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Foreword 

Diseases caused by animal parasites remain, on a worldwide basis, among the principal 
causes of morbidity and mortality. This book gives the medical student-and the 
practitioner-the basic information about parasitic protozoa, worms, and anthropods 
and the diseases they cause that will enable the reader to recognize and manage 
them. One is impressed with the broad scope of the subject, the diversity of the 
parasitic modes of life, and how much there is yet unknown about the biology of 
parasitism. At the same time the book provides vignettes of the often fascinating 
historical background of our knowledge of animal parasites and glimpses of current 
research that is beginning to shape the future of parasitology. 

William Trager, PH.D. 

Professor Emeritus of Parasitology 
The Rockefeller University 
New York, New York 



Preface 

This book fills the need we have felt in teaching parasitic diseases to medical students. 
Many of the available texts are too detailed for what is inevitably an introductory 
course; others that do treat this subject with appropriate brevity are now out of 
date; still others lack documentation of references and thus fail to guide the readers 
to a broader understanding of this subject. 

We have addressed ourselves to medical students, but they are not our sole target. 
Clinicians unfamiliar with the complexities of parasitic diseases need a guide to the 
diagnosis and management of these infections. We intend our book to serve this 
function as well. 

In planning the organization of the book we followed a pedagogic format, instead 
of the traditional one according to evolutionary relationships, i.e., from the simplest 
to the most complex. This is the order in which we have taught this subject to 
medical students, and it has seemed most satisfactory. In general we have stressed 
the diseases and host response more than the organisms, and have provided diagnostic 
and therapeutic guidelines. 

Although our book is targeted and has a mission, we hope that it nevertheless 
conveys the excitement of the subject matter. Parasitology is a fascinating science. 
It examines organisms superbly adapted to the environment through evolution of 
highly complex biological systems. In this respect the study of the life cycles may 
initiate in some readers an interest to pursue the subject of parasitology further as 
we were once inspired to do by our teachers, Harold W. Brown, William Trager, 
and George B. Craig, J r. Many books and journals are available for such a purpose, 
and some of them are included in the references we cite. 

We have been aided in our work by many colleagues and co-workers. We owe 
gratitude to them for their advice and criticism. Drs. Philip D' Alesandro, Martin 
Blechman, Thomas Brasitus, William Campbell, George Hillyer, Susanne Holmes­
Giannini, Seymour Hutner, John Frame, Miklos Mliller, Mike Schultz, William 
Trager, Jerry Vanderberg, and Ms. Joanne Csete were willing to review various parts 
of the text and to show us how to improve it. Any errors that it still contains can 
be attributed only to us. Dr. Benjamin Kean gave us free access to historical references. 
They were so fascinating that we wished we could devote more space to them. Fortu­
nately, the book Tropical Medicine and Parasitology: Classic Investigations by Benjamin 
Kean, Kenneth Mott, and Adair Russell (Cornell University Press: Ithaca, New York, 
1978) is available to those who want to broaden their knowledge of the history of 
parasitology. We also thank Drs. Robert Armstrong, Irene Cunningham, Gabriel 
Godman, Thomas Jones, Jay Lefkowitch, Donald Lindmark, David Meyers, Peter 
Schantz, Fred Schuster, Gerald Shad, Ralph Schlaeger, Roger Williams, Marianne 



xii Preface 

Wolff, Gregory Zalar, and Mr. John Ma, who supplied us with biological materials, 
which we used to produce various figures. Mrs. Terry Terrili and Ms. Patti Gilling 
committed many hours of their time to typing and correcting the text. Without their 
efforts, we would still be contending with the first draft of the manuscript. Ms. Marvick 
De Lima and Mr. Ronald Brier helped us with the organization of the technical 
work. The enormous help and encouragement given us by the publishers, especially 
Mr. Larry Carter, who nursed us along, and Ms. Berta Steiner and Mr. William 
Gabello, who directed the production, were invaluable to us. 

Our labors are completed and the book must stand on its own. We dedicate it to 
our readers. 

New York, New York and 
Bethesda, Maryland 
August 1982 

Michael Katz 
Dickson D. Despommier 
Robert W. Gwadz 



I 
The Nematodes 

Introduction 

Nematodes are nonsegmented roundworms be­
longing to the phylum Nematoda. The members 
of most species of nematodes are free living and 
inhabit soil and fresh and salt water, as well as 
other, more specialized habitats. The majority of 
parasitic nematodes have developed a highly spe­
cific biological dependence on a particular host 
and are incapable of survival in any other host. 
A few have succeeded in adapting to a variety 
of hosts. 

Anatomy and Physiology 

The typical nematode, both larva and adult, is 
surrounded by a flexible, durable outer coating, 
the cuticle, resistant to chemicals. It is a complex 
structure composed of a variety of layers, each 
of which has many components such as structural 
proteins, a small number of enzymes, and lipids. 
The cuticle of each species has a unique structure 
and composition. It not only protects the worm, 
but can also be involved in active transport of 
small molecules, including water, certain electro­
lytes, and some organic compounds. 

All nematodes move by means of a muscular 
system. The muscle cells form an outer ring of 
tissue lying just beneath the cuticle and their ori­
gins and insertions are in the cuticular processes. 
In addition, there is some muscle tissue surround­
ing the buccal cavity and esophageal and sub­
esophageal regions of the gut tract. These muscles 
are particularly important elements of the feeding 
apparatus in a wide variety of parasitic and free­
living nematodes. Each muscle cell consists of fila­
ments, mitochondria, and cytoplasmic processes 
that connect it with a single nerve fiber. The ner­
vous system consists of a dorsal nerve ring or a 
series of ganglia that give rise to the peripheral 
nerves. 

The digestive system of nematodes is divided 
into three major regions: oral (i.e., buccal) cavity 

and esophagus, midgut, and hindgut and anus. 
The oral cavity and hindgut are usually lined by 
epithelial cells extending from the cuticle; the mid­
gut consists of columnar cells, complete with mi­
crovilli. The function of the midgut is the absorp­
tion of ingested nutrients, whereas the usually 
muscular esophagus serves to deliver food to the 
midgut. 

In addition, a number of specialized exocrine 
glands open into the lumen of the digestive tract, 
usually in the region of the esophagus. These 
glands are thought to be largely concerned with 
digestion, but may, indeed, be related to other 
functions. For example, in hookworms the ce­
phalic glands secrete an anticoagulant. In other 
instances, there are rows of cells, the stichocytes, 
that empty their products directly into the esopha­
gus. These cells occupy a large portion of the body 
mass of trichinella and trichuris. The function of 
these cells is unknown. 

The worms excrete solid and fluid wastes. Excre­
tion of solid wastes takes place through the diges­
tive tract. Fluids are excreted by means of the 
excretory system, consisting of two or more col­
lecting tubes connected at one end to the ventral 
gland (a primitive kidney-like organ) and the ex­
cretory pore at the other. 

Reproductive organs, particularly in the adult 
female, occupy a large portion of the body cavity. 
In the female, one or two ovaries lead to the vagina 
by way of a tubular oviduct and uterus. A seminal 
receptacle for storage of sperm is connected to 
the uterus. The male has a testis connected to 
the vas deferens, seminal vesicle, ejaculatory duct, 
and the cloaca. In addition, males of many species 
of nematodes have specialized structures to aid 
in transfer of sperm to the female during mating. 
Identification of the species of worm is often based 
on the morphology of these structures. Most nema­
todes lay eggs, but some are viviparous. 



1. Enterobius vermicularis (Linnaeus 1758) 

Enterobius vermicu/aris, commonly known as pin­
worm, is one of the most widely prevalent parasitic 
nematodes of man, affecting mainly children below 
the age of 12 years. It has no host other than 
man. 

Figure 1.1. Adult female Enterobius vermicularis. The 
tail is pointed or pin-shaped, hence the common name 
"pinworm." X20. 

Historical Information 

Early medical writings describe a worm infection 
that resembled in all respects infection with E. 
vermicularis, a name assigned to it by Linnaeus 
in 1758. Johann Bremser in 1824 distinguished 
this worm from the other Oxyurids and Ascarids 
and provided an accurate classification of it.' 

Life Cycle 

The adult pinworms live freely in the lumen of 
the transverse and descending colon and the rec­
tum. The female worm (Fig. 1.1) measures 8-13 
mm in length and 0.3-0.6 mm in width. The male 
(Fig. 1.2) is smaller, measuring 2-5 mm by 0.2 
mm. The distal end of the male contains a single 
copulatory spicule and is quite curved, a character­
istic permitting ready morphological differentia­
tion from the female. 

Although the biochemical and physiological re­
quirements of the adult pinworms are not known, 
it is presumed that they utilize fecal matter as 
the source of their nutrients. 

The adult worms copulate, and each female pro­
duces approximately 10,000 fertilized, non embryo­
nated eggs. At night, presumably spurred by the 
drop in the body temperature of the host, the fe­
male migrates through the anus onto the perianal 
skin, where she experiences a prolapse of the 
uterus, expels all the eggs, and dies. This expulsion 
can be so intense that the eggs, which are quite 
light, become airborne and are distributed 
throughout the surrounding environment. More 

Figure 1.2. Diminutive male Enterobius vermicularis. 
X20. 
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Figure 1.3. Embryonated egg of Enterobius vermicularis 
containing an infective larva. Xl 000. 

often, however, they remain at the site of deposi­
tion. The eggs embryonate (Fig. 1.3) and become 
infective within 6 h of being laid. 

The embryonated eggs are swallowed and hatch 
into the second-stage larvae once they reach the 
small intestine. Development to the third and 
fourth stages also occurs there. Finally, the adult 
worms take up residence in the large intestine. 
The entire cycle is completed within 4-6 weeks 
after the original ingestion of the egg. Alterna­
tively, the eggs have been known to hatch on the 
skin at the site of the original deposition and the 
second-stage larvae then crawl back through the 
anus into the rectum and eventually the colon, 
where they develop into reproducing adults. 

In women and girls, the larvae that hatch on 
the skin near the anus occasionally crawl into the 
vagina instead of the rectum, and there establish 
an aberrant infection. Even less frequently, gravid 
female worms make their way into the fallopian 
tubes. Other reported aberrant infections have in­
cluded pelvic peritonitis2 and ovarian infection.3 

Pathogenesis 

The migratory phase of the pinworm is restricted 
to the gastrointestinal tract and thus the host does 
not experience any systemic reactions. The parasite 
does evoke a minor inflammatory response in the 
intestine that may be associated with a low-grade 
eosinophilia, but it has not been definitively docu­
mented. 

The pruritis that some patients develop results 
from an allergic response to the worm proteins. 
Whether pinworm infection causes secondary 
problems, such as appendicitis or pelvic inflamma-

tory disease, is moot. Pinworms have been found 
in these organs at autopsy with no evidence of 
an inflammatory reaction. 

Although there are no comparable studies in 
man, there is experimental evidence that immune 
status of the host does affect the infection. The 
mouse pinworm Syphacia oblevata reaches much 
larger numbers in nude (athymic) mice than it 
does in the same mice into which subcutaneous 
implant of thymic tissue from syngeneic donors 
was introduced.4 

In man susceptibility to pinworm infection de­
creases with age, but the reasons for this are not 
clear and it remains to be determined whether 
this difference in susceptibility is immunologic. 

Clinical Disease 

The majority of infected individuals are free of 
symptoms. Those few who are symptomatic expe­
rience an intense itching of the perianal area; 
women with vaginal infection develop vaginal itch­
ing and, sometimes, serious discharge. 

Although enuresis has been attributed to infec­
tion with pinworm, no causal relationship has been 
established.5 Gnashing of teeth and sleep distur­
bances have not been definitely related to the pin­
worm, either, although there are myths that they 
are. 

Diagnosis 

The infection is best detected by the examination 
of a transparent plastic adhesive tape previously 
applied to the perianal region. This tape, subse­
quently cleared with xylol, or another suitable sol­
vent, and attached to a glass slide, is examined 
microscopically at the Xl00 magnification for the 
presence of the eggs (Fig. 1.4). The eggs can be 
readily detected. They are not usually found in 
the feces and therefore examination of a stool spec­
imen is useless. 

There are no serological tests and no known 
specific reactions that help to make an indirect 
diagnosis. Although low-grade eosinophilia has 
been reported in some cases, this relatively nonspe­
cific finding is not helpful in the diagnosis. 

Adult pinworms can be readily identified when 
they are seen on histological sections (Fig. 1.5) 
because of bilateral cuticular ridges known as alae, 
which are not present in any other intestinal nema­
tode of man. 



Figure 1.4. Eggs of Enterobius vermicularis as seen at­
tached to a transparent cellophane adhesive test tape. 
x240. 

Treatment 

Of the available drugs, pyrantel pamoate,6 in a 
single dose, or mebendazole,7.8 also in a single dose, 
is the best therapy. Neither piperazine citrate nor 
pyrvinium pamoate, drugs used until recently, has 
any place in the treatment of this parasite. 

In treating the patient, one must remember that 
neither drug kills the eggs. Therefore, "blind" re­
treatment of the patient is recomended 2 or 3 
weeks after the original therapy. This will destroy 
worms that have hatched from eggs ingested after 
the first treatment. 

Prevention and Control 

The probability of infection and reinfection is ex­
ceedingly high because of the ready transmissibil­
ity of the pinworm. Compounding the problem 
is the fact that the eggs can survive for several 
days under conditions of high humidity and inter­
mediate to low temperatures. 

The groups showing highest prevalence of infec­
tion are school children and institutionalized indi­
viduals. There are no differences in predilection 
on the basis of sex, race, or socioeconomic class. 

1. Enterobius vermicularis 5 

A 

B 
Figure 1.5. A and B. Cross-sections of adult Enterobius 
vermicularis. Note characteristic cuticular projections, 
called alae (arrows), which help to identify this nema­
tode in histological sections. A, x90; B, X270. 

No effective means for prevention are currently 
available. Pinworm infection should not be consid­
ered per se as evidence of poor hygiene. Any exag­
gerated attempts to eradicate the infection in the 
household should be discouraged by a rational dis­
cussion to allay anxiety. 
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2. Trichuris trichiura (Linnaeus 1771) 

Trichuris trichiura, popularly known as whip­
worm because of its characteristic shape, is dis­
tributed throughout the world in the same areas 
where ascaris and hookworm are found. It is esti-
mated that there are at present some 500 million 
infections. 

There are no reservoir hosts for T. trichiura, 
but other species of trichuris are found in a wide 
range of mammals (e.g., T. vulpis in the dog; T. 
muris in the mouse; and T. suis in the pig). Host 
specificity is the rule, but one case of T. vulpis 
in a child has been reported. 

Although trichuris infections are usually not se­
rious clinically, overwhelming infections leading 
to death have been reported in children. 

Historical Information 

Linnaeus, in 1771, classified this organism as a 
nematode, then called "Teretes." In 1740, 
MorgagnP described the location of T. trichiura 
in the caecum and transverse colon. This descrip­
tion in 1761 was followed by an accurate report 
by Roederer2 of the external morphology of T. 
trichiura. Roederer's report was accompanied by 
drawings that are considered accurate by current 
standards. 

Human infection with trichuris has been identi­
fied in coprolites of prehistoric man. 

Life Cycle 

The adult worms (Figs. 2.1, 2.2A and B) live in 
the transverse and descending colon. The anterior Figure 2.1. Adult female Trichuris trichiura. X5. 
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A 

B 

Figure 2.2. A. Adult male Trichuris trichiura. B. En­
larged view of male Trichuris trichiura showing the 
copulatory spicules (arrows). A, X5; B, X36. 

narrow portion of their bodies is embedded within 
the columnar epithelium (Fig. 2.3); the posterior 
end protrudes into the lumen. 

Nothing is known about the nutritional require­
ments of the adult worms, but experimental evi­
dence on related species suggests that they do not 
ingest blood.3 

The worms mature in the large intestine, mate, 
and lay eggs. Females produce 3000-5000 eggs 
per day,4 and live 1.5-2 years.s Fertilized eggs 
(Fig. 2.4), deposited in the soil with feces, are unde­
veloped and must embryonate before becoming 
infectious. For this they require a favorable envi­
ronment. Such external factors as high humidity, 
sandy or loamy soil, and a warm temperature (Le., 
20°-30°C) favor embryonation, which, under opti­
mal conditions, takes place within 18-25 days.6 

Infection is acquired by swallowing the embryo-

nated egg. The larva hatches in the small intestine, 
penetrates the columnar epithelium, and comes 
to lie just above the lamina propria. Four molts 
later, the immature adult emerges and is passively 
carried to the large intestine. The time required 
for a new infection to become patent (i.e., for ma­
ture worms to begin laying eggs passed into the 
feces) is about 90 days after ingestion of the egg. 

Pathogenesis 

The mechanism by which trichuris causes diarrhea 
remains unknown, although a number of theories 
have been suggested. These include intoxication 
with various products of metabolism of the worm 
and direct mechanical damage to the intestinal 
mucosa. 

Clinical Disease 

Only heavily infected patients develop clinical dis­
ease, which presents as chronic diarrhea, charac­
terized by mucous stools, and associated with te­
nesmus. If the diarrhea is protracted, the patient 
may develop rectal prolapse, more likely to occur 
in small children. Many individuals infected with 
trichuris -symptomatic, or not-tend to be mal­
nourished and anemic. Nevertheless, no direct cau­
sal relationships have ever been established be­
tween trichuris infection and malnutrition and 
anemia. In view of the fact that trichuris is widely 
prevalent and that in the area where it is found 
there is a high frequency of anemia, malnutrition, 
and infection, the correlation may not be causal. 
In an experimental animal study using labeled 
erythrocytes, no evidence of intestinal loss of blood 
due to trichuris was demonstrated.3 Severe diar­
rhea in association with trichuris infection is not 
necessarily attributable to trichuris; other causes 
for it must be sought (see Diagnosis). 

Diagnosis 

Identification of the characteristic eggs of trichuris 
(Fig. 2.4) in the stool establishes the diagnosis of 
infection. Presence of Charcot-Leyden crystals (see 
Figs. 25.8A and B) strongly suggests that there 
is colitis due to trichuris and therefore implies 
in the particular patient a causal relationship be­
tween this organism and diarrhea. In any case, 
search for pathogenic protozoa such as Entamoeba 



Figure 2.3. Scanning electron mi­
crograph of an adult Trichuris in 
the large intestine. Note that the 
entire head of the worm is "woven" 
into the columnar epithelium, with 
the tail exposed to the lumen. 
XlOO. (From Lee TDG, Wright 
KA: The morphology of attach­
ment and probable feeding site of 
the nematode Trichuris muris. Can 
J ZooI56:1889-1905, 1978. Repro­
duced with permission.) 

histolytica or Giardia lamblia is indicated in view 
of the high frequency of multiple infections. It 
must be noted that identification of eggs of 
trichuris is relatively easy, whereas finding giardia 
or entamoeba is difficult and requires an experi­
enced observer. When doubt exists, it would be 
reasonable to treat the patient for trichuris infec­
tion and request expert advice only if the patient's 
symptoms do not abate. Failure to control diarrhea 
after trichuris has been eradicated mandates a 
more thorough evaluation of the cause of the diar­
rhea. Stool cultures should be used to determine 
the possible presence of enteric pathogens. 

In histological preparations trichuris can be 
readily identified by the characteristic variability 
of its diameter in different sections (Fig. 2.5). 

2. Trichuris trichiura 9 

Figure 2.4. Fertilized, nonembryonated egg of Trichuris 
trichiura. X 1000. 
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Figure 2.5. Cross-section of a single adult Trichuris 
trichiura in the large intestine. Note the variation in 
the diameter between the tail (arrow T) and the head 
regions (arrow H). X 160. 

Treatment 

Mebendazole is effective in about 90% of cases. 
Retreatment is recommended if the first attempt 
at therapy is unsuccessful. Dose need not be ad­
justed to the weight of the patient because the 
drug is nonabsorbable.7 

Prevention and Control 

The infection is most common in tropical areas, 
where prevalence as high as 80% has been docu­
mented. Most infections tend to be light and there­
fore are asymptomatic. Warm, moist soil in tropi­
cal and subtropical regions favors the infection; 
direct sunlight for 12 h, or exposure to tempera­
tures in excess of 400 e for 1 h or to temperatures 
below -80oe destroys the eggs. The eggs are rela­
tively resistant to chemical disinfectants. 

Proper disposal of feces is, of course, the pri­
mary means of prevention. In areas of the world 
where untreated human feces are used to fertilize 
crops, the control of this infection is impossible. 
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3. Ascaris lumbricoides (Linnaeus 1758) 

Ascaris lumbricoides, which lives in the upper part 
of the small intestine, is often referred to as the 
giant intestinal worm because it can grow to a 
length of more than 30 cm. It has a worldwide 
distribution. Although its prevalence rates are not 
known, it has been estimated that at present 650 
million people are infected. l There are no reservoir 
hosts. 

Historical Information 

In 1683, Edward Tyson described the anatomy 
of A. lumbricoides, then known as Lumbricus 
teres. 2 Linnaeus gave it its current name on the 
basis of its remarkable similarity to the earthworm, 
Lumbricus terrestrias, which he also named. The 
life cycle was accurately described by Brayton 
Ransom and Winthrop Foster in 1917.3 

In a remarkable series of experiments with him­
self and his younger brother as subjects, Shimesu 
Koino, in 1922, described the clinical spectrum 
of disease induced by this nematode.4 Although 
in this experiment Ascaris suum, the ascarid of 
pigs, failed to complete its life cycle in man, it is 
now known that in some cases this infection in 
man can result in the development of adult 
worms.5 In addition, he proved that a pneumonia­
like syndrome developed during the early phase 
of the infection and that it was caused by third­
stage larvae migrating through the lungs, on their 
way to the stomach. Koino, who swallowed 2000 
A. lumbricoides eggs, became seriously ill, but for­
tunately did not suffer permanent disability. His 
younger brother, given 500 larvae of A. suum, did 
not experience so severe a disease. 

Life Cycle 

The adult worms (Fig. 3.1) live in the lumen of 
the upper small intestine, where they consume pre­
digested food. On the average, each female pro­
duces 200,000 eggs per day. 

The worms maintain themselves in the lumen 
of the small intestine by assuming an S-shaped 
configuration and pressing their cuticular surfaces 
against the columnar epithelium of the intestine 
and continually moving against the peristalsis. The 

worms secrete antitrypsins and as a result compete 
successfully for proteins that the host ingests. 

The eggs (Fig. 3.2) the worm lays are fertilized 
but nonembryonated. They become incorporated 
into the fecal mass in the large intestine. 

Figure 3.1. Adult male (right) (15-31 em long) and 
female (left) (20-35 em long) Ascaris lumbricoides. Note 
the hook-like tail of the male. XO.50. 
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Figure 3.2. Fertilized, unembryonated egg of Ascaris 
lumbricoides. The outer coating (i.e., cortical layer) is 
characteristically irregular. X700. 

Figure 3.3. Larvae (arrows) of Ascaris lumbricoides in 
liver. x360. 

Embryonation of the fertilized eggs takes place 
in the soil. If the eggs are deposited in the soil 
directly, the embryonation is completed within 2-
4 weeks, depending on the ambient temperature 
and moisture. The eggs need not reach the soil 
directly; they can survive for several months before 
beginning embryonation.6 The infective embryo­
nated egg must be swallowed for the life cycle 
to be completed. Hatching of the larvae is stimu­
lated in the small intestine by the combined action 
of bile salts and alkalinity of the enteric juice. 
The second-stage larvae then penetrate the lumen 
of the intestine and enter the lamina propria, where 
they move further into a capillary and are carried 

Figure 3.4. Larvae of Ascaris lumbricoides in lung. 
x400. 

Figure 3.5. The unfertilized egg of Ascaris lumbricoides 
is characterized by a thin inner shell and disorganized 
yoke material. Usually, the cortical layer is also missing. 
Unfertilized eggs are characteristic of infections in 
which only a few female worms are present. x 700. 

passively to the liver (Fig. 3.3). From there they 
migrate to the heart through the inferior vena cava. 
On reaching the lung through the pulmonary cir­
culation, the now third-stage larvae lodge in alveo­
lar capillaries and break out into the alveolar 
spaces (Fig. 3.4). Rarely, the immature worms 
leave the capillaries and wander about in the pa­
renchymal tissues of the liver. 
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The larvae migrate actively up the bronchi into 
the trachea, across the epiglottis, and are then 
swallowed, finally reaching the lumen of the small 
intestine. There, after two more molts, the worms 
mature to adulthood. Occasionally, egg production 
may precede mating. When this occurs, infertile 
eggs (Fig. 3.5) are passed by the worm. Worms 
reach sexual maturity within 6 weeks after the 
final molt and cease growing. 

Pathogenesis 

As the Koinos showed, most intense host reactions 
occur during the migratory phase of infection. As­
caris antigens released during the molting of the 
larvae cause inflammation associated with eosino­
philic infiltration of the tissues, peripheral eosino­
philia, and an antibody response leading to an in­
crease in the serum IgG levels. Specific antibodies 
of the IgG class form the basis of complement 
fixation and precipitin tests. The secretory IgA 
responses have not been well studied. 

Ascaris may affect nutrition of infected children, 
especially those already in a state of marginally 
adequate nutrition. 7 It has been hypothesized that 
this results from secretion of antitrypsin factors 
by the worms. Moreover, it has been suggested 
that ascaris induces malabsorption of fats and car­
bohydrates. However, the data supporting these 
hypotheses are weak and the significance of such 
malabsorption in well-nourished children is doubt­
ful. 

The adult worms in the intestine cause few 
symptoms, although when they are numerous, 
their sheer bulk may cause fullness and even ob­
struction. Through aberrant migration they may 
perforate the intestine, penetrate the liver, obstruct 
the biliary tract, or cause peritonitis. 

Clinical Disease 

The intensity of the systemic response to the mi­
gratory phase of ascaris is related directly to the 
number of larvae migrating simultaneously. If the 
infection is light and only a few larvae traverse 
the tissues, the host response is negligible and clini­
cally inapparent. If the infection is heavy, after 
ingestion of hundreds or more eggs, the patient 
experiences intense pneumonitis, enlargement of 
the liver, and generalized toxicity that may last 
up to 2 weeks. 

In the intestinal phase of the disease, the worms 
may become entangled and form a bolus obstruct­
ing the lumen. This is a rare consequence of ascaris 
infection, with an incidence of approximately two 
cases per 1000 infected children per year.8 If intes­
tinal blockage is recognized early, it may be man­
aged medically; if this fails, surgical intervention 
is mandatory. 

Less frequent complications are perforations of 
the intestine, blockage of the bile duct, and other 
aberrant migrations of the adult worm. Certain 
irritants, such as tetrachlorethylene (which had 
been used in therapy of certain hookworm infec­
tions) and fever tend to stimulate migration of 
the adult worms. 

The majority of people with moderate infections 
are rarely symptomatic. Most commonly, such in­
dividuals become aware of the infection through 
casual examination of the stools for another rea­
son, because of passage of an adult worm in the 
stool, or by regurgitation of it during an episode 
of vomiting. 

Diagnosis 

Specific diagnosis of A. lumbricoides infection can­
not be made on the basis of signs or symptoms 
during the migratory or intestinal phases of the 
infection. The clinical suspicion of infection with 
intestinal helminths is the usual reason for request 
of a stool examination. 

Figure 3.6. Fertilized, nonembryonated egg of Ascaris 
lumbricoides which lacks the cortical layer. This type 
of egg is rarely seen. x700. 



Eggs of ascaris are quite characteristic (Fig. 3.2) 
and are easily recognized. If only few eggs are 
present, they may be missed but can be readily 
found if the stool specimen is concentrated by any 
of several standard techniques (see Methods, Ap­
pendix I). Usually, so many eggs are passed each 
day by individual female worms that the likelihood 
of finding them, even in light infections, is quite 
high. The presence of infertile ascaris eggs (Fig. 
3.5) is still diagnostically important, because the 
presence of even a single female worm could have 
serious consequences if she were to migrate. Infre­
quently, defective eggs without mammilations are 
seen (Fig. 3.6); they may be difficult to recognize. 

Treatment 

There is no specific treatment for the migratory 
phase of the worm, and if the infection is heavy 
and the patient quite ill, symptomatic therapy with 
corticosteroids may be advised. There has been 
very little experience with the management of this 
phase of the disease because its diagnosis is almost 
impossible. The presence of adult worms in the 
intestine is readily treated with a single dose of 
pyrantel pamoate.9 An alternative drug, mebenda­
zole,lO is as effective, but must be administered 
over a period of 3 days, which is a disadvantage. 

In cases of intestinal obstruction, piperazine ci­
trate can be used because it paralyzes the myo­
neural junction and relaxes the worms, which can 
then be expelled. 

Prevention and Control 

This parasite is prominent in temperate and tropi­
cal zones, but has highest prevalence in warm 
countries where sanitation is deficient. In some 
parts of Africa, 95% of the population is infected; 
in parts of Central and South America, 45%. In 
the United States, the infection is most prevalent 
in southern communities, and in surveys con­
ducted largely, or predominantly, among children, 
20%-67% infection rates were noted.s There is 
no differential susceptibility according to sex or 
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race. Although persons of all ages are susceptible, 
the infection predominates among young children 
because they are most likely to be exposed to con­
taminated soil. 

Areas of the world with moist and loose soil 
are especially contaminated. The eggs can be de­
stroyed by exposure to direct sunlight for 12 h 
and are quickly killed by temperatures in excess 
of 40°C. Exposure to cold, however, does not affect 
the eggs. They have been known to survive the 
ordinary freezing temperatures of winter months 
in the temperate zones. The eggs are also resistant 
to chemical disinfectants and have survived treat­
ment of sewage.6 
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4. The Hookworms: Necator americanus (Stiles 1902) and 
Ancylostoma duodena Ie (Dubini 1843) 

Two major species of hookworm infect man: Neca­
tor american us (the New World hookworm) and 
Ancylostoma duodenale (the Old World hook­
worm). Adults of both species inhabit the small 
intestine and feed upon villi. 

The distribution of the two species was thought 
at one time to be discrete and nonoverlapping; 
however, both species have been shown to occupy 
at least some of the same regions of Africa, South 
America, and Asia. A third species, A. ceylanicum, 
is found mainly in cats, but has occasionally been 
described in man. A. braziliensis, whose definitive 
host is cat, and A. caninum, whose definitive host 
is dog, cause in man aberrant infection of skin 
(see Chapter 11). 

Accurate data regarding prevalence are difficult 
to obtain, but a conservative estimate, based on 
a survey reported in 1947,1 suggests that there 
are at present some 700 million infections in the 
world. 

There are no known reservoir hosts for A. 
duodenale or N. americanus. 

Historical Information 

Hookworm disease is widespread in the tropics. 
It had been common in the United States in the 
past, found primarily in the rural South, and in 
Puerto Rico. Because hookworm disease was 
thought to be a major obstacle to the economic 
development of the affected areas, John D. Rocke­
feller Sr. established, in 1909, the Rockefeller Sani­
tary Commission (which later became the Rocke­
feller Foundation) for the sole purpose of elim­
inating hookworm from the United States and 
Puerto Rico. Stiles, who described N. americanus 
in 1902, was largely responsible for convincing 
Rockefeller to establish the Commission. 2 The 
prevalence of hookworm infections in the United 
States and Puerto Rico has been much reduced, 
but this resulted less from any planned interven­
tion than from the general improvement in socio­
economic conditions. 

Dubini, in 1843, first reported human infection 
with A. duodena Ie. 3 Most of its clinical and epide­
miological features were identified during epidem-

ics that occurred in association with the building 
of the St. Gotthard Tunnel through the Alps in 
Switzerland. 

Life Cycle 

The adult worms live in the small intestine, where 
they feed on the mucosal villi (Fig. 4.1). 

Morphologically, each species can be differenti­
ated on the basis of the mouth parts of the adults. 
A. duodenale possesses cutting teeth (Fig. 4.2) 
whereas N. americanus has rounded cutting plates 
(Fig. 4.3). Moreover, their body sizes differ (Table 
4.1). 

The adult males are differentiated from the fe­
males by the presence of a copulatory bursa (Fig. 
4.4). 

The life cycles of these worms are identical. The 
female passes eggs into the lumen of the small 
intestine. A. duodenale produces about 28,000 and 
N. americanus 10,000 eggs per day. 

The eggs (Fig. 4.5A) begin to embryonate imme­
diately after they are passed, reaching the four­
(Fig. 4.5B) or the eight-cell stage (Fig. 4.5C) by 
the time they are deposited outside the body. In 

Figure 4.1. Cross-section of an adult Ancylostoma 
duodenale engulfing a portion of villus. X80. 
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Figure 4.2. Head of adult Ancylostoma duodenale. Note 
teeth (arrow T) in upper region of oral cavity (OC). 
X70. 

warm, moist, sandy, or loamy soil the eggs develop 
further until the first-stage (rhabditiform) larvae 
(Fig. 4.6A and B) hatch within 48 h of deposition 
in the soil. After feeding on debris in the immediate 
surroundings, the larvae grow and molt twice, and 
are transformed into the infective third-stage 
(filariform) larvae (Fig. 4.7 A and B). 

The filariform larvae do not consume food. They 
seek out the highest point in their environment 
(e.g., the tops of grass blades, small rocks, etc.) 
where they come into direct contact with human 
skin. In endemic areas it is common for many 
third-stage larvae to aggregate on dewy grass, in­
creasing the chances for multiple infections of the 
same host. 

On contact with the skin, the filariform larvae 
actively penetrate the subcutaneous tissues, usually 

Table 4.1. 

Average Average 
Sex Species Length Width 

cJ A. duodena Ie 10 mm 0.45 mm 

9 A. duodenale 12 mm 0.60 mm 

cJ N. american us 7mm 0.30 mm 

9 N. american us 10 mm 0.35 mm 

Figure 4.3. Head of adult Necator american us. Note 
cutting plates. X 100. 

Figure 4.4. Tail of adult male Ancylostoma duodenale. 
The bursa is used to hold onto the female during copUla­
tion. XlOO. 

through a hair follicle (Fig. 4.8) or an abraided 
area. Once in the subcutaneous tissue, the larvae 
enter capillaries and are carried passively through 
the bloodstream to the capillaries of the lungs. 
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A 

B 

C 

Figure 4.5. A. Hookworm egg. No cell division has oc­
curred within the embryo. B. Hookworm egg in the 
four-cell stage of embryonation. C. Hookworm egg in 
the eight-cell stage of embryonation. A, B, and C, X630. 

The larvae, now fourth-stage worms, break out 
of the alveolar capillaries and complete the migra­
tory phase of the life cycle by crawling up the 
bronchi and trachea, over the epiglottis, and into 
the pharynx. They are then swallowed and proceed 
into the stomach. This portion of the life cycle 
(i.e., the parenteral phase) closely parallels that of 
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Figure 4.6. A. Rhabditiform larva of Ancylostoma 
duodenale. B. This stage has an elongated buccal cavity 
(Be), and can be distinguished from the same stage 
of Strongyloides stercora lis by this anatomic feature (see 
Fig. 5.1). A, X150; B, XI5()(). 

A. lumbricoides (see Chapter 3) and S. stercora lis 
(see Chapter 5). One last molt takes place in the 
small intestine, resulting in the emergence of an 
adult worm. 

In endemic areas, where reinfections are contin­
ual, the development of some filariform larvae is 
interrupted and they remain dormant within bun-
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B 

A 

Figure 4.7. A and B. The third-stage filariform larva 
(i.e., the infective stage) has a pointed tail, in contrast 
to the same stage of Strongyloides stercora lis, which 
has a notched tail (see Fig. 5.3B). A, X400; B, x 1600. 

dIes of skeletal muscles. After the adult worms 
are lost from the host's small intestine (i.e., as 
the result of either immune expulsion or chemo­
therapy), these larvae resume their development 
and complete the life cycle.4 It is thought that 
the immune mechanisms of the host are responsi­
ble for blocking the development of the worms. 
As the immunity wanes, following loss of the 
adults from the intestine, the block is removed. 

Forty days later, following maturation and cop­
ulation, the female worms begin laying eggs and 

Figure 4.8. Hookworm larvae in skin. X630. 

thus complete the life cycle. Adult worms live an 
average of 5 years in the case of A. duodenale. 
and 4 years in the case of N. americanus. 5 The 
maximum recorded survival is 15 years.6 

Pathogenesis 

The adult worms derive their nourishment from 
eating villous tissue. They also suck blood directly 
from the site of attachment to the intestinal mu­
cosa. They accomplish this by a pump-like action 
of their muscular esophageal bulb. The worms se­
crete an anticoagulant, which facilitates bleeding. 
Hence blood loss continues even after the worms 
have moved to a new location. A. duodenale adult 
is responsible for loss of 0.1-0.2 ml of blood per 
day, and N. american us for 0.01-0.02 ml of blood 
per day.7 

The precise role of the ingested blood is not 
understood. It remains unaltered by passage 
through the gut tract of the worm, except that 
the red cells emerging are somewhat depleted of 
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oxygen. It is possible that the adult hookworms 
require red cells of the host to maintain aerobic 
existence. 

Repeated exposure to the filariform larvae may 
cause hypersensitization. Thus, individuals re­
spond to a reinfection with an inflammatory reac­
tion, which results in death of many of the larvae. 

Clinical Disease 

Penetration of the skin by the filariform larvae 
may be asymptomatic in previously uninfected in­
dividuals. However, those experiencing repeated 
infections develop itching, known as "ground 
itch," or "dew itch." This may be a protective 
mechanism against infection. There is evidence 
suggesting acquired resistance to reinfection. Indi­
viduals living in endemic areas are less likely to 
be infected than people who have recently entered 
those areas. 

In heavily infected individuals (i.e., 500-1000 
worms), there may be symptoms of pneumonia 
during the migratory phase in the developmental 
cycle of these worms. The parenteral stages induce 
an intense circulating eosinophilia. The intestinal 
phase of the infection is asymptomatic in lightly 
infected individuals and in well-nourished individ­
uals with even moderate degrees of infection. 
Those subsisting on marginal diets who are heavily 
infected (especially young children) usually be­
come anemic and, in addition, more hypoprotein­
emic because of some loss of serum proteins. In 
patients who are hypoproteinemic, that deficiency 
can be corrected by diet alone. Anemia is also 
correctable by an adequate intake of iron. How­
ever, since both of the above conditions are more 
commonly seen in impoverished areas, the rapid 
elimination of the intestinal infection by drug treat­
ment is usually the most practical approach. 

Diagnosis 

Diagnosis is established by the identification of 
characteristic eggs (Fig. 4.5) in the stool. No dis­
tinction can be made between eggs of any of the 
hookworm species. Differentiation depends on the 
examination of adult worms. It is possible to base 
an informed guess about the infecting species on 
epidemiologic information regarding the area 
where the infection was acquired. 

Treatment 

All adult hookworms are susceptible to treatment 
with a single dose of pyrantel pamoate. 8 Likewise 
mebendazole,9 administered over a period of 3 
days, is effective, but has the disadvantage of multi­
ple dose requirement. Although A. duodenale is 
more susceptible to mebendazole than to pyrantel 
pamoate and, in controlled circumstances, meben­
dazole may be considered the appropriate drug, 
if there is any doubt about compliance, treatment 
with pyrantel pamoate is the better choice. A single 
dose of tetrachioroethylene10 is quite effective, but 
again more so for necator than for ancylostoma. 
Tetrachloroethylene is a relatively safe drug, but 
does produce troublesome side effects and there­
fore is not recommended. 

Prevention and Control 

Hookworms are most prevalent in the tropical and 
SUbtropical zones, but are also found in certain 
temperate zones in isolated areas. N americanus 
prevails in the Western Hemisphere, most of Af­
rica, southern Asia, Indonesia, parts of Australia, 
and some islands in the South Pacific. A. duodenale 
is seen predominantly in the Mediterranean region, 
northern Asia, and the west coast of South Amer­
ica. In areas where one species of hookworm pre­
dominates, the other is usually also found, in 
smaller numbers. Moist, shady, sandy, or loamy 
soil favors persistence of these worms. Larvae can 
survive in such soils for up to 6 weeks but do 
not live long in clay, dry, hard packed soils, or 
where temperatures are freezing, or are higher 
than 45°C.ll 

In a related species of hookworm (A. caninum 
in the dog), the larvae of the migratory phase of 
infection can remain in a resting state in the stri­
ated muscles of the host for long periods of time. 
Following treatment for the intestinal stage, these 
larvae can resume their migration and complete 
the life cycle. The same may well be true of human 
hookworms and could be responsible for the re­
ported "drug failures." 

Sanitary disposal of human feces is the single 
most effective control measure in preventing the 
spread of infection with the hookworms. The 
Rockefeller Sanitary Commission discovered that 
hookworm larvae could not migrate very far in 
soil. The introduction of pit privies, with 2 m deep 
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and O.S m wide holes, was sufficient to contain 
the larvae. 

In addition, education of the public regarding 
the mode of transmission of the infection led to 
the regular wearing of shoes, which reduced fur­
ther the chances of exposure to the larvae. Poverty, 
however, often precludes buying shoes by many 
people. The use of human feces as fertilizer is still 
a time-honored and economically profitable prac­
tice in many countries, one that puts at risk large 
segments of the population. 

References 

I. Stoll NR: This wormy world. J Parasitol 33: 1-18, 
1947 

2. Stiles CW: A new species of hookworm (Uncinaria 
americana) parasitic in man. Am Med 3:777-778, 
1902 

3. Dubini A: Nuovo verme intestinale umano Ancylos­
toma duodena Ie, constitutente un sesto genere dei 
nematoidei proprii dell'uomo. Ann Univ di Med 
Milano 106:5-13, 1843 

4. Schad GA, Chowdhury AB, Dean CG, et al.: Ar­
rested development in human hookworm infections: 
An adaptation to a seasonally unfavorable external 
environment. Science 180:502-504, 1973 

5. Kendrick JF: The length of life and rate· of loss 
of hookworm, Acylostoma duodenale and Necator 
americanus. Am J Trop Med 14:363-379, 1934 

6. Palmer ED: Course of egg output over a 15 year 
period in a case of experimentally induced necatoria­
sis americanus. Am J Trop Med Hyg 4:756-757, 
1955 

7. Roche M, Layrisse M: The nature and causes of 
"hookworm anemia." Am J Trop Med Hyg 15: 
1031-1102, 1966 

8. Blumenthal DS, Schultz MG: Incidence of intestinal 
obstruction in children infected with Ascaris lumbri­
coides. Am J Trop Med Hyg 28:801-805, 1975 

9. Aubry ML, Cowell P, Davey MJ, et al.: Aspects 
of the pharmacology of a new anthelmintic, pyran­
tel. Br J Pharmacol 38:332-344, 1970 

10. Lamson PD, Brown HW, Ward CB: Anthelmintics, 
some therapeutic and practical considerations of 
their use. JAMA 99:292-295, 1932 

11. Kobayashi A, Suzuki N, Yasuda I, et al.: Japn J 
Parasitol 8:637, 1959. 

5. Strongyloides stercoralis (Bavay 1876) 

Strongyloides stercora lis is an intestinal nematode 
found throughout the tropical and subtropical 
world. It is also present in certain temperate zones 
as a zoonotic and, occasionally, human infection. 
Dogs and nonhuman primates can harbor strongy­
loides, and outbreaks of this infection among ani­
mal handlers have occurred. l S. stercora lis can 
exist in a nonparasitic, free-living state in the soil. 
Thus there are many potential sources of human 
infection with this pathogen. 

Under special conditions strongyloides can 
maintain infection without passing into the soil. 
It is the only nematode parasite of man that can 
reproduce within the host. 

The number of infected people in the world at 
present has been estimated as 100-200 million. 

Historical Information 

S. stercoralis and its relationship to disease were 
first described by Bavay2 and Normand3 in 1876 
while they were working together in Toulon, 

France. Their patients were French army person­
nel, newly arrived from Cochin, Indochina, hence 
the common term for the strongyloidal enteritis, 
"Cochin China Diarrhea." Bavay was able to re­
cover from the stools of these patients numerous 
larvae of a nematode not previously described. He 
named it Anguillula stercora lis. 

Pathology of strongyloidiasis was described by 
Askanazy4 and the life cycle of the worm by Fuller­
born,5 who in 1914 initiated experimental infec­
tions in dogs and discovered that the infective lar­
vae can penetrate unbroken skin. 

Autoinfection with S. stercora lis was studied 
first in 1928 by Nishigoii,6 who found that infected 
dogs made constipated with morphine and bis­
muth subnitrate passed infective third-stage larvae, 
rather than the non infective second-stage larvae. 
In addition, he noted that the number of larvae 
passed by these animals continued to increase as 
long as their constipation was maintained. These 
studies preceded the clinical description of the situ­
ation now known to occur in man. 
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Life Cycle 

Strongyloides stercoralis has a free-living phase and 
a parasitic phase of its life cycle. 

Free-Living Phase 
The second-stage rhabditiform larvae (Fig. 5.IA 
and B) must be deposited in warm, moist, sandy, 
or loamy soil for the next developmental phase 
of the cycle to take place. If they molt twice in 
the soil, they become free-living adult worms (Fig. 
5.2.). Unlike the parasitic phase, the free-living 
phase contains worms of both sexes. They copulate 
and the female then produces embryonated eggs, 
which are deposited in the soil where larvae hatch 
and repeat the pattern of molting, becoming adults 
within 3-5 days. When conditions become unfa­
vorable for the continuation of the free-living 

B 
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Figure 5.1. A. Rhabditiform larva of Strongyloides ster­
cora lis. B. Note the short buccal cavity (arrow Be) 
that distinguishes this larva from that of the rhabditi­
form larva of hookworm (see Fig. 4.6A). A, xISO; B, 
xISOO. 

Figure 5.2. Free-living adult female of Strongyloides 
stercora lis. X260. 

phase, the survlVlng infective third-stage larvae 
(Fig. 5.3A and B) can then penetrate the skin of 
the host, and begin parasitic infection. Penetration 
takes place usually through a hair follicle, but may 
also occur through abraided skin. Once in the host, 
the larvae are carried passively through the blood­
stream and eventually break out into the alveolar 
space. From there, they actively crawl up the respi­
ratory tree, pass through the trachea into the phar­
ynx, go over the epiglottis, and are swallowed. 
The larvae undergo a final molt in the small intes­
tine and become parasitic females (Fig. 5.4). 

Parasitic Phase 
The adult parasitic female is about 2 mm long 
and 0.04 mm wide and lives within columnar epi­
thelial cells of the small intestine (Fig. 5.5). There 
is no information concerning its nutritional re­
quirements. In the parasitic phase, reproduction 
is protandrous, a process that includes early matu­
ration of the male gonad and production of sperm, 
followed by involution of the male gonad and de­
velopment of a female gonad; this in turn is fol­
lowed by self-fertilization. There is no parasitic 
male. 
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Figure 5.3. A. Infective third-stage larva (filariform) of 
Strongyloides stercora lis can be distinguished from the 
filariform larva of hookworm (see Fig. 4.7 A and B) 
by the notched tail (8). A, X350; B, xlOOO. 

The embryonated eggs hatch rapidly into first­
stage larvae, which emerge into the lumen of the 
small intestine and proceed into the colon. They 
molt there once, becoming second-stage rhabditi­
form larvae. Ordinarily, the rhabditiform larvae 
are deposited in the soil with feces. However, if 
there is a delay in their deposition in the soil, 
the larvae molt into third-stage filariform larvae 
within the lumen of the colon, burrow into the 
mucosa, and enter the circulation directly. This 
aspect of the parasitic phase of the life cycle is 
known as autoinfection. It represents an infrequent 
event that does not result in a noticeable increase 
in numbers of adult worms in the small intestine. 
In the usual form of infection, the larvae from 
the soil penetrate the skin of the host and follow 
a pattern of migration identical to that of hook-
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Figure 5.4. Parasitic female Strongyloides stercora lis. A. 
Anterior end; E. eggs; T. tail. X21O. 

Figure 5.5. Adults (arrows) of Strongyloides stercora lis 
in situ in the small intestine. X 150. (Courtesy of Dr. 
T. Brasitus) 
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worm larvae, finally differentiating into adult fe­
males in the small intestine. They begin egg pro­
duction within 25-30 days after the initial 
infection. 

In the immunocompromised hosts, many infec­
tive larvae develop within the colon, making it 
possible to increase the numbers of adult worms 
in the small intestine. This exaggeration of autoin­
fection is known as hyperinfection and represents 
the most serious and often fatal consequence of 
infection with S. stercora lis. 

Pathogenesis 

In small numbers, the parasitic females cause little 
or no damage to the mucosa of the small intestine, 
but they do induce a local inflammatory reaction. 
The kinins provoking the mixed granulocyte re­
sponse have not been identified, but it is likely 
that they are induced by antigens of the worm, 
because in states of immunodeficiency inflamma-

Figure 5.6. Larvae of Strongyloides stercora lis in small 
intestine of a patient who died of an overwhelming infec­
tion. X150. 

Figure 5.7. Larvae of Strongyloides stercora lis in stom­
ach of the patient in Fig. 5.6. X200. 

Figure 5.8. Larvae of Strongyloides stercora lis in a 
lymph node of the patient in Fig. 5.6. x200. 



tion is less intense or absent and hyperinfection 
often develops. 

In experimental studies, T cell function appears 
to be necessary for the development of resistance 
to infection.7 However, in man the mechanism of 
this protection is not understood. 

Diarrhea, often severe, is related to heavy infec­
tion with S. stercora lis and has been attributed 
to malabsorption, but evidence for this remains 
indirect. 

In cases of auto- or hyperinfection, penetrating 
larvae often carry enteric microorganisms, which 
may cause local infection or sepsis. Larvae can 
be found throughout the body at this time (Figs. 
5.6-5.8). In immunosuppressed individuals with 
strongyloidiasis, bacterial infections are common 
causes of death.8 

Clinical Disease 

The characteristic clinical disease presents as a 
watery, mucous diarrhea, the degree of which var­
ies with the intensity of the infection. States of 
alternating diarrhea and constipation have been 
described. Malabsorption syndrome has also been 
reported.9 

During the migratory phase of the infection, 
there may be symptoms resembling those de­
scribed for ascariasis and hookworm disease (e.g., 
pneumonitis). This phase may be associated with 
circulating eosinophilia. The above symptoms may 
be exaggerated if hyperinfection is superimposed 
upon an already chronic infection. 

In the immunocompromised individuals, such 
as those suffering from debilitating diseases, or 
those undergoing chemotherapy as treatment of 
a malignancy or in preparation for organ trans­
plantation, massive invasion by strongyloides lar­
vae due to hyperinfection may occur and may lead 
to death. In such situations it is mandatory to 
treat promptly, but most important, it is crucial 
to make the diagnosis as early as possible, prefer­
ably in advance of immunosuppression. 

Diagnosis 

The diagnosis depends on microscopic examina­
tion of the stool. It may be difficult if only a single, 
casual stool specimen is examined, because often 
the number of rhabditiform larvae (Fig. 5.1) is 
small. It is necessary to examine a large quantity 
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of stool (e.g., a 24-h sample) and to use a sedimen­
tation method (see Appendix I). 

Even when sedimentation techniques are used, 
low-grade infections are usually missed, and there­
fore a rigorous search must be carried out before 
a patient can be declared free of the infection. 
Discovery of strongyloides is made more likely 
by examination of duodenal fluid, mucosal biopsy, 
or application of the string test. 10 

Immunological tests are available but are not 
yet sufficiently specific to be considered useful. 

Treatment 

The drug of choice is thiabendazole. Cure rates 
of nearly 100% have been achieved. This drug 
is detoxified in the liver and therefore may reach 
undesirably high blood levels in patients with liver 
disease. Unfortunately, no guidelines to reduction 
of the dose have been clinically determined. For 
hyperinfection, thiabendazole therapy is extended 
to 5 days. 

Prevention and Control 

Dogs and certain primates, nota~ly chimpanzees, 
are naturally infected with S. stercora lis. Whether 
these animals form an important reservoir of hu­
man disease is undetermined. As already men­
tioned, a small outbreak of human strongyloidiasis 
that may have originated in dogs has been de­
scribed.! 

Custodial institutions are foci of infection, 
which are most intense among mentally retarded 
patients. 
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6. Trichinella spiralis (Railliet 1896) 

Trichinella spiralis is capable of infecting all mam­
mals. The disease it causes is referred to as trichi­
nellosis. 

According to recent surveys in the United 
States, between 10 and 12 million people are at 
present infected.1 The infection is also endemic 
in Poland, Rumania, Western USSR, Bulgaria, 
Chile, Argentina, Kenya, Tanzania, and the Arc­
tic. More recently, outbreaks of trichinellosis have 
been reported from Thailand and Japan. Puerto 
Rico and Australia are the only countries surveyed 
in which no evidence of this infection has ever 
been found. 

Historical Information 

Credit is usually given to Sir Richard Owen for 
being the first to describe, in 1835, the larva of 
T. spiralis, which he observed in a vertebrate 
muscle.2 However, it was Sir James Paget, then 
a first-year medical student, who, while watching 
an autopsy, obtained a piece of the diaphragm 
in which he and Owen first saw the worms. Unfor­
tunately, Owen chose not to share with Paget glory 
of the discovery, and promptly read a short report 
on the morphology of the nematode to the Zoologi­
cal Society of London. Had Paget not written a 
letter to his brother the day after the event, describ­
ing the finding, history would to this date be giving 
Owen credit for the discovery. 

The main features of the life cycle of T. spiralis 
were reported in 1859 by Virchow3 and Leuckart.4 

The first clinical case of trichinellosis was de­
scribed by Friedriech in 18625 and the first fatality 
was reported by Zenker in 1860.6 

Life Cycle 

The host consumes larvae encysted in a striated 
skeletal muscle. The larvae are liberated by the 
action of digestive enzymes and are transported 
passively by peristalsis to the upper two-thirds of 
the small intestine. There they penetrate the co­
lumnar epithelium (Fig. 6.1) at the base of the 
villus7 and, after undergoing four molts during a 
30-h period, become adult worms. The female is 
3 mm in length (Fig. 6.2) and the male 1.5 mm 
(Figs. 6.3A and B). Five days after copulation, 
the female begins to deposit live larvae (Fig. 6.4), 
which are 0.08 mm long. The female continues 
producing larvae for 5-10 days, giving birth to 
some 1000 of them. 

Most of the newborn larvae migrate into the 
lamina propria and then the mesenteric lymphat­
ics. They are eventually carried through the thora­
cic duct to the right side of the heart, the lungs, 
left side of the heart, and the arterial circulation. 
They are capable of emerging from the capillaries 
and penetrating any cell. Most cells die as the 
result of invasion by the larvae, but skeletal muscle 
fibers are an exception (Fig. 6.5). Not only do 
they remain alive after invasion by the larvae, but 
also they are capable of supporting further growth 
and development of the larvae. Twenty days after 
penetration, the larvae have so altered their intra­
muscular environment that they have become "en­
cysted." In fact, the term "cyst" is a misnomer, 
because in this case it is a modified, but active, 
muscle cell. It was named the Nurse cellS (Fig. 
6.6) because it brings nutrients to the larva.9 

Larvae that have penetrated tissues other than 
striated muscle fail to induce Nurse-cell formation 
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Figure 6.1. Scanning electron micrograph of an infec­
tive larva of Trichinella spiralis entering its intramulti­
cellular niche in the columnar epithelium of the small 
intestine. x53oo. (Courtesy of Dr. M. Sukhdeo) 

and either reenter the capiIlaries or become sur­
rounded by granulomas and eventually die. Larvae 
in Nurse cells can survive for years, but eventually 
become calcified and die. This may occur as early 
as 2 months and as late as 31 years after the infec­
tion. 

The enteral phase of the infection in the small 
intestine can last for 2-3 weeks, but eventually 
the adult worms are expelled by the protective 
immune responses of the host. Although the mech­
anism of this expulsion is not completely under­
stood, it is known that antibodies playa dominant 
role.10 

Figure 6.2. Adult female Trichinella spira lis. X 100. 

Pathogenesis 

Enteral Stages 
The enteral (intestinal) stages include larval stages 
1 through 4 and the immature and reproductive 
adult stages. During the 21-day period of the en­
teral infection, much damage can occur in the in­
testine which is directly proportional to the initial 
dose of larvae ingested. 

When the larval stages are developing in the 
columnar epithelium, there is associated enteritis. 
As the worms begin to shed newborn larvae, 5-
21 days after infection, the inflammation consisting 
of infiltration by eosinophils, neutrophils, and lym­
phocytes becomes intensified. The larvae penetrate 
the mesenteric lymphatics. The precise mechanism 
of this process is not known. It is of interest that 
this stage of the infection is associated with bac-
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Figure 6.4. Newborn larva of Trichinella spira lis. This 
stage of the infection induces most of the pathologic 
changes associated with clinical trichinellosis. H, head; 
T. tail. X 1,000. 

teremia due to enteric flora, and cases of death 
due to sepsis have been reported. 

Ultimately, the host expels the adult worms by 
the immune defense mechanisms. These probably 
involve specific antibody responses against soluble 
antigens of trichinella. 

Parenteral Stages 
As larvae penetrate various cells, they cause dam­
age. This is most problematic to the host when 
it involves the heart and central nervous system. 
The myocarditis is transient and rarely consequen­
tial, because the larvae exit from the myocardium 
soon after penetration. However, in the central 
nervous system, they tend to wander, causing dam­
age before either leaving the tissue by reentering 
the bloodstream or being trapped and killed within 

~ Figure 6.3. A. Adult male Trichinella spiralis. B. 
Copulatory papillae of the male Trichinella spiralis as 
seen under the scanning electron microscope. A, X 125; 

B B, X4,500. 
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Figure 6.5. Newborn larva penetrating a skeletal muscle 
cell. Xl, 700. 

Figure 6.6. Nurse cell-infective larva complex of Trichi­
nella spira lis. This biological unit is derived from a skele­
tal muscle cell and is anatomically independent of the 
surrounding host tissue. x220. 
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Figure 6.7. Intense inflammatory response around the 
Nurse cell-larva complex causes damage to surrounding 
tissues. This early lesion consists largely of neutrophils, 
eosinophils, and macrophages. x 140. 

a granuloma. Much of the inflammation in the 
brain is caused by petechial hemorrhages. 

Following their entry into the skeletal muscle 
fibers, the larvae induce a progressive infiltration 
by the inflammatory cells (Fig. 6.7). Edema and 
myositis develop about 14 days following the pene­
tration of muscle fibers. 

Petechial hemorrhages noted in the conjuncti­
vae and under the nail beds are also associated 
with penetration by the larvae. 

Clinical Disease 

Trichinellosis can mimic many clinical syndromes 
and, as a consequence, is often misdiagnosed, at 
least during the initial evaluation of the patient. 
There are certain clues, even early in the disease, 
that should alert the physician to consideration 
of this diagnosis. 

Classically, a patient has fever and myalgia, peri­
orbital edema, petechial hemorrhages, seen most 
clearly in the subungual skin, but also observed 
in the conjunctivae and mucous membranes. Ten­
derness of muscles can be readily elicited. Labora­
tory studies reveal moderately elevated WBC (12-
15,OOO/mm) and eosinophilia, ranging from 5% 
to 50%. History of eating insufficiently cooked 
pork, or meat that passed for something other than 
pork, 2 weeks or so earlier and history of a "gastro-



enteritis" or "flu-like illness" that followed the 
ingestion of the suspect meat by 2 or 3 days gives 
a clue to the diagnosis. 

Diagnosis 

Once the diagnosis is suspected, the approach to 
its establishment is relatively easy. Now one can 
review the history with the patient to bring out 
facts that may have been missed in the initial in­
quiry. Most important are details of consumption 
of meat during the preceding 1-3 weeks. It is espe­
cially important to determine what pork or pork 
products the patient consumed, and also to take 
into account any consumption of ground meats 
that may have been sold as, for example, beef, 
but in reality were pork. Homemade pork sausages 
and similar products usually escape proper inspec­
tion and therefore can be sources of trichinellosis. 
Epidemiological information about a similar dis­
ease, however mild, in people who shared the sus­
pect meal may be very helpful in arriving at the 
diagnosis. 

Patients with moderate to severe disease begin 
to show eosinophilia (5%-10%) on about the 12th 
day after infection; it reaches 30%-50% in two 
to two and a half weeks. It is probable that the 
eosinophilia is due to the presence of adult worms 
in the small intestine, because it is not induced 
by the migrating larvae, as had previously been 
supposed. 

Immunological tests begin to show positive re­
sults within 2 weeks. Counterimmunoelectropho­
resis (CIE) can detect antibodies in some patients 
even as early as 12 days after infection. The ben­
tonite flocculation test becomes positive about 3 
weeks after the infection. Both remain positive for 
at least 2-3 months after the patient has recovered. 

The definitive diagnosis of trichinellosis can be 
made only by finding larvae in a biopsy specimen 
obtained from a skeletal muscle (Fig. 6.8). The 
deltoids and gastrocnemii are the best muscles for 
this purpose. 

Proper handling of the tissue at biopsy is crucial 
to the success of the test. Although some of it 
should be processed in the routine fashion for his­
topathological studies, a part must be provided 
fresh and uncut for a direct microscopic examina­
tion. It is carried out by squashing the fresh tissue 
between two microscope slides and examining it 
under low power and reduced light, to observe 
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Figure 6.8. Positive muscle biopsy for Trichinella spi­
ralis. The larva (arrow) is young (probably 6-8 days 
old) and has not yet begun to coil up in its Nurse cell. 
x 400. (Courtesy of Dr. H. Zaiman) 

the larvae. Although the larvae are characteristi­
cally coiled in a long standing infection, in the 
early phase of the infection they may still be 
straight, parallel to the muscle fibers. 

Adult worms may be present in the stool, but 
are difficult to detect because they are few in num­
ber and tend to be degenerated. 

Treatment 

Once the diagnosis is made, there is little that 
the physician can offer in the way of therapy. The 
most important reason for establishment of this 
diagnosis is that it relieves the concern about more 
serious and consequential diseases. 

If the patient is not toxic, he should be treated 
symptomatically with antipyretics and analgesics 
(aspirin, acetaminophen). More seriously iII pa­
tients may require therapy with one of the oral 
corticosteroids (e.g., prednisone) for several days. 
No currently available drug can alter the course 
of the infection, once the migratory phase has be­
gun. Thiabendazole, if given before the initiation 
of the migratory phase, can affect the adult 
worms.l1 Unfortunately, trichinellosis is seldom 
suspected during the early phase of the disease, 
and therefore the use of this drug is not practical. 

Prevention may be readily accomplished by 
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thorough cooking of pork at 58.5°C for 10 min 
or by freezing it at 20°C for 3 days.12 

Prevention and Control 

The majority (90%-95%) of infections with T. 
spiralis in the United States result from the eating 
of undercooked or raw pork obtained from com­
mercial sources. 13 In addition, recent outbreaks 
of the disease have been traced to ground beef 
that had been adulterated with pork scraps. Fi­
nally, sporadic epidemics have been caused by the 
ingestion of undercooked meat of bears and other 
wild animals. 

Only 100-200 cases are reported each year to 
the Centers for Disease Control, whereas more 
than 200,000 new infections are estimated to occur 
each year.10 The apparent low incidence may be 
accounted for by the relatively mild symptoms of 
some infections, in which the diagnosis is missed, 
and by the subclinical course of most. 

It is usually impossible to trace a supply of pork 
to its source, because the origin of individual pigs 
is not identifiable after the animals are sold at 
auctions. Large numbers of people raise their own 
pigs for private consumption and do not take the 
recommended precautions of cooking refuse that 
is used to feed the pigs. Such pigs represent a 
major source of infection in rural areas in the 
United States. 

United States federal law requires that all refuse 
destined for the pig farms be cooked to avoid cer­
tain viral infections, such as vesicular exanthema, 
foot and mouth disease, and hog cholera, but it 
is difficult to enforce this law. Moreover, the 
United States, in contrast with Germany, does not 
require microscopic examination of pork for T. 
spira lis. 
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7. Wuchereria bancrofti (Cobbold 1877) 

Wuchereria bancrofti is a thread-like nematode, 
whose adults live within lymphatic vessels. The 
worms are ovoviviparous; their larvae are called 
microfilariae. Approximately 400 million people 
are at present infected with this filarial worm.l 

There are apparently three forms of W ban­
crofti, one of which is more widely distributed 
in the tropics and is primarily spread by culicine 
mosquitoes; the other two, spread mainly by the 
anopheline mosquitoes, are most commonly seen 
in Africa, Southeast Asia, South America, and the 
island of Timor in New Guinea. A diurnal W 
bancrofti exists in the South Pacific area, which 
has day-biting mosquitoes of the Aedes sp. as its 
primary vector. There are no animal reservoir 
hosts for this parasite. 

Historical Information 

The microfilariae of W bancrofti were first de­
scribed by Demarquay2 in 1863 and the adult 
worms in 1877 by Bancroft3 in Australia and by 
Lewis4 in India. Manson,5 also in 1877, completed 
the description of the cycle by showing that mos­
quitoes acted as intermediate hosts for the parasite. 
For two decades Manson persisted in his belief 
that infection occurred when individuals drank 
water containing larvae released from dead or dy­
ing mosquitoes. He eventually accepted the con­
cept that the larvae were transmitted by the bite 
of the mosquito. Nevertheless, filariasis may be 
a water-borne disease under some circumstances, 
because experimental infections can be induced 
by the oral route.6 

Life Cycle 

Adult worms (Figs. 7.1 and 7.2) occupy the lumen 
of lymphatic vessels (Fig. 7.3), and have been 
found at all sites within the lymphatic circulation. 
The female is approximately 8 cm by 300 p.m; 
the male 4 cm by 100 p.m. The microfilariae (Fig. 
7.4 and 12.1A), the first-stage larvae, find their 
way from the lymphatic circulation into the blood­
stream. They measure approximately 270 p.m by 
9 p.m and are ensheathed. Their nuclei do not 
extend to the tip of the tail. In most endemic areas 

numbers in the peripheral blood only during the 
night, but in a few regions they have a diurnal 
cycle. During the time of low peripheral microfila­
riaemia, the microfilariae aggregate in the capillar­
ies of the lungs. Nocturnal periodicity may be a 
result of the microfilariae's penchant for low oxy­
gen tension. 7 Experiments in which sleep habits 
of infected volunteers were reversed also reversed 
the periodicity of microfilariae. The diurnal peri­
odicity pattern has not been satisfactorily ex­
plained. A less frequently occurring sub periodic 
filariasis caused by W bancrofti occurs in certain 
regions of the world. 

Microfilariae, which live for about 1 ~ years, 
must be ingested by a mosquito to continue the 
life cycle. 

of the world, microfilariae are present in large Figure 7.1. Adult female Wuchereria bancrofti. X4. 
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Figure 7.2. Adult male Wuchereria bancro/ti. X4. 

A large number of mosquito species transmit 
W bancrofti; the most important include Culex 
pipiens quinquefasciatus, Culex pipiens pipiens, 
Anopheles gambiae, and A. polynesiensis (see 
Chapter 37). In all cases, it is the female insect 
that acquires the larvae with her blood meal. 

Ingested microfilariae penetrate the stomach 
wall of the mosquito and migrate into the thoracic 
flight muscles. There they undergo three molts 
and develop into third-stage larvae (Fig. 7.5), be­
coming infective after 10-20 days of morphogen­
esis in the insect muscle tissue. 

The infective larvae migrate from the muscles 
to the biting mouth parts (Fig. 7.6) and during 
consumption of a blood meal are deposited onto 
the skin adjacent to the bite wound. When the 
mosquito withdraws her mouth parts from the epi-

dermis, the larvae crawl into the open wound and 
migrate through the subcutaneous tissues to the 
lymphatic vessels. The worms develop into mature 
adults in about 1 year and, soon after copulation, 
begin shedding microfilariae. The longevity of 
adult worms, measured by the continued produc­
tion of micorfilariae, is estimated at 5-8 years, 
but infections lasting 40 years have been reported.s 

Pathogenesis 

Secreted metabolic products of the adult worms 
(i.e., various peptides, proteins, etc.) induce immu­
nological reactions causing alterations of the walls 
of the lymphatics. As a direct result of hypersensi­
tization, the walls thicken and become distended, 

Figure 7.3. Cross-section through a lymphatic vessel 
occupied by adult Wuchereria bancro/ti. Various stages 
of microfilarial embryogenesis are seen in the sections 
of worm. X54. 
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A 

but the drainage of lymph remains largely unaf­
fected. Neither the microfilariae nor their meta­
bolic products cause any overt pathological 
changes. When the adult wonns die, the sudden 
release of antigenic material from the disintegrat­
ing wonns exacerbates the inflammatory response 
in the wall of the lymphatic vessel. Following an 
intense lymphocytic infiltration, the lumen of the 
vessel eventually closes, and the remnants of the 
adult wonns calcify (Fig. 7.7). The blockage of 

B 

Figure 7.4. A. Microfilaria of Wuchereria bancro/ti. 
B. Tail of the microfilaria of Wuchereria bancro/ti. Note 
that the nuclei do not extend to the tip of the tail and 
the sheath (arrow) extends beyond the tip of the tail 
(see Fig. 12.1). A, x650; B, X 1,600. 

lymphatic circulation continues in heavily infected 
individuals until most major lymph channels are 
occluded, causing lymphedema in the affected re­
gion of the body. In addition, a hypertrophy of 
smooth muscle tissue occurs in the area immedi­
ately surrounding the site of involvement. 1 

As already implied, the process of lymphatic 
blockage is a protracted one and results from re­
peated infections. Consequently, people visiting 
endemic areas for short periods of time usually 



Figure 7.5. Larvae (arrows) of Wuchereria bancrofti in 
the flight wing muscles of a mosquito. X 1 SO. 

do not develop lymphedema, even as they often 
have microfilariaemia. 

Clinical Disease 

Usually, clinical disease begins with the inflamma­
tory process, i.e., lymphangitis, dermatitis, and cel­
lulitis, which are all associated with fever. After 
several days, the lymph nodes draining the in­
volved areas become enlarged and tender. The skin 
becomes doughy and exhibits some degree of pit­
ting, but is rather firm. As the inflammatory reac­
tion continues, the area becomes firmer still and 
pitting disappears. There is substantial encroach­
ment on the subcutaneous tissue and consequent 
loss of elasticity of the overlying skin. Characteris­
tically, and in contradistinction to cellulitis caused 
by some bacteria, filarial cellulitis shows no demar­
cation line between the affected and the healthy 
skin. In Bancroftian filariasis the legs are more 
likely to be involved than the upper extremities 
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Figure 7.6. Infective larva (arrow) of Wuchereria ban­
crofti lying within the biting mouth parts of a mosquito. 
X76. 

Figure 7.7. Calcified, dead adults of Wuchereria ban­
crofti (arrows) within an occluded lymphatic vessel. Ex­
tensive fibrosis surrounds the dead worms. x25. 
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and the lower portions of the legs more involved 
than the upper ones. The scrotum is frequently 
affected and may become gigantic, weighing up 
to 10 kg; much larger scrotums have been de­
scribed in rare cases. 

Diagnosis 

Definitive diagnosis is based on the demonstration 
of the characteristic microfilariae in the blood (Fig. 
7.4). This can be achieved by examination of a 
blood smear stained by Giemsa solution. In the 
case of light infection, 1 ml of blood is preserved 
in 9 ml of 1 % formalin and then concentrated 
by centrifugation (Knott test). The pellet contains 
red cell ghosts and microfilariae. Stained smears 
of the pellet are then examined microscopically. 
Another technique for concentration depends on 
filtration of 10 ml of heparinized blood through 
a filter with a pore size of 10 p.m, which permits 
the red cells to pass through. The filter containing 
only white cells and microfilariae is then stained 
and examined. 

Because of the periodicity, it is best to draw 
blood during the customary hours of sleep. It is 
possible, however, to provoke migration of micro­
filariae at other times by administration of 100 
mg of diethylcarbamazine to an adult, and collect­
ing blood 45 min to 1 h subsequently. 

Immunological tests are also available, but they 
are subject to a high rate of cross-reactions giving 
false positive results. The complement fixation test 
is positive in most patients with early infection, 
but tends to become negative later, when the acute 
infection has ended and the patient presents with 
chronic elephantiasis.9 

Treatment 

Therapy is inadequate and is effective only in eradi­
cation of the microfilariae. Administration of di­
ethylcarbamazine for 10-30 days is the only treat­
ment available. This therapy may be associated 
with fever, probably resulting from the disintegra­
tion of a few of the adult worms, occasional nausea 
and vomiting, and fleeting skin rashes. 

Treatment of lymphedema is symptomatic, but 
in certain affected areas, such as the scrotum, sur-

gical excision and exteriorization of the testes to 
restore fertility may be required. However, even 
after surgery, the affected area invariably becomes 
edematous once again. 

Prevention and Control 

Prevention depends primarily on the control of 
the mosquito vectors and has had limited success 
because the mosquitoes develop resistance to the 
insecticides. The increased urbanization of vast ar­
eas of tropical Asia has resulted in the concomitant 
rise in the prevalence of both Bancroftian and Ma­
layian varieties of filariasis carried by mosquitoes 
that breed in non-sylvatic habitats. 
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8. Onchocerca volvulus (Leuckart 1893) 

Onchocerca volvulus is a filarial nematode living 
in the subcutaneous tissues. Man is its only host. 
The vector of o. volvulus is the blackfly Simulium 
sp. (see Chapter 37). O. volvulus is prevalent in 
Africa, and in Central and South America where 
it is the major cause of blindness, often affecting 
more than 50% of the inhabitants of towns and 
villages in endemic areas. The breeding habitat 
of the blackfly is rivers and streams; hence the 
common term "river blindness" has been applied 
to onchocerciasis. 

Historical Information 

Onchocercal infection was first described in Africa 
by Leuckart. He recounted his discovery of the 
parasite to Manson, who, in turn, published the 
full description in 1893, giving Leuckart credit.l 

Earlier, O'Neill2 observed the microfilariae of 
this filarial nematode in the skin of a patient from 
West Africa. Clinical onchocerciasis in Latin 
America was not reported until 1917, when 
Robles3 found ocular disease associated with the 
presence of nodules on the forehead of a small 
boy. He dissected the nodule, and found that it 
contained the adult worms. Later he described the 
worm, the pathology of the disease, and epidemiol­
ogy of the infection. Moreover, he suspected that 
the blackfly was the vector, which was proved by 
Blacklock'in 1927. 

Life Cycle 

The adult female measures about 40 mm in length 
and 300 JLm in width; the male 30 mm by 150 
JLm. Both sexes, entwined about each other, live 
embedded in subcutaneous fibrous nodules, which 
vary in size depending on the number of adult 
worms in them (Fig. 8.1A and B). Microfilariae 
are produced within the nodules, but leave these 
sites and wander through the subcutaneous tissues. 

The blackfly (Fig. 8.2) acquires the larvae in 
the process of taking a blood meal. The immature 
worms penetrate the insect's hemocoele and then 
muscle fibers of the flight wing bundles in the tho­
rax. After 6-8 days of development, during which 
the larvae molt twice, the now infective larvae 
migrate out of the muscles into the cavity of the 

proboscis and are deposited on human skin when 
the fly bites. The larvae enter the bite wound after 
the fly has withdrawn its biting mouth parts, and 
take up residence in subcutaneous tissues, where 
they complete their development and mate. The 
adults produce hundreds of thousands of microfi­
lariae (Figs. 8.3 and 12.1B) during their life span 
of 8-10 years. The growth and molting of the 
worms in the subcutaneous tissues induce forma­
tion of the fibrous nodules (Fig. 8.4). 

Pathogenesis 

The degree of infection varies directly with the 
intensity and frequency of exposure to the bite 
of the vector. The disease results from a severe 
inflammatory reaction elicited by the foreign pro­
tein of the worms. There is no evidence that live 
microfilariae cause any reaction, but dead ones 
induce inflammation that becomes more severe the 
longer the infection has persisted within the host. 
This has an important implication in consideration 
of the therapy. 

The lesions primarily involve the skin and the 
eyes. Although some reports have suggested that 
lymphadenopathy, particularly in the inguinal re­
gion, may be due to onchocercal infections, this 
is probably incorrect because these studies failed 
to eliminate the strong possibility of concomitant 
infections with those filariae that are known to 
cause lymphedema (viz. wuchereria and brugia; 
see Chapter 7). 

Nodules in the subcutaneous tissues vary in size 
from barely noticeable to those the size of a lemon. 
The numbers of nodules also vary from an occa­
sional one to several hundreds, occupying virtually 
every bit of subcutaneous tissue. Those areas in 
which peripheral lymphatics converge (e.g., the 
occiput, SUboccipital areas, intercostal spaces, the 
axilla, and iliac crests) have the highest predilec­
tion to nodules. The body regions most affected 
differ in different geographic locales. In Africa, 
for example, the nodules predominate in the lower 
part of the body, whereas in Central America they 
tend to be found more often in the upper portions 
of the body. This is related to the biting habits 
of the vector insects and the styles of clothing 
worn by the inhabitants of each endemic area. 
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Figure 8.1. A. Bisected whole nodule removed from the head of a patient infected with Onchocerca volvulus. 
Adult worms can be seen in various sections throughout the center portion of the nodule (arrow). The specimen 
is suspended by a piece of string for purposes of orientation. B. Cross-section of a nodule containing adults of 
Onchocerca volvulus. A, x2; B, X2. 

The eye lesions develop as a result of the invasion 
by microfilariae of the optic nerve and the retina, 
wherein an inflammatory reaction leading to atro­
phy develops. Eye lesions are common in geo­
graphic areas where nodules tend to be concen­
trated in the upper part of the body. Nothing is 
known concerning the nature of either the irritants 
released by the adults, which induce nodule forma­
tion, or those associated with the microfilariae, 
which elicit the inflammatory responses described 
above. 

Clinical Disease 

Skin Lesions 
Mild infections produce no symptoms at all, but 
moderate to severe infections produce correspond­
ingly more serious and more numerous symptoms. 
The involvement of the skin is heralded by an 
intense itching reaction, associated with a rash 

conslstmg of numerous small circular, elevated 
papules, 1-3 mm in diameter. On white skin these 
papules are reddish in color, but on black skin 
they tend to be dark brown. The involved areas 
eventually become endematous and thickened, giv­
ing rise to the characteristic appearance resembling 
orange skin ("peau d'orange"). Later the skin be­
comes even thicker and is Iichenified, before it be­
comes atrophic and loses its elasticity, giving rise 
to a condition called presbyderma. 

This severe involvement of the skin is more com­
mon in Africa than in Central America, but Cen­
tral American children who are infected may have 
facial lesions, reddish in color and described as 
"erisipela de la costa." 

Eye Lesions 
Eye lesions involve all parts of the eye. Initially, 
there may be conjunctivitis, a reaction analogous 
to the dermatitis in response to dead microfilariae, 
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I 

Figure 8.2. Female blackfly, Simulium damnosum, vec­
tor of Onchocerca volvulus. X22. (Courtesy of Armed 
Forces Institute of Pathology, Neg. no. 72-4519E) 

and associated with irritation, lacrimation, and 
photophobia. Examination of the cornea at this 
time will reveal punctate lesions of keratitis. Slit­
lamp examination will reveal motile or dead micro­
filariae in the conjunctiva. A long-standing infec­
tion will produce sclerosis and vascularization. 
Anterior chamber is also invaded and microfilariae 
can be seen there with a slit lamp. Finally there 
may be iritis, iridocyclitis, and secondary glau­
coma, which is the main cause of blindness. Inva­
sion of the posterior segment of the eye causes 
optic neuritis, or at least papillitis; the choroid 
and the retina are also involved. Inguinal lymph­
adenopathy, often leading to scrotal enlargement, 
has been attributed to onchocercal infection.5 

Diagnosis 

Diagnosis is made by examination of a piece of 
skin (2-5 mm2) cut from the affected part of the 
body; in Africa the specimen should be obtained 
from the lower part and in Central America, from 
the upper. The skin should be cleansed, elevated 
with a needle, and snipped with a sharp knife 
blade; next, a preferably bloodless piece should 

Figure 8,3, Microfilaria of Onchocerca volvulus (see also 
Fig 12.1B). X240. 

be examined directly in saline solution to note mo­
tile microfilariae. A representative sample of this 
skin can be weighed and the number of microfi­
lariae per milligram of tissue calculated as an index 
of the intensity of infection. In addition, the piece 
of skin can be pressed against a dry microscope 
slide and the impression stained with Giemsa solu­
tion and examined for presence of microfilariae 
(Fig. 8.5). Section of a subcutaneous nodule will 
also reveal microfilariae. 

Serological tests have not yet been perfected to 
provide an accurate diagnosis. The Mazzotti test 
consists of observation of the clinical reaction to 
a test dose of diethylcarbamazine. Positive re-



Figure 8.4. Section through a nodule containing adults 
of Onchocerca volvulus. Note presence of microfilariae 
(arrow) in uterus of female. X54. 

sponse results in an exacerbation of the skin itch 
or induction of itching of the skin or rash in pa­
tients who were previously free of it. 

Treatment 

Diethylcarbamazine is the drug of choice, but is 
effective only against the microfilariae. It should 
be administered in gradually increasing doses to 
minimize the initial immunological reaction to the 
dead microfilariae. Control of severe reactions may 
require administration of corticosteroids. 6 

Suramin is effective in killing both the adults 
and the larvae, but it is very toxic and often causes 
blood dyscrasias and nephrotoxicity. Suramin is 
indicated only in patients who have an involve­
ment of the eyes. In such cases, a course of treat­
ment with diethylcarbamazine should be followed 
by a short course of suramin.6 

Surgical removal of the nodules acts as prophy­
laxis of intense involvement of the eyes. 
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Figure 8.5. Impression smear from a nodule showing 
numerous coiled microfilariae of Onchocerca volvulus. 
X240. 

Prevention and Control 

Distribution of onchocerciasis follows that of the 
vector. BIackflies breed in fast running water of 
mountainous streams in regions of Africa and 
South and Central America. 

Blackflies have a fairly long flight range. As a 
result, onchocerciasis can be found several miles 
from the nearest endemic breeding site. Since 
much of the coffee of the world is grown on moun­
tainous hillsides, the prevalence of onchocerciasis 
among workers on coffee plantations is high. 

The first step in control of the disease should 
be directed toward infected popUlations through 
the use of surgery (i.e., removal of nodules) and 
drug therapy against the microfilariae. 

The second step should be an attempt to reduce 
the vector population in the larval stages of devel­
opment by the use of DDT and other insecticides 
in streams and rivers. However, since all species 
of insects in the treated rivers are affected by DDT, 
severe, adverse effects on food chains and food 
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webs may result. Moreover, because the dose of 
DDT added into the rivers and streams cannot 
be precisely controlled, resistance of black flies to 
DDT is likely to develop. 
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9. Loa loa (Cobbold 1864) 

Loa loa, the filarial worm causing loaiasis, is lim­
ited to Africa, where it infects some 20 million 
people. The adult worms live in subcutaneous tis­
sues. Their main vectors are dipteran flies of the 
genus Chrysops; there are no reservoir hosts. 

Historical Information 

Argyll-Robertson 1 provided the first accurate and 
complete description of the worm and the clinical 
presentation of the infection in 1895. The woman 
from whom he removed two adult worms (one 
of each sex) had lived in West Africa in Old Cal a­
bar. Swellings in her arms accompanied her infec­
tion and were described in detail by Argyll-Robert­
son. Today, these inflammatory lesions are still 
referred to as Calabar swellings. 

Flies of two species, Chrysops dimidiata and 
C. silacae. were found by Leiper2 to be the proper 
vectors of the L. loa. 

Life Cycle 

The adult females are about 0.5 mm wide and 
60 mm long (Fig. 9.1); the males, 0.4 mm by 32 
mm. The adult worms wander throughout the sub­
cutaneous tissues, where the female deposits mi­
crofilariae. The microfilariae (Figs. 9.2A and B, 
and 12.1A) penetrate capillaries and enter the 
bloodstream, where they remain until they are in­
gested in a blood meal by a mango fly, Chrysops 
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spp. Figure 9.1. Adult female Loa loa. X2. 



Infective larvae 
develop in fly 

Loa loa 
Fly takes second blood meal 

Larvae crawl into bite wound 

Fly takes first blood meal, 
ingests larvae 

Adult lives in 
subcutaneous tissues · 

Calabar 
swelling 

Larvae develop in 
subcutaneous tissues 

PATHOLOGY 

Adult in eye 
JffA( 



48 The Nematodes 

Figure 9.3. Adult Loa loa in the subcutaneous tissues 
A (arrow) of a patient. (Courtesy of Dr. C. Panosian) 

, 
B 

Figure 9.2. A. Microfilaria of Loa loa. B. Tail of the 
microfilaria of Loa loa has nuclei that extend to the 
tip. A sheath (arrow) is also present (see also Fig. 
12.1A). A, X600; B, Xl,300. 

The larvae penetrate the stomach of the fly and 
come to rest inside a structure known as the fat 
body. From 8 to 10 days later, the infective third­
stage larvae move into the cavity of the biting 
mouth parts, and are injected into the bite wound 
as the fly feeds. The larvae, in the subcutaneous 
tissues of the host, molt to adults within 1---4 years, 
mate, and the females begin depositing microfi­
lariae. 

The nutritional requirements of L. loa are un­
known. 

Pathogenesis 

Neither the adult worms in the subcutaneous tis­
sues of the host nor the microfilariae in the blood­
stream cause any pathological changes. However, 
in time, the infected person becomes hypersensitive 
to the secretions of the adult worms. This immuno­
logical reaction expresses itself in swelling of tis­
sues traversed by the worm, the Calabar swellings. 

Clinical Disease 

The hot, erythematous Calabar swellings occur­
ring on the extremities and in the periorbital tissues 
may be quite painful, but last only a few days. 
More disturbing to the patient is the occasional 
passage of an adult worm across the subconjuncti­
val space. On rare occasions, adult parasites have 
been found in the cerebrospinal fluid, in association 
with meningoencephalitis. 

Diagnosis 

Diagnosis is made by finding the microfilariae in 
a thin blood smear stained with either Giemsa 
or Wright's solution (Fig. 9.2A and B). It is also 
possible to recover an adult worm from the sub­
conjunctival space and various subcutaneous tis­
sues (Fig. 9.3). There are no reliable serological 
tests. 



Treatment 

Diethylcarbamazine kills the microfilariae, but not 
the adult worms. An allergic inflammatory re­
sponse may follow death of the microfilariae and 
may have to be treated with corticosteroids. Adult 
worms in the eye must be removed surgically. 

Prevention and Control 

Spraying mango groves with insecticides, particu­
larly DDT, remains an effective method of control-
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ling populations of the vector. Dieldrin applied 
to breeding sites kills the larvae. 
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10. Dracunculus medinensis (Linnaeus 1758) 

Dracunculus medinensis, commonly known as the 
Guinea Fire Worm, causes infection throughout 
Central Africa, the Middle East, India, and to a 
lesser extent, South America. Estimates of preva­
lence suggest that the number of infected individu­
als is nearly 50 million. 1 

This parasite affects the skin and subcutaneous 
tissues and causes a relatively benign infection. 
Nevertheless, because of secondary bacterial infec­
tions of the skin lesions, and the high prevalence 
of this nematode, D. medinensis ranks as one of 
the most important infections in the developing 
world. It has a number of reservoir hosts, including 
dogs, monkeys, horses, cattle, raccoons, and foxes, 
but none of these are thought to aid in the spread 
of human disease caused by this worm. 

Historical Information 

Infection with D. medinensis has been known for 
thousands of years, because its clinical presenta­
tion is so conspicuous and therapy so dramatic. 
The latter, which involves gradual mechanical ex­
traction by pulling the head out and then winding 
the worm on a stick, until it is fully extracted, is 
still used by traditional healers. 

Bastian2 provided the first formal description 
of the anatomy of D. medinensis in 1863. Seven 
years later, Fedchenk03 reported a partial outline 
of its life cycle in which he recognized a crusta­
cean, cyclops, as the intermediate host. Finally, 
Turkhud4 in India in 1914 pieced together all of 

the crucial steps in the life cycle and fulfilled the 
requirements of Koch's postulates for this infec­
tion in human volunteers. 

Life Cycle 

The female worm (Fig. 10.1) is long and thin, 
often measuring more than 100 cm by 1.5 mm. 
The dim unitive male measures approximately 40 
mm by 0.4 mm. The adult worms live in the subcu­
taneous tissues, usually in the lower extremities. 
Members of both sexes have acutely curved tails, 
which serve to anchor the worms in the tissues. 
Few male worms have ever been recovered from 
the infected individuals. The female induces a ve­
sicular, ulcerated, lesion in the skin of the host 
surrounding her oral cavity. When the ulcer comes 
in contact with fresh water, the worm undergoes 
a uterine prolapse, which releases motile larvae 
(Fig. 10.2) into the oral cavity and then into the 
water. The larvae are ingested by copepods (Fig. 
lO.3) of the genera Cyclops, Mesocyclops, and 
Thermocyclops. They quickly enter the hemocoel 
of the crustacean and develop within 2-3 weeks 
into the infective third-stage larvae. The copepods, 
in turn, are swallowed by man, usually in drinking 
water, and are digested in the small intestine, re­
leasing the infective larvae. The larvae penetrate 
the wall of the small intestine and migrate within 
the connective tissues for as long as a year, during 
which time they molt two more times and mature 
to adult worms. Gravid female worms migrate 



Figure 10.1. The first stage larva of Dracunculus medi­
nensis. X 170. 

Figure 10.2. Copepod intermediate host for Dracuncu­
lus medinensis. X 100. 

B 

Figure 10.3. A. Removal of 
adult Dracunculus medinensis 
from the foot of an infected indi­
vidual. Note the large ulcer 
from which the worm is being 
extracted. B. Radiogram of a 
calcified adult Dracunculus 
medinensis (arrows) in the foot 
of a patient from Ghana. (A: 
Courtesy of Dr. J. Breman; B: 
Courtesy of Drs. R. Schlaeger 
and L. D. Carmichael) 



Dracunculus medinensis 

Larvae are swallowed 
with infected copepods 

tissues 

Worms develop in 
subcutaneous tissues 

Larvae migrate 
to lower extremities 

Larvae enter 
subcutaneous tissues 

':~~ Larvae. are freed in 
~ small intestine 

Larvae penetrate 
small intestine 

Larvae enter 
abdominal wall 



52 The Nematodes 

through the subcutaneous tissues into the extremi­
ties or the trunk, where they cause indurated 
papules that vesiculate and eventually become ul­
cerated (Fig. 1O.4A). When the ulcer comes in 
contact with water, the life cycle has been com­
pleted. 

Pathogenesis 

There is no host response to the migration of the 
worm during its maturation process. If the worm 
does not complete its migration and dies, it may 
either disintegrate or become calcified. At the con­
clusion of a successful migration, the worm se­
cretes a toxin, which causes local inflammation 
and the eventual formation of an ulcer. These ul­
cers tend to occur most frequently on the lower 
portions of the body, such as the legs and feet, 
but are also found on the upper extremities and 
the trunk. 

Patients can become sensitized to secretions of 
the worm with the consequent allergic reactions 
of urticaria and pruritis. Anaphylactic reactions 
have also been reported. The ulcers can become 
secondarily infected. 

Clinical Disease 

Multiple blisters and ulcers are the only cutaneous 
manifestations of this infection. Allergic reactions 
usually occur in advance of the rupture of the 
blister, or in association with attempts to remove 
a worm. 

Diagnosis 

The diagnosis depends on finding the head of the 
adult worm in the skin lesion and identifying the 
larvae that are released upon exposure to fresh 
water. Radiograms (Fig. 1O.4B) may reveal calcifi-

cations corresponding to the adult worms in the 
subcutaneous tissues. 

There are no serological tests for this infection. 

Treatment 

The time-honored therapy involves winding the 
worm gradually on a matchstick until it is totally 
extracted. Surgical excision of the worms has been 
effective, but may exaggerate the allergic reactions. 
The currently available drugs, niridazole and 
metronidazole, render the older treatments obso­
lete. Niridazole is the drug of choice. 

Prevention and Control 

This infection has been completely eliminated in 
some areas where pumps were installed to supply 
drinking water. Spread of the infection is facili­
tated by the step-in open wells prevalent through­
out India and the Middle East. The strategy out­
lined by Hopkins and Foege5 serves to point up 
that water sanitation would eliminate D. medinen­
sis. 
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11. Aberrant N ernatode Infections 

Many nematodes whose definitive hosts are vari­
ous animals other than man can infect man, but 
are incapable of maturing to adult parasites in 
the human body and thus completing their life 
cycles. Two important human diseases, cutaneous 
larva migrans (CLM) and visceral larva migrans 
(VLM), are a result of such aberrant infections 

with larval nematodes. The pathogens causing 
CLM and VLM and the clinical manifestations 
of these diseases are listed in Tables 11.1 and 11.2. 
Although the number of nematodes causing aber­
rant human infections is large, this chapter will 
emphasize only the most important of these 
agents. 
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Table 11.1. Cutaneous Larva Migrans 

Predominant Major 
Location Pathological 

Organism in Body Consequences Diagnosis Treatment 

Ancylostoma Subcutaneous tissues Urticaria, serpiginous lesion Biopsy Topical thiaben-
caninum dazole 

Ancylostoma Subcutaneous tissues Urticaria, serpiginous lesion Biopsy Topical thiaben-
braziliensis dazole 

Dirofilaria con- Palpebral conjuncti- Abscess formation Biopsy Surgical removal 
junctivae vae, subcutaneous 

tissues 

Dirofilaria re- Subcutaneous tissues Fibrotic, painless nodule for- Biopsy Surgical removal 
pens mation 

Anatrichosoma Subcutaneous tissues Serpiginous lesions Biopsy Surgical removal 
cutaneum 

Rhabditis niel- Skin Papule, urticaria Biopsy Surgical removal 
lyi 

Lagochilascaris Subcutaneous tissues Abscess formation Biopsy Surgical removal 
minor around head and 

neck 

Gnathostoma Subcutaneous tissues Abscess formation Biopsy, ELISA Surgical removal 
spinigerum 

Thelazia calli- Conjunctival sac, Paralysis of lower eyelid Oph thalmoscopic Surgical removal 
paeda corneal conjunc- muscles, ectropion, fi- examination of 

tiva brotic scarring conjunctiva 

Cutaneous Larva Migrans 

Cutaneous larva migrans (Table 11.1) is caused 
by infection with larvae of the dog and cat hook­
worms, which have worldwide distribution. 

Third-stage larvae of Ancylostoma caninum 
(Fig. 11.1) and A. braziliensis can penetrate unbro­
ken skin and wander throughout the subcutaneous 
tissues. The larvae can survive in sandy soil for 
several days. Within the human skin, they live 
for about 10 days. 

The infected person develops an inflammatory 
reaction associated with intense itching in the af-

Visceral Larva Migrans 

Aberrant migration of larvae through the viscera 
(Table 11.2) is a far more serious condition than 
the aberrant infection of the skin. 

fected areas, provoked by the secretions of the 
larvae, which consist largely of proteolytic en­
zymes. The serpigenous lesions, known as "creep­
ing eruption" (Fig. 11.2), develop after an incu­
bation period of 1 week. Secondary bacterial 
infections, caused by scratching, are common. 

Topical application of thiabendazole to the af­
fected areas kills the larvae. l Ethyl chloride spray 
relieves symptoms quickly, but for only a short 
time. 
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Table 11.2. Visceral Larva Migrans 

Predominant Major 
Location Pathological 

Organism in Body Consequences Diagnosis Treatment 

Toxocara cati Viscera, eye Blindness ELISA or RIA Corticosteroids, 
Toxocara canis thiabendazole 

Angiostrongylus Meninges Meningoencephalitis CSF examination Corticosteroids 
cantonensis 

Angiostrongylus Mesenteric arterioles Peri tonitis Biopsy Corticosteroids 
costaricensis 

Anisakis sp. Stomach wall Granuloma Biopsy Surgical removal 

Phocanema sp. Stomach wall Granuloma Biopsy Surgical removal 

Terranova sp. Stomach wall Granuloma Biopsy Surgical removal 

Oesophagostomum Small and large intes- Granuloma Biopsy Surgical removal 
stephanostomum tinal wall 
var. thomasi 

Oesophagostamum Large intestinal wall Granuloma Biopsy Surgical removal 
bifurcum 

Gnathostoma spi- Striated muscles, Abscess, meningoen- Biopsy, ELISA Surgical removal 
nigerum subcutaneous tis- cephalitis 

sues, brain, small 
intestinal wall 

Dirofilaria immitis Lung, heart Granuloma in lung Biopsy Surgical removal 

Toxocara canis (Johnston 1916) and Toxocara cati (Brumpt 1927) 

Human infection with Toxocara spp. was recog­
nized in 1950 by Wilder,2 who discovered a larva 
within a retinal granuloma of a child. In 1952, 
Beaver and colleagues3 described a series of chil­
dren who had eosinophilia and suffered severe mul­
tisystem disease caused by T. canis and T. cati 
larvae. 

Both Toxocara spp. have a life cycle in their 
respective hosts resembling that of ascaris in man. 
The adults of toxocara are smaller than those of 
ascaris (Fig. 11.3). They resemble the human para­
site with respect to nutritional requirements and 
physiological behavior. In man the life cycle of 
toxocara is initiated by ingestion of embryonated 
eggs (Fig. 11.4A and B). After the larvae hatch, 
the third-stage larvae wander through the body, 
invading all organs. Unlike larvae of ascaris, larvae 

of toxocara do not break out of the capillaries in 
the alveolar spaces in the lungs, but pass through 
and eventually reach the systemic circulation. The 
degree of damage varies with the tissues invaded, 
the eye being the most seriously affected organ. 
Ultimately, the larvae die and provoke granuloma 
formation. Epidemiological evidence suggests that 
ocular disease tends to occur in the absence of 
systemic involvement and vice versa. This has led 
Glickman and Schantz to propose that the two 
manifestations of this infection be reclassified as 
ocular larva migrans and visceral larva migrans.4 

Thus, there may be strains of T. canis with specific 
tropisms. 

Larvae of T. canis secrete proteolytic enzymes, 
which facilitate movement through the tissues. 
Host response to the infection is an intense eosino-
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Figure 11.1. Filariform (third-stage) larva of Ancylos­
toma caninum. which induces creeping eruption after 
penetrating the skin. X224. 

Figure 11.2. Serpiginous lesion on the skin of the abdo­
men of a patient with creeping eruption due to the L3 
larva of Ancylostoma. The patient acquired this infection 
by sunbathing on a public beach on which dogs and 
other animals were allowed to roam. (Courtesy of Dr. 
R. Armstrong) 

Figure 11.3. Adult male (right) and female (left) Toxo­
cara canis. X 1.7. 

philic inflammation. The host develops both imme­
diate and delayed types of hypersensitivity, which 
are responsible, in part, for the damage caused 
by the larvae. When a larva dies its concentrated 
proteins stimulate formation of granulomas (Fig. 
1 1. SA). In the retina, such a granuloma grossly 
resembles retinoblastoma (Fig. 11.SB). As a result 
of this resemblance, in some cases an unnecessary 
enucleation was carried out. In many other cases, 
the granuloma itself was responsible for the loss 
of sight. 

Toxocariasis is mainly a disease of young chil­
dren. It presents with fever, enlargement of the 
liver and the spleen, lower respiratory symptoms 
(particularly bronchospasm, resembling asthma), 
eosinophilia, sometimes approaching 70%, and 
hypergammaglobulinemia of both IgM and IgG 



A 

B 

Figure 11.4. Fertilized unembryonated (A) and embryo­
nated (D) eggs of Toxocara canis. X430. 

classes. Myocarditis, nephritis, and involvement 
of the central nervous system have been described. 

The most serious consequence of the infection 
is invasion of the retina. The degree of impairment 
of visual acuity depends on the specific area in­
volved, but blindness is common (Fig. 11.6). Later 
effects of the eye infection are iridocyclitis, en­
dophthalmitis, and detachment of the retina. Sec­
ondary glaucoma may also follow. 

Any pediatric-age patient with an unexplained 
febrile illness and eosinophilia should be suspected 
of VLM. Hepatosplenomegaly and evidence of 
multisystem disease and history of pica make the 
diagnosis of VLM more likely. 

Diagnostic tests for Toxocara spp. are primarily 
immunologic.5 The precipitin test is subject to 
cross-reactions with common antigens of the lar­
vae and blood group substance A. The enzyme­
linked immunosorbent assay (ELISA) test, which 
employs antigens secreted by the second-stage 
larva, has sufficient specificity to be the best 
indirect test in the diagnosis of this infection. 
About 80% of those infected are positive in this 
test. 6 

Other indicators include hypergammaglobuline-
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Figure 11.5. Ophthalmoscopic view of granuloma due 
to Toxocara canis (A), resembling an early stage of reti­
noblastoma (D). (A and D: Courtesy of Dr. B. Haik) 

Figure 11.6. Leukocoria due to occular infection with 
the larva of Toxocara canis. (Courtesy of Dr. Z. Pollard) 

mia and an elevation of the isohemoagglutin titers. 
Thus, a constellation of clinical disease described 
above, a history of pica, eosinophilia, and positivity 
of the immunological tests mentioned strongly 
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point to the diagnosis. Liver biopsy may reveal 
a granuloma surrounding a larva, but success of 
sampling is fortuitous. 

There is no specific treatment. Although claims 
have been made for effectiveness of thiabendazole 
and diethylcarbamazine, no definitive evidence of 
beneficial effects of these drugs has been estab­
lished. Symptomatic treatment, including adminis­
tration of corticosteroids, has been helpful in sup­
pressing the intense manifestations of the infection. 

Most children improve within 1 to 3 months, re­
gardless of treatment. 

The worms are common parasites of pets; young 
puppies often harbor them, because the infection 
can be acquired transplacentally. Children with 
pica are at the greatest risk of ingesting embryo­
nated eggs from the soil. 

Treatment of dogs and strict control of their 
excreta are the only measures for control of this 
disease. 

Angiostrongylus cantonensis (Chen 1935) and Angiostrongylus costaricensis (Morera 
and Cespedes 1971) 

A. cantonensis is a larval infection of man through­
out Southeast Asia, Micronesia, Hawaii, and the 
Philippines. The definitive host is the rat, whose 
infection is more widely distributed, being found 
in all countries bordering on the Indian Ocean 
and South Pacific.7 A. costaricensis is restricted 
to Costa Rica, Mexico, Venezuela and EI 
Salvador.8 

The adult female A. cantonensis is 400 fJ.m long 
and 28 /-I-m in diameter; the male measures 350 
/-I-m X 22 /-I-m. The worms live and lay eggs in 
the pulmonary arteries of the wild rats (Fig. 11.7). 

Figure 11.7. Larvae of Angiostrongylus cantonensis in 
the lung of a rat. X200. 

The eggs are carried through the bloodstream to 
the lung capillaries, where they break out into the 
alveolar spaces. There they hatch and the larvae 
actively migrate up the respiratory tree, across the 
epiglottis, and are swallowed. 

The larvae pass out with the feces, incubate in 
the soil, and are consumed by a wide variety of 
molluscs and crustaceans. Wild rats become in­
fected by ingesting these intermediate hosts. 

The infective third-stage larvae (Fig. 11.8) are 
released in the rat's stomach, penetrate the wall 
of the small intestine, and migrate with the blood-

Figure 11.8. Third-stage larva of Angiostrongylus canto­
nensis. X280. 



Figure 11.9. Adult worms of Angiostrongylus cantonen­
sis in the cross-section of the brain of an infected rat. 
XlOO. 

stream to the capillaries of the brain. In the brain, 
they undergo further development, and transform 
into adults (Fig. 11.9). The mature worms finally 
migrate from the brain to the pulmonary arteries, 
where they copulate, and thus complete the life 
cycle. 

In contrast, adults of A. costaricensis live in the 
mesenteric arteries of wild rats and are infective 
only for one type of invertebrate, the slug. Other­
wise, their life cycle is identical to that of A. canto­
nensis. 

Human infection is acquired through ingestion 
of an undercooked or raw infected intermediate 
host. In man, the pattern of infection varies with 
the species of the two nematodes. 

In the case of A. cantonensis. the third-stage 
larvae migrate to the capillaries of the meninges. 
There they induce an eosinophilic inflammatory 
response, resulting in a meningoencephalitis. The 
larvae never complete their life cycle and eventu­
ally die within eosinophilic granulomata that sur­
round them. 

Larvae of A. costaricensis lodge in the mesen­
teric arterioles and cause arteritis, thrombosis. and 
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small infarcts. The consequence is necrotic ulcer­
ation, followed by the development of peritonitis, 
and formation of fistulas. Infection in the human 
host has rarely led to the development of adult 
worms. 

Patients infected with larvae of A. cantonensis 
usually experience headaches and meningismus. 
In addition, they may show focal findings of cen­
tral nervous system involvement, such as parasthe­
siae (in about one-half of the cases), and cranial 
nerve palsies (in about one-quarter). The infection 
is associated with eosinophilia in the cerebrospinal 
fluid (CSF) and blood. The vast majority of pa­
tients recover within 3 weeks with no apparent 
residual abnormalities. 

Patients infected with A. costaricensis usually 
exhibit right iliac fossa pain, may have fever, and 
always present with peripheral eosinophilia. In ad­
vanced disease, there are palpable abdominal 
masses representing eosinophilic granulomas. 

There is no specific diagnostic test for either 
parasite. The disease must therefore be suspected 
on the basis of the clinical presentation, history 
of residence in endemic areas, and presence of pe­
ripheral eosinophilia. In the case of infection with 
A. cantonensis. eosinophilia in the CSF suggests 
the diagnosis. 

There is no evidence that any treatment affects 
the outcome, although claim has been made that 
thiabendazole shortens the duration of symptoms. 
This may be due to the antiinflammatory proper­
ties of the drug, rather than its antihelminthic ac­
tivity. In cases of severe discomfort and an intense 
inflammatory reaction, corticosteroids are recom­
mended. 

Disease caused by A. cantonensis9 occurs in 
Southeast Asia, the Philippine Islands, Taiwan, 
and the North and South Pacific islands. Human 
infection was first described in Taiwan when larvae 
of the parasite were isolated from the CSF of a 
child. Infected rodents, but not human cases, have 
also been reported from East Africa. 

Acquisition of human infection depends on the 
locale and the nutritional habits of specific popula­
tions. A case in Hawaii resulted from ingestion 
of a raw slug, for traditional medicinal purpose. 
In Tahiti, epidemics have resulted from consump­
tion of' raw freshwater prawns (i.e., shrimp-like 
crustaceans), and elsewhere other invertebrates ei­
ther consumed directly or in vegetation have been 
the causes of infections. 
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Gnathostoma spinigerum (Owen 1838) 

Gnathostoma spinigerum is a parasite whose de­
finitive hosts are a variety of mammals and the 
intermediate hosts are, first, copepods of the genus 
Cyclops, and, second, birds, fish, snakes, and frogs. 
Females measure 25-54 mm in length; the males 
11-25. In the definitive host, the adults live coiled 
in the wall of the small intestine. Eggs, released 

Anisakiasis 

Anisakiasis10 refers to infection with a number of 
species of marine nematodes belonging to the gen­
era Anisakis, Phocanema, Terranova, and Contra­
coecum. which infect sea mammals, particularly 
dolphins, whales, sea lions, and seals. In these 
hosts, the anisakiid adults, which are distantly re­
lated to ascariids (see Chapter 3), live in the lumen 
of the intestinal tract. These worms, as first-stage 
larvae, infect a wide variety of crustaceans. As 
secondo, third-, or fourth-stage larvae, they infect 
a number of fish. 

When man ingests raw or undercooked saltwa­
ter fish and, with it, the larval form of the worm, 
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12. Nematode Infections of Minor Medical Importance 

Several nematode infections of high prevalence 
warrant mention, although the clinical manifesta­
tions they cause are of minor importance. Table 
12.1 lists their geographic distribution, major 

pathological effects, mode of infection, method of 
diagnosis, and therapy. A brief description of those 
preceded by an asterisk is given in the text that 
follows. 
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Table 12.1. Nematode Infections of High Prevalence 

Major 
Geographic Pathological 

Parasite Distribution Consequences 

Capillaria Worldwide Necrotic lesions 
hepatica * in liver 

Capillaria The Philippines Malabsorption 
philippinensis* syndrome, 

diarrhea 

Dioctophyma North and Complete de-
renale South Amer- struction of 

ica, China kidney 

Dipetalonema Central and None 
perstans* South Amer-

ica, Africa 

Dipetalonema Africa Pruritic derma-
streptocerca * titis 

Mansonella Central and None 
ozzardi* South Amer-

ica, the Ca-
ribbean 

Syngamus South America, Asthma, 
laryngeus the Carib- hemoptysis 

bean, the 
Philippines 

Tern ides Africa Iron-deficiency 
deminutus anemia 

Trichostron- Worldwide Anemia 
gylus spp. 

• These parasites are discussed in the text. 

Mansonella ozzardi (Manson 1897) 

This filarial infection is found throughout South 
and Central America and the Caribbean islands. 
It is transmitted by the bite of an infected midge 
(see Chapter 37). The adult worms inhabit the 
visceral adipose tissue of the host. The microfila-

Mode of 
Infection Diagnosis Therapy 

Oral route Biopsy None 

Oral route Stool examina- Thiabendazole 
tion for lar-
vae and eggs 

Oral route Urine examina- Surgical re-
tion for eggs moval of the 

worm 

Bite of infected Blood smear or None 
midge Knott test for 

microfilariae 

Bite of infected Impression Diethylcarbam-
midge smear of skin azine 

snip for mi-
crofilariae 

Bite of infected Blood smear or None 
midge Knott test for 

microfilariae 

Unknown Sputum or stool None 
examination 
for eggs 

Unknown Stool examina- Not established 
tion for eggs 

Oral route Stool examina- Thiabendazole 
tion for eggs 

riae (Fig. 12.1A) can be found in the blood. As 
far as is known, this infection does not induce 
any disease. Diagnosis depends on finding the mi­
crofilariae on a stained blood smear or by the 
Knott test (see Chapter 7, Diagnosis). 

Dipetalonema perstans (Manson 1891) 

This filarial worm is found in Africa and in South to person by the biting midges. The adults live 
and Central America. It is transmitted from person free in the abdominal or pericardial cavity, where 
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Figure 12.1. A. Microfilariae that are found in blood. The microfilariae of W. bancrofti, B. malayi and L. loa 
are sheathed, whereas those of D. perstans and M. ozzardi are not. B. Microfilariae that are found within the 
subcutaneous tissues. Neither of these microfilariae has a sheath. 

they produce microfilariae, which circulate in the stained blood smear (Fig. 12.IA) or by the Knott 
blood. There is no known associated disease. The test. 
infection is discovered by the examination of the 

Dipetalonema streptocerca (Macfie and Corson 1922) 

Infections with Dipetalonema streptocerca are 
widely distributed throughout Central Africa. The 
adult worms live in the subcutaneous tissues, as 
do the microfilariae. The infection is transmitted 

by the biting midges. The only clinical manifesta­
tion of this infection is a pruritic dermatitis. Diag­
nosis is made by finding microfilariae (Fig. 12.1B) 
in specimens of skin or impression smears made 
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from them. The microfilariae must be differenti­
ated from those of 0. volvulus (see Chapter 8). 
Therapy with diethylcarbamazine may exarcebate 

Capillaria hepatica (Bancroft 1893) 

Capillaria hepatica is a parasite of rodents, partic­
ularly the rat. Adult worms live and lay eggs in 
the liver parenchyma within a syncytium (Fig. 
12.2). After the host dies, the eggs embryonate 
within 2 to 6 weeks and are then infective for 
another host. The infective eggs are ingested and 
hatch in the small intestine. The exact route of 
infection after the egg hatches is still unknown. 
Eventually, the larvae mature and reach the liver. 
After mating, they begin to lay eggs and thus com-

the pruritis, in which case it may be necessary 
to prescribe corticosteroids. 

plete the life cycle. The liver serves as the source 
of nourishment for the adult worms. If enough 
worms are present, the host may suffer liver failure 
and die. Man rarely becomes infected by ingesting 
the eggs. Too few clinical cases of this infection 
have been recorded to determine what constitutes 
a lethal dose. Diagnosis requires liver biopsy. Often 
the disease is unsuspected and discovered only at 
autopsy. No treatment has been developed,! 

Capillaria philippinensis (Chitwood, Valesquez, and Salazar 1968) 

Infection with Capillaria philippinensis occurs 
mainly in the Philippines, where some 1000 cases 
and 100 deaths have been documented in the 
northern provinces,2 and is less frequent in Thai­
land. 

The adult worms resemble those of Trichinella 
spiralis (see Chapter 6) both in size and biology. 
They live in the columnar epithelium of the small 
intestine, and deposit living larvae there. These 
larvae are infectious within the host and in this 
respect mimic the autoinfectious cycle of Strongy­
loides stercora lis (see Chapter 5). There is no evi­
dence, however, that the host of C. philippinensis 
is immunosuppressed. As the infection progresses, 
the host begins to pass in his stools first embryo­
nated and then unembryonated eggs. 

C. philippinensis is probably a parasite of birds 
that feed upon fish and crustaceans, the intermedi­
ate hosts for this nematode. Man becomes infected 
by eating raw or undercooked infected fish or 
shrimp. In the Philippines, ingestion of "jumping 
salad," which consists of vegetables and a variety 
of live aquatic animals including shrimp, is 
thought to be a common source of this infection. 

Clinical disease is a rampant diarrhea,3 quickly 
followed by malabsorption of fats and carbohy­
drates. Prolonged infection leads to electrolyte im­
balance, and occasionally death. It is estimated 
that the mortality rate approaches 10% in some 

Figure 12.2. Eggs of Capillaria hepatica in the liver 
of a vole, a sylvatic host for this nematode. XS4. 
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endemic areas. Diagnosis depends on finding eggs 
or living larvae in the feces. Treatment is adminis­
tration of mebendazole or thiabendazole.4 
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II 

The Cestodes 

Introduction 

The class Cestoidea belongs to the phylum Platy­
helminthes and includes parasitic tapeworms. 

Tapeworms have flat, segmented bodies consist­
ing of a head, known as scolex and a series of 
segments, known as proglottids. The adults of this 
class are all parasitic and live in the intestinal lu­
men of a large number of vertebrate hosts, includ­
ing man and other mammals. 

Anatomy and Physiology 

Anatomically, the adult tapeworm is constituted 
of a head, or scolex, and a segmented portion, 
or strobila, comprised of individual proglottids. 

Scolex 
The scolex is the only point of attachment between 
the host and the parasite. It may be equipped with 
suckers, hooks, or grooves, which aid in the attach­
ment. The scolex contains ganglia and the excre­
tory pores that serve the entire strobila. 

The neck region of the scolex, which is metaboli­
cally very active, is the site at which new proglot­
tids form. 

Proglottids 
The outer surface of adult tapeworms consists of 
a tegument whose structure and function are re­
lated to feeding. It is covered by evenly spaced 
microvilli, underneath which lie mitochondria, pi­
nocytic vesicles, and related structures. The tape­
worms, which lack a digestive system, must obtain 

all of their nutrients by actively transporting them 
across their teguments. All foodstuffs digested by 
the host can be absorbed by the proglottid. 

The high levels of ATPase in the tegument are 
related to active transport, but may also help the 
worm resist digestion by the mammalian host. In­
hibitors of tapeworm ATPase, such as niclosa­
mide, cause disintegration of adult tapeworms. 

There are two layers of muscles in each proglot­
tid, a longitudinal one and a transverse, enabling 
the proglottid to move. The worms are innervated 
by a pair oflateral nerves, with perpendicular com­
missures branching out into the parenchyma of 
each segment. Although each segment is anatomi­
cally independent, all are connected by a common 
nervous system that emanates from a set of cere­
bral ganglia in the scolex. 

Excretion or osmoregulation is associated with 
a lateral pair of excretory tubules that also run 
along the length of the worm, emptying out of 
two pores near or at the scolex. 

Each proglottid possesses both male and female 
sex organs, but self-mating within a segment is 
unusual. Typically, sperm are transferred between 
adjacent mature proglottids of the worm. Yolk 
material is produced in the parenchyma and is 
inserted into the immature eggs in the ovary. From 
there various accessory materials are added to the 
egg as it progresses up the uterine tube, and finally 
acquires its shell within Mehlis' gland, a special­
ized organ lying adjacent to the seminal receptacle. 



13. Taenia saginata (Goeze 1782) 

The beef tapeworm, Taenia saginata, is one of 
the longest human parasites, capable of growing 
to 7.5 m. It lives in the upper half of the small 
intestine. 

The geographic distribution of T saginata re­
flects cattle husbandry in areas where human ex­
creta are not disposed of in a sanitary manner. 
Hence, large areas of Africa, portions of Mexico 
and Argentina, and, to a lesser extent, middle Eu­
rope are endemic foci. It is infrequently acquired 
in the United States; most clinical cases are im­
ported. 

Historical Information 

Tapeworms had been known for many years before 
Tyson,l in 1683, formally described several species, 
which he recovered from dogs. In 1656, Plates, 
a Swiss physician, wrote about the distinctions be­
tween Taenia sp. and Diphyllobothrium latum 
(which was then called Lumbricus latus).2 The 
first report of T saginata came from Andry,3 in 
1700, but he failed to recognize the individuality 
of each proglottid, nor did he distinguish this 
worm from other similar tapeworms. Thus, Goeze 
must be credited with the first correct description 
of the worm, for in 1782 he published his treatise 
on helminthology in which he presented the first 
recognizable classification of T saginata and T 
solium adult worms.4 Von Siebold, in 1850, specu­
lated that "bladder worms" (i.e., cysticerci) could 
develop into adult tapeworms,s which was the cor­
rect supposition; unfortunately, he also offered the 
alternate hypothesis that these were nothing more 
than degenerated adults. 

Leuckart, in 1863, showed experimentally that 
the proglottids of T saginata, when fed to young 
calfs, developed into cysticerci in the animal's 
muscles.6 Oliver, in 1870, discovered that follow­
ing ingestion of the "bladder worms" man devel­
oped adult T saginata. 7 He further suggested in 
the same report that thorough cooking of the in­
fected meat would prevent infection with the adult 
tapeworms. 

Life Cycle 

Most infected individuals harbor only one adult 
worm (Fig. 13.1). It is attached to the mucosal 

surface of the small intestine with the aid of four 
suckers located on the scolex (Fig. 13.2). No hooks 
or other organelles of attachment are present on 
T saginata. The developing proglottids extend 
down the small intestine, sometimes reaching the 
jejunum. 

The most distal proglottids (Fig. 13.3) are gravid 
(i.e., contain infective eggs) and tend to break off 
from the rest of the worm. The egg-laden segments 
then actively migrate through the large intestine, 
rectum, and anus to the outside. Some eggs are 
usually expressed from the proglottid as it exits 
the body and are deposited on the perianal skin. 
Large ribbons of gravid proglottids may also be 
passed with the feces. 

If the gravid segments corne to rest in grazing 
areas, they may become ingested by the cattle, 
the proglottids are then digested, and the eggs (Fig. 
13.4) released. 

The hexacanth (i.e., six-hooked) larva, the on­
chosphere, hatches from its egg, actively penetrates 
the small intestine, and migrates by the hematoge­
nous route to all organ systems. Most oncho­
spheres lodge in the skeletal muscles, where they 
encyst in the fascial tissues and develop into cysti­
cerci, the stage infective for man. 

The adult tapeworm is acquired by consumption 
of raw or undercooked beef containing the infec­
tive cysticerci. The cysticercus, released from its 
surrounding muscle tissue by digestion in the small 
intestine, everts its scolex and attaches to the mu­
cosa, where it develops to a fully grown tapeworm 
within 3 months. 

Eggs of T saginata, ingested by man, do not 
result in an infection. 

Pathogenesis 

Although this large tapeworm occupies a substan­
tial proportion of the lumen of the small intestine, 
it is flexible and relatively fragile. Therefore, it 
does not obstruct. There are no host responses 
against the worm and therefore no tissue reactions. 

Clinical Disease 

Most infected individuals are asymptomatic, but 
those in whom the worm has become very large 
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may feel epigastric fullness. Rarely an infected in­
dividual will experience postprandial nausea and 
vomiting. The patient becomes aware of the infec­
tion by noting proglottids in the stool. Occasion­
ally. a proglottid may emerge from the anus and 
crawl down the thigh; this produces a tickling sen­
sation. Frequently, proglottids pass from the pa­
tient during periods of sleep, and are found in 
bedding or clothing the following morning. In 
other instances, the patient may pass a large seg­
ment of the worm, either during defecation or 
spontaneously. 

Diagnosis 

Definitive diagnosis depends on identification of 
the proglottids passed by the patient. Gravid pro­
glottids should be fixed in 10% formaldehyde solu­
tion and the uterine branches injected with India 
ink. Twelve or more uterine branches are charac­
teristic of gravid T. saginata (Fig. 13.3). Eggs in 
the stool can be identified only as Taenia sp., be­
cause the eggs of all tapeworms in the taeneid 
group look alike. The eggs may adhere to the peri-

Figure 13.1. The adult of 
Taenia saginata. The arrow 
indicates the position of the 
scolex. The entire worm 
measures over 5.4 m in 
length. (Courtesy of Mr. 
U. Martin) 

anal skin and it is possible to detect them on trans­
parent plastic adhesive tape in the manner de­
scribed for detection of pinworm infections (see 
Chapter 1). 

Figure 13.2. Scolex of Taenia saginata. Four suckers 
on the scolex attach the worm to the small intestine. 
No hooks are present. X50. 



Figure 13.3. Gravid proglottid of Taenia saginata. This 
segment contains more than 15 lateral uterine branches 
per side. This differentiates it from Taenia solium, which 
has less than 10 branches per side (cf. Fig. 14.3). X2. 

Figure 13.4. Egg of Taenia saginata. This egg cannot 
be differentiated from any other member of the taeniid 
family (e.g., T. solium. Echinococcus granulosus. or E. 
multilocularis). X 1000. 
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Treatment 

The drug of choice is niclosamide.8 The conse­
quence of this drug's action is damage, to the point 
of dissolution of the worm. Hence, a search for 
the scolex, a time-honored procedure in the older 
therapy with quinacrine, is not warranted. 

Prevention and Control 

The most effective method to prevent tapeworm 
infection in the community is protection of cattle 
from coming in contact with human excrement. 
In some areas of the world, this has been very 
difficult to achieve because human feces are widely 
used as fertilizer. On an individual basis, the infec­
tion is fully preventable by thorough cooking of 
beef. Inspection of beef readily identifies taeniasis, 
but it is not carried out thoroughly or at all in 
many endemic areas. 
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14. Taenia solium (Linnaeus 1758) 

Taenia solium is distributed throughout the world 
and coincides with the raising of pigs, especially 
in the areas where human feces are used as ferti­
lizer. In parts of Southeast Asia, Micronesia, the 
Philippines, Mexico, South America (particularly 
Ecuador), and eastern Europe, the infection is en­
demic. T. solium is a large tapeworm, more than 
6 m in length. It lives attached to the wall of 
the small intestine. Although presence of the adult 
tapeworm in the intestine usually does not result 
in any clinical disease, infection with the larval 
form, referred to as cysticercosis (see Chapter 16), 
can be a serious, even fatal disease. 

Historical Information 

Long before the adult of T. solium was described 
by Goeze1 in 1782, Aristotle wrote about the cysti­
cercus stage of the worm in the muscles of pigs. 
However, there is no evidence that he understood 
the relationship between the larval infection in the 
pig and the adult infection in man. Cysticercosis 
in pigs was formally described by Hartman in 
1688. 2 Kuchenmeister, in 1855, transmitted the 
infection to a man who was a condemned mur­
derer, by secretly contaminating his food with cys­
ticerci that Kuchenmeister recovered from meat 
he had purchased at a local restaurant. At autopsy 
120 h later, the small intestine of the prisoner was 
shown to contain immature adults of T. solium. 

Life Cycle 

Morphologically, the adult of T. solium closely 
resembles adult T. saginata. However, its scolex 
possesses, besides the four sucker discs, a crown 
of hooks, which it uses as an additional attachment 
mechanism (Fig. 14.1). 

Man becomes infected with T. solium by ingest­
ing raw or undercooked pork that harbors the lar­
val (i.e., cysticercus) stage of the worm (Fig. 14.2A 
and B). From this point on, the life cycle follows 
the pattern of the life cycle of T. saginata (see 
Chapter 13). 

In addition to infection with the ingested cysti­
cercus, man can also become infected with the 
eggs of this parasite. If man swallows eggs of T. 
solium, they will hatch and go on to produce a 
larval infection, or cysticercosis (see Chapter 16). 

Figure 14.1. Scolex of Taenia solium. The scolex pos­
sesses four suckers and a single row of hooks by which 
it attaches to the small intestine. X33. 

Pathogenesis 

The adult parasite induces virtually no host reac­
tion. 

Clinical Disease 

Unlike T. saginata, which is much larger, T. so­
lium does not usually give rise to symptoms of 
epigastric fullness. The patients are asymptomatic 
and become aware of the infection only when they 
discover the proglottids in their stools or on the 
perianal skin. 

Diagnosis 

Diagnosis is established by the identification of 
the gravid proglottids. These segments should be 
fixed in 10% formaldehyde solution and injected 
with India ink to reveal the uterine branches, 
which are 5-10 in number (Fig. 14.3). Eggs present 
on the patient's perineum may be identified by 
application of transparent adhesive tape, which 
is then examined under a microscope (see Chapter 
13). Presence of eggs (Fig. 13.4) confirms the diag­
nosis of infection with a taenia, but does not iden­
tify its species, because eggs of all taeniae are mor­
phologically alike. It must be remembered that 
unfixed proglottids and eggs of T. solium are infec­
tious for man, and the examiner must exercise 
appropriate caution to prevent self-infection. 
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Figure 14.2. A. A piece of pork infected with the cysti­
cercus stage of T. solium ("measly pork"). B. Section 
through a piece of pork infected with cysticerci. XI O. 

Figure 14.3. Gravid proglottid of Taenia solium. The 
lateral uterine branches number less than 10 on each 
side. This identifies the source of the proglottid as T. 
solium. X7.5. 

Treatment 

The drug of choice is niclosamide3 (see Chapter 
13). 

Prevention and Control 

The infection is totally preventable by protection 
of the feed from contamination by human feces. 
Individual infection is prevented by thorough 
cooking of pork or by freezing it at -lOoC for 
at least 5 days. 
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15. Diphyllobothrium latum (Linnaeus 1758) 

Diphyllobothrium [atum, which can grow to more 
than 10m in length, is the longest of the tape­
worms that parasitize human small intestine. Like 
other tapeworms of man, this parasite does little 
harm. Its location in the upper part of the small 
intestine, which is rich in nutrients, and its feeding 
mechanisms are similar to those of the other tape­
worms. However, in addition, it has a unique affin­
ity for vitamin B12. 

D. [atum infection is common throughout Scan­
dinavia, Switzerland, Hungary, the Great Lakes 
region of the United States, and western U.S.S.R. 

Historical Information 

D. tatum was first accurately reported as a human 
infection by Plates,l in 1602, and later classified 
taxonomically by Linneaus in 1758. However, its 
complex life cycle was defined only in 1917 by 
Janicki. 2 

Life Cycle 

The adult worm resides in the small intestine, 
loosely attached to the villous surface by its scolex 
(Fig. 15.1). The scolex, 3 mm long, has two lateral 
grooves, or bothria, which it uses to create suction 
between itself and the host tissues. It has no hooks 
or suckers. 

D. tatum is nourished through its tegumental 
surface by active transport mechanisms, absorbing 
small-molecular-weight nutrients obtained in the 
ingested foodstuffs. 

Each proglottid (Fig. 15.2) is greater in width 
than length and contains both sets of sex organs. 
Therefore, self-mating is the rule, with each pro­
glottid fertilizing the eggs in the adjacent one. 

As the fertilized proglottids become gravid, they 
break off from the strobila and, unlike those of 
T. saginata and T. solium, disintegrate in the small 
intestine. The freed eggs (Fig. 15.3A and B) pass 
out of the host with the feces and must be deposited 
in fresh water if the life cycle is to continue. 

The eggs, measuring 70 J-Lm X 45 J-Lm, must 
incubate for 9-12 days in water prior to hatching 
(Fig. 15.3C). The ciliated coracidium (Fig. 15.4) 
emerges from the egg and immediately begins to 
swim. Free-living coracidia survive for 3-4 days 

before exhausting their food reserves. Some cora­
cidia are ingested by microscopic crustacea, such 
as Cyclops sp. and Diaptomus sp., which are the 
first intermediate hosts for D. tatum. The cora­
cidium burrows into the crustacean's body cavity 
and develops into the procercoid larva (Fig. 15.5). 

When the infected crustacea are consumed by 
small freshwater fish, particularly various species 
of minnows, the released procercoid larva pene­
trates the wall of the small intestine of the fish 
and takes up residence in the muscles. It then 

Figure 15.1. Scolex of Diphyllobothrium [atum. The 
groove on the scolex extends down its entire length and 
attaches this tapeworm to the small intestine. X 120. 



74 The Cestodes 

transforms into the pleurocercoid larva (Fig. 15.6), 
the infective stage for man. 

Infected minnows eaten by large predator spe­
cies of fish, such as members of the perch and 
pike families, transfer the larvae to the larger fish. 
The pleurocercoid larva is capable of infecting the 

Figure 15.2. Mature proglottids of Diphyllobothrium la­
tum. The segments are greater in width than in length, 
hence the common name "broad" fish tapeworm. X 12. 

A 

predator species, but it remains biologically un­
changed. 

When an undercooked or raw infected fish is 
ingested by man, the pleurocercoid larva passes 
to the small intestine, where it develops into the 
adult worm, becoming a fully formed strobila 
within 3 months (Fig. 15.7). 

Most carnivores can harbor D. [atum, and dog, 
bear, cat, fox, martin, mink, and other mammals 
serve as reservoir hosts for this parasite. 

Pathogenesis 

Vitamin B12 deficiency in D. latum infection re­
sults from absorption of this vitamin by the worm. 
The full picture of megaloblastic anemia is indis­
tinguishable from that due to other causes. The 
reason for the relative infrequency of megaloblastic 
anemia among carriers of D. latum is not well 
understood. It may be related to the position of 
the worm in the intestine: those higher in the 
duodenum may absorb more of the vitamin. There 
may be some genetic predisposition on the part 
of the host as well. One study indicated that pa­
tients with megaloblastic anemia due to infection 
with D. tatum had less intrinsic factor than those 
who were free of anemia, but who also harbored 
the worm.3 

B 

Figure 15.3. Eggs of Diphyllobothrium [atum. A. Note the opercu­
lum (arrow) and the characteristic knob at the back of the egg. 
B. An egg as seen in freshly passed stool. C. An egg that has 
begun to hatch. The embryo will emerge from the operculated 
end. A, B, and C, X62S. (A: Courtesy of Dr. K. Hussey) c 
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Figure 15.4. The coracidium (i.e., free-swimming larva) 
of Diphyllobothrium {atum is ciliated. It is this stage 
that becomes ingested by the first intermediate host, 
the copepod. X}OOO. 

Figure 15.5. The procercoid larvae (arrows) of Diphyllo­
bothrium {atum lie within the body cavity of Diaptemus 
sp., their crustacean intermediate host. X 16. 

Clinical Disease 

The infected individuals usually become aware of 
the infection when they pass immature segments 
of the worm. Occasionally, patients do have symp­
toms, which are quite vague, such as weakness 
and fatigue. Some patients have diarrhea.' Fewer 
than 2% of those infected with D. [alum develop 
megaloblastic anemia, most common in the first 
3 decades of life.5 

Diagnosis 

Diagnosis is made by microscopic observation of 
the eggs (Fig. 15.3B) in the stool. There are no 

Figure 15.6. Pleurocercoid larva (i.e., infectious stage 
for man) of Diphyllobothrium {atum. Note the grooved 
immature scolex, reminiscent of the adult. This larva 
lives between the muscle fibers of the second intermedi­
ate host, the fish. x2S. 

specific serological tests for infection with this par­
asite. 

Treatment 

The drug of choice is niclosamide. 

Prevention and Control 

The numerous reservoir hosts are potentially im­
portant in maintaining the life cycle in sylvatic 
settings. Interference with this aspect of the life 
cycle is difficult. However, proper disposal of hu­
man feces can have a major impact in reducing 
the prevalence of infection. On an individual basis, 



Figure 15.7. Whole adult Diphyllobothrium latum 
worm preserved in alcohol and displayed in a museum 
jar. This specimen measures over 9 m in length. Arrow 
points to the scolex. 
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the best way to avoid infection with D. latum is 
to eat only well-cooked fish. This can also be diffi­
cult when dietary habits interfere with this means 
of prevention. 

In Scandinavian countries, gravlox and a wide 
variety of other raw fish dishes are sources of infec­
tion with this tapeworm. 
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16. Larval Tapeworms 

Many species of tapeworm produce infections in 
animals other than man and use intermediate 
mammalian hosts. Infection in man resembles that 
of the intermediate host; i.e., man harbors only 
the larval stage of the worm. Included in the list 
of tapeworms that cause larval infections in human 
populations are Taenia solium, Echinococcus gran-

Taenia solium (Linnaeus 1758) 

Life Cycle 

Disease produced by infection with larval T. so­
lium is not uncommon in regions where T solium 
adult infections exist. Therefore, it is found in the 
endemic areas listed in Chapter 14. The infection 
results from ingestion of eggs (Fig. 16.1) from a 
contaminated environment. It is also possible that 
eggs released from proglottids and regurgitated 
into the stomach reenter the small intestine and 
initiate the life cycle. 

The larval tapeworm (i.e., onchosphere) pene­
trates the intestinal wall and enters the blood­
stream. Eventually, it enters one of many tissues 
(e.g., striated muscles, heart, brain, eye, etc.) 
and encysts, developing into a cysticercus measur­
ing approximately 5 mm X 10 mm (Fig. 16.2A 
and B). 

Pathogenesis 

Regardless of the tissue affected, pathological 
consequences are those of a space-occupying le-

Figure 16.1. Egg of Taenia solium. This stage causes 
infection in the intermediate host (the pig) and larval 
infections (cysticerci) in man . X625. 

ulosus, E. multilocularis, Multiceps multiceps, M. 
serialis, M. brauni, and a group of related tape­
worms of the genus Spirometra. 

Only larval infections with T solium (cysticer­
cosis) and E. granulosus (hydatid disease) will be 
discussed fully. 

sion. Cysticerci in brain tend to grow to a larger 
size than those in other tissues (Fig. 16.3). In addi­
tion, occasionally a cysticercus may develop within 
a ventricle of the brain, leading to hydrocephalus. 
There is no cellular response to living cysticerci. 
Ultimately, the cysticerci die and become calcified, 
usually within 2 years after the initial infection. 
The process of calcification may be accompanied 
by the release of antigens, thus inducing an acute 
local inflammatory reaction, which may be clini­
cally significant in cerebral cysticercosis.! 

Clinical Disease 

The patient with cysticercosis is usually asympto­
matic, but may notice painless subcutaneous nod­
ules, or small, discrete swellings of particular mus­
cles, in which cysticerci have lodged. If a 
cysticercus lodges in the eye, it invades the retina 
(Fig. 16.2C). It may also invade the vitreous hu­
mour and the anterior chamber of the eye (Fig. 
16.4), giving the patient impressions of shadows. 
Secondary reactions are expressed as conjunctivi­
tis, retinitis, uveitis, and eventual atrophy of the 
choroid. 

Cerebral cysticercosis may present as a space­
occupying lesion and in every respect can mimic 
a tumor. Thus seizures, hydrocephalus, and focal 
neurological abnormalities may be the presenting 
signs. 

Diagnosis 

Specific diagnosis is difficult to establish, because 
cysticerci causing severe symptoms are not readily 
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A 

Figure 16.2. The cysticercus stage of Taenia solium can 
be found anywhere in the body. It causes serious clinical 
problems if it is located in the eye (A and B). Hooks 
are clearly visible in B, identifying this as a cyst of T. 
solium. C. Section of eye with a single cysticercus of 
Taenia solium. The presence of hooks (arrow) identifies 
the species of the larval tapeworm. A, X4; B, X 16; C, 
X52. 

Figure 16.3. A single cysticercus of Taenia solium is 
seen in the left cerebral cortex (arrow). Five others were 
found in different parts of the brain. The patient died 
of a mesothelioma, an unrelated disease. The cysts were 
an incidental finding at autopsy. 

• 

B 

c 



Figure 16.4. A free-floating cysticercus (arrow) in the 
anterior chamber of the eye. This patient also had lesions 
in the brain and throughout the musculoskeletal system. 

accessible to examination. If a patient suspected 
of cysticercosis also has an intestinal infection with 
T. solium (diagnosed by examination of a passed 
proglottid), the suspicion that the space-occupying 
lesion is a cysticercus is strengthened. Likewise, 
if in addition the patient presents with subcutane­
ous lesions, they can be biopsied and the diagnosis 
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confinned by locating the hooklets in section. 
Small punctate densities seen on a radiogram of 
the extremities may also help establish the diagno­
sis of cysticercosis. The lesions can usually be iden­
tified by computerized axial tomography.2 

The presence of arc 5 on immunoelectrophoresis 
is a further indication of a larval taeniid infection. 3 

Treatment 

There is no standard drug therapy for cysticerco­
sis, but experimental studies in mice suggest that 
mebendazole may be effective.4 Surgical removal 
of an accessible symptomatic lesion is the only 
direct effective management. However, in most in­
stances this is not possible, and symptomatic ther­
apy, including anticonvulsant drugs in cerebral 
disease, is the only recourse available. 

Prevention and Control 

See Prevention and Control section in Chapter 
13 (Taenia saginata). 

Echinococcus granulosus (Batsch 1786) 

Echinococcus granulosus, a parasite of dogs, is one 
of the smallest tapeworms, measuring only 5 mm 
in length and consisting of a scolex and only three 
segments. The adult lives in the small intestine 
of dogs and other canidae. Only the larval form 
of the infection is found in the human host and 
causes space-occupying lesions known as hydatid 
cysts. This infection is considered very serious and 
has resulted in fatalities. 

The distribution of the adult and larval infec­
tions parallels sheep husbandry. Thus Greece, Ru­
mania, Spain, Italy, Argentina, South Africa, 
U.S.S.R., Turkey, Lebanon, Syria, and Egypt are 
endemic foci of infection. In Lapland (i.e., north­
ern Scandinavian countries), herding of reindeer 
is also associated with this infection. Small, en­
demic areas of infection exist in the United States, 
primarily in California, Utah, and Arizona, where 
newly immigrated Basques and American Indians 
are predominantly involved.5 

Historical Information 

As was true for other tapeworms, E. granulosus 
was recognized as a pathological entity (in this 

instance, the hydatid cysts) long before it was for­
mally described. In 1766 Pallas6 described and 
sketched the hydatid cysts that he removed from 
the viscera of mice and compared them with those 
recovered by others from human infections. The 
larvae (i.e., protoscoleces) were depicted in detail 
in 1782 by Goeze7 in his classic monograph. The 
adult worms in the dog were first reported by 
Siebold8 in 1853. Finally, Naunyn9 in 1863 fed 
the contents of hydatid cysts derived from a human 
infection to dogs and recovered the adult tape­
worms. Thus, these experiments provided the link 
between the animal and human infection cycles. 

Life Cycle 

The adult worm of E. granulosus (Fig. 16.5) lives 
in the small intestine of the dog, its definitive host. 
All domestic breeds of dog are susceptible to the 
infection. In addition, wild dogs, wolves, coyotes, 
and jackals can harbor the adult infection. 

The gravid segment (one per adult tapeworm) 
breaks off and disintegrates in the large bowel, 
releasing hundreds of infective eggs that then pass 
out with the feces. The sheep, as well as other 
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Figure 16.5. Adult Echinococcus granulosus. The entire 
worm consists of scolex and three proglottids. It lives 
in the small intestine of the dog. X50. 

animals including man, acquire the larval stage 
by ingesting the egg (Fig. 13.4). 

The onchosphere hatches in the small intestine 
and reaches the liver, the most commonly infected 
organ, by the hematogenous route. Once in the 
tissue, the larva secretes a hyaline membrane and 
become surrounded by it. This membrane eventu­
ally differentiates into an outer, acellular laminate 
structure and an inner, germinal layer. The inner 

A 

B 

C 
Figure 16.6. A, B, and C. The brood capsules (arrows) 
of the hydatid cyst of Echinococcus gran u losus bud from 
the germinal membrane and are more clearly seen at 
higher magnifications (8). The protoscoleces are seen 
best in C; each can give rise to an adult tapeworm if 
it is eaten by a dog. A, x22; B, X48; C, X 105. 

surface of the germinal layer gives rise to protosco­
leces (Le., the units infectious for the definitive 
host) and more outer membrane material (Fig. 
16.6A-C). 

The hydatid cyst (Fig. 16.7) requires several 
months to mature. The fully grown cyst is filled 
with fluid and can contain hundreds of thousands 
of protoscoleces. The diameter of the mature outer 
cyst varies from 2 cm to 20 cm and sometimes 
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Figure 16.7. A dish with many daughter cysts of Echi­
nococcus granulosus that were recovered from a single 
large hydatid cyst. XO.33. 

is even larger. The fluid portion of the cyst contains 
both host and parasite components, and it is from 
this fluid that the antigen used in the serodiagnosis 
of this infection is derived. 

For the life cycle to be completed, the hydatid 
cyst and its contents (i.e., the protoscoleces) must 
be ingested by a canine host. This commonly oc­
curs when infected sheep are slaughtered and or­
gans containing hydatid cysts are fed to the sheep­
dogs. 

The protoscolex released from the hydatid cyst 
attaches itself by its four suckers and a row of 
hooks to the wall of the small intestine. New, 
gravid proglottids are produced within about 2 
months after ingestion of the protoscoleces. 

The dogs do not seem to become ill from the 
effects of even heavy intestinal infections, which 
may exceed a million adult worms. 

Pathogenesis 

Hydatid disease develops as the result of rapid 
growth of the cyst, or of cysts, and subsequent 
expansion of the cyst wall. 

When a cyst ruptures, the fluid content and the 
protoscoleces contained within it are released into 
the body. This may lead to an immediate anaphy­
lactic reaction. Moreover, the cyst contents may 
seed, the area and invade new tissues to produce 
second-generation hydatid cysts. Even a small 
piece of the germinal layer can reestablish an entire 

hydatid cyst. In this sense, E. granulosus is a met­
astatic parasite. 

Clinical Disease 

The symptoms are those of a large space-occupy­
ing lesion. If the liver is involved, it tends to be­
come enlarged. The cyst presents as a palpable, 
soft, non tender, intrahepatic mass. The uninvolved 
bulk of the liver remains normal. Involvement of 
the lung is usually identified by a chance radiogram 
or the coughing up of bloody sputum in which 
protoscoleces or hook lets can be found. Rupture 
of a cyst, wherever it is lodged, may occur even 
after a relatively minor blunt trauma and often 
leads to an allergic reaction. It may be mild and 
limited to urticaria, or may take the form of ana­
phylactic shock, requiring immediate intervention. 

Diagnosis 

As in the case of any space-occupying lesion, diag­
nosis must be made by a variety of tests, most 
of them nonspecific. Scans, using radionuclides 
such as gallium or technetium, can identify such 
cysts; so can ultrasonography. Computerized axial 
tomography, not yet widely used in the diagnosis 
of hydatid cysts, will undoubtedly become a prime 
diagnostic means for localization of the cysts. Plain 
radiograms can reveal only calcified cysts, which 
usually contain noninfective protoscoleces. 

Immunoelectrophoresis is an important tool in 
the serodiagnosis of E. granulosus, and its use has 
improved laboratory testing in this disease. Hyda­
tid cyst fluid is used as the antigen in electrophore­
sis, reacting with the patient's serum.3 Arc 5 of 
the pattern is diagnostic for E. granulosus (Fig. 
16.8). Almost all patients with active infections 

Figure 16.8. Immunoelectrophoretic pattern of serum 
from a patient with a viable hydatid cyst (B). The trough 
(A) contained a known positive serum. The antigen used 
was concentrated hydatid cyst fluid. Arc 5 (arrow) is 
diagnostic for infection with larval taeniid tapeworms. 
(Courtesy of Dr. P. Schantz) 



Figure 16.9. Hooklets of Echinococcus granulosus 
found in sputum of a patient who had hydatid disease. 
X580. 

can be diagnosed by this method. Reliable comple­
ment fixation and indirect hemagglutination tests 
are also available. In old cases, in which the proto­
scoleces have died and the cyst itself has become 
calcified, finding hook lets (referred to as hydatid 
sand) is diagnostic for E. granulosus (Fig. 16.9). 
At this late stage of the disease, serological tests 
may be negative. 

Most important to the diagnosis of hydatid dis­
ease is taking of an accurate case history. Owner­
ship of dogs, life on a sheep farm, even in child­
hood, especially in endemic areas, and history of 
travel to endemic areas are all important factors 
suggesting the possibility that a suspected mass 
is indeed a hydatid cyst. 

Definitive diagnosis can be established only by 
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microscopic identification of the hydatid tissue or 
its contents (Fig. 16.6). 

Treatment 

Cysts containing living protoscoleces should be 
removed surgically to prevent their inadvertent 
rupture. Obviously, the probability of a successful 
removal depends on the location of the cysts. If 
such a cyst is accessible, it must be handled gently 
to preclude rupture during surgery. A variety of 
means have been recommended for prevention of 
spillage and metastatic seeding of the cyst fluid. 
These include scolecidal solutions, such as hyper­
tonic glucose or saline solution, 50% ethanol, or 
a 10% formaldehyde solution. After the cyst is 
exposed, a small amount of its content is aspirated 
and replaced with one of the scolecidal solutions. 
This procedure is repeated until the entire content 
of the cyst becomes filled with the solution. Alter­
natively, cryosurgery has been used.!O When surgi­
cal removal is impossible, high doses of mebenda­
zole (40 mg/kg/24 h) administered over a long 
period (1-6 months) have been tried with variable 
success.!! 

Prevention and Control 

Infection of dogs with E. granulosus must be pre­
vented. Control is best achieved through avoidance 
of feeding dogs any infected organs of the slaugh­
tered sheep and other animals and by treatment 
of infected dogs with niclosamide.!2 A more effec­
tive method has been mass slaughter of infected 
dogs in isolated, well-defined ecosystems.!3 Public 
health education in endemic areas has led to de­
creased incidence. 

Echinococcus multilocularis (Leuckart 1863) 

The adult stage of E. multilocularis usually infects 
sylvatic canine mammals, such as fox, but may 
also infect wild and domesticated dogs. The inter­
mediate hosts include a wide variety of rodents, 
such as voles, field mice, and ground squirrels. 
Infection in man is analogous to that in the inter­
mediate host. Human infections have been re­
ported in Alaska, North Dakota, and Minnesota, 

in the United States; in Manitoba, Saskatchewan, 
and Alberta, in Canada; in Siberia, the U.S.S.R.; 
and in Europe. 

Infection begins when the intermediate host has 
ingested the egg. The larva hatches in the small 
intestine and invades the liver by the hematoge­
nous route. It develops in the liver into an alveolar 
type of cyst (Fig. 16.10). Ingestion of diseased liver 
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by the definitive hosts leads to infections with the 
adult stage of the worm, which completes the life 
cycle. 

In man, the incubation period of larval infection 
with E. multilocularis is probably quite long, be­
cause the initial exposure apparently occurs in 
childhood, whereas the disease has been recog­
nized mainly in adults.14 Lesions of the liver usu­
ally are only membranous, with no identifiable pro­
toscoleces within. 

No therapy has been fully effective, but meben­
dazole in high doses for 4 months has been tried 
with some success. 15 Rarely surgery can be effec­
tive.16 

Multiceps spp. 

Multiceps spp. are a group of tapeworms usually 
infecting dogs and other canidae, which are their 
definitive hosts. The intermediate hosts are domes­
tic cattle, horses, and goats and some wild herbivo­
rous game animals of Africa. Man acquires the 
larval infection, known as coenurus disease, which 
resembles cysts found in the intermediate hosts. 
Human infections have been largely confined to 
the African continent, but a few cases have been 
described from France, England, and North and 
South America. 

Spiro metra spp. 

Sparganosis represents an infection with the larval 
stages of tapeworms, all of which belong to the 
genus Spirometra. The definitive hosts for many 
of the species of spirometra have not been identi­
fied. Cats and dogs have been shown to harbor 
adult S. mansonoides. Moreover, cats can be ex­
perimentally infected with S. ranorum. Cases of 
sparganosis have been reported from Southeast 
Asia, Japan, China, and Africa. The intermediate 
hosts represent a broad spectrum of vertebrates, 
viz. amphibia, reptiles, birds, or mammals. 

Figure 16.10. Section through the liver of a rodent 
(vole) infected with the alveolar cyst of Echinococcus 
multilocularis. In human alveolar infection, the germi­
nal membrane and acellular laminate layer are present, 
but protoscoleces or hooklets are usually not recovered. 
X63. 

The larva usually invades the brain. It must 
be distinguished from other space-occupying le­
sions due to parasites, such as cysticerci and hyda­
tid cysts. 

Diagnosis is based on clinical, epidemiological, 
and laboratory findings. No serological tests are 
currently available. 

Treatment involves surgery if the lesion is acces­
sible. No chemotherapy is available. Prevention 
is not possible, because reservoir hosts include a 
large number of species of wild animals. 

Human infection results from ingestion of raw 
or undercooked flesh of any of the numerous inter­
mediate hosts and from application of such flesh 
as poultices. The larval worms usually migrate 
into the subcutaneous tissues and grow into ir­
regular nodules. The surrounding tissues become 
edematous and painful. 

Treatment is surgical; there is no effective che­
motherapy. Prevention is difficult, because of the 
entrenched dietary habits and other customs. 
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17. Tapeworms of Minor Medical Importance 

Hymenolepis nana (Siebold 1852) 

Historical Information 

This cyclophyllidean tapeworm was identified as 
a pathogen by Bilharz1 in 1852 during an autopsy 
of a child. It is now known to be a cosmopolitan 
parasite. Hymenolepis nana is small, measuring 
35-45 mm in length. The adult consists of 150-
200 proglottids and lives loosely attached to the 
wall of the small intestine. 

Life Cycle 

Infection with H. nana is acquired by the ingestion 
of embryonated eggs (Fig. 17.1). When the eggs 
hatch in the small intestine, the larva, known as 
an onchosphere, penetrates the lamina propria of 
a villus and undergoes development into the pre-

. " 

• 
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Figure 17.1. Embryonated infectious egg of Hyme­
nolepis nana. X 1000. 
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adult cercocyst (Fig. 17.2). The cercocysf then en­
ters the intestinal lumen and attaches to the surface 
of the villous tissue, where it finally develops, after 
approximately 3 weeks, into a mature adult (Fig. 
17.3). The adult worm remains attached to the 
villus with the aid of four suckers and hooklets 
on its scolex (Fig. 17.4). 

Self-mating between adjacent proglottids results 
in production of hundreds of fertilized eggs. As 
the segments break off from the strobila and disin­
tegrate in the small intestine, the eggs are freed 
and either pass out with feces or hatch in the small 
intestine, and reinfect the villous tissue. In some 
cases, hundreds of adult H. nana can be found 
in individuals in whom this process of autoinfec­
tion takes place. Eggs deposited in the feces con­
tinue the cycle if they are ingested by man or a 
small rodent. 

Pathogenesis 

In light infections, there is no tissue damage. When 
the infection is heavy, as in cases of autoinfection, 
there may be sufficient damage to the mucosal 
surface to cause diarrhea. 

Infection in adult patients, but not in young 
children, is usually self-limited, probably reflecting 
the ability of the host to develop protective immu-

if 

Figure 17.2. Cercocyst of Hymenolepis nana. This stage 
develops in the villous tissue of the small intestine. x200. 

s·~ 

Figure 17.3. Entire adult of Hymenolepis nana. S, sco­
lex. xII. 

nity. In experimental infections of rodent hosts, 
antibodies protect against reinfection. 2 

Clinical Disease 

Diarrhea is the most prominent symptom of heavy 
infection. Although headaches and convulsions 
have been attributed to this infection, there is no 
evidence of a causal relationship. 

Diagnosis 

Discovery of embryonated eggs (Fig. 17.1) in the 
stool provides definitive · diagnosis. When whole 



pieces of strobila are passed, they can be identified 
directly, or the eggs can be expressed from the 
gravid proglottids and then identified. 

Treatment 

Niclosamide is the drug of choice, but it is less 
effective than in therapy of T. saginata (Chapter 
13) because of autoinfection. Therefore, reexami­
nation of the patient's stool following therapy is 
important because an additional course of therapy 
may be necessary. It may be prudent to accept 
failure of therapy in patients who are asympto­
matic. 

Prevention and Control 

Control is best effected by prevention of contami­
nation with human feces of food and water sup­
plies. Owing to the mechanism of autoinfection, 
it is difficult sometimes to eradicate the worms 
from individual patients. Rodent reservoir hosts 
contaminate the environment and cannot be con­
trolled readily. 
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Figure 17.4. Scolex of Hymenolepis nana. X 150. 

Hymenolepis diminuta (Rudolphi 1819) 

Historical Information 

Hymenolepis diminuta was formally described by 
Rudolphi3 in 1819, but credit is given to Weinland4 

for first describing the infection in man in 1858. 
The adult worm measures about 50 cm in length. 

The scolex (Fig. 17.5) has four suckers, but no 
hooklets and the strobila contains about 1000 pro­
glottids (Fig. 17.6A-C). 

Life Cycle 

H. diminuta is acquired by ingestion of the cerco­
cystis stage. The cercocystis lives within the body 
cavity of a wide variety of insects including fleas 
and flour beetles, which are the intermediate hosts. 

Once ingested by man, the cercocystis is freed 
from invertebrate tissues by the digestive processes 
of the host. It then everts its scolex and becomes 
transformed into an adult, which matures within 
25 days. 

After self-fertilization each gravid proglottid 
breaks off from the strobila and disintegrates in Figure 17.5. Scolex of Hymenolepis diminuta. X21O. 
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A 

6 Figure 17.7. Embryonated infectious egg of Hyme­
nolepis diminuta. X 1000. 

B 

C 
Figure 17.6. Proglottids of Hymenolepis diminuta. 
A. Immature proglottids; D. mature proglottids; 
C. gravid proglottids. A, D, and C, X22. 

the small intestine. The eggs are passed with the 
feces and are ingested by the invertebrate interme­
diate host (usually an insect) to continue the life 
cycle. The eggs hatch within the lumen of the 
invertebrate gut tract, and the freed onchosphere 
penetrates its body cavity and develops into the 
cercocystis, the stage infective for man. The life 
cycle is completed when infected insects are inad-

vertently eaten by man. Other vertebrates (e.g., 
rats, mice, and dogs) also serve as definitive hosts. 

Pathogenesis 

H. diminuta induces no tissue damage. 

Clinical Disease 

There are no clinical symptoms attributable to this 
infection. 

Diagnosis 

Identification of eggs (Fig. 17.7) in the stool is 
the definitive method of diagnosis. Occasionally, 
whole segments of adult worms, which can be iden­
tified directly, are also passed in the feces. It is 
possible to express eggs from such gravid segments 
and identify them. 

Treatment 

Niclosamide is the drug of choice. 

Prevention and Control 

H. dim in uta, like H. nana, must be controlled 
both in the infected individual and in the reservoir 



host, but the latter is highly unlikely. Treatment 
of infected pets, particularly dogs, and rodents 
with niclosamide will aid in prevention of this in­
fection. 
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Community efforts to curtail contamination of 
food, especially whole grains and processed flour, 
by insects containing the intermediate stage of the 
worm is an effective control measure. 

Dipylidium caninum (Linnaeus 1758) 

Dipylidium caninum lives as an adult in the lumen 
of the small intestine of the dog, cat, fox, hyena, 
and occasionally, man. It requires a flea as its inter­
mediate host. The name of the genus is of Greek 
origin, and means double pore or opening. 

Life Cycle 

The infection is acquired by ingestion of an in­
fected flea, usually Ctenocephalides canis or C 
felis (see Chapter 37). The cysticercoid larva is 

Figure 17.8. Scolex of adult Dipylidium caninum. 
X156. 

released from the flea by the action of digestive 
enzymes of the host, attaches to the villous surface 
of the small intestine, and grows to an adult worm 
(Figs. 17.8-17.10), which can reach 50 cm in 
length within 25 days, when it begins to shed 
gravid proglottids (Fig. 17.10). The gravid proglot­
tids disintegrate and release the eggs (Fig. 17.11), 
which accumulate in the feces and are passed to 
the external environment, where they are eaten 
by the flea. As in the case of H. dim in uta, the 
onchosphere penetrates the body cavity of the flea 
and develops into the cysticercoid larva, the infec­
tive stage for man. Small children are frequently 
infected when they are in close contact with dogs 
or cats and inadvertently swallow an infected flea. 

Pathogenesis 

There are no known pathogenic effects of this in­
fection in man. 

Figure 17.9. Immature proglottids of Dipylidium cani­
num. X30. 
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Figure 17.10. Gravid proglottid of Dipylidium cani­
num. Note the two lateral pores (arrows). X26. 

Diagnosis 

Diagnosis is made by microscopic examination of 
the stool. The characteristic morphology of the 
clusters of eggs (Fig. 17.11) in the stool facilitates 
identification. If whole proglottids are found, they 
are also readily identifiable (Fig. 17.10). 

Treatment 

The drug of choice is niclosamide. 

• 

Figure 17.11. Eggs of Dipylidium caninum. Many eggs 
are contained within each packet in the gravid proglot­
tid. They are infectious for the intermediate host, the 
flea. x280. 

Prevention and Control 

Eradication of fleas in pets and treatment of in­
fected animals with niclosamide will reduce the 
chances of human infection. 
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The Trematodes 

Introduction 

The class Trematoda is divided into two orders, 
Monogenea and Digenea, both of which consist 
of obligate parasites. All of the trematodes ofmedi­
cal importance are classified within the order Dige­
nea, and include the blood flukes, the intestinal 
flukes, and the tissue flukes. They are mainly found 
throughout the tropics and sUbtropics and only 
rarely are encountered in the temperate zones. 

Anatomy and Physiology 

Flukes of the order Digenea possess one of two 
reproductive styles. They are either monoecious, 
in which case the sexes are combined in single 
individuals, or dioecious, in which case the sexes 
are separate. 

The outer surface of the adult worm consists 
of tegument, which serves as an absorbing surface 
for nutrients. It is covered by microvilli, under­
neath which there are mitochondria, pinocytes, 
and other structures promoting absorption. Pino­
cytosis and active transport of low-molecular 
weight nutrients enable the worm to be nourished 
by the digested foodstuffs in the small intestine 
of the host. In addition, the flukes have a func­
tional gut tract into which they ingest tissues of 
the host. 

The tegument covers several layers of muscles. 
The muscle layers are innervated by a pair of dor-

sal ganglia, which give rise to lateral peripheral 
nerves running the length of the body. Commis­
sures from the lateral nerves innervate various or­
gans including the musculature, gut tract, and re­
productive organs. 

The gut tract originates at the oral cavity, which 
is enveloped by the anterior sucker. The ingested 
matter is pumped down into a bifurcated, intestinal 
tract, which ends blindly. Digestion, aided by en­
zymes, which include a variety of proteases, Ii­
pases, aminopeptidases, and esterases, takes place 
within this structure. 

The flukes have no body cavity; the organs are 
embedded in the parenchyma. 

Trematodes excrete solid wastes by reverse 
peristalsis in the gut tract, and liquids by a network 
of tubules that connect collecting organelles, 
known as flame cells, with the excretory pore of 
the parasite. 

Monoecious trematodes reproduce by self-ferti­
lization or by cross-fertilization. The eggs, supplied 
with yolk from the vitelline glands, are fertilized 
within the uterus and surrounded by a shell in 
the Mehlis' gland. They must be shed into a 
suitable environment to continue the life cycle. 

Dioecious trematodes, which include the blood 
flukes, live in copula as separate sexes. They pro­
duce eggs and fertilize them continuously. 



18. The Schistosomes: Schistosoma mansoni (Sambon 
1907), Schistosoma japonicum (Katsurada 1904), and 
Schistosoma haematobium (Bilharz 1852) 

Schistosomiasis is an infection caused by three spe­
cies belonging to the genus Schistosoma: S. man­
soni, S. japonicum, and S. haematobium. In addi­
tion, S. intercalatum has been identified as a 
pathogen in certain regions of West Africa. The 
World Health Organization estimates that at pres­
ent 200-300 million people are infected with one 
or more of these species. The geographic distribu­
tion of these parasites reflects that of their specific 
snail vectors. 

Infections with S. mansoni prevail throughout 
tropical and sUbtropical Africa, South America, 
and the Caribbean. The parasite is transmitted 
from man to man through snails belonging to the 
genus Biomphalaria. There are only a few known 
reservoir hosts, such as baboons and monkeys in 
Africa, and they usually do not transmit the infec­
tion to man. 

S. japonicum is found only in the Orient, pri­
marily in China, Malaysia, the Philippines, and, 
to a small extent, in Japan. Its snail intermediate 
hosts belong to the genus Onchomelania. Dogs, 
monkeys, rats, pigs, and cattle serve as its impor­
tant reservoir hosts. It is uncertain whether S. 
mekongi, found in northeastern Thailand, Laos, 
and Cambodia, is a separate species or a variant 
of S. japonicum. 

S. haematobium is prevalent in Africa, the Mid­
dle East, and southwestern India. The intermediate 
hosts are members of the genus Bulinus. It has 
no important reservoir hosts, although during an 
epidemic of the infection in the Omo River Valley 
of Ethiopia the origin of S. haematobium was 
traced to monkeys.l 

Historical Information 

Bilharz, in a succession of letters written between 
1851 and 1853 to his friend and mentor, von Sie­
bold, accurately described many helminths infect­
ing man, including S. haematobium. In 1902, 
Manson described a case of schistosomiasis in an 
Englishman who traveled extensively throughout 
the Caribbean and who had many eggs with lateral 
spines in his feces but not in his urine.2 Sambon3 

in 1907 recognized that there were two blood 
flukes on the basis of morphology and origin of 
the eggs in stool and urine. In tribute to Manson, 
Sam bon named this new organism after him. 
Shortly thereafter, in 1908, S. mansoni was also 
discovered in South America by Piraja da Silva.' 
In 1915 Leiper5 conducted extensive investigations 
on schistosomiasis and reported the life cycle of 
S. mansoni. He accurately described its snail inter­
mediate host and morphology of the adult worms. 

In 1904, Katsurada6 described and named the 
adult worms of S. japonicum, which he found in 
a naturally infected cat. Coincidentally, Catto, a 
Scotts man working in Singapore, described an 
identical adult worm in a patient who died of 
cholera.7 He proposed for it the name S. cattoi, 
but his publication was delayed. Earlier, in 1888, 
Majima8 observed eggs of S. japonicum in the liver 
he examined at autopsy. He was unaware of the 
adult worms, but correctly deduced that the eggs 
had, in some way, caused the cirrhosis. The con­
nection between the clinical disease, Katayama fe­
ver, and the presence of S. japonicum infection 
was made by Kawanishi,9 in 1904, when he found 
eggs of this blood fluke in the stools of patients 
suffering from the acute phase of the infection. 
The details of the life cycle were worked out by 
Fujinami and Nakamura10 in 1909 and by 
Miyagawall in 1912. Onchomelania sp. snails were 
identified as vectors by Miyairi and Suzuki12 in 
1914. 

Ancient Egyptians believed that the advent of 
manhood was signaled by the appearance of blood 
in the urine, analogously to the advent of woman­
hood, signaled by menstruation. The hematuria, 
in fact, represented a late manifestation of S. 
haematobium infection. Autopsies of mummies 
conducted in modern times indicate that this infec­
tion was present at least as long ago as 1200 B.C. 

Clinical disease and its pathology were described 
in detail by Griesinger13 in 1854. He noted the 
relationship of the infection to the involvement 
of the bladder and ureters. Leipets in 1915 de­
scribed the life cycle of S. haematobium, its inter­
mediate host, and its morphology. He also investi-
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gated susceptibility of various indigenous ani­
mals of northern Egypt to infection with S. hae­
matobium and found that rats and mice were 
susceptible. 

Life Cycle 

Unlike other trematodes, schistosomes have sepa­
rate sexes. The females are larger than the males, 
measuring 15 mm in length; the males measure 
10 mm. The adult schistosome species are most 
easily distinguished by the morphology of the 

males. The outer tegumental surface of the male 
S. mansoni (Fig. IS.IA) is covered with papillae; 
the male S. japonicum is smooth; the male S. hae­
matobium has widely spaced tubercles, which are 
shorter than the papillae of S. mansoni. 

The schistosomes remain in copula (Fig. IS.IB) 
during their life span. The habitat of S. mansoni 
is the inferior mesenteric veins (Fig. IS.2). S. ja­
ponicum lives in the superior mesenteric veins, 
but some worms find their way to the choroid 
plexus, venules around the spinal column, and 
other ectopic locations. S. haematobium is found 

A 

Figure 18.1. A. Scanning electron micrograph of adult 
(09) Schistosoma mansoni. Note ventral suckers (VS) 
and anterior suckers (AS) on each adult worm. B. A 
pair of adult worms as they appear under the light mi­
croscope. A, X42; B, X7.S. (A: From Kessel RG, Shih 
CY: Scanning Electron Microscopy in Biology. New 
York, Springer-Verlag, 1976. Reproduced with permis-

B sian.) 
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Figure 18.2. Adult Schistosoma mansoni in situ in the 
mesenteric venules of an infected mouse. Only the dark­
ened, egg-laden uteri of the females are visible (arrows). 
XS.2. 

in the venus plexus surrounding the urinary blad­
der, but the route by which it arrives at this site 
is unknown. 

The nutritional requirements ofthe three species 
are served by hemoglobin. 14 They split apart the 
hemoglobin molecule enzymatically,15 digest the 
globin portion, and regurgitate the heme moiety 
into the bloodstream. They also absorb low-mo­
lecular weight nutrients such as free amino acids 
and sugars by active transport through the tegu­
mental surface and store glycogen as a reserve 
source of energy. Their energy metabolism is facili­
tated largely through glycolysis. The worms live, 
on the average, 5-8 years; longer survival, up to 
30 years, has been claimed. 

The worms mate continuously as the male sur­
rounds the female with his gynocophoric canal. 
The females lay eggs throughout their lives. The 
eggs of S. mansoni (Fig. 18.3A and B) are oval 
and possess a lateral spine; those of S. japonicum 
(Fig. 18.4) are globular and lack a spine; those 
of S. haematobium (Fig. 18.5) are oval, with a 
terminal spine. The female S. mansoni produces 
approximately 300 eggs every day; S. japonicum. 
1500-3000; the egg production of S. haematobium 
has not been determined. The eggs pass through 
the birth pore located within the posterior sucker. 
When the worm applies the sucker to the endothe­
lial surface of the vein, the fully embryonated eggs 
penetrate the endothelium and enter the surround­
ing connective tissue. The secretions of the larval 
stage, the miracidium (Fig. 18.6), within the egg, 
contain proteolytic enzymes that lyse tissue and 
facilitate this process. The eggs tend to collect in 

A 

B 

Figure 18.3. A. Embryonated egg of Schistosoma man­
soni. Note the characteristic lateral spine. B. The egg 
hatches upon contact with fresh water. A and B, x300. 

Figure 18.4. Embryonated egg of Schistosoma japoni­
cum. X700. 
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Figure 18.5. Embryonated egg of Schistosoma haemato­
bium. Note the characteristic terminal spine. X 340. 

Figure 18.6. Ciliated miracidium of Schistosoma man­
soni. X300. 

,; , 
,. 

Figure 18.7. Eggs (arrows) of Schistosoma mansoni in 
the villi of the small intestine. X lIS. 

the submucosa (Fig. 18.7) before breaking out into 
the lumen. 

When the adult worms move to another location 
within the vein, they raise the posterior sucker 
from the endothelial surface, thus allowing eggs 
to be swept with the flow of blood to the liver. 
In S. mansoni infections 50% of all eggs produced 
reach the liver. Eggs that reach the lumen of the 
small intestine are included in the fecal mass. Eggs 
reaching the bladder are swept out with the urine. 
For the life cycle to continue, the feces or the 
urine must be deposited in fresh water so that 
the miracidia can hatch and reach the appropriate 
snail (Figs. 18.8 and 18.9). 

Figure 18.8. The most common intermediate host for 
Schistosoma mansoni, Biomphylaria glabrata. X2.S. 

Figure 18.9. The intermediate host of Schistosomajapo­
nicum, Onchomelania sp. XS. 



The miracidium seeks out its snail host by che­
motaxis and enters the soft, fleshy parts of the 
snail, facilitating the passage by the use of proteo­
lytic enzymes. Within the snail, the miracidium 
invades first lymph spaces and later the hepatopan­
creas. Infection proceeds by sequential stages of 
development beginning with the sporocyst, fol­
lowed by the daughter sporocyst, and finally the 
cercaria (Fig. 18.10). During each stage of the de­
velopment, there is an increase in the number of 
individuals and, ultimately, in S. mansoni. some 
4000 cercariae are produced from a single mira­
cidium. Each miracidium gives rise to either male 

, 
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or female cercariae. The cercariae exit from the 
snail. aided by the proteolytic enzymes. An in­
fected snail can produce up to 40,000 cercariae 
before it becomes overwhelmed and dies. 

The cercariae of S. mansoni are positively pho­
totropic and negatively geotropic, and therefore 
accumulate at the surface of water. The tropisms 
of the other two species are not so well understood, 
but their cercariae also are found at the surface. 
The cercariae actively swim until they come in 
contact with the definitive host, whom they must 
reach within 8 h; otherwise they exhaust their re­
serve glycogen and die. 

Infection is initiated when the cercariae pene­
trate human skin through a hair follicle; this step 
requires about one-half hour. They shed their tails 
on penetration and are rapidly transformed within 
the dermal layer of skin into the schistosomula 
stage. After approximately 2 days, the schisto­
somulae migrate through the bloodstream to the 
capillaries of the lung, then into the heart and 
the liver parenchyma and mature to adult worms 
(Fig. 18.11). 

Figure IS.11. Adult Schistosoma mansoni in the liver. 
Figure IS.10, Cercaria of Schistosoma mansoni. X250. Xl00. 
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The proportion of cercariae that eventually be­
come adult schistosomes is small. For S. mansoni 
it has been estimated to be in the range of 20%,16 

Other mammalian species, including baboons, 
rhesus monkeys, chimpanzees, mice, and rats, can 
be experimentally infected with the cercariae of 
S. mansoni. In the rat few viable eggs are pro­
duced. 

Pathogenesis 

Penetration of the skin by cercariae causes no ma­
jor reaction, but repeated exposure leads to sensiti­
zation and the development of a maculopapular 
rash. 

Many schistosomes parasitic for animals can in­
fect man, but fail to complete their life cycle. They 
also cause a hypersensitivity skin reaction, known 
as "clam digger's itch" or "swimmer's itch." There 
are no major reactions to the developing worms 
in the liver or to the adult worms in the mesenter­
Ies. 

The development of protective immunity may 
be directly related to immunological reactions 
against the schistossomulae in the dermis, and 
probably involves both eosinophils and antibod­
iesY The schistosomula is the stage against which 
the protective immune responses of the host are 
primarily directed. One theory suggests that im­
munological reactions against the adult schisto­
some do not result in expulsion of the worms be­
cause the worms incorporate certain proteins of 
the host into the outer tegumental surface, thus 
camouflaging themselves. IS This may not be the 
only mechanism of protection. Experimental evi­
dence suggests that the worm actually loses immu­
nogenicity of its surface components during long­
term infections. 

It is the egg of the schistosome that is primarily 
responsible for host reactions associated with the 
infection. The damage caused by the eggs is related 
to the host response to the secretions of the egg, 
or soluble egg antigens (SEA).19 In the intestine, 
erosion of the submucosa and villous tissue by 
secreted proteolytic enzymes results in inflamma­
tion of the submucosa and sloughing of cells. Gas­
trointestinal hemorrhage can result from the dam­
age to the submucosa. 

Eggs swept back into the liver block the presinu­
soidal capillaries and, at the same time, the SEA 
elicit T -cell-dependent granulomas (Fig. 18.12) 

Figure 18.12. Section of liver from a patient infected 
with Schistosoma mansoni. The eggs (arrows) have be­
come surrounded by granulomas that have become fi­
brosed. X 100. 

that accumulate around each egg. 20 These granulo­
mas eventually kill the egg, become fibrosed, and 
obstruct the capillary. Fibrosis of the portal areas 
incorporating the blood vessels leads to pipe stem 
cirrhosis and, ultimately, to portal hypertension. 
Development of collateral circulation, which in­
cludes formation of esophageal varices, follows. 
Parenchymal liver cells are unaffected by the gran­
ulomas and liver function remains normal. The 
eggs are also carried to the spleen, which becomes 
hyperplastic and contributes to the increased pres­
sure in portal circulation. 

Collateral circulation washes eggs into the capil­
lary bed of the lungs, which leads to pulmonary 
fibrosis and consequent cor pulmonale. 

Although hepatosplenic schistosomiasis is 
caused by the immunological reactions against the 
eggs, Spencer and Gibson21 claim that dead adult 
worms that wash back into the liver disintegrate 
and cause additional damage. 

Accumulation of eggs of S. haematobium 
around the bladder (Fig. 18.13) and ureters leads 
to formation of granulomas and ultimately fibrosis. 



Figure 18.13. Eggs of Schistosoma haematobium within 
the wall of the bladder. X 110. 

In addition, calcification of old eggs that remain 
in the wall results in rigidity of the bladder wall 
and subsequent increase of pressure in the ureters 
and kidneys. The bladder epithelium develops 
pseudopolyps, which can transform into squamous 
cell carcinoma in untreated patients. 

Clinical Disease 

Clinical schistosomiasis occurs only in relatively 
heavily infected individuals. Thus, the disease is 
rare in an occasional traveler through the endemic 
areas. Clinical manifestations are correlated with 
the life cycle. Within 24 h of penetration of the 
skin by the cercariae, the patient develops cercarial 
dermatitis and experiences itching, which may last 
for 2 or 3 days. 

During the migratory phase in the sensitized 
individuals, systemic reactions develop, which in­
clude eosinophilia, approaching 30%; chills and 
fever, associated with sweating; diarrhea, and 
cough. During the acute phase the patient has fe­
ver, generalized lymphadenopathy, hepatomegaly, 
and splenomegaly. This stage, known as Katayama 
fever, in patients infected with S. japonicum begins 
suddenly 2-3 weeks after the initial infection and 
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may last for I or 2 months. It may resemble ty­
phoid fever. Although spontaneous recovery is the 
usual fate of such a patient, in cases of heavy infec­
tions with S. japonicum, Katayama fever can lead 
to death. 

Neither the initial swimmer's itch nor the subse­
quent Katayama fever constitutes a major problem 
in schistosomiasis. The fundamental clinical dis­
ease is the chronic stage, directly related to the 
intensity of infection. It is caused by the granulo­
matous inflammation as host reaction to the depos­
ited eggs. Hepatomegaly represents the clinical 
manifestation of portal fibrosis. Splenomegaly fol­
lows and, in advanced cases, the spleen may fill 
much of the left side of the abdomen. The patient 
may also develop symptoms of hypersplenism. 

Portal obstructive disease due to schistosomiasis 
is no different from that of portal hypertension 
due to other causes in that it leads to hematemesis 
from ruptured esophageal varices. 

As the result of portal hypertension and the 
consequent development of collateral circulation, 
schistosome eggs are washed into the lungs, where 
they induce granulomatous inflammation and lead 
to obstructive disease and eventually cor pulmo­
nale. S. haematobium is much less likely to induce 
pulmonary schistosomiasis than the other two 
schistosomes, because only small numbers of eggs 
are washed into the lungs from the venus plexus 
through inferior vena cava. 

Rarely, all three schistosomes may induce focal 
inflammatory reactions within the central nervous 
system, caused by deposition of eggs in the spinal 
cord and in the brain. S. mansoni and S. haemato­
bium are more likely to do so in the spinal cord 
and S. japonicum in the brain. The inflamma­
tory reaction in response to deposition of the eggs 
may cause focal transverse myelitis and encepha­
lopathy. 

S. haematobium, unlike the other two schisto­
somes, causes involvement of the urinary tract, 
characterized by an inflammation of the bladder, 
that can result years later in malignant squamous 
cell epithelioma. Obstruction of the ureter due to 
inflammatory changes and fibrosis is also seen and 
leads to hydronephrosis. Symptoms of dysuria are 
common. Eggs deposited in the walls of the blad­
der and the ureter die, become calcified, and thus 
appear as radiopaque patches on radiograms of 
the urinary tract. Cystoscopic examination reveals 
characteristic granules, described as sand. This ob-
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structive disease of the urinary tract often leads 
to secondary bacterial infections. 

Diagnosis 

The definitive diagnosis is made by identification, 
with the aid of a microscope, of schistosome eggs 
(Fig. 18.3-18.5) in the stool. If a casual examina­
tion is negative, concentration of the specimen is 
required, because the number of eggs in the stool 
is relatively small. It is important to determine 
viability of eggs to decide whether the patient con­
tinues to harbor live worms. If eggs cannot be 
found in the stool specimen, a rectal biopsy (Fig. 
18.14) must be carried out. In this case it is manda­
tory to examine the biopsied epithelium, before 
it is fixed in formalin. This is accomplished by 
squashing the tissue between two microscope slides 
and examining it under low-power lens of a micro­
scope. It is helpful to refer to the specimen as a 
"rectal snip" rather than a biopsy to preclude its 
fixation and subsequent sectioning, which would 
make identification of the eggs difficult and deter­
mination of their viability impossible. 

In the case of S. haematobium, urine is exam­
ined for the presence of eggs. It can be concen­
trated by sedimentation. S. haematobium eggs 

Figure 18.14. Rectal snip from a patient infected with 
Schistosoma mansoni. The snip is positive for eggs. The 
lateral spine is diagnostic for this species. X250. 

may also be seen in stool and rectal snip specimens, 
but their numbers will be small. 

Immunological tests are available, but they do 
not distinguish active-and extensive-disease 
from simple light infection of no consequence. In­
direct immunofluorescence, ELISA, and circumo­
val precipitin tests are available. The reactions are 
positive in nearly all infected individuals. These 
tests are useful in conducting epidemiological sur­
veys. 

The extent of the disease, particularly presence 
of portal hypertension and esophageal varices, 
must be assessed by the usual diagnostic modali­
ties. 

Radiological studies can lead to the suspicion 
of S. haematobium, particularly in old cases in 
which the adult worms have died and are therefore 
no longer producing eggs. The bladder shows a 
crescent of calcification, and the ureters may be 
distended and calcified as well. 

Treatment 

The decision to treat must be made only after a 
thorough assessment of the patient and usually 
on the advice of a consultant familiar with this 
disease. It is rarely necessary to treat immediately 
and therefore there usually is an opportunity to 
seek an appropriate consultation; if a consultant 
isnot available nearby, the advice can be obtained 
by telephone or mail. Only in the case of focal 
encephalopathy or transverse myelitis must ther­
apy be started quickly, because it may arrest, or 
even reverse, these very serious manifestations. 

Treatment should be undertaken only in individ­
uals who still harbor live worms. Oxamniquine 
is the drug of choice for S. mansoni infections. 
Metrifonate should be considered the drug of 
choice for S. haematobium infections. Infections 
with S. japonicum should be treated with nirida­
zole or with antimony sodium dimercaptosucci­
nate. All antimonial drugs are quite toxic. Bone 
marrow depression and cardiotoxicity are the seri­
ous side effects of this therapy; moreover, the injec­
tions are quite painful. Reports of carcinogenicity 
of niridazole have cast doubt on the safety of this 
drug. In the United States, niridazole and metrifo­
nate are available from the Centers for Disease 
Control (Atlanta, GA). 

Praziquantel,22 a drug not yet approved for use 
in the United States, is effective against all three 



schistosomes in a single dose. It is apparently non­
toxic, but its evaluation has not been completed. 

Surgical treatment of S. mansoni infections, 
which involves an intravenous injection of tartar 
emetic, followed by extracorporeal filtration of the 
bloodstream, can reduce the number of worms, 
but is technically complicated and therefore can­
not be recommended as standard therapy. Portaca­
valor splenorenal shunts should be avoided in 
untreated schistosomiasis, because they increase 
the probability of deposition of eggs in the lungs. 
If such a shunt is mandated by the intensity of 
portal hypertension, it should be preceded by che­
motherapy of schistosomiasis. 

Prevention and Control 

Schistosoma spp. have complex biologies and 
therefore appear to present numerous weak points 
against which control programs can be directed. 
However, the fact that the number of these serious 
infections is increasing, rather than the reverse, 
suggests that effective eradication of either the 
snail vectors or the schistosomes themselves has 
not yet been achieved. Control of schistosomiasis 
at the community level has been directed at: (1) 
eradication of snail vectors with moluscicides23 
and biological agents24; (2) public health educa­
tion; (3) sanitation,25 or other engineering inter­
ventions, concerning freshwater supplies; and, to 
a lesser extent, (4) chemotherapy.26 The recent 
development of newer, safer drugs such as oxamni­
quine and praziquantel will likely increase the reli­
ance of control programs on mass chemotherapy.27 

Internationally funded research programs, 
aimed at vaccine development and serodiagnosis, 
offer promise of control or even prevention of this 
important worldwide health problem. However, 
it is clear from these studies that intervention 
strategies dependent on vaccination are many 
years away from practical application. 

Prevention of schistosomiasis on an individual 
level requires that the person never come in con­
tact with infested freshwater, or that all individuals 
defecate and urinate in sanitary facilities. These 
suggestions are impossible to carry out in much 
of the world, because of many complex economic, 
cultural, and behavioral patterns. In addition, it 
is necessary for many people to be in contact with 
freshwater for agricultural or other food-gathering 
purposes. Temporary visitors to endemic areas, 
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however, can heed the advice to avoid potential 
sources of infection. 
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19. Clonorchis sinensis (Loos 1907) 

Clonorchis sinensis infections are endemic in Ja­
pan, Korea, Vietnam, and China. In addition to 
infecting man, clonorchis can also infect dogs and 
cats. Opisthorchisfelineus. a closely related species 
of trematodes, which infects various carnivores, 
including man, occurs throughout the Philippines, 
India, Japan, Vietnam, and eastern Europe, partic­
ularly Poland and Western -U.S.S.R. O. viverrine 
is found in northern Thailand and Laos. The biol­
ogy, pathogenesis, and clinical disease caused by 
these three parasites are so similar that no separate 
description will be given for 0. felineus and O. 
viverrine. 

Historical Information 

The adult C. sinensis was first described by 
McConnelP in 1874, but Loos is given credit for 
naming it. Many of the details of its life history 
were determined by Japanese parasitologists. 
Ijima2 in 1887 discovered that C. sinensis could 
infect animals other than man and thus established 
the concept of reservoir hosts for this parasite. 
Kobayashi in 1914 found that freshwater fish was 
the intermediate vertebrate host, and 4 years later 
Mut03 extended these findings by identifying cer-

tain genera of snails (e.g., Bulimus) as the first 
intermediate hosts. The genus of snails that are 
the first intermediate host varies with geographic 
locale. 

Life Cycle 

The adult fluke (Fig. 19.1) measures approxi­
mately 19 mm by 3.5 mm and lives within the 
bile ducts, where it feeds on epithelium. 

Embryonated eggs (Fig. 19.2) pass from the 
common bile duct into the small intestine and are 
excreted with the feces. They must reach freshwa­
ter to continue the life cycle. Experimental infec­
tions of dogs, cats, rabbits, and guinea pigs showed 
that an adult worm produces between 1,000 and 
4,000 eggs per day; there is no corresponding infor­
mation for human infections. 

The miracidium hatches from the egg and ac­
tively seeks its snail host. Each species of snail 
produces unique secretions, which can be detected 
by specialized receptors on the surface of the larval 
fluke and thus act to attract the miracidium. The 
miracidium then penetrates the snail, infects its 
lymphatic system, and causes sequential produc­
tion of sporocysts, rediae, and ultimately cercariae. 
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Figure 19.1. Adult Clonorchis sinensis. X4. 

Figure 19.2. Embryonated egg of Clonorchis sinensis. 
X 1400. 

Figure 19.3. Metacercaria (arrow) of Clonorchis sinensis 
as seen under the scales of one of its intermediate hosts, 
a cyprinoid fish. XllO. 

The cercariae emerge from the snail and encyst 
under the scales of freshwater fish of the family 
Cyprinidae and under the exoskeleton of various 
freshwater crustaceae. The encysted metacercariae 
(Fig. 19.3), ingested by man during consumption 
of raw or undercooked fish or crustaceae, excyst 
in the small intestine. The immature flukes crawl 
into the common bile duct and eventually attach 
to its epithelial surface. After growing to maturity, 
the adult flukes fertilize their own eggs, thus reini­
tiating the cycle. 

Pathogenesis 

Any damage to the infected host (Fig. 19.4) occurs 
as a result of inflammatory changes induced by 
the attachment and feeding behavior of the adult 
worms. These changes are clinically significant 
only in heavy infections. They include proliferation 
and desquamation of the biliary epithelium, forma­
tion of crypts, and metaplasia. 

Clonorchis infection has been claimed responsi­
ble, by association, for a variety of disease states, 
among them cholangiocarcinoma and hepatocarci­
noma. There is no evidence that the latter bears 
any relationship to the infection with this fluke. 4 

On the other hand, cholangiocarcinoma may be 
related, although the evidence is based only on 
correlations, supported by animal experiments.5 

An etiological relationship between clonorchis in­
fection and pancreatitis has been suggested,6 but 
a group of patients who harbored these worms 
for more than 40 years remained free of any disease 
attributable to clonorchis. 7 



.Figure 19.4. Sections of adult Clonorchis sinensis in the 
common bile duct. X23. 

Clinical Disease 

There is no unequivocal evidence that clonorchis 
infection is symptomatic. Light infections certainly 
do not cause any disease. Heavier infections may 
be associated with vague upper abdominal distress 
and, perhaps, hepatomegaly. 

Treatment 

There is no effective therapy. Administration of 
chloroquine diphosphate has been recommended 
in relatively high doses for 3-6 weeks. However, 
there is no evidence that this has any effect other 
than an attenuation of egg excretion, which 
promptly resumes at its normal level after the ther­
apy has been discontinued. Praziquantel, an inves­
tigational drug, is effective and may become the 
drug of choice. 
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Prevention and Control 

Ingestion of infected raw, undercooked, pickled, 
salted, frozen, or dried freshwater fish and crusta­
ceae is the cause of clonorchiasis. Therefore, en­
demic regions can serve as foci for the dissemina­
tion of clonorchis to other parts of the world. For 
example, infections have been reported in Hawaii, 
where clonorchis cannot be transmitted for lack 
of the required snail intermediate host, in patients 
who have never traveled to endemic areas.8 

Aquaculture of the cyprinoid fishes in areas 
where human feces are used as fertilizers and the 
presence in the same environment of the animal 
reservoir hosts make any control measures diffi­
cult. 

Molluscicides have not been fully effective, but 
their use, coupled with regular draining of fish 
ponds, has been moderately successful in the re­
duction of the prevalence of metacercariae on the 
fish . Ammonium sulfate added to feces kills C. 
sinensis eggs. It is therefore recommended for pre­
treatment of human excrement used as fertilizer. 

In individual cases, prevention can be achieved 
by thorough cooking of the fish. 
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20. Fasciola hepatica (Linnaeus 1758) 

Fasciola hepatica, the sheep liver fluke, is found 
throughout Latin America, the southeastern 
United States, South America, Africa, Europe, 
and China. The sheep serves as the common defini­
tive host for F. hepatica, but other mammals, in­
cluding man, can also be infected. Its monoecious 
life style insures that each infection results in the 
production of fertilized eggs. 

Figure 20.1. Adult Fasciola hepatica. x4.8. 

F. gigantica, a closely related species inhabiting 
the lumen of the small intestine, is found through­
out Asia and Africa in cattle, and rarely in man. 

Historical Information 

Fasciola was well known to shepherds in France 
as early as 1379. Writings of de Brie indicate not 
only an awareness of the infection, but also that 
its source was consumption of contaminated 
watercress. l 

Much later, in 1684, Redi2 accurately described 
an adult F. hepatica, which he found in a rabbit. 
Linnaeus gave this fluke its current name in 1758, 
and Leuckart3 and Thomas4 in 1881 provided par­
tial descriptions of the life cycle. It was Lutz5 who 
showed that the adult of F. hepatica was acquired 
by swallowing the infective stage, a fact that could 
probably have been deduced from the early de­
scription by de Brie. 

Life Cycle 

The adult worm (Fig. 20.1) measures approxi­
mately 35 mm by 15 mm. It lives in the paren­
chyma of the liver and feeds on the hepatocytes 
and blood. The worm burrows through the liver 
and creates tunnels behind itself, into which it 
deposits its excretions and the fertilized eggs (Fig. 
20.2). 

The eggs leave the liver through the common 
duct, enter the small intestine, and become in­
cluded in the fecal mass. The embryonated eggs 

Figure 20.2. Fertilized egg of Fasciola hepatica. X3JS. 
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must be deposited in freshwater for the cycle to 
continue. After an incubation period of 9-15 days, 
the miracidium (Fig. 20.3) emerges from the oper­
culated egg, swims around until it finds its snail 
host, penetrates its body wall, and enters the hepa­
topancreas. The most common species of snail host 
for F hepatica is Lymnea truncatula, but many 
other species of Lymnea can also serve this pur­
pose. 

Following development first into the sporocysts 
and then into rediae, the cercariae (Fig. 20.4) 
emerge from the snail and attach themselves to 
the surfaces of littoral vegetation, where they be­
come encysted. Within the cyst they transform 
into the infective stage, the metacercariae (Fig. 
20.5). 

The ingested metacercariae ex cyst in the small 
intestine, penetrate the intestinal wall, and migrate 
in the peritoneal cavity to the surface of the liver. 
There they penetrate the liver and begin a process 
of maturation into reproductive adults, which 
takes up to 5 months. 

Pathogenesis 

The adult fasciola consumes large quantitIes of 
liver tissue, which creates tunnels (Fig. 20.6) and 
abscesses filled with debris of necrotic tissue, worm 
excreta, and fertilized eggs. In addition to the liver, 
other sites in the body, such as the brain and the 
lung, can also become infected.6 A variant of fas­
cioliasis, limited to the Middle East, is halzoun, 
or pharyngitis and laryngeal edema, caused by an 
adult fasciola adhering to the posterior pharyngeal 
wall. The condition is caused by consumption of 
raw, infected sheep Iiver. 7 

Clinical Disease 

Approximately 1 month after ingestion of an in-
fested vegetable, man may develop symptoms re­
lated to the migration of the worms. Although 
many infected people are asymptomatic during 
this phase of the infection, others experience fever, 
pain in the right upper quandrant of the abdomen, 
and general malaise of varying degree, including 
myalgia and urticaria. In those heavily infected, 
the liver is enlarged and tender. These symptoms 
subside within a month or so. About 3 months 
later, the clinical disease, now related to the pres-

Figure 20.3. Miracidium of Fasciola hepatica. Note cilia 
that cover the outer surface. X880. 

ence of mature worms in the bile ducts, is propor- Figure 20.4. Cercaria of Fasciola hepatica. x 195. 
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tional to the number of worms. There may be 
symptoms referable to obstruction of bile ducts, 
but these are quite rare. Fasciola in sites other 
than liver may cause no symptoms, or it may be 
present as a small tumor mass; if the parasite in­
vades the brain, it can induce focal neurological 
abnormalities. Halzoun causes intense pain in the 
back of the throat. Extensive edema may lead to 
laryngeal obstruction. 

Diagnosis 

Microscopic identification of eggs in the stool pro­
vides the most accurate diagnosis. However, 
worms present in ectopic locations may not pass 
eggs into the feces and the diagnosis may be 
missed. CT scan and other methods of imaging 

Figure 20.5. Metacercaria of Fasciola hepatica. X 165. are helpful in the differential diagnosis of fasciolia­
sis. 

• 
• 

Figure 20.6. Section in liver through an adult of Fasciola 
hepatica. The worm has lysed a tunnel through the liver 
tissue. Eggs originally present (arrows) in this section 
were inadvertently removed in the process of fixation. 
XlOO. 

There is no standard serological test for this 
infection. However, a counterimmunoelectropho­
resis test and an ELISA test are available on an 
experimental basis.B•9 

Treatment 

Praziquantel, still an investigational drug, is being 
tested for its efficacy against hepatic fascioliasis. 
Fasciola present in other locations must be re­
moved surgically, if the procedure is deemed safe. 
In the cases of halzoun, the fluke can be removed 
manually from the posterior pharynx. 

Prevention and Control 

Fasciola can be controlled by draining of ponds, 
protection of water supplies from sheep livestock, 
and regular surveys of herds and herders for pres­
ence of the parasites followed by appropriate treat­
ment. However, use of molluscicides and drug 
treatment oflivestock is the most effective measure 
against this parasite. Education of farm personnel 
regarding the mode of acquisition of the infection, 
in association with the other methods, is essential. 
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21. Paragonimus westermani (Kerbert 1878) 

The human lung fluke, Paragonimus westermani, 
is widely distributed throughout the Orient and 
the Indian subcontinent. It is found in Japan, 
China, Micronesia, New Guinea, Korea, Vietnam, 
Thailand, Cambodia, India, and the Philippines. 
In addition, a related species of paragonimus para­
sitic for man is found in the Cameroons, Nigeria, 
and Zaire. P. westermani can also infect other wild 
and domestic mammals, such as foxes, civets, ti­
gers, leopards, panthers, mongooses, wolves, pigs, 
dogs, and cats. 

Historical Information 

Kerbert l provided the morphological description 
of the adult worm in 1878, which he recovered 
at an autopsy of a Bengal tiger. However, accord­
ing to Leuckart, Nakahama had previously de­
scribed an identical trematode, which he had found 
at an autopsy of a man. 

The life cycle of P. westermani was largely 
worked out by Japanese parasitologists. Naka­
gawa2 in 1916 implicated the crab as the interme­
diate host in the transmission of P. westermani, 
and Yokogawa3 in 1915 determined the correct 
route of migration of the immature adult fluke 
in the mammalian host. Most of the early descrip­
tions of the clinical disease were provided in 1880 
by von Baelz4 and Manson,5 who also identified 
eggs of P. westermani in the sputum of patients 
with hemoptysis. 

Life Cycle 

The adult P. westermani (Fig. 21.1) measures 10-
12 mm in length and 5-7 mm in width. It lives 
within a fibrotic capsule of tissue at the periphery 
of the lung (Fig. 21.2). Usually, two adult worms 
are found within the same capsule. The worms 
pass fertilized eggs (Fig. 21.3) into the surrounding 
tissue. Eventually, these eggs reach the bronchioles 
and are included in the sputum, which also con­
tains blood and debris from the necrotic lesions 
created by the adults. The number of eggs pro­
duced by each worm is unknown. Because the pa­
tients swallow some of the sputum, the eggs be­
come incorporated into the feces. The eggs must 
reach freshwater to embryonate. They hatch 
within 3 weeks, yielding miracidia, which pene­
trate appropriate snail hosts, e.g., Semisu/cospira 
sp. and Thiara sp. (Fig. 21.4). They develop into 
cercariae through the sporocyst and redia stages, 
culminating in the production of cercariae within 
several weeks after initial infection. The cercariae 
exit from the snail and encyst upon and within 
the crustacean intermediate host, the freshwater 
crab. All organs of the crab can harbor the en­
cysted metacercariae (Fig. 21.5). The crab, eaten 
raw or undercooked, then passes the infection to 
the definitive mammalian host. The metacercariae 
excyst in the small intestine, and the immature 
adult flukes penetrate the abdominal cavity, where 
they undergo further development. After several 
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Figure 21.1. Adult Paragonimus westermani. x7.8. Figure 21.2. Section of an adult Paragonimus wester­
mani in lung. X 100. 

days, the worms actively penetrate the diaphragm 
and the lung, forming burrows in the lung tissue. t 

Adult worms have also been reported at aberrant 
sites in the body including brain, liver, intestines, 
muscles, skin, and testes. Egg production begins 
about 30 days after ingestion of the metacercariae. 

Pathogenesis 

Little damage is done by the migration of imma­
ture adult worms, either on their way from the 
small intestine to the abdominal cavity or during 
their final journey to the lung tissue. Worms mi­
grating to ectopic sites, such as the brain, do cause 
damage. In the lung, fibrotic lesions elicited by 
metabolic products of the worms and their eggs 
develop around each adult or pair of adults (Fig. 
21.2). Communication between the capsules and 
the bronchioles leads to secondary bacterial infec­
tions. The inflammatory response is characterized 
by a variety of cells, but eosinophils usually pre­
dominate. Therefore, Charcot-Leyden (see Fig. 

, . 

Figure 21.3. Fertilized, unembryonated egg of Paragon­
imus westermani. X580. 

2S.8A) crystals can frequently be found in the spu­
tum of patients with paragonimiasis. In old infec­
tions (i.e., older than 1 year), the adult worms 
within the capsules may die and the lesions calcify. 



Figure 21.4. The snail intennediate host of Paragoni­
mus westermani, Melania sp. X3.1. 

Clinical Disease 

The disease is insidious, beginning with nonspecific 
cough that becomes chronic and is productive of 
blood-tinged sputum, known as "endemic hemop­
tysis." The patient experiences pleural pain and 
dyspnea. These primary manifestations may be 
complicated by recurrent bacterial pneumonitis 
and lung abscess. Depending on the severity of 
the infection and the frequency of bacterial super­
infections, there may be pneumothorax and pleural 
effusion, with consequent pleural adhesions. 
Chronically infected patients often have clubbing 
of fingers and toes. 

Lesions in the brain may lead to seizures. 

Diagnosis 

Clinical diagnosis depends on suspicion of para­
gonimiasis in any patient from the endemic area 
who has the characteristic pulmonary disease. Pul­
monary paragonimiasis must be distinguished 
from chronic bronchiectasis, lung abscess due to 
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Figure 21.5. Metacercaria of Paragonimus westermani. 
This stage encysts on or inside various large crustaceans. 
X170. 

other causes, and tuberculosis. Cerebral paragoni­
miasis must be distinguished from the more likely 
brain tumors and lesions caused by other hel­
minths, i.e. , larval tapeworms and fasciola. 

Diagnosis can be best confirmed by microscopi­
cal observation of the eggs (Fig. 21.3) in the spu­
tum. In heavily infected patients the eggs that were 
swallowed may also be seen in the stools. 

Although serological tests are available at the 
Centers for Disease Control, they do not distin­
guish an active infection from an old one. 

Treatment 

The only effective drug is praziquantel, an experi­
mental substance. Accessible granulomas may be 
removed surgically. 

Prevention and Control 

Because of numerous reservoir hosts, control of 
P. westermani is nearly impossible. 

The metacercariae can be killed by boiling the 
crabs for several minutes until the meat has con­
gealed and turned opaque. 
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22. Trematodes of Minor Medical Importance 

Fasciolopsis buski (Lankaster 1857) 

The adult worm lives attached to the columnar 
epithelium of the small intestine. Fasciolopsis buski 
is a pathogen restricted to the Orient and the In­
dian subcontinent. It is found in China, India, 
Vietnam, and Thailand. Reservoir hosts include 
dogs and rabbits. 

Life Cycle 

The adult (Fig. 22.1) resembles F. hepatica (see 
Chapter 20). It is somewhat larger, measuring 20-
30 mm by 10 mm. Its eggs are laid unembryonated 
and pass out with the fecal mass. If they reach 
warm (Le., 25 D-30D C) freshwater, the eggs (Fig. 
22.2) undergo embryogenesis and hatch within 5-
8 weeks. The miracidium that emerges (Fig. 22.3) 
penetrates snails (e.g., Segmentina and Heppentis) 
and develops sequentially into sporocysts, rediae, 
and cercariae (Fig. 22.4). 

After leaving the snail, the cercariae come to 
rest on littoral vegetation such as water chestnuts 
and bamboos. The metacercariae are found are 
on the husks of the seeds of these plants. Once 
eaten, the metacercariae excyst in the small intes­
tine and attach themselves to the lumenal surface. 
They mature to egg-laying adults within 2-4 
months. 

Pathogenesis and Clinical Disease 

The worm feeds on columnar epithelial cells and 
thus injures the tissue. In massive infections with 

thousands of worms, obstruction of the ampula 
of Vater, common bile duct, and small intestine 
can occur. The patients may experience abdominal 
pain simulating that due to peptic ulcer. Hypopro­
teinemia and edema have been described in chil­
dren with this infection, but multiple causes of 
these have not been ruled out. Eosinophilia is a 
common feature. Fatalities attributed to this infec­
tion have never been confirmed. 

Diagnosis 

Diagnosis depends on microscopic examination of 
the stool and identification of the characteristic 
eggs (Fig. 22.2). 

Treatment 

Treatment consists of administration of praziquan­
tel, an investigational drug. 

Prevention and Control 

Prevention of contamination of water supplies with 
fecal matter is the primary method of control. 
Thus, dumping of raw sewage or defecation into 
water used for cultivating water plants should be 
proscribed. Reservoir hosts apparently play only 
a minor role in the maintenance of this parasite 
in the environment. 
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Figure 22.1. Adult Fasciolopsis bush X4.4 . 
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Figure 22.2. Fertilized, nonembryonated egg of Fascio­
lopsis bush X378. 
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Figure 22.3. Miracidium of Fasciolopsis bush Note 
cilia that completely cover the outside of the organism. 
X464. 

Figure 22.4. Side view of the cercaria of Fasciolopsis 
bush X21O. 



120 The Trematodes 

Echinostoma ilocanum (Garrison 1908) 

Echinostoma ilocanum is found mainly in the Phil­
ippines and Indonesia. Its life cycle is similar to 
that of fasciolopsis, except that the metacercariae 
encyst in various species of freshwater molluscs. 

Adult worms live in the small intestine and the 
symptoms they cause are dependent on the number 
of these flukes present. Diarrhea seems to be the 
only adverse effect of infection, although the full 
pathogenic extent of echinostomiasis has not been 
sufficiently investigated. 

Diagnosis is made by identification of the eggs 
(Fig. 22.5) in the stool. The eggs are often confused 
with those of F. buski (Fig. 22.2). 

Treatment with tetrachloroethylene is effective, 
but praziquantel is likely to become the drug of 
choice. 

Figure 22.5. Egg of Echinostoma ilocanum. This egg 
closely resembles that of F. buski (see Fig. 22.2). X540. 
(Courtesy of Dr. L. Ash) 

Heterophyes heterophyes (Siebold 1852) and Metagonimus yokogawai 
(Katsurada 1912) 

Life Cycles 

These two small flukes live in the small intestine 
of man. They cause little damage. Heterophyes het­
erophyes is found throughout the Orient, the Mid­
dle East, and Africa. Metagonimus yokogawai is 
also common in the Orient, but foci of infections 
have been reported in Spain and the U.S.S.R. 

Their life cycles are similar. The adult worms 
(Figs. 22.6 and 22.7) are attached by their two 
suckers to the columnar epithelium of the small 
intestine. The embryonated eggs pass out with the 
fecal mass into fresh or brackish water, where they 
hatch. H. heterophyes primarily infects snails of 
the genus Cerithidia; M. yokogawai infects those 
of the genera Semisu1cospira and Thiara. 

The embryonated eggs (Figs. 22.8 and 22.9) are 
ingested by their respective snail hosts and hatch 
to release miracidia. The miracidia begin sequen­
tial development in the snail into sporocysts, 
rediae, and cercariae. The cercariae break out of 
the snail and, like those of Clonorchis sinensis, 
encyst under the scales of various fish. The species 
offish intermediate hosts for both of these parasites 
varies with the geographic locale. In the Orient, 
the intermediate hosts are the cyprinoid and sal-

monid fish; in the Middle East, the mullet and 
til apia. 

After raw or undercooked infected fish is in­
gested by the host, the metacercariae excyst in 
the small intestine and develop into adult worms, 
which begin laying eggs. The length of time be­
tween ingestion of the infected fish and oviposition 
is 7-12 days. 

Pathogenesis and Clinical Disease 

Only heavily infected individuals are symptomatic, 
developing nonspecific diarrhea, often associated 
with cramping abdominal pain. Young children 
tend to have more severe symptoms, because they 
are more likely to experience dehydration and elec­
trolyte imbalance. Occasionally, eggs are swept 
into the circulation and reach vital organs, such 
as the heart or the brain, where they cause focal 
granulomas, with variable clinical consequences. 

Diagnosis 

The eggs of H. heterophyes (Fig. 22.8) and M. 
yokogawai (Fig. 22.9) resemble those of C. sinensis 



(Fig. 19.2). They must be carefully differentiated 
by the absence of a terminal knob and a collar 
at the operculum. 

Treatment 

Treatment is symptomatic, wit particular attention 
directed to restoring fluid and electrolyte balance. 
Praziquantel will probably be effective. 

Figure 22.6. Adult Heterophyes heterophyes. X 100. 
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Figure 22.7. Adult Metagonimus yokogawai. X 110. 

Figure 22.8. Egg of Heterophyes heterophyes. X830. 
(Courtesy of Dr. L. Ash) 

Figure 22.9. Egg of Metagonimus yokogawai. X 1070. 
(Courtesy of Dr. L. Ash) 



IV 
The Protozoa 

Introduction 

Protozoans are an extremely diverse group of uni­
cellular animals. As free-living organisms they are 
found in virtually every ecological niche, such as 
bottoms of the deepest marine trenches, salt lakes, 
edges of ice flows, and even certain thermal 
springs. As parasites, they infect all species of ver­
tebrates and many invertebrates, in which they 
have adapted to life in nearly all available sites 
within the body of the host. 

There are about 66,000 documented species, of 
which about half are represented in fossils. Of the 
living species, about 10,000 are parasitic. Unlike 
most of the helminths, these organisms can repli­
cate within the host to produce hundreds of thou­
sands of their kind within a few days of the infec­
tion. 

Parasitic protozoans have a major influence on 
human existence. For example, the trypanosomes 
that infect cattle in Africa interfere with animal 
husbandry throughout most of the central savanna 
regions and thus limit the economic growth of 
these vast areas. Malaria is responsible for more 
human deaths in the world than any other cause. 

Anatomy and Physiology 

All protozoa are enveloped by a unit membrane, 
across which nutrients can be actively transported, 
phagocytized, or moved by pinocytosis. Many of 
these organisms also possess various surface coats 

consisting of materials derived from the host or 
secreted by the parasite. The protozoa are eukary­
otic; a few are multinucleate. Their cytoplasm 
contains a wide variety of subcellular organelles, 
such as the Golgi apparatus, lysosomes, mito­
chondria, rough and smooth endoplasmic reticu­
lum, and secretory granules of specialized function 
(e.g., the hydrogenosome of Trichomonas vagi­
nalis). All of these cytoplasmic inclusions enable 
the organism to respire, digest foods, generate en­
ergy, reproduce, and grow. The protozoa that lack 
mitochondria are usually anaerobic. 

Protozoans digest particulate material by lyso­
zymal enzymes within the phagolysosome. Ent­
amoeba histo[ytica, however, appears to secrete 
digestive enzymes directly into the phagosome 
without the participation of the lysosomes. Proto­
zoans excrete wastes either by diffusion or by re­
versal of phagocytosis, exocytosis. 

These organisms are motile and can be grouped 
according to their mechanisms oflocomotion, such 
as cilia, flagella, and pseudopods. 

Protozoans use two mechanisms of reproduc­
tion, the asexual and the sexual. Asexual reproduc­
tion usually involves binary fission, but in some 
organisms is complex and includes multiple 
karyokinesis followed by cytokinesis. Sexual repro­
duction always takes place within the definitive 
host, and results in the formation of a zygote. 



23. Trichomonas vagina lis (Donne 1836) 

Trichomonas vaginalis is a sexually transmitted 
flagellate. Members of both sexes are equally sus­
ceptible to this infection, but women tend to re­
main infected for longer periods of time (years) 
unless they are treated. Trichomoniasis in men 
has not been well studied, but subclinical infections 
are thought to be self-limited. 1 

Historical Information 

Donne2 in 1837 presented the first formal descrip­
tion of T vaginalis infection and cited Dujardin's 
unpublished morphological description of this or­
ganism. Dujardin considered it as a composite 
combining the characteristics of both monas and 
tricodes groups, hence the original name Trico­
monas vaginate, which was later changed by 
Ehrenberg3 to the current one. Although presence 
of the organism is usually associated with changes 
in the vaginal mucosa, proof that T vagina lis is 
indeed a pathogen came much later, in 1940, when 
healthy volunteers were inoculated with T vagi­
naZis and developed all the signs and symptoms 
of the disease previously noted in patients who 
harbored this organism.' This study also provided 
an accurate description of the pathological findings 
in this disease. 

Life Cycle 

The amorphous trophozoite of T vagina lis (Figs. 
23.1 and 23.2A and B) measures 10-25 f-Lm by 
7-8 f-Lm. It has no cyst stage, a feature common 
to all members of the genus Trichomonas. T vagi­
naZis possesses four flagella, an undulating mem­
brane, and a rigid axostyle. A prominent nucleus 
occupies the anterior third of the cytoplasm. T 
vagina lis is anaerobic; therefore its cytoplasm con­
tains no mitochondria. Instead, specialized gran­
ules, the hydrogenosomes,5 are distributed 
throughout the region of cytoplasm adjacent to 
the axostyle (Fig. 23.3). They are responsible for 
the secretion of molecular hydrogen. In accord 
with its anaerobic state, trichomonas derives its 
carbon from reduction of glycogen and glucose 
to succinate, acetate, malate, and hydrogen. In 
addition, it produces some CO2, but not through 
the Krebs cycle pathway.6 

Figure 23.1. Trophozoite of Trichomonas vagina lis. 
Note flagella and axostyle (arrow). Phase contrast, 
x2000. 

A 

B 

Figure 23.2. A. Trophozoite of Trichomonas vagina lis 
(Giemsa stain). Only a few structures can be seen in 
this preparation. B. Tracing of A showing structures. 
A, X 1500; B, X 2000. 
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Figure 23.3. Transmission electron micrograph of a 
portion of the trophozoite of Trichomonas vaginalis. The 
arrows point to the hydrogenosomes. x 9000. (Courtesy 
of Dr. M. MUlier) 

The trophozoite lives in a close association with, 
and at times even attached to, the epithelium of 
the urogenital tract, whence it derives most of its 
nutrition. It reproduces by binary fission . The in­
fection is usually transmitted by sexual inter­
course. Continual reinfection of one sexual partner 
by the other-the so-called "ping-pong" infec­
tion--can be an obstacle to therapy. Newborn girls 
may acquire the infection from their infected 
mothers during passage through the birth canal.7 
In such cases the infection tends to remain asymp­
tomatic until puberty. 

Pathogenesis 

Pathogenicity of T vaginalis apparently varies 
with the strain of the organism. Only some of the 
numerous serotypes that have been described 
throughout the world cause serious clinical dis­
ease. Two-thirds of the infected women show some 
pathological findings .! These include edema, an 
inflammation of squamous epithelium, and, less 
frequently, basal hyperactivity and even metapla­
sia (although there is no evidence of any causal 
association of cervical carcinoma or other malig­
nancies with trichomonas infections). The cells 
themselves are affected, exhibiting enlargement, 

cytolysis, and hyalinization; there is also enlarge­
ment of the nuclei, with bi- and trinucleation and 
fragmentation. 

In addition, the infection may be compounded 
by changes in bacterial flora, with proliferation 
of streptococci and diphtheroids, which change 
the pH of the vagina to a more alkaline one than 
normal. Thus, it is possible that pathogenesis of 
clinical disease depends on these interactions, as 
well as on the strain of the trichomonas. 

Lastly, certain host factors, such as secretion 
of hormones and synthesis of secretory immuno­
globulin, affect the host-pathogen interaction. 

In men the infection is usually asymptomatic. 
In some, however, prostatitis may develop . 

Clinical Disease 

Some 20% of the infected women are asympto­
matic; the others experience a wide range of symp­
toms from mild vaginal discomfort and dyspareu­
nia to an incapacitating illness. The most common 
presentation is vaginal itching or burning associ­
ated with thick, yellow, blood-tinged discharge. 
There may also be some burning on urination and 
urethral discharge. All of these symptoms are ex­
acerbated during menstruation. In men, the infec­
tion is usually asymptomatic; when the prostate 
is invaded by the organism, pain in the groin and 
on urination may be the presenting symptom. 

Diagnosis 

Direct microscopic examination of the discharge, 
diluted by a drop of warm saline solution mixed 
with methylene blue, can usually reveal motile or­
ganisms. For confirmation, the secretion can be 
dried on a microscope slide and then stained with 
one of the standard solutions containing methylene 
blue, such as the trichrome, Giemsa, or Wright's 
stain. It is also possible to culture trichomonas, 
and thus the diagnosis can be made after several 
days in those patients with characteristic symp­
toms whose direct examination is negative. Tri­
chomonas is often discovered on the routine 
Papanicolaou smears. There are no routine sero­
diagnostic tests, but they are likely to be developed 
in the future. In men, the diagnosis can be made 
by examining expressed urethral fluid after mas­
saging the prostate. 



Treatment 

Symptomatic women should be treated with me­
tronidazole. The potential side effects are discussed 
in Chapter 24. Symptomatic men should also be 
treated; asymptomatic men can transmit the infec­
tion, and therefore they should be treated for that 
reason. Strains of T. vagina lis resistant to metroni­
dazole have been reported.8 

Prevention and Control 

Use of a condom during sexual intercourse for 
as long as either partner is infected is the most 
reliable method of prevention. Recently, attempts 
at treating sexual partners by a single administra­
tion of 1 g of metronidazole to both simultaneously 
has been suggested. The effectiveness of such a 
treatment remains to be assessed. As in other sex­
ually transmitted diseases, identification and treat­
ment of all the partners is necessary. 
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24. Giardia Lamblia (Stiles 1915) 

Giardia lamblia is a ubiquitously distributed flag­
ellated protozoan that inhabits the small intestine 
of its host, where it is attached to the surface of 
columnar epithelial cells. The infection with giar­
dia, transmitted through fecal contamination of 
food 1 and drinking water,2 is endemic in many 
regions of the world, but it also occurs in sporadic 
epidemic bursts. Giardiasis is one of several dis­
eases with increased prevalence among male 
homosexuals. 3 In addition to man, the domestic 
dog and certain wild animals, such as beavers and 
muskrats, serve as hosts for G. lamblia. 4 

Historical Information 

Van Leeuwenhoek, in a letter written to Hooke 
at the Royal Society in 1681, accurately described 

the motile trophozoite of G. lamblia, which he 
observed in a sample of his own stool, as "animal­
cules a-moving very prettily . . . Their bodies 
were somewhat longer than broad, and their belly, 
which was flatHke, furnisht with sundry little 
paws. . . . and albeit they made a quick motion 
with their paws, yet for all that they made but 
slow progress."5 

The descriptive information of this historic letter 
was not widely distributed. The fact that van 
Leeuwenhoek did not submit drawings of the crea­
tures he observed further detracted from the im­
pact of his report. 

Thus, it is Lambl who is credited with the full 
description of the trophozoite, which he identified 
in 1859 in the stools of various pediatric patients 
in Prague,6 His published observations were ac-
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companied by drawings of three views of these 
organisms based on his many observations through 
the microscope. The current name of the parasite 
was given it by Stiles in 1915 and the details of 
its morphology were elaborated by Simon in 1921.7 

Life Cycle 

G. lamblia exists in two forms, the trophozoite 
(Fig. 24.1) and the cyst (Fig. 24.2). The former 
is pear-shaped and motile, 10-20 p.m long and 
7-10 p.m in diameter. It has six flagella, two each 
at anterior, posterior, and caudal locations. The 
organism has two nuclei and two blepharoplasts. 

Figure 24.1. Trophozoites of Giardia lamblia. Note the 
two nuclei (arrow). X800. (Courtesy of Dr. D. Lind­
mark) 

Figure 24.2. Cyst of Giardia lamblia. Two nuclei are 
shown (arrow); the other two are not seen because they 
are out of the focal plane. x2,OOO. 

Figure 24.3. Scanning electron micrograph of the tro­
phozoite of Giardia lamblia showing the ventral sucker 
disc (arrow). XI, 600. (Courtesy of Drs. R. L. Owen 
and L. L. Brandborg) 

Its anterior region has a disk-like depression (Fig. 
24.3) that the trophozoite uses for attachment to 
the surface of epithelial cells. Like Entamoeba his­
tolytica and the trichomanads, G. lamblia derives 
all of its energy from anaerobic metabolism. In 
vitro, G. lamblia takes up glucose and absorbs 
certain lipids. 8 Its nutritional requirements in vivo 
are unknown. 

The cyst is oval and has four nuclei, attenuated 
flagella, and blepharoplasts. In spite of its anaero­
bic nature, G. lamblia has no hydrogenosomes 
or related subcellular organelles. 

The cyst represents the resting stage of the or­
ganism. Its rigid outer wall protects the organism 
against changes in environmental temperatures, 
dehydration, and such disinfectants as chlorine, 
all of which would destroy the trophozoite. The 
cyst is also the infective stage, transmitted from 
individual to individual by water and food contam­
inated by feces. After the cyst is ingested, its cyto­
plasm differentiates into two motile, fully formed 
trophozoites, which then come out of the cyst wall 
and attach themselves to the epithelial surface of 
the small intestine (Fig. 24.4). Subsequently they 
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Figure 24.4. Scanning electron micrograph of a biopsy 
specimen of the duodenum with a trophozoite of Giardia 
lamblia attached to the surface of the columnar epithe­
lium. x2,500. (Courtesy of Dr. R. L. Owen) 

Figure 24.5. Trophozoites of Giardia lamblia in culture. 
X 1000. (Courtesy of Dr. D. Lindmark) 

multiply by binary fission. The mechanisms gov­
erning in vivo excystation are not known, but in 
vitro studies strongly suggest that hatching pro­
ceeds only after the cyst has encountered an acidic 
environment,9 such as the stomach. Within days 
after the infection, many millions of trophozoites 
develop, often covering completely a part of the 
small intestinal epithelial surface. G. lamblia is 
not considered a tissue parasite, but its ability to 
adhere closely to the columnar cells at the level 
of the microvilli results in antigenic stimulation 
of the host. 

Cysts form in the lumen of the small intestine, 
but the stimulus for this process is not known. 
Although the trophozoites of G. lamblia can be 
grown in vitro axenicallylO (Fig. 24.5), cyst forma­
tion in vitro has not yet been achieved, in spite 
of many experimental attempts. 

Pathogenesis 

Malabsorption syndrome is characteristic of 
giardiasis.u Atrophy of the villi (Fig. 24.6A and 
B), a major pathological consequence of heavy 
infection with G. lamblia, is frequent, though not 
invariable. 12 The two are not necessarily causally 
related, because many patients with malabsorption 
due to giardia have normal mucosa.9 The mecha­
nisms by which G. lamblia induces malabsorption 
are unknown. It is possible that the trophozoites 
closely adhering to the epithelial surface interfere 
mechanically with absorption. However, the fact 
that antibodies are formed against surface compo­
nents of the trophozoite (Fig. 24.7) suggests that 
there may be more complex interactions between 
the parasite and the intestinal surface than mere 
physical contact. 

The immune status of the host appears to play 
a major role in pathogenesis of giardiasis. Individ­
uals who are deficient in secretory IgA develop 

A 

B 

Figure 24.6 A. Normal villi from the small intestine. 
B. Flattened villi from the small intestine of a patient 
with malabsorption syndrome due to Giardia lamblia. 
X80. (Courtesy of Dr. M. Wolff) 



Figure 24.7. Fluorescent antibody test for Giardia lam­
blia. The patient's serum was placed on the top of a 
layer of cultured trophozoites that were fixed on cover­
slips. Antihuman goat antibodies labeled with f1uores­
cene isothiacyanate detect human antibodies attached 
to this organism. x 600. (Courtesy of Dr. G. Huldt) 

heavier and longer lasting infections than those 
who are not. 13 This clinical observation is sup­
ported by experimental studies. Host defense 
against giardiasis in mice is mediated by T-cell­
dependent antibodies. 14 

Clinical Disease 

The most prominent symptom of giardia infection 
is protracted diarrhea. It may be mild and produce 
semisolid stools, or it may be intensive and debili­
tating when the stools become watery and volumi­
nous. Untreated, this type of diarrhea may last 
for weeks or months, although it may vary in inten­
sity, with exacerbations and remissions. Chronic 
infections are characterized by steatorrhea, accom­
panied by a classic malabsorption syndrome with 
substantial weight loss, general debility, and conse­
quent fatigue. In addition, some people at any stage 
of intensity of this infection may have epigastric 
discomfort, anorexia, and even pain. Cholecystitis 
has been attributed to giardiasis in rare instances, 
when giardia organisms were found in the gall 
bladder. Nevertheless, a causal relationship has 
not been established. There are many asympto­
matic carriers of G. lamblia. 

Diagnosis 

In any case of protracted diarrhea, infection with 
giardia must be considered a possible cause. Casual 
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examination of the stools may reveal either tropho­
zoites (Fig. 24.1) or cysts (Fig. 24.8) of giardia. 
This finding, especially in the absence of any other 
explanation for the diarrhea, should prompt treat­
ment, and, if the latter is successful, one may rea­
sonably assume a causal relationship between the 
organism and the previous disease. Failure to find 
giardia in a casual stool examination does not rule 
out this diagnosis. It is often necessary to examine 
many specimens and, indeed, even obtain a duode­
nal aspirate or a biopsy of the small intestinal mu­
cosa to make the diagnosis. In one relevant study, 
among patients in whom the organism was identi­
fied on small intestinal biopsy, the parasite was 
noted in the duodenal aspirate of only 75%, and 
in the stool examination of only 50%.15 Obviously, 
probability of identifying giardia in any of the spec­
imens depends on the care with which it is exam­
ined in the laboratory, and the percentages cited 
here may not represent a universal situation. Nev­
ertheless, the above results strongly suggest that 
giardiasis may not be "ruled out" by stool exami­
nation, or even duodenal aspiration. The string 
test,16 a technique for sampling duodenal mucosal 
surface, has reduced the requirement for small in­
testinal biopsies. There are no routine serological 
tests, but an indirect immunofluorescence test has 
been used experimentally.17 

Treatment 

All patients infected with giardia, including the 
asymptomatic carriers, should be treated. The 

Figure 24.8. Cyst of Giardia lamblia recovered from 
the stool of an infected patient. Two of the four nuclei 
are visible in this view. x2600. 
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drug of choice is quinacrine HCl. Side effects in­
clude dizziness, headache, nausea and vomiting, 
and yellow staining of the skin. Although these 
side effects are not uncommon, they rarely prevent 
satisfactory completion of therapy. Persons with 
exfoliative dermatitis may develop severe exacer­
bation of their skin disease and therefore should 
not receive this drug. Inadvertent overdosage may 
lead to insomnia, bizarre dreams, and even frank 
psychosis; in very rare instances such symptoms 
may also occur with the conventional dose. Be­
cause quinacrine accumulates in the liver and has 
a long half-life, these untoward symptoms may 
last for several days after discontinuation of the 
drug. 

Metronidazole is an alternative drug of choice. 
This drug is carcinogenic in rodents and mutagenic 
in bacteria, although in man there is no direct 
evidence-but also insufficient experience-to sug­
gest that it is dangerous. In any case, it should 
not be used in pregnant women, particularly dur­
ing the first trimester. Moreover, in the United 
States, this drug has not yet been approved for 
treatment of giardiasis and therefore must be con­
sidered experimental for this condition and man­
aged accordingly. Side effects, in addition to the 
putative danger of oncogenicity, include nausea, 
dryness of the mouth, perception of metallic taste 
and consequent anorexia, and an intolerance for 
alcohol, of the type experienced with disulfiram. 
Either drug controls clinical symptoms of giardia­
sis in 80% of the recipients; in case of failure, 
repetition of therapy after 1 or 2 weeks will usually 
be effective. Obviously, because of the relative diffi­
culty of diagnosing giardiasis, eradication of this 
organism cannot be absolutely confirmed. A rea­
sonable rule in clinical management of patients 
with this infection is that disappearance of symp­
toms after therapy and failure to detect giardia 
organisms in the stools may be accepted as a satis­
factory result. Recurrences, which may represent 
reinfections or relapses, should be treated in the 
same manner as the original infection. 

Furazolidone is a newer drug, found to be effec­
tive and well tolerated in clinical studies. At the 
present time it is the only drug against giardia 
that is available as a suspension in the United 
States, which makes it useful in administration 
to young children. Side effects are relatively fre­
quent and include nausea, vomiting, diarrhea, and 
fever. Moreover, there have been rare hypersensi-

tivity reactions, such as urticaria, hypotension, and 
serum sickness. In individuals deficient in glucose-
6-phosphate dehydrogenase, it causes mild he­
molysis. Analogously to metronidazole, it causes 
malignant tumors in rats. Although it is approved 
in the United States for treatment of giardiasis, 
warnings of its potential oncogenicity are included 
in the inserts. On balance, in view of its potential 
danger and the availability of quinacrine for the 
majority of patients, this drug cannot be recom­
mended for treatment of giardiasis. 

Prevention and Control 

Prevention of individual disease involves measures 
described in the chapter on amebiasis (Chapter 
25). Control in the community is more difficult 
to achieve, because of the presence of reservoir 
hosts, as previously mentioned. Proper mainte­
nance of community water supplies, purification 
systems, and delivery systems is essential to pre­
vention of outbreaks of giardiasis. 
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25. Entamoeba histolytica (Schaudinn 1903) 

Infection with Entamoeba histolytica has world­
wide distribution. It is the causative agent of ame­
bic dysentery and inhabits the lumen and mucosa 
of the large intestine, predominantly the transverse 
colon and cecum. Less frequently, it also causes 
extraintestinal infections, being capable of invad­
ing virtually any tissue and organ. Members of 
all age groups and both sexes are infected, but 
there is a higher prevalence of amebiasis among 
adult men, who have an increased risk of exposure 
in the agricultural occupations. An increased prev­
alence of this infection is also found in male 
homosexuals. l Animals other than man, such as 
dogs and monkeys, harbor an ameba that is indis­
tinguishable from E. histolytica. Nevertheless, they 
do not constitute an important reservoir for human 
infections. 

Historical Information 

Losch is given credit both for having described 
in 1875 the clinical manifestations of infection with 
E. histolytica and for reproducing the disease in 
dogs by infecting them with amebae derived from 
human cases. 2 Quincke and Roos in 1893 distin­
guished this pathogenic ameba from that of E. 
coli,3 a harmless commensal often found in the 
stool of healthy individuals. A later paper by 
Schaudinn4 in 1903 also accurately depicted tro­
phozoites and cysts of E. histolytica. Schaudinn 
died at the age of 35 of overwhelming amebiasis, 
as a result of self-experimentation with this patho-

gen. Councilman and Lafleur in 1891 described 
pathogenesis of E. histolytica infection,5 and 
Walker described the clinical disease in 1913.6 In 
vitro cultivation of E. histolytica was first achieved 
by Boeck in 19257 and its life cycle was elucidated 
by Dobell in 1928.8 

Life Cycle 

The anaerobic trophozite is motile, measures 20-
30 J.!m in diameter, and possesses a single nucleus 
with a centrally located karyosome (nucleolus) 
(Fig. 25.1A and B; see also Fig. 25.8B). The cyto­
plasm of the trophozoite may also contain partially 
digested or whole erythrocytes (Fig. 25.2; see also 
Fig. 25.8B). The ameba is nourished by these 
erythrocytes and by other cells, but it also feeds 
on bacteria, which may sometimes be seen in the 
cytoplasm. E. histolytica is an anaerobe, and there­
fore lacks mitochondria. Although it possesses the 
ability to lyse tissues, it does not exhibit lysosomes 
under an electron microscope. Strains of E. histo­
lytica vary in their pathogenicity; the location of 
the amebae in the large intestine varies from strain 
to strain. Trophozoites of the pathogenic strains 
live within flask-shaped ulcers (Fig. 25.3) in the 
mucosa, which result from disruption of its surface 
by lysis induced by the ameba. The trophozoites 
are found at the margin of the ulcer next to the 
healthy tissue. Nonpathogenic strains of E. histo­
lytica are often found in the lumen of the large 
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Figure 25.1. A. Trophozoite of Entamoeba histolytica 
as it appears in culture. B. Trophozoite of Entamoeba 
histolytica. Note the characteristic central karyosome 
and peripheral chromatin of the nucleus distributed in 
clumps of equal density. A, phase contrast, Xl ,000; B, 
trichrome stain, Xl ,000. 

intestine or at the mucosal surface. The tropho­
zoites divide by binary fision. 

E. histolytica forms cysts (Fig. 25.4 A-C) mea­
suring 10-15 /-Lm in diameter. The process of for­
mation of the cyst begins when the trophozoite 
first rounds up into a precyst and secretes an im­
permeable outer cyst walt.' Within the cyst the 
nucleus undergoes two division cycles, giving rise 
to four small nuclei . At the same time the ribo­
somes accumulate into aggregates called chroma­
toidal bodies (Fig. 25.5). When nuclear division 
is finished, encystment is completed. Cysts are 
sturdy and resist adverse environmental condi­
tions. After the cyst is ingested by a susceptible 

B 

Figure 25.2. Trophozoite of Entamoeba histolytica. The 
cytoplasm is filled with ingested red blood cells (arrows). 
The nucleus is in the lower right portion of the tropho­
zoite. Xl ,285. 

Figure 25.3. Section of large intestine showing a flask­
shaped ulcer resulting from infection with Entamoeba 
histolytica. The organisms, not visible at this magnifica­
tion, can be found at the margin of the ulcer, between 
the healthy tissue and the necrotic debris. x66. 

host, its wall is disrupted by the formation of a 
small opening through which a quadrinucleate 
ameba emerges. The ameba then divides serially 
through three cycles, giving rise to a total of eight 
uninucleate trophozoites from one cyst (Fig. 25.6). 
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A 

B 
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Figure 25.4. Cyst stage of Elltamoeba histolytica. Four 
nuclei are present (arrows), as seen in this series of light 
photomicrographs taken at different focal planes. A, H, 
and C, trichrome stain, X 1,000. 

Some of these trophozoites then invade the tissues 
of the large intestine and may erode them so exten­
sively that they gain entrance into the bloodstream. 
Thus, amebae can reach all parts of the body, but 

Figure 25.5. Precyst stage of Entamoeba histolytica. 
Chromatoidal bodies (collections of ribosomes) and a 
single nucleus are characteristic of this stage of cyst 
formation. XI ,000. 
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Figure 25.6. Division cycle of Entamoeba histolytica af­
ter excystation. Eight trophozoites are produced from 
a single quadrinucleate cyst. 

most commonly establish extraintestinal infection 
in the right lobe of the liver, which they reach 
by portal vessels. 

In extraintestinal amebiasis, no cysts are pro-



duced. Rather, the trophozoites continue to divide 
by binary fision. 

Pathogenicity 

E. histolytica produces cytotoxins that destroy 
white cells. 9 Therefore, protective immune re­
sponses to this infection are minimal and there 
is little local inflammation (Fig. 25.7). An excep­
tion is the ameboma, a large, tumor-like lesion, 
usually in the submucosa of the large intestine. 
Amebomas arise as the result of long-term "smol­
dering" infections in the intestine and represent 
an area of lysis that has resolved into a large, 
usually necrotic, lesion filled with neutrophils, eo­
sinophils, and lymphocytes. These large masses 
may be mistaken for malignant tumors of the large 
bowel. 

E. histolytica also secretes proteolytic lysosomal 
enzymes10 at its surface,ll at the point of contact 

Figure 25.7. Section of an ulcer in the colon of a patient 
infected with Entamoeba histolytica. The organisms are 
clearly visible at this high magnification. x 500. 
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with the host cells, which lyse the tissues. It is 
probable that these enzymes are inducible, being 
synthesized in response to contact with living host 
cells. 

In any lesion induced by E. histolytica, the arne" 
bae inhabit only the perimeter of the necrotic tissue 
(Le., the transition zone between healthy and dead 
tissue), because they feed only on living cells. 

Clinical Disease 

The majority of infected individuals are free of 
symptoms. Those who are symptomatic experience 
a wide range of manifestations. The most common 
and least problematic is nonspecific diarrhea, but 
one lasting more than the usual few days. Ulcer­
ative colitis represents the next stage of severity. 
It can be quite localized and cause few or no symp­
toms, but it can also be quite extensive, involving 
most of the colon. This is usually associated with 
colicky pain, flatulation, and alteration in the pat­
tern of bowel movements, bloody stools, and­
even tually-d ysen tery. 

On physical examination, one may detect gener­
alized abdominal tenderness, with particular ac­
centuation in the iliac fossae. If the disease has 
lasted for months, or years, in a subacute or 
asymptomatic state, and there is an ameboma, it 
may be palpable. 

If the disease progresses unchecked, either for 
lack of therapy or because host response has been 
insufficient to render it chronic, the colon may 
become atonic and may perforate in one or several 
points of ulceration. If this happens, symptoms 
and signs of peritonitis develop. 

As an associated phenomenon, the perforated, 
inflamed bowel may adhere to the abdominal wall 
and the perforation may extend to the skin, causing 
cutaneous amebiasis, which can extend rapidly. 
This may also occur in the perianal area, as the 
result of invasion of the skin by the amebic tropho­
zoites emerging from the rectum. 

Extraintestinal amebiasis can afflict any organ 
or tissue. The one most frequently involved is the 
liver. Invasion of this organ by amebae may occur 
in the wake of frank colonic amebiasis, but also 
in cases where the colonic infection was asympto­
matic. Nearly half of all patients with amebic liver 
abscess do not give a history suggestive of amebic 
colitis. 
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Hepatic amebiasis is a slowly progressive, insidi­
ous disease, which may begin as a nonspecific fe­
brile illness with pain and tenderness in the right 
upper portion of the abdomen. Examination at 
that time may reveal only a slightly enlarged liver, 
which is tender, but may also show a mass. If 
the amebic abscess perforates through the dia­
phragm, this will be associated with characteristic 
right pleuritic pain and pain referred to the shoul­
der. Although the majority of patients with hepatic 
amebiasis have an involvement of the right lobe 
of this organ, some may have the abscess only 
in the left lobe and therefore the enlargment and 
tenderness may be central, or even left-sided. 

Laboratory results may reveal an increase in 
the erythrocyte sedimentation rate and a low de­
gree of polymorphonuclear leukocytosis. A radio­
gram of the abdomen may show an enlargment 
of the liver but, more important, a fixed, raised 
diaphragm. In cases of perforation of the dia­
phragm, there may be evidence of consolidation 
of the left lower lobe of the lung, or its lower 
segment, and a pleural effusion. A radionuclide 
scan, a sonogram, or a computerized axial tomo­
gram will show an abscess and help to define its 
extent; it may also reveal additional abscesses, 
which are 'rare. The direct extension to the right 
pleural space and the lung is the most common 
form of intrathoracic amebiasis, but hematogenous 
spread may cause metastatic amebiasis in other 
portions of the lung and the pleura, as well as 
in other organs, notably the brain. Amebic pericar­
ditis can also occur in the same manner. Both 
of these latter conditions are extremely dangerous; 
they must be recognized quickly and treated. 
There are no reports of survival of patients with 
an amebic brain abscess, but a quick aspiration 
of the expanding pericardial effusion, combined 
with antiamebic therapy, has saved lives of patients 
with amebic pericarditis. 

Diagnosis 

Intestinal amebiasis must always be considered in 
any patient with a protracted diarrhea and in all 
patients with dysentery. This diagnosis must also 
be considered in patients presenting with intralu­
minal colonic masses, because amebomas may re­
semble carcinoma of the colon. With respect to 
extraintestinal amebiasis, identification of the le­
sion by the various modalities suggested above, 

in the presence of a history compatible with ame­
biasis and in parallel with identification of amebae 
in the colon, points to the diagnosis. Amebic liver 
abscess should not be aspirated for diagnostic pur­
poses alone. 

Examination of fresh stool for the presence of 
cysts and trophozoites is mandatory and should 
be carried out immediately as the diagnosis is sus­
pected. Presence of amebae--either trophozoites 
or cysts-together with a compatible clinical dis­
ease provides an excellent presumptive diagnostic 
indication of amebiasis. If amebae are not discov­
ered on a casual stool examination, a purged stool 
specimen should be obtained and examined imme­
diately. Because the amebae tend to be more con­
centrated in the cecum in light infections, it is 
the second and third expulsions of the stool, after 
administration of a purgative, that are most likely 
to yield amebae. If only casual stools can be ob­
tained, then six consecutive daily stool examina­
tions will reveal the infection in more than 90% 
of all patients harboring the ameba. 12 

Microscopic examination of stool for amebae 
is a difficult procedure requiring considerable tech­
nical expertise. False positive results, in which po­
lymorphonuclear leukocytes, macrophages, or E. 
coli are mistaken for E. histolytica are as common 
as false negative results in which amebae fail to 
be recognized. If no expert laboratory is available 
in the immediate vicinity, it is possible to preserve 
the fresh stool specimens in formalin (for subse­
quent examination for cysts) and polyvinyl alcohol 
(for subsequent examination for trophozoites and 
cysts). Such preserved specimens may then be dis­
patched to the nearest regional laboratory. 

Charcot-Leyden crystals (Fig. 25.8A and B), 
which are products of degenerated eosinophils, are 
usually present in colonic infection with E. histo­
lytica. They provide an indirect evidence of infec­
tion. However, they are also found in trichuriasis, 
paragonimiasis, certain allergic diatheses, and 
many others. 

Serological tests can be quite helpful, and 
include the indirect hemagglutination, comple­
ment fixation, and counterimmunoelectrophoresis 
tests. 13 In cases of noninvasive colonic amebiasis, 
about 40% or less of the patients will have a posi­
tive test. In invasive amebiasis, more than 95% 
of the patients will have positive serological tests. 
Positive serology will persist for many years. 
Therefore, it would be interpreted correctly only 



A 

• 

B 

Figure 25.8. A. Charcot-Leyden crystal from the stool 
of a patient with amebiasis. B. Trophozoite of Enta­
moeba histolytica showing characteristic nucleus, red 
cells in cytoplasm, and a Charcot-Lyden crystal overly­
ing its plasma membrane. A, Giemsa stain, x 1,600; B, 
x600. 

in the context of the patient's past history. In more 
than 50% of all patients with extraintestinal ame­
biasis, no amebae can be found in the large intes­
tine. 

Treatment 

An ideal treatment is yet to be devised; therefore 
there is some controversy over a correct approach 
to management of clinical amebiasis. In endemic 
areas, only patients with symptomatic amebiasis 
should be treated, because of the frequency of rein­
fection. In nonendemic areas, every patient with 
amebiasis should be treated. 

Asymptomatic individuals and those with non­
dysenteric amebic colitis should receive diiodohy­
droxyquin. In cases of invasive amebiasis, which 
include severe colitis with ulcerations and dysen­
tery, hepatic abscess, and involvement of other 
extraintestinal sites, the patient should receive 
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metronidazole. In addition, these patients must 
receive simultaneously, or sequentially, diiodohy­
droxyquin. Patients who are too ill to take oral 
metronidazole must be treated with emetine. De­
hydroemetine, which is somewhat less toxic but 
not currently available in the United States, may 
be substituted. 

The reason for the recommendation of diiodohy­
droxyquin in conjunction with metronidazole is 
that there have been cases reported of a successful 
completion of therapy of the extraintestinal ame­
biasis, which was then followed by a recurrence 
of the extraintestinal infection or by colonic ame­
biasis, in situations where reexposure to amebae 
was unlikely. This has suggested the possibility 
that metronidazole, although very effective in the 
treatment of the primary disease, may be unable 
to eradicate amebae from the colon. Diiodohy­
droxyquin is a relatively nontoxic drug, but occa­
sionally causes rash, an exacerbation of exfoliative 
dermatitis, and in very rare instances may cause 
upper gastrointestinal disturbances, such as nausea 
and vomiting. In doses much higher than those 
prescribed for amebiasis and in cases where the 
drug was continued for several months or longer, 
diiodohydroxyquin-like its more famous con­
gener clioquinol-has caused subacute myeloptic 
neuritis (SMON). There has been no case of 
SMON reported as a consequence of correctly ad­
ministered antiamebic therapy. 

Metronidazole also has a number of side effects 
(see Treatment section, Chapter 24). This drug 
should be reserved for cases of extraintestinal ame­
biasis and severe intestinal disease. 

Emetine and dehydroemetine cause cardiac ar­
rhythmias and even asystole. They also cause pre­
cordial pain, muscle weakness, and an intense in­
flammation at the site of the injection. Because 
of this high toxicity, these drugs must be reserved 
for patients in imminent danger of death due to 
amebiasis. 

Although aspiration of the liver abscess is not 
recommended for diagnostic purposes, it may 
rarely be necessary for therapy. This may be indi­
cated when the abscess is extremely tense and so 
tender and painful that the patient may not tolerate 
awaiting resolution of it by chemotherapy. In most 
of such cases a percutaneous aspiration will suffice. 
The danger that one may spread the amebic infec­
tion must be considered, but because the number 
of amebae within the aspirate is exceedingly 
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small-the trophozoites tend to be localized at the 
perimeter of the abscess-aspiration is quite safe. 
Nevertheless, it should be done by the most experi­
enced person, usually a surgeon or a physician 
who has treated many patients with this disease. 

Prevention and Control 

In situations where amebiasis is transmitted by 
contaminated water, purification of the water or 
elimination of the source of fecal contamination 
is required to control spread of the infection. 

A thorough screening of food handlers by stool 
examinations can identify some carriers whose oc­
cupations would place the general public at risk. 
Recurrent outbreaks of amebiasis in mental insti­
tutions can be prevented by routine stool examina­
tions of the patients, followed by the appropriate 
treatment. 

Prevention of the spread of amebiasis among 
male homosexuals presents a new set of problems 
for public health epidemiologists. 
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26. Balantidium coli (Malmsten 1857) 

Balantidium coli is widely distributed throughout 
the world, but the prevalence of human infection 
is not known. Endemic foci have been reported 
from New Guinea, Micronesia, Seychelles Islands, 
and Central and South America. l Sporadic epi­
demics have occurred in institutionalized popula­
tions. Infected individuals harbor the parasite in 
the colon, the infection being self-limited and only 
rarely associated with any symptoms. The parasite 
is capable of infecting a wide range of domesticated 

and wild mammals, including guinea pigs, horses, 
cattle, pigs, and rats. 

Historical Information 

The discovery of B. coli in association with human 
disease is attributed to Malmsten,2 who in 1857 
described two patients in Sweden with this infec­
tion. One recovered and the other died. In both, 
Malmsten found ciliates, which he carefully de­
scribed and depicted in drawings. 
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Figure 26.1. Ciliated trophozoite of Balantidium coli. 
Note the "U" shaped macronucleus. X 600. 

Figure 26.2. Cyst, (i.e., the infectious stage) of Balan­
tidium coli. X600. 

Life Cycle 

B. coli has two forms, the trophozoite (Fig. 26.1) 
and the cyst (Fig. 26.2). The cyst measures 55 
,...m in diameter and the trophozoite, ovoid in 
shape, is 70 ILm in length and 45 ,...m in width. 
The cyst is the infective stage and is usually in­
gested in contaminated food or water. Excystation 
takes place in the stomach, but the released tropho­
zoite takes up residence in the large intestine, in­
vading the walls of the transverse and descending 
colon. In this regard it is similar to E. histolytica, 
but, unlike the latter, B. coli rarely spreads by 
direct invasion or by the hematogenous route, and 
thus is usually limited to the bowel. Liver abscess 
has been described3 and, rarely, the parasite has 

been found in the lungs and the heart. 4 Its tropho­
zoites divide by binary fission, although in vitro 
they also undergo sexual conjugation. The tropho­
zoites are shed into the lumen of colon, where 
they secrete a wall and encyst and are passed in 
the stools. The cyst stage survives in the environ­
ment. Pigs are the presumed reservoirs of this in­
fection; human infection is very common in cir­
cumstances where man and pigs are closely associ­
ated. 

Pathogenesis 

B. coli trophozoites burrow into the submucosa, 
ingesting host cells in the process. They also erode 
the muscularis, which can lead to bleeding. The 
mechanism by which this organism digests host 
tissues in unknown. However, balantidium is simi­
lar to the free-living ciliates, e.g., Paramecium sp. 
and Tetrahymena sp., in which phagolysosomes 
playa major part in digestion. 

Grossly, the lesions consist of a circular, raised 
margin with dome-shaped necrotic center. Histo­
logically, the ulcer resembles that caused by E. 
histolytica (Fig. 26.3). Some white cells are pres­
ent, but there is no inflammatory response, unless 
the lesion is secondarily infected by bacteria. 

Figure 26.3. Trophozoites of Balantidium coli (arrows) 
in a lesion in the colon. X150. 



Clinical Disease 

Diarrhea is the most characteristic symptom, al­
though few of the infected individuals are sympto­
matic; fewer still have dysentery. Fever, nausea, 
vomiting, and asthenia have been described. 

Diagnosis 

Diagnosis is made by the identification of the or­
ganism, in the form of a trophozoite or a cyst 
(Figs. 26.1 and 26.2), in the stool of the patient. 
Stools negative by microscopic examination may 
be cultured on special media that support growth 
of this protozoan. There are no serological tests. 

Treatment 
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Prevention and Control 

Spread from man to man may be controlled by 
proper disposal of feces. Prevention of contamina­
tion of the environment by pig feces, particularly 
in slaughterhouses, is important. In general, the 
same measures that limit spread of amebiasis and 
giardiasis also apply to balantidiasis. 
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27. Toxoplasma gondii (Nicolle and Manceaux 1908) 

Toxoplasma gondii is an obligate intracellular pro­
tozoan parasite belonging to the subclass Coccidia. 
It has ubiquitous distribution and infects members 
of all age groups and both sexes. T. gondii is capa­
ble of infecting all mammals and is usually ac­
quired by man through the ingestion of under­
cooked or raw meats. The cat, Felis domestica. 
and many other felines (e.g., lynx and bobcat), 
are the only hosts known to harbor the sexual 
stage of the parasite. 

Infection of human adults is usually asympto­
matic and only rarely causes a serious illness. Con­
genital infection, on the other hand, is serious and 
sometimes results in permanent damage to the fe­
tus. 

Historical Information 

The organism was described in 1908 by Nicolle 
and Manceaux,l working in North Africa on Cten­
odactylus gondi. the so-called gondi, a desert ro­
dent related to the gerbil, and by Splendore2 in 
Brazil, working on rabbits. The publications ap­
peared within 3 days of each other, but the investi-

gators did not know of each other's work. The 
disease was described later, in 1923, by Janku,3 
who reported pathological findings of hydrocepha­
lus and chorioretinitis in a case of congenital toxo­
plasmosis, but he did not isolate the organism. 
Wolf et al. 4 in 1939 reported three cases of congeni­
tal infection, thus confirming Janku's observations. 
They also showed that the lesions were caused 
by an agent transmissible to rabbits and mice. Ac­
quired toxoplasmosis was identified in 1941 by 
Pinkerton and Henderson5 and by Sabin,6 working 
independently. Sexual stages of the life cycle were 
discovered by Frenkel et al.7 in 1970, who also 
recognized it as a coccidian parasite as did Hutch­
inson and colleagues in the same year.s 

Life Cycle 

Sexual Phase 
The cat and related species of Felidae are the only 
known definitive hosts for T. gondii. Cats acquire 
the infection by ingesting oocysts or by consuming 
muscle or brain tissues of an intermediate host, 
usually a rodent, which harbors the asexual pseu-
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Figure 27.1. Pseudocyst of Toxoplasma gondii. X 1000. 

docyst stage of the parasite (Fig. 27.1) containing 
hundreds of infectious units, the bradyzoites. The 
pseudocyst wall is digested in the cat's stomach. 
It ruptures in the small intestine and the brady­
zoites are released in its lumen. They infect epithe­
lial cells and transform into merozoites, divide 
many times, rupture the cell, and enter the lumen. 
Each merozoite can infect other epithelial cells, 
and thus perpetuates the infection. Some mero­
zoites develop, instead, into gametocytes, and these 
sexual forms fuse to form the oocysts, which re­
main in the intestine, until they pass out with the 
stool. The oocysts contain the infectious sporo­
zoites. 

Asexual Phase 
When an oocyst is ingested by a mammalian inter­
mediate host, its wall becomes digested in the intes­
tine, and the parasites (Fig. 27.2) are released. 
They rapidly penetrate the intestinal wall, are 
picked up by macrophages (Fig. 27.3 and 27.4), 
and spread throughout the body by the hematoge­
nous route. Once in the macrophages the organ­
isms are referred to as tachyzoites. The macro­
phages are unable to kill or digest the tachyzoites, 
because entry of the parasite into the vacuole in 
the cell does not initiate microbicidal mechanisms 
or fusion of the lysosomes with the vacuole con­
taining the parasite. However, the macro phages 
can digest dead tachyzoites, even if they are phago­
cytized together with living organisms. 

---~~ -.. 

Figure 27.2. Transmission electron micrograph of a 
tachyzoite of Toxoplasma gondii. Various subcellular 
organelles are visible in this view. Nucleus (N), rhop­
tries (R), Golgi apparatus (G), conoid (C). x26,000. 
(Courtesy of Dr. T. Jones) 

Virtually every type of cell in the mammalian 
host is susceptible to the infection. Once within 
the cell, each sporozoite transforms into the tachy­
zoite stage and multiplies by binary fision to fill 
the cell, which eventually dies. 

Host immune defenses, primarily those medi­
ated by the T cells, eventually limit the rate of 
division of tachyzoites. As the result, pseudocysts 
containing large collections of infectious organisms 
develop within various cells and remain dormant 
for as long as host defenses remain active. Al­
though all tissues can harbor such pseudocysts, 
the brain is an area of predilection and usually 
contains many cysts. When a cyst is eaten by the 
cat, the sexual development can begin and the life 
cycle is completed. 

Intermediate hosts can also be infected by in­
gesting pseudocysts in the flesh of another inter-



Toxoplasma gondii 

Pseudocyst in 
tissues of mouse 

PATHOLOGY 

Congenital 
infection 

Chorioretinitis 

Ingestion of cysts 
in raw or undercooked 

infected meat 
initiates infection 

Infected macro phages 
distribute tachyzoites 

throughout body 

Pseudocysts are produced 
in response to acquired immunity 

Lymphadenitis 



146 The Protozoa 

mediate host. This route of transmission is most 
common among carnivores. In human popula­
tions, infection is usually acquired by ingestion 
of infected raw or insufficiently cooked meat of 
any animal. Congenital transmission occurs dur-

Figure 27.3. Macrophage infected with Toxoplasma 
gondii. Note how the tachyzoites form a rosette in the 
parasitophorous vacuole within the infected cell. X4S0. 

Figure 27.4. Transmission electron 
micrograph of a portion of macro­
phage infected with the tachyzoites of 
Toxoplasma gondii (T). Although the 
lysosomes (ly) have taken up thoro­
trast , there is no evidence of fusion 
with the parasitophorous vacuole 
(PV) . X31,000. (Courtesy of Dr. T. 
Jones) 

ing infection of the mother when tachyzoites 
cross the placenta. Maternal antibodies acquired 
during an infection that occurred before pregnancy 
prevent fetal infection. 

Pathogenesis 

All tissues can become infected by toxoplasma. 
In congenital disease, the predominant lesions are 
in the central nervous system, although toxoplas­
mas can be widely disseminated in other vital tis­
sues, such as the myocardium, the lungs, and the 
liver. Skeletal muscles also harbor the parasites. 
The host response is one of inflammation. The 
inflammatory lesions usually become necrotic and 
eventually calcify. Retinochoroiditis is a frequent 
lesion in congenital toxoplasmosis. The retina is 
inflammed and becomes necrotic. The pigmented 
layer becomes disrupted by infiltration of the in­
flammatory cells. Eventually, granulation tissue 
forms and invades vitreous humor. 

In acquired toxoplasmosis, the lesions are less 
intense. There are foci of inflammation around 
the parasites in muscles and other tissues, such 
as spleen, liver, and lymph nodes, and there may 
be interstitial pneumonitis. 



Clinical Disease 

Congenital Toxoplasmosis 
The spectrum of congenital infection varies from 
asymptomatic to one causing very severe damage 
to the central nervous sytem and stillbirth. Ap­
proximately 90% of infants born to mothers in­
fected during pregnancy remain free of any disease; 
7% have relatively minor abnormalities, but 3% 
have very severe damage that involves the vital 
tissues mentioned above. These frequencies are 
twice as high for those pregnancies in which the 
infection occurs during the first two trimesters.9 

Retinochoroiditis and cerebral calcifications are 
the most common abnormalities. Severely affected 
infants may have hepatosplenomegaly, liver fail­
ure, thrombocytopenia, convulsions, and hydro­
cephalus. 

Acquired Toxoplasmosis 
The majority of acquired infections are asympto­
matic. Those that are clinically apparent present 
usually as mild disease, characterized by general­
ized lymphadenopathy, with predominant enlarge­
ment of the cervical nodes, sometimes associated 
with a low-grade fever. In the main, the disease 
mimics infectious mononucleosis. Rarely, acquired 
toxoplasmosis can be quite severe, involving ma­
jor vital organs and systems. Infected individuals 
may suffer myocarditis and encephalitis. In ad­
dition, some patients develop space-occupying 
lesions of the central nervous system, consisting 
of necrotic masses. Retinochoroiditis in acquired 
toxoplasmosis1o is rare. 

Recrudescent Toxoplasmosis 
This form of toxoplasmosis is clinically identical 
to postnatal infection, but it usually occurs in im­
munosuppressed patients. l1 It can be distinguished 
from the acquired form only hypothetically, when­
ever it is possible to determine that the patient 
had positive serology before developing clinical 
manifestations. 

Diagnosis 

Specific diagnosis is made by serological tests and 
by demonstration of the organisms in tissues. 

Serological tests depend on the identification of 
specific IgG, IgM, and complement fixing (CF) 
antibodies. 12 The commonly used tests measure 
IgG. These are either the Sabin-Feldman dye test 
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or the indirect immunofluorescence test (IFA). 
The latter is easier to carry out, because it does 
not require live organisms; therefore, it is the more 
common test. Specific IF A test of the IgM is also 
available. 

The IgM antibodies appear first a few days after 
the infection. Titers of IgM antibodies are usually 
elevated at a level greater than 1: 80 during the 
first 2-3 months after infection and reach undetect­
able levels shortly thereafter. The IgG antibodies 
appear within 1-2 weeks after the infection and 
usually rise to titers above 1: 1024; these antibodies 
are detectable for many years, perhaps indefinitely. 
CF antibodies first become detectable approxi­
mately 1 month after the infection, and the titer 
of 1: 16 is considered significant in most laborato­
ries. The CF antibodies are short-lived and parallel 
clinical disease. They may persist for several years, 
but eventually disappear completely. 

Interpretation of serologic tests is fundamental 
to confirming the diagnosis. Significant rises in ti­
ters of IgG or CF antibodies between acute and 
convalescent serum specimens are best evidence 
of an acute infection. A single elevated IgM titer 
early in infection is also diagnostic. In congenital 
infections, presence of specific IgM antibodies in 
the infant's serum is diagnostic. In determining 
specific IgG titers, it is important to measure ma­
ternal antibodies simultaneously with those of the 
infant. If the titer in the infant's serum is signifi­
cantly higher (a fourfold difference), the infant 
must be presumed to be infected. If the two titers 
are identical, it is necessary to repeat the test in 
the infant at 4 months of age. The infant must 
be presumed to have been infected if his titer has 
not decreased or has risen. 

Histological examination of lymph node tissue 
obtained at biopsy may show the characteristic, 
but nonspecific, histiocytic hyperplasia (Fig. 27.5) 
consistent with toxoplasmosis.13 Isolation of the 
organisms involves intraperitoneal inoculation of 
mice pretreated with corticosteroids. Smears of 
peritoneal fluid, or brain tissue of the mice, ob­
tained 3-5 weeks later may reveal toxoplasma (Fig. 
27.6). The test is laborious and can be carried 
out in only a few laboratories. 

Treatment 

The infection must be treated with a combination 
of pyrimethamine and sulfadiazine for 4 weeks. 



148 .The Protozoa 

Figure 27.5. Cross-section of a lymph node from an 
adult patient with lymphadenitis. Enlarged histiocytes, 
termed Piringa-Kuchenka cells (arrow), characteristic 
of infection with Toxoplasma gondii are seen in section. 
XllO. 

Figure 27.6. Impression smear of brain from mouse in­
jected with a portion of a lymph node from a patient 
with suspected acquired toxoplasmosis. The patient was 
infected as seen by the presence of organisms in mouse 
brain cells. X990. 

Results can be difficult to evaluate because of the 
natural variability of the clinical disease. Congeni­
tal toxoplasmosis, severe acquired toxoplasmosis, 
and recrudescent infection in immunosupressed 
patients must be treated. Other forms of the infec­
tion require no therapy. Pyrimethamine is a folic 
acid antagonist. Therefore, it is necessary to moni­
tor the patient's blood count for lymphocytopenia 
and thrombocytopenia. This undesirable effect of 
therapy can be prevented by administration of fo­
linic acid. 

Prevention and Control 

Adult acquired toxoplasmosis can be prevented 
by avoiding consumption of uncooked or rare 
meat. However, this preventive measure often fails, 
because consumption of rare meat is common in 
many countries. 

Prevention of infection from oocysts requires 
care in handling cat feces, especially during clean­
ing of litter boxes. This activity must be proscribed 
for pregnant women. Toxoplasmosis can also be 
acquired as the result of inhalation of dust contain­
ing oocysts. 
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28. The Malarias: Plasmodium Jalciparum (Welch 1898), 
Plasmodium vivax (Grassi and Filetti 1889), 
Plasmodium ovale (Stephens 1922), and Plasmodium 
malariae (Laveran 1881) 

Malaria is a mosquito-borne infection caused by 
protozoa of the genus Plasmodium. Man is com­
monly infected by four species of the parasite, Plas­
modium !alciparum, P. vivax, P. ova Ie, and P. ma­
lariae. On rare occasions, certain species of 
Plasmodium of simian hosts also infect man. 

Malaria is one of the most prevalent diseases 
in the world1; more than 200 million cases and at 
least one and a half million consequent deaths are 
estimated to occur annually. Over one-half of the 
world's population lives in areas where malaria 
is endemic. Although formerly found throughout 
much of the world, with seasonal outbreaks ex­
tending into temperate zones, malaria is now gen­
erally restricted to tropical and subtropical re­
gions. However, travel and persistence of mosquito 
vectors continue to pose a threat of reintroduction 
of these parasites into the nonimmune populations. 

Historical Information 

Malaria probably afflicted man's ancestors. The 
earliest medical writers in China, Assyria, and In­
dia described malaria-like intermittent fevers that 
they attributed to evil spirits.2 

By the 5th century B.C., Hippocrates was able 
to differentiate quotidian, tertian, and quartan fe­
vers and the clinical symptoms of the disease. At 
that time it was assumed that this disease was 
caused by vapors and mists arising from swamps 
and marshes. These theories persisted for more 
than 2000 years and were reinforced by repeated 
observations that the draining of swamps led to 
reduction in the number of cases of malaria. In­
deed, the names for this disease, "malaria" (mal, 
bad; aria, air) and "paludisme" (palus, marsh) 
reflect these beliefs. 

All concepts of malaria changed within only 
20 years following Laveran's description of the 
asexual stage of P. !alciparum in 1880.3 The sexual 
cycle of the parasite was described by MacCallum4 

in 1897. In 1898 Ross,s using a species of bird 
malaria, and Grassi and colleagues, working with 
human malaria, showed that the parasite devel­
oped in the mosquito and was transmitted by the 
bite of the insect.s Ultimately, Ross and Laveran 
were awarded Nobel prizes for their contributions. 

The basic life cycle of the malarial parasite was 
explained at the turn of this century. The scientific 
efforts then shifted to attempts at control of this 
disease. In the main they were attempts to control 
the number of mosquitoes. Another 30 years 
passed before the exoerythrocytic phase of malaria 
in birds7 was described, and it was 20 years later 
that the analogous stages were discovered in the 
simian and human livers.s Even today, the path 
taken by the malarial parasites after infection of 
man is obscure. 9 

Chemotherapy of malaria preceded the descrip­
tion of the parasite by nearly 300 years. The Peru­
vian bark, cinchona, the so-called fever tree bark, 
was first used in the early part of 17th century, 
but the details of its discovery and its subsequent 
introduction into Europe are unknown.lO The al­
kaloids of the cinchona tree, quinine and cincho­
nine, were eventually isolated in 1820 by Pelletier 
and Caventou. Synthetic antimalarial compounds 
effective against various stages of the parasite were 
later developed in Germany (pamaquine, in 1924; 
mepacrine, in 1930; chloroquine, in 1934), in Brit­
ain (proquanil, in 1944), and in the United States 
(pyrimethamine and primaquine, in 1952). 

The Greeks and Romans practiced the earliest 
forms of malaria control by draining swamps and 
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marshes, albeit inadvertently, as its purpose was 
reclamation of land. Their techniques were contin­
ued for centuries until the role of the mosquito 
as vector was discovered. Almost immediately, 
malaria control became synonymous with the con­
trol of mosquitoes. Destruction of breeding places 
by drainage and filling and killing of larvae by 
placing oil on the waters, and later by addition 
of the larvicide Paris Green, were the typical early 
attempts. With the development of DDT, a persis­
tent insecticide, large-scale control programs be­
came possible. They culminated in 1957 in the 
launching by the World Health Organization of 
a worldwide eradication program. 

Life Cycles 

The biology of the four species of Plasmodium 
is generally similiar and consists of two discrete 
stages, the sexual and the asexual. The asexual 
phase develops in man first in the liver and then 
in the circulating erythrocytes; the sexual phase 
develops in the mosquito. 

ASl-xual Stages 

Exoerythrocytic (Hepatic) Phase 
When the infected female anopheles mosquito 

bites and sucks blood, she injects salivary fluids 
into the wound. These fluids contain sporozoites, 
small (10-15 IJ-m long), spindle-shaped, motile 
forms of the parasite (Fig. 28.1), which initiate 
the infection. They are cleared from the circulation 
within an hour and eventually reach parenchymal 
cells of the liver (Fig. 28.2). The route they follow 
to the liver has not been discovered, nor has direct 
invasion of the hepatocytes been demonstrated. 

Once inside the liver cell, the parasite undergoes 
asexual division (exoerythrocytic schizogony). The 
length of this exoerythrocytic (EE) phase and the 
number of progeny (merozoites) produced within 
each infected cell is a characteristic of the individ­
ual species of Plasmodium. P. vivax can mature 
within 6-8 days, and each of its sporozoites pro­
duces about 10,000 daughter parasites. For P. 
avale, these values are 9 days and 15,000 mero­
zoites; for P. malariae, 12-16 days and 2000 mero­
zoites; and for P. Jalciparum, 5-7 days and 40,000 
merozoites. 

There appears to be only one cycle of EE devel­
opment in the primate malarias; EE merozoites 

Figure 28.1. Sporozoite stage of malaria. x990. 

Figure 28.2. The liver parenchymal cell harbors the 
exoerythrocytic stages of the life cycle. Schizogony re­
sults in the production of hundreds of cryptozoites. 
X690. 

cannot rein vade liver cells to repeat the hepatic 
cycle. However, the vivax and ovale human malar­
ias have the capacity to relapse, i.e., to reinfect 
circulating erythrocytes from the EE forms re­
maining in the liver. In these infections, eradica­
tion of the parasites from the peripheral circulation 
usually does not cure the patient, even as it aborts 
the acute disease. Dormant EE forms, or hypno­
zoites,9 may remain quiescent in the liver for peri­
ods varying up to 5 years, initiate development, 
produce merozoites, which then invade circulating 
erythrocytes and cause an acute attack of malaria. 

P. Jalciparum and P. malariae do not have the 
capacity to relapse and apparently lack hypno­
zoites. 
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E 

Erythrocytic Phase 
When merozoites are released from the liver 

schizonts, they invade red blood cells and initiate 
the erythrocytic phase of infection (Fig. 28.3). In­
vasion of the erythrocytes consists of a complex 
sequence of events beginning with contact between 
a free-floating merozoite and the red cell.n Attach­
ment of the merozoite to the erythrocyte mem­
brane involves an interaction with the specific re­
ceptor sites. Thereafter, the erythrocyte undergoes 
rapid and marked deformation. The parasite enters 
by a localized endocytic invagination of the red 
cell membrane, utilizing a moving junction be­
tween the parasite and the host cell membrane. 12 

Once within the cell, the parasite begins to grow, 
first forming the ring-like early trophozoite (Fig. 
28.4), then enlarging to fill the cell (Figs. 28.S 
and 28.6). The organism then undergoes asexual 
division and becomes a schizont composed of mer­
ozoites. The parasites are nourished by the hemo­
globin within the erythrocytes and produce a char­
acteristic pigment, hemazoin. The erythrocytic 
cycle is completed when the red cell ruptures and 
releases merozoites, which proceed to invade other 
erythrocytes. 

This cycle is characteristically synchronous and 
periodic. P. jalciparum, P. vivax, and P. ovale com-

Figure 28.3. A merozoite of Plas­
modium falciparum (M) in the 
process of entering an erythrocyte 
(E). The arrows indicate the points 
of contact between the parasite and 
the red cell membrane. X47,OOO. 
(Courtesy of Dr. S. Langreth) 

plete the development from invasion by merozoites 
to the rupture of the erythrocyte within 48 h, thus 
exhibiting the so-called tertian periodicity. P. ma­
lariae, the quartan malaria, requires 72 h to com­
plete the cycle. 

Infection with erythrocytic phase merozoites 
can also occur as a result of blood transfusion 
from an infected donor,13 or through a contami­
nated needle that is shared among drug addicts. 
Malaria acquired in this manner is referred to as 

Figure 28.4. The early phase of red cell invasion is char­
acterized by the "signet ring" stage of Plasmodium spp. 
Xl,140. 
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Figure 28.5. The end stage of trophozoite division called 
the schizont. X1,140. 

induced malaria. Congenital malaria can also de­
velop.l4 

Sexual Stages 
Not all merozoites develop asexually. Some be­
come differentiated into the sexual forms, the ma­
crogametocytes (female) (Fig. 28.7) and micro­
gametocytes (male) (Fig. 28.8), which can 
complete their development only within the gut 
of an appropriate mosquito vector. On entering 
the mosquito in the blood meal, the gametocytes 

shed their protective erythrocyte membrane in the 
gut of the vector. Male gametocytes initiate exflag­
gellation (Fig. 28.9), a rapid process that produces 
up to eight active, sperm-like microgametes, which 
eventually fertilize the macrogametes. The result­
ing zygotes elongate into diploid vermiform ooki­
netes, which penetrate the gut wall and come to 
lie under the basement membrane, where they 
form oocysts (Fig. 28.10) within 24 h of ingestion 
of the blood meal. Development of sporozoites 
follows, leading to the production of thousands 
of these forms, which are now haploid. They ma­
ture within 10-14 days, escape from the oocyst, 
and invade the salivary glands. When the mosquito 
bites the human host again, a new cycle begins. 

Although the four species have marked physio­
logic differences and some major differences in 
the pathologic course they pursue, they are best 
differentiated on the basis of their morphology. 
Thus the blood smear, fixed and stained with 
Giemsa or Wright's solution, is the basis of the 
fundamental diagnostic test. 

Plasmodium Jalciparum 
Infection caused by P. Jalciparum produces a 

form of malaria historically referred to as aestivo-

Figure 28.6. A young trophozoite 
of Plasmodium Jalciparum within 
an infected red cell. The food vacu­
oles (arrows) are filled with par­
tially digested host cell cytoplasm 
and a breakdown product of hemo­
globin. The nucleus (N) of the par­
asite is also seen, as well as an 
undigested portion of red cell 
cytoplasm (C). X42,OOO. (Courtesy 
of Dr. S. Langreth) 
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Figure 28.7. Macrogametocyte stage of Plasmodium. Figure 28.9. The process of exflagellation. X 2,000. 
XI,140. 

Figure 28.8. Microgametocyte stage of Plasmodium. 
Xl,140. 

autumnal, malignant tertian, or simply falciparum 
malaria. This is the most pathogenic of the human 
malarias and accounts for most of the mortality 
caused by malaria. 

Falciparum malaria is now generally confined 
to tropical and subtropical regions and is the pri­
mary form of malaria in the sub-Saharan Africa. 

Identification of P. Jalciparum is usually based 
on the presence of small ring-stage parasites on 
blood smears (see Color Plate, Fig. 28.11). Infected 

Figure 28.10. Oocysts on the stomach wall of an in­
fected female anopheline mosquito. X31 S. 

erythrocytes are not enlarged, and multiple infec­
tions of a single erythrocyte are common. The 
rings often show two distinct chromatin dots. As 
trophozoites mature, they become sequestered in 
the capillaries of internal organs, such as the heart, 
brain, spleen, skeletal muscles, the placenta, and 
others, where they complete their development. 
Maturing parasites usually are not present in the 
peripheral circulation. 

Appearance in the peripheral circulation of the 
mature asexual stages, Le., larger trophozoites and 
schizonts, indicates an extreme severity of the dis­
ease. 

Gametogenesis also proceeds in the sequestered 
erythrocytes and requires approximately 10 days. 
The falciparum gametocytes are characteristically 
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crescent, or banana-shaped. They are unique in 
that they remain infectious for mosquitoes for as 
long as 4 days. 

Falciparum malaria does not relapse; i.e., the 
erythrocytes do not become reinfected from a per­
sistent infection in the liver once the parasites are 
cleared from the blood by drugs or by the immune 
response of the host. However, recrudescences, i.e., 
reinfections of the erythrocytes from the blood 
forms of the malaria maintained at very low levels, 
are common. 

Plasmodium vivax 
P. vivax infection is called benign tertian, or 

vivax malaria. It is the most common malaria in 
temperate and subtropical areas, also widespread 
in the tropics, but rare in sub-Saharan Africa. 

Red blood cells infected with P. vivax are en­
larged and show stippling, known as Schliffner's 
dots, on the cell membrane (see Color Plate, Fig. 
28.12). All stages of the parasite are present in 
the peripheral circulation. Single infections of in­
vaded erythrocytes are characteristic. Gametocytes 
appear simultaneously with the first asexual para­
sites. The duration of their infectivity has not been 
determined. 

P. vivax produces the classic relapsing malaria, 
initiated from hypnozoites, which have resumed 
development after a period of latency. Relapses 
may occur at periods ranging from every few weeks 
to a few months; the specific periodicity of the 
relapses is a characteristic of the geographic strain 
of the parasite. Vivax malaria also undergoes re­
crudescences from the erythrocytic parasites. 

Plasmodium ovale 
P. ovale is the most recently described species 

of human malaria. Its distribution is limited to 
tropical Africa and to discrete areas of the western 
Pacific. Ovale malaria (see Color Plate, Fig. 28.13) 
produces a tertian fever, clinically similar to that 
of vivax malaria, but somewhat less severe. It also 
exhibits true relapses. 

Plasmodium malariae 
The disease caused by this species of the parasite 

(see Color Plate, Fig. 28.14) is known as quartan 
malaria. This parasite has a wide, but spotty, distri­
bution throughout the tropics. Development in the 
mosquito is slow and infection of man is not as 
intense as that due to the other Plasmodium spe-

cies. Most current evidence indicates that P. ma­
lariae does not relapse. It does have recrudes­
cences originating from chronic erythrocytic 
infections. 

Simian Malarias That Infect Man 
Some species of malaria that are parasites of 

chimpanzees and monkeys occasionally infect 
man. lS The disease they cause is relatively mild. 
Most notable is the quotidian fever (24-h cycle) 
caused by P. knowlesi and the vivax-like malaria 
caused by P. cynomolgi. 

Pathogenesis 

The invasion, growth, maturation, rupture, and 
rein vas ion of the erythrocytes by the asexual para­
sites cause chills, fever, sweating, and other symp­
toms associated with malaria. The characteristic 
periodicity of the fever, based on synchronous in­
fections, is not invariable. Early phases of all infec­
tions may not be synchronous. Some infections 
may be due to two or more broods of parasites, 
with the periodicity of one independent of that 
of the others. In severe falciparum malaria, the 
patient may remain febrile continually. 

In falciparum malaria, anemia caused by hemo­
lysis may be quite severe. Damage to the erythro­
cytes by intravascular hemolysis often is greater 
than that caused by rupture of the infected cells 
alone. Even uninfected cells have an increased os­
motic fragility. Also present is bone marrow de­
pression, which contributes to the anemia. Dis­
seminated intravascular coagulopathy occurs in 
severely infected individuals. 

Cerebral malaria (Fig. 28.15) is the most conse­
quential manifestation of severe falciparum infec­
tions. It is caused by the blockage of the cerebral 
capillaries with infected erythrocytes, which ad­
here to the endothelium. The mechanism of adher­
ence is based on the attachment of knobs on the 
surface of the infected red cells to appropriate re­
ceptors on the endothelium. The knobs are induced 
by the parasites (Fig. 28.16). 

The spleen plays a major role in host defense 
against malaria. I6 Parasitized cells accumulate in 
its capillaries and sinusoids, causing general con­
gestion. Malarial pigment accumulates in the 
spleen and is responsible for darkening of this or­
gan. Chronic infection, particularly with P. malar­
iae, often causes splenomegaly and is responsible 
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Figure 28.11. Erythrocytic stages of Plasmodium fa lciparu m. Trophozoites (1-18); schizonts (19-26); macrogame­
tocytes (27, 28); microgametocytes (29, 30). 
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Figure 28.15. Cross-section of a capillary in the brain 
of a patient who died of cerebral malaria caused by 
Plasmodium Jalciparum. Note the malaria pigment in 
the infected red cells. X 126. 

Figure 28.16. The outer surface of 
a red cell infected with Plasmodium 
Jalciparum showing the character­
istic knobs (arrows) associated with 
the points of attachment to the 
endothelial cells of the capillaries. 
Nucleus (N), food vacuole (F). 
X21,OOO. (Courtesy of Dr. S. 
Langreth) 
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for the "big spleen disease," or tropical spleno­
megaly syndrome,l? consisting also of hepato­
megaly, portal hypertension, anemia, leukopenia, 
and thrombocytopenia. In vivax malaria, the 
spleen may become acutely enlarged and is suscep­
tible to rupture. 

The liver is darkened by the accumulated malar­
ial pigment and may show degeneration and necro­
sis of the centrilobular region. 

The gastrointestinal tract is also affected. There 
may be focal hemorrhages, edema, and consequent 
malabsorption. 

The kidneys, particularly in severe falciparum 
malaria, show punctate hemorrhages and may also 
show tubular necrosis. Accumulation of hemoglo­
bin in the tubules is responsible for hemoglobin­
uria, or "blackwater fever," which occurs after 
repeated attacks of falciparum malaria and is en­
hanced by therapy with quinine. It is a conse­
quence of severe hemolysis, exacerbated by the 
host immune response against the intracellular 
parasites. 

Chronic infections with P. malariae may lead 
to nephrotic syndrome characterized by focal hya­
linization of the tufts of glomeruli and by endothe­
lial proliferation, apparently caused by the deposi­
tion of immune complexes. In addition, recent 
evidence has suggested that an autoimmune pro-
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cess develops against glomerular basement mem­
brane. 

Congenital malaria can develop with any of the 
species of Plasmodium, although incidence of this 
complication is relatively low. The mechanism of 
the infection of the fetus is uncertain. Some investi­
gators have postulated damage to the placenta as 
a prerequisite to congenital malaria, but it is also 
possible that the parasites can infect the fetus 
through an intact placenta, or at the time of birth. 

Placental insufficiency and consequent fetal was­
tage have also resulted from placental infection 
with plasmodium. IS 

Malarial infections tend to suppress cell-medi­
ated immune response. It has been suggested that 
Burkitt lymphoma is caused by infection with the 
Epstein-Barr virus under the influence of immuno­
suppression by chronic falciparum malaria. I9 

Clinical Disease 

The most pronounced clinical manifestations of 
malaria are periodic chills and fever, usually ac­
companied by frontal headache and myalgia. Fever 
may persist for several days before the typical peri­
odicity develops. The initial appearance of symp­
toms of malaria usually occurs 10-15 days after 
the bite by the infected mosquito. Delays in the 
onset of symptoms and in the appearance of para­
sites in peripheral blood are common, particularly 
in some strains of P. vivax found in temperate 
zones. Patients undergoing chemoprophylaxis may 
not develop any symptoms until they stop taking 
the drug. The classic pattern of clinical disease 
consists of paroxysms of chills and fever, reaching 
41°C and lasting for 6 h, followed by sweating 
and deffervescence. There are exceptions to this, 
however, as noted under Pathogenesis. 

Additional symptoms in all malarias include 
malaise, nausea, anorexia, and abdominal pain. 
Vomiting may also develop and can be quite in­
tense. 

Initially, there may be mild anemia with an ele­
vation of the reticulocyte count. Le'lkocyte count 
tends to be normal or even low; thr re is no eosino­
philia. 

Untreated, all forms of mala a tend to become 
chronic; repeated attacks are caused by recrudes­
cence or relapses. Development of immunity even­
tually leads to spontaneous cure of falciparum ma­
laria within 1 year and vivax and ovale malarias 

within 5 years. Infection with the quartan parasite 
tends to persist for 30 years. Untreated falciparum 
malaria can be fatal during the initial attack. This 
is especially likely in small children. 

Unexplained fever in patients who had received 
transfusions or who are drug addicts may indicate 
induced malaria. An infant who develops fever 
during the neonatal period should be suspected 
of malaria if his mother had been exposed to risk 
of this infection. Diagnostic tests for induced or 
congenital malaria are the same as for the conven­
tional forms of the disease. It must be remembered 
that neither induced nor congenital malaria has 
an EE cycle in the liver; hence therapy directed 
against the liver cycle is unnecessary. 

Innate resistance to malaria is mediated by fac­
tors other than the immune mechanisms. P. vivax 
and P. ovale preferentially invade the reticulocytes. 
In these infections, usually only about 2% of the 
red cells are parasitized and the clinical disease 
is relatively mild. On the other hand, P. malariae 
tends to invade the older erythrocytes. Finally, 
P. Jalciparum attacks erythrocytes of all ages, pro­
ducing high levels of parasitemia. 

Possession of sickle-cell hemoglobin confers pro­
tection against falciparum malaria. Individuals 
with sickle-cell trait have a selective advantage 
over those with either AA or SS genotype, because 
the heterozygotes (AS) are protected against the 
severity of malaria. The SS individuals are also 
protected, but their sickle-cell disease leads to an 
early death. This is an example of balanced 
polymorphism. 20 

The mechanism for the protection afforded by 
sickle hemoglobin has recently been studied in vi­
tro. These results, if they can be extrapolated to 
patients, suggest that the crystallizing hemoglobin 
S actually "stabs" the developing intracellular par­
asites and kills them.21 In a patient with the trait, 
the affected erythrocytes tend to lose potassium, 
which is required for ATPase activation; thus the 
parasites are deprived of nutrients and die of 
starvation.22 

Glucose-6-phosphate dehydrogenase deficiency 
and /3-thalassemia have both been suggested as 
factors of innate resistance against P. Jalciparum 
infection, but convincing epidemiological evidence 
for these associations is lacking. 

Duffy blood type determinants are associated 
with receptor sites for P. vivax merozoites on the 
erythrocytes. Most West Africans are negative for 



the Duffy blood type and are insusceptible to infec­
tion with P. vivax. 23 

Acquired immunity to malaria develops after 
long exposure and is characterized by low levels 
of parasitemia. Immune individuals have intermit­
tent parasitemia, with only mild symptoms; this 
is referred to as premunition, in contrast with clas­
sic sterile immunity, which prevents any degree 
of infection. 

Diagnosis 

Definitive diagnosis depends on the identification 
of the parasite on stained blood smears. Both thick 
and thin smears should be examined. When ma­
laria is suspected and the initial blood smears are 
negative, new specimens should be examined at 
6-h intervals. 

Serological tests, such as indirect fluorescent an­
tibody test, radioimmunoassay, and others are use­
ful for epidemiological studies, but do not detect 
the low antibody levels in the early phases of acute 
infections. 

Treatment 

An acute attack should be treated immediately 
with chloroquine phosphate, administered by 
mouth, the treatment to be repeated at a lower 
dose 6 h later and continued for two more doses 
at daily intervals. In case of infection with P. fald­
parum resistant to chloroquine, or one whose resis­
tance cannot be determined, the treatment consists 
of quinine sulfate, pyrimethamine, and sulfadia­
zine, administered immediately and continued for 
3 days. As an alternative to pyrimethamine and 
sulfadiazine, quinine may be administered in con­
junction with tetracycline. Strains resistant to all 
of these drugs have been reported. 

As long as the geographic origin of falciparum 
infection is known, one may assume accordingly 
susceptibility or resistance to chloroquine. If the 
origin of infection is unknown, as may be the case 
with induced malaria, one must treat as if the or­
ganisms were resistant. This course must also be 
taken with any case of falciparum malaria that 
does not respond promptly to therapy with chloro­
quine, because it may be the first example of resis­
tance from an area not previously known to harbor 
resistant parasites. 

In patients who are too ill to take oral drugs, 
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chloroquine hydrochloride must be administered 
intramuscularly. For resistant falciparum malaria, 
intravenous quinine dihydrochloride must be used. 
Intravenous administration of quinine is danger­
ous, because the drug can cause shock. It is manda­
tory to administer it slowly over a period of 1 h 
and to monitor the patient's vital signs. 

Relapses due to P. vivax and P. ovale infections 
can be prevented by a course of primaquine. This 
need not be started immediately, but can be de­
ferred until the patient has recovered from the 
acute attack. Primaquine tends to cause hemolysis 
in individuals deficient in glucose-6-phosphate de­
hydrogenase; therefore, the drug should not be 
administered until the proper test for this enzyme 
has been carried out. Patients who are deficient 
should be given an option of chloroquine prophy­
laxis for 5 years, or of treatment of each acute 
attack during the 5 years within which the infec­
tion is expected to relapse. 

Prevention and Control 

Although there are more than 300 species of 
Anopheles mosquito, only about 60 are considered 
important vectors of malaria. Some of the factors 
that influence efficiency of the insect are feeding 
habits, longevity, susceptibility to infection with 
the parasite, and size of the mosquito population. 24 

Variability of the parasites plays an important 
role in pathogenicity of the disease. For example, 
geographic strains of P. vivax show markedly dif­
ferent patterns of incubation periods and relapses, 
and P. faldparum shows considerable variability 
in its responses to antimalarial drugs. Susceptibil­
ity of geographic strains of mosquitoes is also vari­
able. 

Malaria in the United States during the past 
30 years has been of the imported variety. The 
Korean and Vietnam wars increased the numbers 
of these imported cases, because of the returning 
service personnel. Refugees from the endemic ar­
eas constitute the largest numbers of imported 
cases.25 In addition, there is a steady incidence 
of malaria among travelers returning from the en­
demic areas. Nevertheless, autochthonous infec­
tions are exceedingly rare in the United States, 
in spite of large persistent populations of vector 
anophelines, A. quadrimaculatus and A. freeborni, 
because the relative number of infected individuals 
is low. 
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Travelers to endemic areas and short-term resi­
dents of such areas should take chlqroquine at 
weekly intervals beginning 2 weeks before arrival 
in the malarial zone and continuing for 6 weeks 
after departure. Pyrimethamine and sulfadoxine, 
also given at weekly intervals, are recommended 
as prophylactics against infection with P. Jalcipa­
rum resistant to chloroquine. Resistance to these 
newer drugs has also been reported. 

In addition, travelers should avoid, or minimize, 
contact with mosquitoes. Most anophelines bite 
at night; therefore, sleeping under netting and, if 
possible, in rooms fitted with window screens will 
be effective. Clothing that covers much of skin 
and insect repellants, particularly those containing 
diethyltoluamide, are useful adjuncts to preven­
tion. Individuals who reside permanently in en­
demic areas probably should not take drugs for 
prophylaxis. Frequent exposure to malaria will 
eventually render them immune and will protect 
them from severe clinical attacks. 

Differential diagnosis of a febrile illness in trav­
elers to endemic zones after they have returned 
home should include malaria. Delays in diagnosis, 
particularly of falciparum malaria, have resulted 
in death. Similarly, fevers in individuals who have 
received blood transfusions, or who are drug ad­
dicts, must also be evaluated for malaria. 

The development of resistance of P. Jalciparum 
to chloroquine has been the most serious problem 
relating to malaria therapy. Virtually all isolates 
from Southeast Asia are resistant. Certain strains 
from the west coast of South America and from 
East Africa are also resistant. 

For wide-scale control of malaria, control of 
mosquitoes remains the only practical method. Re­
duction in numbers of mosquitoes through drain­
age of breeding sites, ditching, and empoundment 
has been accomplished in some areas. Insecticides 
still offer the best means for reducing popUlations 
of mosquitoes. However, rising costs of these prod­
ucts and development of resistance by the insects 
have severely limited their application and useful­
ness. Wide-scale drug distribution or treatment 
programs have not been effective. 

In vitro cultivation of P. Jalciparum 26 has im­
proved methods for testing resistance of the para­
site to chloroquine and other antimalarials. 

Vaccination against malaria has been the aim 
of much research. In general, the approach to the 
development of a vaccine is based on induction 

of protective immunity against the parasite, either 
the merozoites in the bloodstream or the infecting 
sporozoites. The two forms of malarial parasite 
do not have common antigens, and therefore im­
munization against one does not protect the host 
against the other. 

Attempts to immunize monkeys against the 
merozoites to prevent clinical disease, without pre­
venting infection with sporozoites, resulted in a 
high level of protection, but required the use of 
adjuvants.27 

Immunization of animals with attenuted sporo­
zoites, aimed at induction of immunity against in­
fection, does result in a high level of immunity. 
However, the escape of even a single sporozoite 
will cause the disease. 28 

Another type of vaccine is based on the response 
to a histidine-rich protein in the membranes of 
red cells infected with the avian malaria, P. lophu­
rae. In some instances, immunization with this 
antigen conferred 100% protection against inva­
sion of the red cells by the merozoite stage of 
malaria. However, there is no evidence that an 
analogous protein exists in the human erythrocytes 
infected by P. Jalciparum. 29 

Lastly, a vaccine program is being explored, 
which is aimed at inducing antibodies against spe­
cific surface receptors on the merozoites of vivax 
malaria that recognize attachment sites on the 
erythrocytes.3o 
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29. Trypanosoma cruzi (Chagas 1909) 

Infection with Trypanosoma crUZI 1S limited to 
Central and South America. The disease caused 
by this organism, Chagas disease, has a case fatal­
ity rate of about 5% in its acute phase;! the fatality 
rate in the chronic state is difficult to assess. It 
is estimated that between 10 and 12 million people 
at present are infected with T. cruzi. 2 T. cruzi is 
a flagellate, transmitted by vectors in the order 
Hemiptera, family Reduviidae, the subfamily Tri­
atominae (see Chapter 37), which consists of nine 

genera, the most common of which are Panstrongy­
Ius and Rhodnius. In addition, the infection can 
be transmitted through blood transfusion. In Mex­
ico, 4.4% of the donated blood was found to be 
serologically positive for T. cruzi. 3 There are sev­
eral important reservoir hosts, including rats, dogs, 
sloths, bats, and various nonhuman primates. 
Transmission takes place in both rural and urban 
settings. The incidence of this infection is highest 
in children. 
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Historical Information 

Chagas, after whom the disease is named, discov­
ered the infective stage of T. cruzi in 1909 by 
chance while he was conducting a survey of vectors 
of malaria.4 His discovery identified both the vec­
tor and the agent of a disease that was yet to be 
described in man. He inoculated many different 
species of mammals and learned that all of them 
became infected; some even died. He assumed that 
the infection affected man as well and embarked 
on a survey of rural Brazil, where he found both 
infected vectors and infected people. During the 
subsequent years, Chagas described the major clin­
ical features of the disease as well as the morphol­
ogy of the trypomastigote stage of the causative 
agent. He named the organism after his mentor, 
Oswaldo Cruz. 

The complete life cycle of T. cruzi was described 
by Brumpt5 in 1912 and pathological changes 
caused by the organism by Vianna6 in 1916. 

Life Cycle 

The infection is transmitted by a triatomid bug 
(Fig. 37.22), which characteristically feeds at 

Figure 29.1. Trypomastigote stage of Trypanosoma 
cruzi in the blood of a patient in the acute phase of 
the infection. X 1,500. 

night. The bug bites, near the mouth or eyes, in­
gests blood, and defecates immediately near the 
site of the bite. Its feces contain the parasite. The 
bite itself is painless, but subsequently the affected 
area begins to itch, causing the victim to rub the 
bug feces-and thus the protozoa-into the 
wound, or mucous membranes, in response to the 
itch. The infection can also occur without a direct 
contact with the bug. In rural Brazil, where houses 
with thatched roofs predominate, the triatomid 
bugs live in the roofs and their feces fall onto 
sleeping people, who can become infected by rub­
bing the parasites into the mucous membranes. 
Because triatomids feed on many mammals and 
the rural populations live in close proximity to 
their livestock, the probability of infection is quite 
high. 

Immediately after introduction into the bite site, 
or the mucous membranes, the trypomastigotes 
(Fig. 29.1) penetrate a wide variety of cells and 
become transformed within these cells into amasti­
gotes (Fig. 29.2). After several divisions, the para­
sites transform into trypomastigotes. The affected 
cells die and release the parasites, which reach 
the bloodstream and become distributed through­
out the body. They infect many different tissues, 

Figure 29.2. Amastigote stage (arrows) of Trypanosoma 
cruzi in heart muscle cells. Hundreds of organisms fill 
the necrotic spaces in the cardiac muscle cells. X976. 
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Figure 29.3. Epimastigote stage of Trypanosoma cruzi. 
x2,900. 

including glial cells in the central nervous system, 
the heart muscle, the myenteric plexus in the gut, 
the urogenital tract, and reticuloendothelial sys­
tem. In contrast with the African trypanosomes, 
T. cruzi is essentially an intracellular parasite. 

The early lesion, usually on the face, is known 
as primary chagoma; it contains only the intracel­
lular amastigotes. Triatomids become infected by 
feeding on the infected host. The trypomastigotes 
migrate to the midgut of the bug, where they trans­
form into the epimastigote stage (Fig. 29.3) and 
then proceed to undergo many divisions. Thou­
sands of organisms are produced within one bug 
without apparently affecting it. The triatomids re­
main infected for life, i.e., 1-2 years. The epimasti­
gotes in the bug transform into metacyclic trypo­
mastigotes and ultimately migrate to the hind gut, 
whence they are excreted with feces, following the 
bite. 

In addition to these routes of infection, T. cruzi 
can be transmitted between partners during sexual 
intercourse and to the fetus across the placenta. 

Pathogenesis 

Chagas disease has two stages, the acute and the 
chronic. The acute stage is characterized by hema­
togenous spread of the parasite, leading to invasion 
of various tissues and organ systems. The invasion 

A 

B 

Figure 29.4. A. Gross specimen of an enlarged heart 
from a patient who died from chronic Trypanosoma 
cruzi infection. B. Section through the heart in A show­
ing thinned wall of ventricle. (Courtesy of Dr. T. Jones) 

is accompanied by an intense inflammatory reac­
tion, consisting of infiltration by mononuclear 
cells. 

The chronic stage is a result of gradual tissue 
destruction. For example, in the heart, the myofi­
brils and the Purkinje fibers are replaced by fibrous 
tissue. As a consequence, there are conduction de­
fects, the heart enlarges (Fig. 29.4A), and on occa-



sion develops a ventricular aneurysm (Fig. 29.4B). 
In the gut, the destruction of myenteric plexus 
is responsible for the development of megaesopha­
gus and megacolon. 

Clinical Disease 

The acute stage often is missed, because it can 
be asymptomatic or because the symptoms that 
do develop are protean and are often misdiag­
nosed. The infection usually occurs in early child­
hood and persists throughout life. 

The incubation period is 4-12 days following 
the introduction of the organisms. The acute phase 
resulting from the insect bite on the face may be 
heralded by the unilateral appearance of edema 
and violaceous discoloration of the eyelids, the so­
called Romaiia sign. The swollen eyelids are firm 
to touch. There may be an associated conjunctivi­
tis. In addition there may be a nodule, known 
as chagoma, at the site of the bite. It is erythema­
tous and brawny and firm to touch. When it disap­
pears after several weeks, it leaves an area of depig­
mentation. 

An acutely infected patient may have systemic 
involvement including fever, lymphadenopathy, 
hepatomegaly, splenomegaly, and myocarditis. 
Some patients develop signs of meningoencephali­
tis. Rarely, a patient may have a morbilliform or 
urticarial rash. 

The acute phase ends after approximately 2 
months, on rare occasions lasting up to 4 months. 
Those who have recovered from the acute phase 
enter the chronic phase of the infection. However, 
many people, perhaps the majority, remain asymp­
tomatic for the rest of their lives. Others remain 
well for many years before developing symptoms 
and signs of chronic disease, which mainly takes 
two forms, cardiac and gastrointestinal, the former 
predominating. At least half of the patients with 
Chagas disease have abnormal electrocardio­
grams. 

The cardiac form may be silent and limited to 
electrocardiographic abnormalities, consisting of 
conduction defects, which at the extreme cause 
a complete heart block. Clinically, the patients ex­
perience extrasystoles, right ventricular enlarge­
ment, and eventually heart failure. 

The gastrointestinal form includes development 
of megaesophagus and megacolon. The former is 
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heralded by dysphagia and, later, regurgitation. 
The latter leads to constipation and fecal retention. 
Megaesophagus is the predominant abnormality 
of the digestive system; most patients with megaco­
lon also have megaesophagus. 

The disease is not limited to the heart and the 
gut. Rarely, it leads also to megaureters, megablad­
der, megagallbladder, and bronchiectasis. 

Involvement of the heart is the primary cause 
of death in Chagas disease. 

Diagnosis 

The diagnosis of the acute disease depends on dis­
covery of trypomastigotes (Fig. 29.1) in the blood 
of the patient. If the direct examination of the 
blood smear fails to reveal the parasites, it may 
be possible to detect them in the buffy coat, after 
a blood sample has been centrifuged, or in the 
supernatant serum of a blood sample that has been 
left to clot. A further search for the parasites may 
reveal their presence in a biopsy specimen obtained 
from a tender skeletal muscle, for example, the 
gastrocnemius. Other methods of search involve 
culturing blood on a medium, inoculation of mice, 
and xenodiagnosis. The last involves placement 
ofa reduviid bug that was reared in the laboratory, 
and is uninfected, on the skin of the patient. After 
the bug has taken a blood meal, it is maintained 
for 6 weeks and then killed to determine whether 
it has become infected. 

There are also serological tests of various utility. 
The indirect immunofluorescence test can detect 
the infected individual 2 weeks after infection. This 
serological test becomes positive earliest. The other 
tests detect precipitins and agglutinins. The com­
plement fixation test becomes positive 6 weeks af­
ter the infection. 

In patients with the chronic infection, direct 
diagnosis is more difficult, because they have very 
few circulating trypomastigotes. Xenodiagnosis is 
the most useful test, which will detect the infection 
in about half of the patients. In the others, it is 
necessary to rely on a positive serological test to­
gether with symptoms and signs compatible with 
Chagas disease. 

Treatment 

Treatment is not completely satisfactory. Nifurti­
mox appears to eradicate parasitemia during the 
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acute phase of the infection and can effect radical 
cure. It has less effect in the chronic form of the 
disease. There is a differential susceptibility of the 
trypanosomes to nifurtimox; some appear to be 
relatively resistant. 

Nifurtimox has serious side effects. It causes 
anorexia and vomiting, disorders of sleep, and 
polyneuritis. 

Chronic disease must be treated symptomati­
cally with appropriate cardiac regimens. Mega­
esophagus and megacolon are susceptible to surgi­
cal interventions. 

Prevention and Control 

Control of vectors is an effective method for reduc­
ing incidence of the infection. In Brazil, control 
efforts have been rewarded by considerable suc­
cess. A massive seroepidemiological survey pro­
vided accurate information about regional preva­
lence of Chagas' disease; the national prevalence 
indicated about 6 million infected people. The gov­
ernment organized school children to collect redu­
viid bugs, which were then turned over to public 
health workers for destruction. This campaign led 
to a reduction of rate of infection from 20% to 
below 5% within a 2-year period.7 Urbanization, 
with the attendant elimination of traditional 
thatched roof huts, has also contributed to the 
reduction of this infection (see Chapter 37). 

In addition, blood recipients can be protected 

from infection by treatment of donated blood with 
gentian violet (in a dilution of 1 :4000), which kills 
trypomastigotes.2 

There is no chemoprophylaxis. 
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30. The African Trypanosomes: Trypanosoma brucei 
gambiense (Dutton 1902) and Trypanosoma brucei 
rhodesiense (Stephens and Fantham 1910) 

Trypanosoma brucei gambiense and T. b. rhode­
siense. two subspecies of hemoflagellates, are re­
sponsible for a disease commonly referred to as 
African trypanosomiasis. Both of these organisms 
are transmitted by the bite of various species of 
the tsetse fly of the genus Glossina (see Chapter 
37) and infect human populations throughout 
equatorial Africa. T. b. gambiense is found mainly 
in western and central Africa (Senegambia, 
Guinea, Ivory Coast, Liberia, Ghana, Benin, Nige­
ria, Cameroon, Central African RepUblic, Zaire, 

Gabon, and Uganda), whereas T. b. rhodesiense 
is restricted to Zimbabwe, Zambia, Tanzania, 
Uganda, and Kenya in East Africa. There are no 
known reservoir hosts for T. b. gambiense. but 
many of the wild game animals of East Africa 
serve as reservoirs for T. b. rhodesiense. Trypano­
somiasis is a serious problem in animal husbandry, 
because many species of the trypanosomes, related 
to those infecting man, cause severe disease in 
cattle. 

The total number of people infected with these 
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two organisms is estimated to be about 2S0,000, 
with IS,OOOl new cases appearing each year. Hu­
man trypanosomiasis is both epidemic and en­
demic. Untreated, it is almost universally fatal. 

Historical Information 

Sleeping sickness, the older name for African try­
panosomiasis, was known to Europeans, at least, 
since 1742, when Atkins published his observa­
tions of this disease.2 However, the association be­
tween the disease and its etiological agent was es­
tablished much later. In 189S, Bruce3 showed that 
a disease of cattle, nagana, was caused by a try­
panosome transmitted by the tsetse fly. This dis­
ease, also called cattle trypanosomiasis, has pre­
vented cattle ranching in tropical Africa and has 
been a major deterrent to economic growth of that 
vast region of the world. 

A human equivalent of nagana, the disease 
caused by T. h. gambiense, was first described by 
Forde4 in 1902; T. h. rhodesiense was identified 
as a human pathogen by Stephens and Fantham5 

in 1910. 
Kinghorn and Y orke6 in 1912 proved by exten­

sive, carefully conducted experiments that T. h. 
rhodesiense could be transmitted from man to ani­
mals by tsetse flies. Morever, they correctly con­
cluded that game animals, such as waterbuck, 
hartebeest, impala, and warthog, could serve as 
reservoir hosts for this East African trypanosome. 

Life Cycle 

The patterns of development of T. h. gambiense 
and T. h. rhodesiense are very similar and the 
description that follows applies to both. 

Six species of Glossina are the vectors of human 
African trypanosomiasis, and both sexes of the 
flies transmit the infection. The infective stage is 
the metatrypanosome (Fig. 30.1), injected intra­
dermally by the fly. The metatrypanosomes rapidly 
transform into blood-form trypanosomes (Fig. 
30.2A and B) which begin a series of divisions 
by binary fission at the site of the bite wound. 
This leads to the formation of the primary chancre. 

The trypanosomes enter the bloodstream 
through the lymphatics and undergo more divi­
sions, often reaching numbers in excess of 
ISOO/mm3 . They are extracellular parasites inhab-

• 

Figure 30.1. Metatrypanosome of Trypanosoma h. rho­
desiense. This form lives in the salivary glands of the 
tsetse fly and is the infectious stage of the parasite. X900. 
(Courtesy of Dr. I. Cunningham) 

iting the bloodstream, cerebrospinal fluid, and the 
interstitial spaces. 

The tsetse fly becomes infected by ingesting a 
blood meal from an infected host. In the midgut 
of the fly, the trypanosomes transform into pro­
cyclic trypomastigotes (Fig. 30.3), which continue 
dividing for 10 days. When the divisions are com­
pleted, the organisms migrate to the salivary 
glands and transform into epimastigotes. These, 
in turn, divide and transform into metatrypano­
somes, which are the stage infective for man and 
animals. The entire cycle in glossina lasts 2S-S0 
days, depending on the species of the fly, the strain 
of the trypanosome, and the temperature of the 
environment. 

Each fly remains infected for life (2-3 months) 
and is capable of delivering more than 40,000 
metatrypanosomes whenever it feeds. The mini­
mum infective dose for most hosts is 300-S00 or­
ganisms. 

It is possible that the infection can also be ac­
quired through ingestion of raw meat from an in­
fected carcass. 7 If this is an alternative mode of 
transmission, it may have a function of maintain­
ing infection in the reservoir hosts among carni­
vores and may also play a role in transmission 
to man. 
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Figure 30.2. Trypomastigote stages of Trypanosoma b. 
gambiense (A) and Trypanosoma b. rhodesiense (D). A, 
x l,575; H, Xl,500. (Courtesy of Dr. I. Cunningham) 
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Figure 30.3. Procyclic trypomastigote stage of Trypano­
soma b. rhodesiense from the midgut of Glossina sp. 
(tsetse fly). x500. (Courtesy of Dr. I. Cunningham) 

Pathogenesis 

The host responds to the infection by producing 
antibodies of two classes. IgG antibodies seem to 
be directed mainly against cellular antigens, 
whereas the IgM antibodies are directed primarily 
against surface antigens. The surface antigenic de­
terminants are glycoproteins in the coat of the 
trypanosomes. 8 The antibodies directed against 
them destroy, by agglutination and lysis, all anti­
genically identical organisms within a given popu­
lation. A few trypanosomes with different surface 
antigens escape destruction. These variants multi­
ply and replace those that were destroyed.9 The 
host, again, responds by producing antibodies 
against the new antigenic variant. In turn a third 
variant arises. Thus yet another brood of try­
panosomes takes over, the host responds once 
more, and this tug-of-war continues until the host 
is eventually overcome (Fig. 30.4). 

The mechanism of antigenic variation is not 
fully understood, but it follows a sequence that 
perhaps is predetermined. A specific antigenic con­
figuration does not reappear unless the trypano­
some has been passed again through the fly.to In 
an experimental infection with T. equiperdum, 
about 100 immunologically distinct variants were 
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Figure 30.4. Course of parasitemia 
in a patient with Trypanosoma b. rho­
desiense. Each peak of parasitemia 
represents a new antigenic variant. 
(From Vickerman K, as redrawn 
from Ross and Thomson. Proc R Soc 
London [Bioi] Sci 82:411-415,1910.) 
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produced. ll In the human disease, however, the 
ultimate number remains unknown. 

The predominant pathologic involvement is lim­
ited to the lymphatic and central nervous systems. 
All lymph nodes become enlarged, but posterior 
cervical ones do so earliest and most pre­
dominantly.12 The nodes are hyperplastic and con­
tain large numbers of the parasites. 

In the natural course of the disease the trypano­
somes enter the central nervous system and cause 
leptomeningitis, which eventually leads to the cere­
bral edema and encephalopathy that has given rise 
to the name sleeping sickness. The involved brain 
shows evidence of inflammation, with perivascular 
cuffing (Fig. 30.5), consisting of infiltrates of glial 
cells, lymphocytes, and plasma cells. There is also 
proliferation of astrocytes. Invasion of the central 
nervous system occurs much earlier in infections 
with T. b. rhodesiense than in those by other spe­
cies. 

Clinical Disease 

Both trypanosomes cause the same type of clinical 
disease; only the time scale of its evolution differs. 
Infection with T. b. rhodesiense is more fulminant, 
has an incubation period of 2-3 weeks, and a 
course of several weeks, involving the brain after 
3 or 4 weeks. The Gambian variety has an incuba­
tion period of several weeks to months and may 
not involve the brain for months and even years. 

The first sign of either infection, occurring a 
few days after the bite, is a chancre at the site 
of the inoculation, where the organisms remain 
localized. When the incubation period is com­
pleted and the organisms have disseminated to the 
bloodstream, intermittent fever develops. Rashes, 
particularly erythema multiforme, occur in some 
patients. Lymphadenopathy, especially of the pos-

Time in weeks 

terior cervical nodes, the so-called Winterbottom's 
sign, are characteristic, but not invariable. 

Invasion of the central nervous system is her­
alded by headache, stiff neck, disturbance of sleep, 
and depression. Progressive mental deterioration 
follows and is associated with focal seizures, trem­
ors, and palsies. Eventually, coma develops and 

Figure 30.5. Cross-section of a vein in the brain of a 
patient who died from infection with Trypanosoma b. 
rhodesiense. Note perivascular cuffing with small lym­
phocytes. X630. 



the patient dies, usually of associated causes, such 
as pneumonia, inanition, or sepsis. 

Diagnosis 

History of travel in the endemic area and especially 
a bite by the tsetse fly-usually a remembered 
event, because the fly is large and the bite painful­
and the presence of a chancre can steer the clini­
cian to the correct diagnosis. 

The definitive diagnosis depends on finding the 
trypanosomes in blood, cerebrospinal fluid, or as­
pirates of lymph nodes. It may be helpful to exam­
ine the buffy coat and the centrifuged sediment 
of the cerebrospinal fluid. If the direct examination 
fails to reveal the organism, it may be necessary 
to resort to in vitro culture and to inoculation 
of animals. 

Most serological tests are unreliable for diagno­
sis of clinical disease, because of cross-reactions. 
An ELISA test13 may become quite specific after 
technical refinements, including purification of an­
tigens, have been achieved. 

Differential diagnosis includes syphilis, leish­
maniasis, and malaria. Indeed finding malarial par­
asites in the Qlood of a patient with trypanosomia­
sis may mislead the clinicians and divert their 
attention from the diagnosis of trypanosomiasis. 
Lymphoma must also be considered in any patient 
with protracted, unexplained fever. 

Treatment 

The most important principle of therapy is that 
it is best begun before the central nervous system 
is involved, because the most effective drug does 
not pass the blood-brain barrier. When properly 
treated, a patient free of central nervous system 
disease will usually recover without sequelae. Sura­
min administered intermittently, by intravenous 
infusion, is the drug of choice. It has a number 
of side effects, such as nausea, vomiting, pruritis, 
urticaria, paresthesiae, hypesthesia, photophobia, 
and peripheral neuropathy. They are unpleasant 
but not dangerous, and disappear several days after 
discontinuation of the therapy. Rarely, patients 
may develop renal damage. For that reason, it is 
important to ascertain the renal status of the pa­
tient before starting the therapy. 

Pentamidine isethionate is an alternative, but 
it also has many side effects (see Chapter 34). 

For patients whose central nervous system is 
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affected, the therapy consists of melarsoprol. This 
drug is quite toxic and can cause myocarditis, renal 
damage, peripheral neuropathy, encephalopathy, 
and a Jarisch-Herxheimer type of reaction. It is 
possible to reduce these side effects, particularly . 
the last, by pretreatment of the patient with sura­
min, but there may not be enough time to do this 
if the patient's central nervous system is severely 
affected. Five percent of patients die as the result 
of this treatment. 

Prevention and Control 

Attempts at prophylaxis with drugs have been 
largely unsuccessful. Although pentamidine iseth­
ionate can be used as a prophylactic, it is subject 
to the danger that a cryptic infection may develop. 
In addition, the drug is not free of side effects. 
Development of a vaccine has been hampered by 
the antigenic variation in the parasite. 

In West Africa, the control of the vector has 
been effective, mainly because there are no reser­
voir hosts of T. b. gambiense. The main vectors 
in West Africa are riverine tsetse flies, G. palpalis 
being predominant. This vector has been success­
fully eradicated from certain areas through clear­
ance of the vegetation along the rivers. This pro­
gram takes advantage of the fact that the riverine 
flies are negatively phototropic and require a 
moist, shady environment to breed. Because the 
female fly lives only about 48 days and produces 
2-4 eggs in its life time,14 and because only 0.1 % 
of flies become infected, a program of vector con­
trol has a potential for being effective. Neverthe­
less, clearance of vegetation has not been carried 
out consistently, and infection in West Africa per­
sists. 

The problem of control is much more compli­
cated for T. b. rhodesiense, because this organism 
has many reservoir hosts and breeds in the sa­
vanna. The main vector in East Africa is G. morsi­
tans. In some areas of East Africa, its distribution 
is less than one fly per square mile, and yet trans­
mission continues to occur. 
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31. Leishmania tropica (Wright 1903) and Leishmania 
mexicana (Biagi 1953) 

Cutaneous leishmaniasis is caused by an infection 
with either of two closely related species of proto­
zoa, Leishmania tropica in the Old World, and 
Leishmania mexicana in the New World. Both 
organisms are transmitted by sandflies. Flies of 
the genus Phlebotomus are vectors of L. tropica 
throughout the Middle East, India, and Africa. 
Those belonging to genus Lutzomyia transmit L. 
mexicana in South and Central America. (Recent 
studies have suggested that what has been consid­
ered one genus, Lutzomyia, may in fact be com­
prised of two genera, i.e., Lutzomyia and Psycho­
dopygus.) Reservoir hosts include desert rodents 
and dogs for L. tropica, and armadillos, arboreal 
rodents, and dogs for L. mexicana. 

Although it is known that the infection predomi­
nates among children and young adults, its preva­
lence has not been determined. 

Historical Information 

RusselP described cutaneous leishmaniasis as a 
clinical entity in 1856. It was Cunningham,2 how­
ever, working in India in 1885, who correctly de­
scribed the leishmania organism he observed in 
a fixed section of a skin lesion. Finally Adler and 
Theodor3 demonstrated that sandflies infected in 
the laboratory could transmit L. tropica to human 
volunteers. 

Oriental sore had been well known among peo­
ple living in the endemic area of the Middle East, 
India, and Africa. Indeed, a form of immunization 
was practiced in the Middle East, where it was 
known that persons once affected did not develop 
new lesions after the original ones had healed. 
Therefore, uninfected individuals were deliberately 
inoculated in areas other than the face with scrap-
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ings from the margins of active lesions. This re­
sulted in a controlled infection and prevented dis­
figuring by the natural infection that might have 
affected the face. 

Life Cycle 

The sand fly is the vector of leishmaniasis. It is a 
small dipteran (see Fig. 37.5), whose flight range 
is very short. Only the adult females bite, and 
the blood they ingest is used in egg production. 

Sandflies become infected by biting an infected 
individual. The amastigotes (1-3 IJ-m in diameter), 
present in the macrophages (Fig. 32.2A), are in­
gested by the fly and become disrupted in its stom­
ach. Thus, the amastigotes are released and almost 
immediately become transformed into the promas­
tigotes (Fig. 31.1). The promastigotes migrate to 
the gut and divide by binary fision. Ultimately, 
the promastigotes migrate to the proboscis and 
enter a new host when the insect bites. 

On injection into man, the promastigotes are 
ingested by macrophages and other phagocytes, 
but remain intact intracellularly. The mechanism 
that protects them from digestion is unknown. 
Within these cells, the promastigotes are trans­
formed into amastigotes and divide by binary fis­
sion. The infected host cells lyse and release the 
organisms, now ready to infect new phagocytes. 

Figure 31.1. Promastigotes of Leishmania Iropica cul­
tured for 3 days in Schneider's medium. X I ,000. (Cour­
tesy of Dr. S. Holmes-Giannini) 

The cutaneous lesion is caused by lysis of dermal 
cells. The organism, unlike L. donovani, remains 
in the dermis and does not cause systemic infec­
tion. Most of the infected phagocytes remain in 
the immediate vicinity of the lesion; only rare ones 
stray any distance. Thus the fly, to become in­
fected, must bite in the area where these cells have 
congregated. 

Sandflies live approximately 2 weeks and take 
two or three meals during their lifetime. Once in­
fected, the insects can transmit the infection until 
they die. 

Pathogenesis 

Following the bite, the individual develops a single 
nodule at the site of the bite. It may be either 
"dry" (Fig. 31.2) or "wet" (Fig. 31.3), and may 
remain quiescent for months or even years before 
becoming disseminated, although always remain­
ing confined to the skin. 

The process of dissemination is aided by the 
development of anergy and, in this regard, resem­
bles lepromatous leprosy. This often coincides with 
an intercurrent systemic illness and is associated 
with a negative reaction to intradermal injection 
of leishmanin (a crude homogenate of the organ­
isms). Ultimately, the patient develops immunity; 

Figure 31.2. "Dry" skin lesion caused by Leishmania 
Iropica. Note the secondary lesions and the crusty ap­
pearance of the primary lesion. (Courtesy of Drs. R. 
Armstrong and G. Zalar) 
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Figure 31.3. "Wet" lesion on skin of a patient infected 
with Leishmania tropica. Note the raised edge of the 
lesion and the shiny appearance of the necrotic center. 
(Courtesy of Dr. T. Jones) 

the lesions become circumscribed and heal by 
forming scars. 

The single skin lesions can be differentiated from 
one another only by their clinical appearance; his­
tologically they are indistinguishable. They result 
from rapid lysis of fixed and wandering phagocytes 
in the area of the bite. It had been postulated that 
a toxin is responsible for the lesion, but none has 
been identified. 

Clinical Disease 

The primary lesion is the small red papule appear­
ing at the site of a bite after an incubation period 
of 2-8 weeks. It is an active lesion, progressing 
from a nodule of 1 cm in diameter to a much 
larger one by increasing centrifugally through the 
formation of satellite papules. It eventually ulcer­
ates, becomes depressed, and heals through scar­
ring. The patient then becomes immune for life. 
This type of disease is referred to as "urban." 

The "rural" disease tends to be multifocal, but 
otherwise resembles the former pattern. 

The diffuse, anergic cutaneous leishmaniasis be­
gins as a single nodule on an exposed part of the 
skin, but it begins to grow and spread, eventually 
involving vast areas of the skin, the patient resem­
bling one with lepromatous leprosy. 

Diagnosis 

This infection must be suspected in anyone with 
a chronic ulceration of the skin who resides in, 
or has visited, the endemic area. On clinical 
grounds alone, these lesions can be confused with 
those of leprosy and many fungal infections. The 
diagnosis is confirmed by the identification of or­
ganisms in the biopsy taken from the edge of the 
ulcer. A skin test with leishmanin, always positive 
by the time the ulcer has developed, remains nega­
tive during the initial stages of infection. Moreover, 
it does not help in an individual diagnosis in the 
endemic area, where a large segment of the popula­
tion is positive. Patients with the anergic type of 
this disease have a negative skin test. There are 
no systemic manifestations, nor is there an abnor­
mality in the blood. 

If the organisms cannot be seen on a smear of 
the scrapings or on the histological section, they 
may be revealed on a culture of scrapings (Fig. 
31.1) taken from the margin of the lesion and 
placed in a suitable medium. 

Treatment 

The disease tends to subside spontaneously, with­
out complications. Therefore, therapy with the an­
timonial drugs, although effective, is not recom­
mended because the drugs are toxic. However, if 
the lesion fails to heal in 6 months, or progresses 
in size, or invades mucous membranes-which im­
plies that the infection is not cutaneous, but muco­
cutaneous-treatment with stibogluconate should 
be started. Bacterial infections of the leishmanial 
lesions, particularly the "wet" form, must be 
treated with antimicrobial agents, according to the 
sensitivity of the infecting organism. 

Prevention and Control 

Although control of vectors would prevent these 
infections, in practice such efforts have not been 
successful. Nevertheless, use of residual insecti­
cides is helpful. This is particularly helpful in ur­
ban areas, in case of L. tropica infections in India 
and the Middle East. The sandflies are weak fliers 
and tend to rest periodically when hopping from 
place to place. Therefore, residual insecticides 
sprayed around windows and doors "catch" these 
insects as they alight inside the houses and rest. 

Control of rodents and dogs has been effective 
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in some urban communities. In rural communities, 
however, it has largely failed. 

In Central and South America, people who work 
in the forests gathering chickle are at a high risk 
of infection as they travel to and from work at 
dawn and dusk, when the sandllies are most plenti­
ful. Change of work schedule to avoid travel dur­
ing the times when the flies bite would sharply 
reduce incidence of these infections. 

Vaccination with promastigotes is a promising 
technique that has had some success in the south­
eastern part of the Soviet Union.4 It has not yet 
been applied on a wide scale. 

On individual basis, insect repellents, nettings, 
and window screens offer some protection. 
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32. Leishmania braziliensis (Vianna 1911) 

Leishmania braziliensis is the only causative agent 
of the mucocutaneous form of leishmaniasis. Its 
vectors are sandflies of the genus Lutzomyia. The 
infection is widely distributed throughout Central 
and South America. There are no data about its 
prevalence, but it appears to be less frequent than 
the cutaneous form of the infection. There is, how­
ever, a substantial coincidence of these two infec­
tions because the same vectors spread both dis­
eases. 

The reservoir hosts include the spiny rat, the 
opossum, and the sloth. 

Historical Information 

Carini! in 1911 differentiated mucocutaneous le­
sions from the cutaneous types, thus establishing 
this infection as a separate nosological entity; the 
following year Vianna2 identified and named L. 
braziliensis as the causative agent. Kligler3 and 
Noguchi4 finally identified this parasite serologi­
cally as a distinct species. 

Life Cycle 

In the sandlly, the life cycle of L. braziliensis re­
sembles that of L. mexicana. In the mammalian 
host, however, it is different, because in addition 
to the skin it invades mucous membranes. The 

Figure 32.1. Section of skin infected with Leishmania 
braziliensis (arrows). This section was taken from the 
margin of a lesion and shows the organisms present 
in skin macrophages. X 1,250. (Courtesy of Dr. T. Jones) 



primary lesion in the skin resembles that due to 
L. mexicana, with the organisms residing in the 
phagocytic cells at the margins of the ulcer. Sec­
ondary lesions develop by direct or hematogenous 
spread, in the latter case even many years after 
the healing of the original ulcer. These secondary 
lesions can appear at any mucocutaneous junction, 
such as the mouth, the anus, etc. 

Pathogenesis 

The lesions are characterized by massive necrotiz­
ing inflammation and are filled with a variety of 
cells, including lymphocytes, small histiocytes, and 
plasma cells. Skin (Fig. 32.1), mucous membranes, 
and cartilage can be involved. In the lesions of 
oral cavity, destruction of the soft palate, nasal 
septum, and invasion of the larynx can occur (Fig. 
32.2). These lesions contain few parasites. After 
healing, the ulcers become replaced by fibrous tis­
sue. 

Clinical Disease 

This form of leishmaniasis develops as the cutane­
ous variety, but the skin lesions are followed a 
short time (a few weeks) or a long time (many 
years) later by lesions of the mucocutaneous bor­
der of the mouth, nose, or-more rarely--of the 
soft palate, the larynx, the conjunctiva, the anus, 
and the external genitalia. These lesions can be 
quite disfiguring, often becoming large granulomas 

Figure 32.2. Erosion of the nasal septum caused by in­
fection with Leishmania braziliensis. (Courtesy of Drs. 
T. Jones and P. Marsden) 
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that heal slowly, scar, and eventually deform the 
tissues in which they are found. 

Diagnosis 

Identification of the organisms in histological sec­
tions of the ulcer provides the definitive means 
of diagnosis. However, the organisms in this form 
of leishmaniasis are rare, and therefore a culture 
of the affected tissue is more likely to yield the 
diagnosis. Two media are available for culture. 
The newer, Schneider's medium, has the advantage 
of rapid results, because the promastigotes develop 
within 3 days of inoculation (Fig. 32.3). This is 
in contrast with the older method, which often 
required weeks. A skin test employing killed pro­
mastigotes that have been cultured in vitro can 
be helpful, but it becomes positive only after the 
initial lesion has healed, i.e., after several months 
of the infection. None of the available serological 
tests is completely satisfactory, but a direct aggluti­
nation test using promastigotes is likely to become 
the most useful for all forms of leishmaniasis. 

Treatment 

Treatment with the antimonial drugs, as indicated 
under kala-azar (Chapter 33), is recommended. 
The diffuse disease will respond initially, but In 

cases of relapse may be resistant to therapy, In 

which event amphotericin B should be used. 

Figure 32.3. Promastigotes of Leishmania braziliensis 
grown in culture (Schneider'S medium) X I ,000. 
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Prevention and Control 

See Chapter 31. 
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33. Leishmania donovani (Ross 1903) 

Visceral leishmaniasis, also known as kala-azar, 
or black fever, has a wide distribution in tropical 
and subtropical Africa, South America, and Asia. 
In addition, it is seen in the temperate zones of 
Asia and in endemic foci in the Mediterranean 
region. No accurate estimate of its prevalence is 
currently available. The infection is caused by a 
protozoan, Leishmania donovani, and spread by 
a vector, the sandfly. Phlebotomus sp. transmit 
it in Europe, Africa, and Asia; Lutzomyia sp. are 
its vectors in South America. Various species of 
mammals, including dogs, cats, foxes, gerbils, 
hamsters, ground squirrels, and !Donkeys act as 
reservoirs. 

Historical Information 

The causative agent of visceral leishmaniasis was 
discovered simultaneously in 1903 by two physi­
cians, Leishman l and Donovan,2 while both were 
working in India, Leishman in the British Army 
and Donovan in the Indian Medical Service. Sir 
Ronald Ross named the genus and species after 
them in recognition of their landmark discovery. 
The morphology of the newly named species L. 
donovani was so similar to an organism described 
by Cunningham3 in 1885-later to be named L. 
tropica-that it was often referred to as the Cun­
ningham-Leishman-Donovan body when seen in 
histological sections of infected tissues. 

Nicolle4 in 1908 discovered that other mam­
mals, particularly the dog, could serve as reservoir 

hosts for the parasite. Swaminath and colleagues, 5 

working in India, in 1942 proved in human volun­
teers that the infection was transmitted by the 
phlebotomus flies. It is worth noting that the ethi­
cal standards under which human investigation 
is conducted today would not permit this type 
of an experiment, because there was no effective 
drug against this potentially lethal pathogen. This 
study violated yet another ethical standard, be­
cause the names of the volunteers were listed in 
the pUblication. 

Life Cycle 

Human infection begins with a bite of an infected 
sandfly (Fig. 37.5). The promastigotes (Fig. 33.1) 
enter the bite wound and are quickly taken up 
by the macro phages. Rapidly, within the phago­
cytic vacuole, the promastigotes become trans­
formed into the amastigotes (Fig. 33.2A and B). 
Although lysosomes fuse with the vacuole contain­
ing the parasite and release acid hydrolases, the 
leishmania resists destruction by these enzymes. 
The mechanism of this resistance is unknown. The 
parasites divide within the macrophage and even­
tually fill the cytoplasm. The infected cell dies and 
releases the amastigotes, which are taken up by 
new macrophages. This cycle is repeated many 
times throughout the body. Eventually, all organs 
containing macrophages or fixed phagocytes be­
come infected. The spleen, liver, and bone marrow 
are the most seriously affected organs. 



Sandfiies bite 
infected person, 
acquire infection 

Leishmania donovani 

Infected sandfties bite, 
take blood meal ~;-------

Promastigotes in 
sandfiy saliva 

Post-kala azar lesions 

Arnastigotes live 
intracellularly 
in macrophages 

Spleen 

Cellular destruction 



A 

B 

Figure 33.1. Scanning electron mi­
crograph of a macrophage engulf­
ing two promastigotes of Leish­
mania donovani (arrows). X2,5oo. 
(Courtesy of Dr. K.-P. Chang) 

Figure 33.2. A. Light micrograph 
of a macrophage infected with 
amastigotes of Leishmania dono­
vani. B. Transmission electron mi­
crograph of macrophage with 
amastigotes of Leishmania dono­
vani. A, x2,OOO; B, X 15,300. (A: 
Courtesy of Dr. H. A. Murray; B: 
Courtesy of Dr. K.-P. Chang) 



Figure 33.3. Section of spleen showing amastigotes of 
Leishmania donovani. X 1,575. 

.... 

Figure 33.4. Section of liver showing amastigotes of 
Leishmania donovani. X 1,575. 
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Figure 33.5. Impression smear from liver tissue infected 
with amastigotes (arrows) of Leishmania donovani. 
X2,OOO. 

The cycle is completed when an infected man 
is bitten by an un infected sandfly, which ingests 
macrophages containing the amastigotes. These 
forms are released in the fly's stomach by digestion, 
reach the midgut, and quickly transform into pro­
mastigotes. After many divisions, they migrate 
into the anterior region of the fly's gut, ready for 
injection into a new host. The duration of the 
cycle within the fly is approximately 10 days. 

Pathogenesis 

The infection and subsequent destruction ofhistio­
cytes and macrophages, both fixed and wandering, 
is the underlying cause of all pathological changes 
in this disease. The organisms replicate in the 
spleen (Fig. 33.3), liver (Fig. 33.4), and bone mar­
row (Fig. 33.5). Splenomegaly and hypersplenism 
develop. There is an accelerated production of ma­
crophages, which potentiate the disease by provid­
ing a substrate for the replication of the parasites. 
Skin histiocytes also harbor the organisms, as do 
any skin lesions that may appear after therapy. 
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Clinical Disease 

Kala-azar 
The majority of cases have an incubation period 
of 3-6 months. Longer incubation periods have 
been reported, but they may have been spurious, 
because the time of the infection could not be de­
termined with certainty. In experimental disease, 
the incubation period varies between several days 
and 10 months, depending on the species. The 
onset may be either gradual or sudden. In the 
former, the initial symptoms may be nonspecific, 
often relating to the enlarging spleen. The clinical 
diagnosis is often missed or is discovered inadver­
tently when patients present with some other acute 
illness, such as a respiratory or gastrointestinal 
infection. In the latter, the onset is heralded by 
high fever, which is sometimes intermittent, giving 
rise to the classic, but by no means invariable, 
"dromedary" fever, with a double daily spike. Peri­
ods of fever tend to subside for days, or even sev­
eral weeks, only to return. Thus they resemble 
undulant fever. Splenomegaly evolves, and in a 
patient ill for several weeks, the spleen tends to 
be large enough to occupy most of the left side 
of the abdomen. 

The patient, although weak, does not feel very 
ill and withstands periods of fever without malaise 
or apathy. This is an important clinical differential 
diagnostic point, distinguishing patients with kala­
azar from those with typhoid fever or malaria. 
Indeed, it may be said that the clinical disease is 
more apparent to the objective observer than to 
the patient himself. Generalized lymphadenopathy 
and, later, also hepatomegaly eventually develop. 

Periodicity of fever and afebrile state can con­
tinue for weeks, or even months, while the patient 
becomes increasingly emaciated and weak. Many 
patients die with kala-azar, rather than of kala­
azar, because of an intercurrent acute infection 
superimposed on this subacute disease. Through­
out this period, the patients become anemic and 
develop hypersplenism with the leukocyte counts 
of 3000lmm3 , or even lower. There is also throm­
bocytopenia. The patients, particularly those in 
late chronic stages, have a high concentration of 
serum protein approaching 10 gllOO ml. This is 
almost exclusively due to rise in IgG. 

The disease has certain regional differences. For 
example, in Africa, there may be a primary cutane­
ous nodule preceding systemic symptoms by sev-

eral months. In the Mediterranean countries, in 
Africa, and in China, the generalized lymphadeno­
pathy is more intense than in other parts of the 
world. Hyperpigmentation of hands, feet, and ab­
domen is not as apparent in Africans, because of 
their dark skin, as it is in Indians of lighter skin 
coloration. On the other hand, warty eruptions 
and ulcers appear in the skins of the Africans. 
Among Indians whose disease has been treated 
or who recovered spontaneously, about 20% of 
patients develop a skin rash 1-2 years later. This 
rash is characterized by hypopigmented or erythe­
matous macules, which eventually become papular 
and nodular. They are particularly prominent on 
the face and the upper parts of the body, resem­
bling those of lepromatous leprosy. These lesions 
are filled with histiocytes containing leishmaniae 
and serve as sources of infection for the sandflies. 
Among the African patients, only 2% of those 
who recover develop such skin lesions. 

Diagnosis 

Diagnosis of kala-azar must be suspected in any­
one with protracted fever and splenomegaly who 
has lived in, or even visited, an endemic area. 
Granulocytopenia, anemia, and elevation of "1-
globulins strongly support the diagnosis. 

Definitive diagnosis depends on isolation of the 
parasite. This can be accomplished by aspiration 
of bone marrow (Fig. 33.5), spleen, a lymph node, 
or liver. Because of the relative safety, bone mar­
row aspiration is the preferred method for obtain­
ing the parasites. These organisms can usually be 
seen in the specimen stained with Giemsa solution. 
Although the organisms are present in the macro­
phages, these cells tend to rupture in the prepara­
tion of the specimen and therefore free parasites 
are seen in the smear. In addition, the parasites 
can be cultured (see Fig. 32.3). 

Immunodiagnosis is also possible. Antibodies 
to the leishmania can be demonstrated by indirect 
immunofluorescence in about 90% of the infected 
patients. The leishmanin skin test is usually nega­
tive in patients with active infection, but becomes 
positive after successful therapy. 

Treatment 

The drug of choice is pentavalent antimony, pre­
sented as sodium stibogluconate, administered by 



injections over a period of several days. Side effects 
characteristic of antimonial drugs do occur. They 
include nausea, vomiting, skin reactions, and inter­
ference with the cardiac rhythm. This therapy is 
usually quite effective, although in the East Afri­
can and Mediterranean varieties of the disease 
there are occasional failures. They may be treated 
with the alternative drug, pentamidine isethionate. 
It must be remembered that leishmaniasis is a sub­
acute or chronic disease and that the response will 
be gradual. Clinical signs will also be slow to re­
cede; in particular, splenomegaly may never disap­
pear completely. Because of the slow convales­
cence, it is essential to provide for the patient good 
nursing care and nutritional support. The ultimate 
proof of a cure is a negative bone marrow culture 
1 year after completion of therapy. Absence of 
humoral antibodies after cure has also been re­
ported. Relapses are quite rare and can be retreated 
in the same fashion as the original infection. 

Prevention and Control 

L. donovani infections can be reduced or elimi­
nated by control of the vector, as outlined in Chap-
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ter 31. This was partially achieved in the Mediter­
ranean as a by-product of malaria eradication 
programs, which reduced Phlebotomus spp. when 
insecticides were applied against mosquitoes. Now 
that malaria has been controlled and insecticides 
are no longer used, sandflies have returned and 
with them kala-azar. 
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34. Pneumocystis carinii (Delanoe and Delanoe 1912) 

Pneumocystis carinii is a small extracellular ame­
boid organism with three developmental forms, 
defined only on the basis of their morphology. It 
is Ubiquitous and affects all age groups and both 
sexes. 

Immunocompromised individuals, particularly 
those with malignancies in remission, develop clin­
ical disease. Pneumocystis has occurred as a wide­
spread infection among institutionalized suscepti­
ble patients, such as those in cancer hospitals, or 
in nurseries with malnourished infants.1 

A cluster of pneumocystis infections has been 
reported among homosexual men, who have devel­
oped an acquired immunodeficiency.2.3 There ap­
pears to be nothing specific about the pneumocystis 
infection in these cases, because these men also 
tend to be infected with other opportunistic micro­
organisms.4 

Historical Information 

P. carinii was originally described by Chagas5 in 
1909, although he assumed it to be a developmen­
tal stage of the trypanosome. In 1912, Delanoe 
and Delanoe6 observed it in the lungs of rats that 
were free of trypanosomes, defined it as a distinct 
organism, and gave it its current name. 

Life Cycle 

The life cycle of P. carinii is not known. The larg­
est forms of this organism are "cysts," spheres, 
or crescents 5 J1-m in diameter, which contain 8 
oval structures, the "sporozoites," 1-2 J1-m in di­
ameter. In addition, there may be sickle-shaped 
structures, 2-5 J1-m in diameter, not contained 
within the cysts and referred to as "trophozoites" 
(Fig. 34.1A and B). There is much controversy 
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Figure 34.1. A. Transmission electron micrograph of 
a cyst of Pneumocystis carinii. Five of the eight tropho­
zoites are visible in this view. B. Transmission electron 
micrograph of an excysting trophozoite (arrow) of Pneu­
mocystis carinii. A, X 5,000; B, X7,5OO. (A: courtesy 
of Drs. M. Vossen and P. Beckers; B: courtesy of Dr. 
T. Jones) 

about the classification of this organism, but it is 
probably a protozoan.7 It appears to be an eu­
karyote, and its cytoplasm possesses rough endo­
plasmic reticulum and mitochondria. 8 It is sensi­
tive to antiprotozoan drugs. On the other hand, 
its staining characteristics with periodic acid­
Schiff's reagent and silver methenamine resemble 
those of fungi. 9 

The nutritional requirements of pneumocystis 
have not been investigated, but the organism is 
probably a commensal that becomes an opportu­
nistic parasite. 

It has been possible to propagate the organism 
in vitro, in primary chicken lung epithelial cells. 10 

In this system, trophozoites attach to the cell sur­
faces, then, after detaching themselves from the 
cells, change into cysts within 90 min, the entire 
cycle being completed in 4-6 h. It is probable that 
the cycle in vivo is similar and that encystation 
and excystation occur in the alveolar spaces. 

Pathogenesis 

In a patient with pneumonia due to pneumocystis, 
the alveolar spaces in the lungs are distended and 
filled with a frothy honeycombed material (Fig. 
34.2). These secretions contain numerous cysts and 
trophozoites best seen stained with silver methena­
mine, which provides contrast with the cyst wall 
and often shows the eight trophozoites within it 
(Fig. 34.3). The interstitial septa are infiltrated 
with plasma cells. 

The immunosuppressed or immunoincompetent 
individuals are the prime targets of this infection. 
Failure of humoral immunity, especially depres­
sion ofIgG, 11 appears to be the predisposing factor 
in children with congenital immunodeficiency. 
This is apparently in contrast to patients with mal­
ignancies, who develop this infection in the pres­
ence of normal or high levels of IgG .12 In malnour­
ished infants, elevations ofIgM have been reported 
with the infection, followed by permanent immu­
nity in the survivors, who show rises in serum 
IgG concentration 4-6 weeks after the onset of 
the infection.13 

Clinical Disease 

Clinical disease has no unique characteristics. It 
resembles a number of severe pneumonias caused 
by opportunists in susceptible subjects. The mode 
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Figure 34.2. Cross·section of a portion of lung biopsied 
from an adult patient infected with Pneumocystis carinii. 
The silver methenamine stain shows up the outer cyst 
wall as dark ovoid objects. X500. 

Figure 34.3. The cyst stage of Pneumocystis carinii as 
seen on an impression smear made from a lung biopsy 
specimen. Eight trophozoites within the cyst are visible 
in this Giemsa-stained preparation. X2,100. 
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of onset can be either insidious or fulminating. 
In debilitated, malnourished infants, the onset 
tends to be insidious, with progressively increasing 
respiratory distress. In the immunosuppressed pa­
tients, the onset is usually abrupt, with dyspnea 
and tachypnea at rest being common features. 
Physical examination reveals nasal flaring and in­
tercostal retractions. The patient is hypoxic, may 
be cyanotic, and is usually ashen. The respirations 
are shallow and rapid, and there are scattered 
rhonchi and rales. Fever is not frequent; indeed, 
when it occurs, it is likely to have a cause other 
than the pneumocystis infection. The chest radio­
gram is not characteristic either, although most 
patients with pneumocystis pneumonia tend to 
have diffuse interstitial infiltrates. Untreated, the 
disease has a virtually 100% case fatality rate. 

Diagnosis 

In view of the great danger it poses for the patient, 
pneumocystis infection must be diagnosed swiftly. 
It must be suspected on clinical grounds in a pa­
tient known to be at risk. Unfortunately, the only 
reliable diagnostic methods are invasive. Trans­
bronchial, or open lung biopsy, is most precise; 
bronchopulmonary lavage, or endobronchial brush 
biopsy, is also reliable, although providing a lower 
yield. No dependable serological test is available. 

Treatment 

Treatment with trimethoprim sulfamethoxazole is 
effective. Because it is relatively free of side effects, 
this drug has often been prescribed in the absence 
of a definitive diagnosis. Trimethoprim sulfa­
methoxazole has also been used in prophylaxis 
against pneumocystis in patients at risk. The effec­
tiveness of this regimen awaits analysis. Pentami­
dine isethionate is an alternative therapy. It is more 
toxic, causing hypotension, hypoglycemia, blood 
dyscrasias, vomiting, renal damage, and local pain 
at the site of infection. In the United States, this 
drug must be obtained from the Centers for Dis­
ease Control. 

Prevention and Control 

The mode of spread ot this infection is unknown; 
hence no preventive or control methods can be 
suggested, except the above-mentioned prophy­
laxis with trimethoprim sulfamethoxazole. 
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35. Protozoans of Minor Medical Importance 

Babesia spp. 

Babesiosis. or piroplasmosis, in man is a rare, zoo­
notic, protozoan infection transmitted by ticks. 

. The parasite infects erythrocytes and the disease 
that results is similar to malaria. although it has 
been confused with Rocky Mountain spotted fever. 
It has two clinical patterns. Patients without 
spleens are likely to have fatal infections caused 
by species of babesia associated with cattle: Babesia 
bigemina, B. divergens, and B. bovis. Normal indi­
viduals, who develop a self-limited disease, tend 
to be infected by a parasite of rodents, B. microti, 
the most common species of babesia infecting man 
in the United States. 

B. b igem in a, the cause of red water fever in 
cattle, was the first organism shown to be transmit­
ted by the bite of an arthropod vector1 and served 
as a model for the more dramatic studies of mos­
quitoes as vectors of malaria and yellow fever. 
Although long recognized as an important infec­
tion of wild and domestic animals, particularly 
cattle, babesiosis as a human disease received little 

attention. The first attribution of a human infec­
tion to babesiosis was incorrect when, at the begin­
ning of this century Rocky Mountain spotted fever 
was thought to be caused by, or at least associated 
with, "Piroplasmosis hominis."2 The first case of 
babesiosis in man was identified in 1957.3 

Babesia infects erythrocytes. proceeds through 
stages of development within them and multiplies 
by budding. Neither exoerythrocytic nor sexual 
stages have been described. The parasite is trans­
mitted by the bite of blood-feeding hard ticks of 
the family Ixodidae (see Chapter 38). In some tick 
species, the parasite may be passed from stage to 
stage as the tick molts (transstadial transmission). 
or it may be transmitted from female tick by the 
egg to the offspring (transovarial transmission). 
After several cycles of multiplication within the 
tick. the parasite enters the salivary glands and 
infects the vertebrate host when the tick attaches 
and feeds. 

The disease appears to be the consequence of 



hemolysis caused by the parasite. In contrast with 
plasmodium, babesia does not produce any pig­
ment within the red cells. Nothing is known about 
exoerythrocytic sites .or about specific involvement 
of any organs. Postmortem examinations reveal 
nonspecific hyperemia of most organs and scat­
tered hemorrhages, particularly in the liver. Liver 
and spleen are enlarged, and many tissues show 
capillaries blocked by the parasitized cells. Renal 
tubular damage, due to intravascular hemolysis, 
has also been described. Parasitemia is prolonged, 
except in individuals who lack the spleen, in whom 
the disease usually is rapidly fatal. 4 This, coupled 
with experimental studies in the hamster, has sug­
gested that the spleen is the major site of host 
defense. 

Babesiosis in man is a malaria-like disease char­
acterized by fever, chills, headache, lethargy, and 
myalgia. Physical examination reveals hepatome­
galy and splenomegaly. Fever is irregular and lacks 
periodicity. There are no specific clinical symp­
toms. Hemolytic anemia and hemoglobinuria are 
characteristic and may be severe. Individuals with 
intact spleens infected with B. microti usually re­
cover spontaneously without treatment, although 
the course of the infection may be protracted. 

The disease should be suspected in any individ­
ual with an illness resembling malaria who recently 
resided in areas where babesia is endemic. Micro­
scopic examination of thin blood smears stained 
with Giemsa or Wright's solution reveals erythro­
cytes containing small parasites, although in some 
cases the parasitemia may be so low that it is diffi­
cult to detect. The small rings of babesia are super­
ficially similar to the early rings of Plasmodium 
Jalciparum. and careful differentiation is critical 
(Fig. 35.1). Absence of pigment (hemozoin) in red 
cells parasitized by babesia is a helpful criterion 
in differentiating infection with this parasite from 
that due to P. Jalciparum. However, it is also ab­
sent in red cells containing young rings of the 
malarial parasites, and this may make early differ­
entiation difficult. A white vacuole is present in 
some of the larger rings of babesia.5 

B. microti, grows well in hamsters. Thus multi­
plication of the parasite after sub inoculation into 
these animals can serve as a confirmatory test. 
B. divergens, which infects cattle in Europe, repli­
cates in gerbils.6 Serologic tests for babesia are 
possible early in the infection.7 Experimental evi­
dence suggests that the indirect immunofluores-
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Figure 35.1. Red blood cells infected with Babesia mi­
croti. XI ,000. 

cence test may be useful in diagnosing babesiosis.8 

No satisfactory drugs are available for treatment 
of babesiosis, although a number of compounds 
have been tested.9 Chloroquine seems to relieve 
the symptoms, but does not reduce parasitemia. 
Pentamidine has also been used, but its effects have 
not been evaluated adequately. Analgesics and an­
tipyretics provide symptomatic relief. 

Patients lacking spleens who are infected with 
babesia of cattle and have a potentially life-threat­
ening disease should be treated aggressively with 
anti trypanosome drugs such as pentamidine and 
a veterinary compound of diminazene aceturate 
and antipyrine known as Berenil; quinine sulfate 
has been reported effective in one asplenic 
patient. 1o Exchange transfusions have been useful 
for reducing parasitemia in patients with fulminant 
infections. 11 

Because babesia and P. Jalciparum can be ini­
tially confused, chloroquine therapy may be initi­
ated until a definitive diagnosis is made. 

Seven cases of babesiosis in the Old World, 
caused by B. bovis or B. divergens, have been re­
corded in patients without spleens, and five of these 
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were fatal. All but one of the cases were clearly 
associated with cattle and the tick vector was Ix­
odes ricinus. S•11 Six cases of babesiosis probably 
of bovine origin have been reported from the New 
World (Mexico, three; California, two; and Geor­
gia, one). Only the California cases involved pa­
tients without spleens; none was fatal.l1 

Within the last few years a major focus of hu­
man babesiosis has been reported from the north­
eastern United States. Ninety-nine cases, most of 
them from islands off Massachusetts and New 
York, have been recorded. The majority of the 
patients had intact spleens. Three cases were trans­
mitted by transfusions and one of these was fatal. 11 

Babesiosis in the eastern United States is caused 
by B. microti, a parasite of meadow voles and 
field mice. 12 Man becomes infected by the bite of 
nymphs of the hard tick I. dammini (Fig. 
38.6).13.14 Ticks are infected as larvae when they 
feed on rodent reservoirs of the parasite. The para-

site is passed transstadially with the molt from 
the larval to the nymphal stage. Nymphs feed on 
rodents, deer (which support both nymphal and 
adult ticks), and occasionally on man. It is the 
infected nymphal ticks that transmit the parasite 
to rodents or man. There is no evidence for trans­
ovarial transmission of babesia. Nymphs feed from 
May through September and human infections 
usually become patent 1-3 weeks after the bite 
of an infectious tick. 

No extraordinary control measures are recom­
mended because babesiosis is a rare disease. Avoid­
ance of areas infested with ticks will minimize con­
tact with the vectors. Individuals frequenting areas 
where ticks are common may use repellants con­
taining diethyltolumide (DEET) and should check 
carefully for the presence of ticks on the body at 
regular intervals (see Chapter 38, for general dis­
cussion of tick removal). 

Dientamoeba fragilis (Jepps and Dobell 1918) 

Infection with D. fragilis, a ubiquitous enteric pro­
tozoan, often results in mild diarrhea, but only 
rarely in dysentery. IS No fatalities have been re­
ported. The organism is binucleate and ameboid 
in shape (Fig. 35.2), measuring 6-9 J.Lm in diame­
ter. Its name is misleading, because D. fragilis is 
more closely related structurally and antigenically 
to the flagellates (trichomonads)16 than to the ame­
bae. Moreover, in contrast with amebae, it does 
not form cysts. Therefore, it probably is a tricho­
monad that has lost its flagella. D. fragilis lives 
in the large intestine. Pathogenesis of the disease 
it causes is unknown; the organism does not invade 
tissues. Diagnosis is established by microscopic ex­
amination of stool. Therapy consists of administra­
tion of diiodohydroxyquine. 

Transmission of this infection probably occurs 
through the oro-fecal route. 

Figure 35.2. Trophozoite of Dientamoeba fragilis. 
X2,500. 

Naegleria fowleri and Acanthamoeba castellani 

Naegleria spp.17 and Acanthamoeba Spp.1B (some­
times referred to as Hartmanella-Acanthamoeba), 
two genera of free-living amebae found throughout 
the world, are capable of causing meningoen-

cephalitis. The acanthamebae (Fig. 35.3) were dis­
covered by accident, when cerebrospinal fluid was 
inoculated into a tissue culture of fibroblasts in 
an attempt to demonstrate a viral etiology. The 



Figure 35.3. Acanthamoeba sp. trophozoite. X 1,950. 

monolayer of the cells' was destroyed, which sug­
gested a cytopathic effect of a virus. Further exami­
nation revealed the amebae. 

N. fowleri (Fig. 35.4) is a common inhabitant 
of freshwater, and is usually present in low num­
bers. However, when the water temperature ex­
ceeds 35°C, the ameba begins to reproduce, rap­
idly expanding its population. It has both 
trophozoite and cyst stages. N. fowleri apparently 
infects by entering the central nervous system 
through the cribriform plate. It invades the cere­
bral cortex (Fig. 35.5) and causes a fulminating 
disease that is invariably fatal. There is no evidence 
of any innate predisposition to this infection 
among the more than 60 cases reported to date 
in the literature. The only common factor has been 
swimming, and especially diving into, stagnant 
warm waters. 

Diagnosis is made by demonstration of the ame­
bae in the cerebrospinal fluid by direct examina­
tion. 

No treatment is effective, although amphotericin 
B has been used experimentally.19 

A. castel/anii is found in soil contaminated by 
human feces, where it grows and reproduces as 
a free-living organism. The exact route of infection 
in man is not known, but it is possible that cysts 
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Figure 35.4. Naegleria fowleri trophozoite. X 1,575. 

Figure 35.5. Section of a brain from a patient who died 
of primary amebic meningoencephalitis. The arrow indio 
cates an amoeba. X390. (Courtesy of Dr. R. Hays) 

may be contaminants of the conjunctiva or the 
skin, and individuals with an underlying severe, 
debilitating disease, such as a malignancy, or those 
who are immunosuppressed are subject to an op­
portunistic infection. 

The disease has a variable clinical pattern. After 
inducing granulomatous lesions in the skin or mu­
cous membranes, the amebae gain access to the 
viscera and may produce granulomatous abscesses 
in the kidneys, adrenal glands, the pancreas, and 
the central nervous system. The disease caused 
by acanthamoeba is less severe than that due to 
N. fowleri, and some patients have recovered from 
the infection, perhaps as the result of the treat­
ment. Keratitis caused by acanthamoeba in pa­
tients with no apparent immune failure, who had 
either surgery or trauma to the eye, has been 
reported. 20 

Diagnosis follows the pattern described for N. 
fowleri. 
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Treatment consists of administration of ampho­
tericin B.3 Infections with these organisms have 
a more protracted course than those due to N. 
fowleri. It is appropriate to start therapy with am­
photericin on suspicion of the diagnosis and con­
tinue it if the diagnosis is established. 

Prevention of infection with N. fowleri involves 
avoidance of swimming in warm stagnant waters, 
particularly if their temperatures exceed 30°C. 
Methods of prevention of infection with A. castel­
lani are still not available, since the precise mode 
of transmission remains unknown. 
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Commensal Flagellates 

Tables 36.1 and 36.2 list and describe, respectively, 
the five nonpathogenic flagellates and the six com­
mensal species of amebae commonly found in hu­
man stool. 

Two species of trichomonas, T. tenax (Fig. 36.1) 
and T. hominis, are found in the mouth and gas­
trointestinal tract, respectively. Both are anaer­
obes. Neither organism forms cysts, and therefore 
infection of man with the first requires mouth-

Table 36.1. Commensal Flagellates 

Name of Organism Location in Body 

Trichomonas lenax Oral cavity, between 
gingival flaps 

Trichomonas hominis Lumens of small and 
large intestine 

Enteromonas hominis Lumens of small and 
large intestine 

Retortamonas intesti- Lumens of small and 
nalis large intestine 

Chilomastix mesnili Lumen of large intes-
tine 

Table 36.2. Commensal Amebae 

Name of Organism Location in Body 

Entamoeba gingiva lis Oral cavity, under 
gingival flaps 

Entamoeba coli Lumen of large in-
testine 

Entamoeba hartmanni Lumen of large in-
testine 

Entamoeba polecki Lumen of large in-
testine 

Endolimax nana Lumen of large in-
testine 

Iodamoeba buetschlii Lumen of large in-
testine 
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to-mouth contact; the latter is transmitted through 
food or water freshly contaminated with feces. In 
some cases, T. hominis has been found in pleural 
fluid. This is usually a result of perforation of a 
viscus and seepage of the fluid into the pleural 
cavity. There is no evidence that in such cases 
trichonomas acts as a pathogen.! 

Enteromonas hominis, Retortamonas intestinalis 
(Fig. 36.2), and Chilomastix mesnili (Fig. 36.3A 

Mode of Morphological 
Transmission Characteristics 

Oral-oral route Trophozoite: 7 p.m X 3 p.m 

Fecal-oral route Trophozoite: 10 p.m X 8 p.m 

Fecal-ora1 route Trophozoite: 7p.mX4p.m 
Cyst: 7 p.m X 5 p.m 

Fecal-oral route Trophozoite: 7 p.m X 4 p.m 
Cyst: 6 p.m X 4 p.m 

Fecal-oral route Trophozoite: 15-20 p.m X 8 p.m 
Cyst: 9p.mX5p.m 

Mode of Morphological 
Transmission Characteristics 

Oral-oral route Trophozoite: 10--20 p.m 

Fecal-oral route Trophozoite: 15-50 p.m 
Cyst: 10--30 p.m 

Fecal-oral route Trophozoite: 5-15 p.m 
Cyst: 5-10 p.m 

Fecal-oral route Trophozoite: 12 p.m 
Cyst: 5-10 p.m 

Fecal-oral route Trophozoite: 5-15 p.m 
Cyst: 5-15 p.m 

Fecal-oral route Trophozoite: 5-25 p.m 
Cyst: 5-15 p.m 
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Figure 36.1. Trophozoite of Trichomonas tenax. 
X2,800. (Courtesy of Dr. B. Honigberg) 

Figure 36.2. Trophozoite of Retortamonas sp. All mem­
bers of this genus are similar in morphology. x2,500. 
(Courtesy of Dr. B. Honigberg) 

and B) have not been implicated in any human 
disease. All three produce cysts and, like patho­
genic amebae, are transmitted by contaminated 
food or water. It is important therefore in patients 

A 

B 
Figure 36.3. Trophozoite (A) and cyst (8) of Chilomas­
tix mesnili. A, X2,500; B, X2,250. 

Figure 36.4. Trophozoite of Entamoeba gingiva lis. 
X750. 

suspected of amebiasis in whom these nonpatho­
gens are found to continue searching for the patho­
genic amebae. 



Commensal Amebae 

There are six commensal species of amebae capable 
of infecting man (Table 36.2). Entamoeba gingi­
valis (Fig. 36.4) is the only ameba found in the 
mouth. It is an anaerobe and lives at the interface 
between gingiva and the tooth. This entameba does 
not produce cysts and therefore can be transmitted 
only directly. It is often found in patients with 
periodontal disease, but there is no evidence that 
is has an etiological relationship to the disease. 
It is possible, however, that the disease of the gums 
provides an expanded niche of anaerobiasis and 
promotes growth of the ameba. 

E. coli (Figs. 36.S and 36.6A-D), Endolimax 
nana (Fig. 36.7A and B), and Iodamoeba buetsch­
Iii (Fig. 36.8A and B) are three nonpathogenic 
amebae found in human colon. They form cysts 
and are transmitted in the same manner as the 
pathogenic amebae. 

E. coli is the ameba most frequently mistaken 
for E. histolytica, because the nuclear structures 
of its trophozoite may be difficult to distinguish 
from those of E. histolytica. The karyosome of 
E. coli is eccentric, in contrast with a central 
karyosome of E. histolytica. In addition, its cyto-

A 

c 
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Figure 36.5. Trophozoite of Entamoeba coli. Note the 
eccentric karyosome, which differentiates this ameba 
from the trophozoite of Entamoeba histo[ytica (see Fig. 
2S.1A). x700. 

plasm differs from that of the pathogenic ameba. 
It is frothy, often includes bacteria, but never con­
tains any red blood cells. Treatment directed 
against E. histolytica does not eradicate E. coli. 

E. polecki, occasionally found in human stools, 
is a parasite of pigs and monkeys. E. hartmanni 
(Fig. 36.9), now considered a non pathogen, was 
for many years classified as "small race" of E. 
histolytica. Epidemiologic and experimental evi­
dence indicates that it causes no disease. 

B 

D 

Figure 36.6. A-D. Cyst stage of Entamoeba coli. Eight nuclei are seen in this through-focus series of photomicro­
graphs. X 500. 
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A 

B 

Figure 36.7. A. Trophozoite stage of Endolimax nana. 
B. Cyst stage of Endolimax nana possesses four nuclei. 
A, x 1,800; B, XI,850. 

Commensal Sporozoa 

Two species of sporozoa, Isospora belli and I. hom­
in is, have been found in human small intestine. 
Both organisms are intracellular within the colum­
nar epithelium. During the early phase of the infec­
tion they may cause a mild diarrhea, which rarely 
lasts longer than 2 days. Treatment is sympto­
matic. 

• 

A 

B 
Figure 36.8. Trophozoites (A) and cysts (8) of Ioda­
moeba buetschlii possess a single nucleus. The cyst also 
has a prominent vacuole that is filled with starch. A 
and B, xl,500. 

Figure 36.9. Trophozoite stage of Entamoeba hart­
mallni. The nucleus resembles that of Entamoeba histo­
lytica (Fig. 25.IA), except that it is smaller. x 1,660. 
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The Arthropods 

Introduction 

Arthropods influence human well being not only 
as hosts of parasitic organisms and vectors of a 
wide variety of pathogens but also as direct causes 
of tissue damage and disease. They also affect hu­
man health by reducing the availability of food. 
Insects destroy an estimated 20% of all food crops; 
this destruction continues despite the increasing 
use of pesticides in the fields and storage areas. 
Livestock are also affected by arthropod-borne in­
fections. Vast areas of Africa are short of protein 
foods, because cattle suffer trypanosomiasis trans­
mitted by tsetse flies and a variety of tick-borne 
diseases. 

In spite of these obviously damaging effects, ar­
thropods are beneficial as pollinators, producers 
of honey, natural regulators of harmful insects, 
and as essential members of natural food chains. 
Indiscriminate destruction of arthropods in pro­
grams designed to control pests can result in seri­
ous modification of the environment with deleteri­
ous consequences far worse than the original 
problem. 

The phylum Arthropoda contains an enormous 
diversity of members, with the number of species 
exceeding that of all other phyla combined. The 
arthropods share a number of characteristics that 
distinguish them from all other animal groups. 
Some of these features may be absent in a particu­
lar species or group at some period of development. 
Nevertheless, all species in the phylum are identifi­
able as members of the phylum. Among the mor­
phological characteristics are bilateral symmetry, 
a chitinous exoskeleton, segmented body, and 
paired, jointed appendages. The term arthropod, 
derived from Greek, means jointed foot. 

Growth by metamorphosis is another character­
istic of the arthropods. In some groups, growth 
may be gradual, each change from a stage to the 
next one, known as a molt, giving rise to a stage 
somewhat larger but morphologically similar to 
its predecessor. Among the spiders, eight or nine 
immature stages may precede the final molt to 
the sexually mature adult. 
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The insects have two distinct types of develop­
ment. The more primitive insect orders pass 
through a series of stages by incomplete metamor­
phosis (Fig. 37.1). A typical life cycle involves 
the egg, a usually fixed number of immature 
nymphal stages, and the mature adult stage. The 
insect molts between stages, sheds its old exoskele­
ton, and reveals a new skin within. Nymphs appear 
similar to the adult but lack wings and are sexually 
immature. 

In contrast, complete metamorphosis is charac­
teristic of some of the more advanced insect orders 
including the Diptera (Fig. 37.2) and the Siphon­
aptera (Fig. 37.3). The life cycle of an insect exhib­
iting complete metamorphosis includes the egg, 
a fixed number oflarval stages, a single pupal stage, 
and the adult stage. 

Table 37.1 lists arthropods of importance to hu­
man health, the pathogens they harbor and trans-

The Flies: Diptera 

No single group of insects has so affected human 
evolution, development, or history as the Diptera, 
the order of insects comprising the flies. Malaria, 
yellow fever, elephantiasis, sleeping sickness, den­
gue, and river blindness are among the more seri­
ous diseases carried by members of this large order. 

Notorious as vectors of pathogenic organisms 
of man and animals, dipterans are also important 
for the mechanical damage (i.e., myiasis) caused 
by the larvae of some species and the allergic re­
sponses caused by the bites of others. 

Flies develop by complete metamorphosis and 
thus have distinct larval, pupal, and adult forms 
(Fig. 37.2). Larvae are usually vermiform, often 
living in water or damp places, or developing in 
living or dead tissue. Pupae represent a non feeding 

The Biting Midges: Ceratopogonidae 

Ceratopogonids, commonly called punkies, no-see­
ums, sandflies, or midges, are minute (0.5-4 mm 
long), slender, blood-sucking dipterans, which 
constitute a serious pest problem in many areas 
of the tropics and in the temperate zones. Most 

mit, and the diseases they cause. The methods 
by which the arthropod vectors transmit patho­
gens vary. Some pathogens, unchanged by any in­
teraction with the vector, are transmitted mechani­
cally from one host to another on contaminated 
legs or mouthparts of the arthropod, or in its feces. 
Other pathogens require passage through the ar­
thropod as part of their life cycle. In such cases 
the pathogens undergo specific developmental 
changes, which usually include multiplication, in 
the arthropod. 

Arthropods can also be pathogens themselves. 
They can infest the host and cause mechanical 
injury through bites, chemical injury through the 
injection of toxins, and allergic reactions to the 
materials they transmit by the bite. 

Entomophobia and arachnophobia, inordinate 
fears of insects and arachnids, particularly spiders, 
are not uncommon psychological conditions. 

transitional stage. Adult dipterans, which possess 
wings, have only one pair (diptera, two wings). 
The mouthparts of the adults may be adapted for 
biting, piercing of flesh, and sucking of blood, or 
only for sucking of fluids. 

Diptera is a large order, divided into three sub­
orders containing over 100 families. Only nine 
families are of medical concern. The most primi­
tive suborder, the Nematocera, contains four medi­
cally important families: the Psychodidae, the Cer­
atopogonidae, the Simulidae, and the Culicidae. 
In the suborder Brachycera, only the Tabanidae 
are of any medical significance; in the third subor­
der, Cyclorrhapha, the Muscidae, Gasterophilidae, 
Cuterebridae, and Oestridae are of major concern. 

of the species that affect man belong to two genera, 
Culicoides and Leptoconops, which act as vectors 
of several filarids infecting man in Africa and the 
New World. Species of Culicoides may also serve 
as vectors of filarids and viruses infecting animals. 
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Figure 37.1. Incomplete metamorphosis in insects. Typical example of incomplete metamorphosis is the kissing 
bug, Rhodnius prolix us. Immature stages are wingless, smaller versions of the winged adult. All stages, except 
the egg, have 3 pairs of legs. The number of nymphal stages varies with the species. 
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Figure 37.2. Complete metamorphosis in insects: Aquatic. Typical example of complete metamorphosis in an 
insect with aquatic immature stages is the Anopheles mosquito, which begins as an egg laid on the surface of 
water and develops through four larval stages and a single pupal stage to a sexually mature, winged adult. 
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Figure 37.3. Complete metamorphosis in insects: Terrestrial. Typical example of complete metamorphosis in an 
insect with terrestrial immature stages is the flea, which begins as an egg laid on the fur of the host or in the 
nest area. Several maggot-like larval stages are followed by a single pupal stage, encased in a sand-covered 
cocoon, from which a wingless, sexually mature adult flea emerges. 
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Table 37.1. Arthropods of Medical Importance and the Pathology They Cause 

Order and 
Representative Species 

INSECTA 
Anoplura 
(sucking lice) 

Pediculus humanis 
humanis 

P. humanis capitis 
Phthirus pubis 

Heteroptera 
(true bugs) 

Cimex lectuiarius 
C. hemipterus 

Triatoma infestans 
Rhodnius prolix us 
Panstrongylus megistus 

Hymenoptera 
(bees, wasps, ants) 

Apis melli/era 
Bombus spp. 
Various genera and 

species of the family 
Vespidae 

Soienopsis spp. 

Diptera 
(flies, mosquitoes and 
their relatives) 

Ceratopogonidae 
Culicoides spp. 
Leptoconops spp. 

Psychodidae 
Phlebotomus spp. 

Simulidae 
Simulium spp. 

Culicidae 
Aedes spp. 
Anopheles spp. 
Culex spp. 
Culiseta spp. 
Mansonia spp. 

Tabanidae 
Tabanus spp. 

Chrysops spp. 

Common Name 

Body louse 

Head louse 
Crab louse 

Bedbug 
Tropical bedbug 

Kissing bug, 
cone-nosed 
bug 

Honeybee 
Bumblebee 
Wasps, hornets, 

yellow jackets 

Fire ant 

No-see-ums, 
sandfly 

Sandfly 

Blackfly, 
buffalo gnat 

Mosquito 

Horsefly 

Deerfly 

Geographical 
Distribution 

Worldwide 

Worldwide 
Worldwide 

Worldwide 
Tropical and 

subtropical 
Tropical and sub­

tropical regions 
of the New 
World 

Worldwide 
Worldwide 
Worldwide 

Tropical America, 
southeastern 
United States 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Effects on Man 

Skin reactions to bites, vectors of 
rickettsiae and spirochetes 

Skin reaction to bites 
Skin reaction to bites 

Skin reaction to bites 

Skin reaction to bites, vectors of 
Trypanosoma cruzi. the cause of 
Chagas disease 

Painful sting, potential anaphylaxis 
Painful sting, potential anaphylaxis 
Painful sting, potential anaphylaxis 

Painful bite and multiple stings, po­
tential anaphylaxis 

Serious biting pest, skin reaction to 
bites, vectors of several filarid 
nematodes 

Skin reaction to bites, vectors of le­
ishmania,. Pappataci fever, and 
Carrion's disease 

Serious biting pests, skin reaction to 
bites, vectors of Onchocerca and 
Mansonella 

Serious biting pests, skin reaction to 
bites, vectors of viruses, protozoa, 
and filaria 

Biting pests, painful bite followed by 
skin reaction 

Biting pests, vectors of tuleremia 
and Loa loa. 
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Table 37.1. (Continued) 

Order and Geographical 
Representative Species Common Name Distribution Effects on Man 

Muscidae 
Musca domestica Housefiy Worldwide Mechanical disseminator of patho-

gens 
Stomoxys calcitrans Stablefly Worldwide Serious biting pest 
Glossina spp. Tsetse fiy Africa Vector of trypanosomes of man and 

animals 
Calliphoridae 
Cuterebridae 
Sarcophagidae 

larvae of various Maggots Worldwide Myiasis, accidental or obligate de-
genera and species velopment of larval fiies in human 

tissue 

Siphonaptera 
(fieas) 

Xenopsylla cheopis Oriental rat flea Worldwide Vector of bubonic plague 
Ctenocephalides felis Cat flea Worldwide Biting pest 
C. canis Dog fiea 
Pulex irritans Human flea Worldwide Biting pest, plague vector 
Tunga penetrans Chigoe fiea Africa and Infestation of toes, feet and legs, 

South America causing severe pain and secondary 
infection 

Life Cycle 

Ceratopogonid larvae develop in aquatic or semi­
aquatic habitats, often in freshwater, but usually 
in brackish water or tidal fiats. Some important 
species are associated with the highly polluted ru­
noff from livestock holding areas. Larval stages 
are long, slender, and maggot-like and in some 
species may undergo diapause, a state of arrested 
development, for as long as 3 years, while awaiting 
optimal environmental conditions. Adult female 
ceratopogonids (Fig. 37.4) require blood for the 
production of eggs. They typically feed at dusk 
and may attack in large numbers.1 

Midges of the genus Culicoides are the main 
vectors of the filarid nematodes, Dipetalonema per­
stans and D. streptocerca in Africa and Mansonella 
ozzardi in the New World tropics (see Chapter 
12). 

Pathogenesis 

The mouthparts of ceratopogonids are short and 
lancet-like, producing a painful bite.2 Because of 
their large numbers, they may be important pests, 
particularly in beach and resort areas near salt 
marshes. Bites may produce local lesions that per­
sist for hours or days. Sensitized individuals may 
show allergic reactions.3 

Figure 37.4. Adult biting midges, Culicoides variipennis. 
feeding on blood. XS. (Courtesy of Dr. J. Linley) 
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Control secticides remains the most effective short-term 

Ceratopogonids develop in a wide range of habitats 
and each species presents its own special problems 
with respect to control. Salt marsh habitats may 
be drained or channeled and other breeding sites 
modified, but treatment of breeding sites with in-

Psychodidae: The Moth Flies or Sandfiies 

A single subfamily of the Psychodidae, the Phlebo­
tominae of tropical and subtropical regions, con­
tains . members that suck blood. Phlebotomine 
sandflies are small (1-3 mm), hairy, delicate, 
weakly flying insects that feed on a wide range 
of cold- and warm-blooded animals and transmit 
a number of viral, bacterial, and protozoan infec­
tions. Flies of the genus Phlebotomus are most 
important as vectors of the leishmaniae (see Chap­
ters 31-33). 

Historical Information 

The role of phlebotomine flies in the transmission 
of leishmaniasis was suggested in 1912 (see Chap­
ter 33).5 

Life Cycle 

Phlebotomine larvae develop in nonaquatic habi­
tats such as moist soil, animal burrows, termite 
nests, loose masonry, stone walls, or rubbish heaps. 
The four larval stages are completed within 2-6 
weeks; the pupal stage may last 8-14 days. The 
adults (Fig. 37.5) are weak fliers, exhibiting a hop­
ping movement rather than a sustained flight. Only 
female phlebotomines require blood, feeding usu­
ally at night. Some species prefer to feed on man, 
but none are exclusively anthropophilic and also 
feed on dogs and rodents.6 

Pathogenesis 

The mouthparts of the female phlebotomine are 
short and adapted for piercing and sucking. The 
bite may be painful, producing a local lesion that 
itches. Sensitized individuals may show severe al­
lergic reactions. 

Although phlebotomines may cause problems 
in some areas as pests, they are of particular con-

control measure. Window screens are ineffective, 
because they allow an easy entry by these minute 
insects, unless they are treated with insecticides. 
Commercial mosquito repellents containing di­
ethyltoluamide (DEET) may be useful against 
some of the common species of pests.4 

cern as vectors of a number of diseases. Bartonello­
sis, also called Carrion's disease, Oroya fever, or 
verruga peru ana, is a South American disease 
transmitted from man to man by Phlebotomus ver­
rucarum and related species. It is caused by a 
bacterium, Bartonella bacilli/ormis, which invades 
erythrocytes and the reticuloendothelial cells. The 
organism may produce a severe febrile illness, 
complicated by profound anemia. Untreated, bar­
tonellosis is fatal in 50% of cases. There is no 
known animal reservoir. 

Sandfly, or papatasi, fever is a viral disease oc­
curring in the Mediterranean, central Asia, Sri 
Lanka, India, and China. P. papatasii is the main 
vector of this acute febrile disease characterized 
by severe frontal headaches, malaise, retroorbital 
pain, anorexia, and nausea. Female flies become 
infected when they feed on viremic individuals. 

Figure 37.5. Adult female phlebotomine sandlly, Lut­
zomyia anthophora, feeding on the ear of a rodent res­
ervoir host of leishmaniasis. x6. (Courtesy of Dr. R. 
Endris) 



After an incubation period of 7-10 days, the flies 
become infective and remain so for the rest of 
their lives. 

Leishmaniasis (see Chapters 31-33) is transmit­
ted by a number of phlebotomine species. Flies 
initially pick up the parasite while feeding on in­
fected man or animals. In the fly, the parasite 
undergoes asexual multiplication, eventually ac­
cumulating in the mouthparts, whence it is trans­
mitted to the host when the insect feeds. 

Control 

Phlebotomine sandflies are particularly sensItIve 
to insecticides, and the use of DDT in campaigns 

The Black Flies: Simulidae 

Members of the family Simulidae, commonly 
called black flies, buffalo gnats, or turkey gnats, 
are small (1-5 mm long), hump-backed, blood­
sucking dipterans usually breeding in fast-flowing 
streams and rivers. Simulids are important as vec­
tors of Onchocerca volvulus, the causative agent 
of onchocerciasis (see Chapter 8). In addition, they 
present a serious pest problem in many temperate 
areas. Black flies may also serve as vectors of bo­
vine onchocerciasis and protozoan parasites ofvar­
ious species of birds. 

Historical Information 

Black flies first stimulated medical interest in 1910, 
when they were incorrectly considered vectors of 
pellagra. 7 Their role in the transmission of oncho­
cerca was demonstrated in 1926.8 

Life Cycle 

Adult female simulids lay eggs at or below the 
surface of moving, well oxygenated water. Larvae 
and pupae, equipped with gills for respiration, re­
main attached to objects below the surface. Larvae 
are nourished by food filtered from the passing 
water. They undergo development in five stages. 
The nonfeeding pupae gradually assume adult 
characteristics while they are enclosed within a 
cocoon. Adult female simulids require blood for 
egg production. They feed primarily during day­
light hours. Male simulids do not feed on blood.9 
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against malaria coincidentally controlled these flies 
and virtually eliminated sandfly-borne diseases in 
many regions. In the areas where malaria has been 
eliminated, or where malaria control programs 
have been abandoned, the phlebotomine flies have 
become reestablished and the sandfly-borne dis­
eases have returned. 

Sandflies may be controlled with residual or 
short-lived insecticides applied to breeding sites 
or houses. Treatment of window screens with in­
secticides may also be effective. Mosquito repel­
lents may be used to reduce the frequency of sand­
fly bites. 

Adult black flies in temperate areas may emerge 
synchronously in large numbers. Their bites cause 
serious damage to man and animals. Black flies 
often reach such high population densities that 
they can actually kill livestock and wild animals, 
torment campers and fishermen, and render large 
areas uninhabitable by man for long periods of 
time. 

Pathogenesis 

The bite of the female simulid is particularly pain­
ful. The insect's mouthparts consist of six blades 
in the shape of lancets, which tear the skin surface 
to induce bleeding. The fly feeds from the resulting 
pool of blood, and the bite wound continues to 
bleed for some time after the fly has departed. 
Simulid bites leave a characteristic point of dried 
blood at the wound site. The extreme pain of the 
initial bite is followed by itching and swelling due 
to reactions to the injected salivary secretions. 
Blood loss from multiple bites may be consider­
able. Allergic reactions in previously sensitized in­
dividuals are common and sometimes can reach 
serious levels, including anaphylaxis. 

Control 

Control of black flies is most effectively achieved 
by slow dripping of insecticides into rivers or 
streams. Clearing debris from stream beds can also 
reduce breeding. Repellents are not effective. 
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The Mosquitoes: Culicidae 

Mosquitoes constitute one of the largest dipteran 
families and are of major significance both as vec­
tors of disease and as biting pests. Their economic, 
cultural, and evolutionary impact has been devas­
tating. lO•ll Mosquitoes develop in a wide range 
of aquatic larval habitats and in all climates from 
the arctic to the tropics. Adult mosquitoes are 
generally similar in appearance. They are usually 
small, have delicate legs, a single pair of wings, 
long antennae, and elongated mouthparts capable 
of piercing flesh and sucking blood. Larvae and 
pupae are aquatic and their development proceeds 
through complete metamorphosis (see Fig. 37.2). 

Historical Information 

The association between mosquitoes and various 
tropical fevers had been suggested by various writ­
ers in the past. Formal recognition of the associa­
tion of these fevers with mosquitoes was finally 
given in the 19th century. The actual proof that 
mosquitoes could transmit diseases was provided 
by Manson in 1878 when he showed that mosqui­
toes were intermediate hosts and vectors of Wuch­
ereria bancrofti (see Chapter 7). 

Transmission of malaria by mosquitoes was sug­
gested by Manson as early as 1884, but Ross and 
Italian investigators under the direction of Grassi 
were the first to prove that anopheline mosquitoes 
transmitted malaria. 12 The incrimination of Aedes 
aegypti in the transmission of yellow fever was 
suggested by Finlay in 1880, and proved by Reed 
and his co-workers in 1900.13 

Life Cycle 

Both major subfamilies of the Culicidae, the 
Anophelinae and the Culicinae, are involved in 
transmission of diseases. Members of these sub­
families share a number of basic similarities in 
their life cycles and development. They lay eggs 
on or near water, or on surfaces that become 
flooded. Their larvae are always aquatic. The four 
larval stages are elongate, active "wigglers," which 
feed by filtering water and must remain in contact 
with the surface for respiration. The pupae, known 
as "tumblers," shaped like commas, are also 
aquatic. They remain at the surface unless dis­
turbed. Adult mosquitoes of most species are good 
fliers. Males and females feed on nectars and sugars 

but females of most species, in addition, feed on 
blood. They require a blood meal for each clutch 
of eggs, which may contain 100-200 eggs. A female 
may produce six or more clutches during her life­
time. Eggs require 48-72 h to develop within the 
female. They are deposited almost as soon as they 
mature. Consequently, a female may take a blood 
meal every 2-4 days and contact a number of hosts 
during that period, thus providing an excellent 
opportunity for the dissemination of pathogens.14 

Subfamily Anophelinae 
The genus Anopheles contains the species respon­
sible for the transmission of human malarias (see 
Chapter 28). The anopheline female lays eggs 
singly, usually on the surface of water. The eggs 
are equipped with floats and the patterns of the 
egg shells and the floats are characteristic for a 
given species. Eggs hatch 2-4 days after they are 
laid. The aquatic larvae attach to the surface and 
assume a horizontal position. The larval period 
may last 1-3 weeks, depending on environmental 
temperature. Anopheline pupae are superficially 
similar to the pupae of other mosquitoes. The pu­
pal stage lasts 1-3 days. Adult anophelines are 
delicate, long-legged mosquitoes (Fig. 37.6). Al­
though some species are capable of extended flight 
and dispersion from breeding site, typically 
anophelines remain close to their food supplies 
and breeding habitats. 

Most anophelines are night feeders, with peaks 
of biting activity characteristic for each species. 
Some species are exclusively zoophilic, some are 
anthropophilic, and others are nonspecific biters. 

Figure 37.6. Anopheles dirus. one of the major malaria 
vectors in Southeast Asia, feeding on blood from a hu­
man host. XS. 



The feeding habits also vary. Certain species read­
ily enter houses and feed on sleeping individuals; 
others feed only outdoors. 

In temperate areas, anophelines spend the win­
ter as inseminated adult females; in the tropics, 
these mosquitoes breed continually, although their 
population levels may fluctuate drastically in rela­
tion to rainfall and dry seasons. I5 

Approximately 300 species of Anopheles mos­
quitoes have been described. However, within any 
geographic area only a small number of species 
are important as malaria vectors (e.g., An. gambiae 
and An. funestus in sub-Saharan Africa, An. culici­
facies and An. stephensi on the Indian subconti­
nent, and An. quadrimaculatus and An. freeborni 
in North America). Moreover, within any species, 
populations vary in their competence as vectors 
and capacity for transmission. 

Intense study has led to the division of several 
old, well-established species of vectors into mor­
phologically similar but genetically distinct groups 
or complexes of species. The important vector of 
malaria in Africa, An. gambiae, consists of at least 
six discrete but cryptic species, most of which are 
not major vectors. Similar revision of species has 
resulted in a clearer definition of the members of 
the European An. maculipennis complex and the 
southeast Asian An. balabacensis group. It appears 
that reexamination of most of the anopheline spe­
cies that occupy large or ecologically diverse geo­
graphic areas will lead to the description of closely 
related but genetically divergent species. 

Anophelines may also play an important role 
as vectors of filarial nematodes (See Chapter 7). 
An. gambiae and An. funestus are the main vectors 
of Wuchereria bancrofti in Africa, and An. hyrca­
nus in China and An. barbirostris in southeast 
Asia are vectors of both W. bancrofti and Brugia 
malayi. Anophelines may sometimes transmit cer­
tain viral pathogens. For example, An. gambiae 
and An.funestus are the vectors ofO'nyong-nyong 
fever. In general, however, anophelines are not 
involved in the transmission of viruses. 

Subfamily Culicinae 
The subfamily Culicinae consists of more than 
1500 species, distributed among 20 genera, five 
of which, Mansonia, Psorophora, Culiseta, Aedes, 
and Culex, are of major importance to human 
health. 

Culicine mosquitoes are primary vectors of a 
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number of viruses and filariae, and pose a serious 
problem as pest insects in many parts of the world. 

Species belonging to the genus Aedes, the largest 
of the culicine genera, are found in all habitats 
ranging from the tropics to the Arctic. The typical 
aedine mosquito is robust, a strong flier, and usu­
ally a vicious biter. Its eggs are laid singly, without 
floats, on or near the surface of water, or in areas 
likely to be flooded periodically. Unlike the eggs 
of anopheles or culex mosquitoes, which usually 
hatch within a few days of deposition, aedine eggs 
have the capacity for an extended period of dor­
mancy. This dormancy allows the eggs to survive 
the winter or to delay hatching until conditions 
are ideal for development. Aedine mosquitoes oc­
cupy salt marsh habitats, flood plains, tree holes, 
irrigated pasture lands, and man-made containers. 

Aedine larvae are nourished by food filtered 
from water. They develop and feed while sus­
pended from the surface of water by a breathing 
tube. Larvae develop by progressing through four 
stages within 4-6 days. Aedine pupae are typical 
of those of most mosquitoes. This stage usually 
lasts for less than 3 days. Adults usually emerge 
from breeding sites synchronously. This is fol­
lowed by mass migrations of females in search 
of blood. 

Aedine species may develop overwhelming pop­
ulations in salt marsh, tundra, pasture, and flood 
water, and have a severe impact on wildlife, live­
stock, and man. Ifleft uncontrolled, the salt-marsh 
mosquitoes of the east coast of the United States, 
Ae. sollicitans and Ae. taeniorhynchus, could deny 
vast areas of seashore to development and tourism. 
The flood water mosquito, Ae. vexans, develops 
after spring rain and flooding; the Arctic species 
begin hatching with the first melting snows. Popu­
lations of Arctic Aedes may, at times, become so 
great that man and larger mammals will not ven­
ture into the tundra areas. 

Aedines, breeding in treeholes in the populated 
areas of temperate zones, such as Ae. triseriatus, 
seldom produce large populations but may become 
local pests and important vectors of various viral 
infections. 

In tropical regions, populations of aedine mos­
quitoes are usually much smaller than in the Arc­
tic. Ae. aegypti, the yellow fever mosquito, occurs 
alongside man throughout the tropics and sUbtrop­
ics. Ae. aegypti usually breeds in man-made con­
tainers such as discarded auto tires, flower pots, 
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blocked gutters, water jugs, rain barrels, cemetery 
urns, and tin cans. The mosquito lays eggs above 
the water line in these containers and the eggs 
remain dormant there, often as long as 6 months, 
until the container becomes filled with water. Be­
cause this mosquito is closely associated with man 
and is almost exclusively anthropophilic, it has 
most of the characteristics of a good vector. In­
deed, Ae. aegypti (Fig. 37.7) is the primary vector 
of yellow fever and dengue in urban environments 
throughout the world. 16 

In the South Pacific, container-breeding mem­
bers of the Ae. scutellaris complex are vectors of 
certain viruses and W bancrofti. 

The genus Culex is the second largest group 
in the subfamily, best represented by Cu. piplens 
pipiens, the northern house mosquito found in 
temperate areas, and Cu. pipiens quinquefasciatus 
(formerly known as Cu. fatigans), the southern 
house mosquito found throughout the sUbtropics 
and tropics. 

Culex mosquitoes deposit their eggs in rafts usu­
ally containing 50-200 eggs cemented together. 
The eggs float perpendicular to the water surface 
and hatch within 2-3 days. The four larval stages 
develop and feed on nutrients at the surface of 
water, much like aedine mosquitoes. The siphon 
in the culex mosquito is usually longer and more 
slender than that of aedines. The larval period 
lasts less than 2 weeks and the pupal stage less 
than 2 days. Adults usually feed at night. Many 
show a preference for avian blood, but most mem­
bers will also feed on man or other mammals. 
Cu. p. quinquefasciatus is the major vector of W 

bancrofti (see Chapter 7) throughout the tropics. 
The species is particularly well adapted to develop­
ment in polluted waters, breeding in or near popu­
lation centers and readily biting man. 

The genus Mansonia includes a number of spe­
cies important as vectors of Malayan filariasis (see 
Chapter 7). This genus differs in its development 
from most mosquitoes in that its larvae and pupae 
affix themselves below the surface of water to the 
stems of aquatic plants and derive oxygen from 
these plants. 

Pathogenesis of the Mosquito Bite 

The mouthparts of the adult female mosquito are 
adapted for piercing flesh and sucking the blood 
needed by the female for the production of eggs. 
In the act of feeding, the female repeatedly injects 
saliva, which produces the reaction that follows 
the bite. 17 

Although the mechanical damage induced by 
the feeding mosquito may cause pain and irrita­
tion, the immediate and delayed immune reactions 
are of greatest concern. Individuals with no previ­
ous exposure to mosquitoes show neither immedi­
ate nor delayed reactions. However, after sensitiza­
tion a bite is followed by a small flat wheal 
surrounded by a red flare, which appears within 
a few minutes and lasts about 1 h. This reaction 
is mediated by antibodies. The delayed reaction 
consists of itching, swelling, and reddening of the 
wound region. It may persist for days. Repeated 
exposure may lead to loss of the delayed reaction 
and perhaps eventual desensitization with no re­
sponse to mosquito bites. Desensitization to one 
species does not necessarily extend to other mem­
bers of the same genus and usually does not include 
protection against the bites of mosquitoes of other 
genera. 18- 20 The intense itching, primarily associ­
ated with the delayed reaction, may encourage 
scratching and secondary infection of the wound 
site. 

Treatment 

Local anesthetics may be useful in treating reac­
tions to mosquito bites. 

Mosquito-borne Viral Diseases 

Figure 37.7. The yellow fever mosquito, Aedes aegypti. Yellow fever is a severe, hemorrhagic disease char­
in typical feeding position. XS. acterized by high fever, jaundice, and prostration. 



Case fatality during epidemics may exceed 10%. 
The yellow fever virus naturally infects monkeys 
and is maintained in a monkey-to-monkey sylvatic 
cycle by forest-dwelling mosquitoes. When the syl­
vatic cycle is disturbed, by, for example, wood 
cutters, man may be bitten by one of these monkey­
feeding vectors. When this individual returns to 
his village and becomes viremic, the ubiquitous 
Ae. aegypti is available to initiate the urban cycle 
of transmission from man to man. An effective 
vaccine for yellow fever is available and recom­
mended for travelers to endemic areas. 

Dengue is an acute, nonfatal viral disease char­
acterized by high fever, severe headache, backache, 
and arthralgia, hence the common name "break­
bone fever." A hemorrhagic form of dengue occurs 
in southeast Asia and Oceania; it is frequently fa­
tal. Ae. aegypti is the usual vector of both the 
typical and hemorrhagic forms of dengue, al­
though other aedine mosquitoes may transmit the 
organism. There is no verified animal reservoir 
for dengue and no vaccine is available. 

The mosquito-borne viral encephalitides in­
clude, in the United States, St. Louis encephalitis 
(SLE), eastern equine encephalitis (EEE), and 
western equine encephalitis (WEE). These are viral 
diseases of wild birds transmitted by mosquitoes. 
Under certain conditions, normally ornithophilic 
mosquito species that had previously fed on vi­
remic birds will feed on man or other mammals. 

SLE may be transmitted by members of the Cu. 
pipiens complex in urban areas, Cu. tarsalis in 
rural areas in the western states, and by Cu. nigri­
pa/pus in Florida. Cu. tarsalis is the main vector 
of WEE in the West and Culiseta melanura is 
one of the main vectors of EEE in the East. 

In the Orient, Japanese B encephalitis is trans­
mitted by Cu. tritaniorhynchus and Ae. togoi. In 
Australia and New Guinea, Murrey Valley en­
cephalitis is transmitted by various Culex species. 

Rift Valley fever (R VF), an East African disease 
of wild animals and livestock, has caused a serious 

The Horse and Deer Flies: Tabanidae 

The Tabanidae are a large family of blood-sucking 
dipterans with a cosmopolitan distribution. These 
are robust flies, ranging in size from 7 mm to 30 
mm in length and locally referred to as horse flies, 
deer flies, mango flies, or greenheads. Tabanids 
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epidemic in Egypt. The viral agent of R VF has 
been assigned to the sandfly fever group of viruses 
and is probably transmitted in Egypt by Cu. pipiens 
and by other Culex mosquitoes throughout the 
rest of East Africa. 

California group viruses, including LaCrosse vi­
rus, rarely cause epidemics. They are transmitted 
by tree-hole breeding Ae. triseriatus in the mid­
western United States. 

Mosquito Control 

The most effective method of mosquito control 
is reduction of the source, i.e., the elimination or 
modification of the aquatic sites in which the mos­
quitoes breed. This may take the form of drainage, 
impoundment, or level control of large bodies of 
water, the clearing or filling of ditches, or the elimi­
nation of manmade containers. Methodology must 
be tailored to the specific breeding requirements 
of the species. Chemical insecticides may be re­
quired where reduction at the source is inadequate. 
Larvicides may be applied to breeding sites. Under 
extreme conditions, pesticides may be directed 
against adult mosquitoes. 

The most common and effective method of ma­
laria control employs insecticides applied to the 
walls of houses. Anopheline malaria vectors tend 
to rest on walls after feeding. They come in contact 
with the residual insecticide and die. Conse­
quently, insecticides applied to the insides of walls 
affect only those mosquitoes that have fed on man 
and are potentially infected. This scheme does little 
to reduce mosquito popUlations and usually has 
little environmental impact, but reduces malaria 
by interrupting transmission of the disease. 21 

A number of effective mosquito repellents are 
available as sprays or lotions. When applied ac­
cording to direction they can reduce the annoyance 
caused by the insects. The most effective repellents 
usually contain DEET. 

are strong fliers, capable of inflicting painful bites, 
and in some areas of the world are considered 
serious pests of man and animals. Flies of the genus 
Chrysops act as vectors of the filarial eye worm, 
Loa loa (see Chapter 9) in Africa, and may be 
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involved in the mechanical transmission of an­
thrax, tuleremia, and Trypanosoma evansi. 

Historical Information 

Tabanids were implicated in the transmission of 
anthrax as early as 1874 and of T. evansi in 1913. 
The role of tabanids as intermediate hosts and 
vectors of Loa loa was verified in 1914 by Leiper.22 

Life Cycle 

Tabanids usually lay eggs on vegetation near moist 
areas. Their larvae develop in water or wet earth 
and pass through four to nine stages. In some 
species the larvae remain dormant during the win­
ter. Pupation occurs in dry earth and the quiescent 
pupal stage may last 2-3 weeks. Adult females 
feed on blood, the males on plant juices. 

Pathogenesis 

Tabanid mouthparts are short and blade-like. In 
the act of biting, the insect inflicts a deep, painful 
wound causing blood to flow. The fly then laps 
up blood from the freshly formed pool. Individuals 
may become sensitized to tabanid bites and suffer 
severe allergic reactions after attack. 

Tabanids act as efficient mechanical vectors of 

several pathogens. They are easily disturbed, inter­
rupt feeding, fly to another host, and begin the 
process anew. Consequently, the fly's mouthparts 
contaminated on one host can readily transfer or­
ganisms to the next. Bacteria causing anthrax and 
tuleremia as well as the protozoan T. evansi have 
been transmitted by the tabanid flies acting as me­
chanical vectors. 

L. loa (see Chapter 9) is transmitted by African 
tabanids of the genus Chrysops, which include C. 
silacea and C. dimidiata. Microfilariae of the 
worm, ingested by female flies with the blood meal, 
develop in the flight muscles. When they reach 
maturity, they migrate to the mouthparts and are 
deposited on the skin of a new host when the fly 
feeds again. Infectious larvae burrow into the skin 
of the host after the fly has abandoned the bite 
wound. 

Control 

Tabanids are difficult to control because of their 
diverse breeding sites. Larvae are sensitive to DDT 
and other insecticides, but these compounds are 
seldom used. Sensitive individuals should consider 
using repellents to avoid bites. Mosquito repellents 
containing DEET are usually effective. 

The House Fly and Its Relatives: Muscidae 

The muscoid flies include insects important as 
blood-sucking pests, as vectors of diseases, and 
as mechanical vectors of a variety of pathogenic 
organisms.23•24 Some better known members of this 
family are the housefly, Musca domestica (Fig. 
37.8), the stable fly, Stomoxys calcitrans, and the 
tsetse flies of the genus Glossina. 

All muscoids are fairly large, robust dipterans. 
They develop from eggs to maggots (larvae), non­
motile pupae, and adults by complete metamor­
phosis. Only the tsetse flies differ in that their lar­
vae develop singly within the female and are 
deposited fully developed and ready for pupation. 

Historical Information 

One of the plagues of Egypt described in the Old 
Testament consisted of swarms of flies. It appears 
that. man was troubled by these insects throughout 

his history. The role of the tsetse fly as vector of 
African trypanosomiasis was demonstrated by 
Bruce in 1895,25 and the importance of house flies 
as disseminators of various pathogens was outlined 
in 1898 by Veeder.24 

Life Cycle 

M. domestica lays her eggs on any matter that 
will serve as food for the developing maggots. Ani­
mal or human feces, garbage, decaying plant mate­
rial, and sewage-all provide a suitable substrate. 
A single fly may lay more than 1000 eggs during 
her life span. The development from eggs to adults 
requires less than 10 days in summer temperatures. 
As a result of this reproductive potential, given 
sufficient breeding sites, summer fly popUlations 
may be enormous. The presence of large fly popu­
lations is a clear indicator of poor sanitation. These 
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Figure 37.8. The egg (A), larva (B), pupa (C), and adult 
(D) of Musca domestica, the housefly. The larvae of 
flies are referred to as maggots. A, X70; B, X8; C, x6; 
D, xS. 
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flies can carry viruses, bacteria, protozoa, and eggs 
of parasitic worms and are thus a serious public 
health problem.24 

Stable Flies 

S. calcitrans is a serious biting pest usually associ­
ated with domestic animal husbandry. The fly lays 
her eggs in moist, decaying vegetable material (e.g., 
hay, alfalfa, or straw). In suburban communities, 
moist piles of grass clippings and weeds provide 
ideal sites for larval development. The egg-to­
adult period in the summer lasts about 4 weeks, 
and a female may lay up to 400 eggs during her 
life span. 

Although superficially similar in appearance to 
houseflies, stable flies possess a prominent probos­
cis, which both sexes use effectively for sucking 
blood. The bite of the stable fly is initially painful 
but usually causes little delayed reaction. Sensi­
tized individuals may show allergic responses to 
repeated bites. 

Stomoxys may serve as a mechanical vector for 
anthrax and some trypanosomes of animals. 24 

Tsetse Flies 

Tsetse flies of the genus Glossina (Fig. 37.9) occur 
in sub-Saharan Africa, where they act as mterme­
diate hosts and vectors of a number of trypano­
somes infecting man and animals (see Chapter 30). 
Tsetse flies differ markedly from muscoid flies, and 
indeed from most insects, in producing only one 
egg at a time. This single egg is retained within 

Figure 37.9. A tsetse fly of Glossina sp. feeding on 
blood. X3. (Courtesy of Dr. J. Gingrich) 
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the "uterus" of the female, where it hatches. The 
larva develops in three stages "in utero" while 
feeding on "milk" produced by accessory glands 
of the female. Eventually, a fully mature larva is 
deposited in a shady location; it pupates immedi­
ately. The pupal stage may last up to 30 days 
and the resulting adult remains inactive for 1-2 
days after emerging, before seeking its first blood 
meal. Both male and female tsetse flies are exclu­
sively hematophagous and both sexes are capable 
of transmitting trypanosomes. 26,27 

A female tsetse may produce 10-15 larvae dur­
ing her life span. Tsetse populations are relatively 
small and dispersed. Glossina hunts by sight and 
will follow animals, men, or even vehicles for long 
distances. These insects feed during the day, usu­
ally along paths or river banks. G. palpalis and 
G. tachinoides are the main vectors of Trypano­
soma brucei gambiense; G. morsitans, G. swynner­
toni, and G. pallidipes are the primary vectors 
of T. b. rhodesiense. 

The Myiasis-Causing Flies: Calliphoridae, Cuterebridae, and Sarcophagidae 

Not all dipterans inflict damage by the bite of 
adult flies seeking blood. The larvae of several fam­
ilies are pathogenic during their development 
within the tissues of the infested host. This infesta­
tion with larvae, or maggots, (Fig. 37.8B) is known 
as myiasis. 28 Certain species of flies are obligate 
parasites and require living tissue for development. 
Other species develop facultatively in either living 
or dead tissues. A third group may cause acciden­
tal myiasis when their eggs, deposited on food­
stuffs, are ingested. Cheese skippers of the family 
Piophilidae, rat-tailed larvae of the Syrphidae, sol­
dier fly larvae of the Stratiomyidae, and several 
species of the Muscidae cause gastrointestinal my­
iasis. Symptoms depend on the number of larvae 
developing and may include nausea and vomiting. 
Diagnosis requires the finding of living or dead 
maggots in the vomitus, aspirates of gastrointesti­
nal contents, or in stool specimens. 

Species of flies that normally favor decaying 
flesh for larval development may occasionally de­
posit eggs or larvae on wounds or ulcers. 

The flesh flies of the family Sarcophagidae con­
tain several members of the genera Wohlfahrtia 
and Sarcophaga, which cause myiasis. Female flies 
in this family do not lay eggs, but deposit freshly 
hatched first-stage larvae directly in wounds, ul­
cers, or even on unbroken skin. These feeding lar­
vae may cause considerable tissue damage. 

Flies of the family Cuterebridae are obligate par­
asites, usually of wild and domestic animals. Der­
matobia hominis, the human bot fly, parasitizes 
a number of mammals and is a serious pest of 
cattle in Central and South America. Flies of this 
species cause the infestation in a unique manner. 

Female Dermatobia flies capture various blood­
sucking arthropods, usually mosquitoes or other 
flies, lay their eggs on the abdomens of their prey, 
and release these insects. When the fly or the mos­
quito carrying the eggs alights on a warm-blooded 
host, the eggs hatch, immediately liberating larvae 
onto the skin of the host. These maggots penetrate 
the skin and develop in the subcutaneous tissue, 
maintaining contact with the surface through a 
small opening in the center of an abscess-like swell­
ing. When the larvae complete their development 
after 6-12 weeks, they emerge, fall to the ground, 
and pupate. During the phase within the tissues 
the maggots may cause intermittent pain and se­
crete a foul-smelling material from the opening 
in the skin. 

In human infestations, each maggot should be 
removed surgically. Particular care must be taken 
not to damage it during the procedure because 
the patient has usually become sensitized to the 
antigens of the maggot. The maggots can also be 
removed by coating their external spiracles with 
petroleum jelly, which blocks access to oxygen. 
They are thus forced to crawl to the surface. They 
may have to be removed surgically, under local 
anesthesia, and the wound sutured. 

Several species of the family Calliphoridae are 
obligate parasites, whereas others cause only acci­
dental myiasis. Cordylobia anthropophaga, the 
tumbu fly, is a larval parasite of man and other 
animals, especially rats, in Africa. These flies lay 
eggs on soil contaminated with urine or feces, or 
on similarly soiled bedding or clothing that is set 
out to dry. The emerging larvae attach themselves 
to a host, with which they come in contact, and 



penetrate the skin. After penetration, larvae form 
individual tender abscess-like swellings from 
which serous fluid exudes, particularly when pres­
sure is applied to the lesion. Treatment consists 
of covering the wound with petroleum jelly to 
force the maggot to the surface in search of oxygen. 
The maggot may then be gently squeezed out. Sur­
gical excision may be necessary in some infesta­
tions. 

Another African species, the Congo floor mag­
got, Auchmeromyia luteola, is specific only for 
man. The fly lays eggs on the floor of the huts. 
The maggots come out of the soil at night to feed 
on blood of the inhabitants of the hut who sleep 
on the floor. The larvae lacerate the victim, suck 
blood-but do not penetrate tissues-and return 
in to the soil. 

Two species of Cochliomyia, the New World 
screw worm, in North and South America occa­
sionally cause myiasis in man, although these flies 
are primarily parasites of animals. Adult females 
lay their eggs around the edges of wounds, and 
the larvae invade the wounds and macerate the 
traumatized tissues. Large numbers of maggots 
may infest a single wound. Infestations of the nose 
may be fatal, and therefore the maggots should 
be removed surgically as soon as they are detected. 

Flies of the genus Chrysomyia, the Old World 

The Sucking Lice: Anoplura 

Three species of lice infest man as obligate, blood­
feeding ectoparasites. Only one of these, the body 
louse, is important in human medicine as the vec­
tor of the rickettsiae of epidemic typhus and trench 
fever, and the spirochetes of relapsing fever. Louse 
infestation is known as pediculosis. 

The body louse, Pediculus humanis humanis 
(Fig. 37.10), and its close relative the head louse, 
P. humanis capitis, are wingless, elongate, dorso­
ventrally flattened insects, 2.5'-4 mm long. They 
have three pairs of legs of about equal length. Their 
mouthparts are adapted for piercing flesh and 
sucking blood. The crab louse, Phthirus pubis, is 
shorter (0.8-1.2 mm) and, as its common name 
implies, resembles a crab. Crab lice have somewhat 
reduced front legs, with the second and third leg 
pairs stout and strongly clawed (Fig. 37.11). All 
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screw worm, are important causes of human and 
animal myiasis throughout Asia and Africa. Lar­
vae of these flies penetrate wounds or mucous 
membranes, affecting primarily areas around the 
eyes, ears, mouth, and nose. 

The green bottle flies, Lucilia sp., and the blue 
bottle flies, Calliphora sp., sometimes infest 
wounds of man in Asia, Africa, and the Americas. 
The larvae of these species prefer dead tissue; in 
the past these maggots, reared free of pathogens, 
were used therapeutically for cleansing of septic 
wounds. 

A number of flies whose larvae are primarily 
parasites of domestic animals occasionally infest 
man. Larvae of the sheep bot, Oestrus ovis, may 
invade nasal cavities of shepherds and cause severe 
frontal headaches. Such larvae do not complete 
their development, because man is an aberrant 
host, and usually exit spontaneously before matu­
ration. 

Horse and cattle bots and warbles of the genera 
Gasterophilus and Hypoderma may occasionally 
infest man, causing a condition similar to creeping 
eruption (see Chapter 11). Larvae penetrate ex­
posed skin and wander aimlessly, causing severe 
itching, pain, and sleeplessness. Surgical removal 
of the larvae from the ends of their burrows is 
recommended. 

lice undergo development characterized by incom­
plete metamorphosis. 

Historical Information 

The association between man and lice is an ancient 
one and probably represents an evolutionary rela­
tionship begun by lice and ancestral hominids. 
Closely related species of lice now infest gorillas 
and monkeys. Man has certainly been aware of 
the discomforts of lousiness from earliest times 
and the condition has been recorded by poets and 
artists as well as by early writers on science and 
medicine. However, the recognition of body lice 
as disease vectors is more recent: Transmission 
of typhus and relapsing fever by lice was not dem­
onstrated until the early 1900s. 
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Figure 37.10. Adult female body louse, Pediculus hu­
manis humanis. X20. 

Lice have been considered variously as unwel­
come pests, a sign of unclean habits (not always 
true), and state of saintliness. They have often been 
accepted as one of life's unavoidable afflictions. 

Figure 37.11. Adult crab louse, Phthirus pubis. x25. 

As vectors of diseases, body lice have on numerous 
occasions determined the outcome of human his­
tory. Zinsser in 193529 and Busvine in 197630 
chronicled empires and even entire civilizations 
that were profoundly changed by epidemics of 
louse-borne typhus. 

Life Cycle 

The life cycles of the human lice are depicted in 
Fig. 37.12. The crab lice, P. pubis, sometimes re­
ferred to as papillon d'amour, usually inhabit the 
hairs of the pubic and perianal regions of the body, 
but may also be found on axillary hair or on mous­
taches, beards, eyebrows, or eyelashes. Adult crab 
lice are sedentary, often clutching the same hairs 
for days while feeding for hours at a time. Lice 
of all stages and both sexes feed solely on blood. 
They must obtain daily blood meals to survive. 
The female lays individual eggs or nits (approxi­
mately 0.6 mm in length) and attaches them to 
hairs of the host (Fig. 37.13). They embryonate 
and hatch over a 6-8 day period. The louse has 
three nymphal (preadult) stages lasting 15-17 days 
before the final molt to the adult stage. Nymphs 
are tiny, sexually immature versions of the adults. 
Adult crab lice live less than a month. The females 
usually lay fewer than 50 eggs during a lifetime. 
The entire life cycle (i.e., egg-to-egg interval) lasts 
22-27 days.31.32 

Crab lice are most frequently transmitted from 
one person to another by sexual contact. However, 
general physical contact or contact with a variety 
of contaminated objects such as toilet seats, cloth­
ing, or bedding may also result in infestation. 

The head louse, P. humanis capitis (Fig. 37.14), 
inhabits the hairs of the head, particularly behind 
the ears and around the occiput. Heavy infesta­
tions may force head lice to establish themselves 
on other hairy parts of the body. Like the crab 
lice, the head lice are relatively sedentary, feeding 
for hours at a time while clutching firmly to hair, 
and, like the crab lice, they seldom leave the hairy 
regions voluntarily. The eggs are attached to hair 
shafts (Fig. 37.15) and hatch within about 7 days; 
the three nymphal stages are completed within 
less than 2 weeks. The egg-to-egg cycle lasts about 
3 weeks. A head louse lays 50-150 eggs during 
her lifetime. 

Head lice are disseminated by physical contact 
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Figure 37.12. Preferred feeding and resting sites of the three species of louse affecting man. The head louse, 
Pediculus humanis capitis. resides, feeds, and reproduces on the hairs of the head. Eggs are laid individually on 
hair shafts. The crab louse, Phthirus pubis. prefers the hair of the pubic region, but may occasionally be found 
on the eyebrows. eyelashes. beard, or moustache. Eggs are attached to individual hairs. The body louse, Pediculus 
humanis humanis. is usually found on clothing. moving to the body of the human host only to feed. Eggs are 
laid in masses in the seams of the clothing of the host. 

or by sharing of hats, scarves, combs, or brushes, 
or by the common storage of garments that contain 
nits or lice of various stages. 

Although head lice have been shown capable 
of transmitting rickettsiae and spirochetes in the 
laboratory, they are usually not involved in the 
transmission of these organisms under natural 
conditions.3! 

The life cycle of the body louse, P. humanis 
humanis. differs significantly from those of the 
other two in that body lice spend much of their 
lives on the clothing of infested individuals. Body 
lice (commonly referred to as "cooties") are usu­
ally found on the clothing wherever it comes into 
close contact with the body. Although body lice 

in all stages of their development must move to 
the body for regular blood meals, they return to 
the clothing after feeding. The lice lay eggs along 
the seams of garments attached to cloth fibers (Fig. 
37.16) and sometimes attach the eggs to some of 
the coarser body hairs. Eggs kept near the body 
hatch within 5-7 days. Nymphs require about 18 
days to mature and the adult lice live for about 
a month. A body louse lays more than 300 eggs 
during her lifetime.33 

Body lice are readily transmitted between indi­
viduals by physical contact, exchanges of clothing, 
or the common storage of infested garments. They 
are the only vectors of louse-borne relapsing fever, 
trench fever, and epidemic typhus. 
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Figure 37.13, Eggs (nits) of the crab louse, Phthirus 
pubis, attached to a pubic hair. Note the two embryonat­
ing eggs and the empty shell. X70. 

Pathogenesis 

Lice inject salivary fluids into the wound during 
ingestion of blood and these secretions cause vary­
ing degrees of sensitization in the human host. 

Clinical Disease 

Intense itching is the usual characteristic of infes­
tation by all lice, and constant scratching can lead 
to secondary bacterial infection of the wound. 

Crab lice produce characteristic "blue spots." 
These spots are often seen around the eyes of indi­
viduals with infested lashes. 

The bites of head lice result in inflammatory 
papules and impetigenous lesions often associated 
with lymphadenopathy. Heavy infestations with 
head lice can cause a condition in which hair, 
eggs, louse feces, and exudates of bite wounds form 
a cap-like mass teeming with lice. There may be 
secondary fungal infection within the mass.33 Chil­
dren infested with head lice are often restless. 
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Figure 37.14. Adult male of the head louse, Pediculus 
humanis capitis. X20. 

Bites by body lice cause pinpoint macules, exco­
riations, and pigmentation of the skin. "Vaga­
bond's disease" is an extreme condition caused 
by a combination of persistent heavy infestation 
and poor personal hygiene. Affected individuals 
show a generalized bronze pigmentation and hard­
ening of the skin. 

Diagnosis 

Diagnosis depends on identification of lice or eggs 
in the hair or in the seams of the garments; in 
the latter they may be difficult to find. The eggs 
must be identified by microscopy. 

Treatment 

There are several pediculocidic formulations avail­
able as dusts, shampoos, lotions, and creams; some 
may be obtained as over-the-counter preparations; 
others require a prescription. All of the effective 
products contain low concentrations of insecticides 
such as benzene hexachloride or pyrethrum. 

Head and crab lice can be treated similarly. In-



Figure 37.15. Single egg (nit) of the head louse, Pedicu­
lus humanis capitis, attached to the shaft of a hair. 
X40. 

fested individuals should remove all clothing, ap­
ply the pediculocide, and put on clean clothing 
after treatment. The procedure should be repeated 
after 10 days to kill any newly hatched lice, be­
cause the treatment does not kill eggs. Clothing 
and bedding of infested individuals should be 
washed and dried by exposure to heat, or dry 
cleaned to prevent reinfestation. Exposure of in­
fested clothing to temperatures of 70°C for 30 
min will kill lice and eggs. Combs and brushes 
should also be treated by heat to prevent reinfesta­
tion by head lice. Simple washing of the head or 
affected areas with soap will not kill lice or destroy 
the nits. 

Insecticides should not be used on crab lice in­
festing eyebrows or lashes. Yellow oxide of mer­
cury ointment should be applied and individual 
lice removed with forceps . 

Because body lice inhabit and lay eggs on cloth­
ing, regular changes of underwear and garments 
will significantly reduce the infestation. Garments 
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Figure 37.16. Egg (nit) of the body louse, Pediculus 
humanis humanis. Note tufts of fabric where egg was 
attached to clothing. X50. 

infested by lice should be treated as indicated 
above. Blankets, bedding, sleeping bags, and other 
items that might be contaminated should be simi­
larly treated. 

Various powdered formulations of pediculicides 
can be applied directly to clothed individuals. Sev­
eral of these compounds have been used effectively 
in mass treatment of large groups of infested indi­
viduals in the control of epidemic typhUS. 

Epidemiology 

The three species of human lice can be considered 
cosmopolitan in distribution, with infestations re­
corded throughout tropical, temperate, and arctic 
regions. Absence of lice in a population is a result 
of social or hygienic habits rather than of geo­
graphic or climatic factors. 

The rates of infestations with crab lice are 
usually much lower than those for head or body 
lice. Infestations with head lice can reach epi-
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demic proportions, particularly among school chil­
dren. 

Sex, age, race and socioeconomic status can af­
fect rates of infestations with head lice. In an urban 
outbreak, white children were more frequently in­
fested than black children, younger children more 
than older children, poorer children more than 
affluent ones, children from large families more 
than those from smaller families. Length of hair 
did not affect rates of infestation.34 

Infestations with body lice are usually associated 
with poverty, crowded conditions, social upheavals 
such as wars, or natural disasters. Because body 
lice reside and deposit eggs on clothing, conditions 
that prevent the change and cleaning of garments, 
coupled with close contact and crowding, foster 
the spread of these insects. 

Louse-Borne Diseases 

Body lice are the only vectors involved in infecting 
man with Rickettsia prowazeki, which causes epi­
demic typhus; Rochalimaea quintana. the rickett­
sial agent of trench fever; and Borrelia recurrentis. 
the spirochete that causes louse-borne relapsing 
fever. 

The rickettsiae mUltiply within the louse in the 
epithelial cells of the midgut, which ultimately 
rupture, releasing large numbers of these microor­
ganisms. Human infections occur through the rub­
bing of infected louse feces into skin abrasions 
caused by the original louse bites. These abrasions 
are often extended by scratching. Inhalation of 
fomites containing rickettsiae also causes human 
infection. Rickettsiae survive dehydration and re-

The Fleas: Siphonaptera 

The fleas comprise a small order of insects of gen­
erally similar appearance and habits. The adult 
fleas exist as ectoparasites on warm-blooded ani­
mals. The typical adult flea (Fig. 37.17) is a brown, 
laterally compressed, wingless insect less than 3 
mm long. It has a tough skin. Its third pair of 
legs is adapted for jumping and its mouthparts 
are designed for blood-sucking. 

Fleas undergo complete metamorphosis in their 

main infective for more than 2 months at warm 
temperatures. 

Man is the usual reservoir for the rickettsiae 
of epidemic typhus. The organism can remain la­
tent for years, occasionally giving rise toa mild 
recrudescent form of typhus termed Brill-Zinsser 
disease. Lice feeding on people with this form of 
typhus can become infected with the rickettsiae 
and transmit them to nonimmune individuals, giv­
ing rise to the primary epidemic form of the dis­
ease. 

Recent studies have demonstrated a sylvan cycle 
of R. prowazeki in flying squirrels in the United 
States,35 but the importance of this rodent reser­
voir in the spread of typhus is yet to be determined. 

Trench fever is a self-limiting disease caused 
by R. quintana. Transmission to man is similar 
to that of epidemic typhus. Individuals with trench 
fever can infect lice from the third day of illness 
and sometimes for months thereafter. The rickett­
siae develop only within the cuticular margin of 
the louse (i.e., not intracellularly) and cause no 
disease in the insect. Infected feces and crushed 
lice are the usual sources of infection. Man is the 
only animal in which this rickettsia causes disease. 

Louse-borne relapsing fever is caused by the spi­
rochete B. recurrentis. The body louse is the only 
vector of B. recurrentis, although similar spiro­
chetes cause tick-borne relapsing fevers. Lice are 
infected when feeding on infected individuals dur­
ing febrile periods. The spirochetes invade the ep­
ithelium of the gut and ultimately the blood of 
the louse. Transmission can occur only when 
crushed lice are rubbed into a wound or are in­
haled. Lice do not pass the spirochete by bite and 
do not excrete it in feces. 36 

development, exhibiting markedly different larval, 
pupal, and adult stages (Fig. 37.3). The larvae are 
delicate, motile, vermiform creatures; the pupae 
are encapsulated and quiescent. 

Fleas cause diseases of man both as serious bit­
ing pests and as vectors of a number of infectious 
agents, most notably, Yersinia pestis. They usually 
feed quickly and to repletion at a single site. 



Figure 37.17. Adult female cat flea Ctenocephalides 
felis. X20. 

Historical Information 

Man has evolved with these "lair" parasites of 
domestic animals and fellow cave dwellers. Litera­
ture is replete with songs, poems, and stories extol­
ling the virtues and vices of fleas and the miseries 
they cause. The importance of fleas as vectors was 
not recognized until the final years of the 19th 
century, when they were implicated in the trans­
mission of plague. The historical impact of flea­
borne bubonic plague, the Black Death, in the 
development of civilization has been well doc­
umented. 29 

Life Cycle 

The life cycle of a typical flea is shown in Fig. 
37.3. Fleas are usually parasites of animals inhabit­
ing nests, dens, or caves. The adult flea is an obli­
gate parasite of its warm-blooded host, feeding 
only on blood. The flea scatters its eggs in and 
around the nest of its host. Larval fleas are active, 
yellowish-white creatures with biting mouthparts. 
They feed on host feces or dried blood defecated 
by adult fleas. 37 

Under ideal conditions of temperature and hu­
midity, eggs may complete embryo nation and 
hatch within less than a week; larvae may develop 
to adults within less than 2 weeks. After the flea 
has completed its development through three lar­
val stages, it spins a cocoon and forms a quiescent 
pupa. The pupal period, during which the insect 
gradually develops its adult characteristics, may 
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last from a week to a year depending on the species 
and the environmental conditions. Pupae encased 
in a cocoon may remain dormant for months, until 
they are stimulated by vibrations to emerge and 
give rise to a mass of hungry fleas. 

Although many species of fleas bite man if they 
are sufficiently hungry, only a small number are 
consistent pests of man. The combless fleas, so 
called because they lack prominent spines or 
ctenidia on their heads, include four species that 
regularly feed on man. 

The human flea, Pulex irritans, is an ectopara­
site of man and animals, particularly swine. P. 
irritans is cosmopolitan in distribution and is the 
most common flea of man. A closely related spe­
cies, P. simulans, is restricted to the New World. 
Both species are capable of transmitting plague, 
but are considered minor vectors of this disease. 

The oriental rat flea Xenopsylla cheopis (Fig. 
37.18), as the vector of Y. pestis, has long been 

Figure 37.18. Adult of the oriental rat flea Xenopsylla 
cheopis. X20. 
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considered one of the great killers of man. It is 
an ectoparasite of rats, feeding on man only when 
its conventional host is unavailable. Classically, 
human bubonic plague is a consequence of an epi­
zootic of plague in the rat population. As rats 
die in massive numbers, infected fleas leave their 
dead hosts and seek fresh sources of blood. Under 
these circumstances man is readily attacked and 
infected. 

Xenopsylla acts as an efficient vector because 
of its association with reservoir rats and its readi­
ness to feed on man. Moreover, when a flea takes 
a blood meal from an infected rat, the plague or­
ganism rapidly multiplies within the flea's proven­
triculus, an organ of the intestinal tract, lined with 
spiny projections. Within 3 days the proventricu­
lus becomes blocked by a gelatinous mass of par­
tially digested blood and bacteria. When the flea 
feeds again, it is unable to engorge and is forced 
to regurgitate blood and the bacteria from the pro­
ventriculus into the host. Because the flea is unable 
to feed to satisfaction, it moves rapidly from host 
to host seeking a meal and transmitting the plague 
organism. The flea eventually dies of starvation, 
but not before its role as vector of plague has been 
discharged. 

The combed fleas include four species that affect 
man. The dog and cat fleas, Ctenocephalides canis 
and C. felis (Fig. 37.17), are closely related, mor­
phologically similar species with two sets of prom i­
nent combs on the head. Both species feed equally 
well on dogs and cats, and both bite man if given 
the opportunity. Their larvae and pupae are usu­
ally found in the places where the animals rest. 
The fleas can prove particularly annoying when 
the pet leaves the household and the fleas are left 
with man as the only source of blood. Raccoons 
can also bring cat fleas into homes. 4o 

The northern rat flea, Nosopsyllus fasciatus, and 
the squirrel flea, Diamanus montanus, are com­
mon combed fleas of rodents in North America. 
They readily bite man and may be involved in 
transmission of plague from wild rodents to rats 
or to man. 

The jigger flea, or chigoe, Tunga penetrans (Fig. 
37.19), is a serious pest in the tropical and subtrop­
ical regions of the Americas and Africa. This flea 
originated in South America and was introduced 
into Africa during the late 19th century. Adult 
chigoes are less than 1 mm long. Both sexes feed 
regularly on blood. After insemination, the female 
flea attaches itself to the skin of the toes, soles 

Figure 37.19. White papule with central pit on toe of 
individual infested with the chigoe flea, Tunga pene­
trans. The adult female flea is embedded in the tissue 
of the epidermis and eggs are extruded through the cen­
tral pit. X2. (Courtesy of Dr. G. Zalar) 

of the feet, or legs and becomes enveloped by host 
tissue (Fig. 37.20). Thus protected, the female 
swells to the size of a pea, produces 150-200 eggs, 
and dies still embedded in the tissue.38•39 

Figure 37.20. Eggs of Tunga penetrans from a single 
adult flea. x20. (Courtesy of Dr. G. Zalar) 



The infested tissue can become ulcerated and 
infected by bacteria, which may include the clos­
tridia, and cause tetanus or gas gangrene. Autoam­
putation of toes is not uncommon. Infection can 
be avoided by wearing shoes in areas where T. 
penetrans occurs. Treatment consists of removing 
the flea with a sterile instrument and treating the 
wound locally to prevent infection. 

Pathogenesis 

The response to repeated flea bites is typical of 
reactions to most insect bites. Initial exposure pro­
duces little or no reaction, but after an individual 
is sensitized to the salivary antigens of the flea, 
first delayed, then primary reactions develop. 

Clinical Disease 

Intense irritation that leads to scratching and sec­
ondary bacterial infections41 is the main manifesta­
tion of flea bites. The major health problem caused 
by fleas is the transmission of infectious agents 
for which the fleas are vectors. 

Diagnosis 

The typical flea bite first appears as a single papule. 
However, with heavy flea infestations, papules may 
be grouped along the arms and legs, on the face 
and neck, or where clothing fits snugly. 

Precise incrimination of fleas requires capture 
of one of the offending insects. The species of the 
flea can be determined with the aid of a dissecting 
microscope and a key to identification of fleas af­
fecting man. 

Treatment 

Pruritus can be treated symptomatically; second­
ary bacterial infection, as appropriate. 

The Bugs: Heteroptera 

Heteroptera are known as true bugs. This large 
order contains two families of medical importance. 
Adults of most heteropterans are winged; the 
wingless bedbugs, the Cimicidae, are an exception. 
Bugs have mouthparts modified for piercing and 
sucking. Their long, slender, segmented beak is 
usually held along the ventral surface of the body 
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Control 

Fleas may be controlled at the source of the infesta­
tion by various commercially available insecti­
cides. Dusts may be applied to the fur and nestings 
of dogs and cats. These dusts are particularly effec­
tive against the fleas that dwell in nests, whose 
larvae feed on particles. Space sprays can be effec­
tive against adult fleas. Flea collars on pets are 
also effective in preventing infestation. A number 
of topically applied repellents can protect individu­
als against flea bites for short periods. 

Epidemiology of Flea-Borne Diseases 

Fleas serve as primary vectors of Y. pestis and 
Rickettsia mooseri, which causes murine or en­
demic typhus. Moreover, fleas may serve as inter­
mediate hosts of various cestodes and nematodes 
that infect mammals including man. 

Y. pestis persists in nature in a so-called sylvan 
or campestral cycle in which wild rodents are con­
stantly infected by various species of fleas. Foci 
of naturally infected rodents occur in central Asia, 
South Africa, South America, and the Russian 
steppe. In western North America, plague is main­
tained in a ground squirrel reservoir with the squir­
rel flea, Diamanus, the vector. A number of other 
rodent species and flea vectors may also be in­
volved. The U.S. reports 5-10 autochthonous cases 
of bubonic plague each year, usually among camp­
ers, hunters, and farmers in the western states. 

As long as plague exists as a disease of field 
rodents, human cases are rare. However, when 
the plague organism is transferred from wild ro­
dents to peri domestic rats and becomes established 
in a rat-rat-flea cycle, the potential for human in­
fection increases markedly. 

when it is not in use. Most heteropterans are plant 
feeders, some are predaceous on other insects, and 
the ones causing human diseases, which are mem­
bers of the Reduviidae and Cimicidae, are hema­
tophagous. Heteroptera develop by incomplete 
metamorphosis. 
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The Bedbugs: Cimicidae 

Three closely related species of bedbugs are blood­
feeding ectoparasites of man. The common bed­
bug, Cimex lectularius, and the tropical bedbugs, 
C. hemipterus and C. baueti, are morphologically 
similar, being wingless, oval, flattened, reddish­
brown insects with mouthparts well adapted for 
piercing flesh and sucking blood. Adult bedbugs 
(Fig. 37.21) are approximately 5 mm long and 3 
mm wide. Their five nymphal stages are smaller, 
sexually immature copies of the adults.30.42 

Bedbugs are cosmopolitan in distribution. C. lec­
tularius is widespread throughout temperate and 
tropical regions. The Indian bedbug, C. hemip­
terus, is restricted to tropical and subtropical cli­
mates, and C. baueti is found in the tropical re­
gions of Africa and South America. 

Historical Information 

Bedbugs evolved from ectoparasites of cave-dwell­
ing mammals, probably bats, at the time when 

man was a cave dweller. They were first recorded 
as a problem in the Mediterranean region by early 
Greek and Roman writers. In northern Europe 
they were identified much later, e.g., during the 
11th century in Germany, 13th century in France, 
and 16th century in England.30 Although bedbugs 
have been suspected of transmitting a number of 
human diseases, there is no direct evidence that 
they do. A study, still to be confirmed, attributed 
to bedbugs transmission of hepatitis B. 43 

Life Cycle 

Bedbugs are found in a variety of human habita­
tions including homes, hotels, dormitories, prisons, 
barracks, and hospitals. They remain hidden in 
cracks and crevices in walls, floors, and furniture, 
usually appearing at night or in dim light to feed 
on a sleeping host. Man is the preferred source 
of blood, but bedbugs feed on a variety of animals 
if man is unavailable. They characteristically bite 
two or three times in succession over a period of 
a few minutes to engorge themselves. 

Adult females lay 2-3 eggs per day for a total 
of 200-500 during a lifetime. The pearly white 
eggs are 1 mm long. They are laid individually 
in crevices, behind loose wallpaper, in cracks in 
woodwork or furniture, or in mattresses. Hatching 
is dependent on temperature but usually occurs 
after 9-10 days of embryonation. There are five 
nymphal stages, each requiring a blood meal before 
molting to the next. The egg-to-egg period, de­
pending on temperature, varies from 7 to 19 weeks, 
which allows the development of several genera­
tions of bugs within a year. Availability of a blood 
source also influences generation time. Adult bugs 
may feed weekly during the summer, less fre­
quently in the cooler months, and starve during 
the winter, reappearing to feed again in the spring. 

Pathogenesis 

Feeding bedbugs inject salivary fluids and sensitize 
the host. Primary exposure produces little or no 
reaction. After repeated exposures a severe delayed 
reaction may develop; continued exposure pro-
duces an additional primary reaction. Finally, after 
a course of regular exposures to bites, the host 

Figure 37.21. Adult bedbug, Cimex lectularius X 15. can become desensitized. 



Clinical Disease 

Reactions to bites may be mild or severe; large 
hemorrhagic bullae may form on some sensitized 
individuals; others may develop erythema and lo­
cal edema and may experience severe and pro­
longed pruritus. Scratching can lead to secondary 
bacterial infections. Heavy bedbug infestations can 
interfere with sleep. 

Diagnosis 

The bite wounds are firm, closely spaced papules, 
appearing as two or three lesions together. This 
grouping may be used to differentiate predation 
by bedbugs from the typically single bites of other 
insects. The final determination that bedbugs are 
involved depends on finding living or dead bugs, 
or the circumstantial evidence of a characteristi­
cally pungent odor associated with the alarm 

The Assassin Bugs: Reduviidae 

Reduviidae is a large family of predaceous insects 
collectively referred to as assassin bugs, most mem­
bers of which are insectivorous. One subfamily, 
the Triatominae, is found mainly in the New 
World and is of particular importance because its 
members are hematophagous and are vectors of 
Chagas disease. 

Bugs of the Triatominae (Fig. 37.22), the so­
called kissing bugs, cone-nosed bugs, or vinchucas, 
are large insects with distinct elongate cone-shaped 

Figure 37.22. Adult (top) and three nymphs of the kiss­
ing bug, Rhodnius prolix us. Note fully formed wings 
on the adult. X I. 
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glands of these insects, and trails of blood droplets 
near the hiding places of the bugs. 

Treatment 

The itching associated with bedbug bites responds 
to symptomatic therapy. 

Control 

Control in dwellings is best achieved with chemical 
insecticides. Residual compounds such as DDT 
and BHC are very effective and long lasting. Resis­
tance to these compounds has been reported in 
a number of areas, particularly in the tropics. Dia­
zinon has been used successfully to treat infested 
surfaces. Removal of old furniture, mattresses, 
loose wallpaper, and the patching of wall cracks 
can deny the bugs resting and breeding places. 

heads. They possess a long, three-segment probos­
cis well developed for piercing skin; all develop­
mental stages are exclusively blood-feeding. Adults 
are winged and good fliers, whereas the nymphal 
stages are wingless, sexually immature miniatures 
of the adults, developing through the various 
stages by incomplete metamorphorsis. 

Historical Information 

The Triatominae received little attention from en­
tomologists before 1909, when Chagas identified 
them as vectors of Trypanosoma cruzi. 44 

Life Cycle 

Three species of Triatominae serve as major vec­
tors of Chagas disease, although several species 
are important as vectors in restricted areas and 
a large number of species have been found natu­
rally infected with the parasite. Panstrongylus 
megistus, Triatoma infestans, and Rhodnius pro­
lixus are large bugs that feed on man but will 
also feed on wild or domestic animals whenever 
they are available. These insects abound in the 
cracks and crevices of the mud and timber houses 
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typical of rural areas in the Latin American 
tropics.45 Kissing bugs are usually found in resting 
places near their source of blood meals. Domestic 
or peridomestic species that prey on man are found 
in cracks and crevices of walls and floors, particu­
larly in sleeping areas. 

Adult females require a blood meal before pro­
ducing a clutch of eggs. They lay eggs singly within 
the same cracks that harbor the nymphs and 
adults. The eggs hatch within 10-30 days and each 
of the five nymphal stages requires a full blood 
meal before molting to the next one. Kissing bugs 
are prodigious fpeders. First-stage nymphs may 
imbibe 12 times tlleir weight in blood; subsequent 
stages drink relatively less. Fifth-stage nymphs of 
R. prolixus may suck in more than 300 fLl of blood 
and adult females more than 200 fLl for each egg 
batch. The five nymphal stages may last several 
months before their final molt to the adult stage. 
Most species have one generation per year.46 

Pathogenesis 

Intense and persistent pain is associated with the 
bites of some insectivorous assassin bugs, a result 
of injection of various toxins. The bites of most 
of the blood-feeding Triatominae are notably pain­
less, thereby enal-ling these insects to feed undis­
turbed on sleepin,_ individuals. The habit offeeding 
around the mouth or eyes of a sleeper accounts 
for the designation "kissing bug." After sensitiza­
tion to the salivary fluids of feeding bugs, individu­
als may develop delayed reactions characterized 
by itching, swelling, redness, nausea, and in rare 
cases, anaphylaxis. Anaphylactic responses to xen­
odiagnosis, usually with R. prolix us, have been 
reported. 4 7 

Both nymphs and adult bugs act as vectors of 
T. cruzi. Although bugs may be infected by feeding 
on human hosts and can transmit the organism 
from man to man, the usual sources of bug infec­
tion are wild and peridomestic animals such as 
dogs, cats, mice, armadillos, and opossums. T. 
cruzi develops in the hindgut of the bug and does 
not invade the salivary glands. Thus the bite of 
the bug causes no infection. Rather, infectious par­
asites are passed in the feces of the bug while it 
feeds. The victim reacts to the irritation of the 
bite, then rubs infected feces into the eyes, mouth, 
or the wound made by the bite. Various triatomine 
species regularly feed on infected animals, support 

growth of the parasite, but do not defecate until 
they leave the host. These species usually are not 
involved in transmission to man, but may serve 
to maintain the parasite in an animal reservoir 
where infected bugs may be eaten by the animal 
host, which thus becomes infected. T. cruzi is natu­
rally maintained in wood rats in southern Califor­
nia by such a cycle. Although transmission of T. 
cruzi to man is rare in the United States, infected 
animals are found regularly, and autochthonous 
cases have been reported. 

Clinical Disease 

Except for the allergic reaction to the bite, the 
bite itself is innocuous. The importance of these 
bugs lies in their acting as vectors in Chagas dis­
ease (see Chapter 29). 

Diagnosis 

The night-feeding kissing bugs are insidious (Fig. 
37.23), leaving little initial evidence of their blood 
meal. Kissing bugs normally feed from one punc­
ture, leaving a single papule. This distinguishes 
the lesion from those caused by bedbugs, which 
also feed at night, because the latter are usually 
clustered in groups of two or three. 

Most of the entomophagous bugs likely to bite 
man are large insects; the wheel bug, a common 
offender, with a distinctive cog-like crest on its 
thorax, is more than 30 mm long. Because they 
bite during the day, usually when handled, they 
can be readily identified. 

Figure 37.23. Fifth-stage nymph of Rhodnius prolixus 
in typical feeding pose. Note immature wing pads on 
thorax. Abdomen is distended with blood. XS. 



Treatment 

Reactions to the bites of kissing bugs require, at 
most, local symptomatic therapy. 

The Stinging Insects: Hymenoptera 

The stinging insects, including the bees, wasps, 
hornets (Fig. 37.24), and ants, are members of 
the Hymenoptera, a large order of highly devel­
oped species. It is among the Hymenoptera that 
complex social systems, castes, and elaborate hive 
and nest structures have evolved. The only other 
insect group to achieve such a level of social devel­
opment is the termites. In the Hymenoptera, the 
ovipositor, the apparatus for egg laying, has been 
modified to serve as a stinging organ and is used 
by adult females for the capture of prey for food 
or for defense. 

The stinging apparati of honeybees, bumblebees, 
wasps, and hornets are generally similar in struc­
ture. They consist of paired acid glands, a single 
alkaline gland, a poison sac with muscular neck, 

Figure 37.24. Three common species of stinging hymen­
optera: honey bee (top), yellow jacket (center) and hor­
net (bottom). X3. (Courtesy of Dr. J. Pisano) 
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Control 

Insecticides have proved generally ineffective for 
the control of kissing bugs. 

and the piercing apparatus itself, which includes 
a stylet sheath and paired stylets. 

The stylets or darts of the honeybee stinger are 
barbed (Fig. 37.25A) and once inserted by the in­
sect cannot be withdrawn. Consequently, when a 
honeybee stings and attempts to flyaway, it leaves 
behind the complete stinging apparatus, virtually 
disemboweling itself, thus suffering a mortal 
wound. The self-contained stinger with its attached 
poison sac and musculature may continue to pump 
venom into the wound long after the bee has 
departed.48 The stingers of most hymenopterans 
are not barbed (Fig. 37.25B) and are removed after 
stinging. Wasps, hornets, bumblebees, and ants are 
capable of multiple stings without losing the appa­
ratus. 

It is estimated that in the U.S. 50-100 people 
die each year from reactions to stings of the hyme­
nopterans; there is probably substantial underre­
porting and some misdiagnosis. Yellow jackets and 
honeybees are the major causes of these reactions. 

Certain behavioral characteristics of bees and 
yellow jackets result in increase of aggressiveness. 
Honeybees are generally benign, unless they are 
individually molested or provoked to defend their 
hive. Their venom contains the pheromone isopen­
tyl acetate, which acts as an alarm signal and 
draws other bees to the site of the original sting. 
This leads to multiple stings.49 Dramatic reports 
of the so-called African killer bees are exaggera­
tions of reality, although these bees tend to be 
more aggressive and less predictable than the com­
mon bees found in most domestic hives. 50 

Yellow jackets are particularly aggressive when 
their nest areas are approached, and they sting 
without provocation or warning. Their aggressive 
behavior increases during the late summer and 
early fall. Gardners and picnickers are particularly 
at risk. 

Historical Information 

The honeybee, Apis melli/era. was one of the first 
insects recorded by man in his writings and in 
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A B 

Figure 37.25. Stinging darts of honeybee (A) and hornet (B). Note the barbs on the honeybee dart. A and B, 
x 100. (Courtesy of Dr. J. Pisano) 

his art (Fig. 37.26). Bees have long been recognized 
as sources of honey, and their role as plant pollina­
tors is crucial to agriculture. 

Life Cycle 

Hymenopterans develop by complete metamor­
phosis with distinct larval, pupal, and adult stages. 
Larvae are vermiform and look like maggots. They 
are dependent on adults for food. Pupae, encased 

Figure 37.26. Honeybee carved over 3000 years ago on 
a pillar, Temple of Karnak, Egypt. 

in a cocoon, represent an inactive, nonfeeding tran­
sitional phase. The adults usually have wings and 
are good fliers. Certain groups with highly devel­
oped social systems have evolved nonreproducing 
worker and soldier castes. Other groups, such as 
the ants, are wingless as adults except during re­
productive periods. 

Four families of the Hymenoptera contain medi­
cally important species, the stings of which can 
cause severe reactions in man. 

The bees, Apidae, include some species that live 
in complex social organizations such as hives, or 
in less structured subterranean nests, although 
most species in this family live as solitary insects. 
Only the honeybees and bumblebees among the 
Apidae are of concern to man because of their 
ability to sting. 

The honeybee, A. mellifera, originally an Old 
World species is now found worldwide in domestic 
and wild hives. Bees of this species are raised com­
mercially for their honey and for their role as polli­
nators of a wide range of plants including most 
fruits and legume crops. They construct elaborate 
hives wherein a single nonforaging queen lays eggs 
in wax cells. Larvae develop within these cells 
while being fed by nonreproductive female work-



ers. Adult workers tend the hives and forage for 
nectar and pollen. The bees tend to sting when 
individual insects or their hive is disturbed. 

Bumblebees of the genus Bombus are large, 
hairy, ungainly, less organized social bees, which 
build simple underground nests. They sting under 
the same circumstances as do honeybees. 

The Vespidae include the wasps, hornets, and 
yellow jackets; all are capable of inflicting painful 
stings. Many species in this family build elaborate 
nests of masticated wood fibers or mud, whereas 
others construct simple nests underground. The 
yellow jackets are social hymenopterans with dis­
tinctive yellow and black bands on the abdomen, 
which are often mistaken for bees. They are aggres­
sive insects and a major cause of stings in man. 51 

Ants belong to the family Formicidae, some 
members of which can cause damage by bite or 
by stinging. They have a variety of complex social 
systems, with elaborate behavior patterns, intricate 
nests, and castes of workers, soldiers, and repro­
ducing insects. Two groups of ants are of concern 
in the United States. 

The harvester ants of the genus Pogonomyrmex 
readily attack man and other animals and are capa­
ble of inflicting painful stings. They build under­
ground nests, topped by mounds, in warm, dry 
sandy areas. When a nest is disturbed, ants come 
out, swarm over the invader, and sting him repeat­
edly and vigorously. 

Fire ants (Fig. 37.27) of the genus Solenopsis 
are so named because of their sharp fiery sting. 
Several native U.S. species are of medical impor­
tance, but the imported fire ant, Solenopsis invicta 

Figure 37.27. Fire ants of the genus Solenopis capable 
of mass attacks and inflicting repeated painful stings. 
X 1.5. (Courtesy of United States Department of Agri­
culture) 
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Figure 37.28. Winged reproduction stage of the fire ant, 
Solenopis invicta. X6. (Courtesy of United States De­
partment of Agriculture) 

(Fig. 37.28), is a particularly dangerous species.52 

It was introduced into the United States around 
1930 and since then has spread throughout the 
southeastern states, where it presents a serious haz­
ard to man and livestock. They build large, hard­
crusted mounds, well camouflaged, and often not 
seen until they are disturbed. When fire ants at­
tack, they first bite their victim with strong mandi­
bles and then sting repeatedly. This results in a 
circle of painful stings around a central bite. 

Certain species of tropical ants are notorious 
for their ability to ravage plants and animals alike 
as they travel from place to place in colonies or 
armies numbering millions of individuals. 

The so-called velvet ants are not true ants, but 
wingless wasps of the family Mutillidae. These 
large, hairy, often brightly colored insects are ca­
pable of inflicting a painful sting if they are dis­
turbed. A large black mutillid with scarlet hairs 
is common in the central United States, where it 
may cause considerable distress by stinging bare­
foot bathers. 

Several other groups of the Hymenoptera have 
the capacity for stinging and may be occasional 
pests. 

Pathogenesis 

In the act of stinging, the aroused insect first inserts 
the sheath to open the wound, then follows imme­
diately with the inward thrust of the stylets and 
the injection of the venom. The combination of 
the acid and alkaline venom fluids, designed to 
kill insect prey, causes extreme pain and inflamma-
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tion. Venom from 500 stings received within a 
few minutes can cause a man's death. The inhabit­
ants of a single disturbed beehive can inflict at 
least that number of stings in a matter of minutes. 
Sensitization to the venom can result in severe 
allergic reactions. A number of antigenically active 
compounds has been identified in venom, phospho­
lipase A being the most important. Others include 
hyaluronidase, melitin, and apamin. 53 

Clinical Disease 

The primary manifestations of the sting are due 
to mechanical damage and the direct action of 
the venom. They include pain, edema, pruritus, 
and warmth at the site of the sting, but these symp­
toms are transitory. Severe toxic reactions can be 
caused by as few as 10 stings within a period of 
a few minutes. Muscle cramps, drowsiness, fever, 
and headache are characteristic. 

Allergic reactions are by far the most serious 
consequence of the stings of hymenopterans. They 
may develop in previously sensitized individuals 
and include three patterns of symptoms. There 
is urticaria, associated with pruritus. The skin and 
mucous membranes become edematous. There 
may be simultaneous bronchospasm and anaphy­
laxis, and death may follow. In sensitized individu­
als, even a single sting may bring the most severe 
reaction. A delayed reaction characterized by urti­
caria, fever, and arthralgia may occur hours or 
weeks after a sting. 

Although the stinging hymenopterans share a 
number of common antigens, each possesses one 
or more unique ones. Sensitization to stings of 
one species does not always produce sensitivity 
to those of other species.54-56 

Diagnosis 

Individuals with suspected sting sensitivities can 
undergo skin testing with specific venoms to deter­
mine the level of risk. 

Treatment 

Initial treatment for a honeybee sting must include 
removal of its stinger and the attached venom sac. 
This can be done with a knife blade, a needle, 
or a fingernail. It is important not to squeeze the 
site, because such pressure releases more venom 

from the sac. A nonallergic primary reaction may 
be treated with ice to lessen edema and pain, and 
with various local antipruritics. 

Individuals with known sting sensitivity must 
be prepared to act quickly to prevent serious reac­
tions. On being stung, the individual should re­
move the stinger immediately and, if the sting is 
on an arm or leg, apply a tourniquet above it. 

Emergency kits are available by prescription and 
sensitive individuals should be familiar with their 
use. Such kits contain epinehprhine in a syringe, 
antihistamine tablets, and a tourniquet. 

Emergency treatment consists of injections of 
epinephrine, half of the calculated dose intramus­
cularly and half intravenously, and an antihista­
minic. Obviously, this presupposes planning and 
the sensitized person and his or her next of kin 
must be prepared to carry out at least the intra­
muscular injection of epinephrine. In addition, the 
potential victim must carry isoproteranol for sub­
lingual administration and an oral, nonenteric 
coated antihistaminic. 

Desensitization using whole body extracts of the 
insects has been attempted, but is ineffective. Puri­
fied venoms have been used successfully for desensi­
tization.57 

Control 

Wasp, hornet, and ant nests can be destroyed with 
a number of commercially available insecticidal 
compounds, such as carbamates, malathion, and 
resmithrin. Aerial nests can be destroyed at night, 
when the insects are quiescent. General avoidance 
of areas where stinging hymenopterans occur 
should be a rule for sensitive individuals. There 
are no effective repellents against these insects. 
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38. The Arachnids 

The arachnids are a class of arthropods that in­
cludes the ticks, mites, scorpions, and spiders. Its 
characteristics clearly differentiate it from the class 
Insecta. All arachnids are wingless, have four pairs 
of legs as adults, and usually show only two dis­
tinct body regions, a cephalothorax and an abdo­
men. Metamorphosis in the arachnids is of the 
incomplete type (Fig. 38.1). The immature nonre­
productive stages are smaller but morphologically 
similar to the adults. In many groups, arachnids 
in the first, or larval, stage may have only three 
pairs of legs. 

This class comprises three orders: Acarina, Ar­
aneida, and Scorpionida. The order Acarina in­
cludes mites and ticks. Ticks are exclusively hema­
tophagous; mites feed on a variety of substances 

o 
Egg Larva 

including cells and blood. The spiders (order Ar­
aneida) are mainly insectivorous, feeding on body 
fluids of captured insects. Scorpions (order Scor­
pionida) feed on arthropods or small animals, 
which they immobilize by the stinging apparatus 
located at the tip of the abdomen. 

Most members of these three orders do not affect 
human health directly. Each order, however, in­
cludes some members of medical importance. 
Ticks and mites injure by their feeding habits, and 
serve as vectors for a number of important diseases 
(Table 38.1). Spiders inject toxins that can cause 
severe systemic or tissue reactions. Similarly, the 
toxins injected by the stings of certain species of 
scorpions can cause severe reactions in affected 
individuals. 

Figure 38.1. Incomplete metamorphosis in the arachnida. Ticks and mites undergo incomplete metamorphosis 
as typified by the itch mite, Sarcoptes scabiei. Larvae have three pairs of legs; adults and nymphal stages have 
four pairs of legs. 

Acarina 

Ticks 

The ticks comprise two large families, the Ixo­
didae, or hard ticks, and the Argasidae, or soft 
ticks. They are responsible for damage to livestock, 
causing considerable weight loss and providing op­
portunities for secondary infection by bacteria or 
infestation by flies (Chapter 37). Many species are 
capable of transmitting pathogens to domestic ani­
mals and to man. The salivary secretions of some 

species can cause paralysis (tick paralysis) and 
even death in man or animals. 

The consequences of infestations by ticks are 
enormous in terms of yearly losses in milk and 
beef production, which are especially serious in 
those areas of the world where sources of protein 
are already scarce. 

It should be noted that man is not the natural 
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Table 38.1. Arthropods of Medical Importance and the Pathology They Cause 

Order and 
Representative 
Species 

ARACHNIDA 
Scorpionida 
(scorpions) 

Various genera 
and species 

Araneidae 
(spiders) 

Latrodectus mactans 

Latrodectus spp. 
Loxoceles reclusa 

Loxoceles laeta 

Acari 
(ticks and mites) 

Argasidae 
Various genera 
and species 

Ixodidae 
Various genera 
and species 

Dermanyssidae 
AllodermallYssus sanguilleus 

Various genera 
and species 

Demodicidae 
Demodex folliculorum 

Trombiculidae 
Trombicula spp. 

Trombicula akamushi 

Sarcoptiae 
Sarcoptes scabiei 

Common Name 

Scorpion 

Black widow 
spider 

Widow spider 
Brown recluse 

spider 

South American 
brown spider 

Soft ticks 

Hard ticks 

House mouse mite 

Mites 

Follicle mite 

Chigger, red bug 

Human itch mite 

Geographical 
Distribution 

Tropics and 
subtropics 

Americas 

Worldwide 
North America 

South America 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Worldwide 

Southeast Asia, 
India, Pacific 
Islands 

Worldwide 

Effects on 
Man 

Initially painful sting 
often followed by 
systemic reactions 

Bite usually painless 
delayed systemic 
reaction 

Initial blister at wound 
site followed by some­
times extensive 
necrosis and 
slow healing 

Skin reactions to bite, 
tick paralysis, vec­
tors of relapsing 
fever 

Skin reactions to bite, 
tick paralysis, vec­
tors of rickettsia 
viruses, bacteria and 
protozoa 

Vector of Rickettsia 
akari. the cause of 
rickettsial pox 

Occassional dermatitis 
from bites 

Found in sebaceous 
glands and hair fol­
licles. occassional skin 
reactions 

Intense itching at 
site of attachment 

Vector of Rickettsia 
tsutsugamushi. the 
cause of scrub 
typhus 

Burrows in skin 
causing severe 
itching 



host for any species of tick, but many species feed 
on human blood if given the opportunity and thus 
become vectors of human infections. 

Historical Information 

The feeding of ticks on man was recorded by Ho­
mer in the 9th century B.C. and later by Aristotle 
in the 4th century B.C. One of the earliest refer­
ences to ticks as a possible cause of disease was 
the suggestion by a 12th-century Persian physician 
that a fever (probably Crimean-Congo hemor­
rhagic fever) was transmitted by ticks. l 

Smith and co-workers were the first to demon­
strate that ticks could transmit disease. 2 They 
showed that the tick Boophilus annulatus carried 
a bovine protozoan parasite, Babesia bigemina, a 
serious pathogen of cattle in the western United 
States. They further demonstrated that the parasite 
was not passed from cow to cow by a single in­
fected tick, but rather that it was transmitted from 
an infected cow through a female tick to the tick's 
offspring transovarially. This resulted in infection 
of larval ticks capable of transmitting the parasite 
at the time of the first feeding. They reported these 
findings in 1893, four years before Ross completed 
his studies on transmission of malaria by mosqui­
toes. 

A 
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The role of ticks as vectors of spirochetes was 
shown first with an avian parasite by Marchoux 
and Salimbeni in 19033 and a year later with the 
spirochete causing human relapsing fever by Ross 
and Milne.' 

Hard Ticks: The Ixodidae 
Hard ticks (Fig. 38.2A and B) (family Ixodidae) 
are found throughout the world as ectoparasites 
of a variety of animals. Their name derives from 
the characteristic tough, leather-like integument 
covering most of the body. Their mouthparts are 
included in a capitulum (Fig. 38.3), but there is 
no defined head. Members of both sexes feed exclu­
sively on blood. 

Life Cycle 
The typical hard tick develops by gradual meta­

morphosis from the egg through the larva and 
nymph to the adult (Fig. 38.1). Larvae have three 
pairs of legs; the nymphs and adults have four 
pairs. Each stage takes a single blood meal: The 
larvae and nymphs feed prior to molting, the adult 
females prior to producing a single batch of eggs. 
Death occurs after oviposition. 5 

Hard ticks exhibit one of three life cycles and 
may be classified as one-, two-, or three-host ticks. 
A one-host tick spends its life on a single animal, 

B 
Figure 38.2. Scanning electron micrographs of female American dog tick, Dermacentor variabilis. A. Dorsal 
view; B. ventral view. X7. (Courtesy of Dr. C. Clifford) 
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Figure 38.3. Scanning electron micrograph of the ven­
tral surface of the mouthparts of Ixodes scapuiaris. Note 
the strongly barbed central hypostome and the lateral 
palps. The hypostome anchors the tick during feeding. 
X80. (Courtesy of Dr. C. Clifford) 

where it attaches to the skin as a larva, feeds and 
molts to the nymphal stage, feeds again, molts 
to the adult, and mates, after which the female 
engorges with blood, falls to the ground, and lays 
eggs. Larvae begin to hatch within about 30 days 
and await a new host to begin the cycle anew. 

Two-host ticks usually spend their larval and 
nymphal stages on one host, drop to the ground, 
molt, and await the second host of another species 
for the completion of the adult phase of the cycle. 
Each of the three stages of a three-host tick devel­
ops on a separate host. The immature stages are 
usually found on small rodents. The adults feed 
and mate on larger mammals. 

Hard ticks display remarkable longevity, adults 
of many species surviving up to 2 years without 
a blood meal. One-host ticks have the shortest 
egg-to-egg life cycles, sometimes lasting less than 
a year. Three-host ticks require 2 or even 3 years 
to complete their life cycles. 

Hard ticks feed slowly, taking 7-9 days to be­
come completely engorged. After attaching to a 
suitable host, the tick searches for a feeding site 
often well concealed by hair. Once in place, it 
inserts its mouthparts, armed with recurved teeth, 

Figure 38.4. BlOOd-engorged adult female American 
dog tick, Dermacentor variabilis. X 1. (Courtesy of Dr. 
W. Burgdorfer) 

secretes a cement, and begins to feed. After engorg­
ing, it easily detaches and moves away. In general, 
the act of feeding is painless to the host, who is 
often unaware of the tick.5•6 

Hard Ticks of Medical Importance 
There are at least 11 genera within the Ixodidae, 

which include species of ticks that feed on man. 
Ambylomma americanum and A. cajennense 

prey on a variety of animals, feed avidly on man, 
and are serious pests in the southern and south­
western states of the United States and in Mexico. 
They are capable of transmitting rickettsiae of 
Rocky Mountain spotted fever. 

Dermacentor variabilis (Fig. 38.4), the Ameri­
can dog tick, is the major vector of Rocky Moun­
tain spotted fever in the eastern and central United 
States, is involved in the transmission of tularemia, 
and can cause tick paralysis in man and dogs. 
D. variabilis is a three-host tick. The larval and 
nymphal stages feed on small rodents; the adults 
feed and mate on larger mammals. The dog is 
the most common host for adults of this species, 
but man is readily attacked. 

D. andersoni (Fig. 38.5), the Rocky Mountain 
wood tick, is a common species in western and 
northern United States. It transmits Rocky Moun­
tain spotted fever and Colorado tick fever, and 
causes tick paralysis in man. This three-host tick 
feeds on a variety of small mammals as a larva 
or nymph. As an adult, it feeds on large wild or 
domestic animals and man. Both nymphs and 
adults are capable of overwintering, and therefore 
the life cycle of this species usually extends over 
2 years. 



Figure 38.5. Adult female Dermacentor andersoni on 
vegetation, awaiting host. X3. (Courtesy of Dr. W. Burg­
dorfer) 

D. albipietis and D. occidentalis are two species 
found in the Western United States that are capa­
ble of transmitting Rocky Mountain spotted fever 
and Colorado tick fever, but attack man only infre­
quently. 

Ixodes scapularis and /. dammini (Fig. 38.6) 
are three-host ticks common on the east coast of 
the United States. Both species readily attack man 
and can inflict painful bites. /. dam mini has been 
incriminated as the vector of Babesia microti and 
Lyme disease, an inflammatory condition of un­
known etiology, both found in New England. /. 
pacific us is a common pest of deer and cattle in 
California that frequently bites man and can be 
a serious pest in certain areas. /. holocyclus is an 
important cause of tick paralysis in Australia. 

Rhipicephalus sanguineus, the brown dog tick, 
is a cosmopolitan ectoparasite of dogs. Although 
this species does not readily bite man, it can be 
a serious nuisance around homes. Female ticks 
recently engorged on pet dogs drop off and deposit 
eggs in houses or kennels. The newly hatched lar­
vae tend to crawl up vertical surfaces, literally 
covering walls or furniture. R. sanguineus is con­
sidered the major vector of the rickettsia that 
causes boutonneuse fever. 

Hyalomma and Boophilus are genera of ticks 
whose members are ectoparasites of animals and 
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Figure 38.6. Adult female and nymph of Ixodes dam­
mini. x S. (Courtesy of Drs. A. Spielman and P. Rossig­
nol) 

play important roles in transmitting pathogens in 
animal populations. Occasionally, these ticks act 
as vectors of human diseases. 

Soft Ticks: The Argasidae 
Ticks of the family Argasidae are soft-bodied ar­
thropods covered by a wrinkled, often granulated 
tegument (Fig. 38.7). They do not have a distinct 
head region and their mouthparts are located on 
the ventral surface, not visible from above. Soft 
ticks are found throughout the world, usually as 
ectoparasites of birds, although some species nor­
mally feed on bats and other small mammals. Sev­
eral species attack man if given the opportunity. 

Argasidae differ from the ixodid hard ticks in 
their feeding behavior, habitat, and life cycles. Soft 
ticks normalIy inhabit the nesting site of their 
hosts, moving on to the host to feed and returning 
to the nest when satisfied. They complete engorge­
ment in a matter of minutes or, at most, a few 
hours, feeding usually at night while the host is 
asleep. 

The typical life cycle of a soft tick consists of 
a single six-legged larval stage, two or more eight­
legged nymphal stages, and the eight-legged adult 
stage. Some species require several blood meals 
before each molt and adult females feed repeatedly, 
producing a smalI batch of eggs after each meal. 
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Figure 38.7. Adult fowl tick, Argas persicus. The 
mouthparts are not visible from above in soft ticks. X 15. 
(Courtesy Armed Forces Institute of Pathology, Neg. 
no. 33311-7) 

Soft Ticks of Medical Importance 
Three genera of the Argasidae affect man as 

pests or as vectors of pathogens. The fowl tick, 
Argas persicus (Fig. 38.7), is an important cosmo­
politan ectoparasite preying on poultry. It does 
bite man, particularly if the normal fowl hosts 
are no longer available. Ticks of the genus Otobius 
may occasionally infest human ears. 

Ticks of the genus Ornithodorus are important 
pests and vectors of the spirochetes causing tick­
borne relapsing fevers. 0. moubata attacks a num­
ber of wild and domestic animals, but man is its 
major host. This tick inhabits huts, feeding at night 
on the sleeping inhabitants. It is found throughout 
southern and central Africa reaching as far north 
as Ethiopia and is the major vector of African 
relapsing fever. 

Several species of ornithodorus are vectors of 
relapsing fevers in both the New and Old World' 
however, most of these are ectoparasites of rodent~ 
and other mammals, feeding on man only occa­
sionally. 

Pathogenesis and Treatment of Tick Bites 

Most ticks firmly attach themselves to the skin 
of the host before beginning the blood meal. The 

mouthparts and injected salivary secretions pro­
voke inflammation of the surrounding tissue char­
acterized by local hyperemia, edema, hemorrhage, 
and thickening of the stratum corneum.7 Although 
the initial bite and insertion of the mouthparts 
may be painless, irritation often develops later and 
is followed by necrosis and secondary infection 
at the wound site. 

It is important to remove ticks from the skin 
of the host as soon as they are detected. Early 
removal will often prevent firm attachment and 
make transmission of the pathogens less likely. 
It will also limit the infusion of toxins that cause 
tick paralysis, because they are released slowly. 

Numerous methods have been suggested for the 
removal of firmly attached ticks. Traditionally, 
ticks have been treated with chloroform, ether, 
benzene, turpentine, or petrolatum, which irritate 
it so that it withdraws. However, the U.S. Public 
Health Service recommends mechanical removal 
without any chemical aids. Many genera of ticks, 
especially Dermacentor, may be removed by gentle 
but firm pulling of the tick. Ixodes and Am­
blyomma, which have longer mouthparts that do 
not detach easily, may require the use of instru­
ments for removal. These ticks should be pulled 
gently away from the host so that the skin sur­
rounding the mouthparts forms a tent. A sterile 
needle or scalpel can then be inserted under the 
mouthparts and used to tease them away from 
the tissue. In all cases care should be taken to 
avoid leaving any tissue of the tick, because it 
will induce an intense inflammation. The tick 
should not be crushed or damaged, to prevent the 
release of pathogenic organisms onto the wound 
site. Subsequent thorough cleansing of the wound 
is recommended. 

Tick Paralysis 

More than 40 species in 10 genera of both hard 
and soft ticks secrete salivary toxins that cause 
paralysis in man and in a number of other animals. 
However, this is not a universal property of any 
one species, suggesting that salivary secretions are 
characteristic of individual ticks.s 

The affected patient becomes irritable, is restless, 
and experiences numbness and tingling in the ex­
tremities, face, lips, and throat. Soon the patient 



develops symmetrical, flaccid paralysis, which is 
ascending in nature and can lead to bulbar palsy. 
Sensory loss is rare. There is no fever. Death results 
from respiratory paralysis. The laboratory find­
ings, i.e., CBC, urinalysis, and cerebrospinal fluid 
examination, are normal. Differential diagnosis in­
cludes poliomyelitis, Guillain-Barre syndrome, 
transverse myelitis, and spinal cord tumors. Diag­
nosis depends on clinical history and finding of 
the tick. Treatment consists of removal of the feed­
ing tick. Rapid recovery follows. 

In the United States, D. andersoni and D. varia­
bilis and, in Australia, I. holocyclus are the usual 
causes of human tick paralysis. A number of spe­
cies of Dermacentor, Ixodes, Amblyomma, Rhipi­
cephalus, Argas, and Ornithodorus often cause pa­
ralysis in animals, but may occasionally affect man. 

Tick-Borne Diseases of Man 

Ticks transmit a broad array of viruses, rickettsiae, 
protozoa, and spirochetes. 

Viral Diseases 
In the United States, Colorado tick fever is the 
only tick-borne viral disease of man. It is a benign 
Jisease transmitted by the bite of D. andersoni 
and maintained in nature as an enzootic infection 
of rodents spread by the same vector. Transovarial 
transmission of the virus has not been demon­
strated. Colorado tick fever is characterized by 
sudden onset of chills, headache, severe myalgia, 
and fever. 9 In the Old World, hard ticks are vectors 
of a number of viral diseases grouped as hemor­
rhagic fevers or tick-borne encephalitides. Among 
these are Russian spring-summer encephalitis, 
Kyasanur Forest disease, Crimean-Congo hemor­
rhagic fever, and Omsk hemorrhagic fever. 9 .10 

Bacterial Diseases 
Tularemia is a bacterial disease caused by Franci­
scella tularensis and characterized by a focal ulcer 
at the site of entry of the organism, enlargement 
of regional lymph nodes, fever, prostration, myal­
gia, and headache. D. andersoni and D. variabilis 
are the ticks most frequently involved in the trans­
mission of this infection from small mammals, par­
ticularly rabbits, to man; a number of tick species 
maintain the infection in the reservoir population. 
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Spirochetal Diseases 
The relapsing fevers are a group of diseases with 
a similar clinical pattern, caused by spirochetes 
of the genus Borelia, all of which are transmitted 
by arthropod vectors. Lice transmit epidemic 
louse-borne relapsing fever; and soft ticks, endemic 
tick-borne relapsing fever. 

The human relapsing fevers are described as 
acute infections with toxemia and febrile periods 
that subside and recur over a period of weeks. 
Tick-borne relapsing fevers occur throughout the 
Old and New Worlds and are transmitted by ticks 
of the genus Ornithodoros. In the Western Hemi­
sphere, O. hermsi. O. turicata. and O. rudis are 
the most important vectors. A close association, 
usually in a rural setting, between man, vector 
ticks, and rodents infected with spirochetes is the 
typical condition necessary for human infections. 
In Africa, 0. moubata, which feeds primarily on 
man and lives within human dwellings, maintains 
transmission of relapsing fever from man to man. ll 

Protozoal Diseases 
Babesiosis is a disease of a variety of animals and 
rarely of man. (For details see Chapter 35.) 

Rickettsial Diseases 
Rocky Mountain spotted fever is an acute, some­
times fatal, febrile, exanthematous disease caused 
by a Rickettsia rickettsii. It most frequently affects 
children and is characterized by fever, headache, 
musculoskeletal pains, and a generalized rash that 
appears first on the wrists and ankles and often 
becomes hemorrhagic. 

Although initially described from the Rocky 
Mountain region of the United States and dis­
tributed throughout much of North and South 
America, the infection is of particular importance 
in the "tick belt" states of Maryland, Virginia, 
North Carolina, South Carolina, and Georgia. In 
these states the incidence of the disease has been 
steadily rising. The main vector in the eastern 
states is D. variabilis, the American dog tick, and 
in the western states D. andersoni. Other tick spe­
cies considered minor vectors have the capacity 
to transmit the organism to man, but may be pri­
marily important as vectors that infect reservoir 
hosts. 

In areas where Rocky Mountain spotted fever 
is prevalent, regular inspection for ticks should 
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be undertaken. Children especially should be ex­
amined twice daily. The tick must be attached 
to the host for several hours before transmission 
of the pathogen takes place. Therefore, expeditious 
removal of it can prevent infection. No vaccine 
against Rocky Mountain spotted fever is currently 
available. 12 

Old World tick-borne typhus has different re­
gional names: boutonneuse fever, Kenya typhus, 
and South African tick bite fever. It is a relatively 
mild disease, presenting with chills, fever, and gen­
eralized body rash. Rhipicephalus sanguineus, the 
brown dog tick, is the main vector of bouton neuse 
fever in the Mediterranean region; other hard ticks 
are involved elsewhere. 

Q fever is a self-limited infection. The disease 
consists of fever, headache, constitutional symp­
toms, often with pneumonitis, caused by the rick­
ettsia, Coxiella burnetti. It is usually contracted 
through inhalation. Ticks are involved in main­
taining the infection in the animal reservoir host 
and can transmit the organism to man. 

Mites 

Within the Acarina, the term mite is applied to 
members of several large families of minute arthro­
pods, most free-living but many existing as ecto­
or endoparasites of vertebrates and invertebrates 
alike. Mites affect man by causing dermatitis, serv­
ing as vectors of a number of diseases, and as a 
source of allergens that can lead to serious hyper­
sensitivity reactions. 

Historical Information 

Mites, described by Aristotle, were well known 
to ancient man. Their function as ectoparasites 
was not recognized until about the year 1000 A.D., 

when scabies was first recorded. Although scabies 
continued to be described in the early medical liter­
ature and the association of a mite with this skin 
condition was repeatedly noted by physicians and 
naturalists, the causal relationship was largely ig­
nored by the medical profession. The unequivocal 
demonstration that a mite was indeed the cause 
of scabies took place in 1834 when a Corsican 
medical student recovered mites from affected 
individuals. 14 

Lyme Disease 
Lyme disease (Lyme arthritis) is an inflammatory 
disease of possible bacterial etiology, apparently 
associated with the bite of Ixodes dammini in the 
northeast and midwest United States. 13 

Prevention and Control 

The best measure of tick control for individuals 
is avoidance of areas where ticks are known to 
occur. Wide-scale chemical control of tick popula­
tions is impractical although various compounds 
have been used. 

Tick control on dogs can be achieved with com­
mercially available tick collars; dusts have proved 
useful in preventing introduction of brown or 
American dog ticks into homes. 

Diethyltoluamide (DEET) applied to clothing 
is an effective tick repellent. However, careful ex­
amination for ticks is still necessary after traveling 
through infested areas. 

The Human Itch Mite: Sarcoptes scabiei 
Scabies is a human skin disease caused by the mite 
Sarcoptes scabiei (Fig. 38.8). It is usually associ­
ated with crowded living conditions, and its out­
breaks often accompany wars, famine, and human 
migrations. Currently, scabies has reached pan­
demic proportions. IS 

The condition first presents as nocturnal itching, 
usually on the webbing and sides of the fingers, 
later spreading to the wrists, elbows, and the rest 
of the body. The buttocks, women's breasts, and 
external genitalia of men are also occasionally af­
fected. Lesions appear as short, sinuous, slightly 
raised, cutaneous burrows. 

Infections begin when fertile female mites are 
transferred from infected individuals by direct con­
tact. The female mite (Fig. 38.9) finds a suitable 
site, burrows into the skin, and tunnels through 
the upper layers of the epidermis, depositing fertile 
eggs (Fig. 38.8). Six-legged larvae hatch from these 
eggs, leave the tunnel, and wander about the skin 
before reinvading it and starting new burrows. 
Once in place the larvae eat, molt, and transform 
into eight-legged nymphs. Larvae destined to be-
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Figure 38.8. The itch mite, Sarcoptes scabiei. The stippled areas represent regions of the body where the rash 
is found. The mites themselves are found predominantly between the fingers and on the wrists (hatched areas). 

come females molt again to a second nymphal 
stage; those destined to become males molt directly 
to the adult form. After fertilization, young adult 
females begin construction of a new tunnel. The 
egg-to-egg life cycle may be as short as 2 weeks. 
A typical infection usually involves only 10-15 
adult female mites. 16 

.. . ~ 

Figure 38.9. Adult female itch mite, Sarcoptes scabiei. 
x 100. 

In primary infections, itching and skin eruption 
are usually delayed for several weeks. As sensitiza­
tion develops, the typical scabies rash appears on 
various parts of the body that do not necessarily 
correspond to the location of active adult female 
mites, but represent a generalized response to the 
allergens. 

In infants and children the face and scalp may 
be affected, whereas adults seldom show lesions 
in these areas. A rare condition, known as Nor­
wegian or crusted scabies, may result from hyper­
infection with thousands to millions of mites. The 
consequence is a crusted dermatosis of the hands 
and feet and often much of the body. This condi­
tion is characteristic of infer;ted individuals who 
cannot take care of themselves and is common 
in custodial institutions, such as mental hos­
pitals.17 It is highly contagious because of the large 
numbers of loosely attached, -easily transferred 
mites present in the exfoliating skin. 

Secondary infections of lesions, particularly as 
a result of scratching, are common and poststrep­
tococcal glomerulonephritis has been reported. IS 
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Diagnosis 

A diagnosis of scabies can be confirmed by picking 
up adult female mites at the ends of their burrows 
or by scraping the affected skin lightly covered 
with mineral oil. The scrapings are then examined 
under a microscope in search for immature or 
adult mites, or for eggs. Skin biopsy reveals mites 
in tissue sections. Presence of infection in several 
members of a family is reasonable circumstantial 
evidence for a diagnosis of scabies in those not 
yet examined. 

Treatment 

Lindane, the gamma isomer of benzene hexachlo­
ride, is the most effective compound available for 
treatment of scabies. It is available in the form 
of a lotion or cream, which is applied once to 
the affected areas. Benzyl benzoate in a 25% emul­
sion is an alternative drug, but must be applied 
to the whole body. Treatment of all members of 
a family group may be necessary to prevent rein­
fection. 

Animal Scabies 
The itch and mange mites of various domestic 
animals, such as horses, pigs, dogs, cats, and cam­
els, can infest man. These mites are often morpho­
logically indistinguishable from the human para­
sites and are fully capable of penetrating human 
skin. However, the infection is usually self-limited, 
because the mites do not form tunnels and cannot 
complete their life cycles. Nevertheless, man may 
react with severe papular urticaria to these transi­
tory infestations. 

Chigger Mites 
The chiggers, or redbugs (Fig. 38.10), of the 

family Trombiculidae are an important group of 
annoying human ectoparasites, which in some ar­
eas act as vectors of the rickettsiae causing scrub 
typhus. 

In the United States, they include three species 
of trombicula. Among the chiggers, only the six­
legged larvae feed on man and other mammals, 
whereas the nymphs and adults usually feed on 
arthropods or arthropod eggs. Chigger larvae are 
usually picked up in brush frequented by rodents 
or other small mammals, which serve as normal 
hosts of larvae. These mites tend to attach to the 
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Figure 38.10. Larval stage of the common chigger. 
Trombicula alfreddugesi. It is the larva. with three pairs 
of legs, that feeds on vertebrates. X50. 

skin where clothing is tight or restricted. The an­
kles, waistline, armpits, and perineal skin are com­
mon areas of infestation. Chiggers insert their ca­
pitula, but do not burrow into the skin. The host 
reacts to the mouthparts and the injected saliva 
by forming a tube-like "stylosome" partially en­
gulfing the feeding mites. The chigger does not 
feed on blood, but ingests a mixture of partially 
digested cells and fluids formed within the stylo­
some. After feeding for several days, the engorged 
chigger withdraws and drops to the ground. 19 

The intense itching and discomfort associated 
with chigger "bites" often begins after the chiggers 
have withdrawn and departed. Irritation may be 
so severe as to cause fever and loss of sleep. Local 
anesthetics may be useful in relieving itching, and 
antibiotics may be needed to treat secondary bac­
terial skin infections. 

In areas where chiggers are common, repellents 
containing DEET applied to skin and clothing can 
be very effective. Scrubbing exposed or infected 
areas of the body with soap and water removes 
even well-attached chiggers. 

Scrub typhus (tsutsugamushi fever) is a chigger­
borne rickettsial disease found in southeast Asia, 
certain islands in the Indian and Pacific Oceans, 
and in Australia. The causative agent is Rickettsia 
tsutsugamushi and the usual vectors are larvae 
of the chigger Trombicula akamushi and T. delien-



sis. Rodents are the normal reservoir hosts for 
this pathogen.2o 

Follicle Mites 
The follicle mites, Demodex folliculorum, in­

habit sebaceous glands and hair follicles of infected 
people, particularly around the nose and eyelids. 
Follicle mites are minute (less than 0.4 mm long), 
atypically vermiform arthropods that cause little 
or no discomfort. In rare cases the skin of the 
scalp may become heavily infected. Treatment 
consists of single application of gamma benzene 
hexachloride. 

Closely related species of Demodex, which cause 
mange in dogs and other mammals, may cause a 
transitory burning reaction in people handling 
heavily infected animals. 

Mites and Dermatitis 
A number of species of mites either parasitic 

for animals or free living, occasionally infest man 
and cause dermatitis. Mites associated with straw, 
flour, grain, dried fruits, vanilla, copra, and cheese 
can produce serious but transitory skin irritation 

Scorpionida 

The scorpions belong to an order of the Arachnida, 
with all members generally similar in appearance 
(Fig. 38.11). The typical scorpion is an elongate 
arthropod with stout crab-like claws (pedipalps), 
four pairs of walking legs, and a distinctly seg­
mented abdomen ending in a hooked stinger. 

Scorpions are shy, nocturnal animals that feed 
primarily on other arthropods and sometimes on 
small rodents. In feeding the scorpion holds its 
prey with its pedipalps and repeatedly stings its 
victim with over-the-back thrusts of its stinger. 
When the scorpion is disturbed, it will use the 
stinger for defense. This is the manner in which 
man is affected. 25 However, most species of scor­
pions are unable either to penetrate human skin 
or inject sufficient toxin to cause damage. The 
few species that do sting man are capable of inflict­
ing a painful wound, precipitating a severe reaction 
and sometimes causing death. These species pre­
sent a significant hazard to public health in many 
tropical and SUbtropical regions. 26 

Scorpions produce two types of venoms, hemo­
lytic and neurotoxic. The first induces local reac-
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in persons contracting large numbers of these aca­
rines. Bird and rodent mites may also cause serious 
annoyance when they occasionally attempt to feed 
on man. Bird mites may be particularly bother­
some if their normal avian hosts depart and the 
insects are forced to forage for food. 

The tropical rat mite, Ornithonyssus bacoti, is 
a parasite of rodents, which can attack man and 
cause dermatitis.21 The house mite, Allodermanys­
sus sanguineus, is a common ectoparasite of the 
mice, but readily feeds on man. These mites have 
been shown to transmit rickettsial pox, a mild ex­
anthematous disease related to Rocky Mountain 
spotted fever found in the eastern United States 
and the Soviet Union. The pathogen involved in 
this infection is Rickettsia akari. 22 

Allergies Caused by Mites 
Certain mites of the genus Dermatophagoides have 
been incriminated as sources of antigens associated 
with allergies to house dust.23 These house dust 
mite allergens commonly precipitate asthma in 
sensitized individuals, particularly children. De­
sensitization has been successful. 24 

tions characterized by a burning sensation, swell­
ing, and necrosis at the wound site. The second 
produces intense pain at the site of the sting and 
causes chills, cold perspiration, thirst, excessive 
salivation, and vomiting. Other systemic symp­
toms may include generalized numbness, difficul­
ties in speech and swallowing, paralysis, convul­
sions, tachycardia, and myocarditis. Death may 
result from respiratory paralysis, often within 2 h 
of the sting.27 

Figure 38.11. Scorpion. xO.S. 
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Children under 5 years of age are particularly 
sensitive to scorpion stings, and case fatality rates 
of 5% in Mexico, 25% in Trinidad, and 60% in 
the Sudan have been reported. Multiple stings, 
stings around the head, and stings of debilitated 
individuals are also particularly serious. 

Treatment 

Initial treatment of scorpion stings should be de­
signed to delay absorption of the toxin. A tourni­
quet should be applied above the wound with care 

Araneida (Spiders) 

The spiders constitute a large, distinctive order 
of arachnids whose bodies are divided into two 
regions, cephalothorax and abdomen. Four pairs 
of walking legs, pedipalps, and chelicerae with poi­
son fangs all arise from the celphalothorax. 

All spiders produce a venom in anterior venom 

Tarantulas 

The name tarantula is loosely applied to a number 
of large, hairy spiders, some of which belong to 
the family Theraphosidae. These spiders are com­
mon in tropical and subtropical regions. Although 

Black Widow Spiders 

Spiders of the genus Latrodectus are found 
throughout the world, primarily in warmer cli­
mates. At least six species that bite man have been 
reported. They inflict painful and sometimes fatal 
wounds. 

Latrodectus mactans, the black widow, hour­
glass, or shoe-button spider, is widespread through 
the southern United States. Related species are 
found throughout the temperate and tropical re­
gions of all continents. The adult female black 
widow spider is usually black in color with a char­
acteristic crimson hourglass marking on the under­
side of its globose abdomen. Both the coloration 
(variation shades of black, gray, or brown) and 
shape of the hourglass may vary. The typical ma­
ture female is about 40 mm long with its legs 
extended. 29 

Black widow spiders are normally shy, but fe­
males bite if disturbed and are particularly aggres-

taken to release pressure every 20-30 min. Ice 
should be applied to the wound site and the patient 
kept quiet. 

Specific scorpion antisera are available in areas 
where stings are common. 

Programs to reduce scorpion populations with 
wide-scale or focal application of persistent chemi­
cal pesticides have met with limited success. Elimi­
nation of rubbish piles around dwellings can re­
duce favored hiding and breeding places of 
scorpions. 

glands, which is capable of immobilizing prey. 
However, most species are unable to pierce human 
skin. Several groups of spiders do occasionally bite 
man. The consequences of these bites may include 
transitory pain, necrotic lesions, systemic reac­
tions, or even death. 

they are much feared, few tarantulas bite man. 
Those that do may inflict a painful wound, but 
the symptoms are short lasting and no fatalities 
have been reported.28 

sive when they are gravid, or when they defend 
their egg cases. These spiders frequent wood and 
brush piles, old wooden buildings, cellars, hollow 
logs, and vacant rodent burrows. Privies have long 
been a preferred site for webs, and a significant 
number of human spider bites have taken place 
in these locations. 

Bites of the black widow spider may be initially 
painless, sometimes appearing only as two small 
red puncture marks at the site. Thereafter, pain 
at the site increases and spreads, reaching a maxi­
mum within 1-3 h and later subsiding. Within 
an hour of the bite, general muscle pain, rigid 
abdomen, tightness in the chest, difficulty in 
breathing and speech, nausea, and sweating may 
occur. Most symptoms pass without treatment af­
ter 2-3 days. However, in severe cases, paralysis 
and coma may precede cardiac or respiratory fail­
ure. 



The toxin has been identified as a low molecular 
weight protein30.31 that prevents the depolari­
zation of synapses by interfering with the fusion 
of neurotransmitter vesicles with the membranes. 

Treatment usually consists of measures designed 

Necrotic Arachnidism 

Four species of the genus Loxoceles in the New 
World attack when they are disturbed. Their bites 
may produce severe tissue reaction. Loxoceles re­
clusa (Fig. 38.12) is found in the south and central 
United States, L. unicolor and L. arizonica are 
found in the western states, and L. laeta in South 
America. These are medium-size spiders, yellow 
to brown in color, with body length of 10-15 mm. 

L. reclusa, the brown recluse spider of the 
United States, is a timid, passive creature found 
outdoors in wood piles and debris in warmer cli­
mates and in basements or storage areas in cooler 
regions. Man is bitten only by the disturbed spi­
ders, often in sleeping bags, shoes, or clothing that 
harbor these spiders.32 

The South American brown spider, L. laeta, 
is a common domestic species found in closets, 
corners of rooms, or behind pictures. Man is bi~ten 
often while sleeping or dressing, but only when 
the spider is threatened or disturbed. This species 
has been introduced into the United States on at 
least one occasion.33 

Figure 38.12. The brown recluse spider, Loxoceles re-
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to relieve pain and reduce muscle spasms. An anti­
venom is available in areas where bites are com­
mon. 

Control of black widow spiders with the use 
of insecticides, particularly in privies, is effective. 

The bite of Loxoce1es tends to be initially pain­
less. Several hours later, itching, swelling, and ten­
derness may develop in the area of the bite. The 
wound site may turn violaceous and then black 
and dry. In other cases, a blister may form over 

. the bite. Necrosis may begin within 3-4 days and 
tissue destruction may be extensive. Healing may 
take 8 weeks or longer. Some of the more serious 
lesions may require surgery and skin grafts. 34 The 
venom of Loxoceles appears to work by inactivat­
ing hemolytic components of complement.35 

Loxoceles spiders may be controlled in dwellings 
with insecticide compounds containing gamma 
benzene hexachloride. 

clusa. X2.S. Figure 38.13. Chiracanthium mildei, spider. X8. 
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Chiracanthium mildei (Fig. 38.13) is the most 
common spider found in houses in the eastern 
United States, usually in bathrooms, kitchens, and 
bedrooms. It attacks when disturbed and its bite 
can cause a mild necrotizing skin lesion.36 

Spiders of the genera Phoneutria in Brazil and 
Chile and Atrax in Australia are capable of inflict­
ing severe bites, sometimes with fatal results. 
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39. Arthropods of Minor Medical Importance 

Butterflies and Moths: Lepidoptera 

Larvae or caterpillars of several species of Lepi­
doptera are covered with hollow, sharp-pointed 
hairs containing a toxin that may cause a severe 
dermatitis. Contact occurs when man handles the 
caterpillars or inhales the "hairs" that are blown 
about after the larva molts (Table 39.1). 

Individuals working with lepidopterans may be­
come sensitized to the scales of adult moths or 
butterflies. Repeated exposure may produce severe 
bronchospasm and even asthma. l 

Table 39.1. Arthropods of Medical Importance and the Pathology They Cause 

Order and Geographical 
Representative Species Common Name Distribution Effects on Man 

INSECTA 
Orthoptera 
(cockroaches, grasshoppers 
and their relatives) 

Blatella germanica German cockroach Worldwide Mechanical disseminator 
Periplaneta americana American cockroach Worldwide of pathogens, 
Various genera Cockroach Some worldwide, intermediate host 

some local of certain helminths 

Coleoptera 
(beetles) 

Various genera Beetles Worldwide Mechanical disseminators 
and species of pathogens 

Various species of Blister beetles Worldwide Blistering of skin 
the family Meloidae after contact with 

adult beetles 
Tenebrio spp. Grain beetles Worldwide Intermediate hosts 

of tapeworms 

Lepidoptera 
(moths and butterflies) 

Various genera and Caterpillar Worldwide Urticating spines 
species and hairs may cause 

reaction when handled 
or inhaled 

CRUSTACEA 
Cyclops spp. Copepod Worldwide Intermediate hosts of 
Diaptomus spp. guinea worm and 

broad fish tapeworm 

CHILOPODA 
Scolopendra spp. Centipede Tropics and Painful bite 

sUbtropics 

PENTASTOMIDA 
Linguatula serrata Tongue worm Tropics Endoparasitic in 

internal organs 



Beetles: Coleoptera 

Within the Coleoptera, a large order of insects, 
only a few families contain members of medical 
importance. 

Certain scavenger beetles of the family Dermes­
tidae, Silphidae, and Staphylinidae feed on feces 
and carrion and mechanically transmit pathogenic 
organisms. Adult beetles of the Meloidae, the blis­
ter beetles, produce a vesicating substance (can­
tharidin) that may cause blistering or a severe 
burning sensation on contact with the skin or mu­
cous membranes. 

Inadvertent ingestion of beetle larvae, a condi-

Cockroaches: Orthoptera 

Orthoptera is a large, diverse order of primitive, 
very successful insects including the grasshoppers 
and crickets. The cockroaches are included in a 
single family, the Blattidae, with several members 
closely associated with human habitations. 

The female cockroach encloses her eggs in a 
bean-shaped case called on ootheca. Some species 
retain the ootheca internally until the eggs hatch; 
some carry it externally for several weeks, and 
some drop the ootheca soon after it is formed. 
After hatching, the young wingless feeding 
nymphs begin to undergo staged development. 
Some species progress through as manyas 13 
nymphal stages, each being wingless and some­
what larger than its predecessor, until the final 
molt produces the winged adult. With its series 
of wingless nymphal stages, the cockroach is a 
classic example of an insect developing by incom­
plete metamorphosis (Fig. 37.1). 

Most cockroach species do not invade homes, 
confining themselves to outdoor habitats. In the 
United States, five species of cockroaches do in­
vade houses. The most common is the German 
cockroach or croton bug, Blatella germanica, a 
small (less than 16 mm), light brown species. The 
American cockroach or palmetto bug, Periplaneta 
americana, is, in fact, an African species now 
found worldwide. It is a large (30--40 mm) reddish­
brown insect with long wings. It is found in and 

Chilopoda 

The centipedes are worm-like, segmented creatures 
with a distinct head and paired appendages on 
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tion termed canthariasis, may produce transient 
gastrointestinal discomfort. 

Many beetles, particularly those that feed on 
feces, act as intermediate hosts for helminth para­
sites of man and other animals. Members of the 
family Scarabaeidae are intermediate hosts of the 
spiny-headed worm Macracanthorhynchus hirudi­
naceus, a parasite of pigs, which very rarely infects 
man. Hymenolepis nana and H. diminuta (Chap­
ter 17) develop in grain beetles of the Tenebrioni­
dae. 

around homes, farms, restaurants, stores, and 
warehouses. Other species that may infest homes 
are the Oriental cockroach, Blatta orientalis; the 
Australian cockroach, P. australasiae; and the 
brown-banded cockroach, Supella supellectilium. 

Most of these species are cosmopolitan, having 
been distributed by ship traffic starting with the 
earliest voyages. In general, domestic species are 
omnivorous. They feed on a wide variety of nu­
trients, paper, and bookbindings, and on human 
and animal feces. They serve as mechanical vectors 
of pathogens, carrying infectious agents from feces 
to food. 2,3 

The presence of cockroaches is usually associ­
ated with a breakdown of general sanitation. Ex­
posed foods, or poor packaging and storage, open 
garbage, darkness, and moisture are all conducive 
to development of large cockroach populations. 
Initial infestations may be introduced with food­
stuffs or from adjoining dwellings. In apartment 
buildings, the insecticide treatment of one apart­
ment may cause the migration of cockroaches to 
adjoining, untreated apartments. 

Although cockroaches may be resistant to a 
number of insecticides in some areas, compounds 
are commercially available for control. Coupled 
with improved housekeeping, these may be suffi­
cient. However, heavy infestations may require re­
peated treatments by professional exterminators. 

each of 15-100 or more segments. They have a 
pair of poisonous claws, the maxillipeds, on the 
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first segment after the head, which are used for 
capturing prey. Most centipedes are predaceous 
insectivores, but man is sometimes bitten acciden-

Crustacea 

The Crustacea include many species serving as 
intermediate hosts of parasites of man and animals. 

Pentastomida 

The Pentastomids, or tongue worms, are a small 
group of parasites of uncertain origin and affinity. 
Because their larvae superficially resemble the lar­
vae of mites, they have been included among the 
Arthropoda, but they probably evolved early from 
annelid or arthropod ancestral stocks. They were 
first noted in the nasal cavities of dogs and horses 
in the 18th century and later described in human 
autopsy material as insect larvae. 

Life Cycle 

The adult tongue worms are blood-sucking, endo­
parasitic, legless vermiform inhabitants of the re­
spiratory system of reptiles, birds, and mammals. 
Eggs fertilized within the host emerge through the 
respiratory tract. After being eaten by an interme­
diate host, they hatch in the gut, yielding a migra­
tory larva, which pierces the stomach wall and 
encysts in host tissue. when the intermediate host 
is eaten by the definitive host, the larvae mature. 

In man, encysted larvae have been found at au­
topsy in lung, liver, intestine, spleen, and other 
internal organs. 

tally. Centipede bites may be locally painful, caus­
ing transient swelling at the site of the bite. No 
complications are associated with these bites. 4 

These organisms are discussed in the other, rele­
vant chapters. 

Pathogenesis 

There is no evidence that any human disease re­
sults from infection with tongue worms.s They 
are usually identified at autopsy. 
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Appendix I 

Procedures Suggested for Use in Examination of Clinical 
Specimens for Parasitic Infection * 

There is no general agreement about diagnostic 
laboratory procedures in clinical parasitology. 
Certain minimum standards have been established. 
They utilize techniques that can be employed even 
in smaller clinical laboratories. However, techni­
cians who are not experienced in diagnostic parasi­
tology and who do not have frequent exposure 
to these techniques will not be able to carry out 
these tests reliably. It is far better under such cir­
cumstances to utilize the resources of regional ref­
erence laboratories. Nevertheless, the smalliabora­
tories can be helpful in situations when speed is 
of the essence, as, for example, in making the diag­
nosis of malaria. For that purpose, standard text­
books or reference manuals should be at hand in 
the laboratory for questions on diagnosis as well 
as directions for technical procedures. A perma­
nent collection of identifed stained fecal and blood 
smears, as well as formalinized specimens of adult 
worms, eggs, larvae, and cysts may be purchased 
initially and added to over the years. 

Collection of Stool Specimens 

Collection of satisfactory specimens is essential for 
reliability, whether the tests are done locally or 
elsewhere. The following procedures are suggested 
for proper collection of stool specimens: 

1. Fresh, unpreserved feces should be obtained 
and transported to the laboratory immediately. 
Fresh specimens are preferred for examinations 
for trophozoites, and are necessary when con-

* Modified from a statement by the Council of the 
American Society of Parasitologists, the American Soci­
ety for Medical Technologists, the Board of Scientific 
Advisors of the American Association of Bioanalysis, 
and the Board of Directors of the International Society 
for Clinical Laboratory Technology. 

centrations for stronglyloides larvae are to be 
, performed. 

2. Unpreserved feces should be examined within 
1 h after passage, especially if the stool is loose 
or watery and might contain protozoan tropho­
zoites. Examination of formed feces may be de­
layed for a short time, but must be completed 
on the day on which the specimen is received 
in the laboratory. If prompt examination or 
proper fixation cannot be carried out, formed 
specimens may be refrigerated for 1 or 2 days. 

3. If specimens are delayed in reaching the labora­
tory or if they cannot be examined promptly 
(such as those received at night, on weekends, 
or when no parasitologist is available), portions 
should be preserved in fixatives such as 8% 
aqueous formalin or formol-saline, and polyvi­
nyl alcohol (PV A)-fixative. Formalin preserves 
cysts, eggs, and larvae for subsequent wet­
mount examination or for concentration; PV A­
fixative preserves trophozoites, cysts, and eggs 
for subsequent permanent staining. A ratio of 
one part of feces to three parts of fixative is 
recommended. The specimen may be placed in 
fixatives in the laboratory, or the patient may 
be provided with fixatives and instructions for 
collection and preservation of his own speci­
mens. 

Methods of Stool Examination and Related 
Procedures 

Stool specimens may be examined by the three 
complementary methods listed below. The advan­
tages and limitations of each technique must be 
recognized. 

1. Saline mounts are ofvalue primarily for demon­
stration of the characteristic motility of certain 
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amebae and flagellates. These may be found 
in fresh unformed stools, or at times in bloody 
mucus adhering to the surface offormed stools. 
Material should be obtained from several differ­
ent parts of the specimen. An iodine stain (a 
drop of I % iodine in 2% potassium iodide) 
mixed with a stool suspension in saline solution 
will facilitate identification of protozoan cysts, 
but will kill and distort trophozoites. 

2. Concentration techniques, useful in detecting 
small numbers of cysts and helminth eggs, may 
be used on unpreserved stool specimens, those 
preserved in aqueous formalin or formol-saline, 
or on PYA-fixed material. 

3. Stained fecal films should be made if possible 
on all specimens obtained fresh or fixed in PV A. 
If properly prepared they are the single most 
productive means of stool examination for pro­
tozoa. Films may be stained with trichrome 
solution or with iron-hematoxylin. Stained 
slides of positive specimens should be placed 
in a permanent file, analogous to those used 
for surgical and cytologic specimens. 

Number of Specimens To Be Examined and 
Appropriate Intervals 

l. For the detection of amebae, a minimum of 3 
specimens should be examined; if these (ob­
tained preferably at intervals of 2 to 3 days) 
are negative and amebic infection remains a 
diagnostic consideration, additional specimens 
should be examined. 

2. In suspected giardiasis, initially 3 specimens 
should be examined. If they are negative, 3 ad­
ditional specimens should be obtained at weekly 
intervals. Duodenal aspiration or the enteric 
string test may also be of value in occult infec­
tions. 

3. A single concentrate from one stool specimen 
is frequently sufficient to detect intestinal hel­
minthic infections of clinical importance. In 
very light Schistosoma spp. infections, few or 
no eggs may be found in the feces or urine. 
Strongyloides may also require concentration 

of the specimen for diagnosis, but this is not 
always reliable; various fecal culture methods 
or the enteric string test may also be used. 

4. Examination after treatment should under most 
circumstances be delayed until 1 month after 
completion of therapy; 3 months after treat­
ment for schistosomiasis; and 3 months after 
treatment for tapeworms. 

Examination of Blood 

1. Smears for malaria should consist of both thick 
and thin films. It is important that all involved 
laboratory personnel be aware of the technique 
for making thick films; if improperly made, they 
are useless. Smears should be stained with 
Giemsa solution, and a minimum of 100 micro­
scopic fields examined before a specimen is re­
ported as negative. If the first specimen is nega­
tive, additional thick and thin films should be 
taken every 6 h for 24 h. 

2. In examination for filarial infection one must 
consider the possibility of diurnal or nocturnal 
periodicity of microfilariae in the peripheral 
blood, and obtain specimens accordingly. Thick 
smears or blood concentration methods are 
most likely to demonstrate infection. 

Serologic Methods 

A large variety of immunodiagnostic methods may 
serve as useful adjuncts to the clinical diagnosis 
of parasitic infections. In some cases, serologic 
methods may be the only laboratory recourse in 
making a diagnosis. Certain serologic tests provide 
a high degree of diagnostic accuracy; however, 
mixed infections, antigen-sharing by related and 
unrelated parasites, and other diseases or physio­
logic conditions in man may interfere with this 
diagnostic accuracy. 

Most serum specimens may be shipped frozen, 
or preserved with thimerosal to a final concentra­
tion of 1 : 10,000, to a state public health laboratory 
for forwarding to the Centers for Disease Control 
in Atlanta, Georgia. The vial, containing at least 
2 ml of serum, should indicate preservative used. 
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Table of Drugs for Parasitic Infections 

Comment 

Indications for therapy are given in the text. In 
this table drugs are listed in alphabetical order; 
route of administration is expressed as PO (oral), 
1M (intramuscular), IV (intravenous), T (topical); 
doses are expressed in units per 24 h or per kg 
of body weight per 24 h and followed by fraction 
of the total dose, frequency of administration of 
the fraction, and number of days of treatment. 
Maximum 24-h dose is indicated in the last col­
umn. Drugs listed in brackets [] are categorized 
as investigational in the United States; they can 

be obtained either from the Centers for Disease 
Control in Atlanta, Georgia, U.S.A., or from the 
manufacturers. 

Drug Route 

Amphotericin B IV 
(primary amebic 
meningo-
encephalitis) 

Chloroquine phosphate 
(malaria therapy) PO 

(malaria PO 
prophylaxis) 

Chloroquine HCI 1M 

Crotamiton T 

Dehydroemetine 1M 

Before prescribing any drug, it is important to 
check the latest information about it, because text­
books cannot be brought up to date as frequently 
as new information about drugs becomes available. 
It is especially important to familiarize oneself 
with undesirable side effects of the drugs and with 
their potential synergistic toxicity or interference 
with one another. 

Adult Dose Pediatric Dose Maximum/24 h 

1 mg/kg 1 mg/kg 
1/1 X qd 1/1 X qd 
(duration (duration 
unknown) unknown) 

600 mg base 10 mg base/kg 600 mg 
1/1 stat and 1/1 stat and 

300 mg base 5 mg base/kg 300 mg 
6 h later and 6 h later and 
qd X 2 qd X 2 

300 mg base 5 mg base/kg 300 mg 
1/1 q 1 week; 1/1 q 1 week; 
start 2 weeks start 2 weeks 
before arrival, before arrival, 
continue until continue until 
6 weeks after 6 weeks after 
departure departure 

800 mg base Not appropriate 
1/4 q6h for children 

10% cream 10% cream 

1.5 mglkg 1.5 mg/kg 60 mg 
1/1 X 5 1/2 bid X 5 
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Drug Route Adult Dose Pediatric Dose Maximum/24 h 

Diethylcarbamazine 
citrate 
(all filariae PO 50 mg 35 mg 
except Onchocerca) 1/1 X I I/IXI 

150 mg 105 mg 
1/3 tid X 1 1/3 tid X I 

300 mg 225 mg 
1/3 tid X 1 1/3 tid X I 

6 mglkg 6 mglkg 
1/3 tid X 18 1/3 tid X 18 

(Onchocerca) PO 25 mg 1.5 mglkg 25 mg 
1/1 X 3 1/3 tid X 3 

50 mg 3 mgikg 50 mg 
1/1 X 5 1/3 tid X 4 

150 mg 4.5 mgikg 100 mg 
1/1 X 12 1/3 tid X 4 

6 mgikg 150 mg 
1/3 tid X 21 

Diiodohydroxyquin PO 1950 mg 40 mgikg 1950 mg 
(iodoquinol) 1/3 tid X 20 1/3 tid X 20 

Diloxanide furoate PO 1500 mg 20 mgikg 1500 mg 
1/3 tid X 10 1/3 tid X 20 

Emetine 1M 1 mgikg I mg/kg 60 mg 
1/1 qd X 5 1/1 qd X 5 

Furazolidone PO 400 mg 5 mgikg 400 mg 
1/4 qid X 7 1/4 qid X 7 

Lindane T Apply once, Apply once, 
repeat in 7 d repeat in 7 d 

Mebendazole 
(all indications PO 200 mg 200 mg 
except Enterobius) 1/2 bid X 3 1/2 bid X 3 

(Enterobius) PO 100 mg 100 mg 
1/1 once 1/1 once 

Melarsoprol IV 3 mg/kg See note I 
1/1 qd X 3 
no drug X 7 

3.6 mg/kg 
1/1 qd X 3 
no drug X 15 

3.6 mg/kg 
1/1 qd X 3 

[Metrifonate] PO 10 mg/kg 10 mg/kg 
1/1 q 2 weeks 1/1 q 2 weeks 
x3 x3 

Metronidazole 
(Entamoeba) PO 2250 mg 40 mg/kg 2250 mg 

1/3 tid X 5 1/3 tid X 5 
(Giardia and PO 750 mg 15 mg/kg 750 mg 
Trichomonas) 1/3 tid X 5 1/3 tid X 5 
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Drug Route Adult Dose Pediatric Dose Maximum/24 h 

[Niclosamide] PO 2 gm Igm 
1/1 qd X 5 34 kg and under 

1.5 gm 
35 kg and over 
1/1 qd X 5 

[Nifurtimox] PO See note 2 Not established 

Niridazole PO 25 mglkg 25 mglkg 1500 mg 
1/1 qd X 10 1/1 qd X 10 

Oxamniquine PO 15 mgikg 15 mgikg 
1/1 once 1/1 once 

(in East Africa) PO 30 mgikg 30 mglkg 
1/1 once 1/1 once 

(in Egypt and PO 30 mglkg 30 mglkg 
South Africa) 1/1 qd X 2 1/1 qd X 2 

[Pentamidine 1M 4 mglkg 4 mgikg 
isethionate] 1/1 qd X 14 1/1 qd X 14 

Piperazine PO 75 mglkg 75 mgikg 3500 mg 
citrate 1/1 qd X 2 1/1 qd XI 

[Praziquantel] 
(Schistosoma PO 40 mgikg 40 mgikg 
mansoni and 1/1 once 1/1 once 
S. haematobium) 

(S. japonicum) PO 60 mgikg 60 mgikg 
1/2 bid X 1 1/2 bid X 1 

(other PO 75 mglkg 75 mgikg 
flukes) 1/3 tid X I 1/3 tid X I 

Primaquine PO IS mg base 0.3 mg base/kg 
phosphate 1/1 qd X 14 1/1 qd X 14 

Pyrantel pamoate PO 11 mg/kg 11 mg/kg 1000 mg 
1/1 once 1/1 once 

Pyrimethamine PO 25 mgikg 2 mgikg 25 mg 
1/1 qd X 28 1/1 qd X 3 

I mgikg 
1/1 qd X 28 

Quinacrine Hel PO 300 mg 6 mglkg 300 mg 
1/3 tid X 5 1/3 tid X 5 

Quinine sulfate PO 1950 mg 25 mgikg 1950 mg 
1/3 tid X 3 1/3 tid X 3 

Quinine IV See note 3 See note 3 1800 mg 
dihydrochloride 

Sulfadiazine PO 2000 mg 100 mgikg 2000 mg 
1/4 qid X 5 1/4 qid X 5 



250 Table of Drugs for Parasitic Infections 

Drug 

Sulfadoxine 

[Suramin] 

[Stibogluconate 
sodium] 

Tetracycline 
(Balantidium) 

(P.falciparum) 

Thiabendazole 

Trimethoprim 
sulfamethoxazole 
(Pneumocystis) 

(coceidia) 

Route 

PO 

IV 

1M 
or 
IV 

PO 

PO 

PO 

PO 

PO 

Adult Dose 

500 mg 
1/1 q 1 week 

100 mg test 
dose, then 
1000 mg on 
days 1,3,7, 
14,21 

600 mg 
1/1 qd X 7 

2000 mg 
1/4 qid X 10 

1000 mg 
1/4 qid X 7 

50 mg 
1/2 bid X 3 

20 mgikg (tr.) 
100 mg/kg (s.) 

1/4 qid X 14 

640 mg (tr.) 
2400 mg (s.) 

1/4 qid X 10 
640 mg (tr.) 
2400 mg (s.) 

1/2 bid X 21 

Pediatric Dose 

Not established 

2 mg/kg test 
dose, then 
20 mg/kg on 
days 1,3,7, 
14,21 

10 mgikg 
1/1 qd X 7 

10 mg/kg 
1/4 qid X 10 

5 mg/kg 
1/4 qid X 7 

50 mg 
1/2 bid X 3 

20 mgikg (tr.) 
100 mg/kg (s.) 

1/4 qid X 4 

Not established 

Maximum124 h 

600 mg 

2000 mg 

1000 mg 

1 Melarsoprol pediatric dose: Calculate the total dose as 20 mg/kg to be de~'vered over I month; begin with 0.36 
mg/kg increasing gradually to 3.6 mg/kg at intervals of I to 5 days, depending on the reaction, until the total 
dose has been administered. 
2 Nifurtimox must be prescribed in gradually increasing doses, beginning with the dose of 5 mg/kg, 1/4 qid x 
14, and increasing it by 2 mg/kg q 14 days, until the dose of 15 mg/kg is reached and completed in 14 days. 
3 For adults 600 mg in 300 cc saline solution is infused over I h; it is repeated in 6 h. if PO therapy cannot be 
initiated. Pediatric dose is 12.5 mg/kg dissolved in saline solution in the same proportion as the adult dose; it is 
infused over I h and repeated in 6 h, if PO therapy cannot be initiated. 
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Acanthamoeba castellani. 188-190 
trophozoite. 189f 

Acarina. 227-237; see also Mites; Ticks 
Acetaminophen. 33 
Adler, So, 172 
Aedes, 203-204 
African trypanosomiasis. 166--171; see also Trypano­

soma brucei gambiense; Trypanosoma brucei rhode­
siense 

Allergies, and mites, 237 
Allodermanyssus sanguineus, 237 
Ambylomma americanum, 230 
Ambylomma cajennense, 230 
Amebic dysentery, 137-138; see also Entamoeba histo­

lytica 
Amphotericin B, 247 

and Ancanthamoeba castellani, 190 
and Leishmania braziliensis, 178 
and Naegleria fowleri. 189 

Anatomy 
cestodes, 65 
nematodes, 1 
protozoans, 123 
trematodes, 93 

Anatrichosoma cutaneum. 53 
Aoncylostoma braziliensis. 16, S3 
Ancylostoma caninum. 16, S3 

filariform larva. 56f 
skin lesion, 56f 

Ancylostoma ceylanicum, 16 
Ancylostoma duodenale. 16--22 

adult 
engulfing mucosal villi, 16f 
head, 18f 
tail, 18f 

clinical disease, 21 
diagnosis, 21 
egg, 19f 
historical information, 16 
larva 

infective. 20f 
rhabditiform, 19f 
in skin, 20f 

life cycle, 16--20 
pathogenesis, 20-21 
prevention and control. 21-22 
size, 18 
treatment, 21 

* The letter f after a page number indicates the page on which 
the illustration appearso 

Andry, No, 66 
Angiostrongylus cantonensis, 58-60 

adult worms, 59f 
larva, 58f 

Angiostrongylus costaricensis. 58-60 
Anisakiasis, 60 
Anisakis, 54, 60 
Anopheles dirus. 202f 
Anopheles gambiae, 36 
Anopheles polynesiensis, 36 
Anophelinae, 202-203; see also Culicidae 
Anoplura, 209-214 

clinical disease, 212 
diagnosis, 212 
epidemiology, 213 
historical information, 209-210 
life cycle, 210-211, 211 f 
louse-borne diseases, 214 
pathogenesis, 212 
Pediculus humanis capitis, 211f, 212f, 213f 
Pediculus humanis humanis, 21Of, 21 If, 213f 
Phthirus pubis, 21Of, 21 If 

eggs.2l2f 
treatment, 212-213 

Antimonial drugs 
and Leishmania braziliensis, 177 
and Leishmania donovani, 182-183 
and Leishmania mexicana, 175 
and Leishmania tropica, 175 
and Schistosoma japonicum. 104 

Apis mellifera, 221, 221f, 222, 222f, 223, 223f, 224; see 
also Hymenoptera 

Arachnidism, necrotic, 239-240 
Arachnids, 227-241 

Acarina, 227-237 
Araneida, 238-240 
metamorphosis of, 227f 
Scorpionida, 237-238 

Araneida. 238-240 
black widow spiders. 238-239 
Chiracanthium mildei. 239f 
Loxoceles reclusa, 239f 
necrotic arachnidism, 239-240 
tarantulas, 238 

Argas persicus, 232, 232f 
Argasidae. 23 I -232; see also Ticks 
Argyll-Robertson, Do. 46 
Aristotle, 70, 229, 234 
Arthropods, 195-244 

arachnids. 227-241 
insects. 193-225 
of minor medical importance, 242-244 
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Ascaris lumbricoides, 11-15 
adult, Ilf 
clinical disease, 14 
diagnosis, 14-15 
egg 

fertilized, unembryonated, 12f, 14f 
unfertilized, 12f 

historical information, II 
larva, 12f 
life cycle, 11-14, 13f 
pathogenesis, 4 
prevention and control, 15 
treatment, 15 

Ascaris suum, II 
Askanazy, M., 22 
Aspirin, 33 
Assassin bugs, 219-221; see also Reduviidae 
Atkins, J., 168 
Auchmeromyia luteola, 209 

Babesia, 186-188 
Babesia bigemina, 186-188 
Babesia bovis, 186-188 
Babesia divergens, 186-188 
Babesia microti, 186-188 

infected red blood cell, 187f 
Babesiosis, 186-188 
Balantidium coli, 140-143 

ciliated trophozoite, 142f 
clinical disease, 143 
cyst, 142f 
diagnosis, 143 
historical information, 140 
lesion, 142f 
life cycle, 140-142, 141f 
pathogenesis, 142 
prevention and control, 143 
treatment, 143 

Bancroft, J., 35 
Bancroftian filariasis, 39-40 
Bartonella bacilli/ormis, 200 
Bartonellosis, 200 
Bastian, H., 49 
Bavay, A., 22 
Bedbugs, 218-219; see also Cimicidae 
Beef tapeworm, 66-69; see also Taenia saginata 
Beetles, 243 
Benzyl benzoate, 236 
Bilharz, T., 87, 94 
Biomphylaria glabrata, lOOf 
Black fever, 182; see also Leishmania donovani 
Black flies, 41, 43f, 44f, 201; see also Onchocerca volvu-

lus; Simulidae 
Blacklock, D., 41 
Black widow spider, 238-239 
Blatella germanica, 243 
Blatta orientalis, 243 
Blood examination, 246 
Blue bottle flies, 208-209 

Blue spots, 212 
Body louse, 209-214, 21Of, 211f, 213f; see also Anoplura 
Boeck, W., 133 
Bombus (bumblebee), 221, 223; see also Hymenoptera 
Boophilus, 231 
Borrelia recurrentis, 214 
Boutonneuse fever, 234 
Bremser, J., 2 
Brill-Zinsser disease, 214 
Bruce, D., 168, 206 
Brugia malayi, 62f 
Brumpt, A., 162 
Bugs, 218; see also Heteroptera 
Bulimus, 106 
Bumblebee (Bombus), 221, 223; see also Hymenoptera 
Busvine, J., 210 
Butterflies, 242 

Calabar swellings, 46-49 
Calliphora, 209 
Calliphoridae, 209 
Capillaria hepatica, 63 

eggs, 63f 
Capillaria philippinensis, 63-64 
Carini, A., 176 
Carrion's disease, 200, 210 
Cat flea, 91, 215f; see also Siphonaptera 
Catto, J., 94 
Centipedes, 243-244 
Ceratopogonidae, 196, 198, 199-200 

control, 200 
life cycle, 199 
pathogenesis, 199 

Cerebral malaria, 156 
Cestodes, 65-92 

anatomy, 65 
Diphyllobothrium latum, 73-77 
Dipylidium caninum, 91-92 
Echinococcus granulosus, 81-85 
Echinococcus multilocularis, 85-86 
Hymenolepis diminuta, 89-91 
Hymenolepis nana, 87-89 
larval tapeworms, 78-87 
of minor medical importance, 87-92 
Multiceps, 86 
physiology, 65 
proglottids, 65 
scolex, 65 
Spirometra, 86 
Taenia saginata, 66-69 
Taenia solium, 70-72, 78-81 

Chagas, c., 162, 183 
Chagas disease, 220; see also Trypanosoma cruzi 
Chigger mites, 236-237, 236f; see also Mites 
Chigoe flea, 216-217, 216f; see also Siphonaptera 
Chilomastix mesnili, 191-192 

cyst, 192f 
trophozoite, 192f 

Chilopoda, 243-244 



Chiracanthium mildei. 239f, 240 
Chloroquine hydrochloride, 247 

and malaria, 149, 159 
Chloroquine phosphate, 247 

and Clonorchis sinensis. 109 
and malaria, 159 

Chorioretinitis, 57f 
Chrysomyia, 209 
Chrysops, 206; see also Loa loa 
Chrysops dimidiata. 46 
Chrysops silacae. 46 
Cimex boueti. 218-219; see also Cimicidae 
Cimex hemipterus. 218-219; see also Cimicidae 
Cimex lectularius. 218-219, 218f; see also Cimicidae 
Cimicidae, 218-219 

Cimex lectularius. 218f 
clinical disease, 219 
control, 219 
diagnosis, 219 
historical information, 218 
life cycle, 218 
pathogenesis, 218 
treatment, 219 

Clinical disease, see specific parasitic organisms 
Clonorchis sinensis. 106-109 

adult, 108f 
in bile duct, 109f 
clinical disease, 109 
embryonated egg, 108f 
historical information, 106 
life cycle, 106-108, 107f 
metacercaria, 108f 
pathogenesis, 108 
prevention and control, 109 
treatment, 109 

Cochliomyia. 209 
Cochin China diarrhea, 22 
Cockroaches, 243 
Coleoptera, 243 
Colorado tick fever, 233 
Congo floor maggot, 209 
Contracoecum, 60 
Cordylobia anthropophaga. 208 
Councilman, W., 133 
Crab louse, 209, 210, 2 !Of, 21lf, 212, 212f; see also 

Anoplura 
Creeping eruption, 53 
Crimean-Congo hemorrhagic fever, 233 
Crotamiton, 247 
Crustacea, 244 
Cruz, 0., 162 
Ctenocephalides canis. 91, 216; see also Siphonaptera 
Ctenocephalides felis. 91, 215f, 216; see also Siphon-

aptera 
Culex, 203-205 
Culex pipiens pipiens. 36 
Culex pipiens quinquefasciatus. 36 
Culicidae, 202-205 

control, 205 
historical information, 202 
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life cycle, 202-204 
subfamily Anophelinae, 202-203 
subfamily Culicinae, 203-204, 204f 

pathogenesis of mosquito bite. 204 
treatment, 204 
viral diseases, 204-205 

Culicinae, 203-204, 204f; see also Culicidae 
Culicoides, 196, 199, 199f, 200 
Culiseta, 203 
Cunningham, D., 172, 178 
Cutaneous larva migrans (CLM), 53 
Cuterebridae, 208 
Cyclops, 49, 73 
Cysticercosis, 70-72; see also Taenia solium 

DDT, 45-46, 49, 201, 206 
de Brie, J., 110 
Deer flies, 205-206 
Dehydroemetine, 247 

and Entamoeba histolytica. 139 
Delanoe, M., 183 
Delanoe, P., 183 
Demarquay, M., 35 
Demodex folliculorum. 237; see also Mites 
Dengue, 205 
Dermacentor albipietis. 231 
Dermacentor andersoni. 230, 231 f 
Dermacentor occidentalis. 231 
Dermacentor variabilis. 230, 230f 
Dermatitis, and mites, 237 
Dermatobia hom in is. 208 
Dew itch, 21 
Diagnosis, see specific parasitic organisms 
Diagnostic laboratory procedures, 245-246; see also 

Specimen examination 
Diamanus montanus. 216; see also Siphonaptera 
Diaptomus, 73 
Dieldrin, 49 
Dientamoeba fragilis. 188 

trophozoite, 188f 
Diethylcarbamazine, 248 

and Loa loa. 49 
and Onchocerca volvulus. 45 
and Toxocara canis, 58 
and Toxocara cati. 58 
and Wuchereria bancrofti. 40 

Diethyltolumide (DEET), 188, 200, 206, 234, 236 
Digenea, 93; see also Trematodes 
Diiodohydroxyquin, 248 

and Balantidium con 143 
and Dientamoeba fragi/is. 188 
and Entamoeba histolytica. 139 

Diloxanide furoate, 248 
Dioctophyma rena Ie. 61 
Dipetalonema perstans. 61-62, 62f, 199 
Dipetalonema streptocerca. 62-63, 62f, 199 
Diphyllobothrium [atum, 73-77 

adult, 77f 
clinical disease, 76 
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Diphyllobothrium latum [cont.] 
coracidium, 76f 
diagnosis, 76 
eggs, 74f 
historical information, 73 
life cycle, 73-74, 75f 
pathogenesis, 74 
pleurocercoid larva, 76f 
prevention and control, 76-77 
procercoid larvae, 76f 
proglottids, 74f 
scolex, 73f 
treatment, 76 

Diptera, 196-209 
Calliphoridae, 208-209 
Ceratopogonidae, 196, 198-200 
Culicidae, 202-205 
Cuterebridae, 208-209 
Muscidae, 206-208 
Sarcophagidae, 208-209 
Simulidae, 201 
Psychodidae, 200-201 
Tabanidae, 205-206 

Dipteran flies, 196-209; see also Loa loa 
Dipylidium caninum, 91-92 

diagnosis, 92 
eggs,92f 
life cycle, 91 
pathogenesis, 91 
prevention and control, 92 
proglottids 

gravid, 92f 
immature, 91f 

scolex, 91f 
Dirofilaria conjunctivae, 53 
Dirofilaria immitis, 54 
Dirofilaria repens, 53 
Dobell, c., 133 
Dog flea, 91, 216; see also Siphonaptera 
Donne, A., 124 
Donovan, c., 178 
Dracunulus medinensis, 49-52 

clinical disease, 52 
copepod intermediate host, 50f 
diagnosis, 52 
first stage larva, 50f 
historical information, 49 
life cycle, 49-52, 51 f 
pathogenesis, 52 
prevention and control, 52 
removal from foot, 50L 
treatment, 52 

Drug therapy, 247-250; see also Treatment 
Dubini, A., 16 
Dujardin, 124 

Echinococcus granulosus, 81-85 
adult, 82f 
brood capsules, 82f 

clinical disease, 84 
diagnosis, 84--85 
historical information, 81 
hook lets, 85f 
hydatid cyst, 84f 
immunoelectrophoretic diagnosis, 84f 
life cycle, 81-84, 83f 
pathogenesis, 84 
prevention and control, 85 
protoscoleces, 82f 
treatment, 85 

Echinococcus multilocularis, 85-86 
Echinostoma ilocanum, 120 

egg, 120f 
Ehrenberg, C. G., 124 
Emetine, 248 
Encephalitis, 205, 233 
Endolimax nana, 191-193 

cyst stage, 194f 
trophozoite stage, 194f 

Entamoeba coli, 191, 193 
cyst stage, 193f 
trophozoite stage, 193f 

Entamoeba gingiva lis, 191, 193 
trophozoite stage, 192f 

Entamoeba hartmanni, 191, 193 
trophozoite stage, 194f 

Entamoeba histolytica, 8-9, 133-140 
Charcot-Leyden crystals, 139f 
clinical disease, 137-138 
cyst, 136f 
diagnosis, 138-139 
division cycle after excystation, 

136f 
historical information, 133 
life cycle, 133-137, 135f 
pathogenicity, 137 
precyst stage, 136f 
prevention and control, 140 
treatment, 139-140 
trophozoite, 134f 
ulcers, 134f, 137f 

Entamoeba polecki, 191, 193 
Enterobius vermicularis, 2-5 

adhesive tape test, 5f 
clinical disease, 4 
diagnosis, 4 
embryonated egg, 4f 
female,2f 
histological sections, 5f 
historical information, 2 
life cycle, 2-4, 3f 
male,2f 
pathogenesis, 4 
prevention and control, 5 
treatment, 5 

Enteromonas hominis, 191-192 
Enuresis, 4 
Ethyl chloride spray, 53 
Eye lesions, 42, 44 



Fasciola gigantica. 110 
Fasciola hepatica. 110-113 

adult, llOf 
cercaria, 112f 
clinical disease, 112-113 
diagnosis, 113 
embryonated egg, 11 Of 
historical information, 110 
life cycle, 11 0--112, 111 f 
metacercaria, 113f 
miracidium, 112f 
pathogenesis, 112 
prevention and control, 113 
section in liver, 113f 
treatment, 113 

Fasciolopsis buski. 118-119 
adult, 119f 
cercaria, 119f 
clinical disease, 118 
diagnosis, 118 
fertilized nonembryonated egg, 119f 
life cycle, 118 
miracidium, 119f 
pathogenesis, 118 
prevention and control, 118 
treatment, 118 

Fedchenko, A., 49 
Finlay, 202 
Fire ants, 223, 223f, 224; see also Hymenoptera 
Fleas, 214-217; see also Siphonaptera 
Flies, 196-209; see also Diptera 
Flukes, 93-121; see also Trematodes 
Follicle mites, 237; see also Mites 
Forde, R., 168 
Foster, W., II 
Frenkel, J., 143 
Friedriech, N., 28 
Fujinami, K., 94 
Fullerborn, F., 22 
Furazolidone, 248 

and Giardia lamblia. 132 

Gamma benzene hexachloride, 237 
Gasterophilus, 209 
Giant intestinal worm, 11-15; see also Ascaris lumbri­

coides 
Giardia lamblia, 9, 127-132 

attached to epithelium, 130f 
clinical disease, 131 
cyst, 128f, 131f 
diagnosis, 131 
fluorescent antibody test, 131f 
historical information, 127-128 
life cycle, 128-130, 129f 
pathogenesis, 130--131 
prevention and control, 132 
treatment, 131-132 
trophozoite, 128f 

in culture, 130f 

ventral sucker disc, 128f 
villi, small intestine, 130f 
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Giardiasis, 131; see also Giardia lamblia 
Glossina, 206-208 

life cycle, 206, 207f 
see also Muscidae 

Gnathostoma spinigerum. 53, 54, 60 
Goeze, J., 66, 70, 81 
Grassi, G., 149 
Green bottle flies, 209 
Griesinger, W., 94 
Ground itch, 21 
Guinea Fire Worm, 49-52; see also Dracunculus medi­

nensis 

Hartman, P., 70 
Harvester ants, 223; see also Hymenoptera 
Head louse, 210--214, 211f, 212f, 213f; see also Anoplura 
Helminths, intestinal, 14 
Henderson, R., 143 
Heppentis, 118 
Heterophyes heterophyes. 120--121 

adult, 121f 
clinical disease, 120 
diagnosis, 120--121 
egg, 121f 
life cycle. 120 
pathogenesis, 120 
treatment, 121 

Heteroptera, 217-221 
Cimicidae, 218-219 
Reduviidae, 219-221 

Hippocrates, 149 
Historical information, see specific parasitic organisms 
Hookworms, 16-22; see also Ancylostoma duodenale; 

Necator american us 
Homer, 229 
Honeybee, 221, 22lf, 222-223, 222f; see also Hymenop-

tera 
Hornets, 221, 22lf, 222f, 223; see also Hymenoptera 
Horse flies, 205-206 
House fly, 206-208, 207f 
House mite, 237 
Human bot fly, 208 
Human flea, 214-217; see also Siphonaptera 
Human itch mite, 234-235, 235f; see also Mites 
Human lung fluke, 114-117; see also Paragonimus west-

ermani 
Hutchinson, W., 143 
Hyalomma, 231 
Hymenolepis diminuta. 89-91, 243 

clinical disease, 90 
diagnosis, 90 
embryonated infectious eggs, 90f 
historical information, 89 
life cycle, 89-90 
pathogenesis, 90 
prevention and control, 90--91 
proglottids, 90f 
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Hymenolepis diminuta [cont.] 
scolex, 89f 
treatment, 90 

Hymenolepis nana. 87-89, 243 
adult, 88f 
cercocyst, 88f 
clinical disease, 88 
diagnosis, 88-89 
embryonated infectious egg, 87f 
historical information, 87 
life cycle, 87-88 
pathogenesis, 88 
prevention and control, 89 
scolex, 89f 
treatment, 89 

Hymenoptera, 221-224 
Apis melli/era. 221, 221f, 222, 222f 
Bumblebee (Bombus), 221, 223 
clinical disease, 224 
control, 224 
diagnosis, 224 
fire ants, 223, 223f 
harvester ants, 223 
historical information, 221-222 
honeybee, 221, 221f, 222, 222f 
hornet, 221, 22lf, 222f, 223 
life cycle, 222-223 
pathogenesis, 223-224 
treatment, 224 
yellow jacket, 221, 221f, 223 

Hypoderma, 209 

Insects, 196--225 
Anoplura, 209-214 
Diptera, 196--209 
Heteroptera, 217-221 
Hymenoptera, 221-225 

Iodamoeba buetschlii. 191, 193 
cyst, 194f 
trophozoite, 194f 

Isospora belli. 194 
Isospora hom in is. 194 
Ixodes dammini, 231, 231f 
Ixodes holocyclus. 231 
Ixodes scapularis. 230f, 231 
Ixodidae, 229-231; see also Ticks 

Janicki, c., 73 
Janku, J., 143 
Japanese B encephalitis, 205 
Jigger (chigoe) flea, 216--217, 216f; see also Siphonaptera 

Kala-azar, 182; see also Leishmania donovani 
Katayama fever, 94, 103 
Katsurada, F., 94 
Kawanishi, K., 94 
Kenya typhus, 234 

Kerbert, c., 114 
Kinghorn, A., 172 
Kissing bugs, 219-221, 219f, 220f; see also Reduviidae 
Kligler, I., 176 
Kobayashi, H., 106 
Koino, S., 11, 14 
Kuchenmeister, F., 70 
Kyasanur Forest disease, 233 

LaCrosse virus, 205 
Lafleur, H., 133 
Lagochilascaris minor. 53 
Lambl, V., 127 
Larval tapeworms, 78-87; see also Cestodes 
Latrodectus mactans. 238-239 
Laveran, A., 149 
Leiper, R., 46, 94, 206 
Leishman, W., 178 
Leishmania braziliensis. 176--178 

clinical disease, 176--177 
diagnosis, 177 
historical information, 176 
infected skin, 117f 
life cycle, 173f, 176 
nasal septum erosion, 177f 
pathogenesis, 176 
prevention and control, 178 
promastigotes, 177f 
treatment, 177-178 

Leishmania donovani. 178-183 
amastigotes, 180f, 181 f 
clinical disease, 182 
diagnosis, 182 
historical information, 178 
life cycle, 178-181, 179f 
pathogenesis, 181 
prevention and control, 183 
promastigotes, 180f 
treatment, 182-183 

Leishmania mexicana. 172-176 
clinical disease, 175 
diagnosis, 175 
historical information, 172, 174 
life cycle, 174 
pathogenesis, 174-175 
prevention and control, 175-176 
treatment, 175 

Leishmania tropica, 172-176 
clinical disease, 175 
diagnosis, 175 
historical information, 172, 174 
life cycle, 173f, 174 
pathogenesis, 174-175 
prevention and control, 175-176 
promastigotes, 174f 
skin lesion 

dry, 174f 
wet, 175f 

treatment, 175 



Leishmaniasis, 201 
cutaneous, 172-176, 173f, 174f, 175f 
mucocutaneous, 176-178 
and phlebotomine flies, 200 
visceral, 178-183 

Lepidoptera, 242 
Leuckart, R., 28,41, 66, 110 
Leukocoria, 57f 
Lewis, T., 35 
Lice, sucking, 209-214; see also Anoplura 
Life cycle, see specific parasitic organisms 
Lindane, 248 

and scabies, 236 
Linnaeus, C., 2, 6, II, 73, 110 
Loa loa, 46-49, 62f, 206 

adult female, 46f 
clinical disease, 48 
diagnosis, 48 
historical information, 46 
in subcutaneous tissues, 48f 
life cycle, 46-48, 47f 
microfilaria, 48f, 62f 
pathogenesis, 48 
prevention and control, 49 
treatment, 49 

Loaiasis, 48; see also Loa loa 
Loos, A., 106 
Losch, F., 133 
Louse-borne relapsing fever, 214 
Loxoceles arizonica, 239 
Loxoceles laeta, 259 
Loxoceles reciusa, 239, 239f 
Loxoceles unicolor, 239 
Lucilia, 209 
Lutz, A., 110 
Lyme disease, 234 

MacCallum, W., 149 
Macracanthorhynchus hirudinaceus, 243 
Majima, T., 94 
Malaria, 156, 202-205; see also Plasmodium falciparum; 

Plasmodium malariae; Plasmodium vivax 
Malmsten, P., 140 
Manceaux, L., 143 
Manson, P., 35, 94, 114, 202 
Mansonella ozzardi, 61, 62f, 199 
Mansonia, 204 
Marchoux, E., 240 
Mazzotti test, 44-45 
McConnell, J., 106 
Mebendazole, 248 

and Ancylostoma duodenale, 21 
and Ascaris lumbricoides, 15 
and Enterobius vermicularis, 5 
and Necator american us, 21 
and Taenia solium, 81 

Melarsoprol, 248 
and Trypanosoma brucei gambiense, 171 
and Trypanosoma brucei rhode$iense, 171 

Meningoencephalitis, amebic, 189f 
Mesocyclops, 49 
Metagonimus yokogawai, 120-121 

adult, 121f 
clinical disease, 120 
diagnosis, 120-121 
egg, 121f 
life cycle, 120 
pathogenesis, 120 
treatment, 121 

Metamorphosis, insect, 197f 
Metrifonate, 104 
Metronidazole, 248 

and Dracunculus medinensis, 52 
and Entamoeba histolytica, 139 
and Giardia lamblia, 132 
and Trichomonas vaginalis, 127 

Midges, biting, 196, 199, 199f, 200 
Milne, A., 229 
Mites 

allergies caused by, 237 
animal scabies, 236 
chigger mites, 236-237, 236f 
and dermatitis, 237 
diagnosis, 236 
historical information, 234 
human itch mite, 234, 235f 
follicle mites, 237 
Sarcoptes sabiei, 235f 
treatment, 236 
Trombicula alfreddugesi, 236f 

Miyagawa, Y., 94 
Monogenea, 93; see also Trematodes 
Morgagni, G., 6 
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Mosquitoes, 202-205, 202f, 204f; see also Culicidae 
Moth flies, 200-201 
Moths, 242 
Multiceps, 86 
Musca domestica, 206-207, 207f 

life cycle, 206-207 
see also Muscidae 

Muscidae, 206-208 
historical information, 206 
life cycle, 206-207 

Glossina, 207-208, 207f 
Musca domestica, 206-207, 207f 
Stomoxys calcitrans, 207 

Muto, S., 101 
Myiasis, 208-209 

Naegleria fowleri, 188-190 
brain section, 189f 
trophozoite, 189f 

Nagana, 168 
Nakagawa, K., 114 
Nakamura, H., 94 
Naunyn, B., 81 
Necator american US, 16-22 

clinical disease, 21 
diagnosis, 21 
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Necator americanus [cont.] 
egg, 19f 
head, 18f 
historical information, 16 
larva 

infective, 20f 
in skin, 20f 

life cycle, 16--20, 17f 
pathogenesis, 20-21 
prevention and control, 21-22 
size, 18 
treatment, 21 

Nematodes, 1-64 
aberrant infections, 52-60 
anatomy, 1 
Ancylostoma duodenale, 16--22 
Angiostrongylus cantonensis, 58-60 
Angiostrongylus costaricensis, 58-60 
anisakiasis, 60 
Ascaris lumbricoides. 11-15 
Capillaria hepatica, 63 
Capillaria philippinensis. 63-64 
cutaneous larva migrans, 53 
Dipetalonema perstans. 61-62, 200 
Dipetalonema streptocerca, 62-63, 200 
Dracunculus medinensis, 49-52 
Enterobius vermicularis, 2-5 
Gnathostoma spinigerum. 53, 54, 60 
Loa loa. 46-49, 206 
Mansonella ozzardi. 61, 200 
of minor medical importance, 60-64 
Necator americanus. 16--22 
Onchocerca volvulus. 41-46 
physiology, 1 
Strongyloides stercora lis, 22-27 
Toxocara canis. 54-58 
Toxocara catl; 54-58 
Trichinella spira lis. 28-34 
Trichuris trichiura. 6--10 
visceral larva migrans, 53-60 
Wuchereria bancrofti. 35-40 

New World screw worm, 209 
Niclosamide, 249 

and Diphyllobothrium latum. 76 
and Dipylidium caninum. 92 
and Hymenolepis diminuta. 90 
and Hymenolepis nana. 89 
and Taenia saginata. 69 
and Taenia solium. 72 

Nicolle, C., 143, 178 
Nifurtimox, 249 

and Trypanosoma cruzi, 165 
Niridazole 

and Dracunculus medinensis. 53 
and Schistosoma japonicum, 104 

Nishigoii, M .• 22 
Noguchi, H., 176 
Normand, L., 22 
Northern rat flea, 216; see also Siphonaptera 
Nosopsyllus fasciatus. 216; see also Siphonaptera 

Oesophagostomum bifurcum, 54 
Oesophagostomum stephanostomum var. thomasi. 54 
Oestrus ovis, 209 
Old World screw worm, 209 
Oliver, J., 66 
Omsk hemorrhagic fever, 233 
Onchocerca volvulus. 41-46 

bisected whole nodule. 42f 
clinical disease, 42, 44 

eye lesions, 42, 44 
skin lesions, 42 

diagnosis, 44-45 
historical information, 41 
impression smear, 45f 
life cycle, 41, 43f 
microfilaria, 44f, 62f 
pathogenesis, 41-42 
prevention and control, 45-46 
section through nodule, 45f 
treatment, 45 

Onchocerciasis, 41-46, 20 I 
Onchomelania, 94, 100f 
O'Neill, J., 41 
Opisthorchis felineus. 106 
Opisthorchis viverrine. 106 
Oriental rat flea. 215-216, 215f; see also Siphonaptera 
Ornithodorus moubata. 232 
Ornithonyssus bacoti. 237 
Oroya fever, 200 
Orthoptera, 243 
Otobius, 232 
Owen, R., 28 
Oxamniquine, 104, 249 

Paget, J., 28 
Pallas, P., 81 
Pamaquine, 149 
Panstrongylus megistus. 219; see also Reduviidae 
Papatasi fever, 200 
Paragonimus westermani. 114-117 

adult, 116f 
clinical disease, 117 
diagnosis, 117 
fertilized, unembryonated egg, 116f 
historical information, 114 
life cycle, 114-116, 115f 
metacercaria, 117f 
pathogenesis, 116-117 
prevention and control, 117 
snail host, 117f 
treatment, 117 

Pathogenesis, see specific parasitic organisms 
Pediculus humanis capitis, 209-214, 2llf, 212f, 213f; 

see also Anoplura 
Pediculus humanis humanis, 209-214, 21Of, 211f, 213f; 

see also Anoplura 
Pentamidine isethionate, 249 

and Pneumocystis carinii, 185 
and Trypanosoma brucei gambiense. 171 
and Trypanosoma brucei rhodesiense, 171 



Pentastomida, 244 
Periplaneta americana, 243 
Periplaneta australasiae. 243 
Pharmacologic treatment, see Drug therapy; Treatment 
Phlebotominae, 2ro-201, 200f 
Phlebotomus verrucarum, 200 
Phocanema, 54, 60 
Phthirus pubis, 209,210, 21Of, 21lf, 212f; see also Ano-

plura 
Pinkerton, H., 143 
Pinworm, 2-5; see also Enterobius vermicularis 
Piperazine citrate, 249 

and Ascaris lumbricoides, 15 
and Enterobius vermicularis. 5 

Pi raja da Silva, M., 94 
Piroplasmosis, 186-188 
Plasmodium Jalciparum. 149-160 

cerebral malaria, 157f 
clinical disease, 158-159 
diagnosis, 159 
erythrocytic stages, Color Plate (Fig. 28.11) 
exflagellation, 155f 
historical information, 149-150 
life cycle, 150, 152-156 

asexual, 150, 152-154 
sexual stage, 154-156 

macrogametocyte stage, 155f, Color Plate (Fig. 28.11) 
microgametocyte stage, Color Plate (Fig. 28.11) 
merozoite, 152f 
oocytes, 155f 
pathogenesis, 156-158 
prevention and control, 159-160 
red cell knobs, 157f 
signet ring stage, 152f 
schizont, 154f; Color Plate (Fig. 28.11) 
sporogany, 153f 
sporozoite stage, 150f 
trophozoite, 154f; Color Plate (Fig. 28.11) 
treatment, 159 

Plasmodium malariae, 149-160 
clinical disease, 158-159 
diagnosis, 159 
erythrocytic stages, Color Plate (Fig. 28.14) 
exflagellation, 155f 
historical information, 149-150 
life cycle, 150, 152-154, 156 

asexual stage, 150, 152-154 
sexual stage, 154, 156 

macrogametocyte stage, 155f, Color Plate (Fig. 28.14) 
microgametocyte stage, Color Plate (Fig. 28.14) 
oocytes, 155f 
pathogenesis, 156-158 
prevention and control, 159-160 
schizont, 154f, Color Plate (Fig. 28.14) 
signet ring stage, 152f 
sporogany, 153f 
sporozoite stage, 150f 
treatment, 159 
trophozoites, Color Plate (Fig. 28.14) 

Plasmodium ovale. 149-160 
clinical disease, 158-159 
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diagnosis, 159 
erythrocytic cycle, Color Plate (Fig. 28.13) 
exflagellation, 155f 
historical information, 149-150 
life cycle, 150, 152-154, 156 

asexual stage, 150, 152-154 
sexual stage, 154, 156 

macrogametocyte stage, 155f, Color Plate (Fig. 28.13) 
microgametocyte stage, Color Plate (Fig. 28.13) 
oocytes, 155f 
pathogenesis, 156-158 
prevention and control, 159-160 
schizont, 154f, Color Plate (Fig. 28.13) 
signet ring stage, 152f 
sporogany, 153f 
sporozoite stage, 150f 
treatment, 159 
trophozoites, Color Plate (Fig. 28.13) 

Plasmodium vivax. 149-160 
clinical disease, 158-159 
diagnosis, 159 
erythrocytic stages, Color Plate (Fig. 28.12) 
exflagellation, 155f 
historical information, 149-150 
life cycle, 150-154, 151f, 156 

asexual stage, 150-154, 156 
sexual stage, 154, 156 

macrogametocyte stage, 155f, Color Plate (Fig. 28.12) 
microgametocyte stage, Color Plate (Fig. 28.12) 
oocytes, 155f 
pathogenesis, 156-158 
prevention and control, 159-160 
schizont, 154f, Color Plate (Fig. 28.12) 
signet ring stage, 152f 
sporogany, 153f 
sporozoite stage, 150f 
treatment, 159 
trophozoites, Color Plate (Fig. 28.12) 

Plates, F., 66, 73 
Pneumocystis carin ii, 183-185 

biopsied lung, 185f 
clinical disease, 184-185 
cyst, I 84f, 185f 
diagnosis, 185 
historical information, 183 
life cycle, 183-184 
pathogenesis, 184 
prevention and control, 185 
treatment, 185 
trophozoites, 184, 184f, 185f 

Pogonomyrmex, 223; see also Hymenoptera 
Praziquantel, 249 

and Clonorchis sinensis, 109 
and Echinostoma ilocanum, 120 
and Fasciola hepatica, 113 
and Fasciolopsis buski, 118 
and Heterophyes heterophyes, 121 
and Metagonimus yokogawai, 121 
and Paragonimus westermani, 117 
and schistosomes, 105 
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Prednisone, 33 
Prevention and control, see specific parasitic organisms 
Primaquine, 149, 159, 249 
Proglottids, 65 
Proquanil, 149 
Protozoa, 123-194 

Acanthamoeba castellani. 188-190 
anatomy, 123 
Babesia bigemina. 186--188 
Babesia bovis. 186--188 
Babesia divergens. 186--188 
Babesia microti. 186--188 
Balantidium coli. 140-143 
commensal amebae, 191, 193 
commensal flagellates, 191-192 
commensal sporozoa, 194 
Dientamoeba fragilis. 188 
Entamoeba histolytica. 133-140 
Giardia lamblia. 127-132 
Leishmania braziliensis. 176--178 
Leishmania donovani. 178-186 
Leishmania mexicana. 172-176 
Leishmania tropica. 172-176 
of minor medical importance, 186--190 
Naegleria fowleri. 188-190 
nonpathogenic, 190--194 
physiology, 123 
Plasmodium falciparum. 149-160 
Plasmodium malariae. 149-160 
Plasmodium ovale. 149-160 
Plasmodium vivax. 149-160 
Pneumocystis carinii. 183-185 
Toxoplasma gondii. 143-148 
Trichomonas vaginalis. 124-127 
Trypanosoma brucei gambiense. 166--171 
Trypanosoma brucei rhodesiense. 166--171 
Trypanosoma cruzi. 161-166 

Psorophora, 203 
Psychodidae, 200--201, 200f 

control, 201 
historical information, 200 
life cycle, 200 
pathogenesis, 200--201 

Pulex irritans. 215; see also Siphonaptera 
Pyrantel pamoate 

and Ancylostoma duodenale. 21 
and Ascaris lumbricoides. 15 
and Enterobius vermicularis. 5 

Pyrimethamine, 249 
and malaria, 149, 159 
and Toxoplasma gondii. 147-148 

Q fever, 234 
Quinacrine hydrochloride, 249 

and Giardia lamblia. 132 
Quincke, H., 133 
Quinine dihydrochloride, 249 
Quinine sulfate, 249 

and malaria, 159 

Ransom, B., 11 
Rat mite, 237; see also Mites 
Redi, P., 110 
Reduviidae, 219-221 

clinical disease, 220 
control, 221 
diagnosis, 220 
historical information, 219 
life cycle, 219-220 
pathogenesis, 220 
Rhodnius prolix us. 219-221, 219f, 220f 
treatment, 221 

Reed, W., 202 
Relapsing fevers, 233 
Retinoblastoma, 57f 
Retortamonas intestinalis. 191-192 

trophozoite, 192f 
Rhabditis niellyi. 53 
Rhipicephalus sanguineus. 231 
Rhodnius prolix us. 219-221, 219f, 220f; see also Reduvi-

idae 
Rickettsia akari, 237 
Rickettsia mooseri. 217 
Rickettsia prowazeki. 214 
Rickettsia tsutsugamushi. 236 
Rickettsial pox. 237 
Rift Valley fever, 205 
Rochalimaea quintana. 214 
Rockefeller, J., 16 
Rocky Mountain spotted fever, 186, 233-234 
Roederer, J., 6 
Roos, E., 133 
Ross, P., 229 
Ross, R., 149, 178,202 
Rudolphi, C., 89 
Russell, A., 172 
Russian spring-summer encephalitis, 233 

St. Louis encephalitis, 205 
Salimbeni, A., 240 
Sambon, L., 94 
Sandflies, 200--201, 200f 
Sarcophaga, 208-209 
Sarcophagidae, 208-209 
Sarcoptes scabiei, 234-236, 235f; see also Mites 
Scabies, 234-236, 235f; see also Mites 
Schaudinn, F., 133 
Schistosoma haematobium, 94-105 

clinical disease, 103-104 
diagnosis, 104 
eggs 

in bladder wall, 103f 
embryonated, l00f 

historical information, 94, 96 
life cycle, 96, 98-102, 99f 
pathogenesis, 102-103 
prevention and control, 105 
treatment, 104-105 

Schistosoma intercalatum. 94 



Schistosoma japonicum. 94-105 
clinical disease, 103-104 
diagnosis, 104 
embryonated egg, 98f 
historical information, 94, 96 
life cycle, 96--98, 97f, 100-102 
Onchomelania, lOOf 
pathogenesis, 102-103 
prevention and control, 105 
treatment, 104-105 

Schistosoma mansoni. 94-105 
adult, 96f, 98f 

in liver, 101f, 102f 
Biomphylaria glabrata. lOOf 
cercaria, 10 If 
ciliated miracidium, lOOf 
clinical disease, 103-104 
diagnosis, 104 
eggs 

embryonated, 98f 
in small intestine, lOOf 

historical information, 94, 96 
life cycle, 95f, 96, 98, 100-102 
pathogenesis, 102-103 
prevention and control, 105 
rectal sni p, 104 f 
treatment, 104-105 

Schistosomes, 94-105; see also Schistosoma haemato­
bium; Schistosoma japonicum; Schistosoma man­
soni 

Schistosomiasis, 103-104; see also Schistosomes 
Scorpionida, 237-238, 237f 
Scorpions, 237-238, 237f 
Scrub typhus, 236--237 
Segmentina, 118 
Semisu1cospira, 114, 120 
Serologic examination, 246 
Sheep liver fluke, 110-113; see also Fasciola he­

patica 
Simon, c., 128 
Simulidae, 201 

control, 201 
historical information, 201 
life cycle, 20 I 
pathogenesis, 20 I 

Simulium damnosum. 44f 
Siphonaptera, 214-217 

clinical disease, 217 
control, 217 
Ctenocephalides felis. 215, 215f, 216 
diagnosis, 217 
epidemiology of flea-borne diseases, 217 
historical information, 215 
life cycle, 215-217 
Nosopsyllus fasciatus. 216 
pathogenesis, 217 
treatment, 217 
Tunga penetrans. 216--217, 216f 
Xenopsylla cheopis. 215-216, 215f 

Sleeping sickness, 170-171; see also Trypanosoma brucei 
gambiense; Trypanosoma brucei rhodesiense 
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Smith, T., 229 
Sodium stibogluconate, 182-183 
Solenopsis, 223, 223f; s.ee also Hymenoptera 
Soluble egg antigens, 102 
South African tick bite fever, 234 
Specimen examination, 245-246 

blood examination, 246 
serologic methods, 246 
stool specimens 

collection, 245 
methods and procedures, 245-246 
number and examination intervals, 246 

Spiders, 238-240; see also Araneida 
Spirometra, 86 
Splendore, A., 143 
Sporogany, 153f 
Squirrel flea, 216; see also Siphonaptera 
Stable fly, 207; see also Muscidae 
Stibogluconate sodium, 250 
Stiles, c., 16, 128 
Stinging insects, 221-225; see also Hymenoptera 
Stomoxys calcitrans 

life cycle, 207 
see also Muscidae 

Stool examination, 245-246 
Strongyloides stercora lis, 22-27 

adult in small intestine, 25f 
clinical disease, 27 
diagnosis, 27 
female 

free-living, 24f 
parasitic, 25f 

historical information, 22 
larvae 

infective, 25f 
in lymph node, 26f 
rhabditiform, 24f 
in small intestine, 26f 
in stomach, 26f 

life cycle, 23f, 24-26 
free-living phase, 24 
parasitic phase, 24-26 

pathogenesis, 26--27 
prevention and control, 27 
treatment, 27 

Subacute myeloptic neuritis, 139 
Sulfadiazine, 249 

and malaria, 159 
and Toxoplasma gondii. 147-148 

Sulfadoxine, 250 
Supella supellectilium. 243 
Suramin, 250 

and Onchocerca volvulus. 45 
and Trypanosoma brucei gambiense. 171 
and Trypanosoma brucei rhodesiense. 171 

Surgery 
and Dracunculus medinensis. 52 
and Echinococcus granulosus. 85 
and Multiceps, 86 
and Onchocerca volvulus. 45 
and Paragonimus westermani. 117 
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Surgery [cont.] 
and Schistosoma mansoni. 105 
and Spirometra, 86 
and Taenia solium. 81 
and Trypanosoma cruzi. 166 
see also Drug therapy; Treatment 

Swaminath, C., 178 
Syngamus laryngeus, 61 
Syphacia oblevata, 4 

Tabanidae, 205-206 
Taenia saginata, 66-69 

adult, 68f 
clinical disease, 66, 68 
diagnosis, 68 
egg,69f 
gravid proglottid, 69f 
historical information, 66 
life cycle, 66, 67f 
pathogenesis, 66 
prevention and control, 69 
scolex, 68f 
treatment, 69 

Taenia solium, 70-72 
clinical disease, 70 
diagnosis, 70 
gravid proglottid, 72f 
historical information, 70 
life cycle, 70, 7lf 
pathogenesis, 70 
prevention and control, 72 
scolex, 70f 
treatment, 81 
see also Taenia solium, larval 

Taenia solium, larval, 78-81 
clinical disease, 78 
cysticercus, 80f 

free-floating, 81 f 
single, 80f 

diagnosis, 78, 81 
egg,78f 
life cycle, 78, 79f 
pathogenesis, 78 
prevention and control, 81 
treatment, 81 

Tapeworms, 65-92; see also Cestodes 
Tarantulas, 238 
Ternides deminutus, 61 
Terranova, 54, 60 
Tetrachloroethylene 

and Ancylostoma duodena Ie, 21 
and Echinostoma ilocanum, 120 
and Necator americanus, 21 

Tetracycline, 250 
and Balantidium coli, 143 

Thelazia callipaeda, 53 
Theodore, 0., 172 
Thermocyclops, 49 
Thiabendazole, 250 

and Angiostrongylus cantonensis, 59 

and Angiostrongylus costaricensis, 59 
and cutaneous larva migrans, 53 
and Strongyloides stercoralis, 27 
and Toxocara canis, 58 
and Toxocara cati, 58 
and trichinellosis, 33 

Thiara, 114, 120 
Thomas, A., 110 
Ticks, 227-234 

Argas persicus, 232f 
bites 

pathogenesis, 232 
treatment, 232 

Dermacentor andersoni, 231f 
Dermacentor variabilis, 229f, 230f 
hard ticks, 229-231 
historical information, 229 
Ixodes dammini, 231f 
paralysis, 232-233 
prevention and control, 234 
soft ticks, 231-232 
tick-borne diseases in man, 233-234 

bacterial, 233 
protozoal, 233 
rickettsial, 233-234 
spirochetal, 233 
viral, 233 

Tongue worms, 244 
Toxocara canis, 54-58 

adult 
female, 56f 
male, 56f 

chorioretinitis due to, 57f 
diagnosis, 57-58 
egg 

fertilized embryonated, 57f 
fertilized unembryonated, 57f 

historical information, 54 
leukocoria due to, 57f 
life cycle, 54-56, 55f 
pathogenesis, 56-57 
prevention and control, 58 
retinoblastoma due to, 57f 
treatment, 58 

Toxocara cati, 54-58 
diagnosis, 57-58 
historical information, 54 
life cycle, 54-56 
pathogenesis, 56-57 
prevention and control, 58 
treatment, 58 

Toxocariasis, 56-57 
Toxoplasma gondii, 143-148 

brain tissue smear, 148f 
clinical disease, 147 
diagnosis, 147 
historical information, 143 
infected macrophage, 146f 
life cycle, 143-146, 145f 
lymph node, 148f 
pathogenesis, 146 



Toxoplasma gondii [cont.] 
prevention and control, 148 
pseudocyst, 144f 
tachyzoite, 144f 
treatment, 147-148 

Toxoplasmosis, 147; see also Toxoplasma gondii 
Treatment, 247-250 

Ancanthamoeba castellani. 190 
Ancylostoma duodenale. 21 
Angiostrongylus cantonensis. 59 
Angiostrongylus costaricensis. 59 
Ascaris lumbricoides. 15 
Balantidium coli, 143 
Clonorchis sinensis. 109 
Dientamoeba fragilis, 188 
Diphyllobothrium latum, 76 

larval, 81 
Dipylidium caninum, 92 
Dracunculus medinensis, 52 
Echinococcus granulosus, 85 
Entamoeba histolytica. 139-140 
Enterobius vermicularis, 5 
Fasciola hepatica, 113 
Fasciolopsis buski, 118 
Giardia lamblia, 131-132 
Heterophyes heterophyes, 121 
Hymenolepis diminuta, 90 
Hymenolepis nana, 89 
Leishmania braziliensis, 177-178 
Leishmania donovani, 182-183 
Leishmania mexicana, 175 
Leishmania tropica, 175 
Loa loa, 49 
Metagonimus yokogawai, 121 
Naegleria fowleri, 189 
Necator americanus, 21 
Onchocerca volvulus, 45 
Paragonimus westermani, 117 
Plasmodium falciparum, 159 
Plasmodium malariae, 159 
Plasmodium o vale, 159 
Plasmodium vivax, 159 
Pneumocystis carin ii, 185 
Schistosoma haematobium, 104-105 
Schistosoma japonicum, 104-105 
Schistosoma mansoni, 104-105 
Strongyloides stercoralis, 27 
Taenia saginata, 69 
Taenia solium, 72, 81 
Toxocara canis, 58 
Toxocara cati, 58 
Toxoplasma gondii, 147-148 
Trichinella spira lis, 33-34 
Trichomonas vagina lis, 127 
Trichuris trichiura, 10 
Trypanosoma brucei gambiense, 171 
Trypanosoma brucei rhodesiense, 171 
Trypanosoma cruzi, 165-166 
Wuchereria bancrofti, 35-40 
see also Surgery 

Trematodes, 93-121 
anatomy, 93 
Clonorchis sinensis, 106-109 
Echinostoma ilocanum, 120 
Fasciola hepatica, 11~113 
Fasciolopsis buski, 118-119 
Heterophyes heterophyes, 12~121 
Metagonimus yokogawai, 12~121 
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of minor medical importance, 118-121 
Paragonimus westermani, 114-117 
physiology, 93 
Schistosoma haematobium, 94-105 
Schistosoma japonicum, 94-105 
Schistosoma mansoni, 94-105 

Trench fever, 214-215 
Triatoma infestans, 219;. see also Reduviidae 
Trichinella spira lis, 28-34 

adult 
female,30f 
male, 31f 

clinical disease, 32-33 
diagnosis, 33 
historical information, 28 
intense inflammatory response, 32f 
larva 

infective, 30f 
newborn, 31f, 32f 
Nurse cell-infective complex, 32f 

life cycle, 28-30, 29f 
pathogenesis, 3~32 

enteral stages, 3~31 
parenteral stages, 31-32 

prevention and control, 34 
treatment, 33-34 

Trichinellosis, 32-33; see also Trichinella spira lis 
Trichomonas hominis, 191 
Trichomonas tenax, 191 

trophozoite, 192f 
Trichomonas vaginalis, 124-127 

clinical disease, 126 
diagnosis, 126-127 
historical information, 124 
life cycle, 124-126, 125f 
pathogenesis, 126 
prevention and control, 127 
treatment, 127 
trophozoite, 124f, 126f 

Trichomoniasis, 126; see also Trichomonas vagina lis 
Trichostrongylus, 61 
Trichuris trichiura, 6-10 

adult 
female,6f 
male, 8f, 9f 

clinical disease, 8 
cross-section in large intestine, IOf 
diagnosis, 8-9 
fertilized, nonembryonated egg, 9f 
historical information, 6 
life cycle, 6-8, 7f 
pathogenesis, 8 
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Trichuris trichiura [cont.] 
prevention and control, \0 
treatment, \0 

Trimethoprim sulfamethoxazole, 250 
and Pneumocystis carinii, 185 

Trombicula akamushi, 236 
Trombicula deliensis, 236-237 
Trypanosoma brucei gambiense, 166-171 

clinical disease, 170-171 
diagnosis, 171 
historical information, 168 
life cycle, I 67f, 168 
pathogenesis, 169-170 
prevention and control, 171 
treatment, 171 
trypomastigote stages, 169f 

Trypanosoma brucei rhodesiense, 166-171 
clinical disease, 170-171 
diagnosis, 171 
historical information, 168 
involved brain, 170f 
life cycle, 168 
metatrypanosome, 168f 
parasitemia in, 170f 
pathogenesis, 169-170 
prevention and control, 171 
treatment, 171 
trypomastigote stages, 169f 

Trypanosoma cruzi, 161-166,220-221 
amastigote stage, 162f 
clinical disease, 165 
diagnosis, 165 
enlarged heart, 164f 
epimastigote stage, 164f 
historical information, 162 
life cycle, 162-164, 163f 
pathogenesis, 164--165 
prevention and control, 166 
treatment, 165-166 
trypomastigote stage, 162f 

Tsetse fly, 206, 207-208, 207f; see also Muscidae; Trypa­
nosoma brucei gambiense; Trypanosoma brucei rho­
desiense 

Tsutsugamushi fever, 236-237 
Tularemia, 233 
Tumbu fly, 208 
Tunga penetrans, 216-217, 216f; see also Siphonaptera 
Turkhud,49 
Typhus, 214, 234 
Tyson, E., II, 66 

Vagabond's disease, 212 
Van Leeuwenhoek, A., 127 
Veeder, 206 

Verruga peruana, 200 
Vespidae, 221f, 222f, 223; see also Hymenoptera 
Vianna, G., 162, 176 
Virchow, R., 28 
Visceral larva migrans, 53-60 

Angiostrongylus cantonensis, 58-60 
Angiostrongylus costaricensis, 58-60 
Anisakis, 54, 60 
Gnathostoma spinigerum, 60 
Toxocara canis, 54--58 
Toxocara cati, 54--58 

Vitamin 8 12, 73, 74 
von Baelz, E., 114 
von Siebold, c., 66, 94 

Walker, E., 133 
Wasps, 221, 223; see also Hymenoptera 
Wienland, C., 89 
Western equine encephalitis, 205 
Whipworm, 6-\0; see also Trichuris trichiura 
Wilder, H., 54 
Wohlfahrtia, 208 
Wolf, A., 143 
Wuchereria bancro/ti, 35-40 

adult 
female, 35f 
male,36f 

calcification, 39f 
clinical disease, 39-40 
diagnosis, 40 
historical information, 35 
larva,39f 

infective, 39f 
life cycle, 35-36, 37f 
lymphatic vessel, 36f 
microfilaria, 38f, 62f 
pathogenesis, 36, 38-39 
prevention and control, 40 
treatment, 40 

Xenopsylla cheopis, 215-216, 215f; see also Siphonaptera 

Yellow fever, 204--205 
Yellow jackets, 221, 221 f, 223; see also Hymenoptera 
Yersinia pestis, 214, 215-216 
Yokogawa, S., 114 
Yorke, W., 168 

Zenker, F., 28 
Zinsser, H., 2 \0 




