effect. However, they have less analgesia associated with their 
use as well. Opioids also cause respiratory depression, although 
this is rarely a reason not to use them in an animal that needs 
analgesia. Opioids can cause bradycardia (via a stimulation of 
vagal tone) without a reduction in cardiac contractility, which 
makes them useful in debilitated animals as the bradycardia is 
rarely necessary to treat. One side effect of concern is the reduc-
tion of gastrointestinal motility that they can produce. This can 
lead to increased chance of regurgitation and aspiration due to a 
reduction in rumen motility. Morphine can last 4 to 6 hours in 
the goat, where butorphanol may last 1 to 3 hours. Buprenor-
phine can provide analgesia of up to 6 hours’ duration, depending 
on the dose used.16

Opioids may be reversed by drugs that are mu antagonists/
kappa agonists like butorphanol or nalbuphine. The opioid effects 
may also be antagonized by pure antagonists like naloxone or 
naltrexone, which have no agonistic activity. Naltrexone has a 
longer duration of action than that of naloxone, which may make 
it preferable for cervid use in order to avoid renarcotization when 
highly potent opioids have been used.10

Alpha-2 agonists
Alpha-2 agonists are among the strongest conventional sedatives 
available to veterinarians. They cause sedation by their action on 

presynaptic alpha-2 receptors within the central nervous system.17 
Alpha-2 agonists currently available include xylazine (labeled for 
use in equine and cervidae), detomidine and romifidine (equine 
label), medetomidine, and dexmedetomidine. Dexmedetomidine 
carries a small animal label and has the most specificity for the 
alpha-2 receptor. Xylazine has mixed alpha-1 and -2 adrenergic 
activity as well as a local anesthetic effect. These drugs can be  
administered intramuscularly as well as intravenously. They are 
also used within the central nervous system for epidurals or spinal 
anesthesia. Xylazine remains the most popular and practical  
alpha-2 adrenergic agonist in large animal practice. Ruminants 
are very sensitive to the effects of xylazine, with goats appearing 
to be more sensitive than sheep.8

Alpha-2 agonists produce dose-dependent cardiovascular de-
pression. Xylazine reduces cardiac contractility as well as stimu-
lates a vagally mediated bradycardia. It tends to have a biphasic 
effect on blood pressure, as initially alpha-receptors within the 
peripheral vasculature are stimulated to produce vasoconstriction 
and a rise in blood pressure. Eventually, stimulation of alpha-2 
receptors within the central nervous system causes an inhibition 
of norepinephrine release with resulting hypotension. More  
alpha-2-specific drugs like medetomidine or dexmedetomidine 
tend to hold the vasoconstriction phase longer. This increase in 
systemic vascular resistance and afterload leads to a reduction in 
cardiac output even at low or micro doses. Other side effects of 
alpha-2 agonists include sweating (in species that can sweat), in-
creased urine production (due to an inhibition of antidiuretic 
hormone), and hyperglycemia (insulin resistance).18 Hence, these 
drugs should be used with caution in animals that have cardiac 
disease or urinary tract obstruction. Alpha-2 agonists like xylazine 
can also have an oxytocin like effect.18 The use of xylazine in 
ruminants in the last trimester of pregnancy should be avoided, if 
possible, in order to avoid premature parturition.

Alpha-2 agonists provide excellent analgesia as well as sedation. 
They also produce profound reductions in gastrointestinal motil-
ity and excellent muscle relaxation. Respiratory depression may be 
significant depending on the dose used. Sheep can exhibit pulmo-
nary edema and a reduced oxygenation when given an alpha-2 
adrenergic agonist. This effect has been reported with xylazine, 
clonidine, detomidine, medetomidine, dexmedetomidine, and 
romifidine.19–23 This effect appears to be highly breed and/or in-
dividual animal specific. The mechanism behind alpha-2–related 
pulmonary edema and hypoxemia appears to be multifactorial: it 
may be related to direct alpha-2 receptor activation on vascular 
and bronchial smooth muscle, causing bronchospasm and vaso-
spasm as well as alpha-2 receptor activation on platelets, causing 
transient platelet aggregation with pulmonary microembolism; 
pulmonary intravascular macrophage activation may be followed 
by cytokine and inflammatory mediator release. Nonetheless, 
rapid IV injection of alpha-2 adrenergic agonists should be 
avoided in sheep unless oxygen is provided. Alpha-2–related  
hypoxemia is worsened by general anesthesia as postural changes 
and central nervous system depression also contribute to the 
problem.22

Small ruminants are considered relatively sensitive to the ef-
fects of xylazine. They tolerate higher dosing than do large rumi-
nants like cattle but have more sensitivity than camelids or 
equines. The use of an antagonist should be considered when an 
individual has an undesirable reaction to an alpha-2 agonist or has 
received an overdose. Alpha-2 antagonists include yohimbine, 
tolazoline, idazoxan, and atipamezole. Yohimbine has weak anti-
alpha-2 activity. Tolazoline is a non-specific alpha-2 antagonist. 
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Atipamezole is the most specific alpha-2 antagonist and should be 
used when highly alpha-2-specific agonists like dexmedetomi-
dine, medetomidine, or detomidine have been used. Pulmonary 
edema from alpha-2 adrenergic agonist administration can be 
prevented by antagonists like atipamezole, tolazoline, and id-
azoxan, but not yohimbine.24–26 The use of antagonists can be 
helpful in shortening recovery time and decreasing the undesir-
able side effects of alpha-2 agonists. However, reversal of alpha-2 
adrenergic agonists should not be considered an innocuous proce-
dure: excitement, sympathetic nervous stimulation, and cardio-
vascular stimulation can occur. Selection of reversal agent and 
dose should be made by taking into consideration the alpha-2 
agonist used, the dose given, and the time elapsed since drug ad-
ministration. Tolazoline has been associated with negative out-
comes in several species, including llamas and calves.27,28 When 
using reversal agents, best practice may be to use the lowest dose 
needed to titrate for arousal and avoid high doses administered 
intravenously.

Anticholinergics
Ruminants produce a lot of saliva during sedation and general 
anesthesia. However, the use of anticholinergics like atropine or 
glycopyrrolate as premedications to try to “dry up” this process is 
not recommended. High doses of anticholinergics are required to 
achieve this, and they produce tachycardia and mydriasis and re-
sult in more viscous secretions that tend to occlude airways.16,29–32 
Anticholinergics also reduce intestinal motility, leading to a 
buildup of gas in the rumen, making the occurrence of tympany 
more likely. The use of low-dose anticholinergic therapy for treat-
ment of intraoperative bradycardia is discussed in the section on 
anesthetic complications.

Injectable Anesthetics
The use of premedications (previously mentioned in this chapter) 
will reduce the amount of injectable and inhaled anesthetics nec-
essary to achieve a balanced general anesthesia technique. With 
the exception of the alpha-2 agonists, all premedications have less 
cardiovascular and respiratory depression than general anesthetic 
agents do. Injectable anesthetic agents available for use in small 
ruminants include barbiturates, dissociative anesthetics, propofol, 
and alfaxalone. Table 18.3 lists the dosages for induction agents in 
sheep and goats.

Barbiturates
Thiobarbiturates, once the mainstay of general anesthesia in most 
species, are now very difficult to acquire and are no longer in com-
mon use.

Dissociative Anesthetics
Ketamine and tiletamine (Telazol) are two dissociative anesthetics 
available for use in small ruminants and cervids. They are admin-
istered intramuscularly or intravenously. Their ease of administra-
tion and relative safety profile make them a practical choice for 
small ruminant general anesthesia. Ketamine is often combined 
with a benzodiazepine such as diazepam or midazolam to reduce 
undesirable side effects like seizure-like activity and muscle rigid-
ity.33 Tiletamine comes already combined with zolazepam in the 
proprietary mixture known as Telazol. Telazol has the advantage 

TABLE 
18.3

Induction Agents for Sheep and Goats 
(see Appendix 1).

Anesthetic Agent
Dosage for Sheep  
(mg/kg)

Dosage for Goats 
(mg/kg)

Alfaxalone 2 IV

Ketamine 2–7.5 IV
10–15 IM

2–10 IV
10–15 IM

Propofol 4–6 IV for unsedated
2–4 IV if sedated

4–6 IV for unsedated
2–4 IV if sedated

Telazol 2–4 IV 2–4 IV

IM, Intramuscularly; IV, intravenously.

of a smaller volume of administration than a ketamine/diazepam 
mixture and tends to have a longer duration of action in most 
species. Telazol can produce delayed recovery in many species. 
Ketamine is almost always combined with a sedative or tranquil-
izer. This may be an alpha-2 adrenergic agonist, a benzodiazepine, 
and/or an opioid. Most commonly, this will be xylazine or a  
benzodiazepine. Higher doses of ketamine given intramuscu-
larly (10–15 mg/kg IM) can last about 45 minutes following 
xylazine administration (0.1–0.2 mg/kg IM) in sheep or about 
15 minutes for a smaller dose of ketamine (3–5 mg/kg) given 
intravenously.4,18

Dissociative anesthetics stimulate endogenous release of cate-
cholamines by the sympathetic nervous system. As such, they are 
considered indirectly supportive of the cardiovascular system by 
increasing heart rate, stroke volume, cardiac output, and systemic 
blood pressure. If the patient is unable to release endogenous 
catecholamines, then dissociative anesthetics are negative inotro-
pes similar to other injectable anesthetics.34,35

Ketamine produces a characteristic respiratory pattern called 
apneustic breathing. Apneustic breathing is a breath-holding pat-
tern whereby the animal will hold its breath for a period of time 
and then take several shallow breaths. The apneustic breathing 
pattern of ketamine is striking in equine and feline anesthesia but 
appears less apparent in small ruminants.4 All injectable anesthet-
ics should be considered respiratory depressants, which reduce 
ventilation, but the dissociative anesthetics tend to support spon-
taneous ventilation well in most species. It is the authors’ opinion 
that ketamine is not as likely to induce apnea as propofol or  
alfaxalone.

Ketamine is also used as part of a pain management protocol. 
It is an N-methyl-d-aspartate (NMDA) antagonist, which helps 
reduce central sensitization in the dorsal horn of the spinal cord. 
NMDA receptors are recruited during nociceptive processing and 
utilize excitatory neurotransmitters like glutamate to increase 
processing of nociceptive information leading to “wind up.”36 
Ketamine is used to decrease this nervous system trafficking and 
is one of the few anesthetics noted to have an analgesic effect. 
Ketamine should not be used as the sole analgesic agent in a pain 
management program.

Sources: Riebold TW: Ruminants. In Grimm KA, Lamont LA, Tranquilli WJ, Greene SA,  
Robertson SA, editors: Veterinary Anesthesia and Analgesia: The Fifth Edition of Lumb 
and Jones, Ames, IA, 2015, John Wiley & Sons; Lin HC, Caldwell F, Pugh DG: Anesthetic 
Management. In Pugh DG, Baird N, editors: Sheep & Goat Medicine, ed 2, St. Louis, MO, 
2012, Elsevier; Dzikiti TB. Intravenous anaesthesia in goats: a review. J S Afr Vet Assoc 
84 (1), 1-8, 2013.
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Although dissociative anesthetics remain a practical mainstay 
for anesthesia in small ruminants and cervids, one disadvantage is 
that they cannot be reversed. When drug combinations are made 
with opioids, benzodiazepines, and alpha-2 agonists, it is recom-
mended that reversal of the other drugs should not occur until  
the side effects of the dissociative anesthetic (muscle rigidity, 
trembling, etc.) have time to dissipate.

Propofol
Propofol is a nonsteroidal, nonbarbiturate injectable anesthetic. It 
has a high volume of distribution and very rapid metabolism and 
clearance, with extrahepatic sites of metabolism.34 It provides a 
rapid and smooth induction that easily facilitates intubation in 
the goat.37 Propofol causes a reduction in systemic vascular resis-
tance and reduces arterial blood pressure and cardiac output.38,39 
It causes dose-dependent depression of ventilation with transient 
cyanosis in patients that are not preoxygenated.40 A comparison 
of the use of propofol, thiopental, or ketamine in goats showed 
that recovery times (times to recovery of the swallowing reflex and 
to standing) were significantly shorter and side effects (apnea, re-
gurgitation, hypersalivation, and tympany) were less common 
when propofol was used as the induction agent compared to ket-
amine or thiopental.41 A quicker recovery was attributed to the 
improved clinical performance in this study. None of the animals 
in this study received a premedication, so higher doses of inject-
able anesthetics were used than when injectable anesthetics typi-
cally are given after sedatives or tranquilizers. Like most injectable 
anesthetics, propofol does not provide any analgesia.

The pharmacokinetic and pharmacodynamics profile of pro-
pofol makes it ideal for TIVA use as recovery is rapid once the 
continuous rate infusion is discontinued. More information 
about TIVA is given at the end of this section.

Alfaxalone
Alfaxalone is a steroid general anesthetic that works on the GABA 
neurotransmitter in the central nervous system. It is similar to 
propofol in many regard, as it has a rapid onset of action, rapid 
redistribution, and a short terminal half-life.42,43 When alfaxalone 
has been used in sheep at 2 mg/kg, there are minimal adverse ef-
fects and an uneventful recovery.44 There is little information 
concerning the use of alfaxalone alone in goats—previous work is 
based on saffan, when alfaxalone was combined with alfadolone 
and solubilized in a 20% polyethoxylated castor oil (Cremorphor-
EL).45,46 The present formulation of alfaxalone is labeled for 
dogs and cats and does not cause the histamine-related problems 
associated with the old drug formulation.

Injectable Combinations for Chemical 
Restraint and/or General Anesthesia
Various combinations of the previously mentioned drugs can be 
administered IM, IV, or SC (subcutaneously) in order to produce 
sedation or short-acting general anesthesia. Many practical inject-
able anesthetic protocols are based on the combination of an  
alpha-2 agonist, opioid, and dissociative anesthetic like ketamine 
or Telazol. The use of alpha-2 agonists must be considered with 
caution in sheep and goats but is an essential component to cervid 
anesthesia or sedation. Sheep and goats have a good sedative effect 
to benzodiazepines compared to horses or small animals, so the 

use of an alpha-2 agonist can be omitted. Tables 18.2 through 
18.4 list some drugs that can be used in combinations to provide 
injectable anesthesia or to induce animals for intubation and sub-
sequent maintenance with inhalant. The addition of a small dose 
of ketamine to sedative protocols is a technique called a ketamine 
“stun.” It can be a useful addition to add more patient coopera-
tion as it adds more analgesia and dissociative sedation to a  
protocol. Patients may appear awake yet oblivious to their  
surroundings and procedures being performed.47

Total Intravenous Anesthesia
IV injectable anesthetics are commonly used in veterinary medi-
cine to achieve intubation, while inhaled anesthetics are often 
used to maintain anesthesia. IV injectable anesthetics may also be 
used to maintain anesthesia, especially in situations where inhaled 
anesthesia is not practical or possible, such as field or farm anes-
thesia or magnetic resonance imaging for research animals. The 
advantages of IV anesthesia include rapid onset of action and low 
cost, as well as reduction in environmental contamination and 
human exposure. Disadvantages to the use of TIVA could include 
the cost of an infusion pump in order to provide a consistent 
constant rate infusion and the tendency for drugs to have an ac-
cumulative effect over time with a potential delay in recovery.48

Injectable anesthetics are usually administered as an IV bolus 
to fill the volume of distribution of the central compartment, fol-
lowed by a lower amount of drug to maintain an effective plasma 
concentration of drug for the duration of the planned proce-
dure.49,50 The maintenance phase can be handled by giving inter-
mittent boluses of drug or by administering the drug at a constant 
rate. The constant rate infusion tends to maintain a more consis-
tent plane of anesthesia over time, eliminating the “peaks and 
trough” in the plasma concentration of a drug. Most anesthetic 
procedures of 1 hour or greater may be more easily controlled by 
using a constant rate infusion. A constant rate infusion can be 
maintained with a fluid pump, syringe-driver pump, or simply a 
fluid bag spiked with the necessary drugs and administered at a 
calculated rate. A buretrol can be used for a smaller volume of 
drug. Nonetheless, a venous catheter and intubation of the pa-
tient are optimal for this type of anesthesia. Hypoxemia can be 
expected in sheep, goats, or cervids anesthetized and maintained 
on ambient air, so oxygen supplementation is warranted.

Ideal TIVA drug combinations would be stable in solution, 
have good effect as an anesthetic agent, have a rapid onset of ac-
tion, have few deleterious side effects, and would clear the body 
rapidly without accumulation.48 Recovery should be predictable 
and smooth, without excitement. Drugs available for use in TIVA 
protocols include propofol, alfaxalone, ketamine, opioids, and 
benzodiazepines. Alpha-2 agonists are useful for adding excellent 
analgesia and muscle relaxation but can be associated with sig-
nificant cardiovascular depression and hypoxemia in sheep and 
goats. If alpha-2 agonists are added, the dosages should be much 
lower than those associated with equine combinations. Table 18.4 
shows drug combinations available for use as TIVA in sheep and 
goats.

Inhalants
Modern inhaled anesthetic agents include isoflurane, sevoflurane, 
and desflurane. Halothane is no longer available. Isoflurane and 
sevoflurane are more practical for veterinary use than desflurane, 
with isoflurane the most widely used veterinary inhalation  
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Mask induction is not recommended in adult small ruminants, 
however tempting their small size would make it appear. The risk 
of aspiration of rumen contents and the relative difficulty in intu-
bating these species make it a more prudent choice to sedate with 
premedication and induce with injectable anesthetics prior to 
maintenance with either inhalant anesthetics or additional inject-
able anesthetics. Mask induction is a reasonable alternative for 
neonates that require general anesthesia and are still essentially 
monogastric in function.

A small animal anesthesia machine can be used for small rumi-
nants less than 60 kg. A larger sized canister for chemical CO2 
absorbent is needed for larger animals.

Monitoring
General anesthesia and sedation greatly impact the central ner-
vous system, the cardiovascular system, and the respiratory  
system. Monitoring the depth of anesthesia centers around these 
body systems. Routine central nervous system monitoring in  
veterinary medicine tends to rely on basic information like eye 
position, palpebral and corneal reflexes, lack of purposeful move-
ment, etc. Monitoring of anesthetized animals should be continu-
ous, and a careful record of events, drug doses and physiological 
parameters maintained. Positioning of ruminants is a key compo-
nent to safe anesthetic practice. It is important to keep in mind 
the effect that recumbency has on anesthetized large animals, even 
small ruminants. Sternal recumbency is the most desirable posi-
tion, but often it is not feasible for surgery. Nonetheless, all rumi-
nant patients should be returned to sternal recumbency as soon as 
possible for recovery purposes. All ruminants continue to produce 
a significant amount of saliva while undergoing sedation or anes-
thesia. Whenever possible, the unintubated patient should be 
positioned so that the saliva runs out of the mouth rather than 
accumulating in the back of the pharynx. This can be achieved by 
propping the head up while pointing the mouth down.

Assessment of depth of anesthesia in small ruminants can be 
challenging, as they do not display some of the easier-to-evaluate 
depth indicators in other species. If in doubt, anesthetic depth 
should be reduced until obvious signs of lightness such as muscle 
tension, movement, swallowing, etc., are re-established. The pal-
pebral reflex disappears with minimal depth of anesthesia, and 
rotation of the eye is not as useful an indicator of depth of anes-
thesia in small ruminants as it is in horses and cattle.4 The corneal 
reflex should be maintained in all species, small ruminants and 
cervids included. Please see the section on cervid anesthesia for 
monitoring comments specific to those species.

The cardiovascular system can be monitored by assessing heart 
rate, mucous membrane color, capillary refill time, pulse quality, 
and blood pressure. The heart rate for sheep and goats varies with 
age. Juveniles will have a heart rate of 90 to 130 beats/min, which 
will decrease with maturity.4

Hypotension is a very common complication in the anesthe-
tized patient, especially when the patient is maintained with in-
halant anesthetics. Ruminants in general tend to maintain a 
higher systemic blood pressure than horses or small animals. 
Blood pressure is simple to measure in the anesthetized patient 
and is very helpful to monitor depth of anesthesia and overall 
patient welfare. It is used as an estimate of tissue perfusion. Hy-
potension is generally defined as a mean arterial pressure less than 
60 mm Hg. Inhalant anesthetics, such as isoflurane or sevoflu-
rane, contribute to hypotension by vasodilation and reduction of 
cardiac output. When hypotension is present in the anesthetized 

TABLE 
18.4

Intravenous Anesthetics and Adjuncts for 
Maintenance of Anesthesia in Sheep and Goats 
(see Appendix 1).

Drug Infusion Rate (mg/kg/h)

Propofol 12–36

Ketamine 1.8–3

Fentanyl 0.005–0.30

Midazolam 0.1–0.9

Lidocaine #6 (after 2 mg/kg loading dose)

Guaifenesin (1 L) mixed with  
1–2 g ketamine 6 100 mg 
xylazine

1–2.2 mL/kg/h to effect

anesthetic in North America.51 General anesthesia using inhalant 
drugs requires the use of an anesthetic machine. The inhaled 
drugs are metered into the system with the use of a precision va-
porizer, which is calibrated for one inhalant only. They are usually 
administered with oxygen as the carrier gas in veterinary medi-
cine. This has the advantages of providing oxygen support and a 
means of ventilation. The modern inhalants require very little 
metabolism and are eliminated from the body by being exhaled 
from the lungs, so recovery is usually rapid depending on the 
duration of the anesthetic period. Disadvantages of using inhalant 
anesthesia include the cost of equipment and the expertise  
required, as well as being somewhat cumbersome to use in a  
non-hospital situation.

Both isoflurane and sevoflurane support vital organ blood flow 
well and can be considered relatively friendly to the cardiovascular 
system. Inhalants do cause some reduction in cardiac contractility 
and are potent vasodilators, both of which contribute to a reduc-
tion in systemic blood pressure and cardiac output. Vasodilation 
will also contribute to hypothermia in thin patients with pro-
longed anesthetic periods. Inhalants cause profound respiratory 
depression, especially isoflurane. Muscle relaxation is proportional 
to the vaporizer setting. Sevoflurane is more insoluble than isoflu-
rane, which means that mask induction and recovery from anes-
thesia are quicker. The comparison in induction and recovery 
times in healthy animals may not be very noticeable. Sevoflurane 
is significantly more expensive than isoflurane.

MAC stands for minimal alveolar concentration of inhaled 
anesthetic and is a measure of potency. One MAC unit will keep 
50% of a population from responding with purposeful movement 
to a supramaximal stimulus. It usually requires 1.5 units for a 
surgical plane of inhaled anesthesia. The MAC for isoflurane for 
sheep is 1.58%52 and for goats is 1.2% to 1.4%.53,54 The MAC for 
sevoflurane in the goat is 2.3%.55 It is important to note that the 
use of premedication drugs and injectable anesthetics will reduce 
the amount of inhaled anesthetic needed to maintain the animal.

Inhalants are administered via the respiratory system; as such, 
they require either intubation of the trachea or can be given by a 
tight-fitting face mask or a device such as a laryngeal mask airway. 

Sources: Lin HC, Caldwell F, Pugh DG: Anesthetic management. In Pugh DG, Baird N editors: 
Sheep & Goat Medicine, ed 2, St. Louis, MO, 2012, Elsevier; Riebold TW: Ruminants. In 
Grimm, KA, Lamont LA, Tranquilli, WJ, Greene, SA, Robertson, SA editors: Veterinary Anesthe-
sia and Analgesia: The Fifth Edition of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons; 
Dzikiti TB. Intravenous anaesthesia in goats: a review. J S Afr Vet Assoc 84 (1), 1-8, 2013.
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patient, there is concern that vital organs and tissues are not  
receiving sufficient oxygen to support their needs.

Blood pressure monitoring is a simple method of detecting 
and controlling hypotension. Blood pressure can be monitored by 
direct or indirect means.56 Direct blood pressure monitoring uti-
lizes a catheter placed in a peripheral artery and is connected via 
fluid-filled tubing to a transducer, which converts the pressure 
wave to an electronic signal. Direct arterial pressure monitoring is 
considered a more accurate method of blood pressure measure-
ment than the indirect, cuff-based methods. Indirect methods 
include Doppler technology, which measures systolic blood pres-
sure, or the oscillometric monitors, which measure the oscillation 
or movement of the vessel wall. Both are dependent on the cuff 
selected for accuracy. The width of the cuff should be 40% of the 
circumference of the limb. Too large a cuff will result in a blood 
pressure reading that is lower than actual and too small a cuff will 
give a reading that is too high. The oscillometric units will give 
systolic, mean, and diastolic blood pressure numbers. It is impor-
tant to remember that the indirect methods are not as accurate  
as direct measurement but are very helpful to monitor trends. 
Correlation between the two methods (indirect versus direct) is 
not always good in ruminants, so an arterial catheter is recom-
mended if blood pressure monitoring is critical.57 The cuff of an 
oscillometric blood pressure monitor can be placed on the limb 
(usually forelimb) of a small ruminant. The median auricular  
artery is most commonly used for arterial catheter placement if 
direct blood pressure measurement is desired.

Respiratory Monitoring
All anesthetized patients hypoventilate under general anesthesia. 
Hypoventilation is an insidious problem, as most veterinarians 
and technicians assume that an adequate respiratory rate and re-
spiratory efforts equate to adequate alveolar ventilation and gas 
exchange. The amount of gas exchanged with each breath (tidal 
volume) has two components: dead space gas and alveolar ventila-
tion.58 Dead space gas is the air that is in the conducting airways 
and is not available for gas exchange. It tends to remain relatively 
constant and is the first gas in and out of the mouth or nasal pas-
sages, trachea, and other conducting units of the respiratory tree. 
Therefore, when tidal volume decreases (which inevitably happens 
under general anesthesia) and dead space gas remains the same, 
alveolar ventilation must decrease. Hypoventilation can be con-
firmed by observing end-tidal CO2 values greater than 45 mm Hg 
and by observing less frequent respiratory efforts. Spontaneously 
breathing respiratory rates are usually 20 to 40 breaths/min in 
sheep and goats.4 Ruminants have a decreased tidal volume com-
pared with other species.59

A capnometer is a useful piece of equipment for respiratory 
monitoring. Capnometry is the measurement and numerical dis-
play of CO2 during the respiratory cycle. These are instruments 
designed to continuously and noninvasively evaluate the end-tidal 
(end of exhalation) level of carbon dioxide respired by a patient. 
A “capnograph” is the machine that records a graphic display with 
its characteristic waveform, while “capnogram” is the term used 
for the actual waveform. The level of CO2 and the shape of the 
resultant wave form can be extremely useful in evaluating the re-
spiratory status of a patient.60 Its primary use is to assess ventila-
tion; it does not give any information about oxygenation. The 
American Society of Anesthesiologists (ASA) now recommends 
capnometry coupled with pulse oximetry as the standard of care 
for respiratory monitoring of anesthetized patients.

The partial pressure of end-tidal CO2 (expiratory plateau) 
should be between 35 and 45 mm Hg. Carbon dioxide is pro-
duced in the body by cellular metabolism and then transported 
via blood to the lungs to be eliminated. Hypoventilation leads to 
higher-than-normal arterial partial pressure levels of CO2. Slightly 
high levels of CO2 can benefit an anesthetized patient as it stimu-
lates the sympathetic nervous system to release endogenous cate-
cholamines, which help support cardiovascular function.61,62 
However, very high levels of CO2 will lead to acidosis, narcosis, 
arrhythmias, and myocardial failure. Anesthesia produces general-
ized central nervous system depression and the medullary respi-
ratory center may not respond to higher levels of CO2 with 
increased ventilation. Some patients may be very sensitive to  
the respiratory depression imposed by general anesthesia. These 
patients may experience respiratory arrest without intervention 
(intermittent positive pressure ventilation [IPPV]) by the anesthe-
tist. An airway pressure of 12 to 15 cm of H2O is commonly used 
as a guideline for IPPV. Ruminants may require higher airway 
pressure to maintain adequate ventilation because of the effect of 
the rumen on abdominal pressure as well as reduced functional 
residual capacity in the thorax. Physical problems that may exac-
erbate hypoventilation include obesity, pregnancy, and position-
ing in surgery (perineal stands, etc.). These patients will require 
more intervention and ventilation support. Patients who have 
thoracic masses or noncompliant chests may require higher airway 
pressure in order to provide adequate ventilation. This needs to be 
assessed on an individual basis.

Capnometry is very useful to determine correct intubation, 
especially in species that are difficult to intubate. Esophageal in-
tubation should not produce detectable levels of CO2. Low levels 
of end-tidal CO2 (#35 mm Hg) may be a result of hyperventila-
tion. It can also be seen with hypothermia, excessive anesthetic 
depth, or the use of paralytic muscle relaxants. Pulmonary sys-
temic or pulmonary circulation is a significant cause of low end-
tidal CO2 levels. Patients experiencing cardiac arrest will have 
precipitous drops in CO2, and capnometry can be very helpful in 
establishing the effectiveness of CPR.

Hypoxia/hypoxemia can be a complication of general anesthe-
sia, especially in the equine but also in small ruminants and cervids 
when certain conditions prevail. Five major causes of hypoxemia 
or low arterial oxygen tensions (PaO2) include (1) low inspired 
oxygen concentration; (2) hypoventilation, especially when FIO2 
5 21% (room air); (3) barriers to diffusion, e.g., pneumothorax 
and pulmonary edema; (4) ventilation-perfusion mismatch; and 
(5) right-to-left shunt (physiologic).63

Low inspired oxygen concentration can occur with equipment 
failures and errors, most commonly when someone forgets to turn 
on the oxygen flow meter or delivers too low a flow for the size of 
the animal, not meeting metabolic oxygen requirements. It also 
occurs when endotracheal tubes become kinked or occluded with 
blood/secretions. A common manifestation of this occurrence is 
the patient who appears to be “waking up” or is at too light a 
depth. Hypoxemia will cause a ventilatory drive when PaO2 levels 
are less than 50 to 60 mm Hg and the gasping behavior of the 
severely hypoxemic patient can mimic arousal.

Hypoventilation can be a reason for low oxygen tensions even 
if the patient is breathing 100% oxygen if the hypoventilation is 
severe. The fact that most anesthetized patients breathe 100% 
oxygen helps prevent this problem, since hypoventilation is such 
a common problem in the anesthetized patient. Oxygen supple-
mentation should be considered in patients undergoing injectable 
anesthesia, even if inhalant anesthetic is not used or the patient is 
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not intubated, as breathing room air can lead to prolonged recov-
ery and other adverse consequences when cerebral blood flow and 
oxygen delivery are compromised during a general anesthetic. 
Sheep positioned in lateral recumbency may experience a reduc-
tion in PaO2 even without chemical restraint.64

Problems such as pneumothorax or pulmonary edema create 
barriers to the diffusion of respiratory gases. Oxygen is usually 
affected first, since CO2 is about 20 times more soluble than oxy-
gen. Pulmonary edema, pleural effusion, and pneumothorax 
should be corrected as much as possible prior to general anesthe-
sia. Occasionally, occult conditions will manifest during the 
course of general anesthesia and must be handled during the pro-
cedure. Ventilation/perfusion mismatch and right-to-left pulmo-
nary shunting do occur in small ruminant anesthesia but do not 
tend to be as frequent a problem as in the anesthetized horse. The 
administration of PEEP, or positive end expiratory pressure,  
can be helpful in the hypoxemic patient as it increases alveolar 
participation and may recruit collapsed alveoli.

Patient oxygenation can be monitored via pulse oximetry or 
blood gas analysis. Pulse oximetry is more frequently used, as it is 
economical, noninvasive, continuous, and easy to put on the pa-
tient. The probe is placed on a nonhaired, nonpigmented area of 
the body that is thin. This can prove to be a challenge in some 
ruminants. In small ruminants and cervids, the tongue is the most 
commonly used area for pulse oximetry, although the ear, pre-
puce, or vulva can be used as well. However, the pulse oximeter 
has some limitations in the information that it provides. It mea-
sures the amount of hemoglobin that is saturated with oxygen 
(SpO2) and will usually give you a pulse rate as well. The hemo-
globin oxygen dissociation curve illustrates the relationship be-
tween hemoglobin saturation and the partial pressure of oxygen. 
A saturation of 90% corresponds to a partial pressure of oxygen 
of 60 mm Hg, which is defined as hypoxemia. A saturation  
of 99% to 100% can correspond with an O2 saturation of 90 to 
500 mm Hg—a vast range that is dependent on the inspired 
concentration of O2. In veterinary medicine, most anesthetized 
patients breathe 100% oxygen, so we normally expect to see PaO2 
in the 200 to 300 mm Hg range. Pulse oximetry is also prone to 
problems with the probe—prolonged contact will cause some 
decrease in tissue perfusion and cause the probe to stop reading. 
This can lead to the anesthetist disregarding a low SpO2 reading 
when the patient is actually experiencing a desaturation event.

When inhalant anesthesia is used, a balanced isotonic electro-
lyte solution should be administered intravenously at a rate of  
5 to 10 mL/kg/h. An initial rate of 10 mL/kg/h can be useful 
when small ruminants have been water deprived prior to the an-
esthetic event. Dextrose can be added to the electrolyte solution 
at a concentration of 2.5% or 5.0% when pediatric patients un-
dergo anesthesia. The vasodilation produced by inhalant anesthe-
sia will accelerate heat loss in small ruminants, so an external heat 
source like a circulating water pad or forced air warmer is useful 
to help maintain normothermia.

Ruminants tend to recover quietly from general anesthesia, 
without the emergence delirium or excitement seen frequently in 
other species. They should be placed in sternal recumbency for 
recovery to minimize the chance of bloat or ruminal distension. 
As in other species, the endotracheal tube should be removed 
when the animal can swallow and protect the airway. Care should 
be taken to remove the tube straight out of the mouth, as it is easy 
to snag the endotracheal tube cuff on the sharp edges of the mo-
lars if the tube is pulled sideways. Likewise, care should be taken 
to protect the tube from chewing as the sharp molars can easily 

sever the endotracheal tube. When extubating a ruminant, it is 
useful to leave the endotracheal tube cuff partially inflated in or-
der to remove any accumulated fluid or debris from the airway or 
pharyngeal area, thus avoiding aspiration of rumen contents or 
saliva just after extubation.

Pain Assessment and Management
Pain assessment and management in food animals should be part 
of basic veterinary and husbandry activities.65 It is simple to expect 
that animals experiencing surgery will need analgesia, but we have 
a long way to go before there is a straightforward way to assess pain 
in prey species such as small ruminants and cervids. An estimate of 
the severity of the pain condition must be made based on clinical 
signs, physiological parameters, behavior, and empathy.65 Small 
ruminants are timid prey species that exhibit minimal signs of pain 
when compared to small carnivores or other species. Behavioral 
responses of sheep to painful husbandry practices have been as-
sessed by teams of researchers in Scotland and New Zealand and 
consist of restlessness, rolling, jumping, tail wagging, lip curl, 
trembling, and abnormal postures when lying down or standing.66 
One can expect that sheep may tolerate severe injury without overt 
signs of pain or distress.67 Pain can also cause cessation of rumina-
tion, inappetence, lack of water intake, or facial expression 
changes. Goats are more likely than sheep or cattle to vocalize in 
response to pain, but even less is known about behavioral responses 
to pain in this species. Staffieri et al. (2009) investigated periop-
erative analgesic protocols in goats and modified a pain assessment 
scoring system to include flock behavior as well as movement and 
animal comfort.68

Drugs used for analgesia in small ruminants and cervids have 
been discussed previously in this chapter under premedications 
prior to general anesthesia or as part of an injectable anesthetic 
protocol. Evidence for the systemic use of opioids in sheep and 
cattle comes from pain models using cutaneous thermal and me-
chanical stimulation.69 Butorphanol, fentanyl, buprenorphine, 
and meperidine have proven to be effective analgesics for thermal 
noxious stimulation when given intravenously.70–74 Fentanyl and 
meperidine (to a lesser extent) were considered effective when a 
pressure or mechanical stimulus was applied.71,72

Opioids can also be administered epidurally or intrathecally—
more information about their use when administered in this man-
ner can be found in the section on regional techniques. Dosages 
for individual analgesic agents can be found in Table 18.5.

Commercially available fentanyl patches have been evaluated 
in small ruminants, as sheep are a common model in orthopedic 
biomedical research. Their use can be considered in individual 
animals experiencing severe injury or significant surgical pain. 
The careful application of a transdermal patch results in consistent 
plasma levels of fentanyl for at least 40 hours postapplication.75 
Transdermal patches should be applied for an estimated dose of  
2 mg/kg/h depending on animal size and patch size. They should 
be applied to the animal prior to surgery—one study suggests that 
the ideal time may be 24 to 36 hours prior to orthopedic sur-
gery.76 Transdermal patches continuously release fentanyl, and 
good skin contact is needed in order to produce consistent plasma 
fentanyl levels. Care must be taken not to heat the patch-skin 
interface (warming devices used in the operating room) so as to 
not prematurely increase the amount of fentanyl released from  
the patch. The effects of transdermal patch application have  
been considered superior to buprenorphine when evaluated in a 
double-blinded pain study.77
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TABLE 
18.5

Doses of NSAIDs and Analgesics for Sheep and 
Goats (see Appendix 1).

Drug Dose Duration (hours)

Opioids
Buprenorphine 0.005–0.01 mg/kg SC 6

0.005–0.1 mg/kg IV, IM 8–12

Butorphanol 0.05–0.2 mg/kg 1–3

Fentanyl 0.01 IV
0.001–0.005 mg/kg/h CRI
50 µg/h patch

1–2

5–12

Meperidine 5 IM 0.25–0.5

Morphine 0.05–0.5 IV, IM
0.1 mg/kg epidural

1–6
6–12

NSAIDs
Aspirin 50–100 mg/kg PO 12–24

Carprofen 2 mg/kg PO, SC, IV 24

Diclofenac 1 mg/kg IV, IM

flunixin  
meglumine

1 mg/kg IV 12

Ketoprofen 2 mg/kg IV 12

Meloxicam 0.5 mg/kg IV
2 mg/kg PO loading dose, then 
0.5 mg/kg subsequently
0.5 mg/kg IV
2 mg/kg PO loading dose, then 

1 mg/kg daily PO

8: goats
24: goats

12: sheep
24: sheep

CRI, Constant rate infusion; IM, intramuscularly; IV, intravenously; NSAID, nonsteroidal anti-
inflammatory drug; PO, per os; SC, subcutaneously.
Sources: Lin HC, Caldwell F, Pugh DG: Anesthetic Management. In Pugh DG, Baird N, editors: 
Sheep & Goat Medicine, ed 2, St. Louis, MO, 2012, Elsevier; Riebold TW: Ruminants. In 
Grimm KA, Lamont LA, Tranquilli WJ, Greene SA, Robertson SA, editors: Veterinary Anesthe-
sia and Analgesia: The Fifth Edition of Lumb and Jones, Ames, IA, 2015, John Wiley & 
Sons; Valverde A. Treatment of acute and chronic pain in ruminants. In Egger CM, Love L, 
Doherty T, editors: Pain Management in Veterinary Practice, Ames, 2014, John Wiley & Sons.

A study looking at the use of a transdermal fentanyl patch in 
the goat showed that a 50 mg/h patch placed on the neck of 40-kg 
goats resulted in bioavailability that exceeded 100% due to the 
recycling of highly lipid soluble fentanyl through the ruminosali-
vary cycle.78 This may result in adverse side effects like excessive 
sedation, dysphoria, respiratory depression, ileus, and inap-
petance. This may suggest that lower doses of fentanyl patches 
should be used in goats versus sheep. A commercially available 
transdermal fentanyl solution labeled for the dog was used in re-
search sheep in an effort to find a product that could be easily 
applied and provide long-lasting plasma levels of fentanyl to sheep 
undergoing orthopedic surgery. Several doses were evaluated and 
adverse effects noted at all doses.79

Nonsteroidal Antiinflammatory Drugs
NSAIDs, or nonsteroidal antiinflammatory drugs, can be used in 
the perioperative period in combination with sedatives, local anes-
thetics, and general anesthesia. They are among the most important 

drugs used in all species of animals as they possess both analgesic 
and antiinflammatory properties. They are drugs that inhibit cyclo-
oxygenase (COX) enzymes, lipoxygenase, and thromboxane en-
zymes. COX acts on arachidonic acid to release prostaglandins and 
other mediators of inflammation; thus, NSAIDs play an important 
role in reducing inflammatory mediators.1 They have the advantage 
of providing excellent analgesia, both peripherally and centrally 
(spinal cord) without adding sedation and central nervous system 
depression.80 They are easy to administer parenterally and have a 
convenient dosing schedule. They also have high bioavailability 
when administered orally. Caution should be taken with dosing and 
use of the drugs when the animal is hypovolemic, in renal failure, 
neonatal, or debilitated.

Some of the most common NSAIDs used in ruminants are 
flunixin meglumine, ketoprofen, aspirin, meloxicam, and carpro-
fen.81 NSAIDs are often described by the specificity of the COX 
inhibitory action. Flunixin meglumine is a COX-1 inhibitor ap-
proved for use in beef and lactating dairy cattle to treat fever and 
inflammation associated with respiratory disease, mastitis, or en-
dotoxemia. It is used in sheep and goats, but meat and milk 
withdrawal times are not as established as in cattle. Meloxicam, a 
COX-2 inhibitor, is given at 0.5 mg/kg IV every 8 hours to goats 
or at 0.5 mg/kg orally every 24 hours following a loading dose of 
2 mg/kg orally.81 A study comparing the pharmacokinetics of 
meloxicam between sheep and goats determined that meloxicam 
is metabolized at different rates between the two species, with 
goats metabolizing the drug faster than sheep.82 A single dose of 
0.5 mg/kg IV was used and the elimination half-life in sheep was 
determined to be 10.85 hours compared to 6.73 hours in goats, 
with both species having a small volume of distribution. The 
study extrapolated an effective plasma target concentration of 
0.73 µg/mL from previous studies in horses and concluded that 
meloxicam should be administered every 12 hours in sheep and 
every 8 hours in goats to achieve plasma levels considered to be 
analgesic.81,82 Oral administration of meloxicam in goats has been 
shown to have a high bioavailability (79%) and a half-life of 
nearly 11 hours.83 The bioavailability of meloxicam in sheep has 
been found to be 72%. Oral dosing of 2 mg/kg loading dose, fol-
lowed by 1 mg/kg daily administration, has been recommended 
in sheep.84

The smaller body size of sheep and goats makes the use of 
meloxicam or carprofen more economically reasonable than its 
use in cattle, especially for those small ruminants that are pets. As 
the use of phenylbutazone is prohibited in female dairy cattle 
older than 20 months, the use of this drug in dairy goats or sheep 
should be avoided.81

Local Anesthetics
Local anesthetics are readily available for use in small ruminants 
and deer. They have the distinct advantage of providing anesthesia 
without sedation or hypnosis. When combined with sedation, the 
use of local or regional techniques may help avoid general anes-
thesia and recumbency. They can be administered directly in the 
vicinity of the surgical site or they can be administered in a peri-
neural technique for regional anesthesia in order to accomplish 
surgery without general anesthesia. Alternately, they may be used 
in the anesthetized patient to reduce the need for general anesthe-
sia and promote cardiovascular stability. Lidocaine may be given 
systemically in order to manage arrhythmias, augment intestinal 
motility, improve analgesia, and reduce requirements for general 
anesthetics.85



471CHAPTER 18 Anesthetic and Pain Management

Most local anesthetics are weakly basic tertiary amines with a 
hydrophilic end, a lipophilic end, and an intermediate hydrocar-
bon chain. Local anesthetics are classified based on the structural 
components of the drug into the amide group and the esters 
group. Lidocaine is the prototype for the amide group, and most 
modern and commonly used local anesthetics belong to this class. 
They are usually available as acid solutions of water soluble salts. 
The acid salt is neutralized in the tissue, liberating the base which 
is the part of the drug that penetrates the cell membrane. Because 
of this, local anesthetics are less effective in inflamed tissues  
with lower pH because there is less drug liberated under these 
conditions.86

All local anesthetics work by blocking sodium ion channels 
during nerve transmission. They act mainly on voltage-gated 
Na1 channels but also block voltage-dependent K1 and Ca21 
channels, but with lower affinity.87–91 Local anesthetics produce 
reversible conduction blockade of impulses along central and  
peripheral pathways. Lidocaine is the agent most likely to  
affect motor function as well as sympathetic activity and sensory 
function.

Three common local anesthetics used by large animal veteri-
narians include lidocaine, mepivacaine, and bupivacaine. Lido-
caine has a fast onset time, moderate duration, and moderate 
toxicity. The duration of plain lidocaine is approximately  
1 hour.92 Mepivacaine is very similar to lidocaine in onset and 
action with a slightly longer duration of effect (up to 2 hours), 
probably because it is associated with less vasodilation.90 Bupiva-
caine is a longer-acting drug (3–10 hours) with a reportedly 
slower onset time (20–30 minutes).92 Bupivacaine is the most 
cardiotoxic of the local anesthetics and should never be used  
systemically. It is useful when sensory blockade accompanied  
by minimal motor dysfunction is desired.85 Lidocaine is used 
systemically for its antiarrhythmic effect, as well as for its analgesic 
and promotility effects on the gastrointestinal tract in many  
species.

While local and regional anesthesia is considered by many to 
be a safer option than general anesthesia, it is important to re-
member that local anesthetics can be toxic, both systemically and 
locally. The central nervous system may be the first system to be 
affected. Signs of toxicity include sedation, tremors, and/or 
twitching, and these signs may progress to seizures.93 Seizure is 
frequently the first sign seen by veterinarians. There is no evidence 
to suggest that patients with epilepsy are at greater risk for seizure 
when local anesthetics are used. The cardiovascular system is also 
greatly impacted as local anesthetics slow the conduction rate and 
reduce excitability (hence their antiarrhythmic effect) and de-
crease myocardial contractility.86,94 Local anesthetics also cause 
vasodilation peripherally, which can reduce cardiac output. The 
vasodilation that they produce can also reduce the duration of 
their effect. Epinephrine can be added to local anesthetics as a 
vasoconstrictor to increase the duration of effect. Epinephrine 
(1:200,000 to 1:50,000) at concentrations of 5–20 mg/mL can be 
added to the local anesthetic solution. The addition of epineph-
rine to lidocaine can increase the duration of effect from 1 hour 
to 3 hours.86 Epinephrine should not be combined with local 
anesthetics when used to ring block extremities, teats, or other 
areas where vascular compromise may be a concern.

Local administration of these drugs can produce tissue reactiv-
ity and inflammation. They can also cause allergic reactions both 
peripherally and systemically. Sheep and especially goats are con-
sidered relatively sensitive to the toxic effects of local anesthetics. 
Regional techniques should be performed with a maximum dose 

of 6 mg/kg of lidocaine or mepivacaine and 1.5–2.0 mg/kg of 
bupivacaine to decrease the chance of toxicity.85 The drugs can be 
diluted if a larger volume is desired for the block. An accurate 
body weight is helpful in calculating the dose needed, especially 
in young lambs and goats. Chondrotoxicity is a concern when 
using local anesthetics for an intraarticular block. Local anesthetic 
toxicity has been demonstrated in vivo and in vitro in both hu-
man and animal cartilage.95–99 Bupivacaine in particular has been 
shown to be quite chondrotoxic. The marked chondrotoxicity 
shown by bupivacaine and lidocaine is due to necrosis rather than 
apoptosis.97 Evidence suggests that there is a greater risk of chon-
drolysis with a longer exposure to local anesthetics rather than a 
single injection and that mepivacaine appears to be the least toxic 
at this time.85,97

Regional Techniques

Cornual Blocks
A cornual block is used in sheep and goats undergoing a dehorn-
ing procedure. In the goat, the cornual branch of the zygomatico-
temporal nerve is blocked (as in calves) as well as the cornual 
branch of the infratrochlear nerve. It is not necessary to block the 
second cervical nerve, as is recommended in cosmetic dehorning 
of adult cattle.16,69 In order to perform the block, 1–3 mL of lido-
caine can be placed at each of the two sites, depending on the size 
of the animal, using a 20- or 22-gauge, 1.5-inch needle. To block 
the zygomaticotemporal nerve, the needle is inserted along the 
lateral edge of the frontal bone between the lateral canthus of the 
eye and lateral base of the horn, about 1 inch in front of the base 
of the horn. The cornual branch of the infratrochlear nerve is 
blocked by inserting the needle halfway between the medial can-
thus of the eye and the medial base of the horn (Figure 18.1). 
General anesthesia may be preferred in very young individuals to 
avoid toxicity or in individuals with very large horns to provide 
better anesthetic and surgical conditions. A regional technique 
may be combined with general anesthesia for optimal analgesia in 
those circumstances.

Eye Blocks
A regional block of the globe can be used to facilitate analgesia/
anesthesia for enucleation. Local anesthetic drops such as tetra-
caine or proparacaine can be used on the cornea to anesthetize the 
cornea for foreign body removal or to assist with analgesia or di-
agnostics in the case of corneal ulcers. The oculomotor, trochlear, 
abducens, ophthalmic, and maxillary nerves should be blocked. 
Lidocaine or bupivacaine can be used.

Retrobulbar or Four-Point
A 20- or 22-gauge, 1.5-inch needle can be used for small rumi-
nants.69 The needle is inserted into the back of the orbit at 12:00, 
3:00, 6:00, and the 9:00 clock positions. One to three milliliters 
per site of lidocaine or diluted local anesthetic is used in small 
ruminants. The needle can be curved so that penetration of the 
globe is avoided.

Peterson and Eyelid
A 20- or 22-gauge, 1.5- or 2.5-inch needle can be used for small 
ruminants.69 The needle is inserted perpendicular to the notch 



472 CHAPTER 18 Anesthetic and Pain Management
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• Fig. 18.1  Needle placement for cornual block for subcutaneous injection of local anesthetic midway 
between the lateral canthus of the eye and the lateral base of the horn (A) and another midway between 
the medial canthus of the eye and the medial base of the horn (B).

between the zygomatic arch and the supraorbital process until it 
reaches the coronoid process of the mandible. Then, the needle is 
directed cranially to bypass the coronoid process until it strikes 
the bone of the orbit behind the eye. Three to seven milliliters of 
lidocaine can be used in small ruminants. In order to desensitize 
the eyelid, the auriculopalbebral branch of the facial nerve must 
be blocked. The needle is inserted subcutaneously along the cau-
dal border of the zygomatic arch for 2 to 3 inches. The eyelids  
can also be infiltrated around the edges. Two to three milliliters of 
lidocaine can be used.

Paravertebral Blocks
Proximal and distal paravertebral blocks can be performed in 
small ruminants, although they are not frequently utilized. To 
perform a proximal block, a 20-gauge, 1.5-inch needle can be 
used to anesthetize the flank area (T13, L1, L2 spinal nerves).16,69 
The needle is inserted perpendicular to the skin about 2 inches 
lateral to the dorsal spinous process until it strikes the cranial 
edge of the transverse process behind the nerve to be blocked. 
The needle is walked off cranially until it penetrates the inter-
transverse ligament to block the ventral branch. Then, the needle 
is withdrawn to the level of the ligament to block the dorsal 
branch. Two to four milliliters of lidocaine can be used for  
the ventral branch and 1 mL for the dorsal branch in small  
ruminants.

A distal paravertebral block is performed by inserting a 
20-gauge, 1.5-inch needle perpendicular and ventral to the lateral 
distal edge of the transverse processes of L1, L2, and L4 to block 
the ventral branches of T13, L1, and L2 spinal nerves.16,69 The 
dorsal branches are blocked when the needle is withdrawn and 
redirected dorsally. Two to four milliliters of lidocaine can be used 
for the ventral branch and 1 mL for the dorsal branch in small 
ruminants.

Epidural and Subarachnoid Analgesia 
and Anesthesia
Injection of various analgesics and/or local anesthetics can be made 
epidurally or intrathecally to provide regional anesthesia and anal-
gesia of variable intensity and duration, depending on the agents 
selected. Epidural administration of drugs can be made either 
cranially at the lumbosacral junction (L6–S1) or caudally at the 
sacrococcygeal junction or first intercoccygeal space (Figure 18.2). 
Administration of drugs in the lumbosacral space will provide 

• Fig. 18.2  Needle placement in a standing goat for a sacrococcygeal 
junction epidural injection.
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regional anesthesia or analgesia to the abdomen and pelvis. Ad-
ministration in the sacrococcygeal junction will provide anesthe-
sia/analgesia to the skin and viscera in the middle sacral area, skin 
and adjacent tissue of the perineum, and the inner aspect of the 
thigh and tail. The subarachnoid space is smaller than the epidural 
space, so if cerebrospinal fluid is encountered while performing an 
epidural, a smaller volume of drugs should be administered. 
Spread of epidurally administered medications depend on the dose 
of the drug administered and the total volume of drug given. An 
increased or diluted volume of drugs can be used if one desires to 
“push” the epidural higher. Conversely, a smaller volume and lower 
dosage of drugs can concentrate the effect to the pelvis. Doses and 
volumes should be reduced to two thirds of what is recommended 
by body size for pregnant animals. Larger doses and volumes of a 
drug may have the potential to cause more adverse effects. Usually, 
the desired outcome of epidural or intrathecal anesthesia is a loss 
of sensation; however, there is also the potential to have sympa-
thetic nervous system blockade with resulting hypotension or a 
loss of motor function. See Table 18.6 for doses of epidurally ad-
ministered agents.

In order to perform a cranial or lumbosacral epidural, the ani-
mal should be positioned in sternal recumbency or standing. The 
site for injection can be palpated as a depression at the intersec-
tion of the dorsal midline and a line drawn between the cranial 
borders of the iliac wings. The area on the dorsal midline should 
be clipped and prepared with sterile technique. A 20- or 22-gauge 
needle, 1.5 or 2.5 inches, may be used. The needle is inserted 
perpendicularly in the lumbosacral space, which is located slightly 
caudal to a line that joins the cranial border of the wing of the 
ilium. The needle should be inserted through the skin and the 
hub of the needle filled with saline. The needle is inserted further 
until the “pop” of the needle is felt penetrating the interarcuate 
ligament. The negative pressure of the epidural space should suck 
the fluid out of the hub of the needle—this is frequently described 
as the “hanging drop” technique. The drug can be slowly injected 
without resistance to the injection. If a local anesthetic is given in 

the lumbosacral space, the animal will not be able to remain 
standing.

Injection of the sacrococcygeal or intercoccygeal site is techni-
cally easier than the lumbosacral site. A similar hanging drop 
technique may be used with the needle placed at a 10- to 15- 
degree angle to perpendicular in the space on the midline.16 
Often, the hanging drop does not work as well in small ruminants 
as other species and one must depend on ease of injection to  
validate proper placement of the needle. Caudal epidural block 
will permit the animal to remain standing but is not indicated  
for anesthesia of the udder or male genitalia.16

Several classes of drugs can be used to provide analgesia in the 
epidural or the subarachnoid space. Local anesthetics have been 
traditionally used because of their low cost and availability, but 
opioids, alpha-2 agonists, and ketamine can also be used within 
the central nervous system. It is important to keep in mind that 
any drug injected into the epidural space will have systemic  
effects, as the epidural space is lined with blood vessels. The use  
of opioids produces analgesia without loss of motor function. 
Epidurally administered morphine can provide analgesia up to  
24 hours in many species due to its hydrophilic nature and ten-
dency to stay within the epidural space. Xylazine has local anes-
thetic activity in addition to its alpha-2 agonist effects and is 
popular for caudal epidurals in mares. Studies have compared the 
use of buprenorphine (a partial mu agonist opioid) and lidocaine 
intrathecally in goats with the use of lidocaine and xylazine.68 The 
analgesia lasted longer and was accompanied by less adverse  
effects with respect to sedation and cardiovascular function.68

Intraarticular Blocks
Intraarticular lidocaine plus bupivacaine has been shown to be effec-
tive in relieving postoperative pain in sheep undergoing stifle ar-
throtomy.100 The authors used lidocaine preoperatively (2 mL) and 
bupivacaine postoperatively (2 mL) with analgesia lasting 3 to  
7 hours after surgery. Bupivacaine has been shown to have some 
chondrotoxicity, which should be taken into consideration when 
considering the use of this drug in an intraarticular manner.85,97 In 
goats, 0.75 mg/kg of intra-articular bupivacaine before stifle arthrot-
omy provided up to 100 minutes of analgesia but did not reduce the 
need for postoperative analgesics.101 Mepivacaine has been shown to 
be the least chondrotoxic local anesthetic in common use.97

Testicular Blocks
Anesthesia to the spermatic cord and testicle can be provided by 
local anesthetics in conjunction with sedation or general anesthe-
sia or on its own. For complete anesthesia of the surgical site, the 
scrotal skin and spermatic cord must be blocked. Local anesthetic 
can be injected directly into the center of the testicle until the 
testicle feels firm, so that the local anesthetic will migrate up the 
spermatic cord. Another option is to pull the testicle down and 
inject local anesthetic directly into the tissues in the area of the 
spermatic cord. It is important to remember the size of the animal 
and an appropriate dose-up to 6 mg/kg of lidocaine for sheep and 
goats. The skin of the scrotal incision can be infiltrated as well.102

Regional IV Block (Bier)
IV regional anesthesia can be performed in small ruminants when 
anesthesia of a distal extremity is desired. The technique requires 

TABLE 
18.6

Epidural/Subarachnoida Drug Dosages for Use 
in Sheep and Goats (see Appendix 1).

Drug Dosage (mg/kg) Duration (hours)

Lidocaine 0.1–2 1–2

Bupivicaine 1.5–1.8 3–4

Ketamine 0.5–2.5 1–2

Morphine 0.1 (dilute to 3–5 mL total 
volume with sterile saline)

6–12

Xylazine 0.05–0.1 (dilute to 2–3 mL 
total volume with sterile 
saline)

1–2

Buprenorphine 0.005 3

aUse one-half the dose or the low end of the dosage range if administering drugs into the 
subarachnoid space.
Sources: Staffieri F, Driessen B, Lacitignola, et al: A comparison of subarachnoid buprenor-
phine or xylazine as an adjunct to lidocaine for analgesia in goats, Vet Anaesth Analg 
36:502–511, 2009; Valverde A, Doherty TJ. Anesthesia and analgesia in ruminants. In: 
Fish R, Danneman PJ, Brown M, et al, editors: Anesthesia and Analgesia in Laboratory 
Animals, ed 2, London, 2008, Academic Press.
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the placement of a tourniquet and an IV catheter distal to the 
tourniquet. The animal is placed in lateral recumbency and seda-
tion is generally recommended, as tourniquet use is associated 
with some pain. A distal venous catheter is placed, then a tourni-
quet applied proximal to the site of injection, tight enough to 
occlude arterial flow to the limb. An Esmarch rubber bandage can 
also be used to exsanguinate the limb. The tourniquet should re-
main in place for the duration of the procedure, but procedures 
of less than 1 hour are recommended for this technique. Lido-
caine (10–20 mL) is the most common local anesthetic used for 
this block as it will be released systemically when the tourniquet 
is removed.16 Bupivacaine should not be used due to its cardiovas-
cular toxicity.

Complications of General Anesthesia
Complications of general anesthesia in any species often center 
around the body systems most affected. Reduction of cardiac 
output can be expected, with some individuals experiencing ex-
cessive bradycardia, hypotension, cardiovascular decompensation, 
and/or collapse. Atropine or glycopyrrolate can be given if the 
heart rate is excessively low. The use of an anticholinergic in order 
to “dry up” or reduce salivation and respiratory secretions is usu-
ally not recommended or necessary. While ruminants do not 
suffer hypotension as easily as other species under general anesthe-
sia, occasionally, systemic mean arterial pressure is less than  
70 mm Hg. If hypotension does occur, the depth of anesthesia 
should be checked to see if the animal could require less inhaled 
anesthetic. A fluid challenge of 5 mL/kg intravenously can be 
administered. Colloidal products like Vetstarch may be given in 
cases of significant hypotension or if the animal has low plasma 
proteins. Sympathomimetic drugs like dobutamine or ephedrine 
can be used if hypotension is not relieved by vaporizer manage-
ment and fluid therapy. Animals undergoing strictly injectable 
anesthetic are less likely to by hypotensive. Table 18.7 contains 
drug dosages for use with anesthetic complications.

Respiratory embarrassment and compromise are very com-
mon, with large animal species particularly affected. Ruminants 
are particularly at risk due to the volume of fluid in the rumen. 
This increases abdominal pressure, which can translate to in-
creased thoracic pressure through the diaphragm, leading to a re-
duction in functional residual capacity and hypoventilation. 
When ruminants are induced on an emergency basis, without 
water deprivation to reduce the size and volume in the rumen, 
aspiration of rumen fluid is possible with the risk of aspiration 
pneumonia. Every effort should be made to intubate animals as 
efficiently as possible with a minimum of laryngeal manipulation, 
which makes it more likely to stimulate regurgitation. The animal 
should be maintained in sternal recumbency to protect the airway 
until intubation and endotracheal tube cuff inflation.

As previously discussed in this chapter, sheep can experience 
significant hypoxemia with all alpha-2 agonists like xylazine, 
detomidine, or medetomidine. For this reason, the authors prefer 
not to use an alpha-2 agonist in valuable or pet individuals. Pul-
monary edema can also be observed when alpha-2 agonists have 
been administered. Furosemide at 2 mg/kg IV can be given if 
signs of pulmonary edema are exhibited and supplemental oxygen 
administered.

If rumen tympany should occur while the animal is undergo-
ing general anesthesia, a stomach tube should be passed through 
the esophagus into the rumen in order to relieve the gas pressure. 
Particular attention needs to be paid to the animal’s ability to 

TABLE 
18.7

Antagonists and Emergency Drugs for Use 
in Sheep and Goats (see Appendix 1).

Drug Dosage (mg/kg)

Atipamezole 0.05 IV

Atropine 0.06–0.1 IV

Calcium borogluconate  
solutions-23% 

0.5–1 mL/kg/h IV

Doxapram 5–10 IV

Dobutamine 0.005–0.010 mg/kg/h IV

Dopamine 0.002–0.015 mg/kg/min IV

Ephedrine 0.02–0.06 IV

Epinephrine 0.02–0.2 IV

Flumazenil 0.1–1 IV

Furosemide 1–2

Glycopyrrolate 0.002–0.005 IV
0.005–0.01 IM

Naloxone 0.01–0.02 IV to effect

Naltrexone 0.05–0.1 SC

Yohimbine 0.1–0.3 IV
0.3–0.5 IM

IM, Intramuscularly; IV, intravenously.

ventilate if rumen tympany occurs. Antagonism of sedative drugs 
like alpha-2 agents can be considered as soon as possible after the 
procedure in order to relieve the effects of sedation and decreased 
GI motility.

Example Anesthetic Protocols

Goats With Urinary Tract Obstruction
For a 25-kg pygmy goat with urethral obstruction:
 1. Premedication: Use a combination of butorphanol 0.2 mg/kg 

with midazolam or diazepam 0.2 mg/kg IV or IM
 2. Preoxygenate with 3 L/min of 100% oxygen by face mask
 3. Induce with 2.2 mg/kg ketamine IV followed by 2 mg/kg 

propofol to effect for intubation
 4. Intubate and maintain with isoflurane, small animal machine
 5. Fluid therapy: Plasmalyte A or Normosol-R 5 mL/kg/h if  

serum K1 is within normal limits
 a. Use non-K1-containing fluid (normal saline) if hyperkalemia 

is present
 6. Can repeat butorphanol if needed postoperatively
 7. Morphine/lidocaine cranial epidural

Ovine Caesarean Section
 1. Sedate ewe with 0.2 mg/kg butorphanol 1 0.2 mg/kg diazepam 

or midazolam
 2. Line block infiltration with lidocaine
 3. Oxygen therapy via face mask
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Cervid Anesthesia
There is an increasing frequency of need for veterinarians to anes-
thetize hoof stock. There is a huge variety of deer worldwide, and 
it is beyond the scope of this chapter to discuss each species in 
detail. Therefore, emphasis will be placed on white-tailed deer and 
elk and general practices discussed. Game-farmed deer and elk 
may require chemical restraint in order to accomplish some hus-
bandry practices and treat injured animals. Capture of both wild 
and domesticated deer must be carefully planned, as prolonged 
periods of chase or stressful handling will increase the likelihood 
of hyperthermia and trauma and capture myopathy. Elective pro-
cedures should be planned for the cool part of the day whenever 
possible.103 Captive deer should be fasted for 24 hours prior to a 
planned procedure.103 Anesthetic planning will depend on the 
availability of equipment and the skill of the personnel involved. 
Game-farming situations may have squeeze or drop-floored chutes 
available to physically restrain animals. Free-ranging deer may be 
captured with net guns, drive nets, or clover traps. Nonetheless, 
the animal should spend the least amount of time in physical or 
chemical restraint, and sedation of animals may help reduce stress 
and improve working conditions. Mature white-tailed deer weigh 
between 60 and 150 kg and mature elk weigh between 230 and 
318 kg.104 Intranasal administration of drugs like xylazine can be 
used to reduce stress.105 This technique can be used in deer that 
have been captured by physical means and produces reliable seda-
tion and stress reduction in elk (1.5–2 mg/kg).106 The technique 
can be utilized by attaching a venous catheter (2–3 inches length) 
to a syringe in order to spray the drug further up the nasal cavity. 
Onset of sedation can be expected in 1 minute and can be an-
tagonized with yohimbine. It is very important to keep deer as 
calm as possible as the sedative effects of any drug can be overrid-
den with stress and excitement. One rule of thumb is that dosing 
of sedatives should be on the “high side,” as underdosing cervids 
leads to longer induction times and greater likelihood of capture 
myopathy. Animals can be partially reversed once recumbent if 
needed. Table 18.8 contains anesthetic dose information as well as 
antagonist dosages.

There are many drugs that can be utilized—some are com-
monly available to large-animal veterinarians and some, such as 
the potent narcotics, are more difficult to obtain. Opioid avail-
ability in general may be a concern. North American cervids like 
white-tailed deer and elk can be anesthetized with a variety of 
combinations of opioids, alpha-2 agonists, dissociative anesthetics 
and tranquilizers. Sedation and anesthesia of deer and elk can be 
a challenge, depending on whether the animal is accustomed to 
human contact or is completely wild. If excitement can be 
avoided, then xylazine is a practical and less expensive sedative in 
these species. Cervids are prone to the same complications of se-
dation and anesthesia as other ruminants, so steps must be taken 
to avoid hypoxemia, rumen tympany, and regurgitation. Recum-
bent sedation can be accomplished in farmed white-tailed deer 
with 2–3 mg/kg xylazine administered intramuscularly.103 Ameri-
can elk require approximately 1 mg/kg xylazine IM to produce 
recumbent sedation.106 Once the drug has been injected, the ani-
mal should be left alone until it assumes lateral or sternal recum-
bency with its head down. The animal should be approached with 
caution, as animals that appear to be heavily sedated can rouse 
suddenly without warning. The chance of sudden arousal can  
be minimized by injecting 1–2 mg/kg ketamine intravenously 
into the jugular vein.103 This can be repeated as necessary at 10- 
to 15-minute intervals. The effects of the xylazine can be  

TABLE 
18.8

Drug Dosages for White-Tailed Deer and Elk 
(see Appendix 1).

Drug Dosage (mg/kg)

Deer
Xylazine 2–3 IM

Ketamine 1–2 IV

Butorphanol 0.02–0.05

Combined: xylazine 1.5 IM

Telazol 3 IM

Elk
Xylazine 1

Telazol 2

Antagonists
Yohimbine 0.1–0.2 (1/2 IV, 1/2 IM)

Tolazoline 2–4

antagonized with yohimbine (0.1–0.2 mg/kg) or with tolazoline 
(2–4 mg/kg).103 Alpha-2 antagonists can be administered half 
intravenously and half intramuscularly.

Other injectable combinations can be utilized in farmed or 
free-ranging deer. Xylazine can be combined with Telazol to cap-
ture wild deer.107,108 American elk require 1 mg/kg xylazine with 
2 mg/kg Telazol, while deer take 1.5 mg/kg xylazine plus 3 mg/kg 
Telazol.104 There is predictably more variation in drug response in 
free-ranging deer. Drug combinations with less volume are easier 
to administer via dart. Telazol has advantages over ketamine in 
that it requires less drug volume for effect. Free-range deer and elk 
are at greater risk of complication than captive animals. Drug re-
quirements tend to be higher and there is some risk associated 
with remote delivery. Some protocols that can be used are listed 
in Table 18.7. Guaifenesin and ketamine 6 xylazine can be used 
to maintain injectable anesthesia, similar to its use in other rumi-
nants, if a jugular catheter has been placed. Venous access can be 
achieved by cannulating the jugular, cephalic, or saphenous veins.

Fawns may be easier to handle and sedate than adult animals. 
Protocols suitable for small ruminants can be adapted for use with 
fawns. They can be premedicated with diazepam (0.2 mg/kg IV) 
and butorphanol (0.05 mg/kg IV) and then mask induced with 
inhalant or induced with 2 mg/kg IV ketamine.103 Dextrose at 
2.5% should be added to crystalloid fluids.

Positioning of anesthetized cervids is important for optimal 
animal care. Deer should be positioned in sternal recumbency 
with the head and neck extended to improve airway patency and 
help any saliva to drain from the mouth rather than accumulate 
in the pharynx. Intubation is recommended for animals undergo-
ing a lengthy anesthetic process but can be difficult in large deer 
and elk. Their long and narrow head makes it difficult to open the 
mouth and visualize the larynx. Use of a long flat laryngoscope 
blade is recommended for optimum success, as well as a stylet or 
guide tube. It is helpful to have the flange of the laryngoscopy 

Source: Caulkett N, Arnemo JM: Cervids (deer). In West G, Heard D, Caulkett N, editors: Zoo 
Animal & Wildlife Immobilization and Anesthesia, ed 2, Ames, IA, 2014, John Wiley & Sons.
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Velvet antler removal is a common surgical procedure in 
farmed deer. A lidocaine ring block technique can be used to 
provide local anesthesia and analgesia, thus decreasing the need 
for prolonging sedation or general anesthesia. Lidocaine without 
epinephrine is used to infiltrate the tissues around the base of the 
antler at a dose rate of 1 mL/cm of pedicle circumference.111
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• Fig. 18.3  Ventral strabismus in an anesthetized deer which is indicative 
of an appropriate plane of surgical anesthesia.

blade removed to improve the visibility of the larynx and maneu-
verability within the oral cavity. The epiglottis in deer is long  
and mobile, making intubation more difficult as well. The author 
(AW) has occasionally intubated large elk digitally, in a similar 
fashion to large cattle. Once intubated, cervids can be maintained 
with additional injectable anesthetics or with inhalant anesthesia 
and oxygen. Isoflurane or sevoflurane can be used, but isoflurane 
is more economical at this time. Deer weighing less than 100 kg 
can be maintained on a small animal anesthesia machine with an 
oxygen flow rate of 50 mL/kg/min. Vaporizer concentration 
should be expected to be lower with the concomitant adminis-
tration of injectable anesthetics but may have to be increased as 
the injectable drugs wear off. If inhaled anesthetics are used, 
then an isotonic crystalloid fluid should be administered at 
5–10 mL/kg/h.

Monitoring of anesthesia will depend on equipment availabil-
ity and the working conditions (Figure 18.3). Deer can be ex-
pected to develop hypoxemia when anesthetized, so the ability to 
monitor oxygenation with a pulse oximeter can be critical. Sup-
plemental oxygen should be administered in order to maintain 
saturation 95%. Pulse oximeters will also report a heart rate. All 
general anesthesia promotes hypoventilation, so anesthetized deer 
can be expected to hypoventilate, making supplemental oxygen 
even more helpful. If the animal is being maintained with inhaled 
anesthesia, IPPV can be used to combat hypoventilation. Blood 
pressure can be measured with an oscillometric monitor and an 
adult (human) cuff placed around the forelimb. Most cervids ex-
perience hypertension while anesthetized, so blood pressure can 
be expected to be higher than in horses or small animals. The 
auricular artery can be used to obtain samples for blood gas 
analysis.

Body temperature is very important to monitor in anesthetized 
hoof stock as deer are prone to hyperthermia and hypoxemia. 
Rectal temperature should be monitored every 5 to 10 minutes as 
deer are prone to hyperthermia.109,110 Rectal temperatures greater 
than 40° C are a cause of concern, and the animal should be  
actively cooled. Body temperature greater than 41° C should  
be treated as an emergency and the authors recommend administer-
ing an antagonist and allowing it to recover as quickly as possible.103 
Hyperthermia in the face of hypoxemia is a critical concern, as 
hyperthermia increases metabolic oxygen demand.

References

 1. Lin HC, Caldwell F, Pugh DG: Anesthetic Management. In Pugh 
DG, Baird AN editors: Sheep & goat medicine, ed 2, St. Louis, MO, 
2012, Elsevier.

 2. Craigmill AL, Rangel-Lugo M, Riviere JE: Extralabel use of tran-
quilizers and general anesthetics, J Am Vet Med Assoc 211:302, 1997.

 3. Fajt VR: Label and extra label drug use in small ruminants, Vet Clin 
North Am Food Anim Pract 2:553, 1986.

 4. Riebold TW: Ruminants. In Grimm, KA, Lamont LA, Tranquilli, 
WJ, et al, editors: Veterinary anesthesia and analgesia: the fifth edition 
of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 5. Tranquilli WJ: Techniques of inhalation anesthesia in ruminants and 
swine, Vet Clin North Am Food Anim Pract 2:593–619, 1986.

 6. Stewart SL, Secrest JA, Norwood BR, et al: A comparison of endo-
tracheal tube cuff pressures using estimation techniques and direct 
intracuff measurement, AANA J 71:443–447, 2003.

 7. Morrison, JD: Drugs used in neuroleptanalgesia, Int Anesthesiol Clin 
7:141–158, 1969.

 8. Taylor PM: Anaesthesia in sheep and goats, In Pract 13:31–36, 
1991.

 9. Rankin DC: Sedatives and tranquilizers. In Grimm, KA, Lamont LA, 
Tranquilli, WJ, et al, editors: Veterinary anesthesia and analgesia: the 
fifth edition of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 10. Caulkett N, Haigh JC: Deer (Cervids). In West G, Heard D, 
Caulkett N editors: Zoo animal & wildlife immobilization and 
anesthesia, Ames Iowa, 2007, Blackwell.

 11. Read M, Caulkett NA, McCallister M: Evaluation of zooclopen-
thixol acetate to decrease handling stress in wapiti, J Wildl Dis 
36:450–459, 2000.

 12. Stegmann GF, Bester L: Sedative-hypnotic effects of midazolam in 
goats after intravenous and intramuscular administration, Vet Anes 
Analg 28:49–55, 2001.

 13. Grandy JL, McDonell WN: Evaluation of concentrated solutions of 
guaifenesin for equine anesthesia, J Am Vet Med Assoc 176:619–622, 
1980.

 14. Thurmon JC: Injectable anesthetic agents and techniques in rumi-
nants and swine, Vet Clin North Am Food Anim Pract 2:567–592, 
1986.

 15. KuKanich B, Wiese AJ: Opioids. In Grimm, KA, Lamont LA, Tran-
quilli, WJ, et al, editors: Veterinary anesthesia and analgesia: the fifth 
edition of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 16. Valverde A, Doherty TJ. Anesthesia and analgesia in ruminants. In: 
Fish R, Danneman PJ, Brown M, et al, editors: Anesthesia and anal-
gesia in laboratory animals, ed 2, London, 2008, Academic Press.

 17. Katzung BG, editor: Basic and clinical pharmacology, ed 9, New York, 
2004, McGraw Hill.

 18. Greene SA, Thurmon JC: Xylazine—a review of its pharmacology 
and use in veterinary medicine, J Vet Pharmacol Ther 11:295, 1988.

 19. Celly CS, McDonell WN, Young SS et al: The comparative hypoxae-
mic effect of four alpha2 adrenoceptor agonists (xylazine, romifidine, 
detomidine and medetomidine) in sheep, J Vet Pharmacol Ther 20:
464–471, 1997.



477CHAPTER 18 Anesthetic and Pain Management

 20. Celly CS, McDonell WN, Black WD: Comparative cardiopulmo-
nary effects for four a-2 adrenoceptor agonists in sheep, Vet Surg 
22:545, 1993.

 21. Celly CS, McDonell WN, Black WD: Histopathologic alterations 
induced in the lungs of sheep by use of alpha2-adrenergic receptor 
agonists, Am J Vet Res 60:154–161, 1999.

 22. Kastner SBR: a2-agonists in sheep: a review, Vet Anaesth Analg 
33:79, 2006.

 23. Kastner SBR, Keller K, Rechenberg BV, et al: Comparison of me-
detomidine and dexmedetomidine as premedication in isoflurane 
anaesthesia for total hip replacement in domestic sheep, J Vet Med 
Assoc 48:231–241, 2001.

 24. Hsu WH, Schaffer DD, Hanson CE: Effects of tolazoline and yohim-
bine on xylaine-induced central nervous system depression, bradycar-
dia, and tachypnea in sheep, J Am Vet Med Assoc 190:423–426, 1987.

 25. Eisenach JG: Intravenous clonidine produces hypoxemia by a  
peripheral alpha 2 adrenergic mechanism, J Pharmacol Exp Ther 244:
247–252, 1988.

 26. Nolan A, Livingston A, Waterman A: The effects of alpha2 adreno-
ceptor agonists on airway pressure in anaesthetized sheep, J Vet 
Pharmacol Ther 9:157–163, 1986.

 27. Read MR, Duke T, Toews AR: Suspected tolazoline toxicosis in a 
llama, J Am Vet Med Assoc 216:227, 2000.

 28. Lin HC, Riddell MG: Tolazoline: dose responses and side effects in 
non-sedated Holstein calves, Bov Practitioner 42:86, 2008.

 29. Galatos AD: Anesthesia and analgesia in sheep and goats, Vet Clin 
Food Anim 27:47–59, 2011.

 30. Carroll GL, Hartsfield SM: General anaesthetic techniques in rumi-
nants, Vet Clin North Am Food Anim Pract 12:627–661, 1996.

 31. Hall LW, Clarke KW, Trim CM: Anaesthesia of sheep, goats and 
other herbivores. In: Veterinary anaesthesia, ed 10, London, 2001, 
W. B. Saunders.

 32. Gray PR, McDonell WN: Anaesthesia in goats and sheep. Part II. 
General anesthesia, Compend Contin Educ Pract Vet 8(Suppl):
S127–S135, 1986.

 33. Ghurashi, MAH, Seri HI, Bakheit, AH, et al: Evaluation of ket-
amine/diazepam anaesthesia for performing surgery in desert goats 
under field conditions, Aust J Basic and Appl Sci 3:455–459, 2009.

 34. Berry, S: Injectable Anesthetics. In Grimm, KA, Lamont LA, Tran-
quilli, WJ, editors: Veterinary anesthesia and analgesia: the fifth edition 
of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 35. White PR, Way WI, Trevor AJ: Ketamine—its pharmacology and 
therapeutic uses, Anesthesiology 56:119–136, 1982.

 36. Zhuo, M: Plasticity of NMDA receptor NR2B subunit in memory 
and chronic pain, Mol Brain 2(1):4–15, 2009.

 37. Dzikiti TB, Stegmann, GF, Dzikiti LN, Hellebrekers LJ: Total intra-
venous anaesthesia (TIVA) with propofol-fentanyl and propofol-
midazolam combinations in spontaneously breathing goats, Vet 
Anaesth Analg 37:519–525, 2010.

 38. Goodchild CS, Serrao JM: Cardiovascular effects of propofol in the 
anaesthetized dog, Br J Anaesth 63(1):87–92, 1989.

 39. Brussel T, Theissen JL, Vigfusson G, et al: Hemodynamic and car-
diodynamic effects of propofol and etomidate: negative inotropic 
properties of propofol, Anesth Analg 69(1):35–40, 1989.

 40. Muir WW, Gadawski JE: Respiratory depression and apnea induced 
by propofol in dogs, Am J Vet Res 59(2):157–161, 1998.

 41. Prassinos NN, Galatos AD, Raptopoulos D: A comparison of  
propofol, thiopental or ketamine as induction agents in goats, Vet 
Anaesth Analg 32:289–296, 2005.

 42. Ferre, PJ, Pasloske K, Whittem T, et al: Plasma pharmacokinetics of 
alfaxalone in dogs after an intravenous bolus of Alfaxan-CD RTU, 
Vet Anesth Analg 33:229–236, 2006.

 43. Suarez MA, Dzikiti BT, Stegman FG, et al: Comparison of alfaxa-
lone and propofol administered as total intravenous anaesthesia for 
ovariohysterectomy in dogs, Vet Anesth Analg 28:49–55, 2012.

 44. Andaluz A, Felez-Ocana N, Santos L, et al: The effects on cardio-
respiratory and acid-base variables of the anaesthetic alfaxalone in a 
2-hydroxypropyl-b-cyclodextrin (HPCD) formulation in sheep, Vet 
J 191:389–392, 2012.

 45. Child KJ, Currie JP, Dis B, et al: The pharmacological properties in 
animals of CT1341-A new steroid anaesthetic agent, Brit J of Anaes-
thesia 43:2–13, 1971.

 46. Sear JW, Phillips KC, Andrews CJH, et al: Dose‐response relation-
ships for infusions of Althesin or methohexitone Anesthesia 38:931-
936, 1983.

 47. Abrahamsen EJ: Ruminant field anesthesia, Vet Clin Food Anim Pract 
24:429–441, 2008.

 48. Dzikiti TB: Intravenous anaesthesia in goats: a review, J S Afr Vet 
Assoc 84(1):E1–E8, 2013. doi:10.4102/jsava.v84i1.499.

 49. Beths T: Total intravenous anaesthesia in dogs: development of a target-
controlled infusion (TCI) scheme for propofol. PhD thesis, Department 
of Companion Animal Sciences, University of Glasgow, 2008.

 50. Waelbers T, Vermoere P, Polis I: Total intravenous anaesthesia in dogs. 
A review, Vlaams Diergeneeskundie Tijdschrift 78:160–169, 2009.

 51. Steffey EP, Mama KR, Brosnan RJ: Inhalation Anesthetics. In 
Grimm, KA, Lamont LA, Tranquilli, WJ, et al, editors: Veterinary 
anesthesia and analgesia: the fifth edition of Lumb and Jones, Ames, IA, 
2015, John Wiley & Sons.

 52. Palahniuk RJ, Shnider SM, Eger EI II: Pregnancy decreases the require-
ment for inhaled anesthetic agents, Anesthesiology 41:82–83, 1974.

 53. Doherty TJ, Rohrbach BW, Geiser DR: Effect of acepromazine  
and butorphanol on isoflurane mi in goats, J Vet Pharmacol Ther 
25:65–67, 2002.

 54. Doherty TJ, Will WA, Rohrbach BW, Geiser DR: Effect of mor-
phine and flunixin meglumine on isoflurane minimum alveolar 
concentration in goats, Vet Anaesth Analg 31(2):97–101, 2004.

 55. Hikasa Y, Okuyama K, Kakuta T, et al: Anesthetic potency and 
cardiopulmonary effects of sevoflurane in goats: comparison with 
isoflurane and halothane, Can J Vet Res 62:299–306, 1998.

 56. Haskins SC: Monitoring anesthetized patients. In Grimm, KA, 
Lamont LA, Tranquilli, WJ, et al, editors: Veterinary anesthesia and 
analgesia: the fifth edition of Lumb and Jones, Ames, IA, 2015, John 
Wiley & Sons.

 57. Aarnes T, Hubbell JAE, Lerche P, Bednarski R: Comparison of inva-
sive and oscillometric blood pressure measurement techniques in 
sheep, goats, and cattle anesthetized for surgery [Abstract]. In: Pro-
ceedings of the American College of Veterinary Anesthesiologists 
Meeting, San Antonio, TX, 2012.

 58. McDonell WN, Kerr CL: Physiology, pathophysiology, and anes-
thetic management of patients with respiratory disease. In Grimm, 
KA, Lamont LA, Tranquilli, WJ, et al, editors: Veterinary anesthesia 
and analgesia: the fifth edition of Lumb and Jones, Ames, IA, 2015, 
John Wiley & Sons.

 59. Gallivan GJ, McDonell WN, Forrest JB: Comparative ventilation 
and gas exchange in the horse and cow, Res Vet Sci 46:331–336, 1989.

 60. Hubbell AE, Muir WW: Monitoring anesthesia, In Muir WW, Hub-
bell JAE, editors: Equine anesthesia monitoring and emergency therapy, 
ed 2, St. Louis, 2009, Elsevier.

 61. Heesch CM: Reflexes that control cardiovascular function, A J 
Physiol 277:S234–S243, 1999.

 62. Wagner AE, Bednarski RM, Muir WW: Hemodynamic effects of 
carbon dioxide during intermittent positive pressure ventilation in 
horses, Am J Vet Res 51:1922–1929, 1990.

 63. Guyton GC, Hall JE, editors: Guyton and hall textbook of medical 
physiology, Philadelphia, PA, 2016, Elsevier.

 64. Mitchell B, Williams JT: Respiratory function changes in sheep  
associated with lying in lateral recumbency and with sedation by 
xylazine, Proc Assoc Vet Anaesth Great Br Ire 6:30, 1976–1977.

 65. Stafford KJ: Recognition and assessment of pain in ruminants. In 
Egger CM, Love L, Doherty T, editors: Pain management in veteri-
nary practice, Ames, 2014, John Wiley & Sons.

 66. Molony V, Kent JW, McKendrick, IJ: Validation of a method for assess-
ment of an acute pain in lambs, Appl Anim Behav Sci 76:215–238, 2002.

 67. National Research Council (US) Committee on Recognition and 
Alleviation of Pain in Laboratory Animals: Recognition and alleviation 
of pain in laboratory animals, Washington, DC, 2009, National 
Academies Press. Available at: https://www.ncbi.nlm.nih.gov/books/
NBK32658/. doi:10.17226/12526.



478 CHAPTER 18 Anesthetic and Pain Management

 68. Staffieri F, Driessen B, Lacitignola L, et al: A comparison of sub-
arachnoid buprenorphine or xylazine as an adjunct to lidocaine for 
analgesia in goats, Vet Anaesth Analg 36:502–511, 2009.

 69. Valverde A: Treatment of acute and chronic pain in ruminants. In 
Egger CM, Love L, Doherty T, editors: Pain management in veteri-
nary practice, Ames, 2014, John Wiley & Sons.

 70. Nolan A, Livingston A, Waterman AE: Investigation of the antino-
ciceptive activity of buprenorphine in sheep, Br J Pharmacol 92:
527–533, 1987.

 71. Nolan A, Livingston A, Waterman AE: The correlation of the ther-
mal and mechanical antinociceptive activity of pethidine hydrochlo-
ride with plasma concentrations of the drug in sheep, J Vet Pharm 
Ther 11:94–102, 1988.

 72. Waterman AE, Livingston A, Amin A: The antinociceptive activity 
and respiratory effects of fentanyl in sheep, J Assoc Vet Anaesth 
17:20–23, 1990.

 73. Waterman AE, Livingston A, Amin A: Analgesic activity and respira-
tory effects of butorphanol in sheep, Res Vet Sci 51:19–23, 1991.

 74. Waterman AE, Livingston A, Amin A: Further studies on the anti-
nociceptive activity and respiratory effects of buprenorphine in 
sheep, J Vet Pharm Ther 14:230–234, 1991.

 75. Ahern BJ, Soma LR, Rudy JA, et al: Pharmacokinetics of fentanyl 
administered transdermally and intravenously in sheep, Am J Vet Res 
71:1127–1132, 2010.

 76. Christou C, Oliver RA, Rawlinson, J, et al: Transdermal fentanyl 
and its use in ovine surgery, Res Vet Sci, 100:252–256, 2015.

 77. Ahern BJ, Soma LR, Boston RC, et al: Comparison of the analgesic 
properties of transdermally administered fentanyl and intramuscu-
larly administered buprenorphine during and following experimen-
tal orthopedic surgery in sheep, Am J Vet Res 70:418–422, 2009.

 78. Carroll GL, Hooper RN, Boothe DM, et al: Pharmacokinetics of 
fentanyl after intravenous and transdermal administration in goats, 
Am J Vet Res 60:986–981, 1999.

 79. Jen KY, Dyson MC, Lester PA: Pharmacokinetics of a transdermal 
fentanyl solution in Suffolk sheep (Ovis aries), J Amer Assoc Lab 
Anim Sci 56:550–557, 2017.

 80. Papich MG, Messenger K: Non-Steroidal anti-inflammatory drugs. 
In Grimm, KA, Lamont LA, Tranquilli, WJ, et al, editors: Veterinary 
anesthesia and analgesia: the fifth edition of Lumb and Jones, Ames, IA, 
2015, John Wiley & Sons.

 81. Plummer PJ, Schleining JA: Assessment and management of pain in 
small ruminants and camelids, Vet Clin Food Anim 29:185–208, 2013.

 82. Shukla M, Singh G, Sindhura BG, et al: Comparative plasma pharma-
cokinetics of meloxicam in sheep and goats following intravenous  
administration, Comp Bio-Chem Physiol C Toxicol Pharmacol 45(4):
528–532, 2007.

 83. Ingvast-Larsson C, Hogberg M, Mengistu U, et al: Pharmacokinet-
ics of meloxi-cam in adult goats and its analgesic effect in disbudded 
kids, J Vet Pharmacol Ther 34(1):64–69, 2011.

 84. Stock ML, Coetzee JF, KuKanich B, et al: Pharmacokinetics of in-
travenously and orally administered meloxicam in sheep, Am J Vet 
Res 74:779–783, 2013.

 85. Garcia ER: Local anesthetics. In Grimm, KA, Lamont LA, Tran-
quilli, WJ, et al, editors: Veterinary anesthesia and analgesia: the fifth 
edition of Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 86. Liu SS, Joseph RS: Local anesthetics. In: Barash PG, Cullen BF, 
Stoelting RK, editors: Clinical anesthesia, ed 5, Philadelphia, PA: 
Lippincott Williams & Wilkins, 2006.

 87. Komai H, McDowell TS: Local anesthetic inhibition of voltage-ac-
tivated potassium currents in rat dorsal root ganglion neurons, Anes-
thesiology 94:1089–1095, 2001.

 88. Olschewski A, Hempelmann G, Vogel W, et al: Blockade of Na1 
and K 1 currents by local anesthetics in the dorsal horn neurons of 
the spinal cord, Anesthesiology 88:172–179, 1998.

 89. Xiong ZL, Strichartz GR: Inhibition by local anesthetics of Ca21 chan-
nels in rat anterior pituitary cells, Eur J Pharmacol 363:81–90, 1998.

 90. Sugiyama K, Muteki T. Local anesthetics depress the calcium cur-
rent of rat sensory neurons in culture. Anesthesiology 80:1369–1378, 
1994.

 91. Scholz A: Mechanisms of (local) anaesthetics on voltage-gated  
sodium and other ion channels, Br J Anaesth 89:52–61, 2002.

 92. Butterworth JF: Clinical pharmacology of local anesthetics. In: 
Cousins MJ, Carr DB, Horlocker TT, editors: Cousins & briden-
baugh’s neural blockade in clinical anesthesia and pain medicine, ed 4, 
Philadelphia, 2009, Lippincott Williams & Wilkins.

 93. Feldman HS, Arthur GR, Covino BG: Comparative systemic  
toxicity of convulsant and supraconvulsant doses of intravenous 
ropivacaine, bupivicaine, and lidocaine in the conscious dog, 
Anesth Analg 69:794–801, 1989.

 94. Copeland SE, Ladd LA, Gu SQ, et al: The effects of general anes-
thesia on the central nervous and cardiovascular system toxicity of 
local anesthetics, Anesth Analg 106:1429–1439, 2008.

 95. Gomoll AH, Kang RW, Williams JM, et al: Chondrolysis after 
continuous intra-articular bupivacaine infusion: an experimental 
model investigating chondrotox-city in the rabbit shoulder,  
Arthroscopy 22:813–819, 2006.

 96. Karpie JC, Chu CR: Lidocaine exhibits dose- and time-dependent 
cytotoxic effects on bovine articular chondrocytes in vitro, Am J 
Sports Med 35:1621–1627, 2007.

 97. Park J, Sutradhar BC, Hong G, et al: Comparison of the cytotoxic 
effects of bupivacaine, lidocaine, and mepivacaine in equine articu-
lar chondrocytes, Vet Anaesth Analg 38:127–133, 2011.

 98. Dragoo JL, Braun HJ, Kim HJ, et al: The in vitro chondrotoxicity of 
single-dose local anesthetics, Am J Sports Med 40:794–799, 2012.

 99. Hansen BP, Beck CL, Beck EP, et al: Postarthroscopic glenohu-
meral chondrolysis, Am J Sports Med 35:1628–1634, 2007.

 100. Shafford HL, Hellyer PW, Turner AS: Intra-articular lidocaine plus 
bupivacaine in sheep undergoing stifle arthrotomy, Vet Anaesth 
Analg 31:20–26, 2004.

 101. Krohm P, Levionnois O, Ganster M, et al: Antinociceptive activity 
of pre- versus post-operative intra-articular bupivacaine in goats 
undergoing stifle arthrotomy, Vet Anaesth Analg 38:363–373, 
2011.

 102. Valverde A, Sinclair M. ruminant and swine local anesthetic and 
analgesic techniques. In Grimm, KA, Lamont LA, Tranquilli, WJ, 
et al, editors: Veterinary anesthesia and analgesia: the fifth edition of 
Lumb and Jones, Ames, IA, 2015, John Wiley & Sons.

 103. Caulkett N, Arnemo JM: Cervids (deer). In West G, Heard D, 
Caulkett N editors: Zoo animal & wildlife immobilization and 
anesthesia, ed 2, Ames, IA, 2014, John Wiley & Sons.

 104. Kreeger TJ, Arnemo JM: Handbook of wildlife chemical immobiliza-
tion, ed 4, Wheatland, TJ, 2012, Kreeger.

 105. Cattet MRL, Caulkett NA, Wilson C, et al: Intranasal administra-
tion of xylazine to reduce stress in elk captured by net gun, J Wildl 
Dis 40:562–565, 2004.

 106. Caulkett N: Anesthesia for North American cervids, Can Vet J 
38:389–390, 1997.

 107. Murray S, Monfort SL, Ware L, et al: Anesthesia in female white-tailed 
deer using telazol and xylazine, J Wildl Dis 36(4):670–675, 2000.

 108. Monteith KL, Monteith KB, Delger JA, et al: Immobilization of 
white-tailed deer with Telazol, ketamine, and xylazine, and evalua-
tion of antagonists, J Wildl Manag 76(7):1412–1419, 2012.

 109. Moresco AM, Larson JM, Sleeman MA, et al: Use of naloxone to 
reverse carfentanil citrate-induced hypoxemia and cardiopulmo-
nary depression in rocky mountain wapiti, J Zoo Wildl Med 
32:81–89, 2001.

 110. Read MR, Caulkett NA, Symington A, et al: Treatment of Hypox-
emia during xylazine-tiletamine-zolazepam immobilization of  
wapiti, Can Vet J 42:661–664, 2001.

 111. Wilson PR, Stafford KJ, Thomas DJ, et al: Evaluation of techniques 
for lignocaine hydrochloride analgesia of the velvet antler of adult 
stags. N Z Vet J 48:182–187, 2000.



479

19
Herd and Flock Health
LIONEL J. DAWSON, CLIFFORD F. SHIPLEY, 
ROGER MERKEL, AND DAVID G. PUGH  

Introduction
Flock/herd health considers the health and wellbeing of the herd/
flock, not individual animals. The main goal of a herd health 
program is to improve overall health and welfare, thereby decreas-
ing production losses from diseases, increasing productivity, and 
maximizing profitability. Flock/herd health improved through 
general husbandry, nutrition, parasite control, vaccination, and 
environmental management. A veterinarian should understand 
the various management practices and common diseases seen on 
the farm to accomplish this goal.

The majority of small ruminant herds in the United States are 
managed as groups of 5 to 100 animals. While there are large 
sheep flocks in the southern and western regions of the United 
States such as Texas, California, Colorado, Wyoming, and Utah, 
there are few large commercial goat herds with numbers above 
500 head. Large small ruminant herds usually have health prob-
lems associated with high animal density and continuous animal 
turnover. Small herds tend to have higher ratios of nonproductive 
to productive animals due to owners often keeping favorite ani-
mals that are less productive. Often, the net result for small herd 
owners is maintaining animals with chronic illnesses that may 
serve as reservoirs of various diseases. A veterinarian should be 
cognizant of these issues when working with clients to develop 
herd health programs.

The production of deer and other cervids for products, tour-
ism, and hunting ranches is a growing industry in North America. 
Both native and imported species of cervids are farmed in differ-
ent parts of North America. Due to the wild nature of deer and 
other cervids, many locales place restrictions on production, 
facilities, and management not seen with other farm animals. 
Further, their wild behavior requires changes in the basic handling 
techniques and treatment options normally used with small rumi-
nants. The availability of drugs approved for deer and other cervid 
species makes designing and conducting a herd health program 
more difficult.

Since each flock/herd is different, a veterinarian should work 
with each client to develop an individual herd health plan, the 
exact makeup of which depends on the herd/flock size, purpose, 
and the farm’s production goals. The clinician should have sound 
knowledge of small ruminant diseases, management, husbandry, 
nutrition, show animals, and the industry to advise their clients 
on ways to enhance production.

Producer education should be a component of any health pro-
gram. Although many small ruminant producers have extensive 
livestock experience with sheep and goats or large ruminants, 

some producers new to small ruminants have little knowledge of 
animal management, nutrition, or health issues. These producers 
must learn safely and properly conduct basic management  
practices from hoof trimming to giving vaccinations. In today’s 
environment, all producers have access to web-based information, 
blogs, chat rooms, newsletters, etc., some of which may present 
incorrect or misleading information. Providing producers with 
online resources of reliable, scientific-based production and health 
information will help both producer and veterinarian. Web-based 
training programs can be important avenues for producers to  
increase their knowledge of small ruminant production.

Clients should keep good records for each animal regarding 
medications, vaccinations, anthelmintic used, diseases diagnosed, 
breeding history, culling, etc., and use this information with their 
veterinarian to plan their health program as well as to analyze 
farm success. Many diseases have similar symptoms, and a  
veterinarian should work with clients to recognize and treat com-
mon conditions and diseases seen at their farm while working to 
prevent future occurrences. Preventive medicine is less expensive 
than treating the disease, as the highest economic returns are  
realized when disease problems are at a minimum. Many clients 
are not full-time farmers and work off-farm. These farmers are 
only able to spend time with their animals on weekends or in the 
evenings. This can present challenges in terms of timely disease 
recognition and treatment.

Establishing and maintaining a good relationship with clients 
cannot be overstressed. This is particularly important since most 
pharmaceuticals used in small ruminants are extra-label, being 
prescribed within the context of a valid veterinarian-client-patient 
relationship. Periodic visits to the farm help establish and nurture 
this relationship (Table 19.1). Farm visits during critical times in 
the production cycle (prebreeding, mid to late lactation, and 
postlambing) allow time to examine and provide recommenda-
tions to prevent problems. Other times to potentially visit are the 
breeding period when involved with artificial insemination, late 
first trimester or early second trimester for pregnancy diagnosis 
and separation of females having more than two fetuses, and  
the postweaning period to evaluate the dams and offspring.  
Table 19.1 lists some of the activities that a veterinarian may con-
duct during these visits in addition to basic evaluation for small 
ruminants. Assessment can be done with the owner/caretaker and 
can focus on behavior, body condition, pasture management, 
grazing rotation, health issues, nutrition, and feeding manage-
ment. Animals showing poor body condition score (BCS), poor 
appetite, diarrhea, respiratory issues, lameness, etc., should be 
examined and isolated. A written report detailing the visit, which 
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TABLE 
19.1 Generic Veterinary Farm Visits for Small Ruminants.

Production Cycle Activities Performed During Farm Visits Husbandry Activities Performed During This Period

 1. Prebreeding period • BCS
• BSE—rams and bucks
• Ewe and doe selection for breeding

• FAMACHA (impractical for cervids in most cases)/FEC
• Deworm  3
• Trim feet
• Vaccination
• Flushing
• Cull—nonproductive ewes, does, bucks, and rams

 2. Breeding period • Natural service—ram/buck-to-ewe/doe ratio
• AI—LAI in ewe/does TCAI—does

• Observe marking
• Synchronization
• Prepare animals for AI

 3. Postbreeding period • U/S = 45–70 days
• BCS
• Health of the flock

• Separate—non-pregnant ewes/does
• Separate—ewes/does  fetuses

 4. Prelambing/kidding 
period

• BCS
• FAMACHA
• U/S ewes/does not showing signs of pregnancy

• Shearing—ewes
• Vaccination
• Deworming  3
• Nutrition
• Look for pregnancy toxemia signs in ewes/does

 5. Weaning period • BCS
• FAMACHA (sheep and goats)
• Kids/lambs/fawns—observe for health

• Feet
• Nutrition
• Vaccination
• FAMACHA/FEC
• Deworming

 6. Post weaning • Cull—ewes/does poor mothering ability, udder 
conformation, age, lameness, poor BCS, etc.

• Shearing
• FAMACHA/FEC
• Deworming
• BCS—flushing

This health care outline maybe modified for species, animal use, location, etc.
AI, Artificial Insemination; BCS, body condition score; BSE, Breeding Soundness Evaluation; FAMACHA, FAffa MAlan CHArt; FEC, Fecal Egg Count; LAI, Laparoscopic Artificial Insemination; TCAI, Trans-
Cervical Artificial Insemination; U/S, Ultrasound evaluation.

comprises of observations of the facility and animals, examination 
results, and any laboratory reports on samples submitted, is sent 
to the client.

General Herd Health Considerations
An obvious key to a successful small ruminant operation is having 
a healthy, productive herd. The health of small ruminants is  
affected by a number of factors, including genetics, disease preva-
lence, environment, nutrition, and management, among others. 
The greatest disease threat is an animal introduced from another 
farm. Clients must be educated on how to select healthy animals 
and how to integrate these animals into their herds. This begins at 
the time of purchase. Producers should buy only from reputable 
sources to minimize the chance of buying diseased animals or 
animals carrying unapparent disease. If animals are purchased at 
an auction where comingling occurs, one can usually expect prob-
lems. Prior to purchase, the client should ask the animal owner 
about his/her disease history, current disease status, and vaccina-
tion protocols. Animals can undergo disease testing prior to final 
purchase. The exact diseases tested will vary depending on the 
operation. If purchasing milking sheep or goats, milk samples 
from the bulk tank or individual animals are tested both for the 
presence of bacteria and for white blood cell count/numbers. Test 
results may be negative and desired animals are purchased, or the 

results may find diseases that a client does not wish to import 
onto the farm. Anthelmintic used and likelihood of resistance 
should be considered.

If the desired animals pass all serological testing prior to  
purchase, the importance of an adequate quarantine and isolation 
period for the purchased animals is stressed to the client. Too  
often, producers may quarantine newly purchased animals for 
only 2 weeks prior to introducing them to the herd. An ideal 
quarantine period should be a minimum of 30 days and can be 
up to 60 days. This period allows any diseases to express them-
selves; provides adaptation time for new animals before being 
exposed to a new herd; and gives the owner time to deworm, 
administer vaccinations, and perform other preventive health 
measures according to his/her established health protocol. During 
this time, disease testing or retesting can also occur.

If purchased animals are moved across state lines, a certificate 
of veterinary inspection (health paper) is usually required. This is 
a common procedure and should not be difficult to obtain. State 
requirements vary. To view your state’s requirements, log on to 
http://www.aphis.usda.gov/import_export/animals/animal_import/
animal_imports_states.shtml.

Once animals are on the farm, providing a healthy environ-
ment, proper nutrition, and preventive health care is essential in 
maintaining herd health. However, animals are affected by a  
variety of conditions and diseases under different management 



481CHAPTER 19 Herd and Flock Health

conditions, and no matter how well animals are cared for, diseases 
will occur. Early detection of sick animals or animals undergoing 
nutritional or other stress falls on the owner or caretaker and is 
accomplished by daily observation. Small ruminants show mild to 
moderate behavioral changes before showing obvious signs of a 
condition or disease. Cervids are especially adept at hiding  
clinical signs of disease. The producer should be educated to ob-
serve unrestrained animals in order to learn how they look and 
behave in a normal manner. This includes general appearance and 
movement, normal behavior patterns, fecal consistency, eating 
behavior, teeth, body parts, etc. Any deviation from that “normal” 
appearance and behavior should be cause for concern and a  
veterinarian should be contacted for further investigation.

When changes in behavior do occur, consider that it may  
be a herd/flock health problem rather than an individual animal 
problem. This is because small ruminants tend to stay close to  
one another, which can promote the spread of any infectious 
conditions.

The following steps should be undertaken when dealing with a 
potential disease outbreak.
 1. Isolate any affected animals.
 2. Determine if the condition is a single occurrence or the start 

of a bigger problem.
 3. Check all animals carefully to identify sick ones.
 4. Submit any mortality for a postmortem examination as soon 

as possible or take appropriate tissues from the animal for  
diagnosis at a state or other diagnostic laboratory facility.
Of special note on purchasing new stock, pay close attention 

for any disease regulated by the state or federal government, e.g., 
brucellosis, tuberculosis (TB), scrapie, and chronic wasting  
disease (CWD). Programs associated with these diseases may  
determine whether animals should be moved farm to farm or if a 
farm’s disease status will change should animals be imported. 
These rules may be complicated (e.g., in CWD) and vary greatly 
from state to state and day by day. Efforts should be made to fol-
low all current regulations with respect to reporting, disease con-
trol, animal disposal methods, etc.

Biosecurity
Each producer, in conjunction with their veterinarian, should 
create a biosecurity plan to keep diseases off the farm and  
prevent disease transmission from animal to animal or animal to 
humans. The process begins with a risk assessment listing  
already present diseases and then diseases that the producer  
does not wish to have. Procedures and protocols to prevent dis-
ease entry through management, disease testing, quarantine 
procedures, etc., need to be established. In addition to keeping 
diseases off the farm, producers must also have a plan to deal 
with animals that contract a disease to prevent further spread 
within the farm (biocontainment). Producers may not know all 
of the routes that diseases can be introduced to the farm or 
passed to animals or farm workers. Even protective measures, 
such as gloves, boots, and clothing, do not work if used improp-
erly. As an example, workers on a dairy goat farm wore examina-
tion gloves when cleaning pens of kids having cryptosporidiosis. 
However, while wearing gloves, the workers checked messages 
on their cell phones, contaminating the screen. Use of the phone 
later without cleaning the screen led to employees contracting 
the disease. This stresses the need for producer education on 
zoonotic diseases, modes of disease transmission, prevention, 
and sanitation procedures.

Realistically, few producers will ever have a totally closed herd, 
as purchase of breeding animals is commonly practiced. For  
producers who wish to maintain a closed herd, new genetics can 
be introduced using advanced reproductive technology such as 
artificial insemination or embryo transfer. Biosecurity measures 
begin with the selection and purchase of only healthy animals 
through getting health history and disease and parasite testing. 
Once on the farm, strict quarantine protocols are followed. Much 
has been written on biosecurity plans and their components. The 
basics of a small ruminant herd biosecurity plan are listed in  
the following.
 1. Establish a biosecurity plan for the farm. Reduce the risk of 

diseases entering and spreading within the farm and prevent 
diseases or conditions in your animals from leaving the farm. 
Evaluate the farm operation, feed deliveries, visitors, animal 
replacements, show animals returning to the farm, stray  
animals, rodents, birds, and others and plan accordingly.

 2. Minimize or avoid contact with animals outside the farm. 
Avoid contact with animals outside the farm at a show or fence 
line. Consider pasture and grazing area location in relation to 
neighboring farms. If new facilities are planned for the farm, 
consider drainage and proper fencing. Clean and disinfect 
animal trailers between use when taken or brought to the farm 
and do not haul animals other than those on the farm.

 3. Establish a quarantine protocol for animals entering the 
farm. Prevent diseases from entering the farm by proper 
purchasing strategies. Obtain health records and prior disease 
history of farm of origin. A minimum quarantine period  
for new arrivals of at least 30 days is ideal, with 60 days even 
better. Design a protocol for vaccinations, diagnostic tests, and 
deworming. Equipment and feed from the quarantine area are 
not moved to the main farm. Having footbaths, equipment, 
footwear, and clothing used only in the quarantine area and 
not used on the main farm is essential.

 4. Establish a protocol for farm visitors. Control traffic and 
have designated parking areas so that feed trucks, livestock 
trailers, etc., will not contaminate the farm with dirt or  
manure. Visitors should have a designated entrance with a 
footbath. Provide a method of hand sanitation so that visitors 
can wash their hands upon entry and exit.

 5. Do not allow persons on your farm who have traveled to 
foreign countries and have had contact with livestock or 
stepped on a farm for a period of 10 days after their arrival 
in the United States. There are countries that have diseases 
that are not present in the United States, such as foot  
and mouth disease, which are important to keep out of the 
United States.

Quarantine
All farms need a place to quarantine newly acquired animals and 
animals returning from shows. Animals are quarantined for at 
least 30 days, during which time a complete physical examination 
should be done along with other testing and giving vaccinations. 
The quarantine area should be a dry lot without grass or a  
concrete area where animals can be confined and separated  
from other animals by at least 100 feet. Tests to consider during 
quarantine include serological tests for caprine arthritis encepha-
litis (CAE), ovine progressive pneumonia (OPP), caseous  
lymphadenitis (CL), Johne’s disease, TB, and brucellosis, among 
other diseases encountered endemically. Quarantined dairy  
animals are tested for mastitis-causing organisms. Considerations 



482 CHAPTER 19 Herd and Flock Health

are given for deworming and fecal egg counts. To test for resistant 
parasites, take a fecal sample prior to deworming for fecal egg 
count. After 14 days, perform a second fecal egg count to see the 
effectiveness of the anthelmintic. Animals with low to zero fecal 
egg counts may be added to the grazing pasture. Animals that  
still have high fecal egg counts are not to be added, to avoid  
introducing anthelmintic resistant worms to the farm.

Zoonotic Diseases
Animals can transmit a number of zoonotic diseases, many of 
which producers may not be aware that can have serious health 
effects on humans. The elderly, the young, and those with com-
promised immune systems are most at risk for contracting these 
diseases. With the rise in agro-tourism, buying local meat and 
dairy products, visiting days to the farm as part of marketing 
strategies, and other farm visit activities, livestock owners need to 
know how to recognize and prevent disease transmission from 
animals to humans. Hand-washing stations, disposable boots or 
boot covers, and visitor education are essential tools in fighting 
zoonotic disease spread. Veterinary practitioners should be famil-
iar with the One Health initiative as they work with producers to 
safeguard animals, people, and the environment.

Euthanasia and Carcass Disposal
Livestock producers realize that there will be times when euthana-
sia is needed. Clinicians should be prepared to discuss strategies 
with their clients as to acceptable and unacceptable methods of 
euthanasia following American Veterinary Medical Association 
(AVMA) guidelines. Acceptable means for on-farm use include 
injection of barbiturates by a veterinarian or penetrating or non-
penetrating captive bolt or firearm with an adjunctive method 
such as exsanguination or anesthetic injection. In addition to the 
physical aspects of euthanasia, clinicians should be aware of  
emotional reactions and ethical concerns of livestock owners or 
caretakers.

Producers also need to have a plan to handle farm mortality. 
The five legal means of carcass disposal are: burial following state 
guidelines; landfills where permitted; incineration in an appropri-
ate facility; rendering; and composting. Individual state guidelines 
and requirements vary, and the state veterinarian should be  
contacted to see which methods could be used, particularly in the 
case of wild or exotic cervid species.

Strategies to Control Internal Parasites
Gastrointestinal parasite management, especially for Haemonchus 
contortus, is a primary concern for all small ruminant producers. 
Gastrointestinal parasites cause significant economic losses world-
wide and are one of the top three important conditions causing 
high mortality in sheep and goats. The development of dewormer 
resistance to nearly all three classes of anthelmintics available in 
the United States has made control difficult and has promoted 
alternative management strategies. Dewormer resistance indicates 
when there is less than 95% reduction in fecal egg count 14 days 
after administration. Resistance has arisen due to overuse of  
anthelmintics, too frequent anthelmintic drug rotation, and  
underdosing (see Chapter 6).

H. contortus thrives in warm and humid conditions and has the 
ability to undergo hypobiosis, or become metabolically inactive, 
within the host during unfavorable weather conditions, emerging 

when conditions improve. The survival time of infective larvae 
(L3) is short during hot summer months (30–60 days) but pro-
longed during cooler, wet months ( 4 months). Periparturient 
egg rise seen in early spring promotes shedding of a large number 
of eggs in the feces. A good working knowledge of parasite life 
cycles is necessary to create control programs.

Sheep, goats, and cervids are adaptable in their feeding behav-
ior. Sheep are more inclined to be grazers, whereas goats and 
cervids prefer browsing. This has implications for parasite control, 
as when animals graze, they are in close contact with parasite 
larvae. When animals graze close to the ground and nutritional 
input is marginal, gastrointestinal parasite infestation may escalate 
and animals will show clinical signs of parasitism, especially  
during periods of stress due to production (e.g., pregnancy,  
lactation, etc.) or environment (e.g., weather extremes, sparse 
vegetation, etc.). Internal parasite control is tailored to a particu-
lar region of the country, whether the farm is confined, pastured, 
or rotationally grazed. Although susceptible to many of the same 
gastrointestinal parasites, a bunk-fed deer population with good 
BCSs (3–4 on a 1–5 scale; e.g., https://www.purinamills.com/
deer-feed/education/detail/body-condition-score-for-deer) will usu-
ally be relatively free of most gastrointestinal nematode parasites. 
If cervids are maintained in a densely populated area with sheep 
and/or goats, then exposure to nematode parasites may be in-
creased, and parasitism becomes more of a problem. To adequately 
control and manage internal parasites, veterinarians must work 
with producers to develop integrated approaches by looking at the 
specifics of the host, parasite, and environmental interactions 
(Table 19.2). Control strategies must rely on the smart use of 
dewormers. This means treating only those animals that need to 
be dewormed and keeping a pool of susceptible worms, called 
refugia, in the group. These susceptible worms will mate with  
resistant ones to help prolong the use of anthelmintics. Smart 
deworming strategies for blood-sucking worms (Haemonchus) 
use the FAMACHA system to score the color of mucous mem-
branes of the eye, evaluating anemia or blood loss. Another  
strategy useful for other worms is a five-point check (bottle jaw, 
hair coat, diarrhea, body condition, and nasal secretion for nasal 
bots). Aspects of successful control programs include regular 
monitoring of the efficacy of anthelmintics by performing fecal 
egg count and fecal egg reduction test after deworming, monthly 
FAMACHA scoring, maintaining refugia on the farm, rotational 
grazing, smart drenching, grazing cattle and horses on unoccu-
pied pastures before small ruminants are turned out to graze, and 
selecting nematode resistant animals.

Periparturient deworming has been a mainstay of many inter-
nal parasite control programs. Deworming all the periparturient 
animals in early spring leaves minimal refugia in the pasture and 
can speed resistance. It is better not to deworm 15 to 25% of 
animals not showing clinical signs to provide enough refugia.

Due to the increased dewormer resistance seen in goats com-
pared to sheep, combining two or three classes of wormers at their 
appropriate dosages at the same time has been used with a fair 
amount of success. Selective deworming using a combination of 
different classes at the appropriate dosages at the same time is 
beneficial to promote refugia, but it can also promote resistance 
to all wormers available (see Chapter 6 and Appendix 1).

The three classes of anthelmintics currently available are:  
(1) benzimidazoles (oxfendazole, febantel, fenbendazole, and  
albendazole); (2) macrocyclic lactones—(a) avermectins (ivermec-
tin, doramectin, and eprinomectin) and (b) milbemycins; and  
(3) cholinergic agonists—(a) imidazothiazoles [levamisole] and 
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TABLE 
19.2 Alternative Internal Parasite Control Methods for Sheep and Goats.

Pasture Management Selective Deworming Selecting Resistant Animals Quarantine

• Maintain forage height greater 
than 2 inches

• Provide areas of browse (brush, 
shrubs, small trees, etc.)

• Maintain low stocking rate
• Graze sheep and goats with 

cattle or in a rotation with cat-
tle or horses

• Provide tannin-rich forages
• Harvest hay off pastures
• Avoid wet patches in a pasture, 

such as from a leaky water 
trough

• Fence-off naturally wet areas
• Low stocking rate
• Pasture rotation suited for the 

farm’s environment
• Leave the pasture unoccupied 

30 to 60 days in summer;  
120 days in cooler weather

• After deworming, move the 
animals, preferably to a clean 
pasture in 24 to 48 hours

• Use FAMACHA (Haemonchus 
contortus)/fecal egg count

• Treat only animals with 
symptoms of anemia

• Maintain a large pool of 
refugia

• Reduce the use of dewormers 
and slow development of  
resistance

• Control periparturient egg rise: 
15–30 days before kidding
• Deworm  3 on FAMACHA
• 5 point check

• Several breeds show resistance to 
internal parasites

• Individual animals can demonstrate 
resistance to parasites
• Resistant animals have a lower 

host parasite burden and are 
not negatively affected by the 
parasites (do not show signs of 
parasitism, remain productive)

• FAMACHA scores can be helpful 
for selection

• Quarantine new animals
• Use a dry lot
• On arrival, deworm with all 

three classes of wormer
• FEC in 14 days
• Make sure they are clean 

before they are exposed to 
the pasture

Some of these programs may be applicable to farmed deer.
FAMACHA, FAffa MAlan CHArt; FEC, Fecal Egg Count. 

(b) tetrahydropyrimidines [pyrantel and morantel]. Fenbendazole 
is used under a zoo label for cervidae, but other than that, nothing 
has been approved for cervids. Veterinarians should consult with 
the Food Animal Residue Avoidance Databank (FARAD) (http://
www.farad.org) periodically to see if there are any changes regarding 
the use of these pharmaceuticals (see Chapter 6 and Appendix 1).

Copper oxide wire particles have been shown to be signifi-
cantly effective (70–90% fecal egg count reduction) against Hae-
monchus. Although doses are low, caution is needed with sheep as 
they accumulate copper in the liver and are susceptible to copper 
poisoning. There is a very narrow safety range for dietary copper 
in sheep, with maintenance requirements being 10 ppm, while a 
level of 25 ppm can be toxic (see Chapter 6).

Producers need to be advised that good nutrition is important 
in reducing the severity of internal parasitism. Literature reports 
the positive effect of supplemental protein, and in particular by-
pass or rumen undegradable protein, on enhancing the resistance 
to internal parasites. Protein aids in tissue repair and provides es-
sential amino acids to stimulate an immune response.

Cervids raised in confined situations with abnormally high ani-
mal densities will be as susceptible to internal parasites as are goats. 
However, many cervid farms provide supplemental bunks feeding 
to the most susceptible animals (i.e., fawns, weanlings, late gesta-
tional animals, etc.), thus reducing possible parasite exposure. Peri-
odic parasite egg counts of cervids need to be monitored.

External Parasites
Arthropod pests limit production in small ruminants. External para-
sites like lice, nose bots, keds, mites, fleas, and ticks can cause  
skin irritations, wounds, and discomfort to the animals. Biting and 

sucking lice, keds, and nose bots are prevalent external parasites of 
sheep. Biting and sucking lice and mites, especially chorioptic mites, 
are seen in goats. Depending upon the number of animals involved, 
the animal and the premises need to be treated. Cervids are suscep-
tible to external parasites, but there is much variation between regions 
of the country. Familiarity with the parasites, especially ticks, is very 
important for treatment and control (see Chapter 10).

Shearing
Wool sheep, Angora goats, and cashmere goats undergo shearing 
one to two times annually. Shearing is a stressful experience for 
animals. The location of the area used for shearing, weather, stage 
of the production cycle, and competence of the shearer all affect 
the amount of stress undergone by the animals. Stress can be 
minimized by an efficient shearing area or shed design to facilitate 
easy handling of animals. To avoid abortions due to stress, shear 
at least 4 weeks away from parturition. Preparturition shearing 
may decrease the incidence of pregnancy toxemia, encourage 
pregnant females to take shelter on cold or hot days, decrease the 
maintenance requirements for ewes/does with heavy fiber coats, 
and enhance the visibility of teats for nursing newborns. Angora 
goats, in particular, appear to be susceptible to stress such as shear-
ing, ice or snow storms, cold weather, transportation, etc., during 
pregnancy, and producers need to know what signs to look for 
and what to do should problems arise.

Antler Collection
Antler removal is a procedure performed occasionally on cervids 
and is described in Chapter 10.

http://www.farad.org
http://www.farad.org
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Herd and Flock Health

Herd/Flock Health at Different 
Production Stages
Small ruminants have different health needs according to their 
stage of production. Providing for these health needs will increase 
your chances of having a healthy, productive farm. General  
recommendations apply for all small ruminants.

Prebreeding. To achieve a healthy gestation and parturition, a 
producer must attend to breeding animal condition prior to  
mating. An easy and practical way to assess the nutritional, and 
indirectly the health, status of the herd is through the BCS. It is 
the best simple indicator of available fat reserves that can be used 
by the animal in periods of high energy demand, stress, or 
suboptimal nutrition (see Table 19.3, Chapter 1, Table 1.1 and 
Chapter 2, Figure 2.1). Scoring is performed in small ruminants 

using a BCS ranging from 1.0 to 5.0, with 0.5 increments. A BCS 
of 1.0 is an extremely thin animal with no fat reserves, and a BCS 
of 5.0 is a very over conditioned (obese) animal. In most cases, 
healthy small ruminants should have a BCS of 2.5 to 4.0. A BCS 
of 2.0 or lower indicates a management or health problem. Severe 
obesity is most commonly seen in animals that are considered pets 
or in show animals.

To assign a BCS, palpate the lumbar area behind the ribs  
containing the loin and score this area based on the amount of 
fat over and around the vertebrae. Lumbar vertebrae have a 
vertical protrusion (spinous process) and two horizontal pro-
trusions (transverse process). Both processes are used in deter-
mining BCS. The second body area to feel is the fat covering on 
the sternum (breastbone). Score this area based upon the 
amount of fat that can be palpated. A third area is the rib cage 
and fat cover on the ribs and intercostal (between ribs) spaces. 
With practice, evaluating the BCS of an animal will take only 

TABLE 
19.3 Body Condition Scoring in Goats.

Body condition scoring (BCS) is a quick, easy method of describing 
how thin or fat goats are, using a numerical score from 1 to 5. A goat 
may be given a half score, such as 2.5, if it is between BCS 2 and BCS 
3. Assigning a BCS cannot be done by looking at the goat; one must 
feel for muscle and fat cover. An appropriate BCS range for goats is 
from BCS 2 to BCS 4, as seen on the reverse side. Goats that are too 
thin (BCS 1) may have nutritional or health problems, reducing 
productivity. Overly fat goats (BCS 5) have reduced fertility, increased 
birthing problems, and health problems.

BCS is commonly assessed in the loin area. Feel the amount of 
tissue covering the ends of the spinous and transverse processes of the 
vertebrae. Feel any loin muscle and fat filling the space between the 
backbone and horizontal bones. In very thin goats the bones can feel 
“sharp.” As the animal gains condition, the thicker tissue covering 
makes the bone ends feel more rounded and smooth.

BCS 2 - Spinous process is felt as a 
ridge. A depression is felt between the 
spinous and transverse processes. Little 
muscle and fat can be felt. If  bone ends 
are sharp and individual vertebrae felt, 
the BCS is 1.

BCS 3 - Spinous process does not feel 
like a ridge, but smooth with small ripples 
indicating the bones. Area between 
spinous and transverse processes is filled 
with muscle and fat cover and felt as a 
straight or slightly bowed out slope.

BCS 4 - Spinous process feels smooth 
but not buried in tissue. Individual bones
are difficult to feel. Area between the 
spinous and transverse processes feels 
full and rounded. If  bones are buried in 
tissue and not felt, the BCS is 5.

The Cooperative Extension Program at Langston University provides educational programs to individuals regardless of race, color, national origin, religion, sex, age disability 
or status as a veteran. Issued in furtherance of Agricultural Extension Work Act of September 29, 1977, in cooperation with the U.S. Department of Agriculture.

Recommendations
Does

• BCS between 2.5 to 3.5 at breeding
• BCS of 3 to 3.5 prior to wintering and prior to kidding (does 

may drop 0.5 or more in BCS during lactation, regaining 
condition after weaning with sufficient nutrition.)

Bucks
• BCS 3 to 3.5 prior to the breeding season

Body Condition
Scoring of Goats

BCS 2 BCS 3 BCS 4

BCS 4 Fat/muscle coverBCS 4 Fat/muscle cover

BCS 3 Fat/muscle coverBCS 3 Fat/muscle cover

BCS 2 Fat/muscle coverBCS 2 Fat/muscle cover

Transverse processTransverse process

http://www.luresext.edu/?q=content/body-condition-scorehttp://www.luresext.edu/?q=content/body-condition-score

Spinous processSpinous process

(Permission from Langston University. April 2018)
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about 10 to 15 seconds. When overall herd body condition 
starts to decrease, managerial intervention such as supplemen-
tal feeding, deworming, pasture rotation, etc., needs to be 
taken. Conversely, when overall body condition starts to in-
crease in the herd to above recommended levels, the producer 
should reduce supplemental feeding. Ignoring an animal’s body 
condition and waiting to intervene until they become either 
too thin or too fat may result in production and animal losses 
or decreased profits from overfeeding.

Ideally, does and ewes at prebreeding should have a BCS of  
2.5 to 3.5. Females having a BCS less than 2.0 should be supple-
mented (flushed) with grain 2 to 4 weeks before breeding, which 
may improve their pregnancy rates. Abrupt fence line exposure  
to males in the late fall transition period can help bring about 
cycling (see Chapter 8).

Breeding Does and Ewes. Thirty to 60 days before the breed-
ing season, examine animals for udder and teat conformation, 
dentition (teeth), musculoskeletal problems, feet, and body con-
dition. Cull does and ewes that have severe problems or do not 
meet herd conformation goals. Some common conditions seen in 
breeding females include lameness, chronic mastitis, bad teats, 
and poor body condition due to chronic diseases, parasitism, old 
age, or other causes. Doelings/ewe lambs should be at least 65 to 
70% of their estimated mature weight before their first breeding. 
Does/ewes should have fair to good body condition at the time of 
breeding (BCS 3–3.5). They need to be vaccinated for common 
diseases and conditions seen at the farm, FAMACHA scored and 
dewormed if necessary, and have their feet trimmed.

Breeding Bucks and Rams. Bucks and rams are often 
neglected or not examined during routine herd health procedures. 
Some common conditions seen are urinary calculi (stones),  
lameness, urine scalding around the prepuce, damage to horns/
antlers due to fighting, and injury due to a dominant buck/ram 
in the pen. In the case of urinary scald, wash the affected area and 
apply petroleum jelly to help protect that area. To prevent urinary 
calculi, maintain a 2:1 to 2.5:1 ratio of dietary calcium to phos-
phorous and provide a high level of salt (up to 4%) to encourage 
water consumption. Adding 1 to 2% ammonium chloride in the 
diet to acidify urine can also help prevent urinary calculi.

At least 4 weeks before the breeding season, evaluate bucks’/rams’ 
body condition and adjust feeding program as needed. Conduct a 
breeding soundness examination, assess the buck’s/ram’s overall con-
dition and capacity to serve does/ewes by evaluating the health his-
tory, checking physical soundness of feet and legs, and inspecting  
the external genitalia for abnormalities. Palpate the scrotum to 
ensure that it is firm, testes are similar in size and freely movable 
in the scrotum, and the epididymis is normal. Rams should have 
minimum scrotal measurements for their age (see Chapter 8). 
There are no standards for buck scrotal circumference, but a scro-
tal circumference of 23 to 25 cm minimum measurement is desir-
able. Bucks/rams should be vaccinated at the same time as the 
females and for the same diseases. As breeding season approaches, 
extremely aggressive and dominant bucks/rams may need to be 
penned separately to prevent injury. Monitor fecal egg counts or 
FAMACHA score and deworm as needed.

Breeding Season. Watch does/ewes and bucks/rams carefully 
during the breeding season. This is a particularly strenuous and 
active time for bucks/rams, and lame or sick sires will not be able 
to breed adequate numbers of does/ewes. Fertility drastically de-
creases in hot weather. Do everything you can to cool the buck/ram. 
This may include shade and fans during the day in very hot  
climates. To prevent overexertion, maintain a proper male-to- 
female ratio. In pasture conditions, a mature goat buck or ram can 

be expected to breed 30 to 50 does/ewes during the breeding 
season. Definitive numbers for a cervid/buck-to-doe ratio range 
from 10 to 25 depending on pen size and the age of the buck. 
Have some means of monitoring breeding activity, such as a 
marking harness for goats and sheep. A breeding season of 45 to 
55 days is common. If artificial insemination is practiced on the 
farm, heat detection and timing of insemination are very impor-
tant. Teaser animals, teasing aprons, or fence line exposure can be 
used to identify does/ewes in heat. Producers should have training 
in estrus detection and timing of insemination, as well as the  
insemination technique itself and semen handling.

Gestation
Preparturition. Fulfilling the health and nutritional needs of 

the doe/ewe during gestation promotes a normal parturition, 
healthy kid/lamb/fawn, and sufficient colostrum and milk pro-
duction after parturition. Provide an adequate diet and have 
clean, cool water and free-choice trace-mineralized salt available. 
Pregnant does/ewes should be body condition scored in early 
pregnancy and again 6 weeks prior to kidding/lambing and 
should have a BCS of 3.0 to 3.5 just prior to parturition. Monitor 
feed quantity and quality in the last one-third of gestation, as 
most fetal growth occurs during this time. Very thin or fat older 
sheep/goats carrying triplets or quadruplets may experience a  
decline in feed intake during this time, making them highly at 
risk for developing pregnancy toxemia. Booster vaccinations for 
Clostridium perfringens type C and D and tetanus toxoid be ad-
ministered no later than 3 to 4 weeks prior to kidding/lambing 
and should be considered on some fenced deer production units 
(Table 19.6). Vitamin E/selenium injections are given to does/
ewes during the dry period to prevent white muscle disease in 
kids/lambs/fawns, especially in areas where soils are selenium  
deficient and supplementation is inadequate. However, a nutri-
tion program designed to provide adequate dietary selenium is 
preferable to providing injections. Provide other vaccinations or 
boosters for diseases causing abortion. Monitor fecal egg counts 
or FAMACHA score and deworm as needed.

The majority of does/ewes experience no severe problems  
during gestation. However, vaginal prolapses, hernia, ruptured pre-
pubic tendon, acute mastitis, and pseudo-pregnancy can occur. 
Vaginal prolapses are not very common in goats but may be seen 
occasionally in prepartum pygmy does. Vaginal prolapses in ewes 
are more common. Factors that contribute to vaginal prolapses in 
ewes are genetics, body condition of the ewe, quality of roughage 
fed, location of tail docking, etc. Abdominal hernia is seen usually 
in late gestation or due to trauma or postsurgical complications. 
Postsurgical complications may arise from a caesarian section or 
from an embryo transfer performed on a donor doe. Ruptured 
prepubic tendon is seen in older does/ewes in late gestation.

Vaccinations for chlamydia, campylobacter, and leptospirosis 
are included, if they are diagnosed as a problem of reproductive 
failure and abortions on the farm. Prebreeding booster vaccina-
tions are usually done at least 3 to 4 weeks prior to breeding 
(Table 19.6). There is a Chlamydophila vaccine approved for 
sheep available as a single antigen or in combination with campy-
lobacter. A number of goat operations have started using the 
Chlamydophila vaccine to control abortions and to avoid feeding 
tetracycline. Abortions can occur anytime during gestation for a 
variety of reasons. Early-term abortions may go unnoticed and the 
doe/ewe is categorized as having failed to conceive rather than 
aborted. Late-term abortion storms are mainly infectious in na-
ture as summarized in Table 19.4. Sporadic abortions in does may 
be due to stress-related causes like weather changes, transporta-
tion, shearing etc.

Text continued on page 490
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ra
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 s
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ra
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 m
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 C
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 c
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 c
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ra
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.
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 p
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, m
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 d
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l c
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r d
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 c
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 c
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at
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 c
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 b
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 c
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.
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 m
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 c
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 c
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t c
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f d
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 m
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 d
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 m
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 m
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t o
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 b
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l d
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Parturition (Kidding/Lambing).  The doe/ewe should kid/
lamb in a clean environment, either a well-drained clean pasture 
or a stall bedded with straw or other absorbent material. Prior to 
birth, the kid/lamb/fawn has existed in a germ-free environment, 
and parturition exposes them to common disease organisms to 
which a mature animal has developed resistance. The kidding/
fawning/lambing stall or pasture should be located near a well-
traveled area so that the does/ewes are observed at frequent inter-
vals for dystocia. Few adult sheep, goats, or cervids require assis-
tance at the time of parturition, although problems are always a 
possibility. First-freshening does or ewe lambs should be closely 
watched, especially if bred to bucks/rams known to sire large kids/
lambs/fawns.

Signs of impending parturition include udder engorgement, 
swelling of the vulva, restlessness, and vulva mucus discharge. The 
ligaments in the pelvic area will relax and the udder secretions will 
change from clear honey-like to thick white/yellow milk (colos-
trum). The doe/ewe may also lose appetite. Stage one of parturi-
tion consists of uterine contraction and cervical dilation, may last 
from 3 to 6 hours or more, and ends with the rupture of the am-
nion. Stage two is the active stage of labor exhibited by abdominal 
contractions and birth, lasting 30 minutes to 1 hour. If the doe/
ewe is straining or birth is delayed for more than 30 minutes in 
an adult doe/ewe, or greater than 1 hour in first time kidding does 
or ewe lambs, assistance maybe needed. Stage three consists of 
expulsion of the placenta and usually occurs within a few hours 
after the last fetus is born.

Problems in Parturition.  Most does/ewes will kid/lamb/fawn 
with little to no assistance required; however, problems can occur. 
The most common problems encountered are an oversized single 
fetus; abnormal presentation, position, and posture; or two  
fetuses entering the birth canal at the same time. In a normal birth 
presentation, the fetus will be in an anterior presentation, dorso-
sacral position with their front feet extended into the birth canal. 
Posterior presentation, dorsosacral position, with their hindlimbs 
extended, is seen where the rear legs enter the birth canal first. See 
Chapter 8 for specifics on parturition and dystocia management.

Kid/Lamb Management at Birth. After birth, two manage-
ment practices are critical to the future health and survival of the 
newborn. The navel cord should be dipped in a solution of iodine 
(1 or 2% is now preferred to 7% tincture of iodine due to tissue 
damage) or 2% chlorhexidine solution to prevent entry of disease-
causing organisms, especially for neonates born in confinement or 
small lots with high populations. Make sure the entire cord is im-
mersed in the iodine or chlorhexidine solution.

The other critical practice is the feeding of colostrum ideally 
within 2 to 4 hours of birth. If a newborn neonate does not or 
cannot nurse, the colostrum should be bottle-fed or tube fed to 
insure adequate consumption. Neonates should receive 15% of 
their body weight during the first 24 hours of life. For example, a 
6-lb (2.7 kg) kid/lamb should receive 15 oz (400 mL) of colos-
trum within 24 hours of birth, and the colostrum should be  
divided into at least three to four feedings, due to the size of the 
abomasum. As a general rule of thumb, feed a minimum of 2 oz/
lb (2.7 kg – 360 mL or 1 kg – 150 mL or 2.7 kg – 375 mL) of 
body weight within 24 hours. Excess colostrum may be collected 
and frozen for use to supplement orphaned/abandoned kids/
lambs/fawns (see Chapter 8).

CAE virus and OPP are transmitted from the doe/ewe to the 
kid/lamb mainly through colostrum and milk. Methods to pre-
vent transmission include feeding colostrum frozen from does and 
ewes tested and shown to be CAE/OPP-free, feeding heat-treated 

colostrum and pasteurized milk, feeding bovine colostrum and 
milk, or feeding commercially available artificial colostrum  
replacer. Colostrum can be heat treated by raising the temperature 
to 133° F (56° C) for 60 minutes or 165° F (74° C) for  
15 seconds. Milk should be pasteurized by treating at 145° F  
(63° C) for 30 minutes or 161° F (72° C) for 15 seconds. The 
temperature is critical for colostrum because a higher temperature 
will denature colostral proteins that provide disease immunity and 
a lower temperature will not kill the virus. Heat treat colostrum 
or pasteurize milk by using a water bath with an accurate ther-
mometer or by equipment purchased for the task. If a herd is  
infected with CAE, producers should not feed kids unpasteurized 
milk even from test-negative does.

Under certain conditions, newborn kids/lambs may benefit 
from injections of vitamins A and D within 4 days of birth. A 
vitamin E/selenium injection given within 72 hours may be  
beneficial in areas of selenium-deficient soils. If supplementation 
is necessary, feeding dietary supplements in the ration in appro-
priate levels will usually prevent deficiencies. Fat-soluble vitamins 
and minerals are toxic if given in excess.

Examine neonates carefully at birth for any physical deformi-
ties or congenital abnormalities. The most common congenital 
defects include cleft palate (Figure 19.1), umbilical hernia, 
cyclops, parrot mouth (under shot jaw), and atresia ani (no anal 
sphincter). Diarrhea and pneumonia can cause high mortality 
rates in neonates. A clean, dry, draft-free environment is an  
excellent preventive measure.

Artificial Rearing of Neonates. Milk is the principal dietary 
component for neonates. The majority of meat goat kids, fawns, 
and lambs will nurse their dam until weaning. However, com-
mercial milk replacer is used in orphans, kids/lambs/fawns from 
young does and ewes that have lactation problems, does/ewes 
with more than two offspring, and does/ewes who have aban-
doned their young. Dairy kids are taken away from their dam  
as soon as they are born. Typically, milk replacers contain 22  
to 30% protein and 28 to 30% fat (on a dry matter basis). A 
species-specific milk replacer needs to be used if possible. If no 
other milk replacer is available, calf milk replacers may be used as 

• Fig. 19.1  A cleft palate is shown in an Alpine kid 3 hours old.
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• Fig. 19.2  A 1-week-old Alpine kid being bottle fed.

• Fig. 19.3  Two-week-old Alpine kids nursing a “lamb bar.”

a last resort. Maintaining milk replacer quality after mixing is very 
important when neonates are fed ad libitum.

Milk is fed using bottles, pails, or self-feeder units depending 
upon size of the farm, available labor, and personal preference 
(Figures 19.2 and 19.3). With any system of feeding, the health 
of the neonate, sanitation, and available labor are the major  
factors to consider.

Under natural suckling, neonates consume small amounts of 
milk at very frequent intervals. Ideally, artificial rearing should 
mimic natural suckling, but labor constraints often preclude  
frequent feeding. Nevertheless, neonates are ideally fed three to 
five times daily for the first 1 to 2 weeks and two to three times 
daily thereafter. Bottle-feeding is labor intensive, but neonates 
receive more individual attention and are easier to handle post-
weaning than kids, lambs, and fawns suckling does.

For larger herds, self-feeder units may successfully reduce  
labor. The key factor in this system is maintaining a low milk 
temperature (40° F, , 5° C) to limit excessive intake by a kid/
lamb/fawn at any one time. Small, frequent feedings increase di-
gestibility and decrease digestive disturbances. Rapid consump-
tion of large quantities of milk may lead to fatal bloat due to milk 
entering the reticulo-rumen space. Rapid passage of milk through 
the abomasum and small intestines can result in diarrhea or  
nutritional scours.

A strict feeding schedule should be followed when using a milk 
replacer to bottle feed kids, lambs, or fawns (Table 19.5). Fre-
quently, neonates become “pets,” and there is a tendency to feed 
them as much milk as they will consume each feeding. By leaving 
them on a milk replacer too long, these neonates extend the time 
they take to start eating solid feeds and may result in bloat and 
sudden death due to enterotoxaemia or diarrhea. It is a common 
practice with fawns to keep them on a milk replacer to increase 
growth rate and keep them as tame as possible. Longer nursing 
periods generally occur with fawns rather than with lambs or kids. 
Early vaccination for C. perfringens is necessary for bottle-fed or 
artificially reared neonates (Table 19.6).

Dam-Raised Neonates. Most neonates are raised with their 
dams on pasture. While this removes the need for feeding milk 
replacer, these kids/lambs/fawns should not be neglected in terms 
of nutritional and health needs. Producers must remember that 
since these animals are raised in the same environment as their 
dams, they are also exposed to the same health, disease, manage-
ment, and grazing conditions. If internal parasites are a problem 
in the dams, expect the same in the neonates and take manage-
ment steps to reduce exposure to internal parasites through  
pasture rotation or other means. If housed at any time, avoid 
crowding and have clean bedding and adequate ventilation.  
Neonates are naturally curious and will begin to explore and 
nibble on various items in their pens and surroundings early in 
their life. If there are toxic substances or plants, plastic, or other 
harmful materials lying around, chances are some neonates will 
eat them. If pasture is of very poor quality, neonates that are  
beginning to nibble on grass or hay will not receive much nutri-
tional benefit. This can slow down early growth (see Chapter 8).

Early access to a creep feed or pasture containing lush, nu-
tritious forage will benefit neonates and get them accustomed  

TABLE 
19.5

Feeding Schedule for Bottle-Fed Small 
Ruminants.

Age Amount of Feeding Feeding Schedule

1 to 3 days 4–6 oz Three times a day

3 days to 2 weeks 8 oz
12 oz

Three times a day
Twice a day

Kids separated depending on their weights.
Gradually increase the milk with lamb bar (12 oz/kid or lamb) twice a day 

(Figure 19.3)

2 weeks to  
3 months

16–20 oz
Lamb bar

Twice a day
Offer creep feed  

and hay

3 months to  
4 months

20 oz/kid
Lamb bar

Twice a day
Increase creep  

feed and hay
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TABLE 
19.6 Vaccination Schedule for Small Ruminants.

Vaccination Schedule for Small Ruminants

Dam—3–4 weeks prior to parturition
•	 CD&T vaccine to help increase antibodies against enterotoxaemia and tetanus in the colostrum. In areas or regions deficient in selenium and supplementa-

tion is inadequate, BoSe to raise selenium levels and prevent white muscle disease in kids and retained placenta in the does and ewes. Providing a proper 
mineral nutrition program to ensure adequate consumption of all minerals is preferable.

Lamb/kid/fawns—birth to first week
•	 BoSe + vitamins A and D—use depends on soil in the region and the diet of the dam. Kids raised indoors in a barn, recommended vitamin A and D injection.

Lamb/Kid—3 weeks—begin coccidiosis prevention
•	 Coccidiostat in the creep feed.
•	 Once a month for 5 days amprolium and sulfadimethoxine in the water or milk.
•	 4 and 8 weeks—BoSe—repeat if in selenium-deficient area.
•	 6 to 8 weeks—begin monitoring for parasites and deworm as needed, especially if kid has access to outdoors.

Period Time to Vaccinate Disease Booster

Meat and fiber kids, preweaning 
lambs

Dairy/orphan kids
Fawns

4 and 8 weeks of age
2, 4, and 8 weeks of age  

(bottle fed)
As practical, birth, 2, 4  

and 8 weeks

Clostridium perfringens 
C and D

C. tetanus—toxoid
C. perfringens C and D
C. tetanus—toxoid

Yearly prebreeding and prekidding booster
(replacements)
Yearly prebreeding and prekidding booster
(replacements)
Yearly when handling

Show animals 4, 8, and 16 weeks of age C. perfringens C and D
C. tetanus—toxoid

60 days before the first show

Show animals 6 to 8 weeks before the show Contagious ecthyma Show animals
Adult animals vaccinated if there is a problem 

in the herd

Dairy and meat kids 8 and 12 weeks of age Caseous lymphadenitis If there is a problem in the herd
Yearly prebreeding booster

Companion sheep and goats 16 weeks of age Rabies If rabies is a concern
Yearly booster

Prebreeding
Young females and males

Older females and males

60 and 30 days prior to  
breeding

30 days prior to breeding 
(booster)

Chlamydia
Campylobacter
Leptospirosis
Chlamydia
Campylobacter
Leptospirosis
C. perfringens C and D
C. tetanus—toxoid

If a problem in the herd

If a problem in the herd
Yearly prebreeding booster

Prebreeding

Gestation
Ewes/does

30 days prior to parturition C. perfringens C and D
C. tetanus—toxoid

Booster prebreeding and prekidding yearly

Dairy animals Females
30 days prior to breeding or 

prebreeding
Females

Males

Males

Chlamydia
Campylobacter
Leptospirosis
C. perfringens C and D
C. tetanus—toxoid
Chlamydia
Campylobacter
Leptospirosis
C. perfringens C and D
C. tetanus—toxoid

If a problem in the herd
Yearly prebreeding booster

Prebreeding, midlactation, and prekidding

If a problem in the herd
Yearly prebreeding booster

Yearly prebreeding booster

Flock/herd Prebreeding Rabies Endemic areas—yearly booster

CD&T, Clostridium perfringens C & D and C. tetanus vaccine.

to eating solid food and enhance the development of their 
gastrointestinal tract, promoting early growth. Entry into the 
area containing creep feed or pasture should be restricted to 
neonates by fencing or gates that prevent access by adult ani-
mals. Coccidiostats can be mixed in the creep feed and in 
grower rations for lambs and kids. There are no coccidiostats 

approved for use in cervids at this time. Treatment and preven-
tion should be discussed with the attending veterinarian for 
alternatives in fawns that may include individual treatment 
with standard ruminant coccidia medicaments or feed or water 
treatments prescribed within a valid veterinarian/client/patient 
relationship.
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Weaning. In raising kids and lambs, increases in size and 
weight are not the only measure of success. A well-formed skele-
ton and proper development of internal organs are often ne-
glected or overlooked. Dry-feed consumption is important in 
developing body capacity that leads to increased feed intake and 
digestion.

In bottle-fed young over 2 weeks of age, limiting daily milk 
consumption to about 48 oz will encourage daily consumption of 
dry feed. Begin offering a creep feed no later than 3 to 4 weeks of 
age. As creep feed consumption increases, gradually reduce the 
amount of milk fed. Research has shown that at 2 months of age, 
a weaned kid has a reticulo-ruminal capacity five times as large as 
suckling kids/lambs of the same age do.

Kids/lambs on pasture should be consuming forages such as 
pasture or hay by 2 weeks of age and grain within 4 weeks. Give 
careful attention to the formulation of a concentrate supplement 
for preweaning animals. Palatability is of primary concern.  
Molasses at the rate of 10% of total dry matter, corn (preferably 
ground or rolled), and whole or rolled oats make up the energy 
“core” of a good preweaning diet. Balance the crude protein needs 
by adding cottonseed or soybean meal or another high quality 
protein source. Crude protein in the preweaning ration should 
range from 14 to 18%. Ground alfalfa may be added up to 5% or 
less to provide additional stimulation for reticulo-ruminal  
development (see Chapter 2).

Several factors should be considered when deciding to wean. 
The most important consideration is whether the average daily 
consumption of concentrate and forage is adequate for growth 
and development to continue in the absence of milk. Fixed  
weaning ages are less desirable than weight goals such as 2.0 to  
2.5 times birth weight. When a kid/lamb is eating 0.25 lb of grain 
per day, plus some hay, and is drinking water from a bucket, it is 
time to wean. Adding coccidiostats in the creep feed and in the 
grower ration will help control coccidiosis in lambs and kids, but 
there are no products approved for fawns at this time. Most fawns 
are weaned in the late summer, when they are approximately 3 to 
4 months old. Fawns should be consuming feed by this time. As 
lactation needs decrease, cervid does have adequate time to re-
build body condition prior to the breeding season beginning in 
the very late fall to early winter depending on the region of the 
United States in which they live.

Postweaning. The postweaning period is a critical time due to 
the stress of removing offspring from their dams. Hand-reared 
neonates seem to be less stressed when weaned from a milk source 
as compared to neonates that have been nursing their dams. Neo-
nates that have started consuming creep feed and hay prior to 
weaning tolerate weaning stress better than those that do not 
consume appreciable amounts of solid feed. Common diseases 
encountered during the weaning period include pneumonia, coc-
cidiosis, gastrointestinal parasitism, polioencephalomalacia, and 
enterotoxaemia. To reduce the incidence of respiratory diseases at 
weaning, avoid overcrowding, maintain proper barn ventilation, 
and observe animals daily to ensure adequate feed and water in-
take as well as early detection of disease signs. To control coccid-
iosis, reduce the number of oocytes in the environment by reduc-
ing stocking densities and removing soiled bedding. Keep hay and 
feed racks above the ground and incorporate a coccidiostat in the 
feed (sheep/goats). Regular pen and pasture rotation can decrease 
exposure to coccidia.

On initial exposure to fresh pasture in late spring or summer, 
weanlings may incur heavy internal parasite exposure. To avoid 
exposing them to an infested pasture, place weanlings in a clean 
pasture that has had no small ruminant presence for at least  

2 months. Give booster injections of CD&T and FAMACHA 
score weaned lambs and kids monthly until the first freeze in fall. 
Depending on the history of anthelmintic used, kids and lambs 
with a FAMACHA score greater than 3 should be dewormed with 
an appropriate dewormer or a combination of different classes of 
wormer.

In meat goat/lamb finishing programs or feedlots, be aware of 
the potential for bloat, enterotoxemia, and urinary calculi.  
Prevent bloat by gradually increasing grain over a 10- to 14-day 
period. Follow proper vaccination program to prevent enterotox-
emia. Polioencephalomalacia incidences can be reduced by gradu-
ally increasing grain in the diet, decreasing sulfur/sulfate content 
in the ration, providing clean water, early detection and treatment 
with amprolium and sulfa drugs, and monitoring animals after 
deworming. Castrated and intact males are prone to urinary cal-
culi as young as 3 months of age. Prevent by providing a continu-
ous supply of clean fresh water, including 4% salt in the diet, or 
giving a salt block. Continuous or pulse dose feeding of urinary 
acidifiers like ammonium chloride helps to acidify the urine and 
prevent stone formation.

Basic Vaccination Recommendations 
for Goats and Sheep
A vaccination program in a herd health plan depends on the con-
ditions or diseases likely be encountered on a particular farm. A 
minimum basic vaccination schedule should include Clostridium 
C and D and Clostridium tetani. Multivalent Clostridial vaccines 
containing antigens that cause black leg, malignant edema, bacil-
lary hemoglobinuria, big head, and black disease are commonly 
used in many parts of the United States on a routine basis where 
those diseases are prevalent. Vaccines should be given subcutane-
ously in the axillary region or in the neck to minimize lameness 
and swelling and to prevent excess trimming of meat at slaughter 
(Table 19.6).

Vaccinate against contagious ecthyma (sore mouth, Orf, con-
tagious pustular dermatitis) if the disease has been diagnosed in a 
herd or if animals are participating in livestock shows where they 
may contract it. Contagious ecthyma vaccine is a live-virus vac-
cine, and it serves as a means of introducing the virus to the herd. 
Once introduced, through an outbreak or vaccination, the conta-
gious ecthyma virus will persist for a long time. Once the herd has 
been exposed to the virus by natural infection or vaccination and 
is subsequently immune, the producer or owner may consider 
implementing a vaccination protocol for lambs and kids only. 
This is a zoonotic disease and may cause painful lesions to people 
who contract it.

The majority of U.S. goats have been exposed to Corynebacte-
rium pseudotuberculosis, the agent causing CL or abscesses. The 
external form of CL involving the lymph nodes is commonly seen 
in goats, whereas the internal form of CL is more frequently seen 
in sheep. The bacteria in the purulent material may contaminate 
the environment, where it persists for months. Commercial vac-
cines are available for sheep and goats. Autogenous vaccine is 
manufactured from the bacteria isolated during the culturing 
process. These vaccines promote humoral response and are not 
effective in animals already exposed to this bacterium. Vaccinating 
kids and lambs at a young age may help in reducing the severity 
of the disease. Cervids do not commonly get CL.

Vaccines used in sheep for abortion-causing Campylobacter 
and Chlamydia are not approved for goats or cervids. If these 
organisms are found to have caused abortions in goats, sheep  
vaccines have been used off-label with limited success because of 
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variations in biotypes. For Leptospira abortions, cattle vaccines 
have been used with mixed results, anecdotally. Foot rot in sheep 
and goats is caused by the synergistic actions of Fusobacterium 
necrophorum and Dichelobacter nodosus or by either organism 
alone. Using a cattle vaccine containing Fusobacterium has met 
with mixed results in sheep and goats.

Vaccination programs for cervids are controversial at best. 
They commonly contract Clostridium type C and D, so this vac-
cine is the most common vaccine given. Clostridium type A is also 
frequently diagnosed, and a commercial cattle vaccine is used or 
an autogenous vaccine given. Fusobacteria cause a number of 
conditions in cervids, and autogenous vaccines or cattle vaccines 
have been used with some success. Hemorrhagic disease causes 
large losses on many farms, but there has been limited success 
with autogenous vaccines due to multiple serotypes and lack of 
cross-protection, as well as the difficulty of implementing a vac-
cination program to animals prior to the vector season. Other 
bacteria for which autogenous vaccines are used include Trueper-
ella pyogenes, Bibersteinia trehalosi, Pasteurella multocida type A, 
and Mycoplasma bovis. Management and environment can exacer-
bate many of these diseases, and as such, a holistic approach to 
herd health should be used.

Herd/flock health programs are normally developed to prevent 
common diseases and develop management strategies to minimize 
the risk factors. A good vaccination program needs to be included 
to prevent some of the common diseases affecting the animals in 
that farm. Table 19.6 gives a basic vaccination program that can 
be used in a sheep and goats.

Basic Vaccination Recommendations for Cervids
Vaccination programs for farmed cervids should be designed for 
specific farms, endemic diseases, feeding programs, etc. Does late 
in gestation are prone to injury and stress when moved through 
handling facilities, thus reducing the use of prefawning vaccina-
tions. As with many cervids, white-tailed deer bucks in velvet are 
very susceptible to antler injury, thus reducing handling from 
April through September, for example. Handling these bucks past 
mid-October in North America may prove problematic, as they 
are prone to fight and injure nearing or during “rut.” Small fawns 
are very difficult to catch and, if moved through handling facilities 
with adults, can be injured. Darting vaccines and medications can 
be effective but may increase injury, costs, etc.

The most commonly used vaccinations in North American 
cervid farms are as follows:
 1. C. perfringens type C, D, and A yearly (e.g., commercially 

available multivalent clostridial vaccines). Does and bucks are 
traditionally vaccinated in late winter early spring, prior to late 
gestation and after antler drop, respectively. Alternatively, 
bucks may be handled on some facilities after antlers have 
hardened, but prior to rut, where possible. Bottle-fed  
fawns can effectively be vaccinated like lambs or kids (see  
Table 19.6). Fawns raised by the doe are usually vaccinated at 
3 to 4 months of age.

 2. F. necrophorum and Fusobacterium varium, Escherichia coli, and 
leptospirosis when needed for specific farms should be consid-
ered at 6 to 8 weeks of age and a booster in 2 to 4 weeks.  
As with Clostridiums, fawns raised by the doe are usually vac-
cinated at 3 to 4 months of age.

 3. Epizootic hemorrhagic disease virus (EHDV)—At the time of 
this writing, the most commonly used vaccines used for epizo-
otic hemorrhagic disease control used in North America are 

killed viral products containing EHDV type 1 or 2 antigens or 
bluetongue virus 10 or 17 or other serotypes. These vaccines 
need two initial doses prior to the vector season, which is late 
spring early fall until a frost. An annual booster prior to the 
vector season is recommended. Anecdotal information sug-
gests that the commonly used vaccine to control EHDV may 
have limited efficacy to poor efficacy in many areas, depending 
on the viral biotype.
Presently, no commercial vaccines are approved for use for 

cervids in North America.

Reproductive Management
Goats, sheep, and cervids are generally classified as seasonally 
polyestrous or short day breeders in the United States. The degree 
of seasonality varies among breeds and their location (latitude). 
The annual reproductive cycle of goats in a temperate region  
can be divided into a breeding season or period, a nonbreeding 
season or physiologic anestrous period, and a transitional period 
(see Chapter 8).

Estrus synchronization is increasingly being used as an effec-
tive tool in reproductive management for meat and dairy goats, 
particularly with the demand for year-round milk supply. Syn-
chronizing estrus early in the breeding season allows an increased 
proportion of does to become pregnant early. Kids born to these 
does are older and are of more uniform size at weaning to take 
advantage of niche markets during religious events and rising 
price trends in the market. Out-of-season breeding will enable the 
producer to take their kid crop to market when prices are higher 
and have year-round milk production in dairy animals and in-
creases the number of kids born to the doe during her lifetime. 
Estrus synchronization techniques include altering light patterns, 
manipulating social interaction with buck exposure early in the 
breeding season, and manipulating the estrous cycle by extending 
or shortening the luteal phase of the cycle (see Chapter 8).

Annual Health Management Practices
Creating and using a management calendar are good methods to 
ensure the maintenance of flock health. The calendar should be 
designed on the herds’ needs and production cycle. Table 19.7 
outlines a basic herd/flock management program. Although much 
of the information is aimed at sheep and goat flocks/herds, it has 
some applications for cervid production.

CWD, TB, and brucellosis are of special concern for cervid 
producers in North America. The veterinarian and producer con-
sider both individual state and federal supervision guidelines prior 
to implementing a monitoring/reporting program. Most such 
programs involve animal identification and sampling of obex, 
lymph nodes, and tonsils on animals over a specific age at death. 
TB accreditation and brucellosis certification programs are im-
portant for state-to-state movement. With cervids, testing in rut 
or late pregnancy should be avoided. Johne’s disease is a quaran-
tinable disease in some states and could result in a producer being 
unable to move or market animals. Ovine for of malignant ca-
tarrhal fever is of concern for some cervids. White-tailed deer 
appear extremely sensitive to the virus, with mortalities reaching 
100% in herds. Sheep are inapparent carriers, with up to 60% of 
lambs (from 4–12 months of age) shedding the virus in some 
parts of North America. Minimizing sheep/cervid contact will 
minimize the incidence of this disease on a cervid farm. A well-
planned and well-operated handling facility, with a long-term 
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TABLE 
19.7 Small Ruminant Herd Health Calendar.

Small Ruminant Herd Health Calendar
A custom-designed calendar is an excellent way to ensure the health of a herd is maintained. A calendar can be designed based upon your specific herd’s pro-

duction cycle. Veterinarians with their client can formulate a herd health program for individual herd needs. Cervids present a special challenge due to their 
temperament, physiology (antler growth cycle), and handling needs sometimes outweighing the health benefits or timing of a procedure.

Planning Calendar for Goat Herd Health

Stage Suggested Health Practices Additional Practices

Prebreeding  
(30–60 days)

Males
• Be aware of heat stress.
• Breeding soundness evaluation done.
• Vaccinate for Clostridium perfringens type C and D, plus tetanus toxoid.
• Vaccinate for chlamydia, campylobacter and leptospirosis, if necessary.
• Trim feet.
• Body condition score, flushing the bucks and adjust management accordingly.
• Deworm based upon fecal egg counts or FAMACHA score.
Females
• Vaccinate for C. perfringens type C and D, plus tetanus toxoid.
• Vaccinate for chlamydia, campylobacter, and leptospira if necessary.
• Trim feet.
• Body condition score, flushing the females, and adjust management 

accordingly.
• Deworm based upon fecal egg count or FAMACHA score at least 2 weeks 

before breeding.
• Dry the dairy does if they are producing less than 1 lb of milk a day.
• Final cull of does based on production records, udders, feet, and type.

• Vitamin E and selenium given to does 
30–45 days before breeding in selenium- 
deficient areas.

• See vaccination schedule.
• Put males next to female pens. The “buck 

and ram effect” will bring transitional does 
and ewes into heat. 

Breeding Males
• Provide additional feed.
• Be aware of heat stress and provide shade and fresh water
• Proper buck-to-doe ratio.
• Provide marking harnesses and change colors every 14 days (not practical 

for cervids).
Females
• Observe for heat or use marking harness on males.
• Record the markings. 

• Make sure cats are not defecating in feed to 
prevent toxoplasmosis.

• Perform fecal egg count or check FAMACHA 
score and deworm if necessary.

• Treat for flukes if a problem in the herd.

Gestation • Blood test for PSP  30 days after breeding if necessary.
•	 Check for pregnancy at 45–60 days with ultrasound.
• Separate the ones with more than two fetuses and feed accordingly if practical
• Breeding n midgestation. Does with BCS  3.0 are fed good-quality hay 

and trace minerals. If BCS , 3.0, supplement with grain 0.5–1 lb/day.
• Last trimester: supplement with grain accordingly. BCS 3 or greater 1 lb/

day. BCS , 3 = 2 lb a day.

Preparturition  
(15–30 days)

• Booster C. perfringens type C and D, plus tetanus toxoid.
• Deworm based upon fecal egg counts or FAMACHA score.
• Body condition scoring, adjust management and feeding.
• Watch for pregnancy toxemia. Urine ketone testing done if needed.
•	 Does need proper exercise.
• Dairy doe udders clipped.
• Dairy doe teats tapped for accidental nursing of kids. 

• Perform fecal egg count or check FAMACHA 
score and deworm if necessary.

• Begin to collect supplies for birthing.

Parturition Dams
• Observe three to five times per day.
• Assist if needed.
• Kidding pens similar to lambing pens used for doelings.
Neonates
• Clip, dip, and strip:

• Clip navel cord to 2–4 inches.
• Dip navel in appropriate iodine/chlorhexidine solution.
• Strip small amount of milk to make sure the teat ends are open. 

(Not cervids.)
• Make sure neonates are nursing.
• If the dam has more than 2 or 3 offspring, cross fostering within 

24 hours after birth is necessary.
• Vitamin E/selenium given within 72 hours in deficient areas.

Continued
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Stage Suggested Health Practices Additional Practices

Nursing/lactation Dams
• Feed extra feed to dams with multiple kids.
• Monitor somatic cell counts—bulk and individual.
• FAMACHA scoring every month. Not practical in cervids. Deworm 

if necessary.
Neonates
• Observe daily for signs of diarrhea or respiratory disease.
• Vaccinate—C. perfringens type C and D and tetanus, revaccinate at 

4 weeks and booster 4 weeks later.
• Castrate males before 3 months of age. Do not castrate cervids unless 

there is a specific reason.
• Dairy kids dehorned and castrated within 10 days.
• Start creep feeding by 2 weeks of age. 

See Vaccination Schedule for Small Ruminants. 

Weaning • Weaning at 3–4 months, marketed or kept as replacements.
• Weaning is determined if the kids/lambs consuming ¼ lb of grain/day and 

grazing.
• Check for internal parasites and deworm if needed.

• Coccidiostat in creep feed and postweaning 
feed. 

Postweaning/drying • FAMACHA score every 4 weeks; check for internal parasites and deworm 
as needed. Not practical for cervids.

• Reduce feed to does just before weaning.
• May want to reduce water availability for a day or two after weaning.
• Flushing if necessary.
• Dry treat the mammary glands in dairy does when the milk production 

drops below a pound a day or before the start of the breeding season  
or 2 months before kidding.

Select appropriate antibiotic for dry treatment, 
also give the mammary gland time to recu-
perate from the previous lactation.

Dairy females and 
males

• Yearly TB testing.
• Yearly brucellosis testing.

Performed by an accredited veterinarian
Any suspects on TB testing on the caudal fold  

at 72 hours are notified to the APHIS office  
in the state immediately.

Dairy females and 
males

Does
• Prekidding vaccination—C. perfringens type C and D, plus tetanus toxoid.
• Midlactation—C. perfringens type C and D, plus tetanus toxoid.
• Prebreeding vaccination—C. perfringens type C and D, plus tetanus toxoid.
• Prebreeding vaccination—vaccinate for chlamydia, campylobacter, and 

leptospira if necessary.
Bucks
• Prebreeding vaccination—C. perfringens type C and D, plus Tetanus toxoid.
• Prebreeding vaccination—vaccinate for chlamydia, campylobacter, and 

leptospira if necessary.

Yearly booster—prekidding
Yearly booster—midlactation
Yearly booster—prebreeding
Yearly booster—prebreeding

Yearly booster—prebreeding
Yearly booster—prebreeding

APHIS, Animal and Plant Health Inspection Service; BCS, Body Condition Score; FAMACHA, FAffa MAlan CHArt; PSP, Pregnancy Specific Protein; TB, tuberculosis.

TABLE 
19.7 Small Ruminant Herd Health Calendar.—cont’d

view of potential animal movement, is critical to disease preven-
tion and testing. These factors are magnified when working with 
nondomesticated animals.

Table 19.8 lists some of the production goals ideal for a sheep 
flock.

Milk Quality Assessment in Dairy 
Goats and Sheep
The goal for dairy animals is to produce quality milk as efficiently 
as possible. This is an area of utmost importance in a herd health 
evaluation. Management changes can affect milk production and 

quality very quickly. Milk quality assessment begins with the bulk 
tank reports and tests that the creamery sends to the producer. 
Most often, the processor will offer premiums above base price for 
milk components such as butterfat, protein, and solids, as well as 
for quality reflected in bacteria and somatic cell counts. Individual 
records will show which does are earning their spot in the milking 
string.

Bacteria count in the bulk tank sample is primarily a measure 
of sanitation. It is rare that individual mastitis infections will seri-
ously raise bacteria counts. If counts are elevated, the rate that the 
milk is been cooled needs to be checked, along with the cleaning 
system and procedures for cleaning the milking units. The tem-
perature of the water heater needs to be checked regularly to make 
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sure it is hot enough when used for cleaning. A visual inspection 
of hoses, pipelines, milking units, and bulk tank after cleaning is 
necessary. Correct any deficiencies, and if a high bacteria count 
persists, the milking equipment maintenance technician should 
be notified. Somatic cell counts are used to monitor milk quality 
for all dairy animals. There are state, national, and international 
standards that need to be met. Regulatory officials link somatic 
cell count levels to the incidence of clinical and subclinical masti-
tis in the herd. It is felt that high levels of bacteria in the milk will 
result in shorter shelf life and increase the chance of milk spoilage, 
causing human health issues. Goats normally have higher somatic 
cell counts than cows do as measured by the machines used to 
screen milk. Small ruminants secrete milk using an apocrine sys-
tem, resulting in the presence of cytoplasmic particles that can 
register as somatic cells. Also during the time of year when goats 
are cycling and declining in milk production, their cell counts are 
greatly elevated. CAE and CL will cause elevated counts not 
linked to mastitis. For these reasons, a dairyman will want to 
monitor cell counts (see Chapter 15).

Dairy Herd Improvement (DHI) tests are probably best at 
monitoring the whole herd. Individual does and ewes should be 
tested with the California mastitis test (CMT). This test involves 
placing an equal amount of milk and CMT solution in a test well, 
mixing and reading the degree of gel formation after 30 to  
45 seconds. This test is not very sensitive. Milk needs to have 
more than 750,000 cells to react, but it will identify problem 
mammary glands and may aid in determining if treatment is nec-
essary. The PortaSCC goat milk test is an owner-run test that is 
more accurate than the CMT in that it only measures white blood 
cells and seldom other particles. The test is interpreted by compar-
ing the test strip to a color chart (see Chapter 15). Another 
monitoring tool for mastitis control is to have routine bulk tank 
cultures taken. This test will give colony counts for both conta-
gious and environmental forms of mastitis. The number of colo-
nies can be correlated to the number of goats or ewes infected 
with a particular type of organism. The test is never negative as 
there are always some environmental bacteria, but it designates 
acceptable, moderate, and high levels for each class of bacteria. 
This allows the producer and/or consulting veterinarian to estab-
lish goals to improve udder health. Individual mastitis cultures 
with a sensitivity test should be run periodically to allow for a 
rational selection of the appropriate antibiotic used as a treatment 
in the herd. This also allows the correct dry treatment to be used 
if necessary. Many types of bacteria can be cultured from milk.

Bacteria causing mastitis are divided into contagious and envi-
ronmental groups. Contagious mastitis in goats is mainly limited 
to Staphylococcus aureus and Mycoplasma spp. During milking, 
contagious organisms easily spread from animal to animal via 
hands or milking equipment. Environmental mastitis encom-
passes all bacteria that can invade the udder from where lactating 
animals are housed or kept, or that occur naturally on their skin. 
When contagious mastitis shows up, prompt action is required to 
prevent a small problem from quickly growing into an immense 
problem putting your dairy at risk of failure. Mycoplasma comes 
in a variety of species. It is untreatable at present time by any ap-
proved products. Identification of infected individual goats 
through culture is important. A culture of pooled samples of  
10 animals can lower the cost but will prolong the time needed to 
identify infected animals. When a ewe or doe is identified with 
Mycoplasma mastitis, she needs to be removed from the milking 
group, either culled or kept in isolation, if she is a valuable animal. 
S. aureus–infected dairy animals must be identified and either 
culled or segregated. Identification can be made by culture,  
S. aureus polymerase chain reaction test, or by a technology called 
matrix-assisted laser desorption ionization–time of flight. This 
enables a faster identification of bacteria based upon detecting 
unique protein profiles of individual bacteria. If there are too 
many infected animals, it will be difficult to cull them all; they 
should be identified with leg bands, either be milked as a final 
group or have a designated milking machine that is used only on 
S. aureus goats. Remember the hands of the person milking can 
be the vector for spreading S. aureus. Gloves should be used so 
they can be sanitized or disposed of after handling infected goats 
or ewes.

Most environmental mastitis organisms are treatable. About 
85% of mastitis cases are caused by a skin bacterium, Staphylococ-
cus epidermidis. Rarely does it cause inflammation but will cause 
one-half of the udder to atrophy and gradually cease to lactate. 
This organism is responsible for most of the elevation of bulk tank 
cell counts. It is often identified as a “coagulase negative staph” on 
culture reports and must be differentiated from S. aureus, a “co-
agulase positive staph.” It is treatable if identified early. If not, it 
will cause fibrosis of the gland and that half of the udder will not 
milk during future lactations.

Milking ewes and does can be treated by intramammary infu-
sion like a cow. An alcohol wipe is used to sanitize the end of the 
teat, after which the tip of the infusion tube is partially inserted. 
Opening the teat canal with your thumb and forefinger may help 
start the tube into the canal. Infuse the entire tube as it is con-
taminated and a partial tube will transmit the organism to the 
next goat. Milking goats or sheep with a history of mastitis or 
chronic somatic cell count should be dry treated with an appro-
priate product as identified by culture and sensitivity tests. Ani-
mals without mastitis should not be dry treated as the infuser tip 
will cause damage to the keratin plaques lining the teat orifice and 
canal. These structures form a natural barrier to bacterial invasion, 
and removing them with the cannula may invite infection. Mas-
titis is further divided into groups, by degree of severity, into 
peracute, acute, clinical, and subclinical. Subclinical mastitis is 
detectable but does not make the goat systemically ill. Treatment 
of mastitis is often frustrating, so the priority should be preven-
tion. Use appropriate milking protocols. Udder cleanliness prior 
to and after milking is important and pre- and post-dips can be 
effective. In particular, a post-dip should remain on the teat  
end until the orifice closes to prevent bacterial invasion. If envi-
ronmental mastitis is a problem, a pre-dip is recommended. If 

TABLE 
19.8 Production Goals in Sheep.

Pregnancy

Ewes
Ewe lambs

More than 95%
More than 75%

Visible abortion Less than 5%

Lambing

Ewes
Ewe lambs

More than 90%
More than 70%

Stillbirths Less than 2%

Weaning More than 95%
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contagious mastitis is a problem, then a post-milking dip is rec-
ommended. It is preferable if the person milking wears disposable 
gloves, as the hands are a good source of bacteria (see Chapter 15).
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20
Field Necropsy and 
Diagnostic Tests
HEATHER WALZ, JENNY POPE, AND DAVID G. PUGH

Indications for postmortem examination vary with each individ-
ual owner or producer. Finding a cause of death can assist with 
future treatment and culling decisions, help with dietary and 
nutritional modifications for the herd, and initiate a search for 
toxins like toxic plants in the area. Additionally, for some sheep 
and goat clients, there is an emotional attachment, and finding 
the cause of death provides a sense of closure for the owner.

Postmortem examination can be equally rewarding and frus-
trating for veterinary practitioners and pathologists. Practitio-
ners and pathologists both have the common goal of identifying 
the cause of morbidity and mortality. However, the diagnostic 
process can be slower than owners and producers expect, and 
additional deaths may occur before initial test results can be 
completed. To prevent frustration, it is important for deaths in 
a herd to be investigated early on, as owners and producers oc-
casionally wait until multiple animals have died before submit-
ting the first animal for necropsy. To improve the diagnostic 
process, a clear line of communication should exist between 
owners, veterinarians, and the diagnostic laboratory. If a practi-
tioner does not know what tissues to submit, or what tests to 
request, calling or emailing a pathologist at the laboratory for 
recommendations ahead of time can help ensure a better chance 
of a diagnosis. Additionally, this communication can be helpful 
so that pathologists know the clinical signs, herd morbidity or 
mortality rate, and time period in which problems have arisen. 
Pathologists also appreciate clinical pathology data, physical 
examination findings, and digital photographs to help guide the 
diagnostic process. A brief description of the lesions observed at 
necropsy (simple descriptors are often better than interpreta-
tions) or a statement of no gross lesions observed is also helpful. 
Pathologists and practitioners have the same goal, which is to 
find meaningful and timely answers to explain sickness and 
death losses. Appropriate samples and pertinent information can 
make the difference in getting a diagnosis. Although there are 
diseases like tetanus for which a definitive diagnosis cannot be 
made at necropsy, necropsy can still be helpful for ruling out 
other causes of disease or finding supportive lesions. The clini-
cian may find complimentary information with respect to nec-
ropsy procedures in Chapter 20, Necropsy, by Dr. JF Roberts in 
the second edition of this text.24

A field necropsy can be performed similar to a laboratory 
necropsy, but the main objective is to leave the skin attached, 

and viscera within the body cavity for easier cleanup and dis-
posal. Elements needed for a successful gross necropsy examina-
tion include a thorough history, all necessary equipment, and  
a location conducive for performing a necropsy. Procedures for 
a field necropsy are much more challenging than performing a 
necropsy at a laboratory as laboratory necropsies have readily 
accessible utensils, necropsy tables, and easier methods of car-
cass disposal. The location of the field necropsy should be away 
from other animals, high-traffic areas, and areas where there can 
be human exposure. Performing the necropsy on a cement pad 
allows for easy cleanup if a water source is available. A tarp can 
also help contain bodily fluids. The capability of removing con-
taminated soil may be indicated if certain pathogens are later 
identified from necropsy samples. Veterinarians performing the 
necropsy should have maintain adequate rabies prophylaxis. 
The necropsy clinician should take all precautions and be cog-
nizant of other potential zoonotic diseases (e.g., goat/sheep 
placentas and fetuses after abortions caused by Chlamydia sp. 
and Coxiella sp.).

Personal Protective Equipment and 
Equipment for the Necropsy Procedure
In most instances, coveralls, boots, and gloves are sufficient for the 
necropsy examination. However, enhanced personal protective 
equipment (PPE) should be worn if handling fetal membranes or 
performing a necropsy on an aborted fetus. A face mask, protec-
tive eye goggles, and double gloving are recommended in these 
situations.

Recommended equipment:
•	 Rubber	or	synthetic	gloves:	wrist	or	mid-arm	length
•	 Tarp
•	 Permanent	marker
•	 Ruler
•	 Digital	camera	or	phone	for	photographic	documentation
•	 Bacterial	 culture	 swabs,	 portable	 culture	 tubes,	 synthetic	 or	

cotton swabs without bacterial growth media
•	 Leak-proof	 jars	 containing	 10%	 neutral	 buffered	 formalin:	

maintain a formalin to tissue ratio of . 103
•	 Boning	knife,	knife	sharpener,	polished	steel,	forceps,	scissors,	

loppers/rib cutter, hand saw, small hatchet
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•	 Disinfectant
•	 Scissors,	forceps
•	 Leak-proof	bags

Materials for Polymerase Chain Reaction, 
Bacterial Culture
•	 Submission	of	tissues	is	preferred	over	swabs.
•	 Swabs	with	wooden	shafts	are	contraindicated	for	polymerase	

chain reaction (PCR), as wood splinters can break off. Each 
laboratory prefers particular swab types (work with a local 
laboratory), and generally, synthetic swab materials are pre-
ferred for PCR. Viral transport media may be requested by 
some laboratories.

•	 Swabs	should	not	be	submitted	dry,	and	a	bacteriology	transport	
media	such	as	Stuarts	or	Amies	media	should	be	used	to	culti-
vate potential bacteria in the sample and to prevent desiccation.

•	 Twine—Tying	 off	 a	 segment	 of	 bowel	 with	 twine	 prevents	
gastrointestinal (GI) content spilling onto other tissues, and 
luminal content will be preserved.

•	 Whirl-Paks	(Manufacturer:	Nasco)	are	ideal	to	avoid	sample	leak-
age, but plastic baggies can be used by  double bagging  samples. 

General Recommendations 
for Sample Collection
The authors’ recommendations for sample collection are listed 
here, with more detail available in each section throughout the 
necropsy procedure and in Table	20.1. Collection of all main tis-
sues, placement in formalin, and submission for histopathology, 
regardless of presence or absence of gross lesions, are recom-
mended to ensure the best chance of a diagnosis. Collection of 
any additional tissues that are considered abnormal and submis-
sion for histopathology should also be done. Tissues submitted for 
histopathology	 should	 be	 less	 than	 1	 cm	 (0.5	 cm	 is	 recom-
mended) sections to permit full tissue fixation. Fixation of tissues 
is recommended prior to submission to prevent autolysis, which 
may prevent detailed assessment. Aside from tissues submitted for 
histopathology, which can be submitted in a single jar containing 
10%	formalin,	other	tissues	should	be	submitted	in	separate	bags	
or containers. Collection of ocular fluid (both aqueous and vitre-
ous), large pieces of liver and kidney, and rumen contents is neces-
sary for toxicology/mineral testing. Aqueous and vitreous humor 
are often used as approximation for blood levels. Collection of 
spleen, lung, liver, kidney, small intestine, half of the brain, and 

TABLE 
20.1 Routine Sample Submissions for Necropsiesa.

Test Section Samples Potential tests

Histopathology Fixed tissue

Any abnormal tissue, lung, liver, kidney, heart, brain, spleen,  
gastrointestinal segments (rumen, abomasum, small intestine  
[multiple including ileum], colon), ileocecal lymph node

Microscopic examination

Bacteriology Fresh tissue

Lung, liver, kidney 6 other tissues with concern for infection: 
intestine/colon, spleen, brain, lymph node, joint fluid, mammary  
gland, skin, base of antler/horn

Aerobic culture
Anaerobic culture

Fresh Tissue Submission for Cultures Requiring Special Media/Preparation

Liver, mediastinal lymph node, intestine 
Ileum, ileocecal lymph node 
Brainstem
Rumen, lung, other

Salmonella
Johne’s
Listeria
Fungal

Molecular/Virology Fresh tissue

Spleen, lung, liver, kidney, brain, small intestine
Ear notch
Oral/muzzle/teat lesions consistent with contagious ecthyma

PCR for viral testing, PCR for mycoplasma, 
Johne’s disease

BVD ELISA
FA/PCR for parapoxvirus

Serology Serum (red top tube) CAE, OPP

Toxicology Fresh tissue/feed

Liver
Kidney
Rumen contents
Aqueous humor
Vitreous humor
Feed

Selenium, copper
Arsenic, lead
Insecticides, cyanide, pH
Nitrate, ammonia
Magnesium, calcium
Mycotoxins, ionophores, botulism

BVD, Bovine Viral Diarrhea virus; CAE, Caprine Arthritis and Encephalitis; ELISA, enzyme-linked immunosorbent assay; FA, Fluorescent Antibody; OPP, ovine progressive pneumonia; 
PCR, polymerase chain reaction.
aCan vary between diagnostic laboratories, so calling ahead will ensure appropriate sample submission.
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ear notch are necessary for PCR/virology testing. Collection of 
lung, liver, kidney 6 spleen, intestine, brain, or other potentially in-
fected organs are recommended for culture. Collection of feces is rec-
ommended	for	a	McMaster’s	egg	count.	Collection	of	serum	is	recom-
mended for serologic tests and can be collected from blood present 
when cutting the jugular veins in the neck or from the heart.

Necropsy Procedure
Positioning of the animal can vary based on preference of the  
examiner; however, it is best to position each species of animal the 
same way every time a necropsy is performed. Generally, there is a 
preference for ruminants to be in left lateral recumbency to pre-
vent the rumen from obstructing the view of tissues and organs.

External Examination
External examination encompasses evaluation of the eyes, ears, oral 
cavity, dorsal and ventral aspects of the tongue, perineum for evi-
dence of diarrhea, mammary gland, external genitalia, joints, and 
feet.	Body	condition	of	the	animal	and	state	of	preservation	should	
be recorded for each necropsy. Documentation of animal identifi-
cation	numbers,	including	state	(chronic	wasting	disease	[CWD],	
depending on each state) and federal ID numbers (scrapie), is es-
sential. Any lesions found externally on the animal should be 
documented and photographed. A careful external examination 
may be the only chance for a diagnosis of conditions like lightning 
strike (singed hair) or documentation of supportive lesions for a 
diagnosis of tetanus (wounds). If erosions or vesicular lesions are 
found in the oral cavity, on the lips or muzzle, around the eyes or 
feet, and coronary bands, photographs and a full history should be 
shared with the local diagnostic laboratory and/or the state veteri-
narian or state animal health representative. If regulatory officials 
believe it is warranted, collection of vesicular fluid in a tube, swab-
bing a vesicular lesion, or collecting tissue-containing vesicles may 
be performed by the state veterinary authorities or a veterinary 
medical	officer	with	the	U.S.	Department	of	Agriculture	(USDA).

Skin
Collection of ear notch samples from sheep and goats for bovine viral 
diarrhea	virus	(BVDV)	is	recommended.	Antigen	capture	enzyme-
linked	 immunosorbent	 assay	 (ELISA)	 testing	 on	 deer	 ear	 notch	
samples has been not been validated for use in white-tailed deer.1

Ocular Fluids
Collect aqueous and vitreous samples at this time and place them 
in labeled red-top tubes. Aqueous samples can be submitted for ni-
trate testing, or testing can be done on site with the water-quality 
test strips used for pools, which are readily available. Calcium, 
potassium, sodium, and magnesium levels can be evaluated in 
vitreous samples. Other tests that can be performed on ocular 
fluids, dependent on the specific laboratory, include evaluation of 
electrolytes, urea nitrogen, and ammonia nitrogen.2

Mammary Tissue
Assess the mammary glands for color, symmetry, and presence of 
milk. Cut into the mammary tissue and assess again for color, 
texture, presence of fibrosis, as well any changes to the milk and 
submit	for	culture	as	needed	(see	Chapter	15).

Antlers and Horns
Assess antlers and horns for fractures and any changes to the  
surrounding tissue. If dehorning is recent, carefully assess these 
areas for extension through the skull.

Musculoskeletal System
Assess joints for swelling, particularly in neonates. Remove  
synovial fluid with a needle for culture if bacterial infection is 
suspected and cut into multiple joints (particularly the carpus and 
tarsus) to assess for the presence of fibrin, pus, and excess fluid, as 
well as the color and viscosity of fluid. There may also be swelling 
in goats or sheep with chronic lentiviral arthritis.3 Collection of 
synovium for histopathology, culture, and PCR for mycoplasma 
is recommended if there is pus or fibrin in the joint. Cut into 
muscles to assess for necrosis or mineralization associated with 
diseases like capture myopathy in deer,4 vitamin E/selenium defi-
ciency, or plant toxicities like Senna spp. Assessment of muscula-
ture over the spine can help determine the potential for trauma in 
ataxic animals particularly if the spinal cord cannot be removed 
(see	Chapter	11).

Reflection of the Limbs and Removal of Skin and 
Subcutis
For animals in left lateral recumbency, begin by incising the axil-
lary region, pulling the leg upward, while simultaneously cutting 
and reflecting the right forelimb dorsally until the limb lies on the 
ground	 above	 the	 animal.	 Similarly,	 incise	 the	 right	 inguinal	 re-
gion, cut through the right coxofemoral joint, incise the round 
ligament of the femur, and transect musculature while pulling the 
leg upward then dorsally until the limb has been reflected above 
the animal. Figure	20.1 shows the right front limb of a deer re-
flected and a focally extensive region of hemorrhage in the subcutis 
of the neck associated with epizootic hemorrhagic disease (EHD). 
Dissect skin and subcutis and associated musculature from the 
right axilla moving caudally to remove skin over the thoracic wall, 
continue to dissect skin and subcutis of the right body wall to con-
nect to the incised area of the right femur. Reflect skin of the 
thorax and right body wall upward and continue to the level of  
the vertebrae to extend the dissected skin dorsally to lie above the 

• Fig. 20.1  Deer with the right leg reflected dorsally. Skin and subcutis 
have been dissected and removed. Ventral cervical hemorrhage is also 
present, and this corresponds with polymerase chain reaction detection of 
epizootic hemorrhagic disease virus for this case. (Courtesy Kelley Steury, 
Auburn, AL.)
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animal. This is also a good time to assess the subcutis for color 
changes such as yellowing (icterus) associated with hemolytic dis-
ease and to assess the blood for thinning (anemia) or color changes 
such as those associated with nitrate toxicity (chocolate blood).

Oral Cavity
Evaluate the teeth for wear and breakage, pull the tongue laterally 
and expose the dorsal and ventral surfaces to evaluate for vesicles, 
erosions, and ulcers. Cut at the lateral commissures of the mouth 
and extend the skin caudally and dorsally to evaluate the buccal 
region for abscesses or foreign bodies entrapped within the  
mucosa. Figure 20.2 shows a buccal abscess in a white-tailed deer. 
Continue cutting the skin and underlying musculature so the base 
of the tongue can be evaluated (see Chapter 4).

Exposing the Larynx, Esophagus, and Trachea
Bilaterally	 remove	 the	 skin	 and	 subcutis	behind	 the	 jaw	 to	 the	
thorax, extending caudally to the level of the thoracic inlet.  
Bilaterally,	 dissect	 lateral	 and	 dorsal	 to	 the	 larynx	 and	 cut	 the	
larynx, trachea, and esophagus. For a field necropsy, the pluck 
does not have to be removed, and incising the larynx, trachea, 
and esophagus in situ to the level of the thoracic inlet is accept-
able. If the veterinarian prefers to have the entire pluck removed 
during the procedure, cut the hyoid bones, forming a V-shape on 
both sides, then connect this cut with the incisions being made 
caudally along the lateral aspects of the pharynx. Continue  
simultaneously cutting and pulling the tongue, trachea, esopha-
gus, and associated musculature caudally until the soft tissue has 
been cut to the thoracic inlet, and free the lateral and dorsal as-
pects	of	the	esophagus	and	trachea.	Leave	the	trachea,	esophagus,	
larynx, pharynx, and tongue and place aside until the thoracic 
cavity is ready to be opened. Evaluation of cervical lymph nodes 
for lesions of caseous lymphadenitis (crumbly or pasty white 
material in lymph nodes) caused by Corynebacterium pseudotu-
berculosis and collection for culture are best completed at this 
step as well. Assessment for lymph node enlargement and cutting 
into	 the	 lymph	 node	 will	 give	 the	 most	 information.	 Lymph	
nodes should have a smooth homogenous texture and slight 
color variation between the cortex and medulla. Evaluation of 
the thyroid glands, particularly size, is recommended at this step, 
especially in fetuses or neonates, which are susceptible to goiter 
(see Chapter 4 and 9).

Opening the Abdominal Cavity
Gently incise the musculature along the caudal aspect of the last 
rib by making a superficial dorsal-to-ventral incision, being  
careful not to cut into the abdominal viscera. Extend the incision 
from the dorsal thoracic vertebral region to the midventral  
abdominal cavity, then course caudally then dorsally again to free 
the musculature and fascia overlying the abdominal wall and re-
flect this layer of musculature dorsally. Evaluate the abdominal 
contents and look for displacements, obstructions, areas of discol-
oration, fibrin or feed covering abdominal viscera, the volume and 
character of abdominal fluid, and the overall color of the visceral 
organs and incised musculature. Abomasal rupture due to Clos-
tridium septicum (braxy) or Sarcina-like bacteria5 can occur, and 
anaerobic culture and microscopic examination, respectively, are 
required for identifying the exact cause. Reddening, coating with 
fibrin, and thickening of the abomasal wall with edema is consis-
tent with premortem rupture. Figure 20.3 depicts a goat with pale 
viscera and musculature. Check the fat reserves around the kid-
neys and intestine and evaluate the size of the liver for atrophy. 
Weighing	the	liver	is	a	nonsubjective	method	to	assess	liver	size,	
but this is primarily feasible when a necropsy facility is available. 
A prominent looking gallbladder is a good indicator of hepatic 
atrophy.

Opening the Thoracic Cavity
Evaluate the abdominal side of the diaphragm to ensure that there 
is no evidence of a diaphragmatic hernia, gastric displacement or 
rupture, or nodular thickening of the diaphragm as can be found 
with parasitic diseases. Figure 20.4 shows larval cestodes present 
in the diaphragm of a wild white-tailed deer. Incise the diaphragm 
and listen carefully for negative pressure. Cut the ribs with rib 
cutters moving caudally to cranially along the dorsal and ventral 
aspects of the ribs, then connect the two cuts at the thoracic inlet 
while avoiding cutting into the trachea. Pull the ribs off and set 
them on the ground. Evaluate the parietal pleura covering the rib 
cage, taking note of any adhesions, how difficult the adhesions are 
to remove, areas of hemorrhage, or presence of exudate. Evaluate 
the amount and character of thoracic fluid, amount and character 
of thymic tissue located cranially within the thoracic inlet (or also ex-
tending to the ventral cervical neck region), lungs, tracheobronchial 

• Fig. 20.2  Deer with buccal abscess. • Fig. 20.3  Goat with pale musculature and viscera. The striped appear-
ance of the liver capsule is secondary to compression by the overlying 
ribcage. (Courtesy Kelley Steury, Auburn, AL.)
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lymph nodes, heart, and pericardium, including any evidence of 
pericardial distention. Figure	20.5 shows hydropericardium in a 
deer with abundant abomasal Haemonchus spp. Evaluate the sero-
sal aspects of the esophagus and trachea, thoracic aorta, and tho-
racic side of the diaphragm. Evaluate the amount of epicardial fat 
and whether the fat is gelatinous (serous atrophy). Epicardial fat 
is replaced by gelatinous material in Figure 20.6. If there is serous 
atrophy of epicardial fat and reduction in visceral fat, bone mar-
row fat should be evaluated for serous atrophy, which is important for 
establishing the chronicity of negative energy balance. Figure 20.7 
shows no fat within the marrow cavity of this adult goat,  
only gelatinous material. The general color of the carcass is also 
important, as pale viscera, pale musculature, and pale gums are 
often indicative of anemia associated with endoparasitism or  
yellowing of the carcass can be associated with hemolytic disease 
like that from copper toxicity.

If loppers/rib cutters are not available, assessment of the tho-
racic cavity can still be completed. Incise the diaphragm as de-
scribed earlier and reach into the thoracic cavity as far as possible 
to cut the trachea and esophagus. Once this is completed, peel the 
lungs and heart out through the diaphragm, cutting as necessary.

Thoracic Cavity
After performing a full evaluation for lesions within the thoracic 
and abdominal cavities, some pathologists and practitioners prefer 
to collect tissues for bacteriology and virology prior to removing 
viscera to decrease the number of surface bacteria on samples sub-
mitted for testing. First, remove and collect thoracic specimens, 
and then collect fresh tissues from abdominal visceral organs, 
leaving evaluation of the GI tract for last. If concerned about 
airway-associated bacterial disease, collecting the right cranial  
ventral lung for bacterial culture is indicated, especially if there is 
evidence of pulmonary discoloration, a firm to meaty consistency, 

• Fig. 20.4  Wild, white tailed deer, diaphragm. Multifocal to coalescing, 
smooth nodules expand the diaphragm. Histologic findings were consis-
tent with larval cestodiasis. (Specimen submitted by Terry Slaten, Hancev-
ille, AL.)

• Fig. 20.5  Goat; pericardium is distended by clear, pale yellow fluid (hy-
dropericardium) and there is serous atrophy of epicardial fat. (Courtesy 
Travis Heskett, Auburn, AL.)

• Fig. 20.6  Pericardial fat has been replaced by clear gelatinous material 
(serous atrophy of fat).

• Fig. 20.7  Goat; bone marrow is replaced by yellow gelatinous material 
(serous atrophy). (Courtesy Travis Heskett, Auburn, AL.)
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fibrin along the visceral pleura of the lungs, as in Figure 20.8, or if 
pleural adhesions were evident on the rib cage. If the history warrants 
concern about sepsis or embolic pneumonia, collecting lung from the 
caudal	lung	lobes	may	be	indicated.	Lungworms	can	also	form	small	
nodules in the caudal lung lobes, so this may be a good area to collect 
if these are a concern. Collection of lung samples should not be from 
the peripheral aspects of the lung, and every attempt should be made 
to collect pulmonary tissue with major airway, as ample respiratory 
epithelium will be present in these samples. In addition, infec-
tious agents causing pneumonia (Mycoplasma spp., respiratory 
viruses, and bacterial agents such as Pasteurella multocida, Trueper-
ella pyogenes, Bibersteinia trehalosi, and Mannheimia haemolytica) 
will	have	major	airway	involvement.	Sampling	at	the	junction	of	
normal and abnormal tissue will give the most active part of the 
lesion. Also note whether the pieces of lung sink in formalin as 
this can help document the extent of the pneumonia. If abscesses 
are noted, especially in deer, lung should be submitted for myco-
plasma PCR (Figure 20.9).	Some	laboratories	may	accept	swabs	
or respiratory mucus for mycoplasma PCR, but lung tissue is 
recommended, as multiple tests can be performed on tissue while 
the sample volume for swabs can be limiting. If pulmonary nod-
ules suggestive of tuberculosis are found, the level of PPE being 

worn during the procedure should be increased, and the bacte-
riology laboratory should know in advance both for biosafety  
concerns and to select appropriate media. Tissues collected for 
bacteriology preferably should be collected with cold disinfected  
or autoclaved instruments, and organ and tissue sections approxi-
mately 3 cm diameter should be submitted to enable the labora-
tory to sear the tissue and sample the central aspect of the lesion. 
Fungal culture is indicated in some captive white-tailed deer nec-
ropsies but may be encountered in other small ruminants. These 
cases often have green to yellow exudate that has been walled off 
in a thick layer of fibrous connective tissue affecting one lung 
lobe, as in Figure	 20.10. Refrigeration can kill fungi, but pro-
longed time at room temperature or above can allow for over-
growth of bacteria, which can compete for and outgrow fungi on 
media. If abscesses or dark gray to brown fluid are found, as in 
Figure	20.11,	anaerobic	culture	may	be	warranted.	Some	of	the	
pulmonary isolates from cases of deer pneumonia have identified 
anaerobes. Reports of pneumonia in captive deer have identified 
Fusobacterium varum and Fusobacterium necrophorum with differ-
ent antimicrobial sensitivity patterns.6

• Fig. 20.8  Deer with pleuropneumonia. Lungs are consolidated with mul-
tifocal hemorrhages. There is abundant yellow fibrin on the visceral pleura 
of the lung. Reddened, translucent thoracic fluid is also present. (Courtesy 
Kelley Steury, Auburn, AL.)

• Fig. 20.9  Deer with multifocal, discrete yellow to tan abscesses ran-
domly distributed throughout the pulmonary parenchyma.

•  Fig. 20.10  Deer; cut section of lung with yellow to green areas and 
abundant fibrosis due to a fungal granuloma. (Courtesy of Kelley Steury, 
Auburn, AL.)

• Fig. 20.11  Deer; incising a large fluctuant pulmonary abscess revealed 
copious amounts of thin brown fluid with multiple large aggregates of  
fibrin. (Courtesy Kelley Steury, Auburn, AL.)
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Cranial mediastinum and heart
Evaluation of the thymus should be performed before there is 
further dissection, followed by collection of thymus for virology 
or PCR and histopathology. Any enlarged lymph nodes in the 
thoracic cavity should also be noted and collected for virology, 
PCR, and histopathology. Evaluate the pericardium and carefully 
incise and evaluate the amount and consistency of pericardial 
fluid before the content escapes from the pericardial sac. Evaluate 
the epicardium for evidence of hemorrhage, pale regions, fibrin, 
or exudate. Epicardial hemorrhage in deer is often associated with 
EHD virus (EHDV), but PCR testing is necessary for a confirma-
tory diagnosis. Prominent epicardial hemorrhage is found at  
the base of the heart in Figure	20.12. If removing the pluck, the 
tongue, trachea, and esophagus can be removed by cutting and 
pulling caudally simultaneously while extending cuts to the dorsal 
aspect of the thoracic wall to include the aorta and thoracic  
portions of the trachea and esophagus to the level of the dia-
phragm. The same approach should be taken to cut ventral lung 
attachments, free the heart, and cut the lungs ventrally to the dia-
phragmatic surface. Finally, cut the caudal lung attachments from 
the thoracic wall and diaphragm and transect the trachea and 
esophagus on the cranial side of the diaphragm. Pull the pluck out 
of the thoracic cavity and place on a nearby surface to evaluate. 
Collect additional tissue from the left lung lobes that were previ-
ously unexposed if indicated. If there is evidence of bronchopneu-
monia, estimate the percent consolidation and make a note in the 
report. This will help determine if pneumonia was the cause of 
death or if an early case of pneumonia was detected. After evaluat-
ing the pharynx and larynx, incise the esophagus to the terminal 
aspect. Evaluate the mucosa for vesicles or ulcers and a bloat line. 
As frothy bloat dissipates over time, this may be the best chance 
for a diagnosis of bloat in some cases. Now incise the trachea to 
the terminal aspect and evaluate for reddening, froth, or exudate 
in tracheal lumen. Figure	20.13 shows the opened distal trachea 
of a deer with fungal tracheitis. Follow the trachea along its length 
to the tracheal bifurcation, mainstream, and bronchi and con-
tinue to incise along major airways until the terminal aspects of 
the airway are reached. This is especially important due to the 
potential for lungworms. Foam in the trachea and wet, heavy 
lungs indicate pulmonary edema, which can occur with many 
different diseases (see Chapter 7).

Now evaluate the heart, following the flow of blood originat-
ing from the caudal vena cava to the right atrium, right ventri-
cle, right atrioventricular (AV) valve, and chordae tendineae.7 
Transect the moderator band (trabecula septomarginalis), then 
cut the rostral wall of the right ventricle, and follow the  
pulmonic outflow tract and associated pulmonary valve, and 
pulmonary artery.7 Evaluate the ductus arteriosus in neonates; 
follow the intrapulmonary branches of the pulmonary artery 
and pulmonary vein going back to the heart.7 Open the left 
atrium; examine the interatrial septum, foramen ovale, and left 
AV valve; and cut the left ventricle from the base to apex of the 
free wall.7 Evaluate the left AV valve, cut chordae tendineae and 
follow the left ventricular outflow tract to the aortic valve and 
aorta.7 It is critical to evaluate the interventricular septum for 
ventricular septal defects and to evaluate for a patent foramen 
ovale	 in	 neonates.	 Several	 sections	 from	 the	 right	 and	 left	
ventricular free walls, which include papillary muscle, and  
interventricular septum should be submitted for microscopic 
examination.	 Sections	 for	 histopathology	 should	 include	 the	
epicardium, myocardium, and endocardium. Heart is not typi-
cally submitted for routine culture and virology/PCR, but this 
varies for each individual case and is dependent on the clinical 
history and gross necropsy lesions. For cases with grossly evident 
heart lesions such as endocarditis, bacterial culture of the lesion 
and adjacent endocardium and myocardium at the edge of the 
lesion can identify the specific etiology. Identifying the same 
type of bacteria from lesions found in several locations can be 
helpful to help determine the underlying source of entry in 
some cases. This deer with vegetative valvular endocarditis  
(Figure	20.14) also had a fractured antler with thick yellow pu-
rulent exudate in multiple areas of the subcutis under the antler, 
behind the eye, and within the musculature behind the optic 
nerve. As the same bacteria were isolated in both locations, 
fighting with other bucks was considered the likely initiating 
cause of the antler fracture leading to antler infection, bactere-
mia,	and	endocarditis	(see	Chapter	17).

Liver
Evaluate the liver for symmetry, rounded edges or borders, overall 
color, and areas of discoloration or nodules. Generalized color 
changes can indicate anemia (pallor), acute right sided congestive 
heart failure (dark red), or lipidosis (yellow). Repetitive patterns 

• Fig. 20.12  Deer; multifocal petechial hemorrhages present at the base 
of the heart. This deer tested positive for epizootic hemorrhagic disease, 
but Clostridial enterotoxemia and sepsis can be differentials for these  
lesions. (Courtesy Kelley Steury, Auburn, AL.)

• Fig. 20.13  Distal trachea of a captive white-tailed deer is reddened, and 
the tracheal mucosa is covered by nodular aggregates of tan exudate. 
(Courtesy Kelley Steury, Auburn, AL.)
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of light and dark often referred to as nutmeg liver can also  
indicate chronic right-sided congestive heart failure or targeted 
necrosis. If lesions are found, sampling the junction of the lesion 
and normal parenchyma for culture and histopathology are indi-
cated.	Sampling	multiple	lobes	is	recommended	for	microscopic	
examination. Nodular lesions that appear to be an abscess or area 
of necrosis should be submitted for both aerobic and anaerobic 
culture (evaluating for T. pyogenes and F. necrophorum), especially 
in captive deer, which are inclined to have ruminal hyperkeratosis, 
ruminal dysbiosis, and rumen acidosis when fed grain-based diets. 
Additionally, irregular nodular enlarged livers with areas of black 
pigment should be submitted for anaerobic culture as death could 
be due to Clostridium novyi associated with migrating flukes. 
Nodular lesions found in the livers of goats and sheep can have a 
variety of etiologies, but Figure	 20.15 shows Rhodococcus equi 
infection in a goat with discrete nodules in the lung and liver. 

Liver	 and	 mediastinal	 lymph	 nodes	 (also	 intestine)	 are	 good	
samples for Salmonella culture, and this is recommended for all 
species, but particularly deer. The major vessels of the liver should 
be incised, and the entire liver should be serially sectioned. Assess 
the texture of the liver on the cut section (not through the cap-
sule).	Moderate	 pressure	 of	 the	 fingertips	 should	 go	 through	 a	
normal liver. If similar results occur with light pressure, this could  
indicate autolysis, necrosis, or lipidosis. If increased pressure is 
required, this can indicate fibrosis. Autolysis can result in gas 
bubbles in the liver, and these should not be mistaken for a sig-
nificant lesion. If the cause of death is not apparent, or there is a 
concern	about	toxicity,	a	large	Whirl-Pak	bag	should	be	filled	with	
liver until approximately two thirds full and held for toxicology 
testing. In cases of acute hepatic necrosis, there may be no easily 
discernable gross lesions. Copper, zinc, and selenium require liver 
for	analysis.	Smaller	section(s)	of	liver	(1.0–1.5	cm	or	less	to	fa-
cilitate tissue homogenization) should be held for virology/PCR. 
Proceed to evaluate perihepatic lymph nodes and the gall bladder. 
Liver	 can	 also	 be	 an	 excellent	 sample	 to	 evaluate	 for	 viral- 
associated lesions. This was particularly noteworthy in several 
cases	of	malignant	catarrhal	 fever	(MCF)	found	in	captive	deer.	
Of	the	numerous	positive	MCF	cases	evaluated,	portal	hepatitis	
was consistently found. Other tissues with lesions included  
kidney, lung, and brain.

Spleen and Lymph Nodes
Pull the rumen and forestomachs dorsally and locate the spleen 
attached	to	the	ventral	portion	of	the	rumen.	Spleen	is	the	ideal	
tissue	sample	for	viral	diseases,	including	BVDV,	bluetongue	(BT)	
virus, and EHDV. Capsular splenic hemorrhages can be sugges-
tive	of	EHDV,	BT,	and	clostridial	enterotoxemia	but	most	often	
corresponds	with	EHDV	in	areas	of	the	United	States	with	a	high	
incidence (Figure	 20.16). For sheep and goats, spleen, thymus, 
and lymph nodes are needed to test for most viral diseases and 

• Fig. 20.14  Deer buck with vegetative valvular endocarditis on the right 
atrioventricular valve leaflets.

• Fig. 20.15  Goat liver. Rhodococcus equi was isolated from the liver of 
this goat, and histopathology identified multiple pyogranulomas with intra-
cellular, pleomorphic gram positive rods. (Courtesy of Travis Heskett,  
Auburn, AL.)

• Fig. 20.16  Fawn spleen with multifocal capsular hemorrhages. This fawn 
was positive for epizootic hemorrhagic disease virus (EHDV), and both 
young and adult deer are susceptible to EHDV. (Courtesy Kelley Steury, 
Auburn, AL.)
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some	bacterial	diseases.	Splenic	enlargement	can	be	found	with	a	
variety of causes, including barbiturate euthanasia, salmonellosis, 
hemolytic disease, and babesiosis.8	Mesenteric	lymph	nodes	often	
appear enlarged in young animals due to antigenic stimulation 
rather than disease but should still be submitted. Enlarged mesen-
teric lymph nodes in an animal with poor body condition may be 
indicative of Johne’s disease caused by Mycobacterium avium sub-
species paratuberculosis and can provide a diagnosis particularly if 
the intestinal tract is poorly preserved. Collect lymph nodes for 
bacterial culture, PCR, and histopathology, particularly if abnor-
mal	(see	Chapter	16).

Urogenital System
Prior to removal of the kidneys, evaluate the ureter for dilation, 
trace caudally, then incise and evaluate the mucosal surface. The 
right kidney is accessible when the animal is in left lateral recum-
bency, and the kidney will be visible following dissection through 
the dorsal perirenal fat behind the liver. The GI tract should be 
pulled dorsally and reflected over the spine to allow for removal 
and evaluation of the left kidney. Note the color of the kidney. A 
“gun metal” gray kidney may point to copper toxicity. Kidneys are 
susceptible to autolysis, particularly in overweight or obese ani-
mals, which can affect color and texture. Assess for perirenal 
edema, which may indicate acute renal necrosis due to toxins like 
oak.	 Serous	 atrophy	 of	 fat	 can	 have	 a	 gelatinous	 appearance	 and	
should not be confused with perirenal edema. Remove the renal 
capsule, noting if it is difficult to remove in the necropsy report. In-
cise the kidney along the long axis and then evaluate cortex to pelvis. 
Submit	 a	 section	 of	 kidney	 (1	 cm	 or	 less)	 for	 virology/PCR,	 a	 
2- to 3-cm section for bacteriology, and provide a capsular to 
pelvic	section	of	kidney	for	histopathology	ideally	0.5	cm,	but	less	
than	1	cm	thick.	The	pelvis	is	often	overlooked	and	is	important	
to evaluate for ascending infections, tubular mineralization, and 
toxicities. The cortex is important to evaluate for toxicities includ-
ing copper and oxalates as well as for glomerular disease.  
Figure	20.17 shows white to tan nodular foci in the renal cortex 
of a deer kidney. Histologic evaluation of kidneys with culture is 
often rewarding in deer because does with no clinical signs can 

have	 severe	 ascending	 pyelonephritis.	 MCF	 may	 demonstrate	
systemic lesions in white-tailed deer, but the kidneys, liver, lungs, 
and brain seem to be targets for perivascular lymphoproliferation 
and vasculitis with occasional intranuclear viral inclusion bodies 
(based on histologic examination of a captive deer farm with an 
approximately	 40–50%	 mortality	 rate).	 The	 remaining	 renal	 
tissue not submitted for other tests should be submitted for toxi-
cology as kidney is required for heavy metal analysis like lead and 
arsenic. Evaluate the urinary tract by examining the serosal surface 
of the urinary bladder and following the ureters to the kidneys. 
Urinary bladder is a dynamic organ, and the thickness of the wall 
can vary depending on distention with urine. A full distended 
urinary bladder with serosal or mucosal color changes (red to 
black) can indicate urinary blockage.

Evaluate the urinary bladder and collect urine if indicated for 
culture or toxicology testing. The color of the urine (red brown to 
brown) can help determine the potential for capture myopathy, 
copper toxicity, or other hemolytic diseases. Quantifying com-
pounds to determine if a deer died from excess anesthetic admin-
istered by dart or if there was an adverse reaction to anesthetic 
may be requested despite our inability to provide a clear answer in 
these cases. A few laboratories perform illicit drug testing on  
tissues and urine, and it is always beneficial to call in advance to 
make sure you have the correct samples saved. Finally, evaluate the 
urinary bladder for uroliths. If uroliths are present in the urinary 
bladder or there are other changes as described previously, evalu-
ate the urethra, particularly the penile urethra at the sigmoid 
flexure	 and	 vermiform	 process	 for	 presence	 of	 uroliths.	 Submit	
uroliths from any location in the urogenital tract for analysis to 
determine if they are diet related, as is typical, or if they could be 
due to excess minerals, particularly calcium from a water source.

Causes of death associated with genital tract lesions are  
typically related to urinary blockage in bucks, rams, or wethers or 
endometritis, pregnancy toxemia, or dystocia in does and ewes. 
However, evaluation of testicles in bucks and rams may be war-
ranted for farms having problems with infertility or screening for 
agents like Brucella ovis. Death due to hemorrhage following cas-
tration can occasionally happen, and hemorrhage can occur in the 
scrotum or abdomen depending on retraction of the vessel. In 
pregnant does or ewes, measurement of the fetus or fetuses and 
determination of sex is recommended even if not determined to 
be the cause of death as this may be of interest to the owner. Ad-
ditionally, gestational age and number of fetuses may make  
pregnancy toxemia a more or less likely diagnosis. Assessing the 
non-pregnant uterus, particularly if enlarged, can be helpful  
for determining time since parturition as well as for potential  
infections (see Chapter 8).

Abortions
Abortions are some of the most frustrating cases for pathologists, 
veterinarians,	 and	owners	 alike.	Many	 times	 (often	over	50%),	
abortion cases have no diagnosis. Reasons for no diagnosis  
can vary and may include submission of inappropriate samples, 
including lack of placenta, abortions due to toxic plants, or abor-
tions due to maternal factors such as stress or disease. A definitive 
diagnosis is also less likely with a single abortion versus multiple 
abortions on a farm. However, even with no definitive diagnosis, 
information can be gained from submission of an abortion, and 
various infectious agents or other factors can be ruled out. As 
stated previously, necropsy of an aborted goat or sheep fetus 
should	include	additional	PPE.	Most	fetuses	have	some	fluid	in	

• Fig. 20.17  Deer kidney. Multifocal, variably sized tan nodular foci are 
visible on the capsular surface of the kidney. Evenly distributed small white 
circular regions represent glomeruli. (Courtesy Kelley Steury, Auburn, AL.)
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the abdomen and thoracic cavity and are often a dark red color. 
Additional steps to take when necropsying a fetus include mea-
suring from crown to rump, weighing if possible, estimation of 
gestational age, noting presence or absence of meconium stain-
ing, and noting whether lungs sink in formalin (determines if a 
breath was taken). Collection of blood or thoracic fluid for sero-
logic tests is particularly helpful in a fetus. Collection of maternal 
blood and testing are also recommended. Additional samples in 
a fetus to take for microscopic examination include tongue, 
muscle, diaphragm, umbilicus along with umbilical arteries and 
vein, skin and/or eyelid, and placenta if available. Evaluation of 
thyroids	 for	 enlargement	 (goiter)	 is	 recommended.	 Submission	
of tissues for bacteriology includes typical samples of liver, lung, 
kidney, 6 spleen as well as placenta and abomasal fluid. Aboma-
sal fluid in a fetus best mimics the fetal environment with the 
least amount of contamination and is particularly helpful if no 
placenta is available. Collection of abomasal fluid using a needle 
and syringe prior to opening will prevent any iatrogenic con-
tamination.	 Special	 cultures	 should	 be	 requested	 for	 Brucella, 
Listeria, Campylobacter, and Salmonella, as these require special 
media. Capability of testing for Leptospira spp., Chlamydia, and 
Toxoplasma gondii varies by laboratory, and contacting the labo-
ratory to determine appropriate samples to submit is recom-
mended.	 Some	 laboratories	 rely	 on	 serology,	while	 others	 have	
the	 capability	 for	 PCR	on	 tissues.	 Submission	 of	 spleen,	 lung,	
liver,	and	placenta	for	virology/molecular	is	recommended.	Sub-
mission of liver, kidney, aqueous, and vitreous humor for toxicol-
ogy is also recommended, particularly to test for nitrate toxicity 
or selenium deficiency. Nitrate levels are slightly higher in fetuses 
and neonates than adults, and this must be taken into consider-
ation during interpretation of results.9,10	See	Table 20.2 for ad-
ditional information regarding collection of samples at necropsy 
for an abortion (see Chapter 8).

Evaluation of the GI Tract
Evaluation of the esophagus is done along with the pluck, as  
described earlier.

Note if there are any abnormalities along the GI tract serosa by 
examining each segment from the duodenum to the terminal 
colon. If there is diarrhea or a history of GI disease, a more  
detailed tissue collection protocol of the GI tract should be fol-
lowed. Dependent on the personal preference of the individual 
performing the necropsy, the small intestine is pulled ventrally 
toward the pathologist while cutting the mesenteric attachments 
along the entire length. Incise the cranial duodenum, compress 
the gallbladder, and look for bile duct patency at the major duo-
denal papillae along the serosal aspect of the duodenum. Transect 
at the cranial (orad) duodenum (in ruminants). Push terminal 
colonic content cranially to avoid spillage into the abdomen, then 
transect the terminal colon. Remove the small intestine to termi-
nal colon and set aside until last. Incise the intestine and look for 
intraluminal hemorrhage, pseudomembranes, obstructions, and 
parasites. Isolate the ileum by identifying entry into the cecum 
and collect ileocecal lymph node for histopathology and culture if 
enlarged. A segment of ileum should be collected for histopathol-
ogy	 and	 Johne’s	 culture	 if	 clinical	 history	 fits.	 Sheep	 and	 goats	
may not show gross evidence of mucosal thickening like cattle but 
may still be positive for M. avium subspecies paratuberculosis. 
Some	laboratories	may	not	perform	Johne’s	cultures	for	sheep	and	
goats, so calling ahead before sending the sample is advised. 
Samples	 can	 also	 be	 requested	 to	 be	 sent	 to	 the	 National	 
Veterinary	Services	Laboratory	(NVSL)	for	PCR	and	semiquanti-
tative results regarding shedding. Ileum is a valuable area for tissue 
collection due to Peyer’s patches and the affinity of some organ-
isms, such as Salmonella spp., to invade the ileal mucosa. 
Coccidiosis can cause thickening and irregular nodular lesions in 

TABLE 
20.2 Additional Samples and Specific Testing in Aborted Fetuses.16 (see Chapter 19) 

Test Section Samples Test Comments

Histopathology As in Table 20.1
Also collect: diaphragm, tongue,  

skeletal muscle, placenta,  
conjunctiva

Microscopic  
examination

Adequate sections of brain and skeletal muscle can 
aid in diagnosis of Toxoplasma abortions

Microscopic lesions may only be present in the  
placenta with abortions (include both  
cotyledonary and intercotyledonary areas)

Bacteriology Abomasal fluid
Placenta
Lung, liver, kidney, spleen

Cultures:
Aerobic
Salmonella
Listeria
Brucella
Campylobacter
Fungal

Abomasal fluid most closely mimics the fetal  
environment with the least contamination and 
should be collected with a sterile needle and 
syringe

Molecular/virology As in Table 20.1
Also collect placenta

PCR for viruses, Leptospira 
spp., chlamydia

Spleen is particularly important

Serology Serum or thoracic fluid from fetus
Maternal serum

Viral titers
Brucella and Leptospira titers

All titers should be interpreted in light of vaccination 
status

Toxicology Liver Selenium Nitrate levels are normally higher in fetus/neonates 
than adults9Aqueous humor Nitrate

PCR, Polymerase chain reaction.
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the small intestine and colon and Oesophagostomum spp. can cause 
nodular lesions along the serosa. In young animals, Peyer’s patches 
may be prominent and visible through the intestinal serosa, which 
is a normal finding. Distal colon fecal content should be collected 
and placed in a fecal cup for parasitology for sheep, goats, and 
captive white-tailed deer. Parasitology samples should be taken 
from the most distal portion of GI with contents if no feces are 
present in the colon. Even young captive-raised fawns can have an 
unexpected level of parasitism (Cryptosporidium, Strongyloides 
spp.), and adult captive deer with Haemonchus	 spp.–associated	
mortality can be a surprise to some owners (see Chapter 6).

Forestomachs and Abomasum
Evaluation of the forestomachs and abomasum is often performed 
toward the end of the necropsy procedure due to the potential for 
spillage of ruminal or abomasal content into the necropsy field. 
The serosa of all four tissues should be evaluated for areas of hem-
orrhage, edema, congestion, or serosal abscesses. Evaluate rumen 
size and content. Postmortem bloat is common, but a full rumen 
with liquid contents is suggestive of rumen acidosis. A screening 
test for rumen acidosis can be done in the field with pH paper. 
Rumen pH will rise slightly and then fall back to the initial pH 
during the 24 hours following death, documented in cattle.11 
Therefore, rumen acidosis may still be present in an animal with 
borderline	 pH.	 Submission	 of	 rumen	 for	 histopathology	 along	
with pH is critical for determining whether acute rumen acidosis 
resulting in death is present or if subacute rumen acidosis is pres-
ent. A high rumen pH can also increase the suspicion for ammonia/
urea	toxicity,	leading	to	further	testing.	Luminal	inspection	of	all	
mucosal surfaces should be performed after feed content has been 
removed. Ruminal content is required for insecticide testing, and 
this is also a recommended specimen for botulism testing (other 
recommended samples for botulism include fecal, GI, and feed 
samples). Areas of reddening involving the rumen, and possibly 
other	forestomachs,	may	be	suggestive	of	EHD	in	deer.	Sloughing	
of rumen mucosa is common with autolysis and should not be 
confused as a lesion. In neonates, evaluation for milk curd is 
critical, particularly as some laboratories may not be able to per-
form immunoglobulin G testing on serum from species other 
than cattle. Close inspection of the abomasal mucosa for nema-
tode worms should be performed in all sheep, goats, and deer. If 
nematodes are not readily visible, abomasal content should be 
placed in a small foam tray or disposable dish and mixed with 
water, and this often helps remove feed material to see the worms 
as in Figure	20.18. If the animal is particularly anemic, the worms 
may be mostly white, lacking the characteristic barber pole ap-
pearance, and difficult to see.10 Additionally, owners may deworm 
animals near death, so worms may not be present even in an ani-
mal with characteristic lesions (emaciation, tricavitary effusion, 
edema, serous atrophy of fat, and thin blood) for Haemonchus 
spp.	 infection.	We	 often	 see	 a	 prominent	 vascular	 pattern	with	
central red foci surrounded by circumscribed pale zones (nutmeg 
liver) with long-standing parasitism due to centrilobular hepatic 
congestion and necrosis, which is interpreted as centrilobular 
hypoxic	damage	due	to	anemia	(see	Chapter	5).

Evaluation of the Central Nervous System
The right limb has already been reflected dorsally. If not, reflecting 
a limb will facilitate removal of the head. Remove skin on the 
back of the neck. Cut behind the caudal aspect of both ears and 

leave ears intact and attached to the head. Continue deeper cuts 
through the cervical musculature behind the vertical ramus of the 
mandible. Continue cutting musculature behind the base of each 
ear until you reach the ventral atlanto-occipital membrane be-
tween the occipital condyles rostrally and the facets of the atlas 
caudally. Then, cut through the dura, transect the spinal cord, and 
disarticulate at the atlanto-occipital joint.

To remove the brain whole, the skin overlying the cranium to 
the rostral nasal cavity will have to be removed, but leave the ears 
and associated skin. Using a hand saw or ax, follow the natural 
landmarks around the cranial vault to cut a semicircle around the 
edges of the skull bilaterally and coursing cranially to connect the 
two lateral cut sides with a cut in the occipital bone at the rostral 
brain behind the eye (distance behind the eye depends on the 
species). After the calvarium is pried upward from the underlying 
brain, evaluate, and then remove the dura mater. There will be 
tight attachments of dura mater that can be cut from the inner 
aspect of the cranium, between the cerebral hemispheres (falx 
cerebri), and between the cerebrum and caudal cerebral hemi-
spheres (tentorium cerebelli).12 The head can be tilted in a ventral 
to dorsal orientation, and gravity should help the prosector tran-
sect cranial nerves and any attachments to the skull. The sulci of 
the cerebrum should be evaluated for cloudiness or a hint of  
exudate. In some cases, close examination is not required, as in 
Figure	 20.19, which shows a brain abscess in a captive white-
tailed	deer	buck.	Most	brain	abscesses	in	bucks	are	associated	with	
fighting, and there may also be abscessation of the base of the 
antler.	Many	diseases	causing	neurologic	signs	like	polioencepha-
lomalacia, meningeal worm, listeria, viral encephalitis, or even 
septic meningitis may have no or extremely subtle gross lesions.10

If examination of the brain is warranted based on clinical signs, 
but an ax or handsaw is not available, the head can be removed as 
described earlier and submitted to a diagnostic laboratory for 
evaluation. Alternatively, a brain spoon used primarily for collec-
tion	for	CWD	or	scrapie	samples	can	be	used	to	collect	at	least	a	
portion	of	the	brain.	With	this	method,	cerebral	cortex	would	not	
be available for evaluation for polioencephalomalacia, but evalua-
tion for Listeria monocytogenes infection and, possibly, meningitis 
may still be accomplished. Removal of the spinal cord is difficult 
and time-consuming but can be completely by removing muscle 
overlying the spinous processes of the vertebrae and cutting  
on either side of the dorsal spinous process with the saw.  
Some	 diseases,	 such	 as	 enzootic	 ataxia	 (caused	 by	 copper	 defi-
ciency) or meningeal worm, may primarily affect the spinal cord. 

•  Fig. 20.18  Goat abomasum. Feed is intermixed with Haemonchus 
adults. (Courtesy of Dr John Roberts, University of Florida, College of  
Veterinary Medicine)
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Alternatively, at least a small piece of cervical spinal cord can be 
removed where the head was removed by cutting the dura and 
cutting	with	a	scalpel	or	brain	spoon	(see	Chapter	13).

Rabies Tissue Collection
Since	some	rabies	cases	may	not	have	widespread	viral	antigen	and	
spread may be unilateral, a complete cross-section of the brain-
stem is required.13 A full cross-section of fresh brainstem can be 
collected at the level of the pons, medulla, or midbrain. Other 
brain sections necessary for rabies testing include cerebellum and 
hippocampus. Cerebellum and brainstem provide the greatest 
amount of diagnostic value, but the hippocampus can be evalu-
ated if the cerebellum is not present in the submission. Freezing 
is not recommended for rabies samples, and transport to the  
laboratory within 48 hours is preferred.

CWD Tissue Collection
The	 Animal	 Plant	 Health	 Inspection	 Service	 (APHIS)	 CWD	
Herd Certification Program14 requires brainstem with obex and 
both medial retropharyngeal lymph nodes, and samples must be 
submitted	within	7	days	of	collection.	Testing	for	CWD	should	
be	done	in	any	deer	over	1	year	of	age.

The	APHIS	Sampling	Procedure	for	obex	is	as	follows14:
	1.	 Incise	the	head	at	the	atlanto-occipital	 joint.	Cut	behind	the	

back of the ears and extend the incision around and through 
the front of the larynx. During this process, cut the brainstem 
caudally as much as possible.

 2. Position the head ventrally and the brainstem will be visible 
caudally within the foramen magnum and bordered laterally by 
the occipital condyles. Trim the dura mater circumferentially 
around the brainstem and cut attached cranial nerve trunks.

 3. Carefully lift the brainstem with forceps and insert the spoon 
into the dorsal aspect of the foramen magnum between the 
brainstem and dorsal calvarium.

 4. Advance the spoon 2 to 3 inches rostrally until it contacts bone 
and the cerebellum is severed.

	5.	 Reposition	 the	 spoon	 in	 the	 ventral	 aspect	 of	 the	 foramen	
magnum between the brainstem and ventral calvarium.  
Advance the spoon until it contacts bone and severs the brain-
stem transversely.

 6. Using the spoon and forceps, remove the brainstem with the 
brain spoon (Figure 20.20) and examine for the presence of the 
Y-shaped bifurcation with connective tissue (obex) (Figure	20.21).

 7. For adequate fixation, trim the brainstem by cutting trans-
versely 3/4 inch in front of the bifurcation, and also an equal 
distance behind the bifurcation.

	8.	 While	the	head	is	positioned	with	the	ventral	side	up,	a	por-
tion	of	trachea	and	larynx	(approximately	1	inch,	depending	
on the initial cut) may need to be removed, as well as some 
fascia and fat, to see the medial retropharyngeal lymph nodes 
and permit for removal of both lymph nodes (Figure 20.22).
Testing options are dependent on the laboratory that will be 

used	for	the	submission,	and	only	APHIS/National	Animal	Health	
Laboratory	 Network–approved	 laboratories	 at	 state	 or	 federal	 

•  Fig. 20.19  Captive deer buck. Thick purulent exudate covers the 
leptomeninges and escapes from a few discrete gray to tan abscesses. 
(Courtesy Kelley Steury, Auburn, AL.)

• Fig. 20.20  Brainstem is being removed with a brain spoon. The brain 
spoon is inserted dorsally within the foramen magnum, and the spoon is 
pushed rostrally between the brainstem and the dorsal calvarium.

• Fig. 20.21  High magnification of brainstem with obex. Obex is a delicate 
layer of connective tissue found at the V-shaped bifurcation of the brain-
stem, located between the medulla oblongata and the spinal cord. Paired 
dorsal motor nuclei of the vagus nerve are found in the obex.
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veterinary diagnostic laboratories or universities can perform test-
ing. Accredited veterinarians should check with state and federal 
regulatory authorities for sample requirements and sample submis-
sion	if	samples	will	be	collected	from	farmed	deer	or	elk.	Sample	
collection from hunter harvested deer can also be performed by 
accredited veterinarians, but coordination with the state wildlife 
agency or the state department of agriculture is recommended. 
Some	 laboratories	 perform	 ELISA,	 immunohistochemistry,	 or	
both.	ELISA	samples	can	be	chilled	or	frozen.	All	CWD	samples	
must be submitted with ear tags that have been removed from the 
animal, and a fresh section of skin (ear) is also required for the 
current	CWD	Herd	Certification	Program	(Table 20.3).

Scrapie Tissue Collection in Sheep 
and Goats15,10

Testing	 should	 be	 done	 on	 any	 sheep	 or	 goat	 over	 14	months	 
of age. The sample collection procedure is dependent upon the 

presence or absence of clinical signs and if there is a history of 
exposure (Table 20.4). All submissions require the animal identi-
fication tags with a quarter-sized section of skin (ear, tail web 
tattoo)	in	formalin	(USDA	protocol).

Routine submission for animals without clinical signs and no 
history of exposure requires formalin fixed tissues, to include  
1	retropharyngeal	lymph	node,	entire	brainstem	including	obex,	
and cerebellum (approximately 2 g).

Animals that are exposed or have less specific clinical signs, such 
as being nonambulatory, being unthrifty, wool/hair loss suggestive of 
rubbing, biting at the legs or side, lip smacking, or intense rubbing 
without bare areas, requires submission of formalin fixed tissue and 
fresh tissue. The remainder of the brainstem, one retropharyngeal 
lymph node, one tonsil, and the cerebellum are submitted fresh.

If the sheep or goat is also a rabies suspect, please contact the 
diagnostic laboratory or state animal health animal official for 
recommendations since rabies testing protocols vary by state.

Diseases and Necropsy Findings
See	 Table	 20.5 for select diseases and findings at necropsy 
in	 captive	white-tailed	deer	 in	 the	 southeastern	United	States,	
Table 20.6 for select diseases in sheep and goats and findings at 
necropsy, and Table 20.7 for diseases that may have no gross 
findings at necropsy.

• Fig. 20.22  One medial retropharyngeal lymph node is being removed in 
the photo.

TABLE 
20.3

CWD Testing Sample Requirements (Including 
Updated CWD Herd Certification Information, 
Fall 2018).14

POSTMORTEM TISSUES TO BE SUBMITTED

Fresh Samples Formalin-Fixed Samples

For ELISA, DNA analysis, Western blot For histopathology, IHC

Single container/each animal Single container/each animal

Chilled or frozen Do not freeze

Skin (ear or hide attached to ear tag; 
quarter-size, approx. 1 3 1 inch)

None

One-half of each medial  
retropharyngeal lymph node

One-half of each medial  
retropharyngeal lymph node

One-half obex with 1–2 cm  
brainstem

One-half obex with 1–2 cm 
brainstem

Tonsils are optional Tonsils are optional

CWD, Chronic wasting disease; ELISA, enzyme-linked immunosorbent assay; IHC, 
immunohistochemistry.

TABLE 
20.4

Scrapie Testing Sample Requirements 
(Based on Clinical Signs).15,10

Postmortem Tissues to Be Submitted for Routine Submissions: 
Animals With No Clinical Signs or History of Exposure

Formalin-fixed samples

For histopathology, IHC

Single container/each animal

Do not freeze

Entire brainstem with obex

One retropharyngeal lymph node

Cerebellum (2 g)

Skin (ear or hide attached to ear tag; quarter-size, approx. 1 3 1 inch)

Postmortem Tissues to Be Submitted: Animals With Known  
Exposure or Less Specific Clinical Signs

Formalin-fixed samples Fresh samples

For histopathology, IHC For ELISA, DNA analysis, Western 
blot

Single container/each animal Single container/each animal

Do not freeze Chilled or frozen

Obex with 1–2 cm brainstem Remainder of brainstem

One retropharyngeal lymph node One retropharyngeal lymph node

Cerebellum (2 g) Cerebellum, separate bag or container

Skin (ear or hide attached to ear tag; 
quarter-size, approx. 1 3 1 inch)

None

Tonsils (optional) Tonsils

ELISA, Enzyme-linked immunosorbent assay; IHC, immunohistochemistry.
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TABLE 
20.5

Select Diseases in Captive White-Tailed Deer in the Southeastern United States.  Clinical Presentation or 
Disease, Findings at Necropsy, Potential Etiologies

DISEASES IN CAPTIVE WHITE-TAILED DEER IN THE SOUTHEASTERN UNITED STATES

Clinical presentation  
or Disease Findings at Necropsy Etiology(ies) and Comments

Sudden death (especially  
late summer and fall)a

Hemorrhages on serosa of rumen and intestines and  
epicardium, pulmonary edema, large, pulpy spleen  
with capsular hemorrhages, intestinal hemorrhage

Epizootic hemorrhagic disease virus (EHDV) or  
bluetongue virus

Pneumoniaa Fibrin coating the lungs, dark red meaty cranioventral  
lung lobes 6 abscesses or thoracic fluid 

Pasteurella multocida, Trueperella pyogenes, Bibersteinia 
trehalosi, Mannheimia haemolytica, Mycoplasma spp., 
Fusobacterium necrophorum, or Fusobacterium varum6

Marked enlargement of a single lung lobe, extensive fibrosis  
and green to yellow on cut section

Fungal, NOS, may have generalized thickening of  
metatarsals (hypertrophic osteopathy)

Haemonchus infection 
(emaciation, anemia)a

Subcutaneous edema, tricavitary effusion (yellow, serous),  
serous atrophy of fat, nematode worms in abomasum,  
nutmeg liver (centrilobular necrosis)

Haemonchus spp.
Pneumonia, other chronic diseases, and poor dentition or 

husbandry can also result in emaciation

Brain abscess Broken antler, subcutaneous edema, pus, fibrin in area of  
antler, pus in the brain

Fighting

Trauma Subcutaneous hemorrhages/edema, puncture wounds,  
broken neck, fractures

Fighting
Running into fences

Capture myopathy4 Skeletal muscle or myocardial hemorrhage, muscle pallor  
(necrosis) or mineralization, brown urine

May only be microscopic lesions (multiorgan necrosis) in  
peracute cases

Darting/handling
Being chased

Rumen acidosisa Distended fluid-filled rumen, possible areas or red or black  
on the mucosa, pH , 5.5, 6 abscesses in liver

Excess grain or carbohydrates

Diarrhea in fawnsa Fecal staining of perineum, no formation of fecal pellets,  
watery contents in small intestine

Parasites: Strongyloides, Cryptosporidium, Coccidia
Rotavirus
Escherichia coli or other bacteria

Pseudomembranes, luminal casts Salmonella spp.

Malignant catarrhal  
fever

High mortality in herd (50%)
May have no gross lesions
Microscopic lesions of lymphoproliferation and vasculitis  

(brain, liver, lung, kidney)

Ovine herpes virus 2
Caprine herpes virus 2
Alcelaphaline herpes virus 1 and 2
Malignant catarrhal fever virus of white-tailed deer

Neonatal deatha Reddening or pus around the umbilicus/umbilical arteries/veins
Redding or possible exudate meninges, swollen joints with thin 

fluid, fibrin, or pus, cloudy eyes, possible pinpoint white foci: 
lung, liver, kidney

Failure of passive transfer
E. coli and other bacteria

NOS, Not otherwise specified.
aDiseases that commonly occur in goats and sheep as well.

TABLE 
20.6

Select Diseases in Sheep and Goats, not Otherwise Described in Table 20.5. Clinical Signs and/or Disease, 
Findings at Necropsy, and Etiology(ies)/Comments

DISEASES IN SHEEP AND GOATS

Clinical presentation  
and/or Disease Findings at Necropsy Etiology(ies)/Comments

Diarrhea in an adult,  
weight loss  
(Johne’s disease)

Thickening of small intestine, particularly ileum,  
Enlarged ileocecal lymph node 6 Tan nodules in liver

Findings associated with emaciation as in Table 20.5

Mycobacterium avium spp. paratuberculosis

Diarrhea, may be bloody  
(coccidiosis)

Thickened small intestine/colon with irregular raised  
nodules in the mucosa

Eimeria spp.
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TABLE 
20.6

Select Diseases in Sheep and Goats, not Otherwise Described in Table 20.5. Clinical Signs and/or Disease, 
Findings at Necropsy, and Etiology(ies)/Comments—cont’d

DISEASES IN SHEEP AND GOATS

Clinical presentation  
and/or Disease Findings at Necropsy Etiology(ies)/Comments

Copper toxicity Generalized icterus, thin anemic blood, yellow-orange  
liver, “gun metal grey kidneys,” brown urine

Sheep especially susceptible (decreased ability to excrete  
copper in bile)17

Pregnancy toxemia Yellow fatty liver, may float in formalin, pregnant with  
twins or triplets, excess body fat

Twins or triplets with excess body fat

Hemorrhagic enteritis Bloody intestinal contents, dark red intestinal serosa  
and mucosa

Clostridium perfringens type C or A (also causes yellow lamb 
disease, can be normal gastrointestinal inhabitant),  
associated with diet changes and excess carbohydrates18

Urinary blockage Distended urinary bladder with hemorrhages mucosa/ 
serosa, thickening of wall with edema, urolith in  
penile urethra 

Submit uroliths for analysis

Caseous lymphadenitis Enlarged lymph nodes, particularly in cervical region with 
white pasty or crumbly material

Corynebacterium pseudotuberculosis

Contagious ecthyma Vesicles, ulcers, proliferative lesions muzzle, oral cavity,  
teats, possible rumen lesions19

Parapoxvirus
Zoonotic

Lentiviral pneumonia Wet heavy white to gray lungs, rubbery, do not collapse,  
rib impressions

Small ruminant lentivirus3

Thymoma Mass mediastinum or ventral cervical region (can be  
cystic), yellow or red tinged thoracic fluid

Common tumor in some goat breeds20

Lymphoma Enlarged lymph nodes, soft, white masses multiple  
organs (liver, kidney, lung, etc.)

Most common tumor in goats in one study
Can be associated with bovine leukemia virus8

Nutritional myopathy Skeletal muscle or myocardial pallor with pinpoint white  
gritty foci (mineralization)

Vitamin E/selenium deficiency

TABLE 
20.7 Diseases That May Have No Gross Necropsy Lesions.

Disease (organism) Notes

Tetanus (Clostridium tetani) Diagnosis based on clinical signs and supporting lesions such as wounds (may or may not be present),  
recent castration, etc.

Listeriosis (Listeria monocytogenes) Diagnosis requires brainstem, may see red pinpoint foci at necropsy, special culture requirements,  
characteristic microscopic lesions

Meningeal worm  
(Parelaphostrongylus tenuis)22

Microscopic lesions may only be present in spinal cord

Meningitis (various bacteria  
causing sepsis)

May or may not see exudate in meninges; culturing multiple organs and umbilicus may help identify  
entry point

Encephalitis (lentiviruses, West Nile virus,23 
eastern equine encephalitis virus24)

Differentiation may require additional testing like PCR and/or serology

Rabies Zoonotic, use additional PPE, may submit whole head to diagnostic laboratory or department of public 
health

Polioencephalomalacia Requires cerebral cortex for microscopic diagnosis; causes include sulfur toxicity (can test levels in food or 
water), lead toxicity (test kidney), thiamine deficiency, ingestion of thiaminase-containing plants,  
overgrowth of thiaminase-producing bacteria (concurrent rumen acidosis), salt toxicity/water intoxication

Focal symmetric encephalomalacia  
(Clostridium perfringens type D)

Often no signs of enteritis; “pulpy kidneys” likely represent rapid postmortem autolysis, toxin detection in  
intestinal contents18

Continued
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Carcass Disposal
The Food and Drug Administration now regulates rendering 
plants for barbiturates in the raw materials stream. Due to the risk 
for	scrapie	in	sheep	and	goats	and	the	potential	for	CWD	in	deer,	
these species cannot be rendered (regulation details may depend 
on the individual rendering company and state). The ideal 
method of disposal is chemical digestion, but incineration is an 
alternative. If the animal is identified as positive for scrapie or 
CWD,	retrieval	of	the	carcass	for	chemical	digestion	is	indicated.	
Deep	 burial	 with	 ear	 tags	 is	 recommended	 in	 case	 CWD	 is	 
detected. Retrieval of carcasses from the landfill is problematic, 
and prior to disposal all carcasses should be held until scrapie and 
CWD	results	have	been	received.

Packaging Samples for Shipment
Formalin fixed tissues should be submitted in a wide necked con-
tainer	approved	for	use	with	formalin.	Sealing	the	lid	with	paraf-
fin wrap or masking tape can also reduce the likelihood of spills. 
All fresh tissues should be placed in leak-proof bags such as a 
Whirl-Pak	and	double	bagged.	If	submitting	breakable	items	such	
as serum tubes, wrapping the tubes in paper towels or other pad-
ded/absorbent	 material	 and	 enclosing	 within	 a	 Whirl-Pak	 or	
Ziplock bag is recommended. Overnight transport of fresh sam-
ples is vital for adequate tissue preservation, and overnight ship-
ping also helps reduce issues with samples decaying on the mail 
carrier’s truck or at the postal facility over a weekend. Even with 
overnight transport, multiple ice packs are required to cool the 
specimen in an insulated container, especially during warm 
months. External packaging should be sufficient that contents 
should not leak outside the container. Filling most of the available 
space in the insulated container with ice packs is recommended 
during summer months, as we have seen that one to two small ice 
packs do not sufficiently cool specimens during summer months. 
Virology and PCR samples can be frozen prior to transport, but 
it is important that samples requiring bacterial culture remain at 
a temperature close to refrigeration prior and during transport. 
Some	fungal	agents	can	be	difficult	to	isolate	if	refrigerated	(Py-
thium and some Zygomycetes). It is also beneficial to place sub-
mission forms in a separate leak-proof plastic bag (Ziplock bag).
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Commonly Used Drugs and Veterinary 
Feed Directive in Sheep, Goats,  
and Cervids
Virginia R. Fajt, Kenneth R. Brown, and David G. Pugh 

Appendix 1

Drug and Dosages
Some of the drugs and uses listed in this appendix may be illegal, 
unavailable, or extra-label in the United States or other countries. 
It is the responsibility of attending veterinarians to be familiar 
with the laws governing drugs in their practice areas. The clinician 
should therefore be cognizant of, and take steps to reduce, drug 
residues in food animals.

If a dose is provided only for sheep and not for goats or cervids, 
unless the drug appears to be contraindicated or toxic to goats or 
cervids, the sheep dose usually can be extrapolated for use in goats 
or cervids, or vice versa. Some of the dosages listed here are the 
same as seen in other chapters and are referenced as such. After 
reviewing Chapter 18, where dosages for anesthetics appear differ-
ent, the clinician can then compare the two, and decide the best 
dosage for the situation based on referenced materials (Table 1).

In an effort to provide an evidence-based approach and confi-
dence level for the dosages presented in this Appendix, superscripted 
alphabets(a–d) have been included to indicate the level of support for 
each dosage recommendation. Based on the GRADE approach to 
assessing the strength of a recommendation, type of study and qual-
ity of the study are assimilated to provide an overall assessment.1,2 
The type of study leads to an initial assessment, because, for example, 
randomized controlled studies provide stronger evidence than case 
series due to likelihood of bias. Quality of study then modifies the 
strength of the study based on risk of bias, precision of effect esti-
mates, and other internal and external validity factors.3 All evidence 
assessments derive from an unpublished analysis of the data (by 
V.R.F) and have not been subjected to peer review. For some dos-
ages, the cited references do not constitute the only evidence but 
rather are provided as examples of relevant published data. The pre-
sented levels of evidence are based only on the studies cited and 
should not be construed as clinical recommendations, because clini-
cal recommendations also require balancing of adverse effects, costs, 
and client factors with the strength of evidence for efficacy.

Veterinary Feed Directive for Sheep, Goats, 
and Cervids
In the United States, the Food and Drug Administration (FDA) 
has undertaken steps to reduce the use of drugs in food and water 

fed to food-producing animals. Medically important antibiotics, 
as determined by the FDA, are now restricted in the use of feed 
and water and the effort is to eliminate the use of all such drugs 
when used in a production environment to improve growth or 
feed efficiency. The veterinarian is now primarily responsible for 
the judicious use of such drugs and for using them therapeutically 
and according to label limitations. The Veterinary Feed Directive 
(VFD) has become a major part of the FDA’s effort to restrict 
antibiotic use in feed. The initial phase of investigation and edu-
cation to enforce the rule, effective in 2015, has not moved into 
enforcement with the states being an active partner with the FDA 
in the enforcement effort; scrutiny at the distributor level will be 
expanded to include the veterinarian and the producer (end user 
of the VFD). Further information can be obtained at the FDA 
website, with specific attention given to GFI #120, GFI #231, 
GFI #233, and the Final VFD Rule.

The VFD Rule authorizes the use of VFD drugs as well as creates a 
framework to authorize veterinarians to use medically important antimi-
crobials in feed when needed for a specific, identified animal-health 
purpose. The framework includes the requirement that any VFD only 
be issued in the context of a valid veterinarian-client-patient-relationship 
(VCPR) and that this relationship includes the following elements with 
the client (producer) at a minimum: (1) assume responsibility to make 
decisions regarding animal health; (2) have sufficient knowledge of the 
patient by physical visits to the facility and examination of the patient; 
(3) provide for follow-up care if necessary. State VCPR requirements 
must also be followed and the FDA will defer to those requirements so 
long as they contain the minimum FDA requirements.

Currently, the following drugs when used alone or combined 
with other drugs and added to feed are VFD drugs (Table 2) and 
require a valid VFD order (the most current list can be found on 
the FDA website). VFD drugs cannot be used extra-label (actual 
or intended use of a drug in an animal in a manner that is not in 
accordance with the approved labeling).

The following drugs are not considered medically important 
and are not within the VFD limitations: ionophores such as mo-
nensin or lasalocid, bacitracin, bambermycins, and carbadox. In 
addition, drugs that are not antimicrobials are not limited by the 
VFD and include antithelmintics, beta agonists, and coccidiostats 
(including decoquinate).

The VFD itself is a written statement (not verbal) issued by a 
licensed veterinarian in the course of the veterinarian’s professional 
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TABLE 
1 Some Drug Dosages. 

Drug Sheep Goats Cervids

Abamectin 0.2 mg/kgd4

Acepromazine maleate 0.05–0.10 mg/kg IMa5–7 0.05–0.10 mg/kg IMa5–8

0.2 mg/kg IM tetanyd9
0.05–0.10 mg/kg IMb5

Acetic acid (5% solution) 0.5–1.0 L/head PO for ammonia  
toxicosisb10–12

0.5–1.0 L/head PO for ammonia  
toxicosisb10–12

Albendazole 7.5 mg/kg PO for flukes and  
nematodesa13–15

7.5 mg/kg PO for nematodes16–18

10 mg/kg PO for flukesa13
10 mg/kg PO for nematodesc

10 mg/kg PO for cestodesb19 10 mg/kg PO for cestodesb19,20

Alfaxalone 1.2–2.6 mg/kg IV for inductionc21,22 1.75–3.0 mg/kg IV for inductionc23

Amikacin 7.5 mg/kg IM every 4–6 hd24

Ammonium chloride 0.5–1.0% of diet for prevention of urinary 
calculia25–32

0.5–1.0% of diet for prevention of  
urinary calculia25–33

Ammonium molybdate 100 mg/head/day PO in combination with 
sodium sulfate to increase elimination 
of coppera34–36

300 mg/head/day PO in combination 
with sodium thiosulfate to increase 
elimination of copperb37,38

Ammonium tetrathiomolybdate 3.4 mg/kg IV once daily for 4 daysb39,40

Amoxicillin-clavulanic acid 20 mg/kg (amoxicillin component) IV BID 
to TIDc41,42

7 mg/kg IM for prevention of pneumoniac43

20 mg/kg (amoxicillin component) IV 
BID to TIDc41,42

200 mg amoxicillin and 50 mg clavulanate 
per quarter IMMc44

200 mg amoxicillin and 50 mg  
clavulanate per quartercIMM45

Amoxicillin trihydrate 10 mg/kg IM BID to TIDc46,47 10 mg/kg IM BID to TIDc46,47

Ampicillin sodium 10 mg/kg IV TID to QIDc46,48 10 mg/kg IV TID to QIDc46,48

Ampicillin-sulbactam 13.3 mg/kg (ampicillin component) IM 
once a day or BIDc49

13.3 mg/kg (ampicillin component) IM 
once a day or BIDc49

Ampicillin trihydrate 10 mg/kg IMc50 10 mg/kg IMc50

Amprolium 50 mg/kg PO for 5 days for treatmentb51 100 mg/kg PO for 5 days for  
treatmentb51,52

55 mg/kg PO BID for 21 days for  
treatmentb53

50 mg/kg PO for 5 days54,55 or 21 days 
for treatmentb56,57

15 mg/kg in feed for preventionc58

Aspirin 100 mg/kg PO BIDc59–61 100 mg/kg PO BIDc59–61

Atipamezole 0.1–0.2 mg/kg IV slowlyb62,63 0.1–0.2 mg/kg IV slowlyb62,63

0.005 mg/kg IV slowly following 
intrathecal or subarachnoid alpha2-
agonistsb64,65

0.005 mg/kg IV slowly following 
intrathecal or subarachnoid alpha2-
agonistsb64,65

Atropine 0.05–0.2 mg/kg IV to prevent bradycardia 
during anesthesiab66

0.05–0.2 mg/kg IV to prevent  
bradycardia during anesthesiab66

0.15–0.5 mg/kg IV for organophosphate 
toxicityb67–69 (some recommendations 
are to give one-half to one-third of the 
dose IV and the rest IM or SC but there 
are no published data on the efficacy of 
this approach)

0.15–0.5 mg/kg IV for organophos-
phate toxicityb67–69 (some recom-
mendations are to give one-half to 
one-third of the dose IV and the rest 
IM or SC but there are no published 
data on the efficacy of this  
approach)

Azithromycin 20 mg/kg IV or IMc70–73 20 mg/kg IV or IMc70–73

Buprenorphine 0.01–0.03 mg/kg IM every 6–8 hb74–76

0.5 mg/kg SCc77

6 mg/kg IVc78
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Butorphanol 0.2–0.5 mg/kg IM or SC for sedation and 
analgesiab7,77,79,80 

0.2–0.5 mg/kg IM for sedation and  
analgesiab7,23,79,80

0.1 mg/kg IV for reducing stress 
responseb81

Calcium borogluconate 50–100 mL of 20% solution IV or SC for 
hypocalcemiab83–85

50 to 100 mL of 20% solution IV or SC 
for hypocalcemiab83–85

Calcium gluconate 11 mg/kg IV (approximately 1 g/200 lb) for 
hypocalcemiab82

11 mg/kg IV (approximately 1 g/200 lb) 
for hypocalcemiab82

Carprofen 4 mg/kg SC or IMa75,86–88

8 mg/kg POc89
4 mg/kg SC or IMb75,86–88

Cefquinome 1–2 mg/kg IM once a dayc90–94 1–2 mg/kg IM or IV once a dayc90–92,95–97

Ceftiofur crystalline-free acid 6.6 mg/kg SC in neckb105 6.6 mg/kg SC behind elbow or in 
neckb106,107

1–2.2 mg/kg IM every  
24 hd108

Ceftiofur hydrochloride 3.6 mg/kg IM every 12 hd98

Ceftiofur sodium 1.0–2.2 mg/kg IM every 24 h  
[afor respiratory disease;b for all other 
indications]99–102

1.0–2.2 mg/kg IM every 24 h [afor 
respiratory disease;b for all other 
indications]99–103

2.5 mg/kg IM every 12 hd104

Cefuroxime 250 mg IMM every 12 h for  
3 dosesc109

250 mg IMM every 12 h for  
3 dosesc110

Cephapirin benzathine 300 mg dry cow syringe intramammary in 
dry ewesb111,112

300 mg dry cow syringe intramammary 
in dry doesb113

Charcoal (activated) 500 g in 4 L of fluidc114 500 g in 4 L of fluidc114

Chloral hydrate 100–150 mg/kg IV reported in  
calvesc115,116 

Chlortetracycline 80 mg/head/day to reduce the incidence 
of abortion caused by susceptible Cam-
pylobacter fetusc117,118

Clopidogrel 6 mg/kg PO loading dose first day, 3 mg/
kg daily after loadingc119,120

7 mg/kg PO loading dose first day,  
3 mg/kg daily after loadingc119,120

Cloprostenol 100–125 mg IM at 7–11 day interval for 
estrus synchronization and for early 
pregnancy terminationa121–126 

100–125 mg IM at 7–11 day interval 
for estrus synchronization and for 
pregnancy terminationa121–124,127–129

100 mg IM followed by 50 mg IM 
10 h later for induction of  
parturitionb130

100–500 mg IMc131

Clorsulon 7–21 mg/kg PO for flukesb132–134 7–15 mg/kg PO for flukesb135,136

Clostantel 7.5–10 mg/kg PO for nematodesb137–139

10 mg/kg PO for flukes and Oestrus 
ovisb140–143

15 mg/kg PO for flukesb144

Danofloxacin 6 mg/kg SC or IV q24hb145,146 6 mg/kg SC or IV q24hb146,147 

Decoquinate 0.5 mg/kg in feed for at least 28 days for 
prevention of coccidiosisa148,149

0.5 mg/kg in feed for at least 28 days 
for prevention of coccidiosisa148

2 mg/kg in feed during pregnancy to  
prevent abortion and decrease lamb 
mortality caused by Toxoplasma 
gondii b149,150

Detomidine 0.01 mg/kg intrathecalb64

0.01–0.02 mg/kg IMa152,154,155

0.02 mg/kg IV followed by 0.60 mg/kg/hr 
CRIb156

0.01–0.04 mg/kg IMa151–153

Continued
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Dexamethasone 15 mg IM for pregnancy terminationb157,158 10 mg IM for induction of parturitiona159

0.05–0.44 mg/kg IM as an anti- 
inflammatoryb160–162

0.44 mg/kg IV once as an  
antiinflammatoryb163

(higher doses or more than one dose 
may result in immunosuppression164)

Dexamethasone sodium  
phosphate

5–6 mg/kg IV for shockc165,166 5–6 mg/kg IV for shockc165,166

Dextrose (glucose) 4–10 g IV for pregnancy toxemiac167,168

10 mL/kg of 20% solution IP for weak 
lambsc169

4–10 g IV for pregnancy toxemiac167,168

Diazepam 0.3–0.4 mg/kg IVb74,170–172 0.3–0.4 mg/kg IVb74,170–172

1 mg/kg IV for tetanyc173 1 mg/kg IV for tetanyc173

0.06 mg/kg IV to stimulate appetitec174

Diclazuril 1 mg/kg POa175–177 1 mg/kg POb178

Dinoprost (prostaglandin F2a) 15 mg IM twice at 10 day interval for  
estrus synchronizationa179,180

5–10 mg IM for induction of parturi-
tion, treatment of hydrometra, and 
luteolysis and estrus synchroniza-
tiona181–184

10 mg to terminate early pregnancyb185

Dopamine 5–20 mg/kg/min IV to increase blood 
pressureb186–189

5–20 mg/kg/min IV to increase blood 
pressureb186–189

Doramectin 200 mg/kg IM for gastrointestinal 
nematodes and Oestrus ovisb190

300 mg/kg IM or SC for Psoroptes and 
gastrointestinal nematodesb191,192

400 mg/kg POc193 200 mg/kg POd194

Doxapram 5.5 mg/kg IVc195 1 mg/kg IVc196 

EDTA (calcium EDTA) 100–110 mg/kg IV for lead poisoning for  
4 daysc197–199

Enrofloxacin 5 mg/kg IV, IM, or SC every 24 hb200–202 5–7.5 mg/kg IM or SCc201,203

Epinephrine 0.01 mg/kg IV, IM, or SCc204 0.01 mg/kg IV, IM, or SCc204

Eprinomectin 0.5–1 mg/kg topically for gastrointestinal 
and lung nematodes and Oestrus 
ovisb205–207

0.5–1 mg/kg topically for gastrointestinal 
nematodes and Sarcoptesb208–211

Erythromycin 10 mg/kg IM once a day or BIDb212–215 10 mg/kg IM once a day or BIDb212–215

Estradiol cypionate 0.2 mg/kg IM after GnRH for induction 
of estrusc216

Etomidate 1 mg/kg IVc217

Febantel 5–12 mg/kg POb218–220 5 mg/kg POc221

Fenbendazole 5 mg/kg POb222

(Anecdotal reports suggest that this  
dosage may not be clinically effective 
and 10–20 mg/kg PO may be required 
to control nematode parasites in sheep 
and goats223)

5 mg/kg POb222

(Anecdotal reports suggest that this 
dosage may not be clinically  
effective and 10–20 mg/kg PO may 
be required to control nematode 
parasites in sheep and goats223)

Fenprostalene 0.5 mg SC for pregnancy terminationc224

Fentanyl transdermal patch on 
clean shaved skin

2 mg/kg/hb74,225,226 2.5 mg/kg/hb227
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Florfenicol 20–30 mg/kg IMb228,229

40 mg/kg SCb229,230
20 mg/kg IMb231–233 20 mg/kg IMd108

40 mg/kg SCd108,234

Flumazenil 20 mg/kg IV to reverse 
benzodiazepinesc235

Flunixin meglumine 1 mg/kg IVc236

2.0 mg/kg IMb102

2.5 mg/kg SCc88,109

2.5 mg/kg IMb110

Follicle-stimulating hormone See Chapter 8 See Chapter 8

Furosemide 0.5–1.0 mg/kg IV or PO for heart failure or 
diuresisb237–239

0.5–1 mg/kg IV or PO for heart failure 
or diuresisb237–239

Gamithromycin 6 mg/kg SCd108

Glycopyrrolate 0.01 mg/kg IVb66 0.01 mg/kg IVb66

Griseofulvin 7.5 mg/kg PO for 7 daysc240

Guaifenesin 50 mg/kg IVc241

Heparin 200 IU/kg bolus for anticoagulationc119 350 to 400 IU/kg bolus for anticoagu-
lationc119

Hyaluronate sodium 20 mg intra-articularly weekly for  
5 weeksc242,243 

Hypertonic saline (7%) 4 mL/kg IV over 5–10 minutesb244–246 4 mL/kg IV over 5–10 minutesb244–246

Ibuprofen 12.5–15 mg/kg IVc247,248 14–25 mg/kg IV or 50 mg/kg POc247–249

Imidocarb 1.2 mg/kg IM twice separated by  
10–14 daysc250

Insulin 0.4 IU/kg SC of intermediate acting insulin 
for pregnancy toxemiac168

Ivermectin 200 mg/kg POb251

(anecdotal reports suggest that this  
dosage may be clinically ineffective  
in sheep and goats, and more than  
300 mg/kg may be needed for 
nematode parasite control)

200 mg/kg POb251

(anecdotal reports suggest that this 
dosage may be clinically ineffective 
in sheep and goats, and more than 
300 mg/kg may be needed for nem-
atode parasite control)

200 mg/kg PO or SCd252,253

Ketamine See Chapter 18 See Chapter 18

Ketoprofen 3 mg/kg IVa154,254–256 3 mg/kg IVa154,254,255

Lasalocid 15–70 mg/head/day (20–30 g/ton in feed) 
for prevention of coccidiosisa257,258

Levamisole 8 mg/kg POb259,260

(anecdotal reports suggest that this  
dosage may be clinically ineffective for 
nematode parasite control in sheep and 
goats, and 12 mg/kg PO may be 
needed)

8 mg/kg POb259,260

Lidocaine 3–4 mg/kg epiduralb170,261

0.5–0.6 mg/kg caudal epiduralc262

3 mg/kg IV as anti-arrhythmicb265

3 mg/kg epiduralb263,264

Lincomycin hydrochloride 10 mg/kg IM every 24 hd266 10 mg/kg IM every 24 hd266

Lincomycin/spectinomycin 5 mg/kg lincomycin/10 mg/kg  
spectinomycinc267,268 269

Lipid emulsion 1.5 mL/kg of 20% solution IV slowlyc270

Continued
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Magnesium 200–400 mg/kg IV or SC for treatment of 
hypomagnesemic tetanyc271,272

Mannitol 0.3–2 mg/kg IV over 5 to 10 
minutesb273–275

0.3–2 mg/kg IV over  
5–10 minutesb273–275

Mebendazole 15 mg/kg POa276–281 15 mg/kg POa276–281

Medetomidine 0.005–0.020 mg/kg IVb62,282 0.005–0.020 mg/kg IVb62,282,283

Melengestrol acetate 0.125 BID or 0.25–0.3 mg per day in  
feed for 7–10 days for estrus  
synchronizationa284–287

1–2 mg per day in feedd288

Meloxicam 0.5 mg/kg IVc289

1 mg/kg buccal formulationc290

1 mg/kg POd291

0.5 mg/kg IM, PO, or SCc292,293

Methocarbamol 22 mg/kg IV for tetanyd9 22 mg/kg IV for tetanyd9

Methohexitone (methohexital) 3–5 mg/kg IVc294,295

Methylene blue 2–15 mg/kg IV (depending on severity) for 
treatment of nitrate toxicityb296–301

2–4 mg/kg IV (depending on severity) 
for treatment of nitrate toxicityb296–301

Metoclopramide 0.5 mg/kg IM or IVc302,303 0.5 mg/kg IM or IVc302,303

Midazolam 0.3–0.4 mg/kg IVb

0.5 mg/kg IMc304
0.3–0.6 mg/kg IVb7,235,305–310

Mineral oil 0.5–1.0 L PO for treatment of bloat,  
effective in cattlec311,312

Monensin sodium 15 mg/head/day throughout gestation to 
prevent abortion and improved lamb 
birth weight caused by Toxoplasma 
gondiib313,314

11–22 ppm for coccidiosis controlb258,315

Morantel tartrate 1.0 lb of medicated ration (0.44 g of  
morantel)/45 kg body weighta316

10 mg/kg POa317

1.0 lb of medicated ration (0.44 g of 
morantel)/45 kg body weighta316

10 mg/kg POa317

Moxidectin 200–500 mg/kg PO or SCa318,319 200–400 mg/kg SCb193,320–322 200 mg/kg SCc323

Naltrexone 100 mg/mg carfentanil for  
reversalc324

Nandrolone 1–1.5 mg/kg/week for adjunctive therapy 
of anemiad325,326

1–1.5 mg/kg/week for adjunctive  
therapy of anemiad325,326

Neomycin soluble powder 22 mg/kg BID PO in water or milk  
replacer for a maximum of 14 days for 
treatment and control of colibacillosis 
caused by Escherichia coli susceptible 
to neomycina327,328 

22 mg/kg BID PO in water or milk  
replacer for a maximum of 14 days 
for treatment and control of colibac-
illosis caused by E. coli susceptible 
to neomycina327,328 

Neostigmine methylsulfate 0.02–0.03 mg/kg SCb329 0.02–0.03 mg/kg SCb329

Netobimin 7.5 mg/kg PO for adult nematodesb330,331

15–20 mg/kg PO for L4 larvae or 
flukesb330,332–334

10 mg/kg PO for 2 days or 7.5 mg/kg 
PO for 3 days for gastrointestinal 
and lung nematodesc335

Niclosamide 75 mg/kg for cestodesb336,337 75 mg/kg for cestodesc20,336

Nitrooxinil 10 mg/kg SC for flukesb140,338,339

Norgestomet without or with 
estradiol valerate or benzo-
ate and other hormones

See Chapter 8 
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Oxfendazole 5–10 mg/kg PO for nonresistant  
nematodes and cestodesb278,340

30–60 mg/kg PO once a week for several 
weeks for cystic echinococcosis or 
flukesb341–345

5–10 mg/kg PO for nonresistant  
nematodes and cestodesb278,346

Oxyclozanide 15 mg/kg PO for flukesb140,338

20 mg/kg PO twice 72 h apart for  
Paraphistomumc347

Oxytetracycline injectable 10 mg/kg IV or IM q24h for 7–10 days for 
listeriosisc348

Oxytetracycline (long-acting) 20 mg/kg IM (once, every 72 h, or  
weekly depending on therapeutic 
need)a349–357

20 mg/kg IMb355,356,358,359 30 mg/kg SCd108,360

Oxytetracycline (in water) 22 mg/kg q24h PO for up to 14 daysb361 22 mg/kg q24h PO for up to  
14 daysb361

Oxytetracycline (in feed) 22 mg/kg q24h PO for 7–14 daysb362 22 mg/kg q24h PO for 7–14 daysb362

100–150 mg/head/day prebreeding to 
prevent Chlamydial abortionc363

400–500 mg/head/day for an outbreak 
of chlamydial abortionc363

100–150 mg/head/day prebreeding to 
prevent chlamydial abortionc363

400–500 mg/head/day for an outbreak 
of chlamydial abortionc363

Oxytocin 20–50 IU IV, IM, or SC for obstetric use 
and retained placentaa364,365

20–50 IU IV, IM, or SC for obstetric use 
and retained placentaa364,366

Penicillamine 50 mg/kg/day PO to increase elimination 
of copperb34,367,368

50 mg/kg/day PO to increase elimina-
tion of copperc37

Penicillin G sodium or  
potassium

20,000–40,000 IU/kg IV every 4 to  
6 hc369,370

20,000–40,000 IU/kg IV every 4 to  
6 hc369,370

Penicillin G procaine 10,000 IU/kg IM every 24 hb371–373 10,000 IU/kg IM every 24 hb371–373

50,000 IU/kg SC q24h for 7–14 days for 
listeriosisc374

50,000 IU/kg SC q24h for 7–14 days 
for listeriosisc374

15,000 IU/kg IM q8h for 7–10 days for  
listeriosis or Clostridium haemolyti-
cumc348,375

15,000 IU/kg IM q8h for 7–10 days for 
listeriosisc348

Penicillin-novobiocin dry cow 
therapy

½ syringe of 200,000 IU penicillin/200 mg 
novobiocinc376

Pentobarbital (pentobarbitone) 10–30 mg/kg IVb295,377

6–75 mg/kg IV to control tetany or  
seizuresb378,379

Phenylbutazone 4 mg/kg IV or POb380–382 4–10 mg/kg IV or POb382,383

Poloxalene 3 g/50 kg in feed to prevent bloatc384

Ponazuril 10 mg/kg POb54

Praziquantel 3.75 mg/kg POc385 60 mg/kg PO for Schistosoma 
bovisc386

PMSG or eCG See Chapter 8

Prednisolone 1 mg/kg IM every 12 h for immuno-
suppression until remission, then  
1 mg/kg IM every 48 hc387,388

Propofol 2.0–6.0 mg/kg IV for inductionb7,282,389 2.0 to 6.0 mg/kg IV for inductionb7,282,389

0.1–0.3 mg/kg/min IV for constant rate  
infusionb389,390

0.1–0.3 mg/kg/min IV for constant rate 
infusionb389,390

Continued
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Propylene glycol 30–100 mL POb391–393,394 30–100 mL POb391,392,394

Pyrantel 25 mg/kg POa278,395–398 20–40 mg/kg POb399

Salinomycin 0.5–2.0 mg/kg PO in cattlec400

10-30 ppm in feedc401

Sodium bicarbonate 2 to 3 L of isotonic (1.3%, 156 mmol/L) 
solution IV for pregnancy toxemia  
(60–70 kg/ewe)c402

0.5–1.0 L of 5% solution for acidosisc403

50 mL of 8.4% solution for Drunken Lamb 
syndromec404

23–63 mL of 5% solution IV for Floppy 
Kid Syndromec405

Sodium iodide 3 g IV or 70 mg/kg at weekly  
intervalsc406,407

Sodium nitrite 20 mg/kg IV for cyanide poisoning in com-
bination with sodium thiosulfatec408–410

Sodium propionate 12.5 g PO for pregnancy toxemiac168

Sodium sulfate 1 g/head/day PO in combination with  
ammonium molybdate to increase  
elimination of copperb34–36

Sodium thiosulfate 500 mg/kg IV for cyanide poisoning in 
combination with sodium nitritec408–410

300 mg/head/day in combination with 
ammonium molybdate to increase 
elimination of copperc37

Stanozolol 25–50 mg IM weekly for adjunctive  
therapy of anemiad325,326

25–50 mg IM weekly for adjunctive 
therapy of anemiad325,326

Sulfadiazine 100 mg/kg IVc411

Sulfadimethoxine 50 mg/kg PO for 5 days to reduce  
coccidial oocyst sheddingc412

Sulfamethazine 200 mg/kg PO for several days to reduce 
coccidial oocyst sheddingc413

200 mg/kg PO for several days to  
reduce coccidial oocyst sheddingc413

Sulfaquinoxaline 1 tsp of 24% powder/125 lb bodyweight 
in drinking water for 3 to 5 days  
(approximately 125 mg/kg) approved  
in cattleb414,415

1 tsp of 24% powder/125 lb  
bodyweight in drinking water for  
3 to 5 days (approximately 125 mg/
kg) approved in cattleb414,415

Testosterone propionate 25 mg IM three times/week for adjunctive 
therapy of anemiad325

25 mg IM three times/week for  
adjunctive therapy of anemiad325

Thiabendazole 44 mg/kg POc416 44 mg/kg POc416

(anecdotal reports suggest that this drug 
may only rarely be clinically effective 
for sheep and goats)

(anecdotal reports suggest that this 
drug may only rarely be clinically  
effective for sheep and goats)

Thiamine 10 mg/kg IV or 25 mg/kg BID or 75 mg/kg 
SC daily as an adjunct for lead  
poisoningb197,417–419

10 mg/kg IV or 25 mg/kg BID or  
75 mg/kg SC daily as an adjunct for 
lead poisoningb197,417–419

10 mg/kg IV or SC for  
polioencephalomalaciab420,421

10 mg/kg IV or SC for  
polioencephalomalaciab420,421

Thiopental (thiopentone)  
sodium

13–20 mg/kg IVb422,423 6–8 mg/kg IVb241,424

Tiletamine-zolazepam (Telazol) 1.1–5.5 mg/kg IVb80,425,426 1.1–5.5 mg/kg IVb80,425,426

Tilmicosin 10 mg/kg SC for bacterial  
pneumoniaa427,428

10 mg/kg SC for mastitisb429

(anecdotal reports suggest that the use 
of this drug may result in death in 
some goats)

Tolazoline 2 mg/kg IVb377,430 2.2 mg/kg IVb431 4 mg/kg IVc432

Toltrazuril 20 mg/kg PO oncea433–436 20 mg/kg PO onceb437–439
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TABLE 
1 Some Drug Dosages—cont’d.

Drug Sheep Goats Cervids

Triclabendazole 10–20 mg/kg PO for flukesb440–444 5–12 mg/kg PO for flukesb440,445

Trimethoprim-sulfadiazine 30 mg/kg IM in pre-ruminant lambsc446 20 mg/kg IM in pre-ruminant goatsc447

Tulathromycin 2.5 mg/kg SCb448–451 2.5 mg/kg SCb448–450,452,453 2.5 mg/kg SCc454

Tylosin 20 mg/kg IM every 12–24 hc455,456 20 mg/kg IMc457

Vitamin B12 (cyanocobalamin) 0.05–0.2 mg IM or 2 mg SC for  
deficiencyb458–462

Vitamin K1 (phylloquinone) 1.1 mg/kg IM or 2.2 mg/kg IV reported in 
cattlec463–465

1.1 mg/kg IM or 2.2 mg/kg IV reported 
in cattlec463–465

Xylazine 0.05–0.22 mg/kg IV or IMb155,170,466–468 0.05–0.22 mg/kg IV or IMb306,469,470

Yohimbine 0.2–0.25 mg/kg IVb65,430,471,472 0.2–0.25 mg/kg IVb65,471,472 

The Authors Wish to Acknowledge Stephanie Morel for Help With This Table.
aHigh quality: further research is unlikely to change our confidence in the dosage.
bModerate quality: further research is likely to have an important impact in our confidence in the dosage and may change it.
cLow quality: further research is very likely to have an important impact in our confidence in the dosage and is likely to change it.
dVery low quality: dosage estimate is very uncertain.
CRI, constant rate infusion; eCG, equine chorionic gonadotropin; EDTA, Ethylenediaminetetraacetic acid; GnRH, gonadotropin-releasing hormone; IM, intramuscular; IP, intra-peritoneal; IV, intravenous; 
PMSG, pregnant mare serum gonadotropin; PO, per os; q24h, every 24 hrs; QID, 4 times per day; SC, subcutaneous; TID, 3 times per day.

TABLE 
2  Drugs Affected by VFD or Guidance 213

AFFECTED FEED-USE ANTIMICROBIALS

Antimicrobial Class Specific Drugs Approved for use in Feed

Aminoglycosides Apramycin, hygromycin B, neomycin, streptomycin

Diaminopyrimidines Ormetoprim

Lincosamides Lincomycin

Macrolides Erythromycin, oleandomycin, tylosin

Penicillins Penicillin

Streptogramins Virginiamycin

Sulfas Sulfadimethoxine, sulfamerazine, sulfamethazine, 
sulfaquinoxaline

Tetracycline Chlortetracycline, oxytetracycline

AFFECTED WATER-USE ANTIMICROBIALS

Antimicrobial Class Specific Drugs Approved for use in Water

Aminoglycosides Apramycin, gentamicin, neomycin, spectinomycin, 
streptomycin

Lincosamides Lincomycin

Macrolides Carbomycin, erythromycin, tylosin

Penicillins Penicillin

Streptogramins Virginiamycin

Sulfas Sulfachloropyrazine, sulfachlorpyridazine, sulfa-
dimethoxine, sulfamerazine, sulfamethazine, 
sulfaquinoxaline

Tetracycline Chlortetracycline, oxytetracycline, tetracycline

VFD, Veterinary feed directive.

practice that orders the use of a VFD drug or combination VFD 
drug in or on an animal feed or in water (Box 1). The written state-
ment authorizes the client or other caretaker to obtain and use 
animal feed containing a VFD drug or combination VFD drug to 
treat the client’s animals only in accordance with the conditions for 
use in compliance with FDA limitations. A copy of the written 
order must be kept for a period of 2 years by the veterinarian,  
client, and mill or distributor.
•	 Veterinarian’s	name,	address,	and	telephone	number.
•	 Client’s	name,	business	or	home	address,	and	telephone	number.
•	 Premises	at	which	the	animals	specified	in	the	VFD	are	located	

(may also use GPS coordinates or specify pen, barn, stall, tank, 
or other description).

• BOX 1  General Label Information for VFD

Labels for VFD drugs will include a cautionary statement stating “Federal law 
restricts medicated feed containing this VFD drug to use by or on the order of a 
licensed veterinarian.” Information that is required on a VFD order is:
•	 Veterinarian	and	client	information
•	 Premise	information:	where	the	animals	specified	in	the	VFD	are	located
•	 Date	of	VFD	issuance
•	 Expiration	date	of	the	VFD
•	 Name	of	the	VFD	drug(s)
•	 Species	and	production	class	of	animals	to	be	fed	the	VFD	feed
•	 Approximate	number	of	animals	to	be	fed	the	VFD	feed	by	the	expiration	

date of the VFD
•	 Indication	for	which	the	VFD	is	issued
•	 Level	of	VFD	drug	in	the	feed	and	duration	of	use
•	 Withdrawal	time,	special	instructions	and	cautionary	statements
•	 Number	of	reorders	authorized
•	 Statement:	“Use	of	feed	containing	this	VFD	drug	in	a	manner	other	than	as	

directed on the labeling is not permitted”
•	 An	affirmation	of	intent	for	combination	VFD	drugs	as	described	in	21	CFR	

558.6(b)(6)

VFD, Veterinary feed directive.
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• Fig. 1 A sample VFD from FDA GFI #233. (FDA, U.S. Food and Drug Administration; VFD, veterinary 
feed class.)

Contains Nonbinding Recommendations

Veterinary Feed Directive

Veterinarian:

Address:

Phone:

Fax or email (optional):

Drug(s) Name:

Species and Production class:

Indications for use (as approved):

Caution (related to this medicated feed, if any):

Number of reorders (refills) authorized (if permitted by the drug approval):

Approximate Number of Animals:

Premises:

Other Identification (e.g., age, weight) (optional):

Special Instructions (if any):

Drug(s) Drug Level(s) and any Special Instructions

Affirmation of intent (for combination VFD Drugs) (check one box)*:

(‘For VFD drugs for which there are no approved VFD combinations, only the first affirmation statement should be included on the VFD)

  This VFD only authorizes the use of the VFD drug(s) cited in this order and is not intended to authorize the use of such

 drug(s) in combination with any other animal drugs.

  This VFD authorizes the use of the VFD drug(s) cited in this order in the following FDA-approved, conditionally approved,

or indexed combination(s) in medicated feed that contains the VFD drug(s) as a component:

  This VFD authorizes the use of the VFD drug(s) cited in this order in any FDA-approved, conditionally approved, or indexed

combination(s) in medicated feed that contains the VFD drug(s) as a component.

(As specified in the approval;

cannot exceed 6 months after issuance)

All parties must retain a copy of this VFD for 2 years after the date of issuance. 21 CFR 558.6(a)(4)

USE OF FEED CONTAINING THIS VETERINARY FEED DIRECTIVE (VFD) DRUG IN A MANNER OTHER THAN AS DIRECTED

ON THE LABELING (EXTRA-LABEL USE) IS NOT PERMITTED

Drug(s) Level: g/ton Duration of use:

Client:

Address:

(business or home)

Phone:

Fax or email (optional):

Withdrawal Time (if any): This VFD Feed must

be withdrawn                  days prior to slaughter

VFD Date of Issuance: (Month/Day/Year)   VFD Expiration Date:

Veterinarian’s Signature:

(Month/Day/Year)
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•	 Date	of	VFD	issuance.
•	 Expiration	date	of	the	VFD.
•	 Name	of	the	VFD	drug(s).
•	 Species	and	production	class	of	animals	to	be	fed	the	VFD	feed	

(age and weight range optional).
•	 Approximate	number	of	animals	to	be	fed	the	VFD	feed	by	the	

expiration date of the VFD.
•	 Indication	for	which	the	VFD	is	issued.
•	 Level	of	VFD	drug	in	the	feed	and	duration	of	use.
•	 Withdrawal	 time,	 special	 instructions,	 and	 cautionary	 state-

ments necessary for use of the drug in conformance with the 
approval.

•	 Number	of	reorders	 (refills)	authorized,	 if	permitted	by	drug	
approval, conditional approval, or index listing.

•	 The	 statement:	 “Use	 of	 feed	 containing	 this	Veterinary	Feed	
Directive (VFD) drug in a manner other than as directed on 
the labeling (extra-label use), is not permitted”.

•	 An	 affirmation	of	 intent	 for	 combination	VFD	drugs	 as	 de-
scribed in 21 CFR 558.6(b)(6).

Either
	 (i)	 “This	VFD	only	authorizes	the	use	of	the	VFD	drug(s)	cited	

in this order and is not intended to authorize the use of such 
drug(s) in combination with any other animal drugs.” OR

	(ii)	 “This	VFD	authorizes	 the	use	of	 the	VFD	drug(s)	cited	 in	
this order in the following FDA-approved, conditionally ap-
proved, or indexed combination(s) in medicated feed that 
contains	 the	 VFD	 drug(s)	 as	 a	 component.”	 [List	 specific	
approved, conditionally approved, or indexed combination 
medicated feeds following this statement.] OR

	(iii)	 “This	VFD	authorizes	 the	use	of	 the	VFD	drug(s)	cited	 in	
this order in any FDA-approved, conditionally approved, or 
indexed combination(s) in medicated feed that contains the 
VFD drug(s) as a component.”

•	 Veterinarian’s	electronic	or	written	signature.
Practice pointers to bear in mind when working with a VFD are:
•	 The	expiration	date	is	the	last	date	the	feed	may	be	fed.
•	 Dates	 are	 calculated	 by	 calendar	 date,	 not	 days,	 July	 10	 to	

January	10,	or	for	an	end	of	month,	August	31	to	February	28	
(or 29) for example, even though there are fewer days in the 
ending month.

•	 An	 expiration	 date	 is	 6	 months,	 but	 the	 veterinarian	 may	 
reduce this time period.

•	 Duration	of	use	is	separate	from	expiration	date;	the	expiration	
date is the time frame to obtain and use the VFD feed and the 
actual time used is determined by the labeled use period for the 
VFD drug.

•	 Approximate	number	of	animals	means	the	potential	number	
of animals to be fed the feed identified at the premises and over 
the time period stated on the VFD.

•	 A	copy	of	the	VFD	to	the	distributor	in	hardcopy	may	be	sent	
directly or via the client and may also be sent by facsimile (fax), 
or by electronic means.

•	 There	is	no	provision	to	allow	a	VFD	for	an	over-the-counter	
(OTC) drug; only VFD drugs pursuant to a VFD order may 
be used on feed or in water.

In order for a VFD to be lawfully issued, the veterinarian issuing 
the VFD must comply with the following:
•	 Must	 be	 licensed	 to	 practice	 veterinary	 medicine	 (21	 CFR	

558.6(b)(1)(i)).
•	 Must	 be	 operating	 in	 the	 course	 of	 the	 veterinarian’s	 profes-

sional practice and in compliance with all applicable veterinary 
licensing and practice requirements (21 CFR 558.6(b)(1)(ii)).

•	 Must	write	VFD	orders	in	the	context	of	a	veterinarian-client-
patient relationship (VCPR) (21 CFR 558.6(b)(1)(ii)).

•	 Must	only	issue	a	VFD	that	is	in	compliance	with	the	conditions	
for use approved, conditionally approved, or indexed for the 
VFD drug or combination VFD drug (21 CFR 558.6(b)(2)).

•	 Must	prepare	 a	written	 (nonverbal)	VFD	(21	CFR	558.6(b)
(7)) that includes the veterinarian’s electronic or written signa-
ture (21 CFR 558.6(b)(3)(xv)).

•	 Must	ensure	the	VFD	includes	all	required	information	speci-
fied in the VFD regulation (21 CFR 558.6(b)(3)).

•	 May	enter	additional	discretionary	 information	to	more	spe-
cifically identify the animals to be treated/fed the VFD feed 
(21 CFR 558.6(b)(4)).

•	 Must	include	certain	drug-specific	information	for	each	VFD	
drug when the veterinarian is authorizing the use of a drug 
combination that includes more than one VFD drug (21 CFR 
558.6(b)(5)).

•	 For	VFD	drugs	approved	for	use	alone	or	in	combination	with	
one or more OTC drugs, must include on the VFD order an 
affirmation of intent either to restrict authorized use only to 
the VFD drug cited on the VFD or to allow the use of the 
cited VFD drug in an approved combination with one or more 
OTC drug(s) (21 CFR 558.6(b)(6)).

•	 Must	provide	the	distributor	with	a	copy	of	the	VFD	order	(21	
CFR 558.6(b)(8)).

•	 Must	 provide	 the	 client	 with	 a	 copy	 of	 the	 VFD	 order	 
(21 CFR 558.6(b)(9)).

•	 Must	retain	the	original	VFD	for	2	years	(21	CFR	558.6(a)(4)).
•	 Must	provide	VFD	orders	for	inspection	and	copying	by	FDA	

upon request (21 CFR 558.6(a)(5)).
Many distributors and drug suppliers will have available online a 
VFD from for veterinarians’ use (Figure 1).
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Appendix 2

Reference intervals (RIs) are often erroneously referred to as the 
“normal range,” but it must be stressed that RIs are merely a statis-
tical calculation that includes approximately 95% of normal pa-
tient values.1 It is both possible for a healthy patient to have an 
“abnormal” value for no pathologic reason, as well as a value within 
the RI that is inappropriate and indicative of disease. Whenever 
possible, reference intervals should be generated de novo for a suf-
ficiently large and representative patient population.1

However, this is not always possible for financial and/or logistical 
reasons. In place of de novo RIs, published RIs can provide guidance 
when more appropriate RIs are unavailable. If published RIs are to 
be used, it is recommended that the (1) reference population used 
for the intervals, (2) sample collection and handling procedures, and 
(3) instruments and assay methodologies (including reagents) are 
well defined and similar to the patient testing circumstances.

Some selected population variables that may affect reference in-
tervals and interpretation of a patient’s data include animal age, sex, 
species, breed, function, diet, and pregnancy and lactation status.1 
Although the values in this appendix come from respected sources, 
the essential background information on reference population and 
test method is usually lacking. If the RIs contained in this appendix 

are the best source available for interpreting patient data, clinicians 
should be aware of these significant caveats, and consultation with 
the testing laboratory may be helpful. Results presented in different 
units can be corrected using the included conversion tables. The 
“deer” RI data in this appendix are drawn from multiple studies 
that include a combination of many different deer breeds, including 
white-tailed, red, Rusa, fallow, and chital.

• BOX 1 Celsius to Fahrenheit and Fahrenheit 
to Celsius

To change Celsius to Fahrenheit, multiply the degrees in Celsius by 1.8, then 
add 32 to the number.
Example: 40°C
(1.8) (40) 1 32 5 104°F

To change Fahrenheit to Celsius, subtract 32 from the degrees in Fahrenheit, 
then multiply that number by 0.556.
Example: 104°F
(104 – 32) (0.556) 5 40°C

TABLE 
1 Erythrocyte Parameters.

SHEEP GOATS DEER

Parameter Range Mean Range Mean Range Mean

Hematocrit (packed cell volume [PCV]) % 27–45 35 22–38 28 27.6–54.44 40.8

Hemoglobin (Hb) g/dL 9–152,3 11.5 8–122,3 10 7.9–18.74 14

Erythrocytes (red blood cells [RBCs]) 106/mL 9–152,3 12 8–182,3 13 6.2–14.274 10.9

Mean corpuscular volume (MCV) fl 28–402,3 34 16–252,3 19.5 27.7–58.14 38.6

Mean corpuscular hemoglobin (MCH) pg 8–122,3 10 5.2–82,3 6.5 9.8–21.94 13.4

Mean corpuscular hemoglobin concentration (MCHC) g/dL 31–342,3 32.5 30–362,3 33 27.7–37.64

Platelet count, N 3 103/mL 205–7053

800–11002
500 300–6002,3 450 233–4824

Red blood cell (RBC) diameter (mm) 3.2–6.02 4.5 2.5–3.9 3.2

RBC life (days) 125 140–150 125–149

Myeloid:erythroid ratio (M/E) 0.71 0.77–1.72

0.8–1.73 0.7–13

Notes     Deer erythrocytes may 
assume sickle shape in 
vitro after phlebotomy

fL, means femtoliter(s) and it is a unit of volume measurement; pg, is picogram(s), a measure of mass.
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TABLE 
2 Leukocyte Parameters, Plasma Protein, and Fibrinogen.

SHEEP GOATS DEER

Parameter Percentage Range Mean Percentage Range Mean Range Mean

White blood cell count (WBC) n/mL 4000–12,0003 4000–13,0003 2600–84004 4800

Segmented neutrophils (seg) (%) n/mL 10–503 700–60002,3 2400 30–482 1200–72002,3 3,250 540–5814 2199

Banded neutrophils (band) (%) n/mL 0 0 0

Lymphocytes (lymph) (%) n/mL 40–753 2000–90002,3 5000 50–702 2000–90002,3 5000 1040–27414 2164

Monocytes (mono) (%) n/mL 6–63 0–7501,2 200 0–42 0–5502,3 250 20–2304 126

Eosinophils (eos) (%) n/mL 0–103 0–10003 400 1–82 50–6502,3 450 50–1814 130

Basophils (baso) (%) n/mL 0–33 0–3002,3 50 0–12 0–1202,3 50 0–204 5

Plasma protein (PP) g/dL 6–7.52,3 6.0–7.52,3

Fibrinogen (mg/dL) 100–5002,3 100–4002,3

n 5 number, used to express a cell concentration

TABLE 
3 Coagulation Parameters (Goats).5

GOATS

Parameter Units Mean SD RI

Prothrombin time (PT) Seconds 12.8 0.99 15.7–19.8

Activated partial 
thromboplastin 
time (APTT)

Seconds 20.3 2 16.2–24.3

D-dimer mg/mL 0.27 0.25 0–0.68

Antithrombin (AT III) % 133.2 11.8 108.6–156.5

Fibrinogen mg/dL 203.7 52.8 89.5–303.2

TABLE 
4 Serum Biochemical Values.

Value Sheep Goats Deer

Acetone mmol/L 0–1.726

Acetylcholinesterase U/L 6406 2706

Albumin, g/dL 2.4–3.03,6 2.7–3.93,6 3.47–4.257

Alkaline phosphatase (ALP) U/L 68–3873,6 93–3873,6

Arginase (ARG) U/L 0–146

Aspartate aminotransferase (AST, SGOT) U/L 60–2803,6 167–5133,6 22.00–60.007

b-Hydroxybutyrate (b-OHB) mmol/L Normal: , 0–7
Moderate: 0.8–1.6
Severe underfeeding: 1.7–3.0
Pregnancy toxemia: . 6.5

Bicarbonate (HCO3
2) mmol/L 20–256

Bilirubin, total mg/dL 0.1–0.53,6 0.10–1.716 0.03–0.767

Bilirubin, unconjugated (UCB) mg/dL 0–0.126
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TABLE 
4 Serum Biochemical Values.—cont’d

Value Sheep Goats Deer

Bilirubin, conjugated (direct) mg/dL 0–0.273,6

Cholesterol mg/dL 52–762 80–1302 91.11–122.957

Carbon dioxide, total (TCO2) mmol/L 21–286 25.6–29.66

Creatinine phosphokinase (CPK) U/L 8–136 0.8–93,6

Creatinine mg/dL 1.2–1.96 1–1.823,6 1.44–2.547

Gamma-glutamyl transferase (GGT) U/L 44 6 113

20–526
20–566

Globulin g/L, g/dL 3.5–5.76 2.7–4.16 2.15–3.557

Glucose mg/dL 50–803,6 50–753,6 78.87–107.617

Glutamate dehydrogenase (GD) U/L 206

Hemoglobin mg/dL 90–1406 80–1206

Icterus index 2–56 2–56

Isocitrate dehydrogenase (ICD) U/L 0.4–8.06

Lactate dehydrogenase (LDH) U/L 238–4403

88–487
123–3923,6

Lactate mmol/L 1–1.336

Protein, total serum g/dL 6–7.96 6.4–73,6 5.90–7.737

Sorbitol dehydrogenase U/L 5.8–27.96 14–23.66

Blood urea nitrogen (BUN) mg/dL 8–203,6 10–203,6 15.33–33.337

TABLE 
5 Serum Electrolyte and Mineral Concentrations.

Parameter Sheep Goats Deer

Calcium mg/dL 11.5–12.83  8.9–11.73 8.9–11.767

Phosphate mg/dL 5.0–7.33 4.2–9.13 6.57–11.747

Magnesium mg/dL 2.2–2.83 2.8–3.63

Sodium mEq/L 139–1523 142–1553

Chloride mEq/L 95–1033  99–110.33 97.35–109.667

Potassium mEq/L 3.9–5.43 3.5–6.73

Bicarbonate (HCO3
–) mEq/L 20–253

Iron mmol/L 29.7–39.76

mg/dL 162–2226

Copper mmol/L 9.13–25.26

Lead mmol/L 0.24–1.216 0.24–1.216

mg/dL 5–256   5–256
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TABLE 
7 Cerebrospinal Fluid.6

Parameter Sheep Goats

White blood cells (WBC) number/mL 0–5 0–4

Erythrocytes number/mL

Calcium mg/dL 5.1–5.5 4.6

Magnesium mg/dL 2.2–2.8 2.3

Chloride mg/dL 128–148 116–130

Phosphorus mg/dL 1.2–2

Potassium mg/dL 3.0–3.3 3.0

Sodium mg/dL 145–157 131

Hydrogen ion (pH) 7.3–7.4

Glucose mg/dL 52–85 70

Total protein mg/dL 29–42 12

TABLE 
8 Urinalysis.15

Test Normal Results

Color Pale yellow

Glucose Negative

Ketones Negative

Protein Negative to trace

Specific gravity 1.015–1.045

Bilirubin Negative

Turbidity Clear

Crystals Rare

Casts Occasional hyaline

Epithelial cells Occasional

Gamma-glutamyl transferase (GGT) , 40 U/L

Red blood cells (RBC) , 5

White blood cells (WBC) , 5

TABLE 
6 Vitamins and Minerals in Serum and Liver (Sheep).

Measured Element Deficient Adequate Toxic

Vitamin A (serum) ng/m9 Newborn , 20
Yearling , 150
Adult , 150

30–100
225–00

225–500

Vitamin A (liver) mg/g dry weight9 Newborn , 20
Yearling , 40
Adult, 40

50,100
100–500
3,0011,00

Vitamin E (liver) mg/dL dry weight9 Newborn , 3
Yearling , 10
Adult, 10

7–35
20–40
20–40

Selenium (serum) ng/mL9 Newborn , 20
Yearling , 50
Adult , 50

50–90
80–120

110–160

Zinc (serum) ppm 0.22–0.4510 0.8–29,10 30–50

Zinc (liver) mg/kg (dry weight) 10–250 400

Copper (serum) mg/kg , 0.6 0.7–2.09,10 3.3–20

Copper (liver) mg/kg (dry weight) 0.5–4.0 88–3509 250–400

Iron (serum) mg/kg (as soluble element) 1.6–2.29

Iron (liver) mg/kg (dry weight) 105–1050

Manganese 7–15

Molybdenum 1.5–6
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TABLE 
9 Paracentesis.8,11

Characteristic Normal Value

Odor None

Color Colorless to yellow

Turbidity Clear to slightly turbid

Total nucleated cell count (cells/mL)
Total protein (g/dL)

200–3,60012

0.5–3.2 g/dL

Neutrophils , 10,000

Specific gravity , 1.018

Glucose (mg/dL) 45–6612

TABLE 
10 Synovial Fluid.13

Characteristic Normal
Inflammation Or  
Low-Grade Infection Septic

Degenerative  
Joint Disease

Color Clear Yellow to red Yellow to red Yellow

Clarity Transparent Translucent Cloudy Transparent

Leukocytes/mL , 200 2000–10,000 30,000–100,000 200–2000

Neutrophils % , 25 . 75 . 75 25

Viscosity Very viscous Poor Poor Variable

TABLE 
11 Conversions.14

Prefix Value

Milli- 1/1000

Centi- 1/100

Deci- 1/10

Deca- 10

Necto- 100

Kilo- 1000
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TABLE 
13

Imperial to Metric and Metric to Imperial 
Conversion.

Value Converted Equivalent

1 oz 28.5 g

1 lb 16 oz

1 kg 1000 g

1 ton 2000 lb
1.07 kg

1 metric ton 1000 kg
2205 lb
1.102 ton

1 mg/kg 1 ppm

TABLE 
14 Equivalent Values for Capacity or Volume.14

Value Equivalent

1 cubic cm
1 U.S. pint

1 mL
28.875 cubic inches
0.5 quarts
0.47316 L

1 U.S. quart 57.75 cubic inches
2 U.S. pints
0.9463L

1 U.S gallon 231 cubic inches
8 U.S. pints
4 U.S. quarts
3.7853 L

1 L 2.1134 U.S. pints
1.057 U.S. quarts
0.2642 U.S. gallon

1 bushel 2150.42 cubic inches
1.244 cubic feet
9.309 U.S. gallons

TABLE 
12 Miscellaneous Conversions.14

Conversion Multiply By

Grain to milligrams 64.799

Ounces to grams 28.35

Pounds to grams 453.6

Pounds to kilograms 0.4536

Tons to metric tons 0.9

Grams to ounces 0.035

Kilograms to pounds 2.205

Metric tons to tons 1.102

mg/lb to g/ton 2

g/lb to g/ton 2000

lb/ton to g/ton 453.6

mg/g to mg/lb 453.6

mg/kg to mg/lb 0.4536

mg/kg to g/lb 0.4536

ppm to mg/lb 0.4536

mg/lb to ppm 2.2046

ppm to g/ton 0.907

g/ton to g/lb 0.0005

g/ton to lb/ton 0.0022

g/ton to % 0.00011

% to g/ton 9072.2

g/ton to ppm 1.1

% to ppm Divide by 10,000

ppm to % 10,000
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A
Abamectin, 518–525t
Abdominal cavity, 502
Abdominal palpation, 171
Abdominocentesis, 64–65, 65f, 285–286
Abducent nerve (CN VI), eye movement  

evaluation, 313–314
Abiotrophy, cerebellar, 338–339
Abomasitis, 74–75
Abomasum, 509
Abomasum diseases

abomasitis and abomasal ulcers, 74–75
emptying defect, 75
hemorrhage, 74–75
impaction, 75
plant toxicity, 75–76

Abortion, 183–186. See also Pregnancy
infectious causes of, 186–198, 486–489t
necropsy, 507–508
noninfectious causes of, 185–186
toxicologic, 186

Abscess
internal lymph node, 57
liver, 85–86
pharyngeal, 55–57
pituitary abscess syndrome, 212
pleural, 134–135
renal, 294–295
retropharyngeal, 126
of soft tissues, 230
spinal, 336–337

Abscess-forming bacteria, 423
Acepromazine, 463
Acepromazine maleate, 518–525t
Acetic acid, 518–525t
Acholeplasma oculi conjunctivitis, 371–372
Acid-base balance, uncomplicated neonatal  

diarrhea, 411–412
Acid detergent fiber (ADF), 26
Acidophilic adenomas, of anterior pituitary, 211
Acquired cardiac diseases, 448–450
Actinobacillosis, 56, 229
Actinobacillus seminis, 420
Acute kidney diseases

infectious diseases, 288–293
toxic diseases, 290–293

Acute renal failure, 287–288
Acute viral diseases. See Viral diseases: acute
Adenocarcinoma, pituitary, 211–212
Adenohypophysis, 209
Adenomas, pituitary, 211
Adenovirus, 130

renal infection, 290

Adnexa
extraocular muscles, 349
eyelids and conjunctiva, 349–350
orbit, 349

Adrenal glands, 215–216, 215t
Adrenocorticotropic hormone (ACTH), 210
Adult cestode infections, 110
Agalactia, 388
Akabane virus, 195, 339, 486–489t
Albendazole, 104t, 518–525t
Alfaxalone, 466, 518–525t
Alopecia, 224
Alpha-2 agonists, 464–465
Amaranthaceae nephrotoxicity, 290t
Amikacin, 518–525t
Aminoglycosides, 525t
Ammonia toxicity, 331
Ammonium chloride, 518–525t
Ammonium molybdate, 518–525t
Ammonium sulfate, 25
Ammonium tetrathiomolybdate, 518–525t
Amoxicillin-clavulanic acid, 518–525t
Amoxicillin trihydrate, 518–525t
Ampicillin sodium, 518–525t
Ampicillin-sulbactam, 518–525t
Ampicillin trihydrate, 518–525t
Amprolium, 518–525t
Amputation

necessitated by fracture, 255
rectal, 85
vermiform appendage, 299

Amyloidosis, 293–294
Anagen defluxion, 242
Anagen phase of hair growth, 221
Anaplasma ovis, 425
Anaplasma phagocytophila, 192–193
Anaplasmataceae infection, of white blood  

cells, 425–426
Ancillary tests

serologic screening, 145
testicular biopsies, 144
ultrasonography, 144

Anemia
FAMACHA system of assessing, 406–407
treatment of, 407

Anesthesia
complications, 474
dissociative, 465–466
epidural and subarachnoid analgesia and,  

472–474
injectable, 465–466
local anesthetics, 470–471
retrobulbar, for enucleation, 377–378

Anesthetic management, 461–462
cervid anesthesia, 475–476
complications, 474
epidural and subarachnoid analgesia and,  

472–474
FARAD recommended withdrawal interval, 462t
inhalants, 466–467
injectable anesthetics, 465–466
injectable combinations for chemical restraint/

general anesthesia, 466
monitoring, 467–469
premedications, 462–465
protocols, 474
regional techniques, 471–472
total intravenous anesthesia, 466

Angora goats
feeding for fiber production, 38
white liver disease, 87

Anionic salts
ammonium chloride, 25
as feed additives, 25

Annual health management practices, 494–496
Annual ryegrass (Lolium rigidum), grass staggers 

due to, 331–332
Anterior pituitary gland, structure, function, and 

hormones, 209–210
Anthelmintic resistance, 103–106, 104t
Antibiotics

as feed additives, 24
for foot rot, 273
nephrotoxicity, 292–293
subconjunctival injections, 364

Antibiotic susceptibility testing, milk cultures and, 
396–397

Anticholinergics, 465
Anticoccidial feed additive, 25
Antidiuretic hormone (ADH), 210–211
Antlers

collection, flock/herd health, 483
growth in cervids, 217–218
necropsy procedure, 501

Apple, cyanogenic glycoside-producing plants, 136t
Arcanobacterium pyogenes, 193
Arginine vasopressin, 210
Arrhythmias, 445–446
Arthrogryposis, 252
Artificial insemination

advantages, 163
cervical insemination, 165
disadvantages, 163
laparoscopic insemination, 165–167
transcervical insemination, 165
vaginal insemination, 164–165
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Bovatec. See Lasalocid
Bovine viral diarrhea, 486–489t
Brachygnathia, 55, 56f
Bracken fern, blindness due to, 375
Bradyarrhythmias, 441, 445–446
Brain stem

diseases, 318
function, assessment of facial nerve for, 315
listeriosis, 332–333

Brainworm, 109
Branhamella ovis keratoconjunctivitis, 371
Braxy, 418–419
Breath sounds, 120
Breech presentation, 174
Breeding

bucks, 485
does, 485
ewes, 485
feeding of females at time of, 32
natural, 163
prebreeding, 484–485
rams, 485
season, 485

Breeding management
advanced reproductive techniques, 169
alternative breeding programs, 162–163
artificial insemination, 163–167
doe (cervid), 160
doe (goat), 160
embryo transfer, 167–169
estrous cycle control, 160–162
ewe, 159–160
increasing twinning rates, 162
natural breeding systems, 163
pregnancy determination, 170–172

Breeding programs, alternative, 162–163
cervids, 163
goats, 163
sheep, 162–163

Breeding soundness examination (BSE)
in buck (cervid), 146
in buck (goat), 145–146
of female reproduction, 159
in ram, 142–144

Breeding soundness, prediction, 144
Bright blindness, 375
Browse, 15
Brucella spp., 190

B. melitensis, 421
in cervids, 147–148

Brucellosis, 190, 486–489t
Buck (cervid)

breeding soundness examination, 146
puberty, 142
seasonality, 142
selection and management, 147
surgical procedures, 153–154
vasectomy in, 153f

Buck (goat)
breeding soundness examination, 145–146
physical examination in, 145
puberty, 142
reproductive tract examination in, 145
scrotal circumference in, 145
seasonality, 142
selection and management, 147
semen collection in, 145
semen evaluation in, 145–146

Buckeye, 341–342t

Artificial rearing, of neonates, 490–491
Ascites, 443
Aspiration pneumonia, 131
Aspirin, 518–525t
Asymmetric udder, 388
Ataxia

assessment for, 312
enzootic (swayback), 336

Atipamezole, 518–525t
Atresia, intestinal, 82–83
Atrioventricular block, 445
Atropine, 518–525t
Atypical interstitial pneumonia, 135–136
Aujeszky’s disease, 327
Auriculopalpebral nerve block, 360
Auscultating arrhythmias, 441
Auscultation, 119–121
Autoimmune diseases, pemphigus foliaceus, 237
Avocado, causing cardiovascular toxicity, 450
Azalea toxicity, 75–76, 341–342t
Azaperone, 463
Azithromycin, 518–525t
Azotemia, renal, 282

B
Babesia spp., 425
Bacillary hemoglobinuria, 417–418
Bacillus anthracis, 420–421
Bacteria

abscess-forming, 423
mastitis caused by, 386
renal abscesses caused by, 294–295
sepsis caused by, 420–421

Bacterial abortion
Anaplasma phagocytophila, 192–193
Arcanobacterium pyogenes, 193
Brucella spp., 190
Burkholderia pseudomallei, 193
Campylobacter spp., 189–190
Chlamydophila abortus, 186–188
class Mollicutes, 192
Coxiella burnetii, 188–189
Erysipelothrix rhusiopathiae, 193
Escherichia coli, 193
Fusobacterium necrophorum, 193
Helicobacter bilis, 193
Histophilus ovis, 193
Leptospira spp., 192
Listeria spp., 190–191
Mannheimia hemolytica, 193
Pasteurella multocida, 193
Salmonella spp., 191–192
Yersinia spp., 193

Bacterial counts, bulk tank, 393–394
Bacterial culture, materials for, 500
Bacterial diseases

of integumentary system
abscesses, 230
actinobacillosis, 229
caseous lymphadenitis, 230–231
dermatophilosis, 227–228
diagnostic tests, 224t
fleece rot, 228–229
malignant edema, 229
staphylococcal dermatitis, 229–230

of neurologic system
Clostridium perfringens enterotoxemia, 322–323
meningitis and encephalitis, 321–322

ophthalmologic, 367

Bacterial keratoconjunctivitis, 372
Bacterial subclinical mastitis

coagulase-negative staphylococci, 401
coagulase-positive staphylococci, 401
Streptococcus spp., 401

Baermann technique, 105, 108–109, 108f
Ballottement, 171
Barbiturates, 465
Batten’s disease, 375–376
Behavior characteristics, of sheep and goats, 9–13
Benzimidazole (BZ) class, 103–104
Benzodiazepines, 463
Bermuda grass (Cynodon dactylon), grass staggers 

due to, 331–332
Bibersteinia trehalosi, 422–423
Bifid teats, 387
Bighead, 229, 418
Bilirubinuria, 284
Biopsy

liver, 68, 68f
mammary gland, 397–398
renal, 287
skin, 225

Biosecurity, 8–9
flock/herd health, 481

Bitterweed, 341–342t
Black disease, 417
Blackleg, 263–264, 419
Blepharitis

bacterial, 367
fungal, 367
parasitic, 367–368
viral, 367

Blind half, 389
Blindness

bracken fern-induced, 375
causes of, 376

Bloat
clinical signs, 69
diagnosis and treatment, 69
pathogenesis, 68–69
prevention, 69–70

Blood and tissue parasitic diseases
Anaplasma ovis, 425
Anaplasmataceae infection of white blood cells, 

425–426
Babesia spp., 425
Mycoplasma ovis, 425
Neospora caninum, 427
Sarcocystis spp., 427
Toxoplasma gondii, 427
trypanosomiasis, 426–427

Blood cultures, 406
Blood gas analysis, for respiratory diseases, 121
Blood transfusion, whole blood, 48
Bluebag, 399
Bluetongue (BT), 58–59, 427–428
Bluetongue virus, 196, 486–489t

cerebellar hypoplasia and abiotrophy caused  
by, 339

skin lesions suggestive of, 227
Body condition scoring (BCS), 1–2, 2f, 2t, 15, 16f, 

29, 31, 484t
Body fluids, physiology of, 45
Bone marrow aspiration, 406
Border disease, 486–489t
Border disease virus (BDV), 195–196, 433–434
Bottle feeding, 34–35
Botulism, 334–335
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nematode parasites of, 97–107, 98t
pregnancy termination, 173
protozoan parasites of, 112–115, 114t
transcervical insemination, 165
trematode parasites of, 111–112, 111t
twinning, increasing rates of, 162
vaccination recommendations for, 494
Veterinary Feed Directive for, 517–527

Cesarean section, 174–176
Cestodes

adult cestode infections, 110
immature cestode infections, 110–111
trematodes, 111–112

Charcoal (activated), 518–525t
Cheek teeth, 51, 54–55
Chelation therapy, for lead toxicosis, 326
Chenopodiaceae nephrotoxicity, 290t
Chest compressions, 448
Chlamydial polyarthritis, 259
Chlamydia pecorum, 55
Chlamydiosis, 186–188
Chlamydophila spp., 421

C. abortus, 186–188
infection, 129–130
keratoconjunctivitis, 371

Chloral hydrate, 518–525t
Chlortetracycline, 41, 518–525t
Chorioptic mange, 235
Choroid anatomy, 355
Chronic kidney diseases

amyloidosis, 293–294
glomerulonephritis, 294
mesangiocapillary glomerulonephritis, 294
pyelonephritis, 293
renal abscesses, 294–295
systemic disease, 293–295

Chronic renal failure, 288
Chronic viral diseases. See Viral diseases: chronic
Chronic wasting disease (CWD), 227

tissue collection, 510–511
Chute restraint system, 10, 10f
Cilia-associated respiratory bacillus, 127
Ciliary body anatomy, 354
Clinical mastitis, 398
Clinical signs

of CAE, 261–262
of otitis externa, 334
of rabies, 327–328
of skin and hair or wool coat diseases, 222
of uncomplicated neonatal diarrhea,  

410–411
Cloisonné kidney, 295
Clopidogrel, 518–525t
Cloprostenol, 518–525t
Clorsulon, 518–525t
Closantel, 518–525t
Clostridial myonecrosis, 263–264
Clostridium perfringens

diarrhea caused by, 79–80
enterotoxemia, 322–323
type A disease, 414–415
type B and C disease, 415–416
type D disease, 288–289, 416

Clostridium spp., bighead caused by, 229
Club lamb fungus, 231–232
Cluster teats, 387
Coagulase-negative staphylococci, in subclinical 

mastitis, 401

Bucks
breeding, 485
effect, 160–161
feeding, 31

Buffers, feed-grade, 25
Bulbus oculi, 351
Bulk tank bacterial counts, elevated, 393–394
Bulk tank somatic cell counts, elevated, 393–394
Bundle branch block, 445
Bunostomum spp., 98
Bunyaviridae, 195
Buprenorphine, 518–525t
Burkholderia pseudomallei, 193
Burns, skin, 241
Butorphanol, 518–525t
Butyrophenones, 463

C
Cache Valley virus, 195, 339, 486–489t
Calcium and phosphorus

affecting hoof condition, 272
dietary, 19–20
supplementation requirements, 28–29

Calcium borogluconate, 518–525t
Calcium gluconate, 518–525t
Calculi

formation of, 40
urinary, 297, 297f

California mastitis test, 395
Callus, 239
Campylobacter fetus, 486–489t
Campylobacteriosis, 189–190
Campylobacter spp., 189–190

C. jejuni, 486–489t
C. lari, 486–489t

Canary grass
causing cardiovascular toxicity, 451
grass staggers due to, 332

Candidiasis, 233
Capacity, equivalent values for, 544t
Capillary refill time (CRT), 441–442
Capnometer, 468
Caprine arthritis encephalitis (CAE), 133,  

261–262, 323
Caprine arthritis-encephalitis virus (CAEV),  

431–432
Caprine herpes virus, 486–489t
Caprine herpes virus 1 (CpHV 1), 196–197
Carcass disposal, 482, 514
Carcinomas

pituitary, 211–212
squamous cell, 243

Cardiac auscultation, 439–441
Cardiac diseases

acquired, 448–450
congenital, 448

Cardiac glycosides, causing cardiovascular toxicity, 
450–451

Cardiac murmurs, 440, 440t
Cardiogenic weakness, 443
Cardiopulmonary resuscitation (CPR), 447–448
Cardiotoxic plants, 450–451
Cardiovascular system examination, 4

cardiac auscultation, 439–441
cardiogenic weakness, 443
echocardiography, 446–447
electrocardiography, 444–446
exercise intolerance, 443
history, 439

hydration status, 442
left-sided congestive heart failure, 443
mucous membranes, 441–442
myocarditis, 443–444
peripheral arterial pulses, 441
syncope, 443
venous pressures, 442–443
visual examination, 439

Carpal contracture, 253
Carprofen, 518–525t
Caseous lymphadenitis (CL), 133, 229, 230–231
Caseous lymphadenitis (CLA), 57
Casting, 255–256
Castor bean, 341–342t
Castration, 150–151

associated with obstructive urolithiasis, 302–303
cervid, 154
cryptorchid, 152–153
unilateral, 151–152

Casts, urinary, 284
Cataracts, 374
Catheterization, of jugular vein, 46
Catheters, transtracheal, 123f
Cecal volvulus and torsion, of root of mesentery, 82
Cefquinome, 518–525t
Ceftiofur crystalline-free acid, 518–525t
Ceftiofur hydrochloride, 518–525t
Ceftiofur sodium, 518–525t
Cefuroxime, 518–525t
Celsius to Fahrenheit conversion, 539b
Central blindness, 376
Central nerve disease, 7t
Central nervous system, 509–510
Cephapirin benzathine, 518–525t
Cerebellar diseases, 331–332

Clostridium perfringens enterotoxemia, 322–323
grass staggers, 331–332
hypoplasia and abiotrophy, 338–339

Cerebral diseases, 317
bacterial meningitis and encephalitis, 321–322
CAEV and maedi-visna virus, 323
lead toxicosis, 326
louping-ill, 323–324
polioencephalomalacia, 324
pseudorabies, 327
rabies, 327–328
scrapie, 328–330
sodium toxicosis and water deprivation, 326–327
sulfur toxicosis, 325–326
thiamine deficiency, 324–325
urea toxicity, 331
West Nile virus encephalitis, 331

Cerebrospinal fluid (CSF), 542t
for neurologic diseases, 319–320

Cerebrospinal nematodiasis, 335
Ceroid lipofuscinosis, 375–376
Cervical insemination, 165
Cervids

alternative breeding programs, 163
anesthesia, 475–476
antler growth in, 217–218
body condition scoring of, 1–2, 2t
castration, 154
cestode parasites of, 110–112, 110t
deantlering, 246
estimating age by teeth eruption, 3t
field anesthesia of, 14f
handling, 8–13

Cardiovascular system examination (Continued) Cervids (Continued)
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D
Daft lamb disease, 340–341t
Daily ration determination, 27, 28t
Dairy goat operations, 259–260
Dallis grass (Paspalum spp.), grass staggers 

due to, 332
Dam-raised neonates, 491–492
Danofloxacin, 518–525t
Dark mucous membranes, 442
Deantlering cervids, 246
Death camas, 341–342t
Deccox. See Decoquinate
Decoquinate, 25, 104t, 518–525t
Deer keds, 234
Degeneration, inherited retinal degeneration,  

375–376
Degenerative joint disease, 265
Dehorning procedure, 244–246
Dehydration

assessment of, 45–46
physical examination parameters, 46t

Demodectic mange, 236
Dental care, floating or clipping, 51
Dentigerous cysts, 57
Depression

in neonates, 413–414
plants causing, 341–342t

Dermatitis
contagious pustular, 225–226
staphylococcal, 229–230

Dermatophilosis, 227–228
Dermatophytoses, 231–232
Dermatosis, ulcerative, 226–227
Dermis, 221
Dermoids, corneal, 373
Descenting, 246
Detomidine, 518–525t
Dewormer, 25
Dexamethasone, 518–525t
Dexamethasone sodium phosphate, 518–525t
Dextrose, 48, 518–525t
Diabetes insipidus, 210–211
Diagnostic procedures

for gastrointestinal diseases, 63–68
for integumentary diseases, 224–225
for mastitis

biopsy, 397–398
California mastitis test, 395
milk culture and antibiotic susceptibility  

testing, 396–397
somatic cell count testing, 395–396
ultrasound examination, 397

for neurological diseases, 320–321
ophthalmologic

for respiratory diseases, 119–124
for urinary tract diseases, 281–287

Diagnostic radiography
for oral-esophageal diseases, 52–53
for respiratory diseases, 121–124

Diaminopyrimidines, 525t
Diaphragmatic hernia, 135
Diarrhea in adult sheep and goats, Johne’s disease, 81
Diarrhea in lambs and kids

Clostridium perfringens, 79–80
general control measures for infectious diarrhea, 

80–81
miscellaneous causes, 80
neonatal, uncomplicated, 410–413
in neonates: causes

Coagulase-positive staphylococci, in subclinical 
mastitis, 401

Coagulation parameters, 540t
Cobalt deficiency, 22

white liver disease associated with, 87
Coccidioidomycosis, 133
Coccidiosis, 112–115, 114f
Coffee weed, causing cardiovascular toxicity, 451
Co-grazing, in controlling nematode infection, 106
Coliform mastitis, 398–399
Collagen tissue dysplasia, 242
Colloids, 48
Color

of CSF, 319–320
of urine, 282

Colostrum, 34
Common sheep scab, 235
Complete blood count

for neurologic diseases, 319
for urinary tract diseases, 281–282

Computed tomography (CT), for gastrointestinal 
diseases, 66

Concentrate mixes, for show lambs, 37t
Condensed tannin-containing forages, 107
Confinement feeding, 30–31
Congenital anomalies

of kidneys and ureters, 295–296
of mammary gland, 387–388
of urethra, 303
of urinary bladder, 297

Congenital cardiac diseases, 448
Congenital conditions of musculoskeletal system

arthrogryposis, 252
carpal contracture, 253
hereditary chondrodysplasia, 251–252
myotonia congenita, 251
patella luxation, 252–253
polydactyly, 252
spastic paresis, 253

Congenital hyperbilirubinemia, 89
Congenital microphthalmia, 377
Congenital neurologic diseases

cerebellar hypoplasia and abiotrophy, 338–339
heritable diseases and plants associated with  

neurologic disorders, 340
hydrocephalus and hydranencephaly, 338

Congenital pathologies
collagen tissue dysplasia, 242
epidermolysis bullosa, 242
epitheliogenesis imperfecta, 242
hairy shaker disease of lambs, 242
hepatogenous photosensitization, 242
hypotrichosis congenita, 242

Conjunctiva
anatomy, 349–350
infectious keratoconjunctivitis, 369–370
manifestations of systemic disease, 373
trauma to, 369

Conjunctivitis
Acholeplasma oculi, 371–372
Listeria monocytogenes, 372

Contagious ecthyma, 58, 225–226, 421
Continuous rate infusion (CRI), 47
Contrast radiography, for urinary tract  

disease, 287
Control programs

for mastitis, 391–402
for respiratory disease, 131
for ulcerative posthitis, 303

Conversions, 543t
Cooled semen, 155–156
Copper

dietary, 21–22
hoof health and, 272
nephrotoxicity, 292
toxicity, 22, 87–88

Copper deficiency, 21–22
abortion related to, 185–186
affecting integumentary system, 238

Copper oxide wire particles (COWP), 107
Copperweed, 341–342t
Cornea

anatomy, 351–353
dermoids, 373
infectious keratoconjunctivitis, 369–370
trauma to, 369

Corneal reflex, 314–315
Corneoconjunctival bacterial culture, 360–361
Corneoconjunctival cytology, 361
Cornual blocks, 471
Coronary band, lesion distribution with skin  

diseases, 223–224t
Corpus cavernosum penis (CCP), 141, 299–300
Corpus ciliare, 354
Corpus spongiosum penis (CSP), 141
Corynebacterium pseudotuberculosis, 57, 230–231

renal abscesses caused by, 294–295
Corynebacterium pseudotuberculosis infection, 2
Cottonseed, causing cardiovascular toxicity, 451
Cowdriosis, 456
Coxiella burnetii, 188–189, 421, 486–489t
Cranial mediastinum, 505
Cranial nerve assessment

facial nerve (CN VII), 315
glossopharyngeal nerve (CN IX) and vagus nerve 

(CN X), 315–316
hypoglossal nerve (CN XII), 316
nerves involved in eye movement, 313–314
oculomotor nerve (CN III), 313
optic nerve (CN II), 312–313
trigeminal nerve (CN V), 314–315
vestibulocochlear nerve (CN VIII), 315

Cranial nerve diseases, 318
listeriosis, 332–333
otitis media and interna, 333–334

Creatine kinase, elevated, 266–267
Creep feeding, 35
Crude protein (CP), 18–19, 26
Cryptorchid castration, 152–153
Cryptorchidism, 148–149
Cryptosporidium spp., diarrhea caused by, 77–78
Crystalloid additives, 48
Crystalloid fluids, 47
Crystalluria, 284
Cutaneous trunci reflex, 317
Cutaneous ulceration, 241
Cyanogenic glycoside-producing plants, 136t
Cyanotic mucous membranes, 442
Cyclopia, 377
Cydectin. See Moxidectin
Cysticercosis, 453–454
Cystic ovarian disease, 182
Cystitis, 296
Cystocentesis, 285
Cystourethrography, 287
Cysts

odontogenic, 57
teat wall, 387–388
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Epinephrine, 518–525t
Epiphysitis, 268
Epitheliogenesis imperfecta, 242
Epizootic hemorrhagic disease (EHD), 227, 428–429
Epizootic hemorrhagic disease virus (EHDV), 494
Eprinomectin, 518–525t
Equine chorionic gonadotropin (eCG), 518–525t
Equivalent values, for capacity/volume, 544t
Ergot toxicosis, 269
Erysipelothrix polyarthritis, 258
Erysipelothrix rhusiopathiae, 193
Erythema, 222
Erythrocyte parameters, 539t
Erythromycin, 518–525t
Escherichia coli

abortion caused by, 193
in pyelonephritis, 293

Esophageal obstruction, 59
Esophagotomy, 59–60
Esophagus

diseases of, 59–60
exposing, 502
megaesophagus, 60
perforation of, 253

Estradiol cypionate, 518–525t
Estrone sulfate, 171
Estrous cycle

breeding management, 160–162, 160t
of doe, 159
of ewe, 158

Ethylenediaminetetraacetic acid (EDTA), 65, 518–525t
Ethylene glycol nephrotoxicity, 291
Etomidate, 518–525t
Euthanasia, 482
Ewe

breeding, 485
breeding management, 159–160
feeding, 32
female reproduction anatomy

estrous cycle, 158
gestation, 158–159
physiology, 158
puberty, 158

transcervical insemination, 165
Excretory urogram, 287
Exercise intolerance, 443
Exophthalmos, 376–377
Exploratory laparotomy, 67–68
Exposure keratitis, 373
External auditory meatus, bactericidal solutions  

for flushing, 334t
External fixation, of fracture, 256–257
External parasites, flock/herd health, 483
External pudendal artery, ligation of, 391
Extra-label use of drug, 393

and residue contamination, 243
Extraocular muscles, 349
Extrapulmonary disease

diaphragmatic hernia, 135
pleuritis and pleural abscesses, 134–135
pneumothorax, 135

Eye anatomy
adnexa, 349–350
fibrous tunic, 351–353
globe, 351
lacrimal and nasolacrimal systems, 350–351
neural tunic, 355–357
vascular supply of, 351
vascular tunic, 353–355

Cryptosporidium species, 77–78
ETEC, 77
Giardia, 78–79
nutritional diarrhea, 79
rotavirus, 77
Salmonella species, 78

overview, 76–77
testing methods, 76t
treatment, 80

Diazepam, 518–525t
Diclazuril, 518–525t
Dicrocoelium dendriticum, 111–112
Dietary crude protein, 18–19
Dietary risk factors, for urolithiasis, 40–41
Dinoprost, 518–525t
Disbudding procedure, 244
Dissociative anesthetics, 465–466
Diverticulum, esophageal, 60
Doe (goat)

anatomy
estrous cycle, 159
gestation, 159
physiology, 159
puberty, 159

breeding management, 160
Doe (cervid), breeding management, 160
Does

breeding, 485
feeding, 32, 33

Donors and recipients, for embryo transfer, 167
Dopamine, 518–525t
Doramectin, 518–525t
Dorsum, lesion distribution with skin diseases, 

223–224t
Dosages, drugs and, 517, 518–525t
Doxapram, 518–525t
Drugs

affected by VFD, 525t
and dosages, 517, 518–525t
residue issues, 243
for white-tailed deer and elk, 475t

Dry lot feeding, 31
Dry-off period in milking, 392–393
Dysplasia

collagen tissue, 242
retinal, 375

Dystocia management, 173–174
breech presentation, 174
epidural anesthesia, 173–174
front leg malposition, 174
head malposition, 174
lateral deviation of head, 174
physical examination, 174
ringwomb, 174

E
Early to middle gestation, feeding during, 32
Ear mites, Raillietia caprae, 235
Ears, lesion distribution with skin diseases,  

223–224t
Echocardiography, 446–447
Ecthyma

contagious, 58, 225–226
malignant contagious, 226

Ectropion, 366
Edema

malignant, 229
pulmonary, 121f

udder, 388
window, 254

Ehlers-Danlos syndrome, 242
Elaeophorosis, 237
Electrocardiography (ECG), 444–446

arrhythmias, 445–446
atrioventricular block, 445
bundle branch block, 445
chamber enlargement on, 444
conduction disturbances on, 444
intervals and waveforms, 444

Electrolytes, fractional excretion, 282
Elk deer calves, 412
Embryo handling, 169
Embryo recovery

laparoscopic, 169
nonsurgical, 169
surgical, 167–169

Embryo transfer
donor and recipient management, 167
embryo handling, 169
embryo recovery, 167–169
superovulation, 167
synchronization, 167

Emphysema, subcutaneous, 241
Emptying defect, abomasal, 75
Encephalitis

bacterial, 321–322
lentiviral, 323
West Nile virus, 331

Encephalomyelitis, tickborne viral, 323–324
Endocardial diseases, 454–456
Endocrine system diseases

adrenal glands, 215–216
antler growth in cervids, 217–218
hypothalamus, 209
inappropriate lactation syndrome, 216–217
pancreas, 216
parathyroid gland, 214–215
pituitary gland, 209–212
pseudopregnancy, 216–217
thyroid gland, 212–213

Endometritis, 178–179
Endoparasitism, 97
Endoscopy, for oral-esophageal diseases, 53
Energy requirements, 17–18

supplemental, 30
Enrofloxacin, 518–525t
Enteric infections, 414
Enteropathogenic Escherichia coli (EPEC), 80
Enterotoxemia, 322–323
Enterotoxigenic Escherichia coli (ETEC), 77
Entropion, 365–366
Enucleation

preoperative considerations, 378
retrobulbar anesthesia, 377
transpalpebral technique, 378

Environmental skin disease, 239–242
Enzootic abortion, 186–188, 486–489t
Enzootic ataxia, 336
Enzootic nasal tumor, 125
Epidermis, layers, 221
Epidermolysis bullosa, 242
Epididymitis

in older males, 147
in young males, 148

Epidural analgesia, 472–474
Epidural anesthesia, 173–174

Diarrhea in lambs and kids (Continued) Edema (Continued)
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Fistula
congenital, esophageal, 60
teat, repair of, 390

Fistulogram, 53
Fitweed, 341–342t
Fixed ingredients method, for balancing a ration, 27
Flaviviridae, 195–196
Fleece rot, 228–229
Flock/herd health, 479–480

annual health management practices, 494–496
antler collection, 483
biosecurity, 481
calendar, 495–496t
carcass disposal, 482
at different production stages, 484–493
euthanasia, 482
external parasites, 483
general considerations, 480–483
internal parasites, strategies to control, 482–483
milk quality assessment, 496–498
periodic visits, 479–480, 480t
quarantine, 481–482
reproductive management, 494
shearing, 483
vaccination recommendations

for cervids, 494
for goats and sheep, 493–494

zoonotic diseases, 482
Floppy kid syndrome, 413–414
Florfenicol, 518–525t
Fluid analysis, rumen, 63–64
Fluid plan

fluid type, 47–48
oral fluids, 49
route of administration, 46
volume and rate, 46–47

Fluid therapy
body fluid physiology, 45
clinical assessment, 45–46
fluid plan, 46–49
fluid type, 47–48
indications for, 45
for obstructive urolithiasis, 298
for salt poisoning, 327

Flumazenil, 518–525t
Flunixin meglumine, 518–525t
Fluorosis, 55, 269–270
Flushing, of females, 32
Fly strike, 236–237
Follicle-stimulating hormone, 518–525t
Foot-and-mouth disease (FMD), 57–58, 264–265, 

430–431
Foot rot

diagnosis, 273
pathogenesis, 273
prevention, 273–274
treatment, 273

Forage, pastures and, 29
Foreign body

intestinal obstruction, 82
lodged in skin, 241

Forestomach diseases
bloat, 68–70
parakeratosis, 71–72
reticulitis, 71–72
rumen acidosis, 70–71
rumenitis, 71–72
simple indigestion, 70

Eyeball recession, estimation of hydration status 
from, 45

Eye blocks, 471
Eye diseases

blindness, 376
of conjunctiva and cornea, 369–373
enucleation, 377
of eyelid, third eyelid, nasolacrimal duct,  

365–369
ocular and adnexal anatomy, 349–357
ophthalmic examination, 357–360, 357b
of orbit, 376–378
of retina, 375–376
of uveal tract and lens, 373–375

Eyelids
anatomy, 349–350
block technique, 471–472
entropion, 365–366
trauma to, 366–367

Eye scab, 229–230
Eye treatment techniques

cleaning the eyes and periocular tissues, 362
housing and feeding recommendations, 365
subconjunctival injections, 364
subpalpebral ocular lavage system, 363
tarsorrhaphy and third eyelid flap, 364–365
topical medications, 362–363

F
Facial nerve (CN VII)

facial expression evaluation, 315
menace response evaluation, 315

Facilities, 9–13
Fagaceae nephrotoxicity, 290t
Fahrenheit to Celsius conversion, 539b
Fainting goats, 251
False hellebore, 341–342t, 377
FAMACHA scoring, 3, 4f, 99, 100f, 406–407
Fasciola hepatica, 111–112
Fat

for energy supplementation, 18
orbital fascia and, 349

Fatty liver disease, 86–87
Fawns

diarrhea, 76–77
miscellaneous causes of, 80
in older kids, 79–80
treatment of, 80

neonatal care, 177
Febantel, 518–525t
Fecal egg count reduction tests (FECRTs), 105
Fecal egg count (FEC) technique, 99–100
Feed additives, 24–25
Feed analysis, 25–27
Feedbunks, weaning and, 35
Feeding. See also Nutrition

of adult female, 32–34
of adult male, 31–32
affecting hoof condition, 271
balancing a ration, 27–29
confinement, 30–31
feed additives, 24–25
for fiber production, 38
of lamb or kid

bottle feeding, 34–35
creep feeding, 35
finishing, 36–37
weaning, 35

mineral feeding, 24
pastures, 29–30
pelleted feeds, 25
of pets and geriatric sheep and goats, 38–39
programs, 29
range, 30
recommendations for ocular disease  

patients, 365
of show animals, 37–38
water, 15–17
of yearlings

females, 37
males, 37

Feet
diseases of, 272–275
lesion distribution with skin diseases,  

223–224t
Female reproduction. See also Pregnancy

abortion and perinatal death, 183–198
anatomy

of doe, 159
of ewe, 158–159

breeding management
advanced reproductive techniques, 169
alternative breeding programs, 162–163
artificial insemination, 163–167
doe (cervid), 160
doe (goat), 160
embryo transfer, 167–169
estrous cycle control, 160–162
ewe, 159–160
increasing twinning rates, 162
natural breeding systems, 163
pregnancy determination, 170–172

breeding soundness examination of, 159
management, 172
neonatal care

fawns, 177
kids, 176–177
lambs, 176

parturition, 172–176
periparturient disease, 177–179
reproductive dysfunction, 180–183
small ruminant

postpartum care of, 177
prepartum care of, 172

Femoral nerve injury, 318–319
Fenbendazole, 104t, 518–525t
Fenprostalene, 518–525t
Fentanyl transdermal patch, 518–525t
Fescue hay, sample analysis, 26t
Fescue toxicosis, 238
Fetal age determination, 172
Fetal hydrops, 177
Fetal membranes, retention of, 178
Fetal sex determination, 172
Fetotomy, 176
Fetterbush, 341–342t
Fiber

dietary, 25
true wool, 221

Fibrinogen, 540t
Fibromas, interdigital, 275
Fibropapillomatosis, 242–243
Fibrous tunic, 351–353
Filarial dermatosis, 109–110
Finishing, of lambs and kids, 36–37

Feeding (Continued)
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Hair follicles, 221
Hairy heel wart, 274–275
Hairy shaker disease, 242, 486–489t
Handling, restraining and, 8–14, 11f, 13f
Hard milker, 389
Hard udder, 401
Hay

bale shape, 31
fescue, sample analysis, 26t

Head
lateral deviation of, 174
malposition, 174

Head and neck
conditions of, 57
dentigerous cysts, 57
examination, 2–3
lesion distribution with skin diseases, 223–224t
predator attack to, 253

Head tilt, 315
in listeriosis, 333f

Heart, thoracic cavity, 505
Heartwater, 456
Heat stress, 180–182
Heavy metals

intoxication-related abortion, 186
nephrotoxicity, 291–292

Helicobacter bilis, abortion caused by, 193
Hemangioma, 243
Hematology

assessments
blood cultures, 406
bone marrow aspiration, 406
FAMACHA system, 406–407

basic, 405–406
Hematoma, affecting skin, 239
Hemi-standing postural reaction, 316
Hemogram, changes in, 407
Hemorrhage, abomasal, 74–75
Hemorrhagic disease, 227
Heparin, 518–525t
Hepatitis, toxic, 88
Hepatogenous photosensitization, 239, 240t
Herd milk quality investigation, 391–393
Hereditary chondrodysplasia, 251–252
Heritable diseases

with neurologic manifestations, 340
retinal degeneration, 375–376

Hernia
diaphragmatic, 135
umbilical, 90

Herpesvirus infection, respiratory, 125, 130–131
Hindquarters, lesion distribution with skin  

diseases, 223–224t
Histophilus ovis, 193
History

clinical, in neurologic examination, 311
for diagnosis of integumentary system diseases, 

222
physical examination, 1
urinary tract, 281

Holangiotic vascular pattern of retina, 355
Holoprosencephaly, 340–341t
Hooves, general care of, 271–272
Hopping postural reaction, 316
Hormone assays, 171–172
Hormones, hypothalamic, 209
Horns, necropsy procedure, 501
Horsebrush, 341–342t

Forestomachs, 68–72, 509
Four-point block technique, 377–378, 471
Fractional excretion of electrolytes, 282
Fractures, 253–257

amputation of digit, 255
casting, 255–256
external fixation, 256–257
mandible, 254–255
metacarpal and metatarsal bones, 253–254
splints, 257
tibia, 254

Francisella Tularensis., 421
Freezing semen

cervid, 156
goat, 156
ram, 156
straws, 156–157

Frontal bone removal, in dehorning procedure, 
245–246

Front leg malposition, 174
Frostbite, 241–242
Frozen semen handling, 157
Fungal blepharitis, 367
Fungal diseases of integumentary system

candidiasis, 233
dermatophytoses, 231–232
diagnostic tests, 224t
mycetoma, 232–233

Fungal mastitis, 401
Furosemide, 518–525t
Fusobacteria spp., 57
Fusobacterium infections, 423–424
Fusobacterium necrophorum, 55, 56–57, 193
Fusobacterium varium, 56–57

G
Gait evaluation, in neurologic examination, 312
Gamithromycin, 518–525t
Gamma-glutamyltransferase (GGT),  

urinary, 284
Gangrenous mastitis, 399
Gastrointestinal examination, 5–6
Gastrointestinal nematode (GIN) infections

clinical signs, 98–99
diagnosis, 99–102
etiology and life cycle, 97–98
in North America, 98t
treatment and control programs, 102–103

Gastrointestinal parasitism, 41–42
Gastrointestinal system diseases

of abomasum, 74–76
diagnostic procedures, 63–68
diarrhea

in adult sheep and goats, 81
treatment of lambs and kids with, 80

of forestomachs, 68–72
infectious diarrhea, general control measures, 

80–81
intestinal obstruction, 82–83
of intestines, 76–81
of liver, 85–90
of reticulorumen, 72–74
of umbilicus, pathologic conditions, 90–91

Gastrointestinal (GI) tract, evaluation of,  
508–509

Genetic selection, in controlling nematode  
infection, 106

Geriatric animals, feeding, 38–39

Gestation
of doe, 159
of ewe, 158–159
feeding during, 32
flock/herd health, 485–490

Giardia, diarrhea caused by, 78–79
Gilbert’s syndrome, in Southdown lambs, 89–90
Gingivitis, 51, 54–55
Glaucoma, 374–375
Globe, anatomy, 351
Glomerulonephritis, 294
Glossopharyngeal nerve (CN IX), laryngeal and 

pharyngeal function evaluation, 315–316
Glucocorticoids, 215
Glycopyrrolate, 518–525t
Goat pox, 227, 431
Goats. See also Flock/herd health

alternative breeding programs, 163
anthelmintic resistance, 103–106, 104t
behavior characteristics of, 9–13
body condition scoring in, 1–2, 2t, 484t
cestode parasites of, 110–112, 110t
coagulation parameters, 540t
dairies, mycoplasmal polyarthritis outbreaks, 

259–260
diarrhea, 81
estimating age by teeth eruption, 3t
feeding

female yearlings, 37
for fiber production, 38
male yearlings, 37
show animals, 38

finishing, 36–37
handling, 8–13
hypothyroidism, 213
induction agents for, 465t
infectious abortions in, 486–489t
milk quality assessment in, 496–498
Mycoplasma infection, 129
nematode parasites of, 97–107, 98t
normal physiological parameters of, 3t
normal rumen fluid characteristics, 64, 64t
pregnancy termination, 173
premedications, 462–465
protozoan parasites of, 112–115, 114t
scrapie tissue collection, 511
transcervical insemination, 165
trematode parasites of, 111–112, 111t
with urinary tract obstruction, 474
vaccination recommendations for, 493–494
Veterinary Feed Directive for, 517–527
vitamin needs of, 24t

Gram-negative sepsis, 420
Grass staggers, 331–332
Grass tetany, 39, 40
Grayanotoxin, causing cardiovascular toxicity, 451
Grazing, and dental health, 53–54
Greasewood, 341–342t
Griseofulvin, 518–525t

for ringworm, 232
Ground cherry, 341–342t
Growth hormone (GH), 210
Guaifenesin, 463–464, 518–525t
Gynecomastia, 389

H
Haemonchus contortus, 47, 482
Hair fiber, 221
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intestinal ileus, 83
intussusception, 82
peritonitis, 83–84
rectal prolapse, 84–85

Intoxication, 75–76
Intraarticular blocks, 473
Intra-osseous fluids, 46
Intra-peritoneal fluid, 46
Intussusception, 82
Iodine deficiency, 22–23

abortion related to, 185
affecting integumentary system, 238

Ionophores, as feed additives, 24–25
Ionophore toxicity, 451–452
Iridocorneal angle (ICA), 354–355
Iron deficiency, 22
Isotonic crystalloids, 47–48
Ivermectin, 104t, 518–525t
Ivomec for sheep. See Ivermectin

J
Jimson weed, 341–342t
Johne’s disease, 81
Joints

contamination associated with fracture, 254
degenerative joint disease, 265
lavage, for septic arthritis, 258–259

Jugular catheterization technique, 46
Jugular venous pulses, 442–443

K
Keratitis

exposure, 373
mycotic, 372
parasitic, 373

Keratoconjunctivitis
bacterial, management of, 372
Branhamella ovis, 371
Chlamydophila, 371
Mycoplasma, 370–371
viral, 372

Ketamine, 518–525t
Ketone concentration, urine, 283
Ketoprofen, 518–525t
Kidney disease, 287–296

acute
infectious diseases, 288–293
toxic diseases, 290–293

chronic
amyloidosis, 293–294
glomerulonephritis, 294
mesangiocapillary glomerulonephritis, 294
pyelonephritis, 293
renal abscesses, 294–295
systemic disease, 293–295

cloisonné kidney, 295
congenital anomalies, 295–296
neoplasia, 297
parasites affecting kidneys, 295

Kids
bottle feeding, 34–35
diarrhea, 76–77

miscellaneous causes of, 80
in older kids, 79–80
treatment of, 80

finishing, 36–37
management at birth, 490
neonatal care, 176–177

Horse chestnut, 341–342t
Horsenettle, 341–342t
Housing, recommendations for ocular disease  

patients, 365
Hyaluronate sodium, 518–525t
Hydranencephaly, 338
Hydration status, 442
Hydrocephalus, 338
Hydrogen cyanide toxicity, 136–137
Hygiene, in prevention of mastitis, 392
Hyperbilirubinemia, congenital, 89
Hyperparathyroidism

nutritional secondary, 214–215
renal secondary, 215

Hyperthermia, 413
Hypertonic crystalloids, 48
Hypertonic saline, 48, 518–525t
Hypocalcemia, 39, 179
Hypoglossal nerve (CN XII), tongue function  

evaluation, 316
Hypoglycemia, 413
Hypomagnesemia, 39–40
Hypoplasia, cerebellar, 338–339
Hypospadias, 149, 303
Hypothalamus, 209
Hypothermia, 413
Hypothyroidism, 210, 213
Hypotonic crystalloids, 48
Hypotrichosis congenita, 242
Hypoventilation, 468
Hypovolemia, 45
Hypoxemia, 413

I
Ibuprofen, 518–525t
Icteric mucous membranes, 442
Ileus, intestinal, 83
Imidocarb, 518–525t
Immature cestode infections, 110–111
Impaction

abomasal, 75
rumen, 72–74

Imperial to metric conversion, 544t
Impetigo, 229–230
Impression smear, 225
Inappropriate lactation syndrome (ILS), 216–217
Incisors, loss of, 51, 54
Incontinence, urinary, 296–297
Indian hemp, 341–342t
Indigestion, simple, 70
Infections

of ear, 333–334
umbilical, 90–91

Infectious abortions
bacterial abortion, 186–193
protozoal abortion, 193–194
in sheep and goats, 486–489t
viruses, 195–197

Infectious conditions of musculoskeletal system
caprine arthritis encephalitis, 261–262
chlamydial polyarthritis, 259
clostridial myonecrosis, 263–264
foot and mouth disease, 264–265
Lyme disease, 263
mycoplasmal polyarthritis, 259–260
osteomyelitis, 260
ovine progressive pneumonia, 262–263
sarcocystosis, 264
septic arthritis, 258–259

Infectious diarrhea
diagnostic samples and testing methods, 76t
general control measures, 80–81

Infectious diseases
bovine rhinotracheitis, 127
foot rot, 272–274

diagnosis, 273
pathogenesis, 273
prevention, 273–274
treatment, 273

keratoconjunctivitis, 369–370
of kidneys

adenovirus infection, 290
Clostridium perfringens type D, 288–289
lamb nephrosis, 290
leptospirosis, 289–290

of retina, 375–376
Infestation

Oestrus ovis, 124
Onchocerca spp., 237

Inhalants, 466–467
Injectable anesthetics, 465–466
Insulin, 518–525t
Insulin-like growth factor 1 (IGF-1), 217–218
Integrated control, in controlling nematode  

infection, 107
Integumentary examination, 8
Integumentary system diseases

anatomy and physiology of integumentary  
system, 221–222

approach to diagnosis, 222–225
autoimmune, 237
bacterial, 227–231
congenital pathologies, 242
diagnostic tests, 224–225
environmental skin disease, 239–242
fungal, 231–233
mycotoxins, 239
neoplastic and related lesions, 242
nutritional, 237–239
parasitic, 233–237
removal of wattles, horns, scent glands, 244–246
viral, 225–227

Interdigital fibromas, 275
Internal parasites

cestodes, 110–112
nematodes, 97–110
protozoa, 112–115
strategies to control, 482–483, 483t

Intersex, 149, 149f
Intertrigo, 239
Intestinal diseases

Clostridium perfringens, 79–80
Cryptosporidium species, 77–78
diarrhea

Giardia-induced, 78–79
infectious, 80–81
in lambs and kids, 76–77, 80
miscellaneous causes, 80
in older lambs and kids, 79–80
pathogens causing, 77

ETEC diarrheal disease, 77
nutritional diarrhea, 79
rotavirus infection, 77
Salmonella species, 78

Intestinal obstruction
cecal volvulus and torsion of root of mesentery, 82
with foreign body, 82
intestinal atresia, 82–83

Intestinal obstruction (Continued)
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M
Macrocyclic lactones (MCL), 104–105
Macrolides, 525t
Mad itch, 327
Maedi-visna virus, 323
Magnesium, 518–525t

dietary intake, 20
Magnetic resonance imaging (MRI), for  

gastrointestinal diseases, 66
Maintenance, and feeding of females, 32
Malassezia dermatitis, 233
Male reproduction

anatomy and physiology, 141
ancillary tests, 144–145
breeding soundness examination

in buck (cervid), 146
in buck (goat), 145–146
in ram, 142–144

penile abnormalities, 149–150
puberty and seasonality, 141–142
selection and management

buck (goat), 147
bucks (cervids), 147
ram, 146

semen collection and storage, 154–157
surgical procedures

castration, 150–151
cervid castration, 154
cryptorchid castration, 152–153
penile translocation, 154
teaser ram/buck, 153–154
unilateral castration, 151–152

testicular abnormalities, 147–149
Malignant contagious ecthyma, 226
Malignant edema, 229, 418–419
Malocclusion, 55
Mammary gland

antibiotic therapies, 395
bacterial pathogens, 386
congenital abnormalities, 387–388
diagnostic and therapeutic procedures,  

395–398
examination, 7–8
mastitis, 391–402
mastitis pathogens, 398–401
normal anatomy, 385
physiologic abnormalities, 388–389
production and component benchmarks,  

385–386
teat and udder surgeries, 390–391

Mammary tissue, necropsy procedure, 501
Mandible

fractures, 254–255
osseous swellings, 55
rostral, odontogenic cysts, 57

Manganese deficiency, abortion related to, 186
Mange

chorioptic, 235
mites, 234–235

Mannheimia haemolytica, 127, 193, 422
Mannheimia mastitis, 399
Mannitol, 518–525t
b-Mannosidosis, 340–341t
Marsupialization, urinary bladder, 301
Mastectomy, 390–391
Mastitis

diagnostic and therapeutic procedures, 395
diagnostic approach and techniques, 391–402
pathogens, 398–401

sample creep diets for, 35t
sample grower and finisher diets for, 36t
weaning, 35

L
Laboratory studies

for gastrointestinal diseases, 63
for infectious diarrhea in lambs and  

kids, 76t
Lab-pasteurized count (LPC), 393, 397
Laceration of teat, repair of, 390
Lacrimal system, 350–351
Lactation, feeding during, 33–34
Lactoliths, 389
Lambs

bottle feeding, 34–35
club lamb fungus, 231–232
creep feeding, 35
diarrhea, 76–77

miscellaneous causes of, 80
in older kids, 79–80
treatment of, 80

finishing, 36–37
hairy shaker disease, 242
management at birth, 490
neonatal care, 176
nephrosis, 290
sample creep diets for, 35t
sample grower and finisher diets for, 36t
show animals, feeding, 37, 37t
weaning, 35

Laminitis
clinical signs, 274
treatment and prevention, 274

Lanolin glands, 221
Laparoscopy

of abdomen, 67f
for gastrointestinal diseases, 66–67
insemination, 165–167, 166f

Larkspur, 341–342t
Laryngeal chondritis, 126
Laryngeal function, evaluation of cranial nerves for, 

315–316
Laryngitis, 126–127
Larynx, exposing, 502
Lasalocid, 24–25, 104t, 518–525t
Laurel toxicity, 75–76
Lavage, subpalpebral ocular, 363
Layers of cornea, 350–351
Lead toxicosis, 326
Leech, nasal, 125
Left-sided congestive heart failure, 443
Legs, lesion distribution with skin diseases,  

223–224t
Lens

anatomy, 353
diseases of, 374

Lentiviral disease
caprine arthritis-encephalitis, 133
caseous lymphadenitis, 133
coccidioidomycosis, 133
encephalitis, 323
ovine progressive pneumonia,  

131–134
ovine pulmonary carcinoma, 134
Pneumocystic jiroveci pneumonia, 134
tuberculosis, 133–134

Leptospira interrogans, 421–422

Leptospira spp., 192
Leptospirosis, 192, 289–290, 486–489t
Leukocyte parameters, 540t
Leukogram, changes in, 407–408
Levamisole, 104t, 518–525t
Levisole. See Levamisole
Lice, 233–234

clinical signs, 234
diagnosis and treatment, 234

Lidocaine, 518–525t
Ligation of external pudendal artery, 391
Limbs, reflection of, 501–502
Lincomycin, 518–525t
Lincomycin hydrochloride, 518–525t
Lincosamides, 525t
Lipid emulsion, 518–525t
Listerial keratoconjunctivitis, 372
Listeria monocytogenes, 372, 422
Listeria spp., 190–191
Listeriosis, 190–191, 332–333, 486–489t
Liver

biopsy, 68, 68f
thoracic cavity, 505–506
vitamins and minerals in, 542t

Liver diseases
abscess, 85–86
black liver disease, 89
copper toxicosis, 87–88
pregnancy toxemia and fatty liver syndrome,  

86–87
toxic hepatitis, 88
white liver disease, 87

Local anesthetics, 470–471
Locoweeds, 341–342t, 375
Louping-ill, 323–324, 430
Lower motor neurons, 316, 318–319
Lower respiratory disease

adenovirus, 130
Chlamydophila infection, 129–130
general approach to, 127
herpesvirus, 130–131
Mycoplasma infection in goats, 129
Mycoplasma pneumonia of sheep, 

128–129
parainfluenza type, 130
pathogens of mixed disease, 127–128
respiratory syncytial virus, 130
viral pneumonias, 130

Lumpy wool disease
bacterial, 227–228
fungal, 231–232

Lungworms, 107–109, 108f
Lupines, 341–342t
Luteinizing hormone (LH), 210
Lyme disease, 263
Lymphatic examination, 8
Lymphatic system

assessment of, 408
diseases of

lymphosarcoma, 408–409
passive transfer failure, 409–410

uncomplicated neonatal diarrhea, 410–413
weakness and depression in neonates,  

413–414
Lymph nodes

thoracic cavity, 506–507
Lymphosarcoma, 408–409
Lysosomal beta-D-galactosidase deficiency,  

340–341t

Kids (Continued)
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esophagus, 502
external examination, 501
findings, 416
GI tract, 508–509
larynx, 502
musculoskeletal system, 501–502
oral cavity, 502
packaging samples for shipment, 514
personal protective equipment, 499–500
polymerase chain reaction, materials for, 500
procedure, 501
rabies tissue collection, 510
routine sample submissions for, 500t
sample collection, 500–501
scrapie tissue collection, 511
thoracic cavity, 502–507
trachea, 502
urogenital system, 507

Necrotic laryngitis, 126
Necrotic stomatitis, 55, 56–57
Necrotizing retinopathy, 375
Neisseria ovis keratoconjunctivitis. See Branhamella 

ovis keratoconjunctivitis
Nematodes

alternative control methods, 106–107
anthelmintic resistance, 103–106
brainworm, 109
eggs seen on fecal flotation, 101f
filarial dermatosis, 109–110
gastrointestinal nematode infections, 97–103
infection, cerebrospinal nematodiasis, 319–320, 

321f
lungworms, 107–109
in North America, 98t
tertiary nematode diagnostics, 100b

Nematode-trapping fungi, 107
Nematodirus spp., 98
Neomycin soluble powder, 518–525t
Neonatal care

fawns, 177
kids, 176–177
lambs, 176

Neonates
artificial rearing of, 490–491
bicarbonate replacement needs, 48
causes of diarrhea

Cryptosporidium species, 77–78
ETEC, 77
Giardia, 78–79
nutritional diarrhea, 79
rotavirus, 77
Salmonella species, 78

dam-raised, 491–492
diarrhea, uncomplicated, 410–413
tube feeding, 34
weakness and depression in, 413–414

Neoplasia
affecting integumentary system, 242
affecting musculoskeletal system, 270
of eyelids, 368
of kidneys, 296
of respiratory system, 135
of urinary bladder, 297

Neospora caninum, 427
Neostigmine methylsulfate, 518–525t
Nephrosis, lamb, 290
Nerve block, auriculopalpebral, 360

McMaster’s Fecal Egg Count technique, 99–100, 
100f

Mebendazole, 518–525t
Medetomidine, 518–525t
Medications, topical for entropion, 365–366
Megaesophagus, 60
Melanoma, 243
Melengestrol acetate, 518–525t
Melophagus ovinus, 234
Meloxicam, 518–525t
Menace response, assessment of, 312–313
Meningeal worm, 335
Meningitis, bacterial, 321–322
Mentation assessment, in neurologic  

examination, 312
Mesangiocapillary glomerulonephritis, 294
Metabolic acidosis, 47–48
Metacarpal bone fractures, 253–254
Methocarbamol, 518–525t
Methohexitone (methohexital), 518–525t
Methylene blue, 518–525t

for copper nephrotoxicity, 292
Methylene blue reduction (MBR) time, 64
Metoclopramide, 518–525t
Metric to imperial conversion, 544t
Metritis, 178–179
Microbial culture, for skin diseases, 225
Microphthalmia, congenital, 377
Midazolam, 518–525t
Milk cultures, and antibiotic susceptibility testing, 

396–397
Milking processes, 392
Milk production

agalactia, 388
drop in, 33–34
herd milk quality investigation, 391–393
milk quality crisis intervention, 394–395
off-flavor milk, 34
production and component benchmarks, 385
raw milk, zoonotic pathogens of, 402
somatic cell counts, 386

Milk quality
assessment in dairy goats and sheep, 496–498
crisis intervention, 394–395

Milk replacers, 34–35
Milkweed, 341–342t
Mineral nutrition, 19–23

mineral feeding, 24
Mineral oil, 518–525t
Minerals

concentrations, 541t
in serum and liver, 542t

Mites
ear, Raillietia caprae, 235
mange, 234–235
sheep itch, 235

Mixing livestock species, in controlling nematode 
infection, 106

Mollicutes bacteria, abortion caused by, 192
Monensin, 24–25, 104t
Monensin sodium, 518–525t
Moniezia spp., 110, 111f
Monitoring

anesthetic management, 467–469
cardiopulmonary resuscitation, 448

Morantel, 25
Morantel tartrate, 25, 104t, 518–525t
Moraxella ovis keratoconjunctivitis, 371

Mountain laurel, 341–342t
Moxidectin, 104t, 518–525t
Mucoceles, salivary, 57
Mucocutaneous areas, lesion distribution with skin 

diseases, 223–224t
Mucous membranes, 441–442
Muffled heart sounds, 440
Muscular dystrophy, nutritional, 265–267
Musculoskeletal examination, 6–7
Musculoskeletal system

congenital conditions, 251–253
degenerative joint disease, 265
examination of, 251
foot diseases, 272–275
general hoof care, 271–272
infectious conditions, 258–265
metabolic and nutritional conditions, 265–268
necropsy, 501–502
neoplasia, 270
related anatomy, 251
tail docking, 270–271
toxic conditions, 268–270
traumatic conditions, 253–257

Mycetoma, 232–233
Mycobacterial disease, 424
Mycoplasma infection

in goats, 129
M. ovipneumoniae pneumonia of sheep, 128–129

Mycoplasma keratoconjunctivitis, 370–371
Mycoplasmal polyarthritis, 259–260
Mycoplasma mastitis

clinical signs, 400
M. agalactiae, 400
M. mycoides subsp. mycoides, 400
M. putrefaciens, 400
treatment and control, 400

Mycoplasma ovis, 425
Mycoplasma pneumonia, 128–129
Mycoplasma spp., 192
Mycotic keratitis, 372
Mycotoxins, affecting integumentary system, 239
Myocarditis, 443–444, 453
Myocardium, diseases of, 450–454
Myotonia congenita, 251

N
Nairobi sheep disease virus, 195
Naltrexone, 518–525t
Nandrolone, 518–525t
Nasal bot infestation, 124
Nasal swab, 122
Nasal tumors, enzootic, 125
Nasolacrimal duct, disease of, 368–369
Nasolacrimal irrigation, 361
Nasolacrimal system, 350–351
National Animal Health Monitoring System 

(NAHMS) survey, 97
Natural breeding systems, 163
Necrobacillosis, 193
Necropsy

abdominal cavity, 502
abortions, 507–508
bacterial culture, materials for, 500
carcass disposal, 514
central nervous system, 509–510
CWD tissue collection, 510–511
diseases and findings, 511, 512–513t, 512t,  

513–514t

Necropsy (Continued)
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Paraphimosis, 150
Parasite control, dry lot feeding and, 31
Parasites

affecting kidneys, 295
blood and tissue, 425–427
external, 483
internal, 482–483, 483t

Parasitic diseases of integumentary system
chorioptic mange, 235
demodectic mange, 236
diagnostic tests, 224t
elaeophorosis, 237
fly strike, 236–237
lice, 233–234
mange mites, 234–235
Melophagus ovinus, 234
Onchocerca spp. infestation, 237
Psorergates ovis, 235
psoroptic mange, 235
Raillietia caprae ear mites, 235
sarcoptic mange, 235

Parasitic diseases, ophthalmologic
blepharitis, 367–368
keratitis, 373

Parasitic myositis, 453
Parasitism

in controlling nematode infection, 106
gastrointestinal, 41–42

Parathyroid gland
nutritional secondary hyperparathyroidism,  

214–215
renal secondary hyperparathyroidism, 215
structure and function, 214

Parathyroid hormone (PTH), 214
Paratuberculosis, 81
Paravertebral blocks, 472
Parenchymal tumors, 135
Parenteral dry therapy, 393
Parenteral nutrition, 45, 49
Partial mastectomy, 391
Parturition, 172–176

cesarean section, 174–176
dystocia management, 173–174
fetotomy, 176
flock/herd health, 490
induction of, and pregnancy termination, 173
problems in, 490

Passive transfer failure, 409–410
Pasteurella infections

P. multocida, 127, 422
resulting in pneumonia, 127

Pasteurella multocida, 193
Pasteurization, 402
Pasture rotation, in controlling nematode infection, 

106–107
Pastures, 29–30
Patella luxation, 252–253
Patellar reflex, 316–317
Pearson square, for balancing a ration, 27–28
Pediculosis, 233–234
Pelleted feeds, 25

at finishing, 36
Pellet technique, 157
Pemphigus foliaceus, 237
Penicillamine, 518–525t
Penicillin G procaine, 518–525t
Penicillin G sodium, 518–525t
Penicillin-novobiocin dry cow therapy, 518–525t

Nervous system examination, 7
Netobimin, 518–525t
Neural tunic, 355–357
Neuroaxonal dystrophy, 340–341t
Neurologic system diseases

ancillary tests, 319–321
of brain stem and cranial nerves, 332–334
cerebellar diseases, 331–332
cerebral diseases, 321–328
complete neurologic examination, 311–317
congenital and perinatal diseases, 338–340
localization of neurologic lesions, 317–319
of spinal cord and peripheral nerves, 334–338

Neuronal ceroid-lipofuscinosis, 340–341t
Neutral detergent fiber (NDF), 26
Neutralizing agents, as feed additives, 25
Neutrophil-lymphocyte ratio, 282
Niclosamide, 518–525t
Nictitating membrane, 350
Nightshade, 341–342t
Nitrate–nitrite toxicosis, 137
Nitroxynil, 518–525t
Nonenteric clostridial infections, 416–419
Nonhemotropic mycoplasmal diseases, 424–425
Noninvasive clostridia, diseases caused by, 419
Nonprotein nitrogen (NPN), 18–19
Nonsteroidal antiinflammatory drugs (NSAIDs), 

470, 470t
Nonsurgical procedures, for urinary obstruction, 

301–303
Nutrition

abortion related to nutrient deficiencies, 185–186
in controlling nematode infection, 106
energy requirements, 17–18
fiber, 25
minerals, 19–23
parenteral, 45
protein, 18–19
vitamins, 23–24

Nutritional abnormalities, 180
Nutritional diarrhea, 79
Nutritional disorders

affecting integumentary system, 237–239
affecting musculoskeletal system, 265–268
gastrointestinal parasites, 41–42
hypocalcemia, 39
hypomagnesemia, 39–40
urolithiasis, 40–41

Nutritional muscular dystrophy (NMD), 265–267
Nutritional myodegeneration, 452–453
Nutritional secondary hyperparathyroidism,  

214–215
Nyctalopia, 376

O
Obesity in pet animals, 38
Obstructions, to milk flow

blind half, 389
hard milker, 389
teat spider and lactoliths, 389

Obstructive urolithiasis, 297–303
Obturator nerve paralysis, 319
Ocular fluids, necropsy procedure, 501
Oculomotor nerve (CN III), pupillary light  

reflex evaluation, 313
Oestrus ovis infestation, 124
Omphaloarteritis, 91
Omphalophlebitis, 91

Onchocerca spp. infestation, 237
Ophthalmic examination, eye diseases, 357–360, 

357b
Opioids, 464
Opportunistic deworming, 103
Optical coherence tomography (OCT), 352f
Optic nerve (CN II), menace response evaluation, 

312–313
Oral cavity, 502

assessment for disease, 51, 53–57
Oral-esophageal diseases

conditions of head and neck, 57
dental care, 51
diagnostic procedures, 52–53
diseases of esophagus, 59–60
oral cavity, 53–57

fluorosis, 55
malocclusion, 55
pharyngeal lesions, 55–57

viral diseases, 57–59
Oral fluids, 46, 49, 50
Orbit

anatomy, 349
pathologic conditions of, 376–378

Orbital fascia, and fat, 349
Orchitis, 148
Orf, 58, 225–226
Organophosphate polyneuropathy, 336
Orogastric tube, 64f
Orphans

bottle feeding, 34
placed on self-feeder, 34–35

Osteochondrosis, 268
Osteodystrophia fibrosa, 268
Osteomalacia, 267–268
Osteomyelitis, 260
Otitis interna, 333–334
Otitis media, 333–334
Ovarian tumors, 182
Ovariectomy, 182–183
Overgrowth, hoof, 271
Overmilking, 392
Ovine caesarean section, 474
Ovine encephalomyelitis, 323–324
Ovine progressive pneumonia (OPP), 131–132, 

262–263, 432
Ovine pulmonary carcinoma, 134
Oxalate calculus formation, 40, 40t
Oxalidaceae nephrotoxicity, 290t
Oxfendazole, 518–525t
Oxyclozanide, 518–525t
Oxytetracycline injectable, 518–525t
Oxytocin, 211, 518–525t

P
Packed cell volume (PCV), 63
Pain assessment

and management, 469–471
in neurologic examination, 317

Pale mucous membranes, 442
Palpebral reflex, 314–315
Panacur. See Fenbendazole
Pancreas, 216
Panniculus reflex, 317
Papillomas, 242–243
Paracentesis, 543t
Parainfluenza type 3 (PI3), 130
Parakeratosis, 71–72
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Polyvinylchloride (PVC) pipe, 63–64, 64f
Ponazuril, 518–525t
Posterior pituitary gland, structure, function, and 

hormones, 210–211
Postural reactions, examination of, 316
Posture evaluation

head tilt, 315
in neurologic examination, 312

Postweaning, flock/herd health, 493
Potassium, 20, 518–525t
Poxviridae, 227
Praziquantel, 518–525t
Prebreeding, flock/herd health, 484–485
Precocious udder, 388–389
Predator attack, 253
Prednisolone, 518–525t
Pregnancy, 170. See also Abortion

abdominal palpation and ballottement, 171
estrone sulfate, 171
hormone assays, 171–172
pregnancy-specific protein B, 171
progesterone analysis, 171–172
radiography, 172
toxemia, 33, 86–87, 179
ultrasonography, 170–171, 170t

Pregnancy-specific protein B, 171
Pregnant mare serum gonadotropin (PMSG),  

518–525t
Preliminary incubation count (PIC), 393, 397
Premedications, 462–465
Preoperative considerations, for enucleation, 378
Preparturition, flock/herd health, 485
Prepubic tendon, rupture of, 177
Pressure sores, 241
Prevention

of CAE, 262
of fatty liver disease and pregnancy toxemia,  

86–87
of hypocalcemia, 39
of mastitis

dry-off, 392–393
hygiene, 392
milking processes, 392

of nutritional muscular dystrophy, 267
of scrapie, 329–330

Primary photosensitization, 239, 240t
Progesterone analysis, 171–172
Progestins, breeding management, 161
Prohibit. See Levamisole
Prolapse, rectal

anastomosis, 85
classification, 84
clinical signs, 84
pathogenesis, 84
prevention, 85
purse-string suture, 84–85
resection, 85
treatment, 84–85

Prolapse ring, rectal amputation using, 85
Propofol, 466, 518–525t
Propylene glycol, 518–525t
Prostaglandins, 161
Protein

sources of, 18–19
supplementation, during lactation, 33

Protozoa, 112–115, 114t
Protozoal abortion, 193–194
Pseudomonas mastitis, 399

Penicillins, 525t
Penile abnormalities

hypospadias, 149
paraphimosis, 150
phimosis, 149–150
ulcerative posthitis, 149

Penile translocation, 154
Penis, transection and transposition, 299–300
Pentobarbital, 518–525t
Pentobarbitone, 518–525t
Percutaneous rumenocentesis, 63–64
Perennial ryegrass (Lolium perenne), grass staggers 

due to, 332
Pericardial diseases, 448–450
Pericardial friction rubs, 441
Pericarditis, 448–450
Perilla mint toxicity, 135
Perinatal death, 183–198
Perinatal neurologic diseases

cerebellar hypoplasia and abiotrophy, 338–339
heritable diseases and plants associated with  

neurologic disorders, 340
hydrocephalus and hydranencephaly, 338

Perineal reflex, 317
Periparturient disease

fetal hydrops, 177
hypocalcemia, 179
metritis and endometritis, 178–179
pregnancy toxemia, 179
pyometra, 179
retained fetal membranes, 178
rupture of prepubic tendon, 177
uterine prolapse, 178
vaginal prolapse, 177–178

Peripheral arterial pulses, 441
Peripheral edema, 443
Peripheral nerve diseases, 318–319

botulism, 334–335
cerebrospinal nematodiasis, 335
clinical signs associated with, 7t
enzootic ataxia, 336
organophosphate polyneuropathy, 336
spinal trauma, abscesses, tumors, 336–337
tetanus, 337–338
tick paralysis, 338

Peritoneal fluid, cytologic evaluation, 286, 286f
Peritonitis

clinical signs, 83
diagnosis, 83
pathogenesis, 83
treatment, 83–84

Peroneal nerve injury, 319
Persistent pupillary membranes, 374
Personal protective equipment (PPE), 499–500
Peste des petits ruminants, 429–430
Pestivirus infections, 339
Pet animals, feeding, 38–39
Peterson eye block technique, 377, 471–472
Pharmaceuticals, 180

causing abortion, 186
Pharyngeal function, evaluation of cranial nerves 

for, 315–316
Pharyngeal lesions, 55–57
Pharyngitis, 126
Phenothiazines, 463
Phenylbutazone, 518–525t
Phimosis, 149–150
Photoreceptors, 355

Photosensitization, 239
pH, urine, 282–283, 302
Physical examination

in buck, 145
dystocia management, 174
female reproduction, 159
findings, estimation of percent dehydration  

from, 46t
history, 1
in ram, 142
respiratory system, 119–121
restraining and handling, 8–14, 11f, 13f
systematic physical examination, 2–8
urinary tract, 281
visual examination, 1–2

Physiologic abnormalities, of mammary gland, 
388–389

Pigmentation, changes in, 224
Pinkeye, 369–370
Pinning, for umbilical hernias, 90
Pithomycotoxicosis, 239
Pituitary abscess syndrome, 212
Pituitary gland diseases

adenoma, 211
anterior pituitary gland, 209–210
carcinomas, 211–212
pituitary abscess syndrome, 212
posterior pituitary gland, 210–211
structure and function, 209–211

Plants
associated with neurologic diseases, 341–342t
nitrate-accumulating and cyanogenic  

glycoside-producing, 136t
Plant toxicity

to abomasum, 75–76
affecting musculoskeletal system, 270
affecting retina, 375
atypical interstitial pneumonia, 135–136
during gestation, affecting offspring, 377
hydrogen cyanide toxicity, 136–137
to kidneys, 290–291
nitrate–nitrite toxicosis, 137
reproductive dysfunction, 180

Plasma protein, 540t
Pleural abscess, 134–135
Pleural effusion, 443
Pleuritis, 134–135
Pneumocystis jiroveci pneumonia, 134
Pneumonia

aspiration, 131
atypical interstitial, 135–136
Mycoplasma pneumonia of sheep, 128–129
ovine progressive, 131–132, 262–263
verminous, 131
viral, 130

Pneumothorax, 135
Poison hemlock, 341–342t
Poisoning

fluorine, 269–270
lead, 326
salt, 326–327

Polioencephalomalacia, 324
Poloxalene, 518–525t

for prevention of bloat, 69–70
Polydactyly, 252
Polygonaceae nephrotoxicity, 290t
Polymerase chain reaction, materials for, 500
Polyneuropathy, organophosphate, 336
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Respiratory system
anatomy, 119
physiology, 119

Respiratory system diagnostic procedures
blood gas analysis, 121
nasal swab, 122
radiography, 121, 121f
sinus-centesis, 123
thoracocentesis, 124
tracheal wash, 123–124
ultrasound imaging, 122

Respiratory system diseases
acute disease, 131
control of, 131
extrapulmonary disease, 134–135
lentiviral disease, 131–134
lower respiratory disease, 127–131
neoplasia, 135
physical examination and auscultation, 119–121
plant toxicity, 135–137
upper airway disease, 124–127

Restraining
for examination and procedures, 13–14, 13f
and handling, 8–14, 11f, 13f

Retained fetal membranes, 178
Reticulitis, 71–72
Reticuloperitonitis, traumatic, 72
Reticulorumen diseases

rumen impaction, 72–74
rumenotomy, 72–74
traumatic reticuloperitonitis, 72

Retina
anatomy, 355
infectious conditions, 375–376
inherited retinal degeneration, 375–376
plant toxicity, 375
vitamin A deficiency, 376

Retinal pigmented epithelium, 355
Retrobulbar anesthesia, for enucleation, 377–378
Retrobulbar block technique, 471
Retropharyngeal abscess, 126
Retroviral mastitis, 401–402
Rhinitis, 124
Rhododendron, 341–342t

toxicity, 75–76
Rickets, 267–268
Rift Valley fever virus, 195
Ringwomb, dystocia management, 174
Ringworm, 231–232

clinical signs, 232
diagnosis, 232
prevention, 232
treatment, 232

Risk factors
dietary, for urolithiasis, 40–41
for ulcerative posthitis infection, 303

Rodenticide, abortion related to, 186
Rods and cones, 355
Rotation, pasture, 30
Rotavirus, diarrhea caused by, 77
Rubberweed, 341–342t
Rudimentary teats, 150f
Rumatel. See Morantel
Rumen acidosis

clinical signs, 70
diagnosis, 70–71
pathogenesis, 70
treatment, 71

Pseudopregnancy, 182, 216–217
Pseudorabies, 327
Pseudorinderpest, 429–430
Psorergates ovis, 235
Psoroptic mange, 235
Puberty

buck (cervid), 142
buck (goat), 142
of doe, 159
of ewe, 158
ram, 141–142

Pulmonary edema, 121f
Pupillary light reflex, assessment of, 313
Pupillary membrane, persistent, 374
Pyelonephritis, 293
Pyometra, 179
Pyrantel, 518–525t
Pyrus malus, cyanogenic glycoside-producing 

plants, 136t

Q
Q fever, 188–189, 486–489t
Quarantine, 481–482

R
Rabies, 327–328
Rabies tissue collection, 510
Radial nerve paralysis, 318
Radical mastectomy, 390–391
Radiography

for gastrointestinal diseases, 65
for neurological diseases, 320–321
for oral-esophageal diseases, 52
pregnancy determination, 172
for urinary tract disease, 286–287

Radius fractures, 254
Rain rot, 227–228
Rain scald, 227–228
Ram effect, 160–161
Rams

breeding, 485
breeding soundness examination in,  

142–144
feeding, 31
freezing semen, 156
physical examination, 142
puberty, 141–142
reproductive tract examination in, 142–143
scrotal circumference in, 143, 143t
seasonality, 141–142
selection and management, 146
semen collection in, 143
semen evaluation in

morphology, 144, 144t
motility, 143–144, 144t

semen freezing, 156
surgical procedures, 153–154

Range, supplementation and, 30
Rathke’s pouch, 209
Ration balancing

fixed ingredients method, 27
for nondairy animals, 31t
Pearson square, 27–28
phosphorus and calcium supplementation  

requirements, 28–29
substitution method, 27

Raw milk, zoonotic pathogens of, 402
Rayless goldenrod, 341–342t

Rectal prolapse
anastomosis, 85
classification, 84
clinical signs, 84
pathogenesis, 84
prevention, 85
purse-string suture, 84–85
resection, 85
treatment, 84–85

Red water disease, 417–418
Reference intervals (RIs)

cerebrospinal fluid, 542t
coagulation parameters, 540t
conversions, 543t
equivalent values for capacity or volume, 544t
erythrocyte parameters, 539t
fibrinogen, 540t
imperial to metric conversion, 544t
leukocyte parameters, 540t
metric to imperial conversion, 544t
mineral concentrations, 541t
miscellaneous conversions, 544t
paracentesis, 543t
plasma protein, 540t
serum biochemical values, 540–541t
serum electrolyte, 541t
synovial fluid, 543t
urinalysis, 542t
vitamins and minerals in serum and liver, 542t

Reflexes
corneal and palpebral, 314–315
spinal, 316–317

Regional IV block, 473–474
Regional limb perfusion, with antibiotics, 258–259
Rehydration, uncomplicated neonatal diarrhea, 411–412
Relative feed value (RFV), 26, 27
Renal abscesses, 294–295
Renal biopsy, 287
Renal failure, 287–288
Renal secondary hyperparathyroidism, 215
Reoviridae, 196
Replace lost electrolytes, uncomplicated neonatal 

diarrhea, 411–412
Replacement therapy, thiamine, 324–325
Reproduction

female (See Female reproduction)
male (See Male reproduction)

Reproductive dysfunction
cystic ovarian disease, 182
heat stress, 180–182
nutritional abnormalities, 180
ovarian tumors, 182
ovariectomy, 182–183
pharmaceuticals, 180
plant toxicity, 180
pseudopregnancy, 182
reproductive failure, 180
vaginitis, 182

Reproductive failure, 180
Reproductive management, 494
Reproductive pathogens, 421–422
Reproductive tract examination

in buck, 145
in ram, 142–143

Reproductive ultrasonography, 159
Respiratory evaluation, 5
Respiratory monitoring, 468–469
Respiratory syncytial virus (RSV), 130
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Skin diseases
congenital, 242
diagnostic tests, 224t
environmental, 239–242
lesion distribution, 223–224t

Skin scraping, 225, 235
Skunk cabbage, 377
Small ruminant

feeding schedule for bottle-fed, 491t
generic veterinary farm visits for, 480t
herd health calendar, 495–496t
postpartum care of, 177
prepartum care of, 172
vaccination schedule for, 492t

Small ruminant lentivirus (SRLV), 260–261, 323
Sneezeweed, 341–342t
Soda apple, 341–342t
Sodium and chlorine, dietary, 20
Sodium bicarbonate, 518–525t
Sodium iodide, 518–525t
Sodium nitrite, 518–525t
Sodium propionate, 518–525t
Sodium sulfate, 518–525t
Sodium thiosulfate, 518–525t

for copper nephrotoxicity, 292
Sodium toxicosis, and water deprivation, 326–327
Solanaceae nephrotoxicity, 290t
Somatic cell counts, 386

elevated, 394
testing, for mastitis, 395–396

Sorehead, 237
Sore mouth, 225–226
Soybean hulls, for energy supplementation, 17–18
Spasticity, assessment for, 312
Spastic paresis, 253
Spectinomycin, 518–525t
Sperm granulomas, 148
Spider lamb syndrome, 251–252
Spina bifida, 340–341t
Spinal cord diseases, 318–319

botulism, 334–335
cerebrospinal nematodiasis, 335
enzootic ataxia, 336
organophosphate polyneuropathy, 336
spinal trauma, abscesses, tumors, 336–337
tetanus, 337–338
tick paralysis, 338

Spinal reflexes, evaluation of, 316–317
Spleen, thoracic cavity, 506–507
Splints, 257
Spongiform leukoencephalopathy, 340–341t
Squamous cell carcinomas, 243
Stachybotryotoxicosis, 239
Standard plate count (SPC), 393
Stanozolol, 518–525t
Staphylococcal dermatitis, 229–230
Staphylococcus aureus mastitis, 399f
Stomatitis, vesicular, 227
Strategic deworming, 103
Streptogramins, 525t
Streptothricosis, 227–228
Subarachnoid analgesia, 472–474
Subclinical mastitis, 401–402
Subconjunctival enucleation technique, 378
Subconjunctival injections, 364
Subcutaneous emphysema, 241
Subcutis, removal of, 501–502
Submucosal resection, 85

Rumen fluid analysis, 63–64
Rumen impaction, 72–74
Rumenitis, 71–72
Rumenocentesis, fluid obtained by, 63–64, 64f
Rumenotomy, 72–74
Rumensin. See Monensin
Rupture of prepubic tendon, 177
Ryegrass, grass staggers due to, 331–332

S
Safeguard. See Fenbendazole
Safe pastures, 103
Salinomycin, 518–525t
Salivary cysts, 57
Salmonella spp., 191–192

diarrhea caused by, 78
Salmonellosis, 191–192, 486–489t
Salt-limited rations, 30
Salvage deworming, 103
Sarcocystis, 427, 453
Sarcocystosis, 115, 264
Sarcoptic mange, 235
Scabies, 235
Scent glands, descenting, 246
Schroeder-Thomas splint, 257
Sciatic (ischiadic) nerve paralysis, 319
Sclera anatomy, 353
Scrapie, 227, 432–433

affecting retina, 375
clinical signs, 329
diagnosis, 329
etiology and pathophysiology, 328–329
prevention, 329–330

Scrapie tissue collection, 511
Scratching, 222
Scrotal circumference

in buck, 145
in ram, 143, 143t

Seasonality
buck (cervid), 142
buck (goat), 142
ram, 141–142

Seasonal manipulation, breeding management, 
161–162

Sebaceous glands, 222
Sedimentation technique, 105, 112
Seizures, plants associated with, 341–342t
Selenium

deficiency, abortion related to, 186
dietary, 23
and nutritional muscular dystrophy,  

265, 266
toxicity, 268–269

Semen
cooled, 155–156
Eosin-nigrosin stain of, 144f
freezing

cervid, 156
goat, 156
ram, 156
straws, 156–157

frozen, handling, 157
pellets, 157
thawing, 157

Semen collection
in buck, 145
in ram, 143
and storage, 154–157

Semen evaluation
in buck, 145–146
in ram

morphology, 144, 144t
motility, 143–144, 144t

Sepsis
bacterial causes of, 420–421
gram-negative, 420
juvenile and adult, 419–421
treatment for, 421

Septic arthritis, 258–259
Serologic screening, male reproduction, 145
Serovars, Leptospira interrogans, 289–290
Serum

biochemical values, 540–541t
vitamins and minerals in, 542t

Serum chemistry
for neurologic diseases, 319
for urinary tract diseases, 281–282

Serum electrolyte, 541t
Shearing, flock/herd health, 483
Sheep. See also Flock/herd health

alternative breeding programs, 162–163
anthelmintic resistance, 103–106, 104t
behavior characteristics of, 9–13
body condition scoring for, 1–2, 2t, 16f
cestode parasites of, 110–112, 110t
copper toxicity, 22, 87–88
diarrhea, 81
estimating age by teeth eruption, 3t
feeding

female yearlings, 37
for fiber production, 38
male yearlings, 37
mature show animals, 37–38

handling, 8–13
hypothyroidism, 213
induction agents for, 465t
infectious abortions in, 486–489t
milk quality assessment in, 496–498
nematode parasites of, 97–107, 98t
normal physiological parameters of, 3t
normal rumen fluid characteristics, 64, 64t
pregnancy termination, 173
premedications, 462–465
protozoan parasites of, 112–115, 114t
scrapie tissue collection, 511
tail docking, 270–271
trematode parasites of, 111–112, 111t
vaccination recommendations for, 493–494
Veterinary Feed Directive for, 517–527
vitamin needs of, 24t
vitamins and minerals in serum and  

liver, 542t
Sheep itch mite, 235
Sheep ked, 234
Sheep pox, 227, 431
Shock, 455–456
Shock dose, 46, 46t, 47
Show animals, feeding, 37–38
Silage eye, 372
Silage, hay and corn, 31
Sinus-centesis, 123
Sinusitis, 125–126
Skin

dermis, 221
necropsy procedure, 501
removal of, 501–502
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Thiopental (thiopentone) sodium, 518–525t
Third eyelid

diseases, 368
flap, 364–365

Thoracic cavity
cranial mediastinum, 505
heart, 505
liver, 505–506
lymph nodes, 506–507
opening, 502–503
spleen, 506–507
testing, 503–507
tumors, 135

Thoracocentesis, 124
Thorax, normal aerated pleural surface, 122f
Thymic hyperplasia, 57
Thymomas, 57
Thyroid gland

hypothyroidism, 210
structure and function, 212
thyroid enlargement, 212–213

clinical signs, 213
diagnosis, 213
pathophysiology, 212–213
treatment and prevention, 213

Thyroid-stimulating hormone (TSH), 210
Tibia fractures, 254
Tick-Borne fever, 192–193
Tick paralysis, 338
Tiletamine-zolazepam (Telazol), 518–525t
Tilmicosin, 518–525t
Tissue-invading clostridia, diseases caused by, 414–416
Tolazoline, 518–525t
Toltrazuril, 518–525t
Tongue function, evaluation of hypoglossal nerve 

for, 316
Topical medications, for entropion, 365–366
Torsion, cecal volvulus and, 82
Total body water, 45
Total digestible nutrients (TDN), 17–18
Total intravenous anesthesia (TIVA), 466
Toxemia, pregnancy, 33, 86–87
Toxic conditions of musculoskeletal system

ergot toxicosis, 269
fluorosis, 269–270
plant toxicity, 270
selenium toxicity, 268–269

Toxic diseases of kidneys
antibiotic toxicity, 292–293
copper toxicity, 292
ethylene glycol, 291
heavy metals, 291–292
plant toxicity, 290–291

Toxic hepatitis, 88
Toxicity

copper, 22
hydrogen cyanide, 136–137
ionophore, 451–452
plant (See Plant toxicity)
sulfur, 21
urea, 331

Toxicologic abortion, 186
Toxicosis

ergot, 269
lead, 326
nitrate–nitrite, 137
sodium, and water deprivation, 326–327
sulfur, 325–326

Subpalpebral ocular lavage system, 363
Substitution method, for balancing a ration, 27
Sulfadiazine, 518–525t
Sulfadimethoxine, 518–525t
Sulfamethazine, 518–525t
Sulfaquinoxaline, 518–525t
Sulfas, 525t
Sulfur

dietary, 20–21
toxicosis, 325–326

Sunburn, 241
Supernumerary teats, 387
Superovulation, embryo transfer, 167
Supplementation

calcium and phosphorus, 28–29
energy, 17–18
mineral, 24, 30
protein, 18–19

during lactation, 33
targeted, effect on parasitism, 41–42

Surgical procedures
amputation, 255
male reproduction

castration, 150–151
cervid castration, 154
cryptorchid castration, 152–153
penile translocation, 154
teaser ram/buck, 153–154
unilateral castration, 151–152

for infected umbilical remnants, 91
for obstructive urolithiasis, 298
ram, 153–154
removal of wattles, horns, scent glands, 244–246
resection, for umbilical hernia, 90
rumenotomy, 72–74
of teat and udder, 390–391

Survey radiography, for urinary tract disease, 286–287
Suspensory ligament, poor support, 388
Swayback, 336
Sweat glands, 222
Swelled head, 229
Synchronization, embryo transfer, 167
Syncope, 443
Synovial fluid, 543t
Systematic physical examination

cardiovascular examination, 4
gastrointestinal examination, 5–6
head and neck examination, 2–3
integumentary examination, 8
lymphatic examination, 8
mammary gland examination, 7–8
musculoskeletal examination, 6–7
nervous system examination, 7
respiratory evaluation, 5
urogenital examination, 6

Systemic disease
abscess-forming bacteria causing, 423
affecting kidneys, 293–295
anemia, 407
basic hematology, 405–406
blood and tissue parasitic diseases, 425–427
changes in hemogram, 407
changes in leukogram, 407–408
conjunctival manifestations of, 373
hematologic assessments, 406–407
lymphatic system

assessment of, 408
diseases of, 408–414

mycobacterial, 424
nonenteric clostridial infections, 416–419
Pasteurella and Pasteurella-like infections, 422–423
sepsis

bacterial causes, 420–421
juvenile and adult, 419–421
treatment for, 421

tissue-invading clostridia causing, 414–416
viral diseases

acute, 427–431
chronic, 431–434

zoonotic infections, 421–422

T
Tachyarrhythmias, 446
Tachycardia, 441
Tactical deworming, 103
Tail

docking, 270–271
lesion distribution with skin diseases, 223–224t

Tapetal fundus, 355–356
Targeted selective treatment (TST), 102–103
Tarsorrhaphy, 364
Teaser ram/buck, 153–154
Teats

fistula repair, 390
laceration repair, 390
supernumerary, 387
weeping, 387–388

Teat spider, 389
Teat wall cyst, 387–388
Teeth

fluorosis, 55
malocclusion, 55
permanent tooth eruption, 54t

Telogen phase of hair growth, 221
Testicular abnormalities

Brucella in cervids, 147–148
cryptorchidism, 148–149
epididymitis in older males, 147
epididymitis in young males, 148
intersex, 149
orchitis, 148
sperm granulomas, 148
testicular hypoplasia and degeneration, 148
varicoceles, 147

Testicular biopsies
male reproduction, 144

Testicular blocks, 473
Testicular hypoplasia and degeneration, 148
Testosterone propionate, 518–525t
Tetanus

diagnosis, 337–338
etiology and pathophysiology, 337
treatment and prevention, 338

Tetanus antitoxin, 253
Tetracycline, 41, 525t
Thalamic cerebellar neuropathy, 340–341t
Thawing semen, 157
Thelazia californiensis, 373
Thelazia rhodesii, 373
Thelazia skrjabini, 368
Theriogenology. See Female reproduction; Male 

reproduction
Thiabendazole, 518–525t
Thiamine, 518–525t

deficiency, 324–325

Systemic disease (Continued)
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of urinary bladder, 296–297
urinary incontinence, 296–297

Urinary incontinence, 296–297
Urinary system diseases

acute renal diseases
infectious diseases, 288–293
toxic diseases, 290–293

ancillary diagnostic testing, 281–287
chronic renal diseases

amyloidosis, 293–294
glomerulonephritis, 294
mesangiocapillary glomerulonephritis, 294
pyelonephritis, 293
renal abscesses, 294–295
systemic disease, 293–295

initial evaluation of urinary tract, 281
of kidneys, 287–296
renal failure, 287–288
of urethra

congenital anomalies, 303
obstructive urolithiasis, 297–303
ulcerative posthitis and vulvovaginitis, 303

Urinary tract obstruction, goats with, 474
Urine dipstick testing, 282, 283
Urine sediment examination, 284
Urine specific gravity, 282
Urogenital examination, 6
Urogenital system, necropsy, 507
Urolithiasis, 40–41

obstructive, 297–303
Uroliths, 300f, 302–303
Uterine prolapse, 178
Uveitis, 372

clinical signs, 373
diagnosis and treatment, 374

V
Vaccination

for caseous lymphadenitis, 231
with cattle vaccines, 128
in controlling nematode infection, 107
for infectious foot rot, 274
in preventing contagious ecthyma, 226
schedule for small ruminants, 492t
for staphylococcal and coliform  

mastitis, 393
Vaginal insemination, 164–165
Vaginal prolapse, 177–178
Vaginitis, 182
Vagus nerve (CN X), laryngeal and pharyngeal 

function evaluation, 315–316
Valbazen. See Albendazole
Varicoceles, 147
Vascular diseases, 454–456
Vascular supply, of eye, 351
Vascular tunic anatomy, 353–355
Vasectomy, in Pygmy buck, 153f
Vegetative endocarditis, 454–455
Venous pressures, 442–443
Ventilation, 448
Ventral urethral dilatation, 303
Ventrum, lesion distribution with skin diseases, 

223–224t
Veratrum californicum toxicity, 377
Vermiform appendage, amputation, 299
Verminous pneumonia, 131
Vesicles, 222–224

Toxic plants, abortion related to, 186
Toxoplasma gondii, 193–194, 295, 427
Toxoplasmosis, 115, 193–194, 486–489t
Trachea, exposing, 502
Tracheal wash, 123–124
Tracheitis, 126–127
Traction splint, 257
Tramisol. See Levamisole
Transabdominal ultrasonography, 285
Transcervical insemination, 165
Transfixation pins, 256
Transfusions, whole blood, 48
Transmission, of rabies, 327–328
Transpalpebral enucleation technique, 378
Transtracheal wash, 123f
Trauma

to conjunctiva, 369
to cornea, 369
eyelid, 366–367
to musculoskeletal system, 253–257
spinal, 336–337

Traumatic reticuloperitonitis, 72
Treatment protocols

for caseous lymphadenitis, 231
for lambs and kids with diarrhea, 80
for otitis externa, 334
for pregnancy toxemia, 86
for umbilical infections, 91
of uncomplicated neonatal diarrhea, 411–412

Trematodes, 111–112, 111t, 113f
Trichostrongylus circumcincta, 41–42
Trichostrongylus colubriformis, 41–42
Triclabendazole, 518–525t
Trigeminal nerve (CN V), corneal and palpebral  

reflexes evaluation, 314–315
Trimethoprim-sulfadiazine, 518–525t
Trimming, hoof, 271
Trochlear nerve (CN IV), eye movement evaluation, 

313–314
Trueperella pyogenes, 57, 399, 420
Trunk, lesion distribution with skin diseases, 223–

224t
Trypanosomiasis, 426–427
Tube cystotomy, 300–301

anesthesia, 300
cystotomy, 300, 300f
paramedian approach, 300
surgical procedure, 300

Tube feeding of newborns, 34
Tuberculosis, 133–134
Tulathromycin, 518–525t
Tumors

nasal, enzootic, 125
parenchymal, 135
spinal, 336–337
thoracic cavity, 135

Tunica albuginea, 141
Tunica vasculosa oculi, 353–355
Twinning, increasing rates of, 162
Tylosin, 518–525t

U
Udder

edema, 388
normal anatomy, 385
poor support, 388
precocious, 388–389
uneven or asymmetric, 388

Ulcerative dermatosis, 226–227
Ulcerative posthitis, 149, 303
Ulcers

abomasal, 74–75
cutaneous, 241
foot-and-mouth disease, 57–58

Ultrasonography
evaluation

of urinary tract, 284–285
female reproduction, 159
for gastrointestinal diseases, 65–66
male reproduction, 144
of mammary gland, 397
for oral-esophageal diseases, 52
pregnancy determination, 170–171, 170t
for respiratory diseases, 122
of right abdomen, 66f

Umbilicus
hernias, 90
infections, 90–91
pathological conditions of, 90–91

Uncomplicated neonatal diarrhea
additional therapy, 412–413
clinical pathology, 411
clinical signs, 410–411
diagnosis, 411
elk deer calves, 412
epidemiology, 411
etiology and pathogenesis, 410
prevention, 413
treatment, 411–412

Undermilking, 392
Unilateral castration, 151–152
Upper airway disease

enzootic nasal tumor, 125
herpesvirus infection, 125
laryngitis and tracheitis, 126–127
Oestrus ovis infestation, 124
parasitic leech, 125
pharyngitis, 126
retropharyngeal abscesses, 126
rhinitis, 124
sinusitis, 125–126

Upper motor neurons, 316t
Urachus, patency/abscessation of, 91
Urea

as protein source, 18
toxicity, 331

Ureaplasma spp., 192
Ureters, congenital anomalies of, 295–296
Urethra

congenital anomalies, 303
males, survey radiographs, 286–287
obstructive urolithiasis, 297–303
ulcerative posthitis and vulvovaginitis, 303

Urethrostomy, 299–300
Urethrotomy, 299–300
Urinalysis, 282–284, 542t
Urinary acidifying agents, 25
Urinary bladder

inflamed, 301f
marsupialization, 301
survey radiographs, 286–287
ultrasound imaging, 284–285

Urinary bladder diseases
congenital anomalies, 297
cystitis, 296
neoplasia, 297

Urinary bladder diseases (Continued)
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Wesselsbron virus, 196
West Nile virus encephalitis, 331
Wheelbarrowing postural reaction, 316
White blood cells, Anaplasmataceae infection, 425–426
White liver disease, 87
White muscle disease (WMD). See Nutritional 

myodegeneration
White snakeroot, 341–342t
Whole blood transfusions, 48
Window edema, 254
Withdrawal period, for extra-label drug, 395
Withdrawal reflexes, 317
Wool

feeding for fiber production, 38
fibers, 221

Wool break, 242
Wool slip, 242
World Association for the Advancement of Veteri-

nary Parasitology (WAAVP), 105

X
Xylazine, 518–525t

Y
Yearlings, feeding

females, 37
males, 37

Yeast cultures, as feed additives, 25
Yersinia spp., 193
Yersiniosis, 193, 424
Yew, causing cardiovascular toxicity, 451
Yohimbine, 518–525t

Z
Zinc

deficiency, 23
affecting integumentary system, 238

and hoof health, 272
Zoonosis, 197–198
Zoonotic agents, pathogens of raw milk, 402
Zoonotic diseases, 421–422, 482

Vesicular stomatitis, 430–431
Vesicular stomatitis (VS), 227
Vestibulocochlear nerve (CN VIII), head tilt  

evaluation, 315
Veterinary Feed Directive (VFD)

drugs affected by, 525t
general label information for, 525b
sample, 526f
for sheep, goats, and cervids, 517–527

Vibriosis, 189–190
Viral diseases

blepharitis, 367
keratoconjunctivitis, 372
ulcerative dermatosis, 226–227

Viral diseases: acute
bluetongue, 58–59, 227, 427–428
contagious ecthyma, 58, 225–226
epizootic hemorrhagic disease,  

428–429
foot-and-mouth disease, 57–58, 430–431
goat pox, 227, 431
louping ill, 323–324, 430
malignant contagious ecthyma, 226
peste des petits ruminants, 429–430
sheep pox, 227, 431
vesicular stomatitis, 227, 430–431

Viral diseases: chronic
border disease virus, 433–434
caprine arthritis-encephalitis virus infection, 

431–432
ovine progressive pneumonia, 432
scrapie, 227, 432–433

Viral pneumonias, 130
Virus-induced abortion, 195–197

bunyaviridae, 195
caprine herpesvirus 1, 196–197
flaviviridae, 195–196
reoviridae, 196

Vision pathways, 312–313
Visual examination, 1–2

cardiovascular system, 439

Vitamin
affecting hoof condition, 272
in serum and liver, 542t

Vitamin A, 23
Vitamin A deficiency

affecting integumentary system, 238–239
affecting retina, 376

Vitamin B12 (cyanocobalamin), 518–525t
Vitamin D, 23–24
Vitamin E, 24

deficiency, abortion related to, 186
and nutritional muscular dystrophy, 265–266

Vitamin K, 24
Vitamin K1 (phylloquinone), 518–525t
Volume

equivalent values for, 544t
semen evaluation, 146

Vulvovaginitis, 303

W
Walpole’s solution, 301–302
Warts, 242–243

hairy heel wart, 274–275
Water consumption. See also Fluid therapy

coliform contamination, 17
daily intake, 15–17
increasing, for prevention of urolithiasis, 302

Water deprivation, and sodium toxicosis, 326–327
Water hemlock, 341–342t
Water rot, 228–229
Wattle cysts, 57
Wattles, 222

removal of, 244
Weakness

in neonates, 413–414
plants causing, 341–342t

Weaning, 35
flock/herd health, 493

Weather stain, 228–229
Weeds, nitrate-accumulating, 136t
Weeping teats, 387–388
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