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Foreword
Jeffrey D. Sachs

The parasitic diseases covered in this enormously useful and timely

volume continue to inflict massive suffering, mortality, and economic

distress throughout the low-income world, especially in the tropics.

Thirteen high-quality and up-to-date chapters describe not only the

epidemiology, complex life cycles, and pathogenesis of these diseases,

but also the powerful technologies that make possible their effective

control, if not eradication. The chapters also document that these

strategies—many of them with extremely low cost and very high effi-

cacy—are not reaching the poorest people who are afflicted with these

diseases. This book is therefore not only a unique state-of-the-art

sourcebook on parasitic disease control, but also a major prod to

policy action.

Control of Human Parasitic Diseases comes at a time of potential

policy breakthrough. After decades of substantial neglect by the

wealthy countries, human parasitic diseases are back in policy focus.

The major donor countries have in recent years repeatedly pledged to

take stepped-up action against these diseases at G8 Summits, UN

gatherings, World Health Assemblies, and other important venues.

New financing is finally being mobilized through areas such as the

Global Fund to Fight AIDS, TB, and Malaria, the World Bank, as

well as from private foundations and bilateral donors. The threats of

emerging diseases, such as SARS and avian flu, are drawing global

attention to the urgency, possibility, and practical challenges of dis-

ease control.
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ISSN: 0065-308X
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FOREWORDx
The Millennium Development Goals (MDGs) provide an impor-

tant shared global framework and timetable for action. Several of the

authors of this book have played a special role in promoting support

for the MDGs, including Professor David Molyneux, whose lucid

overview chapter provides an especially fitting introduction to the

themes of the entire volume. This book comes at a crucial time, and

through its excellent coverage, can play an important role in spurring

science-based action.

Jeffrey D. Sachs is Director of the Earth Institute at Columbia

University and Director of the UN Millennium Project. He is also

Special Advisor to UN Secretary General Kofi Annan on the Mil-

lennium Development Goals.



Preface

This special volume of Advances in Parasitology is perhaps the most

practical, covering the latest developments in methods of control of

parasitic infections, including both prophylactic and curative

chemotherapy and other preventive methods. The range of infections

covered is wide—malaria, human trypanosomiasis (African and

South American), leishmaniasis, dracunculiasis, soil-transmitted

helminths, onchocerciasis, lymphatic filariasis, cystic echinococcosis,

taeniasis and neurocysticercosis, and schistosomiasis.

The guest editor, David Molyneux of the Liverpool School of

Tropical Medicine (UK), has brought together a panel of interna-

tional experts from Europe, North and South America, Asia, and

Africa to contribute to a volume which will surely prove to be an

invaluable source of information on this most pressing of topics—the

control of global parasitic disease.
John Baker

Ralph Muller

David Rollinson
ADVANCES IN PARASITOLOGY VOL 61
ISSN: 0065-308X

DOI: 10.1016/S0065-308X(05)61019-6
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ABSTRACT

The control of parasitic diseases of humans has been undertaken

since the aetiology and natural history of the infections was recog-

nized and the deleterious effects on human health and well-being

appreciated by policy makers, medical practitioners and public health

specialists. However, while some parasitic infections such as malaria
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have proved difficult to control, as defined by a sustained reduction in

incidence, others, particularly helminth infections can be effectively

controlled. The different approaches to control from diagnosis, to

treatment and cure of the clinically sick patient, to control the trans-

mission within the community by preventative chemotherapy and

vector control are outlined. The concepts of eradication, elimination

and control are defined and examples of success summarized. Over-

views of the health policy and financing environment in which pro-

grammes to control or eliminate parasitic diseases are positioned and

the development of public–private partnerships as vehicles for prod-

uct development or access to drugs for parasite disease control are

discussed. Failure to sustain control of parasites may be due to

development of drug resistance or the failure to implement proven

strategies as a result of decreased resources within the health system,

decentralization of health management through health-sector reform

and the lack of financial and human resources in settings where per

capita government expenditure on health may be less than $US 5 per

year. However, success has been achieved in several large-scale pro-

grammes through sustained national government investment and/or

committed donor support. It is also widely accepted that the level of

investment in drug development for the parasitic diseases of poor

populations is an unattractive option for pharmaceutical companies.

The development of partnerships to specifically address this need

provides some hope that the intractable problems of the treatment

regimens for the trypanosomiases and leishmaniases can be solved in

the not too distant future. However, it will be difficult to implement

and sustain such interventions in fragile health services often in

settings where resources are limited but also in unstable, conflict-

affected or post-conflict countries. Emphasis is placed on the

importance of co-endemicity and polyparasitism and the opportu-

nity to control parasites susceptible to cost-effective and proven

chemotherapeutic interventions for a package of diseases which can

be implemented at low cost and which would benefit the poorest and

most marginalized groups. The ecology of parasitic diseases is dis-

cussed in the context of changing ecology, environment, sociopolitical

developments and climate change. These drivers of global change will

affect the epidemiology of parasites over the coming decades, while in
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many of the most endemic and impoverished countries parasitic

infections will be accorded lower priority as resourced stressed health

systems cope with the burden of the higher-profile killing diseases

viz., HIV/AIDS, TB and malaria. There is a need for more holistic

thinking about the interactions between parasites and other infec-

tions. It is clear that as the prevalence and awareness of HIV has

increased, there is a growing recognition of a host of complex inter-

actions that determine disease outcome in individual patients. The

competition for resources in the health as well as other social sectors

will be a continuing challenge; effective parasite control will be de-

pendent on how such resources are accessed and deployed to effec-

tively address well-defined problems some of which are readily

amenable to successful interventions with proven methods. In the

health sector, the problems of the HIV/AIDS and TB pandemics and

the problem of the emerging burden of chronic non-communicable

diseases will be significant competitors for these limited resources as

parasitic infections aside from malaria tend to be chronic disabling

problems of the poorest who have limited access to scarce health

services and are representative of the poorest quintile. Prioritization

and advocacy for parasite control in the national and international

political environments is the challenge.
1. CONTROL OF PARASITIC DISEASES
1.1. Concepts of Control, Elimination and Eradication

A distinction must be made between the terms ‘control’, ‘elimination’

and ‘eradication’; the latter term is often used inappropriately and it

should be employed with caution. The International Task Force for

Disease Eradication (ITFDE) was established in 1988 to evaluate

systematically the potential for eradication of candidate diseases and

to identify specific barriers to eradication. The criteria used to assess

the feasibility of eradication are provided in Table 1. The Task Force

was reconstituted in 2001 to evaluate the current situation. The IT-

FDE defined eradication as ‘reduction of the world-wide incidence of

a disease to zero as a result of deliberate efforts obviating the



Table 1 Criteria for assessing eradicability of diseases or conditions
(Dowdle and Hopkins, 1998)

Scientific feasibility

Epidemiologic vulnerability (e.g. absence of non-human reservoir; ease of spread; natural

cyclical decline in prevalence; naturally induced immunity; ease of diagnosis; and duration of

any relapse potential)

Effective, practical intervention available (e.g. vaccine or other primary preventive, curative

treatment, and means of eliminating vector). Ideally, intervention should be effective, safe,

inexpensive, long lasting and easily deployed

Demonstrated feasibility of elimination (e.g. documented elimination from island or other

geographic unit)

Political will/popular support

Perceived burden of the disease (e.g. extent, deaths, other effects; true burden may not be

perceived; the reverse of benefits expected to accrue from eradication; relevance to rich and

poor countries)

Expected cost of elimination or eradication (especially in relation to perceived burden from the

disease)

Synergy of eradication efforts with other interventions (e.g. potential for added benefits or

savings or spin-off effects)

DAVID H. MOLYNEUX4
necessity for further control measures’. The original ITFDE reviewed

more than 90 diseases, 30 of them in depth, and concluded that

dracunculiasis, rubella, poliomyelitis, mumps, lymphatic filariasis and

cysticercosis could probably be eradicated using existing technology.

The term ‘elimination’ is increasingly being used to replace the term

‘eradication’, which should be only used in Global terms. The

Dahlem conference held in Berlin in 1997 (Dowdle and Hopkins,

1998) also considered these issues in some detail and introduced

the term extinction to classify an organism that did not exist on the

planet contrasting with smallpox, which had been eradicated as a

cause of disease but stocks had been retained in secure laboratories.

The use of the term elimination is now regarded as referring to the

removal of the organism from a defined geographical region (‘‘local

eradication’’), which creates problems for quantification of achieve-

ment towards the goal. The accepted position being that the disease is

not eradicated but no longer requires ongoing investment in control

and is maintained at a level when the problem is no longer a

significant health burden. A new concept has also been introduced

through World Assembly Resolutions of the ‘‘Elimination of a dis-

ease as a Public Health problem’’. The definitions which will be used
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in this chapter are from Dowdle and Hopkins (1998), WHO (1998)

and Molyneux et al. (2004):
Control
 reduction of disease incidence, prevalence, morbidity

or mortality to a locally acceptable level as a result

of deliberate efforts; continued intervention

measures are required to maintain the reduction.
Elimination of

disease
reduction to zero of the incidence of a specified

disease in a defined geographical area as a result of

deliberate efforts; continued intervention measures

are required.
Elimination of

infection
reduction to zero of the incidence of infection caused

by a specified agent in a defined geographical area

as a result of deliberate efforts; continued measures

to prevent the re-establishment of transmission are

required.
Eradication
 permanent reduction to zero of the worldwide

incidence of infection caused by a specific agent as

a result of deliberate efforts; intervention measures

are no longer needed.
Extinction
 the specific infectious agent no longer exists in

nature or the laboratory
1.2. Examples of Parasite Elimination and Vector
‘‘Eradication’’

The classic eradication programme was that of smallpox which

achieved its target in 1977. To date, no parasitic disease has been

eradicated, although attempts to eradicate Guinea worm are under-

way (Hopkins et al., 2002; Ruiz-Tiben and Hopkins, 2006). Never-

theless, successful ‘‘local eradication’’ (correctly elimination) has been

achieved in some restricted geographical or epidemiological situa-

tions. For example, onchocerciasis has been eliminated from several

parts of Kenya and from the Nile at Jinja in Uganda, by using DDT

to remove the local vectors (Simulium neavei and S. damnosum,
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respectively) (Davies, 1994). The Onchocerciasis Control Programme

(OCP) in West Africa has achieved the same goal eliminating

particular cytoforms of the S. damnosum complex using aerial appli-

cation of insecticides. Local elimination has also been achieved; the

malaria vector Anopheles gambiae from Brazil in the late 1930s using

larviciding measures and house spraying with pyrethrum, a success

repeated in early 1940s after the same species had been introduced

into Egypt; Glossina palpalis, the tsetse fly, the vector of human try-

panosomiasis was eliminated from the Island of Principe in 1905 by

trapping out flies using sticky back packs on plantation workers;

animal trypanosomiasis from parts of North-East Nigeria by ground

spraying of tsetse resting sites with persistent doses of DDT; Aedes

aegypti, the vector of yellow fever, in parts of Central and South

America. Local anti-mosquito spraying has eliminated lymphatic

filariasis from the Solomon Islands with no evidence that over a

20-year period there has been any resurgence; filariasis due to Brugia

malayi was eliminated from Sri Lanka through selective treatment

with DEC, anti-larval measures (host plants killed by herbiciding),

house spraying with DDT as part of the malaria eradication

programme and environmental improvements. Chemotherapeutic

approaches have eliminated filariasis (due to Wuchereria bancrofti)

from Japan, South Korea and Taiwan in Asia and Suriname and

Trinidad and Tobago in the Americas (WHO, 1992, 1994). Filariasis

has also been eliminated as a public health problem in large areas of

China where it seems transmission has been stopped for a period of

over 10 years (WHO, 2003). Long-term ‘‘elimination’’ programmes

have been successful against hydatid disease in Iceland, New Zealand

and Cyprus; and malaria was eliminated from Sardinia by DDT

spraying as well as in other marginal areas of distribution such as

North Africa, Greece and parts of Turkey and the Middle East.

One noticeable feature of these successes is that many examples

refer to islands or isolated populations or areas where the parasite is

at the edge of its geographical range. Clearly, the advantages of

isolation and a greater ability to control animal or human population

movements are important. Elimination or global eradication of any

disease is difficult to achieve and costs increase per case detected,

controlled or averted as the end point is reached.
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However, the high cost of eradication or local elimination

programmes may be justified as they are time limited, whereas disease

control implies a long-term commitment. Any control programme

must be cost effective and should reduce the target disease to a level at

which costs are sustainable by the local community or by public or

private healthcare systems. Control seeks to bring the problems to a

level at which the disease is no longer of public health importance with

morbidity at an acceptable level within the community, an absence of

mortality and, if appropriate, greatly reduced levels of disability. To

translate the level of control achieved to eradication or elimination

status requires a vastly increased cost per case treated or prevented

which, for financial and ecological reasons, may never be feasible or

the development of a more effective intervention.
1.3. Components of Control

1.3.1. The Range of Interventions

The spectrum of interventions against parasitic diseases, currently

used against parasitic diseases, is summarized in Figure 1 and

discussed in detail in the accompanying chapters in the volume.
1.3.2. Control of Animal Reservoir Hosts

Many parasitic diseases are zoonoses, defined as ‘those diseases and

infections (the agents of) which are naturally transmitted between

(other) vertebrate animals and man’ (WHO, 1979). A list of recog-

nized parasitic zoonoses is provided by the WHO (1979). Ostfeld and

Keesing (2000) provide an up-dated list of vector-borne infections of

potential public health importance, while a recent analysis of all

emergent and re-emergent infections (Taylor et al., 2001) has iden-

tified that 75% of emerging pathogens are zoonotic and that such

organisms are more than twice as likely to emerge as non-zoonotic

ones. However, viruses and protozoa are more likely to emerge than

the macroparasites such as helminths. The important zoonoses for

which reservoir host control can have a cost-effective impact are



Figure 1 Interventions for the control of parasitic diseases.
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leishmaniasis, echinococcosis and cysticercosis; while treatment of

cattle with trypanocides in Uganda is a strategy used to reduce the

role of cattle as a reservoir of Trypanosoma rhodesiense sleeping

sickness (Fèvre et al., 2005). However, the presence of an animal

reservoir host may be a major impediment to control a disease par-

ticularly if the habits and habitats of the animal host prevent the

intervention either on the grounds of practicality or for reasons such

as protected status of host species e.g. primates or endangered species

status. The ITFDE recognizes that the existence of an animal res-

ervoir precludes the likelihood of the eradication of the infection.
1.3.3. Community Participation in Parasitic Disease Control

The drive towards primary healthcare following the Alma-Ata

declaration of 1978 provoked a greater degree of involvement of
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communities in healthcare through (1) the use of community leaders

to support various programmes; (2) the identification of personnel to

undertake health activities on a voluntary basis; and (3) emphasizing

the importance of such activities in community well-being. The topic

of community participation has been reviewed by Curtis (1991) who

provides a series of examples in vector-borne disease control.

MacCormack (1991) provides an insight into the underlying princi-

ples of sustainable vector control in a community context emphasiz-

ing that success in small pilot projects depends on particular

characteristics such as leadership; a responsive, well-motivated and

well-educated community support; incentives from agencies and

insecticide manufacturers; and ease of communication. Following

initial success, there is a danger that a ‘hot’ project will fall into a

steady state as enthusiasm and donor support wane while the project

life cycle faces inevitable problems. The scaling up of pilot projects to

national ones within a primary healthcare context presents additional

challenges. For instance, the community may be affected by the

replacement of local leaders with national bureaucracy. In establish-

ing a functional link between the communities and the health systems,

each group must be trained to understand the social role on the one

hand and technical skills on the other. Communities’ local knowledge

about insects should be exploited to aid in vector control. Appro-

priate control methods, and the importance of maintaining them,

must then be clearly explained to all those involved at the local level.

It must also be established whether unpaid community labour can

be sustained over time; although it has been achieved in pilot pro-

grammes, doubts exist about longer-term sustainability (Walt, 1988).

Much is likely to depend on the community structure and its rela-

tionship with those in authority, who are perceived as those most

likely to benefit. If, for example, a cost recovery system operates, the

volunteers are less able to collect fees from their social superiors.

Professional interaction between technicians and volunteers can also

fuel conflicts based on perceptions about status.

The outcome of community participation in any project will de-

pend on the numerous complex social interactions existing within the

community environment. The interaction between weak and strong

groups, and the impact of participation on such group relationships,
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are of critical importance (Antia, 1988). It is valuable to define the

boundaries of the community involved, as individuals tend to identify

with a particular locale; this is despite the risk of inherent social

instability of villages, resulting from factors such as migration,

schooling and marriage. For practical reasons the community is

usually defined by a geographical boundary such as an urban neigh-

bourhood or an agricultural village while nomadic groups themselves

represent a mobile community.

Communities differ in how they function and are stratified; for

example, they may be democratic, autocratic or under military

control. In a democratic environment, obtaining consensus may be a

slow process, but the likelihood of sustainability will be high.

MacCormack concludes that community participation in vector

control will be sustainable only if the assessment of the costs to ben-

efits ratio takes account of ‘opportunity costs’ (the value of activities

people would undertake if they had not committed themselves to a

particular control activity). Sustainability will be enhanced if activ-

ities are linked to the communities’ priorities; skills training enhances

the communities’ well-being; and preventative work links to curative

or care outcomes that increase income (Rajagopalan et al., 1987).

Community-based treatments are usually better targeted and tend

to involve volunteers, traditional birth attendants (TBAs) and

primary healthcare workers. Increasingly, other types of groups are

also becoming involved, such as women’s groups, faith groups, civil

society organizations (CSO) and non-governmental developmental

organizations (NGDOs). The NGDO community has become

increasingly involved in onchocerciasis control as the programmes

in Africa and the Americas have expanded using the donated drug

Mectizans (ivermectin). The momentum for NDGO involvement

came from the organizations committed to blindness control who

recognized the value of ivermectin as a tool for reducing morbidity

associated with onchocercal eye disease (Drameh et al., 2002).

NGDOs provide some 25% of the resources required for National

Onchocerciasis programmes and 12 international as well as some

local NGDOs are active in some 20 countries in Africa through

the African Programme for Onchocerciasis Control (APOC) and the

countries from the former OCP. The key element of the approach to
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control is community directed treatment with ivermectin (CDTI),

which is regarded as the key driver in ensuring sustainabilitiy of this

programme. The progress of the APOC programme is documented in

a publication, which highlights the status of these programmes

(Annals of Tropical Medicine and Parasitology, 2002). Amazigo

et al. (2002) review the challenges presented by CDTI strategies with

an approach based on the principle of community participation but

also ensuring empowerment; allowing communities to decide on who

should be distributors (CDDs) allowing the planning of ivermectin

distribution to be decided by communities e.g. dates, location model

of distribution. The replacement of the ‘‘Community-directed’’

approach from a ‘‘Community-based’’ treatment system has been

encouraged as the former is likely to be more sustainable, provides

community ownership and empowerment and reduces costs to the

health system. CDTI enables communities to organize distribution in

line with cultural norms and organizational structures—such as

kinship and clan structures in Uganda (Katabarwa et al., 2000) while

stimulating basic healthcare infrastructure in remote areas (Hopkins,

1998). The experience of the Guinea Worm Eradication programme

has led Seim (2005) to identify 10 components to bridge the divide

between the systems approach and the disease-specific intervention.

He also identifies the criteria for the effective use of volunteers, an

approach described as the community-based catalyst to public health.

The 10 elements can be summarized as the requirement for a few

dedicated individuals, a data manager and a programme manager in

each country, the role of a fast non-bureaucratic organ-

ization, resident technical advisers, international meetings, regular

programme reviews, annual training and retraining of volunteers,

network of supervisors, adequate transportation and continuous

research for course correction.
1.3.4. Steps in a Control Programme

Components of control are listed under the following headings: (1)

situation analysis; (2) definition of objectives and strategy; (3) roles

and responsibilities at different levels of health system; (4) planning
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and resourcing; (5) monitoring and evaluation; and (6) implementa-

tion and integration of selected methods of control.

(1) Situation analysis

Stratification of parasitic diseases

Control programmes often involve specific approaches to arrest the

transmission of infection (e.g. via vector control) or to prevent or cure

a disease. Although such programmes have been successful in the past,

integrated approaches are now recognized as being more appropriate

for reducing prevalence and incidence. This is important if the strategy

is aimed at alleviation of a disease problem in a community or pop-

ulation rather than in an individual. Integrated control is based on

coordinated planning and detailed knowledge from many different

areas: scientific, technical, inter-sectoral, financing and managerial. An

approach termed ‘stratification’ has been used in malaria control; this

means that the strategy is modified according to different epidemio-

logical situations (WHO, 1993). Malaria stratification has been taken a

step further by those with particular interests in different environments

and geographical regions, a process known as ‘microstratification’

(Rubio-Palis and Zimmerman, 1997). While stratification has been

most widely used in malaria control the concept is equally applicable to

other parasitic diseases, for example leishmaniasis (WHO, 1990), onc-

hocerciasis (Boatin et al., 1997), filariasis (WHO, 1992), schist-

osomiasis and African trypanosomiasis. Molyneux (2005) details in a

series of tables, examples of stratification of the epidemiology and its

relevance to the planning of control in selected parasitic diseases.

Planning for Control
�
 Desk study of published and unpublished reports to assess prob-

lems in the context of country, region and district.

�
 Acquisition of information on prevalence and incidence.

�
 Appraisal of the validity of information.

�
 Evaluation of current epidemiological situation by passive sur-

veillance at health centers or by use of questionnaires of health

workers—for example using the postal system.

�
 Observation of changes over time and prediction of future

change.
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�
 Definition of the structure of health services and their existing

capacity, human resources available and needs for training and

capacity building.

�
 The priority afforded to the disease by the government, the MOH,

the district management teams and the communities themselves.

�
 Establishment of linkages to other sectors or organizations in

planning for control (e.g. other ministries, development organi-

zations, NGOs).

�
 The influence of other activities such as development projects on

planned programmes.

�
 Spot surveillance of local prevalence, vectors and, if applicable,

animal reservoirs.

�
 Use of rapid assessment methodologies e.g. for schistosomiasis,

onchocerciasis, filariasis or loiasis.

�
 Assess the available methods for prediction of epidemics using

remote sensing or climate prediction available to other sectors,

e.g. agriculture, natural resources, environment.

�
 Establishment of a National Task Force composed of various

stakeholder groups to address the problem.
(2) Definition of objectives and strategy
�
 Analysis of cost effectiveness of different control approaches and

options.

�
 Selection of appropriate methodology and definition of control

requirements.

�
 Establishment of an inventory of personnel and facilities (includ-

ing estimation of training needs and requirements for equipment

and drugs).

�
 Establishment of feasibility in the context of other health needs.

�
 Contrasting epidemic (‘firefighting’) problems when rapid action

is required to prevent further transmission (e.g. establish

emergency response capacity to address predicted epidemic risk)

compared with endemic situations for which a long-term

approach and integration are required (Table 2).
(3) Roles and responsibilities of different levels of the health service



Table 2 Role of different levels of the health system in parasitic disease
control

Community

Identification of suspects/patients

Follow-up of patients

Coordination of any appropriate vector control activities, e.g. bednet distribution to vulnerable

groups/re-impregnation

Facilitation of cooperation, local logistics for community-directed treatment schemes, e.g. drug

distribution of ivermectin and albendazole

Communication by Village Health Committees

District

Passive detection and treatment

Parasitological/serological diagnosis

Treatment and clinical care

Follow-up of microscopy

Regional

Active surveillance

Confirmatory diagnosis

Data collection

Technical supervision of vector control

Distribution of reagents and materials for vector control

Ministry and country level

Situation analysis/policy position

National strategy and plan

Establish stakeholder group/National Task Force

Financing

Training needs and responsibility

Health education

Distribution of technical information, equipment, drugs and materials

Purchase of equipment and supplies

Human resource management
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(4) Planning and resourcing
�
 Define the expected contribution from the government.

�
 Develop national plan.

�
 Evaluate targeted approaches to donors in the context of donor

priorities and prevailing national policy.

�
 Define appropriate timeframes for implementation of plans.

�
 Define the relationship of the action to overall health plans and

budgets.

�
 Establishment of linkages with appropriate international refer-

ence centres for technical support; control of an epidemic may

merit application for emergency status to provide rapid funding
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(e.g. requests for therapeutic drugs and insecticides from interna-

tional aid agencies and NGDOs).

�
 Establishment of drug supply line following identification of

sources, initiate quality assurance mechanisms, define tax status

of drugs (e.g. donated products).

�
 Definition of the role of the non-government sector (e.g. private

providers, NGOs) in control policy.

�
 Ensure adequate information exchange about control policy between

different bodies and individuals involved in healthcare provision.

�
 Undertake knowledge, attitudes and practice (KAP) studies as a

basis to inform approaches to social mobilization strategies.

�
 Training (including management training) through courses,

instruction of trainers, educational materials and health educa-

tion programmes.

�
 Assessment of community acceptability and the perceived priority

of any involvement that will require resource input from the

communities (e.g. role and views of village health workers

(VHWs), volunteers, TBAs, community leaders, school teachers).

�
 Definition of the management structure of the programme and its

relationship with existing management structures.

�
 Assess capacity available (managerial, financial, technical) and

ensure capacity building is embedded in planning.
(5) Monitoring and evaluation
�
 Assessment of progress towards objectives (prevalence distribu-

tion, vector status).

�
 Establish Sentinel site/baseline data in defined units.

�
 Definition of appropriate methods for epidemiological evaluation,

e.g. parasitological, serological and vector-sampling methods.

�
 Longitudinal surveys or spot surveys at indicator villages.

�
 Adjustment of the programme in the light of results.

�
 Establish process indicators at national and sub-national level.
(6) Implementation and integration of selected methods of control

Chemotherapy and chemoprophylaxis
�
 Assessment of the availability and quality of drugs and the

distribution system.
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�
 Establish relationship between national bodies, donation

programmes and NGDO community to define operational rela-

tionships, e.g. onchocerciasis, lymphatic filariasis, African try-

panosomiasis, schistosomiasis, Trachoma programmes.

�
 Assessment of, or monitoring for, drug resistance (e.g. East-

African network for antimalarial drug resistance).

�
 Assessment of the role of private providers and control of quality

and price (e.g. malaria drug policy).

�
 Utilization of other systems for distribution (e.g. schools,

agricultural extension workers, other health or government

workers, NGOs, committees).
Vector and reservoir control
�
 Availability, cost and appropriateness of insecticides.

�
 Availability of skills to monitor insecticide resistance.

�
 Availability and effectiveness of alternative chemicals.

�
 Capacity for management of the control programme.

�
 Relationship to other sectors in providing support for environ-

mental control measures.

�
 Acceptability and feasibility of reservoir control.

�
 Environmental acceptability of interventions.

�
 Personal protection, e.g. bednets, sustainability of a bednet

programme/retreatment modalities.

�
 Policy in relation to bednet distribution—vulnerable groups,

social marketing.

�
 Investigate opportunities for integration if appropriate, e.g.

malaria and lymphatic filariasis in Africa; dengue and filariasis

in the Pacific; leishmaniasis, Chagas disease and malaria via bed-

nets in Latin America.
Environmental management
�
 Ensuring effective linkages between health and other sectors.

�
 Assessment of potential impact on other diseases.
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Health education, information education communication (IEC),

social mobilization
�
 Media resources, including radio, television and videos.

�
 Posters and drama sessions oriented around the local environ-

ment and traditions.

�
 Participation of teachers, local leaders, health workers, local

medical practitioners, religious leaders.

�
 Ensure linkage to KAP studies to inform social mobilization

strategies.
1.4. Scaling up Control Programmes

Control of a parasitic infection can be focused on the individual, with

a view to alleviating pain, reducing disability or avoiding death, while

at the same time reducing the parasite load and transmission within a

community. Such an approach will be less cost effective than larger-

scale control programmes that employ methods such as vector

control, reservoir host control or mass drug distribution. Large-scale

measures have a public health objective but also provide socioeco-

nomic benefits through improved agricultural productivity, improved

cognitive function improved educational prospects, and better nutri-

tion. These benefits accrue as a result of increased and more varied

agricultural output and hence diet and enhanced food security. Large

scale control will alleviate individual suffering and reduce the com-

munity morbidity and mortality thereby providing additional eco-

nomic opportunities. Control of animal parasitic diseases also has

benefits for human populations through increased protein availability

and higher income from the sale of higher-quality livestock enhancing

both local and national economies. Parasitic disease control

programmes vary in scale, but they have generally been targeted at

two different types of disease situations (1) the alleviation of an en-

demic disease in which long-term chronic infections have persisted in

communities, e.g. river blindness (onchocerciasis), hydatid disease

(Echinococcus), schistosomiasis, Guinea worm (dracunculiasis),

Chagas disease and filariasis; and (2) the contrasting epidemic situ-

ation where rapid intervention is required to prevent widespread



DAVID H. MOLYNEUX18
morbidity and mortality. Epidemics are frequently predictable, but if

health facilities are ill equipped or non-existent, high mortality may

occur before control can be instigated despite the technological ca-

pacity to predict epidemics of malaria using climate models and re-

mote sensing data (WHO/RBM, 2001).
1.5. Strengthening the Evidence Base

The use of reliable, systematic reviews of evidence of effectiveness

to inform policy is becoming recognized as an important contribution

to enable resources to be used appropriately. A scientific approach

has been developed by systematic reviews of randomized control

trials, which provide reliable assessment of the effectiveness of var-

ious healthcare interventions. This approach has been promoted, as

traditional reviews are unsystematic and do not respect scientific

principles or control for biases and random errors. The Cochrane

Collaboration approach involves world-wide partners, designed to

build on enthusiasm for the process, to minimize duplication, to

avoid bias, to maintain an electronic database and to ensure wide

access in order to make the information available to decision makers

(www.cochrane.org). Molyneux (2005) lists the Cochrane reviews

relevant to the control and elimination of parasitic diseases.
2. THE HEALTH POLICY ENVIRONMENT
Disease control, elimination or eradication activities must be imple-

mented in the context of broader health policy issues and the

requirements for prioritization, which confront resource constrained

health systems. There has been an increased political awareness of

health issues in poor populations over the past decade with an

increasing commitment to poverty alleviation as the core component

of agreed international development targets and millennium devel-

opment goals (MDGs) (WHO, 2005a). The publication of the report

of the Millennium project provided a detailed analysis of the progress

towards the attainment of the MDGs (Sachs, 2004; Haines and
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Cassels, 2004; Sachs and MacArthur, 2005). In addition, there have

also been changes in international organization policy and focus

generated by changed leadership. There have been a series of initi-

atives of the World Health Organization (WHO) which recognize the

need for broadly based partnerships for health development such as

Roll Back Malaria (RBM), Stop TB (2002) and the 3� 5 initiative to

respond to the problems of HIV/AIDS and in the NCDs the

Tobacco-Free Initiative. The establishment of the Global Fund to

specifically address the problems of HIV/AIDS, TB and Malaria

(Global Fund to fight AIDS, TB and malaria (GFATM)) following

the initiative of the UN Secretary General has raised awareness of the

relentless problems of these diseases. However, even the Global Fund

resources will have limited impact against the estimated needs of

HIV/AIDS, TB and malaria control which is an annual figure

of around US$10 billion (www.theglobalfund.org). This is also an

open-ended commitment as there is currently little impact on trans-

mission of these diseases (Molyneux et al., 2005); without an impact

on incidence these diseases will continue to increase as public health

problems, hence the need for efficacious preventative interventions

such as stable, easy-to-administer vaccines.
2.1. Health Financing and Sector-Wide Approaches

New approaches to donor funding of health in poor countries the

‘‘sector wide approach to financing’’ (sector-wide approaches

(SWAPs)) (Cassels, 1997) has been instituted particularly in African

countries to enable a more coordinated approach to financing; this

prevents donors from influencing, via special projects, overall

national health policy and plans. SWAPs should provide for in-

creased coordination in the health sector, stronger leadership and

improved management and delivery systems. As Hutton and Tanner

(2004) assert this should reduce duplication, lower transaction costs,

increase equity and sustainability and improve effectiveness and effi-

ciency of health-targeted aid. This approach-so-called ‘‘basket’’ fund-

ing recognizes that ownership rests with the country, that donors all

contribute to the ‘‘basket’’, that, once committed, control of
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resources is lost, that priorities are established through policy

dialogue and that partnership relations are strengthened. The SWAPs

approach is also layered onto the increasing decentralization of

national budgets to district-level management in many countries.

However, the approaches of SWAPs to discourage project or disease-

specific funding appears at odds with the approaches of the Global

Fund where disease-specific projects and programmes are part of the

application process. In addition, Hutton and Tanner (2004) have

pointed that there is a limited evidence base, despite some 10 years

experience, that SWAP support has impacted on improved health

outcomes; such evidence is urgently required. In contrast to disease-

specific interventions where strategies are based on effective moni-

toring of scientific information, to guide the interventions the policies

which are designed to strengthen the health system may not achieve

the desired outcomes in ever-changing political, social, economic and

environmental settings.

Over recent years, large international NGDOs have become increas-

ingly active in disease-control implementation and policy. Medecins

Sans Frontierés (MSF), Save the Children (SCF), Oxfam and others

have been vociferous on issues of equity and access to drugs often

criticizing ‘‘vertical’’ programmes and drug donations. Notwithstanding

policy papers introduced by NGDOs, MSF for example has driven the

establishment of the Drugs for Neglected Disease initiative (DNDi)

which should recognize that in many circumstances drugs for the

diseases DNDi targets-the trypanosomiases, and leishmaniases require

delivery through disease-specific treatments based on the availability of

the necessary medical knowledge and with the requirement for clinical

management. While over the last three decades the UNDP/World

Bank/World Health Organization Special Programme for Research in

Tropical Diseases (TDR) has played a prominent role with many part-

ners in bringing new drugs into widespread use. Such treatment-based

interventions respond to clinical need but have a limited impact on

transmission-approaches which do not fit easily into the SWAPs, de-

centralization and health sector reform for diseases such as try-

panosomiasis or leishmaniasis.

In attempts to increase resources for health, models have emerged

such as the ‘‘Bamako Initiative’’ to raise money through imposing
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user fees to create revolving funds at the periphery of the health

system, insurance systems have been introduced, while macrofinanc-

ing to provide overall budget support for the social sector has been

promoted through policies such as the Heavily Indebted Poor

Countries (HIPC) initiative, Poverty Reduction Strategy Papers

(PSRP) and more recently by debt cancellation agreements.

There has been increasing recognition that infectious diseases are

more prevalent and inflict a greater burden of disease on the poorest

quintile of the population. The poorest 20% however would benefit

proportionately more if there was a pro-poor focus in tackling

infectious diseases compared with other health interventions

(Gwatkin et al., 1999).
2.2. Public–Private Partnerships

There has been a dramatic expansion of the number PPPs in health

over the last decade. These developments are summarized by Widdus

(2001, 2005) who identifies around 100 such initiatives. The diversity

of objectives, financing, governance, legal status and management of

these alliances prevents significant generalizations about best practice

and how lessons can be learned as most of the alliances/partnerships

are disease or product development specific. Widdus (2005) recog-

nizes two main groups of PPPs, those dealing with product devel-

opment and those concerned with access to medicines or drugs for

mass distribution to target populations (Access PPPs). Some part-

nerships also act as global coordinating mechanisms. Croft (2005)

provides case studies of the most prominent product development

PPPs. These partnerships have often been funded by long-term com-

mitments from donors, through drug donations, from the private

sector and by a recognition that relatively cheap interventions can be

sustained by health systems and bring long-term health benefits.

Analysis of these partnerships have also been carried out by Buse and

Walt (2000a, b) and Buse and Waxman (2001). Table 3 lists part-

nerships relevant to parasitic disease control. The major characteristic

of most PPPs is the interaction between the public, private and civil

society (NGDOs, academia) sectors. The establishment of the Bill and



Table 3 Public–private partnerships and alliances in control of parasitic
diseases

African Programme for Onchocerciasis Control (APOC)

Onchocerciasis Control Programme (OCP) (1974–2002)

Onchocerciasis Elimination Programme in the Americas (OEPA)

Roll Back Malaria Partnership (RBM, WHO, Geneva)

Multilateral Initiative on Malaria (MIM)

Malaria Vaccine Initiative (MVI)

Medicines for Malaria Venture (MMV)

Global Alliance to Eliminate Lymphatic Filariasis (GAELF)

Global School Health Initiative

WHO Partnership for Parasite Control (PPC)

Drugs for Neglected Disease Initiative (DNDi)

Global Alliance for African Human Trypanosomiasis (WHO, Geneva)

Guinea Worm Eradication Programme (Global 2000)

Institute for One World Health (IOWH) (San Francisco, California)

Diseases of the Most Impoverished (DOMI) (Seoul Korea)

Human Hookworm Vaccine Initiative (HHVI) (Washington, DC)

Infectious Diseases Research Institute (Seattle, Washington)
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Melinda Gates Foundation as a key player in Global Health has also

greatly enhanced the opportunities for research and partnership inter-

action and development. However, an often understated factor in these

relationships is the time required specifically for partnership management

to ensure regular communication between partners and enhance the

added value of the whole as opposed to the component entities.
2.3. The Global Burden of Parasitic Diseases

The World Development Report (World Bank, 1993), introduced the

concept of the Global Burden of Disease expressed as the Disability

Adjusted Life Years (DALYs) lost. This measure has been expanded

enabling an assessment of likely change in global disease burden

between 1990 and 2020 (Murray and Lopez, 1996). These projections

suggest that as a proportion of global disease burden only malaria

remains a significant burden as a parasitic infection. Malaria falls in

Global Burden importance from a ranking of 11th to a predicted 26th

over this period. The majority of the projected change in Global

burden is in the increased burden of NCDs such as cerebrovascular

events, depressive illness, conflict-related conditions, road traffic
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accidents and cancers (WHO, 2005b). The DALY burden of parasitic

disease is projected to remain largely stable, while the surge of NCD

burden due to the epidemiological transition, diet and life style change

associated with urbanization, substance abuse, environmental degra-

dation, population growth and increased conflict are projected to be

proportionally greater contributions. The DALYs burden and overall

public health importance of major parasitic disease is given in Table 4.

However, a recent meta analysis of disability due to schistosomiasis

has demonstrated there is a significant and underestimated burden of

subtle morbidity due to anaemia, chronic pain, diarrhoea, reduced

exercise tolerance and malnutrition (King et al., 2005). This subtle

morbidity is likely to apply to other diseases in the neglected cluster as

pointed out by Savioli et al. (2005) who call for the reassessment of the

overall burden in view of potential gains which can be achieved by

reducing this burden through cheap regular delivery of anthelmintics.

The impact of financing and policies in public sectors of developing

country economies such as education, agriculture, transport, natural

resources has a significant impact on health outcomes; of particular

importance will be levels of investment and achievement of education

targets in an attempt to provide universal primary education by 2015

in the context of the Millennium Development Goals (WHO, 2005a);

the importance of increasing the proportion of females in primary

education will be of particular significance in achieving targets of

reducing maternal, child and infant mortality. In the agricultural

sector productivity, efficiency and diversity will have a major impact

on nutrition and food security particularly in regions dependent on

rain-fed agriculture at a time of increasingly unpredictable weather

patterns and climate uncertainty (Patz et al., 2005).
2.4. ‘‘Neglected’’ Tropical Disease Initiatives and the
Integration of Control

2.4.1. Integrated Control

Recent publications argue for the integration of vertical control

activities into a more integrated approach (Molyneux and



Table 4 Public health importance of selected human parasitic infections (see Remme et al., 2002; Hotez et al., 2006)

Population at

risk (m)

No. of endemic

countries

No. of infected/

prevalence (m)

Estimated deaths

mortality/y

humans� 1000

Total DALYs

(m)

Malaria 2000 90 300–500 1080 46.5

Leishmaniasis 350 82 12 41 2.1

Lymphatic filariasis 750 65 119 No direct mortality 5.8

Guinea worm 140 18 c. 120 000 No direct mortality

Onchocerciasis 122 34 17.6 No direct mortality 0.5

African trypanosomiasis 50 36 20 000–300 000 50 1.5

Chagas disease 90 19 16 21 7

Schistosomiasis 500–600 74 200 11 4.5

Ascaris 1000 10.5

Trichuris 900 6.4

Hookworm 500 22.1

Entamoeba 500 40–100 NA

Giardia 200 NA

Taeniasis 40 15 NA

Neurocystocercosis 50 50 NA

Food-borne trematodes 500 NA

Fascioliasis 180.25 8 2.39 NA

Clonorchiasis 289.26 6 7.0 NA

Opisthorchiasis 63.6 5 10.3 NA

Paragonimiasis 194.8 5 20.6 NA

Other intestinal flukes 6 1.28 NA

NA ¼ not available
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Nantulya, 2004). Four drugs, albendazole, Mectizans, azithromax

and praziquantel, if given to communities once a year would have a

significant impact on lymphatic filariasis, onchocerciasis, hookworm,

trichuriasis, ascariasis, schistosomiasis and trachoma in areas where

the diseases are co-endemic particularly in sub-Saharan Africa and

focal regions of the Americas. In much of Africa individuals are

polyparasitized; with three gastrointestinal worms, filarial parasites in

the skin and/or blood, malaria and intestinal protozoan parasites

(Raso et al., 2004; Hotez et al., 2006). These four drugs can be

delivered through existing mechanisms and such integrated control

approaches have the potential to eliminate morbidity and blindness

from these diseases at a fraction of the cost needed to control other

diseases (Molyneux et al., 2005).

The Commission for Africa (www.commissionforafrica.org) and

the Millennium Project reporting on the progress towards the

achievement of the Millennium Development Goals recognized the

importance of these neglected infections in their 2005 report. Fenwick

et al. (2005) calculated that some 500 million people living in com-

munities endemic for these diseases in Africa could be treated with all

the four drugs at a cost of $200 million annually, or $0.40 per patient

if these resources were allocated as a package, particularly as mul-

tinational corporations like Merck Co. Inc., GSK and Pfizer are

committed to long-term donations of three of the four drugs, Me-

ctizans, albendazole and azithromax, respectively. Molyneux et al.

(2005) have compared these costs with the published costs of treat-

ment of HIV/AIDS, tuberculosis and malaria per person annually.

Figures for antiretrovirals alone reach $200, TB costs around the

same figure in Africa while malaria can cost the poorest families some

30% of the annual household expenditure in Malawi imposing a huge

burden on the poorest families (Ettling et al., 1994). Despite high unit

costs, the current curative approaches to the big three diseases are

‘‘reactive’’ strategies. The treatment of individuals infected with HIV/

AIDS, TB and malaria fails to significantly reduce transmission while

there is significant interaction between the diseases themselves in co-

infected patients. In seeking to combat the big three diseases, decision

makers, policy makers and donors should consider supporting a

programme of ‘‘rapid impact interventions’’, an approach that would
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bring real benefit to millions suffering disablement, poverty and ill

health. This would enable the treatment of poor people more

equitably, by providing such polyparasitized populations with effec-

tive and cheap interventions that would reduce stigma and disability,

as well as reduce morbidity and mortality, thus reaching the MDGs

quickly and cost effectively.
2.4.2. Evidence for the Value of Integrated Control

As noted elsewhere there are several major PPPs committed in Africa

to elimination or control programme addressing a specific tropical

disease. These PPPs often operate in parallel, using drugs deployed

over wide areas and among large populations. Currently, four drugs,

albendazole, ivermectin (Mectizan), praziquantel and azithromycin

(Zithromax) are being used to target more than one hundred million

people in around 30 countries (Hotez et al., 2006). Such partnerships

have a role in strengthening health systems (Amazigo et al., 2002).

The most prominent example being APOC which has established a

successful community-directed treatment initiative, providing an

entry point for other community-directed health interventions in

regions where there is little access to traditional health services

(Homeida et al., 2002).

The tropical diseases in Africa exhibit considerable geographical

overlap and hence, in many cases, show extensive co-endemicity

(Molyneux et al., 2005). There is significant value in exploring

whether a drug employed by a vertical programme that targets one

condition could also be used to simultaneously impact on some of the

others. A significant number of school-aged children in Africa are

polyparasitized with three different soil-transmitted helminths

(STHs) (Ascaris, Trichuris and hookworm), early filarial infections

and schistosomes, who could be simultaneously treated with three

drugs, Mectizan, albendazole and praziquantel (Loukas and Hotez,

2006; Raso et al., 2004). In 2001, the 54th World Health Assembly

urged its member states to undertake frequent and periodic deworm-

ing with praziquantel together with either albendazole or

mebendazole as a means to control and reduce the morbidity in this
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paediatric age group (www.who.int/wormcontrol) while more

recently an editorial highlighted the opportunities of deworming for

development (Lancet, 2004), the Millennium project listed regular

deworming as one of the quick wins towards the MDGs, while the

Commission for Africa recommended ‘‘donors should ensure that

there is adequate funding for the treatment of parasitic diseases and

micronutrient deficiency. Governments and global health partner-

ships should ensure that this is integrated into public health

campaigns by 2006’’.

The Schistosomiasis Control Initiative, a PPP based in London

supporting control in Uganda, Tanzania, Zambia, Mali, Niger and

Burkina Faso, adds albendazole to its praziquantel regimen

(www.schisto.org). Similarly, the major drugs used for lymphatic

filariasis and onchocerciasis control, ivermectin and albendazole

(www.filariasis.org), have significant impact on the STH where

albendazole is the drug of choice. Ivermectin also has a significant

anthelmintic effect on Ascaris and Trichuris infections, and is the

drug of choice for the treatment of human strongyloidiasis.

More recently, selective mass treatment with ivermectin has been

shown to also reduce the prevalence of ectoparasitic skin infections

such as pediculosis, scabies and tungiasis as well as cutaneous larva

migrans (Heukelbach et al., 2004).
2.4.3. The Cost-Effectiveness of Parasite Control

The economic rates of return (ERR) when they have been calculated

suggest investment in control/elimination of these diseases produces

an ERR of between 15–30%, and are capable of delivery on a large

scale (Molyneux, 2004). The potential synergies in collateral benefits

delivered using the four drugs as mentioned in Section 1.3.1 is

appropriate as they often have compatible approaches to delivery.

The numbers requiring treatment for each of these infections, the unit

drug price (if applicable) and the estimated total delivery costs of

treating these chronic-disabling conditions in sub-Saharan Africa.

Such interventions, are pro-poor, are based on safe, efficacious drugs

that reach a high coverage of the target population, are known to be
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cost effective, and do not, as yet, have any associated drug resistance

(Albonico et al., 2004). They can be delivered through community

directed approaches, school health programmes, the World Food

Programme, school feeding programme, or NGDO supplementary

feeding and nutrition programmes usually on an annual basis

(www.wfp.org).
2.4.4. Scaling Up Integrated Control

A number of issues require to be addressed before integrated control

of neglected tropical diseases can be implemented on a large scale.

For example, the final costs of an integrated package may need to

include the costs of drug use monitoring and of developing new tools

for neglected disease control. In some areas neither mebendazole nor

ivermectin are highly effective against hookworm, the most common

STH in Africa, especially when these drugs are used in a single dose

(Loukas and Hotez, 2006). Moreover, the rate of post-treatment

hookworm infection is high, and there is additional evidence that the

efficacy of benzimidazole anthelmintics diminishes even further with

frequent and periodic use—there are therefore some concerns

about the possibility of emerging resistance, which is now common

for STHs that infect livestock (Albonico et al., 2004). Therefore,

additional costs must be considered in order to promote ongoing

research and development for new neglected diseases control tools.

An equally important challenge will be to determine the actual

feasibility of integrating six different vertical control programmes.

There are currently disparities between the groups targeted for lym-

phatic filariasis and onchocerciasis control (treatment is excluded for

children under 90 cm and pregnant women in 2nd and 3rd trimester)

and the groups targeted for STH and schistosome control (control is

primarily aimed at school-aged children, but WHO encourages treat-

ment of pregnant women and children above the age of 12 months).

Pilot studies will be necessary to identify common age groups for

integrated control. While the partnerships themselves require to

cooperate on disease control efforts and integrate their activities to

reduce costs and enhance efficiency.
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2.4.5. Defining End Points for Integrated Control

In the case of Ascaris, Trichuris and schistosome infections, the major

goal is a sustainable reduction in worm burden and control of

morbidity, while for lymphatic filariasis, onchocerciasis and tra-

choma, the major goals are to reduce or eliminate transmission re-

sulting in much reduced morbidity in future generations. The

externalities of these two goals are considerable and include im-

proved education, and economic productivity. The calculated annual

loss of US $1 billion from lymphatic filariasis in India (Ramiah et al.,

2000) and $5.3 billion from blinding trachoma while substantial

reductions in future wage-earning capacity as a result of chronic

hookworm infection in childhood, illustrates the burden and costs of

these diseases to poor individuals and communities. An added exter-

nality emphasizes the immunosuppressive effects of helminths, and

their possible impact on promoting susceptibility to HIV-AIDS, tu-

berculosis and malaria (Fincham et al., 2003). The control of helmi-

nth infections has been suggested as a means to reduce the burden of

malaria by reducing the frequency of malaria fevers, the frequency of

severe and cerebral malaria, and the prevalence of anaemia (Speigel

et al., 2003; Le Hesran et al., 2004; Sockna et al., 2004; Druilhe et al.,

2005), although a recent study concludes S. haematobium infections

are protective against P. falciparum in children in Mali (Lyke et al.,

2005).
3. PARASITIC DISEASES: NEW AND OLD CHALLENGES
3.1. Emerging Diseases

The problem of emerging diseases (defined by either new infections of

humans or re-emerging ones where a rapid increase in incidence of an

existing infection or in a new geographical area) has been a significant

concern as new viruses such as SARS, Avian influenza and Ebola

virus have been identified. In the USA, potential epidemics of West

Nile Fever and the recognition of Lyme Disease and Hanta virus have

alerted authorities to previously unidentified threats. As a result,
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considerable additional resources have become available for research

on such emerging agents. Recent quantitative analysis of the risk of

emergence allied to the nature of the organisms, their mode of trans-

mission and source have been provided by Taylor et al. (2001). They

note that viruses, bacteria and protozoa are more likely to emerge

than macroparasites (e.g. helminths), that around 75% of emergent

organisms are from zoonotic sources and that emergences are inde-

pendent of the mode of transmission. It should be noted however that

despite the emphasis in some circles of the importance of such agents

they are not predicted to play a significant role in the Global Burden

of Disease estimates as a proportion of Global DALYs.

Such conclusions are based on the current definition of species.

However, the capacity to identify ‘‘species complexes/groups’’ and

the level of intraspecies variation is becoming apparent as a result of

molecular analyses. The development of the discipline of molecular

epidemiology, which has been applied to vectors and causative par-

asites, clearly suggests that the absolute numbers of genetically

distinct parasites and vectors irrespective of sub-specific variation is

much greater than hitherto recognized emphasizing the degree of

biodiversity in microorganisms and its importance in the strategies of

parasite and vector control (Yameogo et al., 2004).
3.2. Climate Change

The suggestions that Global Climate Change will have a widespread

impact on health as mean temperatures rise over the next decades

have provoked studies on the projected change in distribution of

vector-borne infections (Patz et al., 2005). It is generally agreed from

different climate models that the mean rise of temperature over the

next 100 years will be of the order of 2–4 1C. The impact of these

changes particularly on the distribution of Plasmodium falciparum

malaria has been projected by various groups (IPCC, 2001; Rogers

and Randolph, 2000; Hay et al., 2002) although little consensus is

available (Patz et al., 2002; McMichael and Le Sueur, 2002). In

addition, the role of El-Niño events have been studied which have

been identified with a change in epidemic patterns in different regions
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of several vector-borne infections (dengue in Indonesia; malaria in

most of Africa, Colombia and India) (Bouma et al., 1997).
3.3. Epidemics of Parasitic Diseases

Anthropogenic and environmental changes frequently result in

epidemics of parasitic disease. Several reviews have identified the

primary drivers of these changes (Molyneux, 1997, 2003; Patz et al.,

2004). These are
1.
 Movements of non-immune populations in areas where trans-

mission occurs; such movements may be of an organized nature,

e.g. mobilization of the workforce in Brazil to exploit forest

resources has resulted in malaria epidemics. Alternatively, they

may occur without formal organization, e.g. movements of

workers involved in mining for gold or gems in the Amazon and

South East Asia.
2.
 Climatic changes, e.g. temperature change is considered to be a

cause of highland malaria in Kenya and Ethiopia. Unusual levels

of rainfall following periods of drought result in epidemics of

malaria in East and South Africa.
3.
 Urbanization results in populations being exposed to new

organisms, vectors establish in new habitats and peri-domestic

reservoirs act as the source of infection. Health services are

grossly inadequate or non-existent and service providers are

often only NGDOs or faith groups.
4.
 Change in vegetation such as the growth of thickets of the plant

Lantana in Uganda, which provided a habitat for Glossina

fuscipes, provoking epidemics of Rhodesian sleeping sickness.

Another example is deforestation, which has resulted in exposure

to leishmaniasis in the Amazon and malaria in South-East Asia

(Walsh et al., 1993).
5.
 Development projects particularly those involving water resource

development themselves frequently exacerbate the health

problems of the local or incoming population (Birley,

1995; Hunter and Rey, 1993; Erlanger et al., 2005; Keiser

et al., 2005).
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6.
 Conflict, civil unrest and associated population disruption have

profound impacts on parasitic diseases. Epidemics are frequently

associated with such events; those organisms which have a rapid

capacity for adaptation and reproduction and are associated with

vectors which have characteristics as generalists are more prone

to create health problems in conflict environments (Molyneux,

1997, 2003). Table 5 lists recently documented conflict-related

changes in parasitic disease epidemiology.
7.
 Agricultural development projects particularly associated with

irrigated agriculture and development of monocultures are

associated with changed patterns of insect-borne infections par-

ticularly malaria (Ijumba and Lindsay, 2001), leishmaniasis and

schistosomiasis (Patz et al., 2004). A recent review (Keiser and

Utzinger, 2005) on food-borne trematode infections (Clonorchis,

Opisthorchis, Paragonimus, Fasciola and Fasciolopsis) has

suggested that the growth of aquaculture is the major risk

factor in the emergence of food-borne trematode diseases as

public health problems in particular in South Asia; whilst Lun

et al. (2005) has emphasized the importance of Clonorchiasis as

one of the leading causes of cancers in this region.
Common themes that appear to operate in the above settings are

expressed in Tables 6–8 (Molyneux, 2003).

Epidemics are provoked as stated above by ecological, climatic and

environmental change, urbanization, human population movement

resulting from civil unrest and conflict, reduced surveillance and drug

or insecticide resistance. It is recommended by policy makers that

health systems are restructured to include: a generalized ‘horizontal’

pattern of healthcare; insurance systems and user charges; and de-

centralization of management to district level (or equivalent). Such

restructuring reduces the ability of the system to respond to factors

that lead to epidemics. It must be borne in mind that the so-called

‘‘vertical’’ parasitic disease control activities, such as onchocerciasis

control, lymphatic filariasis, Chagas disease and Guinea worm erad-

ication programmes, have been remarkably successful (Molyneux,

2004) producing economic rates of return of between 15% and 30%

which is regarded as being compatible with the best available



Table 5 Conflict-related change in parasitic diseases

Diseases Changes

Sleeping sickness (African trypanosomiasis)

Trypanosoma brucei gambiense Epidemics in Democratic Republic of Congo

(DRC) and Angola associated with destruction/

disruption of health services (Ekwanzala et al.,

1996). Epidemics spread in north-western

Uganda following conflict-related migration

from Sudan

Trypanosoma b. rhodesiense Disruption of cotton and coffee production in

Busoga during the Amin regime resulted in

spread of Lantana, providing breeding sites for

Glossina fuscipes and initiating transmission of

acute sleeping sickness in peri-domestic

environments, with cattle acting as reservoir

hosts; restocking following cattle raiding

induced epidemics following importations of

infected cattle (Fèvre et al., 2001, 2005)

Visceral Leishmaniasis Epidemics of Leishmania donovani in southern

Sudan; a changed ecological situation,

associated with an increase in Phlebotomus

orientalis populations in maturing Acacia/

Balanites woodland, initially provoked the

epidemics, which were left largely uncontrolled

because of the civil war, migration of infected

populations, and scarcity of treatment centres

and availability of drugs (Ashford and

Thomson, 1991; Seaman et al., 1992)

Cutaneous Leishmaniasis Resurgence of L. tropica in Afghanistan (Kabul)

following an increase in urban population

density of non-immunes because of conflict

(Ashford et al., 1992)

Leishmania tropica

Leishmania major

Refugee camps in Africa Movement of populations to Khartoum, because

of conflict and drought, and establishment of

transmission amongst peri-urban reservoir of

non-immunes living in shanties.

Malaria

Refugee camps in Afghanistan and

Pakistan

Refugee populations settled at lower altitude, in

sites with relatively high rainfall; refugees with

inadequate immunity or exposed to different

strains of Plasmodium falciparum; absence of

drugs and no control of Anopheles; malaria

epidemics in camps (controlled by spraying

tents to control A. stephensi and A. culicifacies),

exacerbated by increase in prevalence of

Plasmodium falciparum
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Table 5 (continued )

Diseases Changes

Cambodia Mass deportation of urban non-immunes to

forced labour in rice fields and forests;

conscription for construction of defences in

border areas where multi-drug-resistant malaria

commonly occurs

Onchocercaisis

Sierra Leone Weekly aerial larviciding against Simulium

suspended because of security problems and

local conflict. Levels of transmission

consequently increased

Guinea Bissau Civil unrest prevented the distribution of

Mectizan with consequent resurgence in

incidence (Borsboom et al., 2003). Suspension

or reduction of ivermectin distribution because

of conflict.

Sudan and Sierra Leone

DRC, Central African Republic,

Liberia and Angola

Planning of programme for community-directed

distribution of ivermectin retarded by the

collapse of national structures; remaining

(passive) distribution by non-governmental

donors.

Dracunculasis

Ghana Increase in reported cases 1 year after local

conflict failed to contain cases from the

previous year

Sudan The civil war prevented adequate case-finding,

case-containment, water-supply control and

filter distribution (Hopkins et al., 2002)
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development investments (Benton and Skinner, 1990). Because of the

complexity of the biological systems inherent in parasitic infections,

such diseases are not amenable to control by a strictly ‘‘horizontal’’

health system approach.

However, there is an ever-increasing recognition that integration of

disease control programmes, particularly those which involve regular

chemotherapy, will be cost effective and produce significant synergies,

collateral benefits and externality benefits e.g. in improved educa-

tional performance and school attendance (Miguel and Kremer, 2001;

Molyneux and Nantulya, 2004; Molyneux et al., 2005). These

approaches, largely preventative chemotherapy, are extremely low



Table 6 Common themes associated with changing vector-borne para-
sitic diseases

Epidemics are often associated with generalist vectors (see Table 7)

Animal reservoirs or mixing vessels are associated as food sources for such vectors

Animal reservoirs may be domestic, wild animals or intensively reared species

Reduced biodiversity (often associated with 7 and 8 below) encourages expansion of adaptable

generalist vectors and reservoirs

Ratios of P. vivax:P. falciparum change with increasing P. falciparum

Extractive activities (uncontrolled) generate the development of anti-malaria resistance

Water resource development (dams, microdams, irrigation, aquaculture) generates change in

vector-borne disease patterns over variable time frames

Malaria and Japanese encephalitis—Acute

Schistosomiasis/dracunculaisis—Medium

Filariasis—Chronic/long term

Deforestation/reafforestation impacts on vector-borne infections via behaviour of human,

reservoirs and vectors through edge/interface effects/fragmentation patterns, degree and type

of reafforestation, loss of biodiversity, loss of forest eliminating vector species common

pattern of change occurring within different vector complexes

Table 7 Characteristics of generalist vectors

Wide geographical distribution

Species complexes or species groups

Capacity to feed on a range of available hosts

Capacity for zoophily and anthropophily

Ability to exploit peri-domestic and peri-urban settings

Ability to exploit new pre-imaginal habitats

Efficient vectors with high vectorial capacity

No transovarial transmission
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cost compared with the costs of treating some of the higher-profile

infections such as HIV/AIDS, TB and even malaria. Fenwick et al.

(2005) calculate the costs of annual chemotherapy for polyparasitized

populations of 500 million in sub-Saharan Africa as US$0.40; if this

intervention was integrated effectively, a group of diseases could be

tackled permanently reducing transmission, in some cases to the point

of elimination and reducing morbidity in others. Molyneux et al.

(2005) compare the costs of this intervention approach with costs of

treatment of TB and HIV/AIDS and recommend a different

approach by policy makers given the available interventions for

these diseases which barely impact on the transmission hence



Table 8 Examples of changes in Plasmodium falciparum:P. vivax ratios
associated with anthropogenic change (conflict; irrigation; mining)

Projected changes Reference

Tajikistan Health systems disruption, conflict migration,

chloroquine resistance in P. falciparum

Pitt et al. (1998)

Afghanistan/Pakistan Chloroquine resistance in P. falciparum Rowland and Nosten

(2001)

Sri Lanka, Mahaweli Irrigation on large scale Amerasinghe and

Indrajith (1994)

Thar Desert,

Rajasthan, India

Irrigation on large scale. Establishment of

Anopheles culcifacies efficient P. falciparum

vector and dominance over An. stephensi a

poor vector

Tyagi and Chaudhary

(1997)

Amazonia, Brazil New breeding sites for efficient vectors An.

darlingi through mining, deforestation, road

building

Marques (1987)
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regrettably there will be increasing incidence with no diminution of

the pressure to apply and react to demands for treatment.

It is also important to distinguish between the control of an or-

ganism (parasite, vector or ectoparasite) at the level of the individual

and at the level of the community. An example of the paradox

(individual vs. community) is the conflict between the treatment of

individual patients compared with the need to control or eliminate

which requires large-scale community involvement.

The changing health policy environment has been emphasized, be-

cause it is important to recognize that approaches to control are

dependent on an accurate knowledge of the totality of the problem.

This requires biological, medical, epidemiological and social science

inputs to define the aetiology (causative organisms), the vectors (if

vector-borne), the parameters and the mode of transmission (e.g.

vector-borne, water-borne, aerosol, orofaecal, venereal). Systems of

surveillance, monitoring and evaluation are required to define prev-

alence and trends of infection and disease. Without such information

a control programme cannot be appropriately designed and imple-

mented. Biological information needs to be supplemented by consid-

eration of issues such as logistics; cost effectiveness; potential for

integration within existing programmes; past successes or failures;

input from governmental sectors other than health (agriculture,
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forestry, education, water, other natural resources, wildlife);

acceptability of an intervention to the target communities; potential

for ecological damage; priority rating afforded by the Ministry of

Health (MOH); availability of human resources for implementation;

and potential of research to provide improved products within a

particular timescale.
4. CONCLUSIONS
This chapter provides the broader context and overview in which the

specific disease control, elimination or eradication interventions are

positioned within Ministries of Health and the underlying principles

which govern such activities. Many interventions while strongly sup-

ported by government require extensive donor support if they are to

succeed while other programmes operate and have been successful by

the effective management and resourcing directly from allocated and

identified budgets over many years. These have been vertical ap-

proaches in middle-income countries to solve particular disease prob-

lems and have not been incorporated in the general health

programmes at district or sub-district level where the specialist skills

are not available. There have been significant successes in driving

some infections in local often isolated environments to elimination

with only a limited need for future resources for evaluation and

monitoring to ensure there is no recrudescence. The individual chap-

ters in this volume provide detailed reviews of diseases and identify

progress needs and prospects for control or even eradication. The

reality remains that parasites remain a significant and unacceptable

burden particularly in the poor and neglected populations of the

least-developed countries. The increased global awareness of the

problems of the poor and the clear link between poor health and

poverty provides the opportunities for these diseases to be more

widely recognized. The establishment of the GFATM but particularly

the report of the Commission for Africa and the UN Millennium

project identified parasitic diseases in Africa as an impediment to

development. There is a need for either development research to de-

velop more effective, affordable and accessible drugs or simply to
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provide access to highly effective drugs, some of which are donated

via generous pharmaceutical companies for as long as needed at the

cost of simply annual or biannual delivery. These are the ‘‘quick

wins’’ or rapid interventions. The challenge in the latter case does not

depend on science but on the prioritization of resources towards im-

plementation and the evaluation and assessment of the development

impact of such interventions against the overwhelming burden of

health needs in the poorest countries.
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ABSTRACT

Most malaria control strategies today depend on safe and effective

drugs, as they have done for decades. But sensitivity to chloroquine,

hitherto the workhorse of malaria chemotherapy, has rapidly de-

clined throughout the tropics since the 1980s, and this drug is now

useless in many high-transmission areas. New options for resource-

constrained governments are few, and there is growing evidence that
VANCES IN PARASITOLOGY VOL 61
: 0065-308X

I: 10.1016/S0065-308X(05)61002-0

Copyright r 2006 Elsevier Ltd.

All rights of reproduction in any form reserved
47



PETER WINSTANLEY AND STEPHEN WARD48
the burden from malaria has been increasing, as has malaria

mortality in Africa.

In this chapter, we have tried to outline the main pharmacological

properties of current drugs, and their therapeutic uses and limita-

tions. We have summarised the ways in which these drugs are em-

ployed, both in the formal health sector and in self-medication. We

have briefly touched on the limitations of current drug development,

but have tried to pick out a few promising drugs that are under

development.

Given that Plasmodium falciparum is the organism that kills, and

that has developed multi-drug resistance, we have tended to focus

upon it. Similarly, given that around 90% of global mortality from

malaria occurs in Africa, there is the tendency to dwell on this con-

tinent. We give no apology for placing our emphasis upon the use of

antimalarial drugs in endemic populations rather than their use for

prophylaxis in travellers.
1. THE PHARMACOLOGY AND THERAPEUTICS OF
ANTIMALARIALS
1.1. The 4-Aminoquinolines

1.1.1. Summary

Chloroquine is probably still the most widely used antimalarial drug

in much of Africa, but the extensive spread of resistance has severely

limited its usefulness (Dollery, 1999b). It remains effective for,

P. ovale, P. malariae and most cases of P. vivax infections worldwide.

Many chloroquine-resistant strains of P. falciparum remain sensitive

to its congener amodiaquine and the utility of this drug (alone or in

combination with other antimalarial drugs) is being studied (Olliaro

and Mussano, 2003). The parasite has found it quite difficult to de-

velop resistance to this drug group and it remains of scientific and

public health interest.
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1.1.2. Mode of Action

It is accepted that high-level drug accumulation within the parasitised

red blood cell is central to drug action and several explanations have

been put forward to explain this observation. Although there may be

contributions to accumulation from a number of processes, binding

to haem or ferriprotoporphyrin IX (FPIX) is the predominant driving

force (Bray et al., 1998, 1999). Haem, which is cytotoxic, is generated

from the degradation of haemoglobin. Under normal circumstances,

haem is detoxified by the formation of an inert crystal structure called

haemozoin. Chloroquine forms a complex with haem, prevents crys-

tallisation and thereby retains the cytotoxic potential of the haem. All

4-aminoquinolines, including amodiaquine and its active metabolite

desethylamodiaquine, appear to act in this way. The superior potency

of amodiaquine to chloroquine in vitro is probably due to differences

in the ability to form complexes with haem within the highly com-

partmentalised infected red blood cell system.
1.1.3. Mechanisms of Resistance

Chloroquine resistance is characterised by reduced cellular accumu-

lation of drug. This phenotype can be partially reversed by agents

such as verapamil, the so-called ‘resistance reversing agents’ (this is

also the case in multi-drug resistant (MDR) cancer cells) (Wellems et

al., 1990; Wellems and Plowe, 2001). Early explanations of this phe-

notype were based on analogies with MDR-based resistance mech-

anisms; however, these hypotheses could never fully explain the

experimental data. The most robust explanation of the chloroquine

resistance mechanism has been derived from investigation of the

progeny of a genetic cross between a chloroquine-resistant clone of P.

falciparum and a chloroquine-sensitive clone. Detailed molecular in-

terrogation of these offspring has identified a single gene, PfCRT,

which is predictive of chloroquine resistance. This gene encodes a

protein which is located at the parasite’s digestive food vacuole and

which has features suggestive of a role as a transporter. In compar-

ison to chloroquine-sensitive parasites, resistant parasites carry a

number of mutations in PfCRT, of which the K76T mutation is



PETER WINSTANLEY AND STEPHEN WARD50
predictive of the verapamil-responsive resistance phenotype. Obser-

vation with field isolates from a range of geographical settings and

transfection studies provides compelling support for the claim that

PfCRT is the major chloroquine-resistant gene in P. falciparum. It is

not clear what the real function of PfCRT is: certainly recent studies

suggesting a role in pH modulation are fundamentally flawed. There

is evidence that the protein acts as a transporter capable of either

directly or indirectly allowing chloroquine movement out of the food

vacuole. Recently, a number of reports suggest that predictability of

chloroquine resistance is increased if both PfCRT and PfMDR1 are

taken into consideration. Interestingly in Malawi, which stopped us-

ing chloroquine in 1993, there is evidence that the prevalence of

PfCRT has declined from 85% (in 1992) to 13% (in 2000) raising the

question ‘might chloroquine be a useful—and inexpensive—compo-

nent of combination therapy?’ (Kublin et al., 2003).

Amodiaquine has been shown to have clinical utility even in areas of

chloroquine resistance (Bakyaita et al., 2005). However, this assertion is

now being brought into question, especially in areas of high-level

chloroquine resistance. In vitro studies clearly demonstrate cross-resistance

between chloroquine and amodiaquine, and the extent of cross-resistance

is even greater if you consider the desethyl metabolite (Bray et al.,

1996). This data suggests a potential role for PfCRT in amodiaquine

sensitivity and this claim is supported by recent transfection studies.
1.1.4. Clinical Pharmacokinetics
�
 Chloroquine is rapidly absorbed from the gut and from intra-

muscular or subcutaneous injections (Dollery, 1999b): indeed

dangerously high peak plasma concentrations may be reached

soon after an injection of 5mg base/kg, and this has been linked

to fatalities. About half of the absorbed chloroquine is cleared

unchanged by the kidney, the rest being biotransformed in the

liver to desethyl- and bisdesethyl-chloroquine (White et al., 1988).

Although clearance is reduced in renal failure, it is not usually

necessary to reduce the dose. The terminal elimination half-time is

very long (1–2 months).
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�
 Amodiaquine is extensively converted into its equipotent me-

tabolite desethyl-amodiaquine, which is responsible for most of

the antimalarial activity: desethyl-amodiaquine achieves much

higher concentrations than its parent drug (Winstanley et al.,

1987, 1990). Another metabolite, amodiaquine–quinoneimine,

has an important role in toxic reactions.
1.1.5. Therapeutic Use

Oral chloroquine is used for the treatment and prophylaxis of vivax, ovale

and malariae malarias. It is still used for uncomplicated P. falciparum

malaria in semi-immune people, but use in this context is likely to

diminish over the next 5-years as it is phased out of public health policy.

Because of the higher efficacy of amodiaquine in much of Africa,

this drug is being re-examined usually in combination with an

artemisinin-class drug (Olliaro and Mussano, 2003). Children in high-

transmission areas are usually treated for malaria several times annu-

ally, and there is concern to examine the immunogenicity and adverse

effect profile of amodiaquine under such operational use (see below).
1.1.6. Adverse Effects and Adverse Interactions
�
 Chloroquine is well tolerated but, when plasma concentrations

exceed around 250 mg/ml, unpleasant symptoms (such as head-

ache, diplopia, dizziness and nausea) may develop. In black-

skinned people, pruritus of the palms, soles and scalp is frequent,

and may impact upon adherence.

�
 In cases of deliberate chloroquine overdose, toxicity is manifested

rapidly (sometimes within 30minutes). The main problems are

coma, convulsions, hypotension, respiratory paralysis and cardiac

arrest. ECG changes include sinus tachycardia, sinus bradycardia,

prolonged QT interval, ventricular tachycardias and asystole. Di-

azepam and epinephrine may have roles in severe chloroquine

poisoning (Riou et al., 1988).

�
 Continuous weekly chloroquine use (cumulative dose 4100 g)

may cause retinopathy. However, while such cumulative doses
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may be encountered in long-term antimalarial prophylaxis, re-

tinopathy is more usually associated with the higher anti-inflam-

matory doses used in collagen vascular diseases.

�
 Rare toxic effects of chloroquine include photo-allergic dermati-

tis, aggravation of psoriasis, skin pigmentation, leucopenia,

bleaching of the hair and aplastic anaemia. Chloroquine can ex-

acerbate epilepsy.

�
 Amodiaquine caused hepatitis and agranulocytosis in patients

taking it for prophylaxis, and the drug is no longer recommended

for this indication (Hatton et al., 1986). Amodiaquine–quinonei-

mine can be generated from amodiaquine both spontaneously,

when the drugs are in aqueous solution, and as a result of enzyme

activity. The quinoneimine is highly reactive and haptenates pro-

teins, generating antigen to which an immune response may be

mounted. Repeated exposure to this antigen may be important in

the generation of organ damage.
1.2. Antifolate Drugs and Combinations

1.2.1. Summary

The antifolates are mainly used in fixed-ratio combinations, most

commonly sulfadoxine-pyrimethamine (SP), which has been the first-

line drug for uncomplicated P. falciparum malaria in many parts of

Africa (particularly Eastern/Southern Africa where chloroquine re-

sistance developed) for around 5 years (Dollery, 1999d). Unfortu-

nately, resistance to SP is developing rapidly in Africa, as it previously

developed elsewhere. Chlorproguanil has recently been launched in

fixed ratio with dapsone (CD; LapdapTM) for malaria treatment. Of

the sulfa drugs, sulfadoxine, sulfalene and dapsone are given for their

synergistic effects with pyrimethamine or chlorproguanil.
1.2.2. Mode of Action

This large group of drugs interferes with DNA synthesis by depleting

the pool of tetrahydrofolate, a cofactor of DNA synthesis. One
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structurally diverse group of drugs inhibits the enzyme dihydrofolate

reductase (DHFR) and has greater affinity with the plasmodial

enzyme than with the human enzyme. This group includes pyrimetha-

mine and the biguanides proguanil and chlorproguanil (both of which

require biotransformation in the liver to the triazines cycloguanil and

chlorcycloguanil for their action on DHFR). Another group of drugs

inhibits dihydropteroate synthetase (DHPS), an ‘earlier’ enzyme of

the folate pathway, and one which is lacked by mammals. The group

includes the sulfonamides and sulfones. The DHFR-inhibitors have

some therapeutic utility if used alone, but this is not the case for the

DHPS-inhibitors. In the treatment of malaria, DHFR- and DHPS-

inhibitors are used in synergistic combinations. Proguanil has been

widely used for malaria prophylaxis, usually when co-administered

with chloroquine (the popularity of this combination has fallen over

the last 10 years because of deteriorating clinical response).
1.2.3. Mechanisms of Resistance

Resistance to DHFR-inhibitors results from specific mutations in the

DHFR gene (dhfr). Under pressure from SP, a Ser-108 to Asn-108

mutation is the first to appear in the field, and this reduces sensitivity

to pyrimethamine around 10-fold (Watkins and Mosobo, 1993).

Subsequent further common mutations of Asn-51 to Ile-51 and Cys-

59 to Arg-59 enhance resistance, and Ile-164 to Leu-164 provides

high-level resistance. Triple mutations of dhfr (at positions 108, 51

and 59) are now very common throughout Africa; the dhfr-164 mu-

tation has been reported at extremely low frequency in African iso-

lates over the last six years, but it is not clear to what extent this

mutation is spreading. Mutations in the DHPS gene (dhps) correlate

with in vitro sulfonamide chemosensitivity. Parasite lines exhibiting

high-level resistance commonly carry either a double mutation in

dhps, altering both Ser-436 and Ala-613, or a single mutation affect-

ing Ala-581 (Plowe et al., 1997). Pyrimethamine and sulfadoxine both

have long-elimination half-lives: this equates with a strong selective

pressure for resistance, as new infections are ultimately exposed to

sub-inhibitory drug concentrations.
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1.2.4. Clinical Pharmacokinetics
�
 Pyrimethamine is well absorbed after oral or intramuscular

administration. Elimination half-life in children with malaria

averages 81 and 124 hours after oral and intramuscular injection,

respectively.

�
 Proguanil and chlorproguanil, which can only be given orally,

reach peak plasma concentrations in 2–4 hours, and have short-

elimination half-lives. Most of the antimalarial activity is due to

the triazine metabolites, cycloguanil and chlorcycloguanil, res-

pectively, which reach peak concentrations within 4–9 hours

(Plowe et al., 1997; Bray et al., 1996). The extent of biguanide

metabolism varies considerably: metabolism is catalysed by

the cytochrome P450 group (CYP 2C19 and CYP 3A4), which

are subject to genetic polymorphism. ‘Poor metabolisers’ of the

biguanides sustain low or undetectable concentrations of the

active triazines; clinical trials have failed to show diminished pro-

phylactic efficacy in ‘poor metabolisers’.

�
 The elimination half-life of sulfadoxine is between 100 and

200 hours, that of sulfalene is shorter at about 65 hours. Both

drugs undergo limited Phase-II metabolism (to the acetyl and

glucuronide derivatives); certain minor Phase-I metabolites may

contribute to idiosyncratic toxicity. The degree of acetylation

varies among populations as a result of a genetic polymorphism.

Dapsone is eliminated quickly in comparison with sulfadoxine,

with a mean half-life of about 26 hours.
1.2.5. Therapeutic Use

SP is in frequent use for the treatment of chloroquine-resistant

P. falciparum malaria in Africa. Dapsone in combination with

pyrimethamine (Maloprim) is occasionally used for prophylaxis. A

fixed-ratio combination of dapsone with chlorproguanil (as Lap-

dapTM) has been developed for the treatment of chloroquine-resistant

P. falciparum malaria, and is being developed further as a fixed-ratio

combination with artesunate.
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Proguanil is formulated alone (for chemoprophylaxis) and also in

fixed-ratio combination with atovaquone (Malarone (see below)).
1.2.6. Adverse Effects and Drug Interactions
�
 Severe allergic reactions to sulfa drugs are well recognised; in the

case of such slowly eliminated drugs as sulfadoxine such reactions

can be life threatening. Such severe reactions to sulfadoxine are

reported in the setting of prophylaxis; their frequency in the set-

ting of treatment is unknown, but current data are reassuring

(Centers for Disease Control, 1985).

�
 Dapsone is associated with a range of concentration-related and

idiosyncratic adverse reactions (Dollery, 1999c).
J Patients with the severer forms of G6PD deficiency may deve-

lop severe haemolysis and methaemoglobinaemia. These seem

to be less of an issue with the common A-form of G6PD

encountered in most of Africa.
J Allergy to dapsone is recognised, with rash and fever as major

clinical features.
J Patients given pyrimethamine–dapsone twice weekly for

malaria prophylaxis developed bone marrow reactions, and

Maloprim (which is recommended for only certain geograph-

ical areas) is now taken once weekly. The mechanism of this

reaction, and the responsible drug (dapsone, pyrimethamine

or both) remains unclear.

�
 Pyrimethamine and the biguanides proguanil and chlorproguanil

seem to be associated with little serious toxicity, although folate

deficiency may be exacerbated.
1.3. Quinine and Congeners

1.3.1. Summary

Quinine is less potent than chloroquine and has a small therapeutic

range (Dollery, 1999e). However, resistance to quinine is uncommon,

and parenteral quinine is the drug of first choice for severe malaria.
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Oral quinine is used for uncomplicated P. falciparum malaria in some

countries, but its long and complicated regimen often makes this

impracticable.
1.3.2. Mode of Action

Like chloroquine, quinine interferes with parasite metabolism of

haem, a toxic product of haemoglobin digestion.
1.3.3. Clinical Pharmacokinetics

The oral bioavailability of quinine is high. After intramuscular in-

jection, the absorption half-time seems to vary with the drug con-

centration in the injectate, ranging from about 10 to 40minutes

(Winstanley et al., 1993). Areas under the concentration–time curve

and maximum plasma concentrations are similar following intra-

muscular and intravenous administration of quinine. Quinine is

extensively bound to plasma proteins, principally to the acute phase-

reactant a1-acid-glycoprotein (AGP). In health, about 80% of the

total plasma quinine concentration is bound, but in patients with

malaria, AGP concentrations rise and around 90% is bound: this

may explain the apparently lower toxicity of high quinine concen-

trations in patients with malaria, when compared to patients who

have taken a deliberate overdose.

Quinine undergoes extensive hepatic metabolism to 3- and 2-

hydroxyquinine: less than 20% of the drug is excreted unchanged in

urine, and the impact of renal failure on the disposition of quinine

does not appear to be great. Dose reductions are not recommended in

severe malaria complicated by either hepatic or renal impairment. In

adults with malaria, the elimination half-time of quinine is longer

than in health.
1.3.4. Therapeutic Use

This is reviewed below.
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1.3.5. Adverse Effects and Drug Interactions
�
 ‘Cinchonism’ (comprising tinnitus, deafness, headache, nausea

and visual disturbance) affects the majority of conscious patients

with therapeutic levels and does not warrant dose reduction.

�
 Potentially life-threatening adverse events include:

J Hypersensitivity reactions are uncommon, but include rashes,

thrombocytopenia, leucopenia, disseminated intravascular

coagulation, haemolytic-uraemic syndrome, bronchospasm

and pancytopenia.
J Quinine stimulates the release of insulin and may exacerbate

hypoglycaemia.
J Concentration-related toxicity can be seen with doses as low

as 2 g of the anhydrous free base in adults and the fatal dose

ranges from 8 to 15 g. In the setting of acute poisoning, visual

impairment is common and may be permanent. Serious car-

diovascular compromise is less common than oculotoxicity,

and is usually seen with higher drug concentrations. At high

concentration, quinine can cause coma and seizures. Acti-

vated charcoal has been shown to increase the clearance of

quinine. Stellate ganglion block confers no benefit.

�
 Adverse drug interactions include the following:

J Marked reduction in the clearance of digitalis glycosides.
J Reduction in the clearance of flecainide.
J Potentiation of oral anticoagulants.
1.4. The Artemisinin Group

1.4.1. Summary

Artemisinin is a potent antimalarial compound extracted from plant

material. Artemether, artesunate and dihydroartemisinin (DHA) are

semi-synthetic derivatives of artemisinin that are in common clinical

use (Dollery, 1999a). The artemisinin group is used in the man-

agement of severe malaria and also, usually in combination

with other drugs, uncomplicated P. falciparum malaria. ‘Artemisinin



PETER WINSTANLEY AND STEPHEN WARD58
Combination Therapy’ is now being widely adopted for uncomplicated

malaria, and this has recently been noted by an Institute of Medicine

report (White, 2004). However, the global supply of artemisinin is cur-

rently unequal to this task, which is a matter of concern (Senior, 2005).
1.4.2. Mode of Action

It is thought that haemazoin probably catalyses breakdown of the

labile peroxide bridge within the sesquiterpene lactone molecule gene-

rating free radicals that alkylate parasite macromolecules. Recent

evidence suggests that artemisinins may act by inhibiting PfATP6

outside the parasite’s food vacuole (Eckstein-Ludwig et al., 2003). In

contrast to other antimalarial drug groups, the artemisinins have

marked effects on the circulating forms of the parasite (Murphy et al.,

1995), the viability of which decline soon after the start of treatment

(Nosten et al., 2004). The artemisinins have gametocytocidal effects

on P. falciparum, and this may help reduce transmission. Resistance

to the artemisinins is not yet encountered in the field.
1.4.3. Clinical Pharmacokinetics

Artemisinin and its derivatives are rapidly hydrolysed in vivo to

DHA; all artemisinin group drugs have very short-elimination half-

lives (White, 1994). Artemether absorption is slower, more variable

and with lower biotransformation to DHA when administered by the

intramuscular or intravenous routes, in comparison to oral dosage.
1.4.4. Therapeutic Use

The use of artemisinins for severe malaria and as ACT is reviewed in

the following sections.
1.4.5. Adverse Effects
�
 In general, this is a safe and well-tolerated drug group.

�
 The main current concern centres on reproductive safety. The
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embryotoxic effects of this drug class have been known for some

time and recent drug development work provides evidence of

morphological abnormalities in two mammalian species (rat and

rabbit): most concern focusses on long-bone shortening (Clark

et al., 2004). These effects are seen at doses and concentrations

similar to those used in clinical practice.

�
 It is reassuring that the artemisinins have been extensively used

without apparent teratogenicity for many years in China and SE

Asia, and huge numbers of pregnant women have been treated

(McGready et al., 2001). Pharmacovigilance systems are not well

established in China and SE Asia but, despite this, it is important

to note that no spontaneous reports of congenital abnormalities

have been generated. Furthermore, published data on nearly 1000

pregnancies (nearly 100 from the first trimester) have shown no

evidence of treatment-related, adverse pregnancy outcomes.

These results are encouraging, but the numbers of first trimester

exposures studied in detail are too small to remove all concern,

and pharmacovigilance systems are now being established to in-

crease the data base.

�
 The WHO has concluded that (1) the artemisinins cannot be

recommended for treatment of malaria in the first trimester

(but should not be withheld if they are lifesaving for the mother)

and (2) they should only be used in later pregnancy when other

treatments are considered unsuitable. It is salutary to re-

member that many women exposed to artemisinins may not

know that they are pregnant (inadvertent treatment) and, given

the inadequacy of diagnostic facilities, that they may not have

malaria.
1.5. A Summary of Other Drugs Used for Malaria

1.5.1. Mefloquine
�
 Mefloquine acts against the asexual stages of all species of human

malaria parasite, but resistant strains of P. falciparum are now

common in SE Asia (www.rocheuk.com).
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�
 This drug is very slowly eliminated, the half-life ranging from 15

to 33 days; steady state is reached after 8 weeks of weekly dosing

(in the setting of prophylaxis).

�
 Mefloquine is used for prophylaxis and treatment of uncomplicated

multi-resistant P. falciparum malaria. Mefloquine co-administered

with artesunate has proved effective against uncomplicated P.

falciparum malaria in areas where there is a high level of resistance

to mefloquine alone (Nosten et al., 2000).

�
 Dose-related adverse reactions are common, usually mild and

most frequently gastrointestinal. ‘Serious’ central nervous system

(CNS) events, including seizures, are estimated to occur in about

1 in 10 000 prophylactic users which is about the same reported

rate as chloroquine. The estimated frequency of non-serious CNS

events (including headache, dizziness, insomnia and depression)

varies between 1.8% and 7.6% (and is generally higher in females

than males); these proportions are similar to those for chlor-

oquine, but about five-fold higher than reported by patients tak-

ing no prophylaxis.

�
 Mefloquine used during pregnancy increases the risk of stillbirth,

and the British National Formulary advises that pregnancy

should be excluded before mefloquine is started. The manufac-

turer has recently revised its advice on the relative contraindica-

tions of mefloquine.
1.5.2. Atovaquone–Proguanil
�
 Atovaquone is thought to inhibit mitochondrial respiration. At-

ovaquone synergises with the biguanide proguanil (and not with

proguanil’s active triazine metabolite cycloguanil) and is formu-

lated in a fixed ratio tablet (MalaroneTM) (Canfield et al., 1995).

�
 Resistance of P. falciparum to atovaquone is selected readily;

whether resistance to the combination atovaquone–proguanil will

appear when this drug is widely used remains to be seen.

�
 Atovaquone is poorly and variably absorbed, and is almost entirely

eliminated unchanged via the bile into the gut (there is enterohe-

patic circulation). The elimination half-life is long (50–70hours).
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�
 Atovaquone–proguanil may be used for the treatment of multi-

resistant P. falciparum malaria. But it is a very expensive drug,

which mainly confines its use to chemoprophylaxis in travellers.
1.5.3. Halofantrine
�
 Halofantrine is a drug sometimes used for uncomplicated, but

multi-resistant P. falciparum malaria.

�
 Its absorption is incomplete and variable (bioavailability increases

after fatty food). Halofantrine is eliminated with a terminal half-

life of 1–2 days.

�
 The most important adverse effect is prolongation of the ECG QT

and resulting ventricular arrhythmias. The need for electrocardi-

ography, to exclude pre-existing QT prolongation, has greatly

limited the usefulness of this drug (Nosten et al., 1993).
1.5.4. Antibiotics
�
 Certain antibiotics, particularly clindamycin and the tetracyclines,

have useful antimalarial activity. They are never used alone but

are most frequently added to quinine, in patients who can take

oral medication; this practice is most commonly needed in areas

of intense drug resistance, where clearance of parasitaemia on

quinine may be prolonged.

�
 Clindamycin has recently been studied in combination with

fosmidomycin for the treatment of uncomplicated P. falciparum

malaria but, in the setting of widespread adoption of ACT, this

combination is unlikely to see extensive use at present (Borrmann

et al., 2004).
1.5.5. Primaquine
�
 Hypnozoite stages of P. vivax or ovale are unaffected by the drugs

used to eliminate erythrocytic infection (mainly chloroquine). The

8-aminoquinoline primaquine remains the only drug available to
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kill this stage (and achieve so-called ‘radical cure’), thereby re-

ducing the chance of late relapse.

�
 Primaquine is given orally once daily, and courses usually last 14

to 21 days, although longer courses may be required for some SE

Asian and western Pacific strains.

�
 Primaquine readily causes haemolysis in patients with G6PD de-

ficiency, and G6PD testing should be done before the drug is

used. In patients with the severer forms of G6PD deficiency the

risks of primaquine might well exceed the benefits, and it should

be remembered that P. vivax and P. ovale malarias rarely cause

life-threatening illness (whereas massive haemolysis may well be

life threatening).
2. DEVELOPING NEW ANTIMALARIAL DRUGS
The recent completion of the malaria, mosquito and human genome

projects has raised the expectation that we are at the dawn of a new

generation of rational antimalarial drug discovery, design and deve-

lopment. It is argued that, by better understanding the complex in-

teractions between molecules within an organism under defined

conditions (life cycle stage, drug exposure, etc.) and by comparing

key molecules in the host and the pathogen, it should be possible to

identify potential chemotherapeutic targets for validation. But it re-

mains a major challenge to distil this mass of information and de-

velop strategies capable of target identification. The most recent crop

of new discovery projects are embracing post-genomic techno-

logies although most target simple enzymes in potentially important

pathways. The long-term exploitability of such targets and the pro-

blems of simple mutation-based resistance mechanisms on the utility

of drugs designed against these enzymes remains to be seen. There

remain many technical, political and health policy hurdles to be

cleared although it is accepted that there will be many more oppor-

tunities for rational drug design in the coming years. However, drug

development is a slow and expensive process and the provision of

sufficient resource to diseases of neglect such as malaria will require a
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long-term commitment from the funding agencies and the interna-

tional Pharma industry.

Whatever means are used to identify a potential antimalarial drug

and demonstrate its potency in vitro, or in animal models, the com-

pound must then be developed into a medicine, during which process

its benefits and risks start to be evaluated. Although the ideas un-

derpinning development projects often emanate from academia, al-

most all drugs require the expertise and facilities of a pharmaceutical

company for formal development into a medicine. This is done at

high financial risk, thus, although industrial ‘research and develop-

ment’ teams are motivated by scientific and medical concerns, re-

sources have traditionally been provided on the expectation of profit.

Since antimalarial drugs compete poorly with most other drug cate-

gories, there have been few new drugs in the last decade. Things may

be changing now: financial contributions from the Medicine for Ma-

laria Venture (MMV) together with changing public/shareholder per-

ceptions have succeeded in establishing several development projects

with major pharmaceutical companies. MMV is new on the scene,

and it would be unrealistic to expect it to have had a chance to impact

yet. So the pace of antimalarial drug development is still too slow,

even though antimalarial drug resistance is now a major threat to

global health. The need for industrial collaborations in antimalarial

drug development has never been keener, but maintaining long-term

public–private partnerships (and dealing with political agendas in the

World Health Organization) is not for the faint-hearted.
3. THE USE OF ANTIMALARIAL DRUGS
3.1. Chemoprophylaxis

Readers will be familiar with the provision of chemoprophylaxis to

travellers, but will perhaps be less familiar with the issues relevant

to endemic country populations. In summary, only a very small

proportion of malaria-endemic populations takes chemoprophylaxis:

people are unwilling to use their over-committed resources in

this way. Further, risk vs. benefit analyses do not always favour
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chemoprophylaxis: if one lives permanently in a high-transmission

setting, protective immunity reduces the mortality and morbidity of

P. falciparum malaria after early childhood, whereas the cumulative

risks of drug exposure would remain. There are special groups for

whom the benefits of chemoprophylaxis probably outweigh the cu-

mulative risks: these include children aged under 5-years who reside

in high-transmission areas and patients with haemoglobinopathies

(infants and pregnant women merit separate consideration and

will be discussed below). In fact few of these ‘at risk’ patient groups

actually receive chemoprophylaxis—in much the same way as

few diabetics in malaria-endemic countries receive comprehensive

care—for reasons of economics and logistics.
3.2. Intermittent Presumptive Treatment (for Pregnant
Women and infants)

In high-transmission regions, immunity to malaria develops in the

first few years of life, and older people rarely suffer severe malaria

(Day and Marsh, 1991). However, during pregnancy the risks of

maternal anaemia, maternal death and low-birth-weight infants are

increased by P. falciparum infection and are further exacerbated if

there is coincident HIV-infection (Nosten et al., 2004). In HIV-

negative mothers, risk is greatest in primigravidae, and declines with

succeeding pregnancies; in HIV-positive mothers, the risks seem to

persist with succeeding pregnancies. Critically, infection is usually

asymptomatic and blood slides may be negative, despite placental

infection. As a result, when one relies on a case-management ap-

proach for febrile illness (which is a rather passive process for health

systems, relying on the patient to identify themselves and seek treat-

ment), one would miss the majority of infections. Trials of weekly

chloroquine prophylaxis showed an impact on maternal anaemia and

birth weight. But compliance with a weekly regimen is poor, and

sensitivity to chloroquine has probably declined to a point where

this strategy would give little benefit throughout Africa. SP has been

studied in pregnant women but, instead of being given at fre-

quent intervals as a form of chemoprophylaxis, SP has been given
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intermittently, in the assumption of infection, in the second and third

trimesters (Shulman et al., 1999). This Intermittent Presumptive

Treatment (IPT) approach has been shown to improve both maternal

and fetal outcomes, and is being introduced operationally. It is im-

portant to emphasise two points. (1) It is not known whether the

success of IPT relies on the prolonged chemoprophylactic effect of SP

(which is eliminated very slowly) or whether IPT is successful simply

because of periodic ‘clearance’ of placental infection. (2) Sensitivity to

SP is declining in Africa and it is unclear for how much longer IPT

with SP will continue to work. There is no clear successor to SP, but

the Gates Foundation has been funding extensive trials in this area

over the last couple of years.

A similar concept is also being applied to children less than 12

months old, in whom clinical malaria and severe anaemia are major

causes of paediatric hospital admission and death (Schellenberg et al.,

2001). Case management (see below) is currently the main strategy

but has its limitations: (1) very young children are, effectively, non-

immune and may deteriorate within hours of the onset of symptoms;

(2) in rural areas, parents may be unable to reach health centres or

hospitals in time to prevent death. A randomised trial has been done

in infants in a rural area of Tanzania to examine the efficacy of

intermittent SP on the rate of malaria and severe anaemia. Children

were given SP (or placebo) and iron supplementation at 2, 3 and 9

months of age. SP gave a protective efficacy of 59% against malaria

and 50% against severe anaemia (Schellenberg et al., 2001). This

approach to malaria control is currently being examined by WHO

but, again, it is important to recognise that the parasite may be

moving more rapidly than those who determine antimalarial drug

policy, hence resistance to SP threatens this strategy.
3.3. Case Management of Uncomplicated Malaria

3.3.1. Background

Numerically, this is the principal way in which antimalarial drugs are

employed (there are perhaps 120 million cases treated annually in
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Africa), and it has a large impact on morbidity and mortality. Ef-

ficient case management of uncomplicated malaria relies heavily on

the availability of effective, affordable and accessible drugs. In the

past, chloroquine was widely used, inexpensive and safe, but its ef-

ficacy is now so low—almost everywhere—that it is no longer an

acceptable treatment. As recounted above, many countries changed

first-line treatment to SP, but found that resistance developed (very

quickly in the case of SE Asia, perhaps more slowly in the case of east

Africa). Public health structures and budgets in many tropical coun-

tries (especially in Africa) are not robust enough to sustain frequent

changes in malaria drug policy, and there has been an intense search

for a strategy that might lengthen the ‘useful therapeutic life’ of

drugs.

Based initially on observations made in Thailand, ACT is now the

strategy that is being recommended. The logic underpinning combi-

nation therapy has been set out by White (2004). The artemisinin

derivatives reduce the parasite biomass by around 4-logs for each

asexual cycle and this makes them the most rapidly efficacious anti-

malarial drugs in use. But using artemisinins on their own is dogged

by high rates of recrudescence (almost certainly because all the drugs

in this class are very rapidly eliminated, and long courses of treatment

are impractical). In combination with a second drug, ACT, the rapid

reduction of the parasite biomass produced by the artemisinin com-

ponent reduces the rate at which parasite populations develop mu-

tations to the second drug.

Drugs can, of course, be co-administered with artemisinins (e.g.

AQ is often co-administered with artesunate) but, to be practicable

for outpatient use, an ACT regimen needs to be co-formulated: that is

the various drugs must all be formulated in the same tablet.

Lumefantrine–artemether (Coartem) is the only co-formulated ACT

that has been approved by rigorous regulatory scrutiny (and there-

fore, the only ACT that could be purchased by the International

Public Purse) but others are under development. As outlined above,

there are concerns regarding the safety of the artemisinin drug group

in the first trimester of pregnancy. So far, these concerns are largely

theoretically based on data from animal models: work continues to

define the degree of risk, if any, to people.
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3.3.2. Lumefantrine– artemether (Coartem)

Lumefantrine is incompletely bioavailable from the gut and is elim-

inated with a half-life of 1–6 days; the disposition of artemether is

briefly reviewed above (Ezzet et al., 2000). Coartem is used for the

treatment of uncomplicated multi-resistant P. falciparum malaria. It

must be given twice daily for 3 days, and achieves impressive efficacy

in clinical trial. The manufacturer is to be congratulated on the effort

that has been made to get packaging right in an effort to optimise

adherence (and thereby optimise operational effectiveness). Concerns

linger that such a six-dose treatment might prove too complicated to

achieve high operational effectiveness. Recent work has shown that

adherence to the six-dose regimen can be high (Fogg et al., 2004), but

this has not been rigorously tested when patients pay for the drug.

Coartem is quite an expensive drug but, once again, the manufacturer

is to be congratulated for its ‘deal’ with the WHO, in which drug

costs in poor countries can be minimised. Recent disturbing data

suggest the selection of resistance by the lumefantrine component of

Coartem (Sisowath et al., 2005).
3.3.3. Chlorproguanil–Dapsone–Artesunate (CDA)

CD (LapdapTM) was licenced by the UK regulatory authorities in

July 2003 and, since then, has been approved by 21 African regu-

latory authorities. Some current ACT regimens use co-administered

drugs (sometimes these are co-packaged), and CD may be co-

administered with artemisinins (several studies of this are ongoing)

but co-formulation is probably an essential pre-requisite for optimal

adherence. With this in mind, the manufacturer of CD is developing

CDA (with public funding mainly from MMV (see above))

(www.mmv.org). Phase-III clinical trials are planned for 2005.
3.3.4. Dihydroartemisinin–Piperaquine (DHA–PQ)

Piperaquine (PQ) is a member of the 4-aminoquinoline group that

includes chloroquine. PQ proved to be effective and well tolerated
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when used alone, and no cross-resistance with chloroquine was ob-

served. The initial ACT regimen that included PQ comprised DHA,

PQ, primaquine and trimethoprim (referred to as CV8). This has

fortunately been rationalised more recently to a dual combination of

PQ with DHA (as ‘Artekin’; Holleykin Pharmaceuticals). Like CDA,

this drug combination is now being developed for submission to reg-

ulatory authorities, funded by MMV, and Phase-III trials are planned

for 2005 (www.mmv.org).
3.3.5. Other Management

Uncomplicated malaria requires little supportive care and, in high-

transmission areas, patients are usually managed without admission

to hospital. Rehydration (by mouth) is important because febrile

patients may become dehydrated rapidly: oral rehydration solutions

are appropriate for outpatient care. Acetaminofen (paracetamol) is

probably the safest antipyretic drug, and can be given orally or rec-

tally (although suppositories are expensive).
3.4. Case Management of Severe P. falciparum Malaria

It is estimated that there are about 12 million cases of severe malaria

treated annually in Africa, with a mortality rate exceeding 10%

(assuming competent management). Effective management of severe

malaria syndromes is expensive, and relies heavily on hospital and

human resources (which are often not equal to the task in tropical

countries). It may strike the reader as odd, but whereas the manage-

ment of uncomplicated malaria has been heavily hit by drug resist-

ance; this is not the case for severe P. falciparum malaria in Africa

where quinine and the artemisinin drugs remain effective (some re-

sistance to quinine is seen in SE Asia). The principal clinical chal-

lenges are initial resuscitation, and then keeping the patient alive long

enough to permit the antiparasitic drugs to work.
�
 The objective of treatment is to save life: secondary considera-

tions, such as parasite clearance and fever clearance, are relegated

until the patient has been resuscitated.
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�
 Treatment should be started immediately after the diagnosis is

proved (in some cases it is appropriate to start as soon as the

diagnosis is suspected).

�
 A drug regimen should be chosen appropriate for the known local

pattern of drug resistance. Thus, although quinine remains

appropriate in Africa, the artemisinins may be preferred in

SE Asia (SEAQUAMAT group, 2005).

�
 Drug dosage should be calculated by body weight, rather than

estimated. This is especially important with quinine which has

small therapeutic indices.

�
 The antimalarial drug should be given parenterally. Oral (or

nasogastric dosing) is best avoided: aspiration is a constant risk

and drug absorption may be unreliable because of ileus.

�
 Loading doses of quinine should be given unless the patient has

received parenteral quinine or oral halofantrine within the previous

24 hours.

�
 Therapeutic response should be monitored frequently.

�
 Drugs should be given orally as soon as patients are able to swal-

low and retain tablets. This may be quinine but more convenient

drugs are usually chosen at this stage, following local guidelines.

(a) Quinine (see drug monographs above). The only contraindi-

cation to the use of quinine is reliable evidence of serious

quinine allergy. Haemolysis, pregnancy, jaundice and renal

failure are not contraindications (Warrell, 1999). Quinine

has a narrow therapeutic range, and doses should always be

adjusted for body weight. A loading dose should be given to

achieve therapeutic concentrations more rapidly: there is

some evidence from clinical trials of the clinical benefit of a

loading dose, but the practice is based largely upon sound

pharmacokinetic data and empirical considerations. Contra-

indications to the use of a loading dose are: (a) treatment with

quinine or quinidine in the previous 24 hours and (b) treatment

with halofantrine in the previous 24 hours. If patients develop

severe malaria following mefloquine treatment, a full dose of

quinine should be given. Quinine must never be given as a

bolus intravenous injection: the risk of serious adverse

reactions is high. The preferred means of administration is by
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slow, constant-rate infusion of the drug diluted in crystalloid

solution. If intravenous administration is impossible, quinine

may be given intramuscularly. Maintenance quinine doses are

usually given every 8 hours, but in African children 12-hourly

maintenance is effective. In SE Asia, quinine is given for 7 days.

Courses are generally shorter in semi-immune African patients

(5 days being standard in many countries). To prevent accu-

mulation of quinine, the maintenance dose should be reduced

to one-half after 48 hours of parenteral treatment. If possible,

blood slides should be examined during treatment: after 24

hours of treatment, counts usually fall in a log-normal manner

and asexual parasitaemia should disappear within 5 days

(gametocytes may persist, but they are non-pathogenic and of

no clinical, although of some public health, relevance). A rising,

or unchanging, parasite count after 24 hours of quinine treat-

ment may indicate drug resistance: this is particularly likely in

infections acquired in SE Asia.

(b) Artemisinins (see drug monographs above). Intravenous

artesunate is superior to intravenous quinine in non-

immune patients in SE Asia (SEAQUAMAT group, 2005),

where sensitivity to quinine is declining (Roper et al., 2003).

An initial loading dose is recommended followed by main-

tenance doses at 12 hours and, thereafter, daily for up to 7

days or until an oral antimalarial drug can be taken. Sup-

positories of artemisinin and artesunate (Cao et al., 1997)

have proved effective in adults and children with cerebral

and other forms of severe malaria in China and SE Asian

countries. This is a particularly promising route of admini-

stration for use at the most peripheral level of the health

service particularly for Africa (Barnes et al., 2004). If ma-

laria is suspected or confirmed in a patient with an acute

fever who is unable to swallow tablets, these suppositories

may prevent the evolution to severe disease.

(c) Supportive care. A description of the various syndromes of

severe malaria, and their management, is outside the scope of

the present chapter, and the reader is referred to specific reviews

of the subject (Anon, 2000).
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3.5. Management of Malaria Outside the Formal Sector
The previous sections stressed the use of drugs in the formal health

sector. However, throughout much of the tropics, certainly through-

out Africa, a large proportion of antimalarial drug use involves no

contact with healthcare professionals. This is a very large topic, and

beyond the scope of the present chapter: the reader is referred to

Guyatt and Snow (2004).

Communities tend to have a poly pharmacy approach to treating

fever, with combinations of traditional remedies, purchased drugs and

formal clinic consultation. Sometimes the initial ‘choice’ of drug is in-

appropriate: for example, multiple exposures to diversely named

proprietary antipyretics/analgesics can delay the start of effective anti-

malarial drugs. But, assuming that the drug bought over-the-counter is

an appropriate choice, it is empirically obvious that adherence with dose

and regimen recommendations will be major determinants of outcome.

Low adherence is, of course, a common problem in industrialised

nations, but poses a particular threat to effective self-medication for

malaria, especially in the case of young children and pregnant women.

Explanations for this include early resolution of symptoms, limited

budgets and poor awareness of correct doses (on the part of both pur-

chaser and vendor). Overdosing is probably less frequent than under

dosing but is not uncommon. This ‘informal’ use of antimalarial drugs

has not generally received much research attention in the past but much

effort is now being made to study and exploit this area.
4. CONCLUSIONS
We have barely held our own against the burden of mortality and

morbidity from malaria in recent years despite a great deal of

progress in our understanding of the parasite and the pathophysiol-

ogy that it initiates. We already possess many of the necessary tools

to improve malaria control, but their implementation is currently

sub-optimal. This is mainly for reasons of economics and logistics

(exacerbated by lack of human resources for complex interventions).

So, while it is true that new tools will always be needed, the most
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immediate concern is obtaining the wherewithal to implement exist-

ing control measures.

It seems that we shall be reliant on antimalarial drugs for many

decades to come. Africa will certainly need access to novel antima-

larial drugs in due course, and drug discovery efforts are happening.

But replacements for first-line drugs are needed immediately, and the

discovery/development of novel compounds takes many years. So,

for some time to come, we shall be reliant on the intelligent deploy-

ment of existing drugs and drug combinations. Thanks to the efforts

of academia, international organisations (such as WHO, MMV and

the Wellcome Trust) and a few pharmaceutical companies, a variety

of drugs and drug combinations will become available in the next 2 or

3 years. But we need to keep costs and practicality in the forefront of

our minds. Chloroquine and SP are the principal drugs for malaria

management in Africa right now, and they cost a few US cents per

treatment. Resistance is making us think of using drugs that cost

multiples of a dollar: this in a setting where many Ministries of

Health are faced with declining drug budgets, and escalating prob-

lems in other areas (not least HIV). New approaches to case defi-

nitions/diagnosis and case management may be needed in this setting.

It is important to be aware that the data underpinning deve-

lopment of antimalarial drugs need to pass Regulatory scrutiny—the

stage that the next wave of drugs is approaching—are insufficient to

decide the role of a new drug for the Public Health. Decision makers

need data on operational effectiveness (efficacy data from random-

ised trials are simply too ‘artificial’), safety (with data sets in the tens

of thousands) and impact on the evolution of drug resistance. There

is an urgent need to use behavioural and epidemiological data on

fever and drug exposure risks to better estimate the likely adverse

drug reaction profiles under different endemicity and drug manage-

ment scenarios. And even when such operational data are available,

experience shows us that the business of splicing new drugs into the

public health is extremely complicated—often taking us beyond sci-

ence and into national politics. Any attempt to understand the vast

complexities of human malaria requires an ability to think ‘from

molecule to policy’ and this will require continued multi-disciplinary

communication and effort.
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ABSTRACT
Insecticide-treated nets (ITNs) are the most powerful malaria control

tool to be developed since the advent of indoor residual spraying

(IRS) and chloroquine in the 1940s, and as such they have been an

important component of global and national malaria control policies

since the mid-1990s. Yet a decade later, coverage is still unacceptably

low: only 3% of African children are currently sleeping under an

ITN, and only about 20% are sleeping under any kind of net. This

review charts the scientific, policy and programmatic progress of

ITNs over the last 10 years. Available evidence for the range of pro-

grammatic delivery mechanisms used at country level is presented

alongside the key policy debates that together have contributed to the

evolution of ITN delivery strategies over the past decade. There is

now global consensus around a strategic framework for scaling up

ITN usage in Africa, which recognizes a role for both the public

sector (targeting vulnerable groups to promote equity) and the pri-

vate sector (sustainable supply). So, while progress with increasing

coverage to date has been slow, there is now global support for the

rapid scale-up of ITNs among vulnerable groups by integrating ITN

delivery with maternal and child health programmes (and immuni-

zation in particular), at the same time working with the private sector

in a complementary and supportive manner to ensure that coverage

can be maintained for future generations of African children.
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1. INTRODUCTION
Insecticide-treated nets (ITNs) first came to the attention of public

health experts over 20 years ago, when the first studies to evaluate the

impact of the novel application of pyrethroid insecticides to the

traditional mosquito net on reducing malaria vector exposure were

undertaken in Africa and Asia (Darriet et al., 1984; Ranque et al.,

1984; Charlwood and Graves, 1987; Lines et al., 1987). These studies

confirmed the safety of pyrethroid insecticides used to treat the nets

and demonstrated substantial effects on various entomological meas-

ures such as human biting rates, feeding behaviour and survival. The
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success of these initial studies led quickly to Phase II and III clinical

field trials, which provided the crucial evidence that ITNs were suc-

cessful in reducing both malaria morbidity and, importantly, all-

cause child mortality.

The mortality trials showed that ITNs are the most powerful ma-

laria control tool to be developed since the advent of indoor residual

spraying (IRS) and chloroquine, more than four decades earlier. As a

result, they have been an important component of global and many

national malaria control policies since the mid-1990s. Yet a decade

later, coverage is still unacceptably low. Why is this?

This review charts the progress of ITNs over the last ten years,

from efficacy and effectiveness studies to more recent technological

advances, and from incorporation of ITNs into global and national

malaria control policies to their deployment using a range of pro-

grammatic delivery mechanisms.
2. EFFICACY STUDIES
2.1. The Impact of ITNs on Malaria Morbidity

2.1.1. Children and Adults

There is a large body of evidence from over 81 trials conducted in a

range of malaria transmission settings worldwide showing that use of

ITNs substantially reduces the frequency and severity of malaria. A

recent systematic review of 22 of these trials (those which constituted

randomized controlled trials) conducted in children and adults in sub-

Saharan Africa (13), Latin America (5), Thailand (2), Pakistan (1)

and Iran (1) showed that ITNs reduced clinical episodes by around

50% in both stable and unstable malarious areas and for both

Plasmodium falciparum and P. vivax infections (Lengeler, 2004). The

protective efficacy tended to be higher when the control group had no

nets as compared to untreated nets, and in areas of unstable malaria

the impact of ITNs against P. falciparum infections was greater than

against P. vivax. One trial demonstrated a 45% reduction in the

number of cases of severe malarial disease presenting to health
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facilities (Nevill et al., 1996). Studies variously included parasite

prevalence, high parasitaemia, anaemia, splenomegaly and anthropo-

metric measures as outcomes, with the majority of trials using 2–5

different outcomes (see Table 1). Five studies which assessed high

parasitaemia as an outcome showed a protective efficacy range from

20% (3 trials with untreated nets in the control group) (Snow et al.,

1988; Lindsay et al., 1989a; D’Alessandro et al., 1995a) to 29% (2

trials with controls with no nets) (Habluetzel et al., 1997; ter Kuile

et al., 2003a). ITNs also had a beneficial impact on both anaemia

(9 trials) and anthropometric outcomes (3 trials).

However, efficacy is expected to depend on vector behaviour. Al-

though the trial evidence is remarkably consistent, there are still some

important gaps. For example, until recent studies (Magris, 2004), there

was no convincing evidence that ITNs are effective against forest malaria

transmitted byAnopheles darlingi in the Amazon basin (Zimmerman and

Voorham 1997). In the case of the south-east Asian forest malaria vec-

tors, especially An. dirus, ITNs are believed to have been highly effective

in routine programmes, but there is surprisingly little evidence from

rigorous formal randomized trials. A recent study in a forested area of

Cambodia with An. dirus indicates a protective efficacy of 35% in chil-

dren under five (Sochantha et al., 2006). In particular, it is widely be-

lieved that ITNs are not and cannot be efficacious against vectors that

bite early in the evening. This is indeed a sensible expectation, but in fact

ITNs have been shown to be surprisingly effective against An. sinensis in

China (IDRC and WHO, 1996), An. albimanus in South America

(Richards et al., 1994; Kroeger et al., 1995), An. culicifacies in India

(Curtis et al., 1999) and Pakistan (Rowland et al., 1996), and An. step-

hensi in Afghanistan (Rowland et al., 2004), despite the fact that these

four species are early evening biters.

2.1.2. Pregnant Women

Six randomized controlled trials to determine the impact of ITNs in

pregnant women (Dolan et al., 1993; D’Alessandro et al., 1996; Shulman

et al., 1998; Browne et al., 2001; Njagi et al., 2003; ter Kuile et al., 2003b)

and one non-randomized trial of the impact of socially marketed ITNs

(Marchant et al., 2002) have been conducted across a range of malaria



Table 1 Insecticide-treated nets and curtains for preventing malaria: randomization and outcomes

Study Types of

controls

Unit of

allocationa
Child

mortalityb
Uncomplicated

episodesc
Parasite

prevalencec
High

parasitaemia

Anaemia Splenomegaly Anthropometry

Burkina Faso

(Habluetzel)

No nets Groups of

villages

X X X X

Cameroon

(Moyou-Somo)

No nets Household X X

Colombia

(Kroeger)

Untreated

nets

Village X Pf/Pv

Ecuador

(Kroeger)

Untreated

nets

Village X Pf/Pv

Gambia

(D’Alessandro)

Untreated

nets

Village X (X) X X X X X

Ghana (Binka) No nets Village X (X) X X X

Gambia (Snow I) Untreated

nets

Household X X X X

Gambia (Snow II) Untreated

nets

Village X X X X X

Iran (Zaim I) Untreated

nets

Village X Pf/Pv

Ivory Coast

(Henry)

No nets Village X X X

Kenya (Nevill) No nets Village Xd X X

Kenya (Phillips-

Howard)

No nets Village X X X X X X

Kenya (Sexton) No nets Household X

Madagascar

(Rabarison)

Untreated

nets

Household X

Nicaragua

(Kroeger)

No nets Village X Pv

Pakistan

(Rowland)

No nets Household X Pf/Pv X Pf/Pv

Peru Amazon

(Kroeger)

Untreated

nets

Village X Pv

Village X Pv

IN
S
E
C
T
IC
ID
E
-T
R
E
A
T
E
D

N
E
T
S

8
1



Table 1 (continued )

Study Types of

controls

Unit of

allocationa
Child

mortalityb
Uncomplicated

episodesc
Parasite

prevalencec
High

parasitaemia

Anaemia Splenomegaly Anthropometry

Peru Coast

(Kroeger)

Untreated

nets

Sierra-Leone

(Marbiah)

No nets Village X X X

Tanzania (Fraser-

Hurt)

No nets Individual X X

Thailand (Kamol-

Ratanakul)

Untreated

nets

Household X Pf/Pv

Thailand

(Luxemburger)

Untreated

nets

Individual X Pf/Pv X Pf/Pv X

Source: Lengeler (2004). Copyright r Cochrane Library. Reproduced with permission.
aRandomization by village considered by cluster.
bStudies marked X also measured malaria-specific child mortality.
cPf/Pv indicates P. falciparum and P. vivax; all other studies included P. falciparum only.
dAlso included severe disease.
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transmission settings in sub-Saharan Africa. Among the earlier studies,

two studies in areas with low, seasonal transmission (Thailand and The

Gambia) showed ITNs significantly reduced parasitaemia and maternal

anaemia and increased birth weight (D’Alessandro et al., 1996; Dolan

et al., 1993), but studies in higher transmission settings (coastal Kenya

and Ghana) showed no impact on these outcomes (Shulman et al., 1998;

Browne et al., 2001). However, three more recent trials in high trans-

mission areas observed improvements in anaemia, severe anaemia, ma-

ternal and placental malaria and birth weight outcomes (Marchant

et al., 2002; Njagi et al., 2003; ter Kuile et al., 2003b). The results of these

studies are summarized in Table 2.

In addition to variations in impact in different transmission settings,

the timing of ITN use during pregnancy is significant. The risk of

peripheral malaria parasitaemia is greatest in the first 20 weeks of

gestation and ITNs are therefore likely to have their greatest impact

during this period. Four of the six randomised controlled trials to

determine the impact of ITNs during pregnancy gave ITNs to all

members of the community, regardless of pregnancy status, so the

majority of pregnant women became pregnant after the intervention

was introduced—i.e. they were protected from the start of their preg-

nancy. We do not have sufficient evidence of the impact ITNs when

used from the second or even third trimesters of pregnancy, as is the

case in a programmatic setting when most women first access ANC.
2.1.3. ITNs in Combination with Other Malaria Control Interventions

While ITN efficacy studies have mainly focused on single interven-

tions, the programmatic reality is that several malaria control inter-

ventions, such as ITNs and intermittent preventative treatment (IPT)

or case management and ITNs, are delivered alongside each other as

part of integrated maternal and child health programmes. It is there-

fore important to understand the effectiveness and cost-effectiveness

of combined interventions. However, only one study has assessed the

combined effect of IPT with ITNs on malaria in pregnancy using a

factorial design with four intervention groups—IPT+ITNs, IPT

alone, ITNs alone, and no intervention (Njagi et al., 2003). The study,



Table 2 Studies of use of insecticide-treated nets during pregnancy

Country (reference) Transmission

(entomological

inoculation rate)

Control

group

No. (ITN/

control)

Comments Anaemiaa Severe

anaemiab
Maternal

malaria

Placental

malaria

Low birth weight

(difference from

mean birth

weight)

Thailand (Dolan et

al., 1993)

Low (o1) No net 103/204 All gravidae,

ANC-based

randomization

control (N ¼ 30 no

net)

PR: 0.5 NA RR: 0.51 NA PR: 0.64

Control no

net+untreated

net (N ¼ 204)

PR: 0.73 NA RR: 0.81 NA PR: 1.01

The Gambia

(D’Alessandro et

al., 1996)

Low seasonal

(1–10)

No net or

untreated

305/341 Primigravidae Rainy season NA PR: 1.18 PR: 0.61 NA +130g

Dry season NA PR: 0.32 PR: 1.11 NA –135 g

Kenya (Shulman et

al., 1998)

Intermediate

seasonal

(10–30)

No net 263/228 Primigravidae, village-based

randomization; hospital ANC attendees

PR: 0.99 OR: 0.71 OR: 0.75 OR: 0.75 0 g

Ghana (Browne et

al., 2001)

High seasonal

(300)

No net 1033/928 All gravidae, household children o5 years OR: 0.88 OR: 0.80 OR: 0.89 NA OR: 0.87

Kenya (ter Kuile et

al., 2003)

High perennial

(100–300)

No net 1377/1377 All gravidae Gravidae 1 to 4 HR: 0.79
c HR: 0.70c PR: 0.62 PR: 0.77 PR: 0.72+78 g

Gravidae 5+ HR: 1.00c HR: 1.24c PR: 0.80 PR: 0.72 PR: 1.12 – 27 g

Kenya (Njagi, 2002) High perennial

(100–300)

No net 480/483 Primi+secundigravidae ANC-based

randomization

PR: 0.59
d NA PR: 0.70 PR: 0.61 PR: 0.68+67 g

Tanzania (Marchant

et al., 2002)

High perennial

(100–300)

No net 239/266 All gravidae, non-randomized, social

marketing

PR: 0.88 RR: 0.62 RR: 0.77e NA NA

Source: ter Kuile (2003). Reproduced with permission.
Bold type indicates statistically significant differences. ANC, antenatal clinics; HR, hazard ratio; N, number; NA, not applicable; OR,
odds ratio; PR, prevalence ratio; RR, risk ratio.

aAny anaemia (haemoglobin o11 or o10 g/dL, or haematocrit o30%).
bSevere anaemia (haemoglobin o8 or o7 g/dL).
cGravidae 1–4: N ¼ 451, gravidae 5+: N ¼ 313.
dPrimigravidae only; 16% [–35 to –48] in secundigravidae.
eSignificant reduction in high-density parasitaemia (RR 0.62 [0.41–0.95]).
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which assessed the impact of ITNs distributed to women during their

second trimester as part of routine antenatal care services, showed

that both ITNs and IPT are effective in reducing maternal and pla-

cental malaria and maternal anaemia (see Table 2), but IPT alone had

a greater impact on maternal anaemia than ITNs alone. A small

additional benefit of combining IPT with ITNs was observed.

It would be expected that a combined intervention of repellent plus

ITN would be more effective than ITN alone against malaria trans-

mitted by vector species that bite both in the early evening and

at night, although no randomized trial has yet been undertaken.

However a case–control study carried out on a population that had

been the subject of a social marketing (SM) project of ITN and skin

repellents indicated that regular users of ITN and DEET repellent

acquired 69% protection against P. vivaxmalaria episodes, compared

to 46% protection with ITN alone (Rowland et al., 2004).

2.1.4. Untreated Nets

As one might expect, untreated nets do give partial protection against

malaria. The evidence for this is not extensive, and has mostly been

collected since the advent of ITNs, but it is nevertheless consistent in

implying that the protection against malaria by untreated net use is

about half that given by ITN use (Clarke et al., 2001; Schellenberg et al.,

2001; Guyatt and Snow, 2002). If this is true, it casts an interesting light

on the observation that over 80% of nets in Africa are untreated (WHO,

2005a). It means that, at the time of these surveys, these untreated nets,

which were presumably mostly supplied by unsubsidized commercial

sources, were preventing more child mortality in Africa than the treated

nets supplied by projects.

There is evidence that untreated nets divert mosquitoes from the

occupant to unprotected people nearby. However, this probably acts

to the benefit of children, since they are the most likely members if the

family to be actually sleeping under a net in net-owning households

(http://www.NetMarkAfrica.org). There is also evidence that high

levels of untreated net use can confer some protection against malaria

on individuals with no nets in the same community (Clarke et al.,

2001; Hii et al., 2001; Smith et al., 2002).
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2.2. The Impact of ITNs on Childhood Mortality

2.2.1. Protective Efficacy and Lives Saved

Child mortality (children aged 1–59 months) from all causes is the main

outcome of public health interest. Five randomized controlled trials in

areas of stable malaria transmission in sub-Saharan Africa (Burkina

Faso, The Gambia, Ghana, western Kenya and coastal Kenya) exam-

ined the impact of ITNs on childhood mortality. In four of these, the

intervention was distribution of ITNs to everyone in the community,

and background levels of net use in the control group were low (Binka

et al., 1996; Nevill et al., 1996; Habluetzel et al., 1997; Phillips-Howard

et al., 2003). In one trial, pre-existing background levels of untreated net

use were high, and the intervention consisted of treating these nets with

insecticide (D’Alessandro et al., 1995b). The protective efficacy for the

four trials with no-net controls was 17%, compared to 23% for the trial

with controls with untreated nets (see Figure 1) and the summary rate

differences were almost identical, 5.5 versus 5.6 lives saved per year for

every 1000 under five children protected (Lengeler, 2004).

Measured as a ratio, the protective efficacy provided by ITN use

appears to be lower in areas with high malaria transmission (ento-

mological inoculation rate 41000) than in areas with lower trans-

mission, but the magnitude of the risk difference was remarkably

constant over a wide range of transmission intensities. Hence, we can

say with some confidence that, in most endemic rural areas of sub-

Saharan Africa, maintaining ITN coverage for just 200 under five

children will prevent one death per year (Lengeler, 2004). It is esti-

mated that approximately 370 000 deaths could be avoided annually

if every child in sub-Saharan Africa was protected by ITNs (14% of a

population at risk of 480 million, or 67 million children).
2.2.2. Mass Effect versus Individual Barrier Protection

The coverage levels of ITNs achieved in clinical trials is high, usually

in excess of 80–90%, and there have been relatively few trials with

lower levels of coverage. However, little is known about how impact



Figure 1 Comparison of insecticide-treated nets versus all controls: child mortality from all causes (relative rate).
Source: Lengeler, 2004. Copyright r Cochrane Library. Reproduced with permission.
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varies with coverage level. It is known that ITNs kill some of the

mosquitoes that come to bite (Lines et al., 1987). High levels of ITN

coverage can result in mass killing of the mosquito population, which

tends to reduce the mean lifespan of vector females and can produce

substantial reductions in the local sporozoite rate of the vector popu-

lation (Magesa et al., 1991). This kind of ‘mass effect’ on vectors

produces an epidemiological ‘community effect’, by which the pres-

ence of large number of ITNs in a community gives health benefits

even to non-users (IDRC and WHO, 1996). Studies in Ghana (Binka

et al., 1998) and western Kenya (Hawley et al., 2003) showed that

children in control areas but living within a few hundred metres of an

intervention area experienced similar reductions in mortality to chil-

dren in the intervention areas. Similar benefits of a mass effect on

malaria morbidity have been detected in a study on the Kenyan coast

(Howard et al., 2000). On the other hand, no such effect was observed

in trials in The Gambia, perhaps because of a higher level of mos-

quito movement between intervention and non-intervention villages

(D’Alessandro et al., 1995b; Quinones et al., 1998).

Two of the six randomized controlled trials of the impact of ITNs

during pregnancy described above assessed the impact of ITNs dis-

tributed through antenatal clinics and randomized individual women,

rather than villages, to the different interventions. The mass-killing

effect on mosquito populations in the other four trials, which were

group-randomized, may therefore have resulted in an underestima-

tion of impact of ITNs during pregnancy, as pregnant women in the

control groups may have received some protection from the mass

effect (D’Alessandro et al., 1996; Shulman et al., 1998; Browne et al.,

2001; ter Kuile et al., 2003b).

An important factor to consider in the interpretation of the mass

effect is that it is a positive externality, i.e. it depends on ITN cov-

erage at the community level, not on individual behaviour, and re-

quires that these ITNs retain good insecticidal activity. Thus the

degree of mass effect observed in clinical trials is unlikely to be

matched under operational conditions, where ITN retreatment rates

are notoriously low. The development of long-lasting insecticidal nets

(LLINs) (see Section 6) may help to extend the effective duration of

the mass effect, but this is not yet clear.
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More studies are needed to determine how the intensity of the mass

effect varies with coverage levels and over time. Strong mass effects

are unlikely to be seen with highly zoophilic vectors (such as An.

culicifacies). In terms of coverage, it would be helpful for planning

purposes to define a target threshold level of coverage for the mass

effect, just as 80% coverage is conventionally regarded as a target for

house-spraying. In reality, it is unlikely that this kind of threshold

exists for ITNs. Rather, the strength of the mass effect probably

varies continuously across all levels of coverage. This is consistent

with theoretical expectation, and with the observation that even full

ITN coverage does not interrupt transmission completely.
2.3. The Impact of ITNs on Other Diseases and Nuisance
Insects

While ITNs have the potential to provide personal protection or

transmission control against a number of vector-borne diseases in

which the vector bites at night such as leishmaniasis and Chagas

disease (Kroeger et al., 2002; Kroeger et al., 2003), few studies have

actually been carried out. A household-randomized trial of ITN ver-

sus IRS was carried out in the city of Kabul, Afghanistan, against

anthroponotic cutaneous leishmaniasis (ACL) transmitted by sand

flies (Reyburn et al., 2000). Over the course of a year the incidence of

new cases was reduced by 67% among households with ITNs, com-

pared to 48% among households with IRS, relative to the control

group. ITNs were the more popular intervention and there was a high

demand for ITNs in the urban population. Because of the scale of the

problem, the size of the population at risk in Kabul, and the non-fatal

nature of the disease, no donor was able or willing to address the

problem with the number of nets that would be required, and the

largest epidemic of ACL in the world continues unabated. Earlier

Taych et al. (1997) had used bednets impregnated with pyrethroids in

Aleppo, Syria to control ACL transmitted by Phlebotomus sergenti.

ITNs provide protection against a number of nuisance insects and

this is sometimes cited as a reason for their popularity (Alaii et al.,

2003). The nuisance mosquito Culex quinquefasciatus is often more
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abundant than anophelines and were it not for the protection given

against culicines the popularity and effectiveness of ITN would be

hampered (Magesa et al., 1991; Hewitt et al., 1997; Asidi et al., 2005).

ITNs are very effective against susceptible C. quinquefasciatus in Asia

but owing to pyrethroid resistance they are not very effective in kill-

ing C. quinquefasciatus in E. or W. Africa (Hewitt et al., 1997; Asidi

et al., 2005; Graham et al., 2005). Despite this, ITN remain popular in

Africa because of a barrier effect even when holed (Asidi et al., 2005).

C. quinquefasciatus is, of course, an important urban vector of fi-

lariasis in E. Africa and Asia but no concerted studies have been

carried out on whether ITNs might provide any protection against

infection rates or morbidity due to filariasis. ITNs have also been

shown to reduce risk of Japanese encephalitis infection in children

o10 years old combined with vaccination (Dapeng et al., 1994).

ITNs also provide protection against head lice and bedbugs

(Lindsay et al., 1989b), and reduction in infestations has been used as

an indirect indicator of ITN use during trials of ITN in naı̈ve pop-

ulations (Rowland et al., 1996). Bedbugs have recently become re-

sistant to pyrethroids in foci of E. Tanzania where ITN have been in

use for several years, and are no longer being controlled (whereas the

anophelines remain susceptible), and it is greatly feared that this will

undermine the current popularity of ITN (Myamba et al., 2002).

Alternative insecticides need to be sought for use on nets.
2.4. Acquisition of Malarial Immunity

Both theory and the available observational evidence suggest that

children protected by ITNs do have reduced levels of immunity

compared to unprotected children. They nevertheless suffer less dis-

ease on balance, because the substantial decrease in exposure more

than compensates for this slight increase in vulnerability. This

straightforward and reassuring conclusion requires qualification of

two kinds.

The first concerns the question of what happens if the protection is

withdrawn. If a child has been using an ITN but is suddenly deprived

of it, then, in theory, we expect disease incidence and severity to be
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increased, during the period while the child’s levels of immunity re-

adjust to the new and higher levels of exposure. There is nevertheless

every reason to expect that the previous health benefits, gained from

earlier use of the ITN, will greatly exceed and outweigh the health

costs during this post-withdrawal period of ‘rebound’ disease. More-

over, in practice, it is much more likely that the protection will decline

slowly, as the insecticide wears off and as the net develops holes and,

because this happens gradually, no noticeable rebound effect is likely.

This lack of a rebound effect on all-cause childhood mortality has

been documented in two six-year follow-up studies in Burkina Faso

and western Kenya (Diallo et al., 2004; Eisele et al., 2005).

The second and more serious issue is whether there might be cir-

cumstances in which reducing exposure to malaria is actually unde-

sirable and potentially harmful. The best way to understand how this

could be is to think of the examples of mumps (for men) and rubella

(for women). These are viral infections which cause generally mild

and non-severe disease in children, and one infection gives complete

immunity. However, if a person does not get infected as a child, and

does get infected as an adult, he or she is at high risk of severe disease:

mumps often infects and destroys the testes of adult men, and rubella

causes severe damage to the foetus in pregnant women. In the absence

of a vaccine, and assuming that one cannot avoid exposure com-

pletely, where would the best place to live in be in order to avoid these

problems? The answer is: somewhere with very intense transmission,

so that everyone is exposed and infected in childhood, and more or

less all adults are already immune. In an area of less intense trans-

mission, on the other hand, there is a greater chance of being infected

not as a child but as an adult. In this scenario, the lifetime risk of

being harmed by the infection is actually higher. So reducing trans-

mission from very high to moderate intensity will actually increase

the population burden of disease. This can be the case if (and only if)

the pathogenic effects of infection at a young age are less severe than

at some older age (Coleman et al., 2001).

That malaria might be like this was first suggested by data from five

hospitals in two different parts of Africa, each with markedly differ-

ent transmission patterns, in which severe malaria incidence was es-

timated by dividing the number of severe malaria admissions by the
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nominal catchment population of the facility (Snow et al., 1994).

These data seemed to show the highest disease rates in intermediate

transmission intensities. It was hypothesized that children aged

1–5 years might be more vulnerable than infants to cerebral malaria,

and that children born into the most intense transmission conditions

might be relatively protected from this vulnerability by the partial

immunity developed in their first year of life. Reducing their exposure

in infancy might leave them more vulnerable to life-threatening cer-

ebral disease than slightly older children. This suggestion caused a

good deal of controversy (Molineaux, 1997) because of its implication

that there might be circumstances in which transmission reduction

through vector control (including ITNs) could actually be harmful.

Fortunately, this hypothesis was not borne out by further exam-

ination. First, the suggestion that mortality rates might peak at in-

termediate intensities was not confirmed by a more extensive collation

of data from epidemiological studies (Lengeler et al., 1997). More

detailed analysis and modelling of age-specific disease rates (Coleman

et al., 1999) showed that this kind of phenomenon, if it occurs at all in

malaria, cannot be strong enough to make ITNs not cost-effective as

an intervention. Finally, long-term follow-up of vector control in

Burkina Faso and Kenya confirmed that the benefits of this control

were sustained even among five-year-old children who had been born

in the reduced transmission conditions (Diallo et al., 2004; Eisele

et al., 2005).
3. EFFECTIVENESS AND COST-EFFECTIVENESS
STUDIES
3.1. Effectiveness of ITNs

3.1.1. ITNs Alone

Studies to determine whether the high efficacy of ITNs found in

highly controlled clinical trials can be replicated when ITNs are de-

ployed under programme conditions (Phase IV trials) have been lim-

ited. The few studies that have been conducted have however
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documented good impact in both small- and large-scale programme

settings (see Table 3). There are many inherent difficulties in meas-

uring impact under programme conditions, the major one being that

programmes deliver interventions to specific target groups within the

whole population, so that there are no contemporaneous control

populations for those target groups for impact assessment (Lengeler

and Snow, 1996). Nevertheless, measurement of effectiveness is nec-

essary to determine the cost-effectiveness of different programme

approaches in order to inform resource allocation. Potential options

for measuring the impact of ITNs in programmatic settings include

population-based prospective surveillance, health facility-based pas-

sive surveillance, repeated cross-sectional surveys, and case–control

studies, but further research is needed to find optimal methodologies.

Results from the first of the effectiveness studies in The Gambia

(D’Alessandro et al., 1995b) sounded a note of caution. The study

assessed the impact on mortality of the government’s programme of

delivering free insecticide for the treatment of privately owned nets,

using prospective surveillance in sentinel sites, and found a 25% re-

duction in all-cause mortality. While this result in itself was impres-

sive, it was in stark contrast to the earlier Phase III trial, which had

shown a 42% mortality reduction (Alonso et al., 1991). The sub-

stantial difference observed between efficacy and effectiveness of

ITNs is unlike many other medical interventions, such as vaccina-

tions, and has major implications for the widescale deployment of

ITNs. The reduction in the efficacy of ITNs seen in programmatic

settings is due to limitations in access, ineffective application of in-

secticides, poor public awareness, user behaviour and adherence in

the home, and weaknesses in the health systems and other models

currently used to deliver ITNs. In the case of the Gambian studies,

the key factors identified as contributing to the reduction in efficacy

between Phase III and Phase IV trials were low ITN use among

children in some areas and sub-optimal insecticide residues on nets.

Two further studies to measure effectiveness of ITNs in The Gam-

bia programme’s second year, one to measure mortality and the other

to measure morbidity, explored the feasibility of using a case–control

design (D’Alessandro et al., 1997). For the mortality study, children

aged 1–9 years who died were matched by age and sex with two



Table 3 Impact of using ITNs on overall mortality, mild malaria disease, parasitaemia and anaemia, measured under
operational conditions

Country Study Impact (Protective efficiency)a Source

Overall mortality Mild disease (fever

and parasitaemia)

Parasitaemia Anaemia

The Gambia Longitudinal

surveillance

25–40% D’Alessandro et al.

(1995b)

The Gambia Case–control Study 0% 59%b D’Alessandro et al.

(1997)

0%c

Pakistan Case–control study 78%d Rowland et al. (1997)

69%e

Tanzania Cross-sectional survey 62% 63% Abdulla et al. (2001)

Tanzania Case–control study 27%f Schellenberg et al.

(2001)

Source: WHO (2002b). Copyright r WHO. Reproduced with permission.
aImpact under operational conditions.
bMatched with health centre controls.
cMatched with village controls.
dPlasmodium falciparum.
ePlasmodium vivax.
fReduction in post-neonatal child death (combined with coverage data this suggests that ITNs prevented 1 in 20 post-neonatal child

deaths; if the effect of untreated nets is taken into account, this increases to 1 in 10 post-neonatal child deaths prevented).
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healthy controls from the same village. The study showed no impact

on mortality. For the morbidity study, children aged 1–9 years at-

tending specific health centres who had fever and parasitaemia were

matched by age with a child attending the same health facility with-

out fever or parasitaemia and with an additional healthy control from

the case’s village. A protective effect was detected when cases were

compared with controls recruited at health centres but not when

compared with the controls from the villages.

A case–control study design was also used to measure the effec-

tiveness of ITNs in Afghan refugee communities in two villages in

Pakistan, which had only partial coverage of ITNs. The study, which

compared the slide-positivity rates obtained at health centres for ITN

users and non-users, showed a protective effect of 78% against

P. falciparum and of 69% against P. vivax (see Rowland et al., 1997).

This provided a relatively cheap method for measuring effectiveness

in remote programme settings. The level of protection shown by the

case–control method was slightly higher than that shown by a pro-

spective household randomized trial of ITNs carried out in the same

villages three years earlier (Rowland et al., 1996) probably because

the case–control method identified ITN users more accurately than

the household trial. A similar case–control study of the impact of the

sale of ITNs in a remote rural Zambian village documented reduction

in malarial parasitaemia and improved haemoglobin levels in children

(McClean and Senthilselvan, 2002).

The more recent evaluation of a large SM programme in Tanzania,

covering a population of 480000, has shown compelling evidence of the

effectiveness of an alternative delivery strategy for ITNs. Annual com-

munity-based cross-sectional surveys over 3 years measuring par-

asitaemia and anaemia among ITN users and non-users revealed a

substantial reduction in anaemia (protective efficacy of 63%) and par-

asitaemia (protective efficacy of 62%) in children aged under 2 years

(Abdulla et al., 2001). Demographic surveillance in an area of 60000

people within the same SM programme was used to determine impact

on child survival (children aged 1 month to 4 years) using a case–control

approach. An ITN coverage rate for infants of 50% was associated with

a 27% increase in child survival among ITN users compared to non-

users (Schellenberg et al., 2001). The study design, comparing users and
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non-users, meant that these results measured the effectiveness of per-

sonal protection rather than a mass effect as described above.

Large-scale SM of ITNs has been carried out in Afghanistan by

non-governmental organizations (NGOs) over the last decade (cov-

ering about 2 million people), and to assess its impact, repeated cross-

sectional surveys were compared with a clinic-based case–control

approach. Findings with the two approaches were comparable

against P. falciparum malaria (odds ratios of 0.31 and 0.41, respec-

tively) but both showed a lower impact against P. vivax malaria,

owing to an inability to distinguish new infections from relapses of

old infections acquired before the ITN sales programme began

(Rowland et al., 2002).
3.1.2. ITNS as Part of National Malaria Control Programmes

The impact of widescale deployment of ITNs as part of national

malaria control programmes in China and Vietnam (Ettling, 2002)

has been impressive. In China, the number of malaria cases has

dropped by 99% over the past 50 years as a result of a combination of

malaria control interventions including ITNs (Tang, 2000). Govern-

mental spraying of over 2.4 million privately owned nets with del-

tamethrin in Sichuan Province, China, resulted in marked reductions

in the number of malaria cases (Cheng et al., 1995).

It will be important to continue to measure the effectiveness of ITN

delivery strategies as they evolve and as new strategies are tested. For

example, there is an urgent need to evaluate the effectiveness of the ITN

delivery strategies targeting vulnerable groups that have been promoted

recently, such as mass distribution of ITNs through expanded pro-

gramme on immunization (EPI) campaigns and distribution through

routine antenatal clinics and EPI services (see Section 8.1).
3.2. Cost-Effectiveness of ITNs

The most comprehensive study, taking account of data across a range

of settings, is that of Goodman et al. (1999). As well as reviewing the

studies that had estimated ITN cost-effectiveness up to that time,
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these authors used Monte Carlo modelling to generate cost-

effectiveness estimates using published data on costs, effectiveness

and some important co-factors. For the intervention of distributing

ITNs free of charge to the whole population, as was done in most of

the large epidemiological field trials, they estimated the cost per dis-

ability-adjusted life-year (DALY) averted to be in the range US$19 to

US$85. This was interpreted as either ‘attractive’ or ‘highly attractive’

by conventional standards. They also considered the situation where

there is already a moderately high level of pre-existing net coverage,

and an alternative mode of intervention was to treat these existing

nets with insecticide. This was found to be even better value for

money: US$4 to US$10 per DALY averted, and highly attractive by

conventional standards.

These results were consistent with the conclusions of previous

studies. Since then, there have been a few further reports in the same

range. One of the most careful studies came from a major trial in

Kisumu, Kenya, which estimated a cost-effectiveness of US$34 per

life-year gained (Wiseman et al., 2003).

Although this body of evidence is consistent, its usefulness is lim-

ited by the fact that the intervention tested in most of these trials—

provision of free ITNs for everyone in the community—is not the

intervention that has been implemented in most large-scale pro-

grammes. Unlike most trials, routine implementation programmes

have generally resulted in partial coverage, either through SM of

ITNs, or by targeting ITN distribution to the most vulnerable groups,

children under five years of age and/or pregnant women. This is

important because of the evidence that full ITN coverage can reduce

the density and sporozoite rate of local vector populations, which in

turn can have a community effect, giving additional epidemiological

protection to everyone in the area (see Section 2.2).

The Kilombero Valley Insecticide-Treated Net (KINET) SM trial

in Tanzania therefore provides a critical link between the efficacy

evidence and these routine programmes. The trial sold ITNs, and

compared mortality rates between individual children who did and

did not sleep under one of these ITNs, excluding the community

effect and allowing for socioeconomic and other confounding factors.

The cost-effectiveness estimates were reassuringly similar to those
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from the previous community-randomized trials: the estimated pro-

tective efficacy of individual ITN use against all-cause mortality was

27%, the estimated cost per death averted was US$1559 and the cost

per DALY averted was US$57 (Hanson et al., 2003). These figures

fell to US$1018 and US$37, respectively, when the protection given

by untreated nets (bought from unsubsidized commercial sources)

was included.

ITNs also have important economic benefits (as well as health

benefits) at the household level. For example, a study in Ahero,

Kenya, estimated that households with ITNs saved US$0.25 in health

care expenditure over a two-week period (Meltzer et al., 2003).

If it is accepted that ITN coverage can reliably be assumed to have

good health impact, then the relative efficiency of alternative delivery

systems, measured as the cost-per-net-delivered or the cost-per-ITN-

year, becomes a key issue. Two notable reports came from Malawi

(Stevens et al., 2005) and Kenya (Guyatt et al., 2002). Unfortunately,

many more data are hidden in unpublished project reports, and a thor-

ough review of this question is beyond the scope of this paper.
4. RISK ASSESSMENT
Synthetic pyrethroids were first developed in the early 1970s, and

rapidly entered widespread use in agriculture. Since then, they have

gained and kept a reputation of being one of the safest classes of

insecticide, in terms of hazards to both human health and the en-

vironment.

Pyrethroids are formally classified as ‘moderately toxic’, which is

lower than most other commonly used classes of insecticide. They

break down quickly in tissue, soil and water, and therefore do not

accumulate through prolonged exposure or through concentration in

food chains. Pyrethroids are not carcinogenic, genotoxic or toxic to

reproduction in experimental animals.

A brief review of the safety of pyrethroid-treated nets was published

by Zaim et al. (2000). The first formal toxicological risk assessment of

the use of pyrethroids on nets was published by Barlow et al. (2001),

and a similar generic approach has since been endorsed and
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recommended by the World Health Organization (WHO) (Barlow and

Sullivan, 2004). All these studies concluded that exposure in practical

conditions from net treatment and use of treated nets is unlikely to be

hazardous.

Perhaps the most important issue about which there is still room for

doubt is neuro-developmental toxicity: the possibility that exposure in

utero or in infancy might influence the development of the nervous

system. In Europe there has been some public concern and debate as to

whether pyrethroids might have endocrine and neuro-developmental

effects, and precautionary regulations now forbid the sale of pyre-

throid-treated nets in some European Union countries. The evidence in

this debate has been reviewed by Kolaczinski and Curtis (2004). It

should also be emphasized that the balance of likely risks and benefits

looks very different in Europe from what it does in malaria-endemic

countries, where some remaining uncertainties about safety must be set

against the much more substantial and certain benefits of protection

against malaria. Recently, the WHO commissioned a further external

and independent review of its current recommendations concerning the

safety aspects of pyrethroids in public health (WHO, 2005d). This

reported that further evidence is necessary before firm conclusions can

be reached about neuro-developmental effects. However, it did con-

clude that pyrethroids ‘do not pose any significant health risk when

they are used in compliance with their directions for use, which are

intended to limit human exposure within the levels recommended for

their specific applications’, and did not recommend any changes to

WHO’s current recommendations.
5. MONITORING AND IMPACT OF INSECTICIDE
RESISTANCE
In the long term, resistance is probably the most important threat to

the effectiveness of ITNs. Pyrethroid resistance mechanisms of two

kinds have been reported.

‘Knockdown resistance’ (kdr) is caused by one or more substitu-

tion mutations in the target molecule on the surface of the nerve. Two

kdr mutations have been reported in An. gambiae. One, which was
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first discovered in Kenya, is confined to permethrin (Ranson et al.,

2000). The other, which confers cross resistance to a variety of pyre-

throids, was probably first selected in response to the use of agricul-

tural pyrethroids (Chandre et al., 2000; Diabate et al., 2002). It is now

widespread in West Africa. Some experimental hut studies have con-

firmed that resistant insects are more likely to survive exposure to

ITNs (Kolaczinski et al., 2000), while others indicate that resistance

offers little or no protection (Hougard et al., 2003). There is some

evidence that the presence of this resistance at high gene frequencies

does not prevent ITNs from being epidemiologically effective

(Darriet et al., 1998; Henry et al., 2005). It is thought that this might

be because resistant insects are less irritated by the pyrethroid and

persist for longer in seeking entry to a treated net, and hence pick up

a higher dosage so there is no differential survival between resistant

and susceptible genotypes (Corbel et al., 2004).

The other type of resistance is an oxidase-based detoxification

mechanism, which breaks down the pyrethroid before it can reach the

nerves. This is found in An. funestus in southern Africa and resulted

in failure of the IRS campaigns with pyrethroids and necessitated a

switch back to DDT (Hargreaves et al., 2000). It is not known

whether this mechanism would be protective against ITNs in south-

ern Africa. Oxidase mechanisms have also been found in An. gambiae

from West Africa, but so far less is known about its importance

(Etang et al., 2004).

Recent evidence indicates that the situation for pyrethroids is

changing for the worse. A comparative experimental hut trial against

An. gambiae carried out simultaneously in areas of pyrethroid resist-

ance and susceptibility in southern and northern Benin produced only

19% mortality and no reduction of blood-feeding in deliberately holed

nets in the pyrethroid-resistant south but 95% mortality and 95%

reduction in blood-feeding in the susceptible north (R. N’Guessan and

M. Rowland, unpublished observations). This is the first unequivocal

demonstration of resistance in An. gambiae undermining the effective-

ness of ITNs under field conditions.

Further work to measure the epidemiological impact of resistance

is urgently needed. This can be done as part of village-randomized

trials of ITNs, ideally in two areas—one with a high frequency and
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one with a low frequency of resistance. In areas where both are

present the impact of resistance might be measured quite simply by

comparing the sporozoite rates in resistant and susceptible insects in

the same area.

The prospects for finding alternative compounds for use on nets are

daunting. Compared to other classes of insecticide, pyrethroids are

extremely safe for people and do very little damage to the environ-

ment, but they are highly toxic to insects. Their rapid mode of action

and excito-repellent effects are especially important for the personal

protective effect of mosquito nets. Other insecticides that might be

effective in similarly small quantities as pyrethroids exist, but may not

be safe enough for use on nets (Guillet et al., 2001). Other alternatives

are safe but have a very slow action, and so might be good at killing

blood-seeking mosquitoes and hence transmission control but not at

preventing them from biting the occupant of the net. Use of a slow-

acting alternative in combination with a pyrethroid may provide the

ideal ‘cocktail’ and might even reduce the rate of selection of pyre-

thoid resistance (Asidi et al., 2005). Exploring alternative insecticides

has been neglected, but it is now an active area of research, and it is

likely that one or more non-pyrethroid compounds will be shown to

be useful and effective on nets in the next few years.
6. TECHNOLOGICAL ADVANCES
To remain effective, ITNs need to be re-treated with insecticide about

once a year or after two or three washes. This is a major constraint to

the effective use of ITNs in rural Africa since systems for providing

re-treatment are either absent or inadequate. To address this problem

some manufacturers have sought to develop LLINs in which insec-

ticide remains present on the net at toxic concentrations even after

several washes. This is an active and competitive area of research.

There is growing evidence that a number of products, based on

differing technologies, are fulfilling the criteria and proving more

wash-resistant than conventional ITNs. These products are taking an

increasing share of the market, particularly among international do-

nors and implementing agencies.
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Long-lasting insecticidal nets are defined by WHO as nets treated

with insecticide either incorporated into or coated around the fibres,

which resist multiple washes and whose biological activity lasts as

long as the net itself (WHO, 2005b).

The first LLIN to become commercially available and obtain WHO

approval was Olysets (WHOPES [WHO Pesticides Evaluation

Scheme], 2001). This is a polyethylene net in which permethrin is in-

corporated within the fibres during net manufacture and over time

migrates to the surface of the yarn to replace residues removed

by washing. After seven years of continuous use in rural villages in

Tanzania, the permethrin content of Olyset nets was still 35% of the

initial loading dose and 90% of the nets were still fully active against

An. gambiae in terms of knockdown in 3-minute exposure bioassay

tests, although mortality rates after 24 hours were rather low (Tami

et al., 2004). Experimental hut trials of Olyset nets tested after 3 years’

field use in Côte d’Ivoire produced a level of mortality among An.

gambiae and C. quinquefasciatus no different from that of new, unused

Olyset nets (N’Guessan et al., 2001). Migration and replenishment of

permethrin to the surface of the net after washing (regeneration) is

temperature-dependent and can be accelerated by heating (WHOPES,

2001). Heating nets under field conditions may be impractical and in

any event does not appear to be necessary to maintain the personal

protective effect of Olyset. It is unclear whether Olyset can produce

consistently high mortality of mosquitoes throughout the lifespan of

the net.

PermaNets is a more recent LLIN in which polyester nets are

treated with a deltamethrin-containing wash-resistant resin which is

coated on to the fibres during manufacture of the nets. The first-

generation PermaNets produced variable field results owing to qual-

ity control problems during manufacture (WHOPES, 2004); efficacy

persisted after washing in a South American study (Ordonez Gonz-

alez et al., 2002) but showed a decline with successive washes in some

African and Asian studies (Müller et al., 2002; Graham et al., 2005).

With the launch of PermaNet 2.0 in 2002, this problem has been

solved. Tests by independent agencies in laboratory and experimental

huts have shown that effectiveness of PermaNet 2.0 persists for at

least 20 WHO-standardized washes (WHOPES, 2004; Graham et al.,



INSECTICIDE-TREATED NETS 103
2005). After obtaining interim approval fromWHOPES in 2004, sales

of PermaNet 2.0 have soared and this LLIN is presently dominating

the market.

It is unclear whether PermaNet 2.0 or any other resin-based LLIN

will remain effective throughout the 4–5 year lifespan presumed for

polyester nets. Attrition of insecticide during normal use may accrue

from a combination of washing, friction and general wear and tear,

and the standardized washing procedure used in WHO Phase 1 and 2

trials applies only the first of these factors. The acid test of any LLIN

is persistence of effectiveness over several years of normal use in

village conditions, and for PermaNet 2.0 these studies have only re-

cently been initiated.

The vast majority of nets in current use are not LLINs and have either

never been treated or were treated only on issue (WHO, 2005b). An

important technical development is the treatment kit (KO Tab 1-2-3)

which combines a conventional insecticide tablet with a binding agent

which can be applied to ordinary nets in the field through simple dipping

and provides a genuinely wash-resistant treatment. Chemical assay using

high-performance liquid chromatography showed that insecticide was

removed by washing at a rate only slightly greater than that of Perma-

Net, and after 30 washes the treated nets were still fully effective in

mosquito bioassays (Yates et al., 2005). This recent development raises

the prospect of conventional nets being made long-lasting through sim-

ple dipping in the home. If widely taken up, this could have a major

impact on malaria in Africa. The effect of netting material on persistence

and wash-resistance of long-lasting formulations has still to be deter-

mined and it is presently unclear whether such formulations would per-

form equally well on nets made of cotton, nylon or polyethylene.

In 2004, the WHO (2004) guide prices were $2.18 for a medium size

conventional untreated polyester net, and $4.80 for an LLIN. How-

ever, in recent enquiries the prices appear to have increased which

presumably reflects the fact that demand greatly exceeds supply. The

present production capacity of PermaNet is 25 million per year and

will increase to 60 million by end of 2006 (M. Vestergaard, personal

communication). Olyset production stands at 5 million per annum

and will grow to 20 million per annum by 2006 (Sumitomo press

release, 10 March 2005). Based on the combined statements from
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these manufacturers, overall production of LLIN is projected to grow

to 60–80 million annually. However, announcing bold and ambitious

plans for investment in new capacity is one way in which these man-

ufacturers can defend their current positions on the LLIN market. It

is therefore possible that capacity will in fact expand rather more

slowly than the more optimistic projections would suggest. Never-

theless, if these projections hold and an LLIN will last on average of 5

years before needing replacement, global coverage of these LLIN will

eventually stabilize at around 300–400 million.

Several other major agrochemical and textile manufacturers are

developing their own LLINs, and it is anticipated that in the not too

distant future all commercial nets will be LLINs. It is hoped that

competition will help to lower prices of LLINs. Some of their manu-

facturers are the producers of alternative insecticides that may ulti-

mately supplement or replace the pyrethroids on nets, and it will be

necessary to subject these too to LLIN technology.
7. EVOLUTION OF ITN POLICY
The evolution of ITN policy over the past 10 years has been driven by

key milestones in the evidence provided by the research on ITNs

described above in terms of target groups (from efficacy studies) and

delivery strategies (from cost-effectiveness studies). The main policy

debate has been on how best to achieve a balance between equity on

the one hand and sustainability on the other. Central, and closely

linked, themes within this debate have been ‘who should pay? (and

how much can they afford for how long?)’ and ‘mass versus targeted

deployment of ITNs’. Another key policy debate has been on the

relative roles of ITNs versus IRS for malaria vector control.
7.1. Equity versus Sustainability

The debate on how to increase ITN coverage has much in common

with food aid and agricultural development. The basic strategic

choice is between providing commodities completely free to poor
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communities to achieve equity and more developmental approaches

where subsidies are used to build and promote more sustainable sys-

tems, which can thrive after donor support wanes. The dilemma is

therefore how to achieve rapid impact while encouraging growth of

more sustainable solutions.

Efficacy studies have provided powerful evidence for ITNs as a

cost-effective public health tool (see Section 3) to reduce mortality

and morbidity in vulnerable groups, namely young children and

pregnant women. While ITNs also afford health benefits to other

population groups, it is generally acknowledged that free ITNs for

everyone at risk from malaria globally would require levels of funding

and health systems capacity not currently available. As long as this

remains the case, some form of prioritization will be necessary,

thereby according public sector priority to the most vulnerable.

Vulnerable groups therefore became the focus of global policy

(WHO, 2002a) and targets for increased ITN coverage (WHO, 2000).

It has however been argued that by targeting only pregnant women

and children with ITNs, the ‘mass effect’ detected in some (but

not all) trials would not be seen and that this would compromise the

level of protection. However, the evidence is inconsistent (see

Section 2.2.2).

Even with prioritization of vulnerable groups, it is recognized that

public sector capacity will be stretched and that the commercial sector

has an important role to play both in supporting the public sector in

achieving its goals in the immediate term and also in sustaining high

coverage levels in the longer term.
7.2. Role of the Commercial Sector

The World Malaria Report (WHO, 2005a) showed that coverage with

any net is generally much higher (up to 10-fold) than coverage with

ITNs, with ITNs constituting a median of just 18% of nets owned by

households. In other words, about five out of every six nets found in

African households have been supplied by the commercial sector and

only one out of six by the public sector, demonstrating that the

commercial sector plays a significant role in providing nets.
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There are, however, important differences between nets and insec-

ticide. While nets are widely available, insecticide markets are almost

non-existent. Secondly, untreated nets are a ‘private good’, meaning

that the benefits are confined to those sleeping nets, whereas insec-

ticide treatment provides a positive externality through the ‘mass ef-

fect’ (see Section 2.2.2). In the presence of an externality, demand is

likely to fall short of the optimal level of demand required for impact,

providing a rationale for public intervention in the provision of in-

secticide, such as public financing or provision of public information.

This is the approach used in China and Viet Nam, which have the

largest and longest-sustained ITN programmes in the world.

These differences between nets and insecticide have two important

implications for ITN programmes: (i) the commercial sector already

plays an important role in the distribution of nets, and should be

supported by the public sector through the so-called ‘enabling envi-

ronment’, the success of which has been demonstrated in Tanzania

(Magesa et al., 2005); (ii) provision of insecticide treatment kits and/

or services should constitute an important component of all ITN

programmes, except where LLINs are used.
7.3. Who Should Pay?

There has been much debate about the relative roles of the public

sector, the commercial private sector, and the community in terms of

who should pay for ITNs (Curtis et al., 2003; Lines et al., 2003). One

school of thought is that the public sector (governments of malaria-

endemic countries and development partners) should provide (and

sustain) free nets for everyone to maximize the mass effect and hence

the health and development benefits. The alternative view is that the

public sector in resource-poor settings should focus on the most vul-

nerable and at the same time support the public health contribution

made by the commercial sector. A recent estimate of the international

investment required to provide 80% coverage of those at risk from

malaria with available malaria interventions by 2010 of US$1900

million per year is far beyond current levels of investment for malaria

control, and malaria-endemic countries are concerned as to whether
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investments will grow to cover needs and be sustained (WHO, 2005b).

The World Health Assembly’s most recent resolution on malaria

control upholds the alternative view, that member states should pur-

sue the rapid scale-up of targeted free, or highly subsidized, ITNs and

IPT to vulnerable groups (WHO, 2005c).

The precise balance to be achieved between subsidized approaches

to delivering ITNs to vulnerable groups and commercial market de-

velopment for ITN distribution will vary from place to place and over

time, as coverage levels increase and as markets develop (Figure 2).
7.4. Role of ITNs Relative to IRS

The relative role and effectiveness of ITNs versus IRS for the control

of malaria is a major policy consideration for governments of ma-

laria-endemic countries. In a direct effort to address questions on this

issue by policy makers, the Roll Back Malaria (RBM) initiative re-

leased a consensus statement regarding personal protection and vec-

tor control options for prevention of malaria (RBM, 2004).� The

statement affirms that, in Africa, ITNs and IRS are both very effec-

tive for malaria vector control but that the evidence concerning the

relative cost-effectiveness of these two interventions is mixed. It also

raises an important programmatic consideration that the choice be-

tween these two interventions depends not only on short-term epi-

demiological impact but also on considerations of feasibility and

sustainability in the long term and at the scale required, and on the

availability of appropriate delivery systems. There is therefore no

generalized recommendation for the region as a whole, and choices

need to be made on the basis of local context.

IRS has some important advantages in areas of unstable or epi-

demic malaria in that it has rapid and reliable short-term impact, and

can be targeted at the communities at highest risk, on an annual basis

and in response to changing transmission patterns. IRS is, however,

relatively demanding in terms of the logistics, infrastructure, skills,

planning systems and coverage levels that are needed for its successful

and effective operation. Nevertheless, such systems have been
�http://rbm.who.int/partnership/wg/wg_itn/docs/RBMWINStatementVector.pdf



Figure 2 Striking a balance between subsidized and commercial strat-
egies for the supply of insecticide-treated nets. Source: WHO, 2005e. Cop-
yright r WHO. Reproduced with permission.
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successfully and effectively maintained for many years in some Af-

rican countries, and every effort should be made to sustain these

systems in the future.

In most countries of Africa south of the Sahara, however, the vast

majority of the rural population is exposed to stable malaria and the

infrastructure, capacity and systems needed for large-scale IRS do

not exist. In these circumstances, ITNs have important advantages.

As well as being less demanding than IRS in terms of infrastructure

and organization, ITNs allow vector control resources to be targeted

towards those most at risk in stable endemic settings, i.e. pregnant

women and young children, and hence best use can be made of initial

resources. In addition to personal protection, ITNs provide commu-

nity-level benefits, which are thought to increase proportionally with

coverage across all coverage levels, and will contribute to early gains

in equity as programs scale up.

The RBM statement concludes: ‘In high transmission and stable

endemic malaria settings of Africa south of the Sahara facing a choice

of methods to implement and scale up, RBM strongly recommends
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that countries and RBM partners focus preventive vector control

efforts on increasing coverage of insecticide-treated nets (ITNs)

rather than investing in the creation of new large-scale IRS

programs’.
8. EVOLUTION OF ITN DELIVERY STRATEGIES
8.1. National Level

8.1.1. Projects

Projects to deliver ITNs began in Asia and the Pacific region in the

late 1980s and in Africa slightly later, in the early 1990s. With the

exception of China, Viet Nam, Solomon Islands and The Gambia, all

of which have national programmes, ITN distribution was, until a

few years ago, limited to discrete, relatively small-scale projects run

by a combination of government agencies, NGOs and development

partners, but with limited inter-agency collaboration between part-

ners. There are now essentially four models for delivering ITNs:

(i) subsidized sales (community-based and SM); (ii) free goods;

(iii) total market approach (TMA); and (iv) unsubsidized commercial

sales. The earlier projects were based on subsidized sales and free

goods, with limited targeting. The importance of the role of the

commercial sector has been recognized relatively recently in the ev-

olution of ITN delivery strategies, and has brought with it support

for TMA.

8.1.1.1. Subsidized Sales. Earlier models for delivering ITNs fo-

cused on community-based approaches where community volunteers,

with support from Ministries of Health, were involved in the pro-

motion, treatment and sale of ITNs, which generated revolving funds

intended for continuation of activities. An example of this approach

was the UNICEF-supported Bamako Initiative in Kenya in the early

1990s, but problems with inefficient community management of

funds and lack of a viable re-supply system for ITN commodities left

the project unsustainable without continued external support
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(McPake et al., 1993). Many other community-based initiatives to

deliver ITNs have run into similar problems (Chavasse et al., 1999)

and emphasis soon broadened to include SM models.

SM approaches to the delivery of ITNs were attempted in the

Central African Republic in 1994, where the approach was successful

in creating very high demand for heavily subsidized ITNs but the

project was terminated prematurely due to civil unrest (Chavasse

et al., 1999). At first the project sold pre-treated nets through retail

outlets and pharmacies but retailers started to resell nets at higher

prices elsewhere, so that the SM agency had to resort to selling the

products directly to consumers themselves, thereby undermining the

potential efficiency of the SM approach in which the commercial

sector is used for ITN distribution, alleviating the burden on public

health systems. SM of ITNs in Afghanistan through rural clinics and

mobile teams in more remote areas has led to a steady increase in

coverage since 1992 (Rowland et al., 2002; Kolaczinski et al., 2004).

In such war-torn countries, commercial networks are unstable or

slow to develop and this results in a longer dependence on develop-

ment programmes to meet the continuing demand.

SM approaches to delivering ITNs in politically stable countries

have evolved to include a variety of distribution mechanisms, in-

cluding use of existing commercial channels, subsidized commercial

channels (PSI, 2005a)y and public health facilities (PSI, 2005b),z and

subsidized promotion campaigns, e.g. in the absence of supply inputs

(see Section 8.1.1.3.).

Malawi has one of the largest ITN distribution programmes in

Africa, delivering over 3 million ITNs by the end of 2004 (PSI,

2005b). SM has been used to deliver ITNs through a combination of

channels, to pregnant women (at heavily subsidized prices) through

antenatal clinics and to the general population through a combina-

tion of community-based and private sector distribution, the latter

mainly in urban centres. Coverage of households owning at least one

net has increased from 5% in 2000 to 43% in 2003, with 35% of

children under five years of age and 31% of pregnant women now
yhttp://www.psi.org/malaria/malaria-resources/Tanzania%20ITN%20Program.pdf
zhttp://www.psi.org/malaria/malaria-resources/Malawi%20ITN%20Program.pdf
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sleeping under an ITN (WHO, 2005a). The cost of this approach was

estimated to be US$1.92 per ITN delivered (Stevens et al., 2005).

8.1.1.2. Free Goods, Including Vouchers. The provision of free

goods can apply to ITNs and/or insecticides. The provision of free

insecticide to treat privately owned nets bought through commercial

channels in China and Viet Nam has already been described. This

approach is now being tested in parts of Africa (Cameroon and

Uganda). In Cameroon, this operation was successful and there is

evidence that the prospect of free insecticide also stimulated purchase

of new nets from the local market (Manga et al., 2004).y

The distribution of free ITNs is usually targeted, such as the dis-

tribution of free ITNs to pregnant women through antenatal clinics in

Kenya, to children through immunization campaigns in Togo, Zambia

and Ghana, to populations living in malaria transmission zones in

Eritrea, and to flood victims in Mozambique. While there is some

documentation of the costs and successes of this approach when used

on a limited scale for targeting pregnant women through antenatal

clinics in Kenya (Guyatt et al., 2002; Guyatt and Ochola, 2003) and

children through measles campaigns in Ghana (Grabowsky et al.,

2005), and more recently on a national scale in Togo (WHO, 2005a),

there are insufficient data to assess its costs on a larger scale or its

sustainability in the longer term. Similarly, there is little evidence on

the cost-effectiveness of delivering ITNs through routine immunization

(as opposed to campaigns), though this approach has the potential for

targeting groups missed by immunization campaigns and for routine

follow-up of ITNs distributed during campaigns (J. Webster and

J. Hill, unpublished observations).

One of the most attractive methods of delivering ITN subsidies is

the delivery of vouchers which can be exchanged for goods at com-

mercial retail outlets either free or at a discount, since this supports

local trade and at the same time alleviates the burden on the public

health system of the distribution costs, logistics and management

functions associated with ITNs. While there have been several pilot

schemes, Tanzania is the only country to have adopted this approach
yhttp://www.afro.who.int/ddc/bulletins/2004-03.pdf
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on a national scale to target pregnant women attending antenatal

clinics (Worrall et al., 2005). Preliminary anecdotal evidence suggests

that the voucher programme is working well, but there are as yet no

data on its cost-effectiveness and viability on a large scale.
8.1.1.3. Total Market Approach. SM using a TMA has been used

more recently with significant success in both Tanzania and Nigeria,

and is currently favoured by some donors over traditional SM. TMA

differs from traditional SM in that rather than selling an SM branded

product at prices just below those of the unsubsidized commercial

sector, SM approaches are applied to local net brands through de-

mand creation, in addition to which local net manufacturers are en-

couraged to package nets with insecticide kits before sale.

A major challenge for programme design using TMA is the great

diversity across Africa in the structure and size of net markets (see

Section 8.2), and the challenges of engaging with the more dissem-

inated markets found in West and Central Africa.
8.1.1.4. Unsubsidized Commercial Sales. The importance of local

net markets, which sell locally stitched nets in West and Central

Africa and manufactured nets in East Africa, have been consistently

underestimated but recent evidence has now confirmed that most nets

currently in use in Africa have been bought from these markets

(WHO, 2005a) and that coverage is surprisingly equitable (Webster,

et al., 2005).

Each of these approaches (Sections 8.1.1.1. to 8.1.1.4.) has been

successful to varying degrees in increasing ITN coverage, but these

successes need to be understood in the context of national pro-

grammes which take into account the challenges of going to full scale

and sustaining high levels of coverage.
8.1.2. Moving from Projects to Programmes: Going to Full Scale

The launch of the RBM initiative by the Director General of the WHO

in 1998 provided new impetus for partners to come together to agree

strategies to scale up key malaria control interventions, including
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ITNs. The RBM strategic framework for ‘scaling-up insecticide-

treated netting programmes in Africa’ summarizes the evidence

and captures the consensus approach for scaling up ITNs by a broad

range of national and international partners, including ministries of

health, development partners, United Nations agencies, NGOs and

research institutions (WHO, 2002a), and a second edition has recently

been produced following still broader consultation among govern-

ments and their partners in Africa (WHO, 2005e).z The strategic

framework builds on the work already being undertaken to develop

national consensus strategies to deploy ITNs in several sub-Saharan

African countries. Crucially, the framework recognizes that the public

sector alone does not have the capacity or the resources to deliver

ITNs to everyone at risk and needs to prioritize vulnerable groups,

and that the commercial sector has an important role to play. It

provides a conceptual framework in which both public and private

sector partners can work in a complementary and supportive manner

(see Figure 3).

The key consideration for countries embarking on nationwide strat-

egies for increasing ITN coverage is therefore not ‘which model?’ but

which ‘combination of approaches?’ and how best to manage imple-

mentation of the range of approaches adopted in order to promote

positive and supportive interactions. The combination of approaches

adopted by any one country will very much depend on the local

country context, and the approaches are expected to evolve over time

as coverage increases and as commercial markets develop (Figure 2).
8.1.3. Current ITN Coverage

The 2005 World Malaria Report stated that, ‘with the exception of

the most recent survey that covered all areas at risk of malaria in

Eritrea—the population-weighted coverage of ITN usage in African

children under five years of age is 3%’ (WHO, 2005a). This figure was

based on 34 surveys conducted in the median year 2001, and therefore

excluded more recent efforts to deploy large numbers of ITNs
zhttp://www.rollbackmalaria.org/partnership/wg/wg_itn/docs/WINITN_Strategic

Framework.pdf



Figure 3 National scaling-up of ITN usage: a conceptual framework for
partners. Source: WHO, 2005e. Copyright r WHO. Reproduced with per-
mission.
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through campaigns and subsidized delivery mechanisms. Neverthe-

less, with the exception of Eritrea (endemic regions only), Malawi,

Togo (children aged 9–59 months only), São Tomé and Principé, and

possibly Tanzania, few countries have achieved the Abuja target of

60% coverage of vulnerable groups with ITNs by the end of 2005.

This inability to deploy ITNs to groups at particular risk from ma-

laria throughout malaria-endemic Africa more than 20 years after

their invention is especially depressing to those who have fought hard

to promote ITNs, but there is a strong sense globally that the corner

has finally been turned given recent policy statements and the push

for the Millennium Development Goals (UNDP, 2005).]
8.2. Regional Level

According to the most recent survey data (WHO, 2005a), some four out

of five nets in use in Africa are untreated. This means that the great

majority of nets used in African households were bought by their owners
]http://www.millenniumproject.org/reports/tf_malaria.htm
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from unsubsidized commercial markets. Yet there are major geograph-

ical contrasts, both between Africa and other continents and within

Africa, in the state of commercial net supplies and in ITN policies.

In many parts of West Africa, for example, net use is a long-standing

tradition. Nets are made by local tailors from a wide variety of ma-

terials and fabrics, according to the buyer’s specified preferences. These

nets are mostly large and rectangular, and are often stronger and

heavier than the knitted polyester nets favoured elsewhere. Coverage

rates vary widely, but can be high: household net ownership rates

exceed 50% in Mali as a whole, and reach 90% in the famously remote

locality of Tombouctou (http://www.NetMarkAfrica.org). Net own-

ership is also surprisingly equitable in this region, and in some coun-

tries, poor and rural households are more likely to have an untreated

commercial net than rich urban households (Webster et al., 2005).

In East Africa, there is also a pervasive local market in nets, but in

this case it is dominated by factory-made nets, mostly of light-knitted

polyester fabric, including a high proportion of conical nets. In this

region, net use is more strongly concentrated in urban areas and in

less-poor socioeconomic groups (Webster et al., 2005).

The importance and potential of local net supplies and informal

textile markets tend to be underestimated by ITN projects, but they

can be very responsive to changes in demand. Within weeks of an

ITN advertising campaign on Nigerian television, wholesale net

traders in local markets had started to sell insecticide treatment kits

packaged with their own nets, at prices that competed well with the

nets imported by the project. But the big success story is that of

Tanzania, which has been transformed over the last ten years. Nets

used to be very rare and expensive and untreated, and they are now

very common and cheap and treated; national ITN coverage is close

to Abuja target levels and shows every sign of being sustainable

(Lines and Addington, 2001).

In south-east Asia, net ownership is even more common and wide-

spread, and it is not unusual for most people to be using nets. The

malaria programme in Cambodia has for years reported net coverage

rates based on the numbers of ITNs distributed by the government and

NGO projects, assuming that communities in forested malarious areas

were too poor to buy nets for themselves. A recent survey has now
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shown that coverage rates everywhere are high, and project nets rep-

resent less than one-third of the total number of nets in households.
9. CONCLUSIONS AND NEEDS
While there is currently unprecedented political and financial support for

increasing access to ITNs as a key strategy to controlling malaria, with

consequent benefits to poverty reduction, there are still many questions

concerning the effectiveness of different, as well as combined, ap-

proaches to scaling up ITN interventions, including those listed below.
�
 What is the effectiveness of different approaches to increasing

coverage of ITNs (with and without IPT) in programme settings,

by combining ITN delivery with maternal and child health pro-

grammes? (This will require new methodologies for measuring

effectiveness as it is no longer ethical to deny the intervention to

control groups.)

�
 What is the cost effectiveness of use of single interventions such as

ITNs versus use of combined interventions, or use of ITNs and

IPT to prevent malaria in children and pregnant women, use of

repellents and ITN in regions with early and late biting vectors,

and ITN versus artemisin-based combination therapy for long-

term transmission control?
Similarly, there remain substantial gaps in knowledge on the efficacy

of ITNs in different programmatic scenarios as well as on the epi-

demiological impact of ITNs in certain geographical zones and of

long-term use, as follows:
�
 What is the impact of ITNs at different levels of coverage to

determine better the relationship between individual and mass

protection, in order to guide delivery strategies?

�
 What is the impact of ITNs targeting pregnant women through

antenatal clinics (the current policy recommended by WHO),

where women may not benefit from the mass effect seen in

group-randomized trials? (There has been only one study to date.)

�
 What is the impact of ITNs in a programme setting where the
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majority of women attend antenatal clinics in the second trimes-

ter? (To date only two trials have assessed the impact of ITNs

delivered through these clinics.)

�
 What is the impact of long-term use of ITNs on malaria trans-

mission intensity and on the development of immunity?

�
 What is the efficacy of ITNs in Latin America? (This requires the

design and execution of well-conceived large-scale trials that take

into account the low incidence of malaria, high prevalence of

P. vivax and relapsing cases, and the relationship between human

activity and crepuscular biting patterns of some malaria vectors in

the Americas.)

�
 What is the potential role of ITNs against other vector-borne

diseases such as visceral leishmaniasis (kala-azar) or lymphatic

filariasis in India or Africa, or Chagas disease in South America?
And finally, while the last five years have brought us what is arguably

the most important technical development (that of LLINs), a fun-

damental technical challenge remains—the development of insecticide

resistance. Knockdown resistance has already become widespread in

West Africa but it is unclear whether this or other resistance mech-

anisms will become an obstacle to control, or whether the barrier

effect will mean that ITNs remain effective when IRS is compromised

by resistance. Nevertheless, the search to develop alternative insec-

ticides and mixtures to replace pyrethroids needs to begin now. A

related issue is measurement of the duration of effectiveness of an

ITN (or an LLIN), which currently relies on purely entomological

measures. Conventional definitions of ‘adequate insecticidal activity’,

as measured in entomological bioassays, are arbitrary and have never

been calibrated in epidemiological terms.
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ABSTRACT

The Southern Cone Initiative (Iniciativa de Salud del Cono Sur,

INCOSUR) to control domestic transmission of Trypanosoma cruzi

is a substantial achievement based on the enthusiasm of the scientific

community, effective strategies, leadership, and cost-effectiveness.

INCOSUR triggered the launch of other regional initiatives in Cen-

tral America and in the Andean and Amazon regions, which have

all made progress. The Central American Initiative targeted the

elimination of an imported triatomine bug (Rhodnius prolixus) and

the control of a widespread native species (Triatoma dimidiata), and

faced constraints such as a small scientific community, the difficulty

in controlling a native species, and a vector control programme that

had fragmented under a decentralized health system. International

organizations such as the Japan International Cooperation Agency

(JICA) have played an important role in bridging the gaps between

fragmented organizational resources. Guatemala achieved virtual

elimination of R. prolixus and ‘reduction of Tri. Dimidiata and El

Salvador and Honduras revitalized their national programmes. The

programme also revealed new challenges. Tri. dimidiata control

needs to cover a large geographic area efficiently with stratification,

quality control, community mobilization, and information manage-

ment. Stakeholders such as the National Chagas Program, the

local health system and their communities, as well as local govern-

ment must share responsibilities to continue comprehensive vector

control.
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1. INTRODUCTION
Control of Chagas disease caused by the parasite Trypanosoma cruzi

in Latin America over the last two decades has been a substantial

public health achievement. The incidence of Chagas disease was re-

duced by over 65% between 1990 and 2000, from an estimated

700 000 cases per year to fewer than 200 000 (Schmunis et al., 1996;

WHO, 2002). The Southern Cone Initiative (Iniciativa de Salud del

Cono Sur, INCOSUR) was launched in 1991, aimed at elimination of
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the main vector, the reduviid bug Triatoma infestans, and elimination

of transfusional transmission of T. cruzi in Argentina, Bolivia, Brazil,

Chile, Paraguay, and Uruguay (PAHO, 1993). Since transmission by

triatomine bugs accounts for over 80% of Chagas disease transmis-

sion, and the initiative successfully eliminated domestic Tri. infestans

over large areas, this large-scale regional cooperation has significantly

reduced disease transmission (Table 1) (WHO, 2002). The interrup-

tion of domiciliary transmission of T. cruzi by Tri. infestans has al-

ready been certified in Uruguay, Chile, four provinces in Argentina,

10 states in Brazil, and one state in Paraguay (PAHO, 1998, 1999a,

2000a, 2002a, 2003a). This success suggested that Chagas disease

control is no longer a technical issue, but a political, economic, and

organizational problem (Dias and Schofield, 1999; Schofield and

Dias, 1999; Dias et al., 2002).

Based on the success of INCOSUR, the concept of region-wide

control of Chagas disease has expanded to other regions such as

Central America, where the endemic countries are facing new chal-

lenges in vector control. The World Health Organization (WHO)

adopted the common goal of the elimination of Chagas disease in

Latin America by the year 2010. In 1997, Belize, Costa Rica, El

Salvador, Guatemala, Honduras, Nicaragua, and Panama launched

the Central American Initiative (Iniciativa de los paı́ses de Cent-

roamérica, IPCA) and Colombia, Ecuador, Peru, and Venezuela

launched the Andean Initiative (1997) to control vectorial and trans-

fusional transmission of the disease. Mexico has begun a dialogue
Table 1 Change of seroprevalence (%) of T. cruzi infection in five
Southern Cone countries, 1981–1999

Country 1981–1991 1995–1999 Age group (years)

Seroprevalence Year Seroprevalence Year

Argentina 4.8 1983 1.0 1995 18

Brazil 5.0 1981 0.3 1999 0–7

Chile 5.4 1990 0.2 1999 0–4

Paraguay 9.7 1991 3.9 1996 18

Uruguay 2.4 1985 0.1 1996 0–12

Source: WHO (2002).
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with IPCA, seeking to join in the control activities. In addition, the

Amazon region has discussed launching a regional initiative for sur-

veillance and control of sylvatic vector species. IPCA has made the

most significant progress to date, especially in vector control. IPCA,

however, must deal with an entomological, social, and political sit-

uation, which is different from that of the Southern Cone countries.

The aims of this paper are to review the lessons of the Southern Cone

Initiative and their application in Central America, and to discuss

strategies to tackle the new challenges of sustainable triatomine

control.
2. THE SOUTHERN CONE INITIATIVE
INCOSUR (the Southern Cone Initiative) provided valuable lessons

for implementing Chagas disease control in the Americas. Recent

reviews have evaluated the achievements of INCOSUR (e.g. Dias and

Schofield, 1999; Morel, 1999; Schofield and Dias, 1999; Silveira and

Vinhaes, 1999; Dias et al., 2002; WHO, 2002; Moncayo, 2003). These

reviews summarize the following points:
(i)
 INCOSUR established the appropriate technology and strategy

to interrupt the transmission of Chagas disease.
(ii)
 A control programme with strong leadership at the central level

was a vital factor.
(iii)
 The regional initiative was feasible, valuable, and cost-

effective.
(iv)
 The scientific community played an important role in providing

expertise and continuity for the initiative.
2.1. Technology and Strategy Development

INCOSUR established a three-phase control strategy: preparation,

attack, and maintenance (Dias, 1991; Schofield and Dias, 1999). (i)

The preparatory phase identified infested villages and surveyed
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seroprevalence in children, using established indices.� (ii) The attack

phase involved large-scale residual spraying of pyrethroid insecticides

in the domestic and peridomestic structures in the infested villages.

(iii) The maintenance phase consisted of vector surveillance by vector

control personnel and the local community, and additional spraying

of insecticides in any reinfested houses.

Tri. infestans is the most important and most widely distributed

vector of Chagas disease in South America, and has the following

characteristics that make it vulnerable to this strategy: (i) relatively slow

rate of repopulation; (ii) limited range of habitats (domestic and peri-

domestic areas, except for some sylvatic populations in parts of central

Bolivia); (iii) limited capacity for active dispersal; (iv) complete suscep-

tibility to modern pyrethroid insecticides; and (v) low genetic vari-

ability, suggesting a low tendency to develop insecticidal resistance

(Dias and Schofield, 1999; WHO, 2002). The massive triatomine con-

trol campaign in Brazil between 1983 and 1986 demonstrated the ef-

fectiveness of the triatomine control strategy, reducing the number of

Tri. infestans-infested municipalities from 711 to 83, and seroprevalence

in the 0–7 year age group from 5% to 0.3% (WHO, 1997b). Based on

this success and various technical guidelines developed in member

countries, the WHO Expert Committee on the Control of Chagas Dis-

ease provided the technical guidelines (WHO, 1991) for implementing

national programmes in other countries in South and Central America.
2.2. Cost-Effectiveness

Cost-effectiveness of any large-scale vector control campaign is the

crucial basis for the political decision to launch the regional initia-

tives. Chagas disease was ranked as the fourth most serious parasitic
�Principal entomological indices were: house infestation index ¼ percentage

of houses infested by triatomines among number of houses examined; dispersion

index ¼ percentage of villages infested with triatomines among number of villages

examined; density index ¼ number of triatomines captured per house examined;

crowding index ¼ number of triatomines captured per house infested with triato-

mines; colonization index ¼ percentage of houses infested with triatomine nymphs

among number of houses infested with triatomines. Among these indices, the house

infestation index is the most commonly used (Schofield, 2001).
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disease globally (after malaria, schistosomiasis, and intestinal worms)

in terms of annual loss of disability adjusted life years (DALYs),

which is equivalent to over US$ 6.5� 106 per year (World Bank,

1993). In Latin America, Chagas disease is the most important of the

parasitic diseases. Schofield and Dias (1991) projected that the inter-

nal rate of return on investment on triatomine control was estimated

to be 14% per year by savings in medical costs. Subsequently, the

Chagas disease control programme in Brazil was shown to have pre-

vented an estimated 89% of potential disease transmission (Akhavan,

2000), and the internal rate of return of Chagas disease vector control

was estimated to be over 60% in Argentina (Basombrı́o et al., 1998).

This economic benefit, however, would be lost quickly without con-

tinued vector-surveillance activity. Analysis showed that the absence of

surveillance after the attack phase would reduce the benefit of the in-

itiative to zero after 11 years (Schofield and Dias, 1991; Akhavan, 2000;

Dias et al., 2002). Vector surveillance by community participation de-

tected infestation more precisely than active surveillance by health per-

sonnel when the infestation level was low (Dias, 1988, 1991; Wanderley,

1991). The risk of reinfestation from the peridomestic to the domestic

habitat always persists; thus a combination of community-based

surveillance and selective application of insecticides would be cost-

beneficial (Schofield and Dias, 1991; Akhavan, 2000; Dias et al., 2002).
2.3. Organization

INCOSUR successfully strengthened national programmes for Cha-

gas disease control. At the beginning of the initiative, only Argentina

and Brazil had established national programmes. Their triatomine

control campaign started with a ‘‘vertical’’ structure with its own

human and financial resources (Dias, 1991; Schmunis and Dias, 2000;

Liese et al., 1991). During the decentralization of the health system

that started in the mid-1980s, the vector control organizations were

progressively dismantled, and the personnel were allocated to the

newly established local health systems (Dias and Schofield, 1999).

However, most of the Southern Cone countries managed to establish

a continuous vector control programme in accordance with their
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health system needs, by maintaining a strong national-level per-

spective of the role of vector control. While Paraguay maintained a

vertical programme, Chile and Uruguay carried out vector control

activity at the regional and departmental levels to which the national

level provided human and financial resources, technical guidance and

logistics (Schmunis and Dias, 2000).
2.4. Regional Coordination

The regional initiative made it possible to tackle issues such as ac-

complishing wide geographic coverage, control of boundary areas,

and regional quality control of the vector programme. Under the

common objectives, progress in each country was monitored and

evaluated cooperatively through regional meetings and Pan American

Health Organization (PAHO) evaluation missions to each country.

The use of evaluation teams from neighbouring countries afforded

excellent opportunities for shared experience and, in some cases, re-

source-sharing. Setting attainable goals and certifying the progress

created healthy competition, and motivated member countries. The

certification of interruption of Chagas disease transmission by PAHO

was particularly important politically as well as technically. The de-

cision to certify five countries as free of domiciliary transmission was

publicized widely by WHO. International organizations facilitated

these regional activities. PAHO provided a political framework for

the initiative, and facilitated the regional exchange of knowledge and

personnel. ECLAT (Latin America Triatomine Research Network),

supported by the European Union, promoted regional networking

among scientists, and helped to link scientific effort with the vector

control operation.

The recent focus of the initiative is in the maintenance phase of the

elimination of Tri. infestans and the control of secondary species of

vectors in Argentina, Chile, Brazil, and Uruguay. Currently, Bolivia

has the most active vector control programme in South America,

backed by a substantial loan from the Inter-American Development

Bank (IDB). Bolivia launched a national programme in 1991, but was

unable to achieve its operational targets until the IDB loan was
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implemented in 1998; Bolivia has now sprayed more than 600 000

houses, 80% of the target (PAHO, 2003a). Paraguay continues to

focus on vector control and surveillance activities. Peru participated

in the initiative meeting for the first time in 1996, and has launched

control activities against Tri. infestans in the southern part of the

country.

INCOSUR demonstrated that multicountry initiatives are feasible

and valuable in strengthening the vector control programmes of the

member countries. The scientific community played an important role

in maintaining political continuity for Chagas disease control, by

convincing policy makers with scientific evidence. Organizing and

promoting the scientific community was a vital factor in providing

expertise and continuity for the vector control programmes. INC-

OSUR is now seen as a model for regional cooperation in disease

control, and its control strategy is effective throughout the Americas

(Schofield and Dias, 1999). The success of the initiative has become

a motivating factor for the other countries in the Americas to

tackle Chagas disease. Molyneux and Morel (1998) have discussed

the similarities between the successful programme of onchocerciasis

control and with that for Chagas disease, where, despite significant

biological differences, process and programmatic comparisons are

valid.
3. THE CENTRAL AMERICAN INITIATIVE
IPCA was created to duplicate the success of the Southern Cone

countries. IPCA, however, differs from INCOSUR in the following

ways: (i) its creation was concurrent with decentralization of the health

system; (ii) a smaller number of scientists with limited influence on

political decisions are present in the region; and (iii) a widely distri-

buted species of vector with domestic, peridomestic, and sylvatic popu-

lations is the main vector (Tri. dimidiata). The initiative had limited

success during the first few years, but was revitalized with international

cooperation. In 1999 in the department of Yoro, the Honduran govern-

ment and Médecins sans Frontières (MSF) launched a project for pre-

vention and treatment of Chagas disease. Guatemala and the JICA
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jointly launched a triatomine control project in 2000, which expanded

to El Salvador and Honduras in 2003.
3.1. History and Political Framework

Chagas disease has long been known to be a serious endemic disease

in Central America. The earliest recorded cases of human infection of

T. cruzi in Central America were reported in El Salvador (Segovia,

1913), Panama (Miller, 1931), Guatemala (Reichenow, 1933), and

Costa Rica (von Bullow, 1941). The percentage of infected people was

determined, at the village level, to be 11.7% in Costa Rica (Zeledón

et al., 1975), 18.4% in El Salvador (Cedillos, 1975), and 8.8% in

Panama (Sousa and Johnson, 1971). In addition, the seroprevalence

among blood donors was between 19.8% and 28% in Honduras

(Ponce and Zeledón, 1973; Ponce, 1999).

The first advance in Chagas disease control was made by eliminat-

ing blood transfusional transmission of T. cruzi. In 1987, with support

from PAHO, Honduras started a national programme to control the

transmission of T. cruzi by blood transfusion, and achieved 100%

coverage of blood screening by 1991. A similar programme was

launched in El Salvador in 1992 with assistance from Honduras and

PAHO, reaching 100% coverage by 1997 (Ponce, 1999). The coverage

increased gradually in other countries, reaching 99% in Guatemala,

81% in Nicaragua, and 95% in Panama by 2002 (PAHO, 2005b).

The success in vector control of the INCOSUR programme in-

spired Central American countries such as Belize, Costa Rica, El

Salvador, Guatemala, Honduras, Nicaragua, and Panama to launch

IPCA in 1997. The first discussions on the initiative took place during

the ECLAT workshop in Ecuador in 1995, when a series of resolu-

tions formed the basis for approaching the national authorities of

Central America to begin the initiative (Schofield et al., 1996). The

Honduran Vice-Minister of Health indicated his support for the

Southern Cone Initiative by participating in its annual meeting in

1997. Following this, the 13th Health Sector Meeting in Central

America (RESSCA) declared that the control of Chagas disease was a

priority. At a follow-up Central American meeting in Honduras,



Table 2 Chagas disease in Central America

Seroprevalencea Incidenceb Main vectors

Belize 675 26 Tri. dimidiata

Guatemala 730 000 28 387 R. prolixius, Tri. dimidiata

Honduras 300 000 11 490 R. prolixius, Tri. dimidiata

El Salvador 322 000 10 594 Tri. dimidiata

Nicaragua 67 000 2660 R. prolixius, Tri. dimidiata

Costa Rica 130 000 3320 Tri. dimidiata

Panama 220 000 5346 R. pallescens

Total 1 769 675 61 823

aWHO estimates, based on reports from Ministries of Health.
bIncidence calculated using the model of Hayes and Schofield (1990).
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during which IPCA was launched (WHO, 1998a), the population at

risk in the region was estimated to be more than 9 million, of whom

1.7 million were currently infected (Table 2). In 1998, the 51st World

Health Assembly acknowledged IPCA, and resolved to eliminate

Chagas disease transmission in the Americas by the end of 2010

(WHO, 1998b).

IPCA set three objectives: (i) elimination of Rhodnius prolixus; (ii)

decreased house infestation by Tri. dimidiata; and (iii) elimination of

transfusional transmission of T. cruzi (PAHO, 1999b). The elimi-

nation of R. prolixus was set as the primary objective. The first meet-

ing of IPCA in 1998 recommended that all participating countries

should determine the distribution of triatomines by species, and im-

plement the attack phase of vector control with internal and external

funding (PAHO, 1999b). Annual meetings of the initiative have been

held since 1998, and PAHO began to dispatch evaluation missions to

member countries in 2002. Technical guidelines for vector control

were provided by local and international experts (e.g. Schofield, 2000,

2001; WHO, 2002), and species-specific guidelines were also developed

in thematic workshops (PAHO, 2002b, 2003a, b).

IPCA attracted several non-governmental organizations (NGOs)

and international cooperation agencies to work for the control of

Chagas disease. Among them, JICA, which has so far made the

largest external contribution in Central America. The JICA project

was launched in Guatemala in 2000, and provided Japanese long-

and short-term consultants and volunteers as well as materials
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(insecticide, spray pumps, and vehicles). Guatemala contributed sal-

aries for the vector control personnel, transportation costs, and in-

secticide. PAHO, the secretariat of IPCA, provided technical support

for the project via regional meetings, seminars, and support of eval-

uation missions. PAHO evaluation missions have since visited Gua-

temala in 2002 and Honduras and El Salvador in 2003. JICA is

currently providing collaborative support to these three countries.
3.2. Chagas Disease Vectors

R. prolixus and Tri. dimidiata are the main vectors of T. cruzi in

Central America (Figure 1). In this region, 15 species of vectors have

been reported, but these two have the widest dispersion with domi-

ciliary populations (Schofield, 2000). R. pallescens is an important

vector in Panama, and other species such as Tri. nitida have also been

occasionally found infected in domestic areas.

R. prolixus is the most efficient vector transmitting T. cruzi in

Central America. The vectorial capacity of R. prolixus was found to

be three times that of Tri. dimidiata (Ponce et al., 1993; Ponce, 1995).

Paz-Bailey et al. (2002) showed that the prevalence of human infec-

tion with T. cruzi is four times higher in villages infested with R.

prolixus (38.8%) than in areas infested with Tri. dimidiata (8.9%).

The efficiency of R. prolixus as a vector is partially attributable to its

ability to reach high population densities. Over 11 000 R. prolixus

individuals have been found in a single house, while the density of

Tri. dimidiata is usually much less than 100 per house (Schofield,

2000). The seroprevalence of schoolchildren (7–14 years old) in the R.

prolixus-infested departments was 7.9% in Guatemala and 10.8% in

Nicaragua (Rizzo et al., 2003; MINSA, 2003). In Honduras, the

highest seroprevalence recorded was 17.8% at the municipality (sub-

division of department) level (PAHO, 2003c).

R. prolixus was considered a feasible target for elimination from

Central America. The population of R. prolixus in Central America is

confined to domestic areas (mainly thatched-roof houses), and its

genetic variation is much less than that among South American pop-

ulations in Colombia and Venezuela. This suggests that R. prolixus

was imported from South America (Dujardin et al., 1998; Schofield



Figure 1 Geographic distribution of R. prolixus and Tri. dimidiata in
Central America. (Data from PAHO, 2002c, 2003b, c, 2004; WHO, 2002.)
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and Dujardin, 1997). At the beginning of the 20th century, R. prolixus

was reported in El Salvador but by the early 1950s it was widely

distributed from northern Costa Rica to the south of Mexico
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(Dias, 1952). By the 1990s, however, R. prolixus had almost com-

pletely disappeared from Mexico, Costa Rica, and El Salvador

(Zeledón, 1981; PAHO, 2003c). This reduction is attributed to the

decrease in thatched-roof houses during the last 40 years and to

widespread insecticide spraying by the malaria eradication campaigns

that started in the mid-1950s. Preliminary entomological surveys,

which studied vector infestation at the department level, also dem-

onstrated an apparent reduction in the distribution of R. prolixus in

Central America (Tabaru et al., 1999; PAHO, 2003c).

Rapid entomological assessments for identifying infested villages,

by community members and trained ministry personnel, demon-

strated that the distribution of R. prolixus in Central America was

concentrated around the borders of Honduras. During 2000–2002,

Guatemala identified a total of 296 infested villages, the majority of

them concentrated in the eastern region of the country on the border

with Honduras (PAHO, 2003c, 2005b). Honduras had the widest dis-

tribution, from the western border with Guatemala to the eastern

border with Nicaragua (PAHO, 2003c), and identified 65 infested vil-

lages during 2003–2004, most of them located in western departments

such as Copán and Ocotepeque (PAHO, 2005b; Secretarı́a de Salud de

Honduras, unpublished information). Nicaragua also identified 50 in-

fested villages on the borders with Honduras (MINSA, 2003; PAHO,

2005b). At the same time, a small number of dispersed villages were

found to be infested in distant Guatemalan departments such as El

Quiché (one infested village), Huehuetenango (two), and Baja Verapaz

(one), which probably indicates either accidental dispersal by travellers

or surviving colonies from a declining distribution of R. prolixus.

Tri. dimidiata is a major threat in Central America, despite its rel-

atively low efficiency as a vector of T. cruzi. The distribution of Tri.

dimidiata is much wider than that of R. prolixus, from Mexico to

northern South America (Carcavallo et al., 1999). Despite the low

population density, human transmission of T. cruzi has been confirmed

in Tri. dimidiata-infested areas (Ponce and Zeledón, 1973; Zeledón et al.,

1975; Ponce et al., 1993). The seroprevalence of schoolchildren in the

Tri. dimidiata-infested departments was 5.2% in Honduras and 4.7% in

Guatemala (PAHO, 2003a; Rizzo et al., 2003). Tri. dimidiata appears to

be responsible for the acute cases in El Salvador (PAHO, 2004).
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Unlike R. prolixus, the elimination of Tri. dimidiata is not a feasible

goal because of the existence of peridomestic and sylvatic popu-

lations. Tri. dimidiata mainly infests crevices in the mud walls of

houses and peridomestic structures such as chicken pens. Sylvatic

populations have been reported in Belize, Costa Rica, and Guatemala

(Zeledón, 1981). The vector colonizes not only rural areas, but also

parts of major cities such as San Salvador and Tegucigalpa (Ponce

and Zeledón, 1973; Cedillos, 1975). Thus reduction of its domestic

population is the only feasible control strategy (WHO, 2002).

The preliminary entomological surveys confirmed vector infestation

in most of the departments in Guatemala (21 of 22 departments), El

Salvador (14 of 14), and Nicaragua (15 of 17) (Tabaru et al., 1999;

PAHO, 2000b, 2002c). Rapid entomological assessments in Guatemala

identified over 1700 infested villages, and demonstrated that the dis-

persion index at the department level was 15–85%, while the house

infestation index was 2.4–36% (MSPAS, 2002; Nakagawa et al., 2005).

The dispersion index in Honduras was 65–78%, and the infestation

index was 17–25% (PAHO, 2005b). In El Salvador, the dispersion

index was 8–82% and the infestation index was 12–33% (Ministerio de

Salud de El Salvador, unpublished information). Domestic as well as

peridomestic infestation was observed in most areas. In El Salvador,

no specimen of R. prolixus has been recorded since 1999, in spite of

active searches (PAHO, 2003c).

Populations of Tri. dimidiata are difficult to detect. The existing

survey methods cannot detect all infestations, which makes targeted

control activity impractical. Monroy et al. (1998a, b) demonstrated that

less than 10% of Tri. dimidiata can be collected by the most commonly

used method (man–hour survey), and that other survey methods

(white-paper and flush-out methods) were less effective in detecting

infestation. It was also found that the effectiveness of the man–hour

survey can be improved by focusing on the areas close to beds, where

more than 30% of the vectors were found (Monroy et al., 1998b).

The efficacy of residual spraying of pyrethroids was verified in

Central America. Third-generation pyrethroids were shown to be

highly effective in South America for triatomine control, such as b-
cyfluthrin (12.5% suspension concentrate (SC) at target dose of 25mg

of active ingredient (a.i.)/m2), cyfluthrin (10% wettable powder (WP)
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at 50mg a.i./m2), deltamethrin (10% SC or 5% WP at 25mg a.i./m2),

and l-cyhalothrin (10% WP at 30mg a.i./m2) (Zerba, 1999). Control

trials against R. prolixus and Tri. dimidiata in Central America demon-

strated the effectiveness of these pyrethroids (Oliveira Filho, 1997;

Tabaru et al., 1998; Acevedo et al., 2000), and the domestic infestation

rate was reduced to zero with a single application during 12 months

evaluation (Tabaru et al., 1998; Acevedo et al., 2000).
3.3. Control of Rhodnius prolixus

The population of R. prolixus has been reduced drastically by the

control campaign, suggesting that elimination is feasible in the near

future. Based on the entomological findings of Tabaru et al. (1999),

Guatemala and Japan launched a vector control project in five east-

ern departments of Guatemala (Zacapa, Chiquimula, Jalapa, Jutiapa,

and Santa Rosa) in 2000, and in an additional four (Alta Verapaz,

Baja Verapaz, El Progreso, and Quiche) in 2002. Residual spraying of

pyrethroids targeted all the houses in the 296 infested villages (the so-

called ‘‘eradication strategy’’), as recommended by Schofield (2000)

and PAHO (2003c). The first round of the spraying covered 33 000

houses, and the post-spraying evaluation (4–18 months after the first

spraying) showed that the number of infested villages had declined to

nine (Figure 2) (Nakagawa et al., 2003a, b). After the second spray-

ing, only one village was found to be infested, and it was subsequently

retreated (MSPAS, unpublished information).

Honduras and Nicaragua, in 2000, also launched vector control

against R. prolixus with external funding. In Honduras, infested vil-

lages in two departments (Intibuca and Yoro) were sprayed, with

assistance from NGOs such as MSF and World Vision. Geographic

coverage of the vector control was expanded significantly in 2000,

when the Honduran government and international organizations

such as JICA, the Canadian International Development Agency

(CIDA) and World Vision jointly launched vector control projects in

six R. prolixus-infested departments. These stakeholders, together

with PAHO, co-developed a national strategic plan that became

a foundation for strong donor harmonization of Chagas disease



Figure 2 Change in distribution of villages infested with R. prolixus in Gua-
temala, before (a) and after (b) the first round of insecticide spraying. Black dots
indicate villages in which at least one bug was found. (Data from Ministerio de
Salud Publica y Asistencia Técnica, courtesy of H. Alvarez and K. Hashimoto.)

YOICHI YAMAGATA AND JUN NAKAGAWA144
control. Nicaragua sprayed all the 50 infested villages in eight de-

partments, with financial assistance from the government of Taiwan

(PAHO, 2003a–c). The second round of the spraying is in the plan-

ning stage, and the impact of the spraying has not yet been evaluated.
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Because of a shortage of vector control personnel, due to the decen-

tralization of the health system, the Honduran projects implemented a

‘‘school-based exploration’’ to identify infested villages by interviewing

schoolchildren. Environmental Health Technicians (Técnicos de Salud

Ambiental, TSAs) visited primary schools and asked pupils of 4th–6th

grades whether they had seen R. prolixus, shown in colour pictures with

which they were presented. A total of 65 villages in eight departments

were identified as infested with R. prolixus (PAHO, 2005b). Community

members were trained and involved in the spraying activities, to over-

come the shortage of vector control personnel.

Community-based surveillance has been established in selected vil-

lages in Guatemala, to evaluate progress towards the elimination of

R. prolixus. The Health Areas (HAs) have trained volunteers in 61

villages in four departments (Jalapa, Jutiapa, Santa Rosa, and

Zacapa) to detect and report reinfestation by R. prolixus. No rein-

festation by R. prolixus has been reported in these villages since 2004

(Hashimoto et al., personal communication).
3.4. Control of Triatoma dimidiata

Insecticide spraying against Tri. dimidiata was effective in reducing do-

mestic populations, though repeated spraying together with surveillance

was necessary to assure the minimum level of infestation. Villages with

infestation levels higher than 5% were targeted for spraying. This strat-

egy was based on the finding that in Brazil transmission of T. cruzi was

rare below that level of infestation (Dias, 1987). Residual spraying tar-

geted all houses constructed with mud walls, and peridomestic structures

such as chicken pens in the relevant villages. Second and third rounds of

spraying were applied in villages with persistent infestation (i.e. infes-

tation rates higher than 5%) to maximize the impact of the spraying.

The vector control project has reduced the house infestation rate of

Tri. dimidiata in Guatemala. More than 1700 villages were identified as

targets for intervention, and the first round of spraying covered more

than 1300 villages, followed by a second round in over 300 villages. Post-

spraying monitoring demonstrated a reduction in the infestation level

(Figure 3). The infestation rate in the department of Zacapa decreased



Figure 3 Difference in the house infestation rate (%) of Tri. dimidiata
before (a) and after two rounds (b and c) of insecticide spraying in Gua-
temala. The figure shows the house infestation at the municipality level.
(Data from Ministerio de Salud Publica y Asistencia Técnica, courtesy of H.
Alvarez and K. Hashimoto.)
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by 97% (from 5.3% to 0.5%), and by 75% (from 36% to 8.9%) in

Jutiapa after the first round of spraying (Nakagawa et al., 2003a, b). The

second round of the spraying reduced the infestation rate to zero in

Zacapa and 4.1% in Jutiapa (MSPAS, unpublished information).

Post-intervention surveillance together with additional spraying in

Jutiapa demonstrated a general reduction of Tri. dimidiata infestation,

as well as highlighting areas with persistent post-spraying infestation

(Figure 4). In Jutiapa, where the initial infestation level was the

highest in Guatemala, villages with initially high infestation rates were



Figure 4 Change in the house infestation rate (%) of Tri. dimidiata in the
department of Jutiapa in Guatemala before (a) and after two rounds (b and
c) of insecticide spraying. Black circles indicate villages with infestation rates
of 40–100%; dark gray, 20–40%; light gray, 5–12%; and open circles,
0.1–5%. (Data from Ministerio de Salud Publica y Asistencia Técnica,
courtesy of R. Trampe and K. Hashimoto.)
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more persistent than other villages, requiring three rounds of spraying.

Infestation rates in the villages sprayed three times was reduced by

90%, reaching an average infestation of 4.1% (range 0–25%). The

infestation rates in the villages receiving a single spraying remained

less than 5% between 12 and 33 months, except for 26 villages with

rates as high as 55%. These villages were those adjacent to the villages

with the highest pre-intervention levels of infestation, suggesting the

need for geographical clustering of the number of spray rounds. More

than 70% of the positive houses were colonized by nymphs, which

were more often observed in domestic than peridomestic sites,

indicating that some indoor bugs survived the spray round (MSPAS,
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unpublished information; Nakagawa et al., 2003b). Although the

check-and-spray method was effective in reducing the infestation to

the initial target of less than 5%, the operational cost was high.

Implementation of community-based surveillance was crucial to

detect infestation of Tri. dimidiata. In agreement with the experience

of INCOSUR, community-detection of infestation was better than

that by vector control personnel when the infestation level was low

(Wanderley, 1991). Schoolchildren in Guatemala demonstrated their

capacity to detect and kill the bugs, or to report them to their school

(Hashimoto et al., 2005a). The trial of community-based surveillance

in Guatemala and Honduras involved the local health systems, com-

munity leaders, NGOs, and schools. The communities were encour-

aged to report infestations, to improve houses, and to clean

peridomestic areas. However, the number of reports of infestation

from infested communities dropped quickly in the absence of a proper

response by the local health unit (Suzuki, personal communication).

Other Central American countries started control activities against

Tri. dimidiata, though their geographic coverage was limited. Western

departments in El Salvador (Santa Ana, Ahuachapán, and Sonson-

ate) and Honduras (Copán and Choluteca) started residual spraying

activities against Tri. dimidiata in 2004. Nicaragua’s current focus is

the elimination of R. prolixus, and the control of Tri. dimidiata is in

the planning stages.
3.5. Organization and Management

Organization and management of the vector control campaigns are

complicated in a decentralized health system, despite chemical control

of triatomine bugs being technically straightforward. The current

challenge of INCOSUR is the maintenance of integrity and quality of

the national programmes during the irreversible trend of decentrali-

zation (Schofield and Dias, 1999), which also applies to IPCA. When

IPCA was launched in 1997, the vertical organization and skilled per-

sonnel for vector control had almost disappeared from Central Amer-

ica. The process of this fragmentation of the vector control programme

had been most advanced in Honduras, followed by El Salvador and, to
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a lesser degree, by Guatemala. In all three cases, no single organization

was ready to undertake, by itself, large-scale vector control.

JICA’s technical cooperation programme aimed at bridging

the fragmented organizational resources in each country (Figure 5).
Figure 5 Organizational chart showing collaboration for the attack
phase of the control of Chagas disease in Central America. Arrow A shows
policy advice; B and D, technical guidance; C and E, technical collaboration
within the health sector; and F, reporting from the central staff of the
regulatory line to the operational line. The alphabetical order roughly fol-
lows the history of the projects supported by JICA: Guatemala 2000 (A, B);
El Salvador 2004 (C); Guatemala 2004 (D, E, F); and Honduras 2004 (G).
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Although this strategy was consistent with all the JICA-supported

projects, the tactics varied by country in response to different pro-

cesses and stages of decentralization. In Guatemala in 2000, local

vector control units had not been fully integrated into HAs (normally

equivalent to departments). Direct contact between the National

Program of Chagas disease control (NPC) and the HAs was difficult

because the latter differed not only by hierarchical level (central vs.

local) but also by line of command (regulatory vs. operational). JICA

sent from Japan a long-term consultant to the NPC and four vol-

unteers to the HAs to facilitate technical and political dialogue bet-

ween them (diagonal arrows A and B of Figure 5, respectively). As a

part of the NPC, the Medical Entomology Section reinforced its tra-

ditional authority over the local vector control personnel. Some

common means of communication included supervisory visits, quar-

terly seminars, comments on reports, and daily phone calls and fax

transmissions (Yamagata et al., 2003). A Geographic Information

System (GIS) approach was introduced for the purpose of monitor-

ing, but also proved to be a useful political tool for convincing the

Ministry of Health to invest in insecticides and human resources for

spraying. Bridging between the NPC and the HAs was crucial for

acceleration of the attack phase against R. prolixus in Guatemala.

In El Salvador, where most of the health services had been decen-

tralized by 2003, the JICA project aimed at integrating the local

vector control units into the technical team of the HA. The epide-

miologist and the health promoters of the HA, in particular, were

expected to play important roles in Chagas disease control. A vector

control training course was held in 2004, and epidemiologists and

health promoters attended together with vector control operators

(horizontal arrow C of Figure 5).

In Guatemala in 2004, the Ministry of Health announced a policy

of rapid decentralization. By that time, R. prolixus had virtually dis-

appeared from the country except for the department of Chiquimula,

and the local vector control units had been integrated into HAs.

However, involvement of different health specialists at the local level

into Chagas disease control was possible only with central author-

ization of each speciality (diagonal arrow D, Figure 5). In order to do

so, the NPC had to brief the relevant central staff (horizontal arrow
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E, Figure 5) as well as the director responsible for operations (upward

diagonal arrow F, Figure 5).

In Honduras, Environmental Health Technicians (TSAs), the former

vector control operators, had been overloaded with additional tasks

such as safe water supply, sanitation, and rabies control. In addition,

they were inadequately staffed to conduct operations themselves. A

variety of stakeholders, such as municipalities and communities, had

been involved to fill the shortage of health personnel and finance (hori-

zontal arrow G, Figure 5). Community-based operators conducted in-

secticide spraying with technical and logistic support from the HA and

NGOs such as MSF and World Vision. NPC played a larger role in

coordination and resource management than in operations. GIS was

utilized for bridging between endemic municipalities and external part-

ners, particularly international NGOs and donor countries such as

Canada. Some local government authorities started to take responsi-

bility for vector control operations. NPC paid special attention to

avoiding the fragmentation of areas to be treated.
4. CHALLENGES IN CENTRAL AMERICA
The collaboration between IPCA and the decentralized health system

has revealed new challenges. While the elimination of R. prolixus in

Central America will be attainable in the near future, the control of

Tri. dimidiata remains a difficult task. The key challenges lie in ef-

ficient geographic coverage and sustainability. Central American

countries require control activity that will produce maximum results

with minimum investment. In addition, attaining sustainability is

important to permit long-term maintenance.
4.1. Efficient Geographic Coverage of Triatoma dimidiata
Control

Stratification of high-risk areas, according to the precontrol infesta-

tion level, is crucial to cover extensive geographic areas efficiently.

Tri. dimidiata appears to form several foci with high infestation
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rates in south-eastern Guatemala (departments of Santa Rosa

and Jutiapa), western El Salvador (departments of Santa Ana,

Ahuachapán, Sonsonate, and La Libertad) and south-western Hon-

duras (departments of Copán and Ocotepeque). These foci should be

sprayed two to three times in the attack phase, followed by an in-

tensive maintenance phase, which includes housing improvement.

Cross-border assessment of the distribution of Tri. dimidiata foci

is necessary, together with analysis of the relationship between the

initial infestation rates and the number of spray rounds required. In

departments where the precontrol level of infestation and coloniza-

tion were particularly low, such as Alta Verapaz in north-central

Guatemala, the focus needs to be on surveillance rather than control

(Nakagawa et al., 2005). Ecological niche modelling, which demon-

strated high predictive accuracy in defining the geographic distri-

bution of Tri. brasiliensis and Tri. barberi (Townsend Peterson et al.,

2002; Costa et al., 2002), would also be useful in limiting and strati-

fying target areas for the control of Tri. dimidiata.

Determination of the minimum resource requirement is vital for the

efficient control of Tri. dimidiata. Unlike the elimination strategy, the

control strategy has no clear endpoint. Elimination of vectorial trans-

mission of T. cruzi may be a possible goal; however, the level of

infestation corresponding to that goal is not yet known. The tentative

operational target, an infestation rate lower than 5%, may be too

expensive for countries with decentralized health systems, such as

Honduras. Where the vector is Tri. dimidiata, which has a low vec-

torial capacity, an infestation higher than 5% may be acceptable, as

was the case with Tri. brasiliensis in north-east Brazil, where the crit-

ical infestation rate was 20% (C.J. Schofield, personal communica-

tion). In order to establish the acceptable level of domestic infestation,

a combination of vector control, chemotherapy, and subsequent se-

rological survey could be applied to the Tri. dimidiata-infested areas,

as has been done in R. prolixus-infested areas of Honduras.

Efficient geographic coverage also requires affordable vector-

surveillance methods with active participation by municipalities and

communities, in order to cover the infested area. Development of

alternative indices can lessen the financial burden for a decentralized

health administration. Existing entomological indices require trained
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vector personnel to conduct standard survey methods (person–hour

survey) and data analysis, which is difficult in a subnational decen-

tralized health administration with poor resources. Community-based

surveillance is an alternative method, although the data may not be as

quantitative or reliable as the person–hour survey. Organizing peri-

odic ‘‘National triatomine-hunting campaigns’’ to encourage residents

to capture triatomines can create fairly uniform hunting pressure over

a large geographic area, and can provide quantitative data such as the

number of bugs captured per community, municipality, and depart-

ment. Such data can be useful in making operational decisions and

monitoring the level of infestation.

Improvement of the effectiveness of residual spraying must comple-

ment efficient geographic coverage for the best results. Combined

quality control and community mobilization can assure the effective-

ness of residual spraying against Tri. dimidiata. Three annual spraying

rounds in Jutiapa resulted in fair, but not complete, reduction of Tri.

dimidiata. Quality control of the spraying is valuable in order to im-

prove the penetration of triatomine habitats such as deep crevices in the

walls, particularly when community-based operators are involved. This

quality control alone, however, does not guarantee adequate spraying

coverage in all the target houses which have abundant habitats for the

vector. Community mobilization in improving housing conditions can

complement residual spraying by reducing hiding places for the vector,

such as piles of clothing, stacks of mud bricks, and firewood.

Information management and networking is strategically vital

to tackle these challenges. For efficient and effective control of Tri.

dimidiata, information such as GIS analysis of entomological and

epidemiological data, cross-border studies of vector distribution, cost-

effectiveness analysis of the control activity, and effectiveness of

community-based surveillance, should be accumulated and properly

managed at national as well as regional (Central American) levels. This

information should also be shared with all the stakeholders. Regional

networks of scientists such as ECLAT, Chagas Disease Intervention

Activities (CDIA-EU), and research-funding programmes such as the

Special Program for Research and Training in Tropical Diseases (TDR)

should play an increasing role in identifying operational research

needs, linking the needs and research institutions with expertise, and
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accumulating a knowledge base. International organizations can also

facilitate information management and technical standardization by

networking stakeholders and providing funding. Information manage-

ment at different administrative levels is discussed further in the fol-

lowing section.
4.2. Sustainable Vector Control via Integration of the
Maintenance Phase

The control of Tri. dimidiata needs further integration into the gen-

eral local administration, because it will be a long-term process in-

volving most departments and municipalities in Central America.

NPC and HAs have to lead such integration via technology transfer,

information sharing, and mobilization of financial resources.

Figure 6 shows a hypothetical model of decentralization and in-

tegration of the maintenance phase of Chagas disease vector control.

Technology (T) for vector survey and control, including planning,

monitoring, and housing improvement, is transferred gradually from

central NPC (top left) to municipal administration or the community

(bottom right). Reciprocally, the data (D) on the vector distribution

and on the control performance are reported from bottom right to

top left. The diagonal flows of T and D replace the classical lines of

command and reporting in the vertical programme.

Some municipalities need financial support in addition to tech-

nology. Despite their limited financial capacity, NPC and HA can

stimulate potential funding resources by providing the municipalities

with the relevant information. As shown in Figure 6, the raw data (D)

from the implementation level are processed by the NPC or the HA,

and translated into information (I) relevant and attractive to the

funding agencies. This information may include epidemiological data,

an estimate of number of target houses for spraying, unit cost, and the

benefit of successful operations. The funding agencies would eventually

support the municipalities with funds for implementation (F). Possible

financial resources include the development budget of the union of

municipalities, the Poverty Reduction Fund, the National Fund for

Social Investment, bank loans, and other development funds.



Figure 6 A hypothetical organizational chart for the maintenance phase
of Chagas disease vector control. The figure comprises two basic move-
ments: technology transfer (T) and triangular trade between data (D), in-
formation (I) and finance (F). (T) is decentralized to the local level
(downward), and integrated to a more general organization (to the right).
Data (D) are analysed at the more central and specific organization, and
processed into information (I), which is essential for the mobilization of
financial resources (F). NGO, Non-Governmental Organization; NPC, Na-
tional Program of Chagas Disease Control; PRF, Poverty Reduction Fund.
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In this context, the function of the NPC and the HA in the main-

tenance of vector control is more coordination rather than operation.

The new functions of NPC and HA include: (i) transfer of appropriate

vector control technologies to the local administration; (ii) translation

of the data into relevant information; (iii) brokering of the information
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for fund raising; (iv) assurance of the quality of vector control; and (v)

monitoring of the vector situation. GIS is useful for compilation of

locally collected data as well as for negotiation with development part-

ners to attract investment in vector control or housing improvement.
5. CHAGAS DISEASE CONTROL INITIATIVES IN OTHER
REGIONS
Beside the Southern Cone and Central American regions, crucial

areas in the control of Chagas disease are the Andean and Amazon

regions and Mexico.
5.1. Andean Region

Colombia, Ecuador, Peru, and Venezuela launched the Andean In-

itiative in 1997, aiming at interrupting vectorial and transfusional

transmission of T. cruzi (WHO, 1997a). The main triatomine species

are R. prolixus, R. ecuadoriensis, Tri. dimidiata, and Tri. infestans. It

is estimated that 25 million people are at risk and 5 million are in-

fected (Moncayo, 2003).

Before this initiative, since the 1950s, Venezuela executed an im-

pressive Chagas disease vector control programme combined with a

strong rural housing project (Aché and Matos, 2001). The achieve-

ment of the programme was significant, reducing the house infesta-

tion rate in rural areas from 60–80% to 1.6–4.0% and seroprevalence

from 44.5% to 9.2%, between 1958 and 1998 (Aché and Matos,

2001). However, the programme has been reduced since the 1980s due

to financial constraints and decentralization of the health system

(Dias and Schofield, 1999). The impact of the reduced level of activity

has become evident in the recent reported increase in infestation rate

and seroprevalence (Feliciangeli et al., 2003). Apart from Venezuela,

no Andean countries had previous experience in triatomine control;

nevertheless the initiative made some progress. Ecuador launched

a triatomine control campaign in 2004, targeting the elimination of

Tri. dimidiata in western provinces (Guayas and Manabı́) where the
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vector is exclusively domestic (Guhl, 2005). Baseline surveys have

been implemented in Colombia and Ecuador, and Peru has made

progress in the control of Tri. infestans (Schofield, 2003). Meetings of

those taking part in the initiative are held annually to review progress

and to plan future actions.
5.2. Amazon Region

The Amazon basin has more than 10 sylvatic triatomine species, but

has been considered free from human Chagas disease. However, hu-

man cases of Chagas disease have been reported in the area recently,

possibly as a result of increasing human migration and domestic in-

vasion by sylvatic triatomines (Coura et al., 2002). In order to prevent

further spread of the disease, accurate detection of acute cases by

microscopical examination of blood films (Coura et al., 2002) and

ecological surveillance combining epidemiological studies and remote

sensing are necessary (Guhl and Schofield, 2004; Schofield, 2003).

Based on the increased need to control Chagas disease in this re-

gion, eight countries (Brazil, Colombia, Ecuador, French Guyana,

Guyana, Peru, Surinam, and Venezuela) launched a regional initiative

(Iniciativa de los paı́ses Amazónicos para la Vigilancia y Control de la

Enfermedad de Chagas, AMCHA) in 2005. This initiative aims at

establishing epidemiological surveillance systems as well as effective

control methods that are suitable for this region (PAHO, 2005a). Re-

gional meetings have been held since 2004, and delegates from these

countries have developed strategic plans to implement this initiative.
5.3. Mexico

Despite the size of the population at risk and the widespread distri-

bution of triatomines, the Mexican government has been reluctant to

recognize Chagas disease as a serious health issue. In Mexico, 30

triatomine species have been reported, and over 1 million people are

estimated to be infected with T. cruzi (Guzman-Bracho, 2001). A small

population of R. prolixus has also been reported (Ramsey et al., 2000).

Mexican researchers have been active in the field, but few disease
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control measures have been taken until recently. In 2002, Mexico

became a part of the regional effort to control Chagas disease by

participating in the annual meetings of IPCA, and a large-scale cam-

paign against Chagas disease is in the planning stages (Ramsey et al.,

2003).
6. CONCLUSION
Interruption of Chagas disease transmission in Central America by

2010, as proposed by IPCA, seems achievable, although the process

of maintenance, especially with Tri. dimidiata, needs to be acceler-

ated. The vector control technologies and strategy developed by

INCOSUR were largely applicable to Central American conditions.

There are, however, some Central American situations that challenge

this vector control strategy: the rapid decentralization of the health

system and residual and reinfesting populations of Tri. dimidiata.

Regional and international cooperation is managing the challenge of

decentralization by promoting integration of vector control into the

local health system (attack phase) and into the local administration

(maintenance phase). International organizations and bilateral donor

agencies have worked to develop the capacity of NPC to include the

new techniques of technology transfer, information management, and

advocacy for financial resource mobilization.

The Central American experience of triatomine control could be

useful for strengthening other regional initiatives. The Andean ini-

tiative needs to control indigenous species with limited resources, and

INCOSUR is facing challenges to continue the maintenance phase

against Tri. infestans with a decentralized health system and declining

investment in Chagas disease control. Other national and regional

programmes to control vector-borne disease, such as malaria and

dengue fever, also have to maintain vector control in similar situa-

tions. Despite the differences in control technology and strategy, the

experience with common challenges such as management of a vector-

control programme in a decentralized health system can be shared

among different programmes, which can help to improve effective-

ness, efficiency, and sustainability.
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Iniciativa de Centroamérica y Belice para la Interrupción de la Transmisión
Vectorial de la Enfermedad de Chagas por Rhodnius prolixus, Disminución
de la Infestación Domiciliar por Triatoma dimidiata. Washington, DC:
Pan American Health Organization document no. OPS/HCP/HCT/
164/00.

PAHO (2002a). El Control de la Enfermedad de Chagas en los Paı́ses el
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ABSTRACT
Human African trypanosomiasis (HAT), or sleeping sickness, describes

not one but two discrete diseases: that caused by Trypanosoma brucei

rhodesiense and that caused by T. b. gambiense. The Gambian form is

currently a major public health problem over vast areas of central and

western Africa, while the zoonotic, Rhodesian form continues to

present a serious health risk in eastern and southern Africa. The two

parasites cause distinct clinical manifestations, and there are significant

differences in the epidemiology of the diseases caused. We discuss the

differences between the diseases caused by the two parasites, with an

emphasis on disease burden, reservoir hosts, transmission, diagnosis,

treatment and control. We analyse how these differences impacted on

historical disease control trends and how they can inform contemporary

treatment and control options. We consider the optimal ways in which

to devise HAT control policies in light of the differing biology and

epidemiology of the parasites, and emphasise, in particular, the wider

aspects of control policy, outlining the responsibilities of individuals,

governments and international organisations in control programmes.
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1. INTRODUCTION
Human African trypanosomiasis (HAT), or sleeping sickness, is a

parasitic disease transmitted by tsetse flies of the genus Glossina, and

caused by a group of parasites called trypanosomes. There are three

sub-species of Trypanosoma brucei, the protozoan causative organism

of HAT: T. b. brucei, T. b. gambiense and T. b. rhodesiense. All of

these species infect mammals, but only T. b. gambiense and T. b.

rhodesiense infect and cause clinical disease in humans. While infec-

tion with either T. b. rhodesiense or T. b. gambiense is termed HAT or

sleeping sickness, the clinical features of the infections, the treatment

protocols used, the geographical range of the parasites, and the

epidemiology and transmission and the control options that are

available, differ. Thus, each form of HAT is, in effect, a separate

disease entity. In this review, these differences will be highlighted, and

the clinical and epidemiological characteristics of infection with both
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parasites will be discussed. Policy options for HAT control depend

for their success on a sound understanding of basic disease charac-

teristics, and policy should thus be formulated with disease-specific

conditions in mind. Recently, Pépin and Méda (2001) reviewed the

epidemiology of gambiense HAT. While we will, of necessity, cover

some of the basic aspects of the epidemiology of the gambiense dis-

ease here, we refer the reader to that excellent review for full coverage

of the gambiense form of the disease. We will, however, cover im-

portant policy issues for both rhodesiense and gambiense HAT.

T. b. rhodesiense causes an acute infection in humans, the condition

of the patient deteriorating rapidly as the parasite moves from the

blood and lymphatic systems (early stage infection) through to the

central nervous system (CNS). When parasites cross the blood–brain

barrier and enter the CNS, the patient is said to be in the meningo-

encephalitic, or late stage of infection. The pathology resulting from

infection with the parasite is described in detail by Kristensson and

Bentivoglio (1999). Briefly, initial infection results in a chancre at the

site of inoculation by the tsetse fly; the chancre, well illustrated by

Moore et al. (2002), is a localised immune response resulting in in-

flammation. Parasites then move to the lymph nodes and are dis-

seminated in the circulatory system, multiplying in both the blood

and lymph. Following invasion of the CNS, inflammation of the

brain tissue occurs (meningo-encephalitis), as well as cellular infil-

tration of spinal nerve tissue and inflammation of visceral organs. In

the absence of treatment, death usually occurs within 6–8 months

(Apted, 1970; Odiit et al., 1997), though there is evidence of geo-

graphic variation in the speed at which T. b. rhodesiense infections

progress to the late stage (MacLean et al., 2004)—differences that

may be due to either variation in parasite genotypes or host responses

to infection. T. b. gambiense, by contrast, is usually described as

causing a chronic infection, often with a long pauci-symptomatic

stage of some years, and a chronic meningo-encephalitic condition

during the late stage (Apted, 1970; Taelman et al., 1987). The im-

portant epidemiological distinction between these clinical conditions

is the length of the clinical course and the degree of disability

resulting from infection. The impact of these most basic differences

on disease transmission and control polices is profound.
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2. DISEASE BURDEN AND DISTRIBUTION

A continent-wide prevalence of both forms of HAT of 300 000 cases has

been estimated by the World Health Organization (WHO); over the last

10 years, an average of 30 000 new cases (incidence) of both forms of the

disease have been reported annually (World Health Organization, 2003),

although this is generally thought to be an under-estimate resulting from

low detection rates—60 million people live in risk areas, and as many of

these have poor access to diagnostic and health care facilities, under-

reporting rates are high. Over the past three years, the number of re-

ported cases has been decreasing, but it is uncertain whether this is a

reflection of successful control or some other, possibly stochastic, factor.

T. b. rhodesiense is by far, less significant than T. b. gambiense in terms

of the number of cases of the disease across the African continent. It

remains a significant issue at regional and local levels however; Odiit

(2003) found that at a local level in a T. b. rhodesiense epidemic area, the

ratio of malaria to HAT cases was 178, while the ratio in terms of

Disability-Adjusted Life Years (DALYs), an equitable measure of dis-

ease burden (Murray, 1994), was 2.

Foci of gambiense HAT cover west and central Africa, and are

particularly active in areas with civil disturbances. Rhodesiense HAT,

on the other hand, occurs in well-documented foci in Uganda,

Tanzania and Kenya, but for other countries in eastern and southern

Africa, such as Zambia (Wurapa et al., 1984), Malawi and Mozam-

bique (Perez-Martin et al., 1991), the burden imposed by the disease

is not clear, and the epidemiological characteristics are not as well

understood, as elsewhere; HAT occurs amongst the poorest and most

marginalised communities with poor access to health care facilities

(Odiit et al., 2004a). Even in Uganda, where reporting might be con-

sidered of higher quality than in many other countries, patients may

visit health facilities between two and seven times before an accurate

HAT diagnosis is made and, among 119 patients studied (Odiit et al.,

2004b), inappropriate diagnosis, referrals, lack of diagnostic facilities

and patient delays accounted for a mean of 60 days of delay before

commencement of treatment for T. b. rhodesiense. This increases the

risk of late stage disease development with the consequent risk of

death from the infection and, in T. b. gambiense areas, the risk of
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transmission. In countries less likely than Uganda to recognize HAT

at local health centre levels, it is certain that there are many mis-

diagnoses and that many patients die unaccounted for. Molyneux

(2001a) noted that the Ebola virus kills around 70% of patients

quickly, while HAT kills 100% slowly, in the absence of treatment.

Thus, in the marginalised and often war-torn areas in which HAT

occurs, failure to reach a hospital implies death of the patient. Both

T. b. rhodesiense and T. b. gambiense are resurging in affected coun-

tries as a result of a lack of infrastructure, funding and political

priority given to HAT (Barrett, 1999).

T. b. gambiense was first described by Forde (1902) and named

T. gambiense by Dutton (1902). T. b. rhodesiense, originally called T.

rhodesiense, was first identified by Stephens and Fantham (1910) in

Zambia, and was first incriminated explicitly as the cause of HAT in

Uganda by MacKichan (1944) in an outbreak in the Busoga region.

However, it had certainly existed there previously and been confused

with T. b. gambiense (Fèvre et al., 2004)—the parasite responsible for

early outbreaks in various parts of East Africa has been confused by

the fact that only one species of human-infective trypanosome had

been identified at that time. HAT has a focal distribution, and es-

tablished foci are generally stable through time, persisting with few or

no cases during endemic periods but expanding outwards during ep-

idemics, and sometimes spreading to new areas where disease trans-

mission then becomes autochthonous (Fèvre et al., 2001). Although

there are concerns that the geographical distribution of the two dis-

eases might soon overlap (Enyaru et al., 1999), there is no evidence

that this has yet happened. In addition, endemic foci of the two

diseases have remained stable through time, and there is no clear

evidence to show that areas where T. b. gambiense was once endemic

are now affected by T. b. rhodesiense, or vice versa (Fèvre et al.,

2004). The life cycle and morphology of the human-infective try-

panosomes, including the obligate developmental stages in the tsetse

fly, are well understood (Vickerman, 1985); the details of the devel-

opmental stages of the parasite are less important in the context of

this discussion than the transmission cycle (Baker, 1974); that for T.

b. rhodesiense is shown in Figure 1. The vectors of human and animal

trypanosomes on the African continent are tsetse flies of the genus



Figure 1 The transmission cycle of T.b. rhodesiense (after Baker, 1974).
The full life cycle of HAT is given by Vickerman (1985); in the context of
this review, it is the transmission cycle that is of importance. T.b. rhodesiense
and T. b. brucei occur in a tsetse–bovid–tsetse cycle. The occasional infection
of humans with T.b. rhodesiense results in HAT. The nature of human-fly
contact and the acute nature of the disease make it unlikely that humans act
as a reservoir of infection. By contrast, in T.b. gambiense, which is chronic,
and for which the role of an animal reservoir is uncertain, humans are the
main reservoir (Welburn et al., 2001a). See text for discussion.
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Glossina. Trypanosomes take approximately 20–40 days to develop in

the tsetse host (Dale et al., 1995) depending on the susceptibility of

the fly, which remains infectious until the end of its life, which lasts

approximately 5–6 weeks in the field (Welburn and Maudlin, 1999).
3. THE VECTOR—TSETSE FLIES
Tsetse are distributed across most of sub-Saharan Africa only—their

range does not extend beyond the African continent. Ford and Katondo

(1977) published the most authoritative printed maps available of tsetse

distributions as well as details of the datasets used to construct them;

these maps represent agglomerated country data and information from

specific surveys. While such maps are of value in helping to define,

broadly, which areas are affected or at risk, continent-scale tsetse dis-

tribution data are deceiving; these flies in general, and certain species of

Glossina in particular, have highly focal distributions bounded by very

specific habitat requirements, such that even within areas considered

part of the ‘tsetse belt’ they occur in pockets determined by environ-

mental variables. For example, G. tachinoides, a riverine species of tsetse,

is sensitive to desiccation and generally prefers the shaded areas afforded

by riverine forest habitats (Nash, 1936; Laveissière and Boreham, 1976),

and thus remains relatively close to the shelter of its preferred



HUMAN AFRICAN TRYPANOSOMIASIS: EPIDEMIOLOGY AND CONTROL 173
environment, particularly in the dry season. The rivers and streams

along which such habitat is found can be very small; thus, continental

maps of the distribution of the species show, at best, the general geo-

graphical area across which it might occur, and not where it actually

occurs. In Figure 2 (Figure 2, which is Plate 5.2 in the separate colour

plate section), the country-level and focus-specific distributions can be

compared. Recently, given known associations of different tsetse species

with particular eco-climatic zones and types of vegetation, large-scale,

low-resolution satellite imagery has been used to predict the geograph-

ical extent of tsetse (Rogers and Robinson, 2004). The use of such

technologies is a significant advance, allowing continental mapping at an

affordable cost. Mapping tsetse habitat and changes in the extent of this

habitat on a regional or even local scale can also be carried out with

higher resolution imagery (Kitron et al., 1996; de la Rocque et al., 2001),

although ground truthing of data becomes more of an issue at this scale

(Table 1).

Tsetse are K-strategists (Leak, 1999), females producing a few, reg-

ularly spaced offspring that are deposited in soil at the larval stage—a

more mature form than the offspring of many other insects, resulting

in a higher chance of survival (Hargrove, 2004). Tsetse of both sexes

feed exclusively on blood, and both sexes are therefore potential vec-

tors of trypanosomes. Some species of tsetse are thought to be more

efficient vectors than others, either for behavioural (habitat prefer-

ences, host preferences) or genetic (resistance to infection with try-

panosomes) reasons (Welburn et al., 1989; Snow et al., 1991; Welburn

and Maudlin, 1999; Sane et al., 2000). Broadly speaking, however, all
Table 1 General divisions of tsetse species by habitat type, with some
examples of each group. There are 33 species and sub-species of tsetse rec-
ognised (Gooding and Krafsur, 2004)

General habitat type Morsitans group Palpalis group Fusca group

Savannah Riverine Forest

Species (example) G. morsitans sub-morsitans G. palpalis palpalis G. fusca fusca

G. pallidipes G. fuscipes fuscipes G. brevipalpis

G. swynnertoni G. tachinoides G. longipennis

G. austeni G. palpalis gambiensis G. medicorum
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tsetse are potential vectors, and their presence thus presents a risk for

parasite transmission.
4. TRYPANOSOMIASIS IN ANIMALS
4.1. Species Other than Trypanosoma brucei

Although it is not the purpose of this review to examine the biology of

all trypanosomes, this discussion would not be complete without men-

tion of the livestock trypanosomes and their impact. In sub-Saharan

Africa, Trypanosoma congolense and T. vivax are also transmitted by

tsetse. Production losses as a result of these infections have a consid-

erable impact on the livelihoods of livestock keepers, and thus on the

rural economy more generally (Kristjanson et al., 1999; Shaw, 2004).

Although T. brucei and its sub-species also infect livestock, it is not

highly pathogenic to many breeds of African indigenous cattle (Wilde

and French, 1945; Wellde et al., 1989a, b) or pigs. Full descriptions of

the clinical and pathological aspects of trypanosomiasis in various do-

mestic animal species can be found elsewhere (Stephen, 1986; Taylor

and Authié, 2004). The lack of pathogenicity of T. brucei infections in

animals has profound implications for the epidemiology of this para-

site and, in particular, its human-infective sub-species (Coleman and

Welburn, 2004). T. b. rhodesiense is a zoonotic parasite, and wild and

domestic animals serve as reservoirs. The nature of animal reservoirs of

T. b. gambiense is somewhat less certain; certainly, this parasite can

infect animals, but they may not play an important role in disease

transmission (and hence be of epidemiological importance). For T. b.

rhodesiense, however, the importance of the reservoir has implications

for the control of transmission to humans.
4.2. Hosts and Reservoirs of Trypanosoma brucei

4.2.1. Wild Hosts

Traditionally, the bushbuck (Tragelaphus scriptus) has been con-

sidered the archetypal animal reservoir host for T. b. rhodesiense, a
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perception resulting from the fact that a human-infective trypano-

some was first isolated from this species by Heisch et al. (1958). Other

wild animals, especially bovids, may also be hosts (Ashcroft et al.,

1959; Geigy et al., 1971; Mwambu and Woodford, 1972); even lions

(Panthera leo) have been found to become infected (Sachs et al.,

1967), though these infections were probably through feeding on

other infected animals (Bertram, 1973; Moloo et al., 1973). The Blood

Incubation Infectivity Test (BIIT) (Rickman and Robson, 1970a) has

been used extensively to test trypanosomes isolated from wild species

and determine their human infectivity status; for example, Robson

et al. (1972) assessed the possible reservoir status of wild carnivore,

bovine and porcine hosts in the Lambwe Valley, Kenya, and Geigy

et al. (1975) conducted similar studies in the Serengeti region of

Tanzania. Herder et al. (2002) recently used PCR to detect T. brucei

s.l. in apes, ungulates, carnivores and rodents in Cameroon. In many

African countries, there has been a drastic change in land use as

pressure to grow more food and more cash crops has increased. While

MacKichan (1944) observed that wild game animals were plentiful in

the mid-1940s in Uganda, most of the country currently supports

very little wild game and correspondingly few wild species of bovids

(Eltringham and Malpas, 1993). Work in southwestern Ethiopia also

suggests that anthropogenic changes are having an effect on the tsetse

population and consequently on HAT. Some Glossina species that

occurred there are no longer present, and game animals are being

hunted out to make room for raising domestic stock (Nigatu et al.,

1992). In areas where wild animals are no longer abundant, domestic

hosts (see below) are usually the principal reservoirs. Fairbairn (1948)

suggested that T. b. rhodesiense in humans during epidemics of the

disease in Tanzania probably represented spill-over infections from

wild animal reservoirs, and in areas of Tanzania and elsewhere with

abundant wildlife, this is likely to still be the case—recently high-

lighted by the occurrence of T. b. rhodesiense in tourists returning

from safari holidays in East Africa (Sinha et al., 1999; Nieman and

Kelly, 2000; Moore et al., 2002; Stich et al., 2002; Jelinek et al., 2003).

Bloodmeal analysis of tsetse in the Serengeti National Park in Tan-

zania (Rogers and Boreham, 1973) found that warthogs (Phaco-

choerus africanus), for example, were a preferred source of food for
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the flies; like pigs (Waiswa et al., 2003), they are good maintenance

hosts of T. brucei s.l.Warthogs have also been found infected in other

ecosystems, such as the Luangwa Valley, Zambia (Awan, 1979;

Rickman et al., 1991). Land-use pressures are resulting in an in-

creasing overlap of wildlife and domestic animal grazing areas (Bourn

and Blench, 1999); transmission of human-infective trypanosomes

from wildlife to humans or to their livestock thus continues to be a

public health issue.
4.2.2. Domestic hosts

A number of domestic animal species, including pigs, dogs, goats,

sheep and cattle may carry human-infective trypanosome species

(Stephen, 1970). Bruce and co-workers (1910, 1911) were the first to

suggest that domestic animals might be important in the epidemio-

logy of trypanosomiasis, and attached particular importance to cattle

as a potential reservoir. Parasites isolated from domestic bovids were

able to produce patent infections in monkeys; Bruce et al. (1910)

commented:

no branch of sleeping sickness investigation is of greater practical importance

than the identification of animals which can serve as reservoirs of the sleeping

sickness parasite (p. 236).

While Heisch et al. (1958) were the first to demonstrate the zoonotic

potential of T. brucei s.l. isolated from wildlife, Onyango et al. (1966)

were the first to isolate T. brucei s.l. parasites from domestic cattle and

successfully infect a human. Their study was conducted on the Kenyan

shores of Lake Victoria, where a prevalence of T. brucei s.l. of 21.2%

was found in cattle (Onyango et al., 1966). Large numbers of cattle are

kept in East Africa, in intimate contact with humans. Both humans

and cattle may also have close contact with tsetse fly habitat making

cattle a potentially important reservoir of parasites. Maudlin et al.

(1990) found that 4.9% of cattle tested in Iyolwa county, southeast

Uganda during 1988 were carrying T. brucei s.l. infections, and 25% of

these were human serum resistant, indicating that they were probably

T. b. rhodesiense. Welburn et al. (2001b) found that in a T. b. rhodesi-

ense epidemic area, 18% of cattle were carrying human-infective
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parasites. Resistance to lysis when incubated in human serum in vitro

has been an important tool in identifying the human-infective pheno-

type (Rickman and Robson, 1970b), in the absence (until recently) of

genetic tools to identify this trait.

In contrast to the above emphasis on the role of domestic animals as

T. b. rhodesiense reservoirs, Okia et al. (1994) insisted that cattle do not

play an important role in the epidemiology of HAT. They questioned

HAT patients and controls in southeast Uganda on their behaviour,

and observed that cases of HAT had fewer animals grazing near areas

of human–tsetse contact than controls. It is important to note, however,

that it is the combination of contacts of both livestock and humans with

tsetse in their habitats that is of significance in terms of transmission,

and not contact between humans and the livestock themselves. These

interactions have been successfully studied in the context of assessing

the risk to animals of infection with the livestock trypanosomes in West

Africa (Wacher et al., 1994; de la Rocque et al., 1999).

Recently, it has been noted that pigs are of increasing importance

as a source of income for livestock farmers in many parts of East

Africa, and that this presents new challenges for the control of

zoonotic diseases including cysticercosis and trypanosomiasis (Phiri

et al., 2003; Waiswa et al., 2003). In areas of Uganda where pigs are

abundant, Waiswa et al. (2003) found them carrying a high preva-

lence of human serum-resistant isolates. A number of studies have

identified pigs as important sources of tsetse bloodmeals (Okoth and

Kapaata, 1988; Clausen et al., 1998; Spath, 2000). Together, these

studies indicate that it is necessary to improve our understanding of

the role of suids in HAT epidemiology in areas where they are abun-

dant, and particularly where pigs and cattle exist together. Pigs are

also thought to act as a reservoir of T. b. gambiense in West and

Central Africa and numerous studies have found pigs infected with

this trypanosome (Gibson et al., 1978; Mehlitz et al., 1982; Schares

and Mehlitz, 1996). T. b. gambiense can, therefore, survive in pigs, as

well as other animal species. However, it has been possible to locally

eliminate T. b. gambiense transmission by treatment of the human

reservoir alone, without recourse to animal targeted interventions

(Pépin and Méda, 2001), and the strains of T. brucei s.l. found in pigs

in HAT-affected areas may not match those found in humans
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(Jamonneau et al., 2004). Thus, while animals can sustain T. b. gambi-

ense, these animals are unlikely to have a fundamental role in the ep-

idemiology and transmission of this parasite to humans (Welburn et al.,

2001a). Further studies would be necessary to identify the risk posed by

animal hosts in the persistence of T. b. gambiense in foci where large-

scale human treatments have been carried out.
5. DIAGNOSIS
While it is not our intention to provide a full review of diagnostic

methods available for trypanosome identification, we summarise below

the current most significant available technologies. Serological tests,

while not specific enough to be used for clinical decision making for

individual cases, are used to screen large portions of the population

rapidly; the direct detection of parasites remains essential for clinical

decisions (e.g. whether or not to treat a patient). Diagnostic methods for

T. b. gambiense have been recently reviewed by Chappuis et al. (2005).
5.1. Microscopy

The direct detection of parasites by microscopy is the ‘gold standard’

diagnostic technique for trypanosomes; microscopy based on wet

blood films is, however, accurate only at or above concentrations of

104 parasites per mL, a parasite concentration that is well above those

often seen in human patients, particularly in T. b. gambiense infections.

Concentration techniques such as the mini-haematocrit centrifugation

technique (Woo, 1970)—originally developed for avian trypanosomes

(Bennett, 1962)—or the miniature anion exchange centrifugation (m-

AECT; Lumsden et al., 1979), improve detection levels to 500 and 100

parasites per mL by microscopy, respectively (World Health Organ-

ization, 1998). Stage determination of HAT (a therapeutic decision

tool—see Section 6) has traditionally also relied on the direct obser-

vation of trypanosomes within the cerebrospinal fluid (CSF), either

directly or after concentration by centrifugation (Cattand et al., 1988).

WHO criteria for the indirect determination of CNS invasion are an

elevated leukocyte count of more than 5 cells/mL or increased protein
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concentrations 437mg/100mL (World Health Organization, 1998). It

has been suggested that the cut-off cell count for second stage deter-

mination be raised to 20 cells/mL (Bisser et al., 1997), although recent

work has shown that there is an increased risk of pentamidine treat-

ment failure when patients with cell counts between 11 and 20 cells/

mL are assumed to be in the early stage of infection (Lejon et al.,

2003).

5.2. CATT

The detection of T. b. gambiense has relied heavily on the Card Ag-

glutination Test for Trypanosomiasis (CATT/T. b. gambiense) since

its development in 1978 (Magnus et al., 1978). Based on detecting the

presence of antibodies directed against a dominant variant antigen

type (VAT) of T. b. gambiense, LiTat 1.3, CATT has a specificity of

90–95% and a sensitivity of 92–100% (Noireau et al., 1987;

Jamonneau et al., 2000; Truc et al., 2002). Whole, fixed and stained

trypanosomes expressing this VAT are combined with human serum

on a simple card, resulting in a visually detectable level of aggluti-

nation in patients with previous exposure to T. b. gambiense; con-

firmatory positive diagnosis relies on subsequent parasitological

confirmation (Simarro et al., 1999). Each CATT costs approximately

US$ 0.40 (Pépin and Méda, 2001), so that this test remains funda-

mental to large-scale screening for T. b. gambiense, although Robays

et al. (2004) emphasise that it needs to be integrated into a well-

managed screening programme to be truly effective; Chappuis et al.

(2005) describe a field algorithm for T. b. gambiense diagnosis in-

volving the CATT test. CATT cannot differentiate between past and

current infections and therefore cannot be used to assess treatment

efficacy. There are also a small number of T. b. gambiense variants

that do not express the specific test antigen (Dukes et al., 1992;

Kanmogne et al., 1996; Enyaru et al., 1998). The CATT test does not

work on T. b. rhodesiense (Enyaru et al., 1999), although some pre-

liminary work has shown promise on field-adapted antigen detection

tests for T. b. rhodesiense (Akol et al., 1999). Diagnosis for T. b.

rhodesiense must therefore be made either clinically, or through

parasitological or molecular methods.
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5.3. Other Field Serological Tests for T. b. gambiense

There are other serological tests for T. b. gambiense infection. One is the

Latex/T. b. gambiense (Büscher et al., 1999), which is a variant of the

CATT/T. b. gambiense test but directed against three VAT (LiTat 1.3,

1.5 and 1.6), and which has a specificity of up to 99% and a sensitivity

between 84% and 100%. Another is the Latex/IgM (Lejon et al., 1998b,

2002), used to detect elevated IgM in the CNS of second stage patients:

when T. b. gambiense trypanosomes invade the CNS, the inflammatory

response results in elevated levels of IgM, up to 16x greater than normal

(Bisser et al., 2002). The specificity and sensitivity of this test are 89%

and 93%, respectively. Latex/IgM agglutination may also be applicable

to stage determination in T. b. rhodesiense infection where similar

changes in antibody levels have been demonstrated—although this re-

mains to be evaluated (Itazi, 1981; Lejon et al., 2002). Chappuis et al.

(2005) provide an in-depth review of these tests.
5.4. ELISA

The enzyme-linked immunosorbent assay (ELISA) is a more compli-

cated method of antibody detection than those previously mentioned.

The principle remains the same, in that the test relies on the detection of

antigens or antibodies relating to the parasite presence within human

serum. Most targets originally identified for ELISA-based diagnosis

such as immunodominant surface glycoproteins (Lejon et al., 1998a) or

whole purified trypanosome preparations (Olaho-Mukani et al., 1994)

have since been transferred to a simplified agglutination test.
5.5. PCR

The Polymerase Chain Reaction (PCR) is a diagnostic method that

multiplies specific fragments of DNA. PCR has been used to assess

the presence of T. b. gambiense infection in both blood and CSF of

patients from the Ivory Coast, Cameroon and Uganda (Kanmogne

et al., 1996; Enyaru et al., 1998; Truc et al., 1999; Kyambadde et al.,

2000) with a sensitivity of 100% in parasitologically positive samples



HUMAN AFRICAN TRYPANOSOMIASIS: EPIDEMIOLOGY AND CONTROL 181
(Truc et al., 1999; Kyambadde et al., 2000; Jamonneau et al., 2003).

PCR is recognised as being the most sensitive diagnostic method for

HAT when compared with parasitological means, but due to the very

low parasitaemia in chronic T. b. gambiense infections, there have

been difficulties in calculating the sensitivity of this test. Currently the

detection limit of PCR is thought to be 1 trypanosome/10mL of

cattle blood (Masake et al., 2002) or 25 trypanosomes/mL of human

blood (Kanmogne et al., 1996). Inhibitory factors present in human

blood result in the discrepancy between bovine and human studies

(Contamin et al., 1995). While much effort has focused on the de-

tection of genetic material from T. brucei s.l. (Sloof et al., 1983;

Kabiri et al., 1999), diagnostic markers are now available to differ-

entiate the two human pathogenic sub-species.

5.5.1. T. b. rhodesiense

In 2001, Welburn et al. demonstrated the potential of the serum

resistance associated (SRA) gene as a specific molecular marker for T.

b. rhodesiense (Welburn et al., 2001b). The protein encoded by the

SRA gene had been identified as responsible for human serum re-

sistance in T. b. rhodesiense (de Greef et al., 1989; de Greef and

Hamers, 1994). This target has since been identified as a ubiquitous

marker for T. b. rhodesiense throughout eastern Africa, and a further

sub-division of these parasites is possible through selective markers

for southern and northern isolates (Gibson et al., 2002; Gibson and

Ferris, 2003).

5.5.2. T. b. gambiense

The specific detection of T. b. gambiense by PCR has focused pre-

dominantly on identification of variant specific glycoprotein (VSG)

genes, such as LiTat 1.3 and AnTat 11.17 (Magnus et al., 1978; Thi

et al., 1991; Bromidge et al., 1993). Due to the sequence variation that

exists within the VSG repertoire, there are occasionally foci detected

where established molecular targets are not present within the par-

asite genomes (Enyaru et al., 1993). An alternative diagnostic target is

the receptor-like flagellar pocket glycoprotein TgsGP (Berberof et al.,
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2001); this region has been shown to provide a specific marker for T.

b. gambiense (Radwanska et al., 2002a).
5.6. New Technology in Diagnostics

Jannin and Cattand (2004) have recently reviewed novel diagnostics.

The continued development of technologies involved in the diagnosis of

HAT appears to be diverging; from the highly advanced computer-

based analysis of protein signatures (Papadopoulos et al., 2004) to the

modification and combination of existing methods to provide greater

sensitivity to field-based diagnosis. One such development of the latter is

PNA-FISH, a method that relies on the detection of T. brucei s.l. par-

asites on a microscope slide by fluorescein-labelled peptide nucleic acid

(PNA) probes (Radwanska et al., 2002a, b), the detection limits of which

are five parasites per mL, five times the sensitivity of PCR. Advances in

the simplification of DNA-based analysis by loop-mediated isothermal

amplification (LAMP) (Kuboki et al., 2003), with a single heating step

and visual colorimetric identification of amplicons (Notomi et al., 2000),

have also successfully detected human-infective parasites.
5.7. Field Diagnostics: Realistic and Appropriate
Technologies

The development of novel diagnostic tests, particularly those based on

DNA technologies, is to be applauded, and certainly contributes

greatly to our understanding of epidemiological systems—for example,

assessing the extent of the animal reservoir of T. b. rhodesiense

(Kyambadde et al., 2000; Welburn et al., 2001b). Such information

provides a basis from which appropriately targeted control interven-

tions can be designed and, with time, highly sensitive and specific DNA

detection methods are becoming increasingly miniaturised and port-

able (Callahan et al., 2002). However, for African rural health centres

with small budgets dealing with a multitude of diseases, it is the most

basic, cost-effective diagnostic techniques that will remain the mainstay

of the diagnostic toolbox for the foreseeable future. These tools in-

clude, first and foremost, clinical diagnosis, and then microscopy and
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the CATT (Abel et al., 2004). The direct observation of parasites

through microscopy in blood or other tissues is particularly important,

even when CATT is used. To prevent unnecessary treatment for T. b.

gambiense of CATT false-positive patients with toxic drugs, a para-

sitological diagnosis based on CSF or lymph gland exudate usually

follows (World Health Organization, 1998). There have been some

exceptions to this (Simarro et al., 2001), but it holds as a general rule.

Screening of peripheral blood and/or CSF are, equally, key for T. b.

rhodesiense diagnosis and staging (and thus deciding on the drug reg-

imen to follow). It cannot be over-emphasised that, particularly for T.

b. rhodesiense affected areas, the provision of a microscope and trained

microscopist at a health centre is probably the best method for im-

proving the level of detection of HAT (Odiit et al., 2004b) and reducing

the burden suffered by patients. The historical achievements with HAT

control were entirely based on routine microscopy and regular sur-

veillance of at risk populations when microscopy was the only, albeit

insensitive, available tool. This approach reduced the problem of HAT

as a public health problem over large areas.
6. TREATMENT
The epidemiological characteristics and clinical course of T. b.

rhodesiense and T. b. gambiense are different. Similarly, the drugs

used to treat them differ (Fairlamb, 2003). The choice of treatment is

dependent on the parasite species involved and on the stage of the

disease; drugs for the treatment of late stage disease are able to cross

the blood–brain barrier in order to clear trypanosomes in the CSF.

Various reviews have recently been published on issues relating to

treatment of HAT (Legros et al., 2002; Bouteille et al., 2003), and the

biochemical properties of the different drugs (Docampo and Moreno,

2003). A historical review of the development of drugs that have been

used against trypanosomiasis is given by Ollivier and Legros (2001).

Hospitalisation is required during administration of all the drugs

currently used, particularly for the late stage (World Health Organ-

ization, 1995); this may be for a period of longer than one month,

adding an extra burden on families of patients and on the health
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system—though Burri et al. (2000) recently described a shorter

(10-day) treatment course for late stage T. b. gambiense using me-

larsoprol, which has been shown to be as effective as the standard

course on long-term follow-up (Schmid et al., 2004), and has been

adopted as the recommended course by WHO.

T. b. rhodesiense is preferably treated with suramin or melarsoprol (an

arsenical compound) in the early and late stages respectively, whereas T.

b. gambiense is treated with pentamidine—the drug of choice (Pépin and

Milord, 1994)—or suramin, in the early stage and melarsoprol in the late

stage (World Health Organization, 1995; Van Nieuwenhove, 1999).

Pentamidine is less effective against early stage T. b. rhodesiense (Apted,

1980). Although there are an increasing number of clinical failures with

melarsoprol in the treatment of T. b. gambiense (Pépin et al., 1994; Burri

and Keiser, 2001; Matovu et al., 2001a), no significant reduction in

efficacy has yet been demonstrated for T. b. rhodesiense. The alternative,

registered drug for melarsoprol-refractory-late-stage T. b. gambiense

treatment is eflornithine (Van Nieuwenhove, 1999), but it cannot be used

for T. b. rhodesiense (Iten et al., 1995). Nifurtimox, used mainly for the

treatment of Chagas disease (caused by Trypanosoma cruzi) in South

America (Rodriques Coura and de Castro, 2002), is being studied in

combination with eflornithine. Eflornithine, also called difluoromethyl-

ornithine (DFMO), is an effective anti-trypanocidal drug (Burri and

Brun, 2003) which was originally developed as an anti-cancer agent

(Wickware, 2002), and is also used as a topical treatment for excess

facial hair (Hickman et al., 2001); despite its efficacy, however, it is

difficult to administer for HAT treatment, as it is very expensive (Van

Nieuwenhove, 2000) and is recommended only for relapsing—melarso-

prol refractory—cases of T. b. gambiense (Pépin et al., 2000). The total

cost of treating a patient with eflornithine has been estimated as US$

675, against US$ 253 for melarsoprol, US$ 114 for suramin and US$

107 for pentamidine, when drugs are purchased commercially (World

Health Organization, 1998). For comparison, anti-retroviral therapy for

HIV/AIDS costs approximately US$ 300 per person per year (Reid

et al., 2004).

Though pentamidine is not as toxic as other HAT drugs, there have

been some reports of drug failure due to resistance; these early stage

cases of T. b. gambiense are then treated with suramin. Suramin is a



HUMAN AFRICAN TRYPANOSOMIASIS: EPIDEMIOLOGY AND CONTROL 185
relatively toxic drug, which can result in severe adverse reactions such

as anaphylactic shock (particularly if used to treat HAT during co-

infections with onchocerciasis), cutaneous reactions such as exfoliate

dermatitis (May and Allolio, 1991; World Health Organization,

1995), and neurotoxic side effects. In late stage treatments, melarso-

prol results in an encephalopathic reaction in approximately 5% of

cases (Haller et al., 1986; Pépin et al., 1995; Blum et al., 2001). There

is a growing number of reports of drug failures with melarsoprol

(Pépin et al., 1994; Brun et al., 2001), which could be due to parasite

resistance or lack of bioavailability—though this latter point has been

recently challenged (Burri and Keiser, 2001). The mode of uptake of

melarsoprol may be similar to that of pentamidine and also dim-

inazine aceturate (Barrett and Fairlamb, 1999); thus, there is a pos-

sibility of cross resistance not only with early stage HAT drugs, but

also with curative treatments of trypanosomiasis in animals (Barrett,

2001), for which diminazine would be the drug of choice in most

instances (Geerts et al., 2001).

The prospects for new drugs to combat HAT are bleak (Legros

et al., 2002). HAT is one of the group of so-called neglected diseases

(Banerji, 2003; Jannin et al., 2003; Molyneux, 2004), which have re-

cently seen a number of programmes (such as the ‘Drugs for Neglected

Diseases Initiative’—DNDi) to promote drug discovery and drug

availability. Jannin and Cattand (2004) review some of the new com-

pounds that are under investigation for trypanosomiasis therapy.
7. CONTROL
7.1. Historical Paradigms for Control: Biology and
Necessity

Welburn et al. (2004) discuss the socio-historical context of the study of

HAT in Africa, and emphasise that, until recently, our understanding

of the historical disease trends was limited to conjecture from scant

sociological studies (Lyons, 1992). A lack of scientific data has been the

cause of some important historical misunderstandings about the

epidemiology of HAT (Köerner et al., 1995; Fèvre et al., 2004).
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Historically, the effects of the bipartite geographical distribution of

HAT have been both technically and politically profound. The colonial

authorities did not recognise the essential differences between the two

diseases (caused by T. b. rhodesiense and T. b. gambiense) as being

important in control terms. The problems facing the colonial regimes

were apparently mutually exclusive, either HAT in humans or nagana

in animals. In addition, in tackling HAT in the east and west of the

continent, different technologies evolved with progressive scientific ad-

vances; yet authorities stopped short of acknowledging that these

differences were firmly rooted in the differing biologies of the diseases

and not, as was perceived, in vague political agendas. Thus, franco-

phone Africa pursued technologies suited for the control of Gambian

HAT, while anglophone Africa pursued technologies suited primarily

to nagana and secondarily to Rhodesian HAT. In each case, the ra-

tionale was entirely logical; most of francophone Africa was heavily

forested (e.g. the Congo River Basin) and inhabited by riverine tsetse

species with low population densities. Anglophone Africa, by contrast,

was concerned with vast areas of savanna suitable for rearing cattle,

the economic importance of which was of far more concern to the

colonial authorities. Apart from large epidemics (Langlands, 1967),

which were rare, the occasional Rhodesian HAT outbreak, which

tended to be self limiting, was of little concern.

The post colonial period saw, at first, a lively debate between fran-

cophone and anglophone technologists who came from different, and

one has to say competing, backgrounds. In tsetse control, this led to a

plethora of trapping technologies which worked in one setting but, when

tested in another setting, were apparently ineffective. Similarly, when

insecticide ‘pour-ons’ were refined, they worked well in settings where

there were high densities of cattle but not in settings where cattle were at

low densities—this would include most of the forested parts of Africa

(Hargrove, 2003b). In human-targeted HAT control, active case finding

worked well in T. b. gambiense areas but not in T. b. rhodesiense areas.

Areas with T. b. rhodesiense often had high densities of flies and high

rates of transmission, where flies were dealt with as a priority concur-

rently with human-targeted interventions. In T. b. gambiense areas, flies

need not be dealt with as a high priority but rather as a longer term

objective (Gouteux and Artzrouni, 1996). Time, communication systems
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and technology have resolved these differences and science is now in a

position to offer appropriate technologies for appropriate settings, ir-

respective of cultural barriers.

Thus, historical differences in approaches, which became inter-

twined with politics, were, in fact, grounded in the realities of parasite

biology from an early stage. The details of these disease-driven

differences are given below; with the technological toolbox now

available for the study of the epidemiology of HAT, we need to

return to these biological differences in the effective design of control

programmes, and note that there is unlikely to be one effective, trans-

continental control paradigm (Molyneux, 2001b).

7.1.1. Approaches Adopted in West Africa

In the early years of HAT control through drugs, effective treatments

were simply not available and mortality rates were high; thus, pa-

tients themselves were used as the testing ground for optimising

treatment regimens, often with dubious results (Eckart, 2002). Even-

tually, chemotherapy was deployed on a large scale—sometimes pro-

phylactically (Van Hoof et al., 1946), and for the control of gambian

HAT, combining active case-detection and drug treatment of positive

cases is now the cornerstone of disease prevention and control

(Ekwanzala et al., 1996). Lapeyssonnie (1992) outlines the historical

context in which tens of millions of people were screened during

colonial times for T. b. gambiense, and treated (if positive) with ar-

senical-based therapies, then tryparsamide (Ollivier and Legros,

2001); the approach he outlines, which was undertaken in particular

by French and Belgian colonial authorities, was to screen everyone,

everywhere, in affected foci. This was the method originally devised

by Eugène Jamot in Cameroon in 1917 (Ducloux, 1988; Louis et al.,

2002): as a result of Jamot’s successful screening campaigns, the

number of cases in Cameroon was reduced by 300-fold (Lap-

eyssonnie, 1992), and similarly dramatic reductions were achieved in

other T. b. gambiense affected areas. In order to reduce transmission

of a disease, it is necessary to reduce the size of the reservoir of that

disease (the early stage of T. b. gambiense is long, and the relative lack

of clinical signs means that patients may continue to serve as sources
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of infections for tsetse as they go about their daily activities). Re-

ducing the size of the human reservoir will reduce the chances of

further generations of tsetse becoming infected and passing on

the infection, so that transmission will eventually be interrupted

(Welburn et al., 2001a). During the late 1990s, over 8000 cases of T. b.

gambiense HAT were detected annually in Angola, mainly through

active case detection (Stanghellini and Josenando, 2001), with a high

proportion of late stage cases. Active case detection continues, there-

fore, to be key in controlling T. b. gambiense. There is evidence of

transplacental transmission of T. b. gambiense (Lingam et al., 1985;

Triolo et al., 1985; Rocha et al., 2004) and some evidence that this

may also occur in T. b. rhodesiense (Traub et al., 1978), and isolated

reports of possible sexual transmission of T. b. gambiense (Rocha et

al., 2004). This passing of parasites from mother to foetus or through

sexual transmission is mainly of clinical interest, however, and is

unlikely to drive the epidemiology of these diseases.

7.1.2. Approaches Adopted in East Africa

Dealing with outbreaks or epidemics of T. b. rhodesiense requires a

different approach from that of T. b. gambiense control. While finding

and treating infected patients is of course a necessary ethical duty and

medical task, such activities will not stem the actual transmission of

parasites. Humans are unlikely to serve as reservoirs of T. b. rhodesi-

ense; the high burden imposed on the individual infected with T. b.

rhodesiense at an early stage ensures their removal from transmission

zones. Rather, we have seen that livestock and other animal hosts of

this zoonotic sub-species need to be the focus of control activities.

Around the Lake Victoria Basin, affected by a major HAT epi-

demic that killed hundreds of thousands of people (Langlands, 1967)

and that we now know was due to the rapid spread of T. b. rhodesi-

ense (Köerner et al., 1995; Fèvre et al., 2004), active case finding was

not considered. Rather, affected populations were isolated in what

were effectively concentration camps (Hodges, 1910; Eckart, 2002),

and tsetse infested areas were forcibly evacuated (Anon, 1909). Up-

take of parasites by the flies was thus limited, and opportunities for

further transmission were reduced. In eastern Africa generally, tsetse
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habitat was cleared, both indiscriminately on a large scale and more

selectively, targeting certain vegetation types (Swynnerton, 1925;

Ford et al., 1970). Later, when it became clear that animals served as

a parasite reservoir, contact between these animals and tsetse was also

prevented; at the time, game animals served as the most important

reservoir (Heisch et al., 1958), and these were culled in large numbers

where they occurred close to human habitations (Bruce et al., 1911;

Potts and Jackson, 1952; Ford, 1970).

7.2. Overlap of T. b. gambiense and T. b. rhodesiense:
Policy Implications

Uganda is the only country in Africa known to be affected by both T.

b. rhodesiense and T. b. gambiense. Up to the present, however, within

the country the distribution of these parasites has been quite separate;

T. b. gambiense affects populations in the West Nile region in the

north-west, close to the Sudanese and Congo borders, and has been

dealt with mainly by non-governmental organisations (NGOs) in the

recent past (Paquet et al., 1995). T. b. rhodesiense traditionally occurs,

with far fewer cases per annum in the south-east’s Busoga region, in

the Lake Victoria Basin (Odiit et al., 2004a). This geographical sep-

aration is a major factor in both the differential diagnosis of HAT in

the country, which is mainly through microscopy, and in the treat-

ment of the disease, as the drugs required differ (see above). Recently,

however, T. b. rhodesiense has spread beyond its traditional range—

an epidemic is underway as a result of the movement of infected

livestock (Fèvre et al., 2001) to the previously unaffected Teso region,

and the possible occurrence of rhodesiense has been noted in other

previously unaffected regions (Enyaru et al., 1999) in the west. Field

evidence shows that the expansion has not been curtailed despite

control efforts (Fèvre et al., in press), and T. b. rhodesiense is now

present very close to areas that were once foci of T. b. gambiense

(Morris, 1959). Additionally, there were no reported cases of T.

brucei s.l. in the livestock reservoir in studies in Teso before recent

events; since then, a prevalence of up to 40% has been reported

(Welburn et al., 2001b). These important changes, coupled with the

knowledge that restocking of cattle herds was taking place extensively
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across the country, has led to the fear that HAT might spread to

other areas from which it had previously been absent. Furthermore,

as the treatments and diagnostic protocols for T. b. rhodesiense and

T. b. gambienseHAT are different, the potential for the overlap of the

two human disease-causing species would have serious implications

for control activities and patient management. A CATT negative

result, for example, could, in this scenario, be due to either problems

with test sensitivity or the fact that the parasite is T. b. rhodesiense

and thus undetectable using CATT. This would raise questions as to

the grounds for treatment of such cases, or indeed the necessary

treatment for parasitologically positive cases (given the identical

morphologies of the causative organisms).

7.3. Modern Paradigms for Control: Options for Policy

The control of trypanosomiasis is concerned with reducing parasite

transmission from host to vector and on to further hosts. An important

concept in the study of infectious disease epidemiology is R0, the basic

reproduction number (Anderson and May, 1992), which describes the

number of new infections that arise as a result of one infected case in a

susceptible population. If R0 is less than 1 (R0o1), then each infected

individual gives rise, on average, to less than one new infection, and in

a given population over a period of time, an outbreak would not

sustain itself. For values of R0 greater than 1 (R041), the opposite is

true as each infected individual gives rise to more than one new in-

fection; the higher the value of R0, the more difficult it is to control the

spread of a disease (Rogers, 1988). The choices for the optimal control

strategy depend on whether it is the vector or the mammalian host that

is the target and, if the mammal, whether it is the human, livestock or

wildlife species. The one-size-fits-all approach certainly does not fit

with a disease like HAT, in which each of the 200 distinct foci (see

Figure 1) may present quite different transmission scenarios.

7.3.1. Choice 1: Human Treatments

Treatment of patients for HAT will be an ethical necessity as long

as patients are acquiring infections, despite the problems with drug
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resistance and toxicity. For T. b. rhodesiense, this is a ‘fire-fighting’

exercise; we have seen that curing humans does not prevent trans-

mission and disease spread because of the existence of an animal

reservoir. T. b. rhodesiense control has to go beyond treatment of

humans, and deal with transmission from the reservoir, which is do-

mestic livestock in most areas, and wildlife species where they exist

(see below). For T. b. gambiense, treating human patients has the dual

effect of preventing individual suffering and preventing further in-

fections: transmission control programmes reduce the size of the main

reservoir of parasites, humans. In West and Central Africa, therefore,

human-targeted interventions will be cost-effective when there are

many cases of disease, though as cases become rarer as control

progresses, the cost-effectiveness per case diagnosed will decrease.

Human case finding therefore needs sustained commitment and cen-

tral organisation to make it efficient.

At an international level, the neglected status of HAT (both T. b.

gambiense and T. b. rhodesiense infection) has resulted in an increas-

ingly poor likelihood of new drugs being developed and questions over

the availability of existing ones. Inputs are required from international

organisations and governments, who need to be convinced to support

HAT drug design and delivery—various initiatives have already been

designed to do this (Zumla, 2002; Banerji, 2003; Jannin et al., 2003).

7.3.2. Choice 2: Vector Control

There are a range of possible tsetse-targeted interventions that can be

used to prevent trypanosomiasis transmission. These include the use

of baits or traps, the use of insecticides either on their own (through

various methods of deployment such as aerial spraying or ground

spraying) or in combination with traps (Allsopp and Hursey, 2004).

(a) Use of baits and/or traps. A wide range of traps and targets has

been developed to attract and trap tsetse (Leak, 1999). These exploit

the attraction of these insects to certain colours, particularly blue and

black (Steverding and Troscianko, 2004), and to certain shapes (Vale,

1982). Traps can be supplemented with chemical attractants; for ex-

ample, cow urine and its constituents are particularly attractive to

certain species of tsetse (Bursell et al., 1988; Vale et al., 1988). Traps
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cost between US$5 and 15 (Laveissière and Grebaut, 1990; Brightwell

et al., 1991; Okoth, 1991) each. While the deployment of traps has

certain benefits in terms of the control programme, being visible to

the population, their use as effective tsetse control tools requires

enough traps per unit area to significantly reduce the density of the

tsetse population. For example, Lancien (1991) reported using 10

unbaited traps per square km in Uganda for G. f. fuscipes control,

and Hargrove (2003a) estimated that four baited targets per square

km would be necessary for Glossina pallidipes in a closed area (not

susceptible to the immigration of flies). Centralised organisation is

likely to be needed for a deployment on this scale—a 5km2 village

would need 50 traps, the deployment of which would ideally be co-

ordinated with neighbouring villages. Fifty traps would cost up to

US$ 500; where the average income is perhaps US$ 1 per day per

individual, even for the village as a whole this might be prohibitive

without external support. There have been some studies showing that

communities can take charge of trapping under the right circum-

stances (Gouteux and Sinda, 1990; Okoth et al., 1991), but the fi-

nancial and time constraints make this unrealistic over a large area.

Although the use of insecticide-treated bed nets has more immediate

and tangible benefit in controlling malaria than do tsetse traps in

preventing trypanosomiasis—by reducing malaria incidence by up to

50% (Lengeler, 2004), there are many problems with convincing

communities in malarious areas to use bed nets, mainly relating to

cost (Guyatt et al., 2002). This is likely to be even more the case in

areas affected by HAT. For longer-term effectiveness, Dransfield and

Brightwell (2004) have emphasised the importance of real, rather than

nominal, participation of local communities in tsetse control oper-

ations; without such participation they suggest that the disease will

simply increase in prevalence. However, we must ask whether it is

plausible to do more to prevent a neglected disease without some

serious centralised effort.

(b) Use of insecticides. Insecticidal control, through distribution of

insecticides over wide areas from aircraft and ground spraying of re-

sidual compounds, as well as the constraints to such techniques, has

been recently reviewed (Allsopp, 2001; Allsopp and Hursey, 2004).

Such methods are expensive, but have been successful in reducing
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tsetse densities over treated areas. This success, however, is dependent

on a serious and sustained investment in infrastructure and therefore

on a centralised and ‘top-down’ disease management system. Agencies

providing funding for such control may also be concerned about the

environmental impact of insecticide distribution in the environment.

(c) Integrated control. Where trypanosomiasis is endemic, other

diseases, in particular tick-borne diseases (TBD), often occur con-

currently (Bauer et al., 1992; Mattioli et al., 1998). From a disease

control perspective, the integrated control of both groups of diseases

presents logistical and economic advantages (Holmes, 1997; Eisler et

al., 2003), although such integration must be based on a sound un-

derstanding of disease transmission systems in specific areas to have

the desired effect (Coleman et al., 2001). Pour-on and spray formu-

lations of pyrethroid insecticides are particularly suitable for inte-

grated control as they can be applied by farmers themselves with

minimal inputs, and often in low volume (Vale et al., 1999).

Individual animals are protected from acquiring new infections if

vectors are killed before they feed, and the animal itself becomes a

living, impregnated, tsetse target. The challenge is optimising the de-

livery of the insecticidal compounds to the livestock (different fre-

quency of spraying, different application methods). Such control is

particularly suitable in decentralised systems as, once the demand for

such services is established, market forces will deal with delivery.

Integrated control of tsetse and ticks thus becomes self-sufficient. Dip

tanks serve a similar disease-control purpose, but their effective use

requires more inputs and organisation.

(d) Sterile insect technique. Early in the last century, almost complete

elimination of tsetse was achieved on Principe Island over a 4-year

period, through the combined efforts of bush clearing, the killing of

wildlife and tsetse trapping using the Maldonado process of wearing

sticky cloth that attracts flies (Bruto da Costa et al., 1916). Currently, it

is proposed that elimination or eradication of tsetse from wide areas

might involve the use of the sterile insect technique (SIT) (Kabayo,

2002); this effectively involves the replacement of the wild male tsetse

population with males that have been sterilised, either chemically or

through exposure to ionizing radiation (Vreysen et al., 2000). Although

female tsetse can be experimentally mated more than once, their first
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mating with a single male is sufficient to produce a lifetime of off-

spring, and in the wild, females are unlikely to mate again. If the

probability that a female will mate with a sterile male fly can be kept

high across several generations, by keeping the so-called over-flooding

ratio of males high (generally accepted to be 1:10 for tsetse) the fertility

of the tsetse population will decrease. In order to achieve this ratio, the

population of flies needs to be brought down by the use of insecticides

or intensive trapping prior to the release of sterile males.

SIT has been effective for the elimination of the New World Screw-

worm fly, Cochliomyia hominivorax, from the southern USA and

Mexico (Krafsur et al., 1987), and was also used after the fly was

introduced to Libya in 1988 (Lindquist et al., 1992). Before 1997, a

single species of tsetse (Glossina austeni) existed on Zanzibar island,

Tanzania (Vreysen et al., 2000); in that year, an SIT programme

eliminated this fly. While such a programme has thus been shown to

be effective, it was achieved at a huge cost (Molyneux, 2001b), as

large ‘factories’ are required for rearing and sterilizing millions of

flies, which are then distributed from aircraft. In future, SIT may be

useful, if funds allow, for confined areas with a low risk of inward

migration from untreated areas; the prohibitive logistics and costs

required to deal with multiple tsetse species across many countries,

however, makes wholescale eradication of tsetse using SIT a hypo-

thetical solution. Reichard (1999) points out that SIT is designed to

cover large geographic areas and ‘consequently, requires active and

continuous international participation.’ Smaller scale, farmer-ori-

ented control activities are more likely to be successful in the short

and medium terms.

7.3.3. Choice 3: Animal Treatments for Human Health Benefit

Animal-targeted interventions include chemotherapy of reservoir

species with either curative or prophylactic trypanocides. The drugs

available currently include the salts of only three compounds: dimi-

nazene aceturate, homidium bromide/homidium chloride and iso-

metamidium chloride. Diminazine is used for curative rather than

prophylactic treatment, while the latter two drugs have a prophylactic

effect. Trypanosomiasis control in animals might be undermined by
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the development of resistance to these veterinary drugs (Geerts et al.,

2001). Resistance of T. congolense to isometamidium chloride has

been reported in Kenya (Gray et al., 1993) and resistance to all

available trypanocides has been recorded in different parts of Ethi-

opia (Codjia et al., 1993; Afewerk et al., 2000) and Burkina Faso

(Clausen et al., 1992); resistance of T. vivax to all trypanocides other

than diminazine has been reported in Kenya and Somalia (Schonefeld

et al., 1987). Drug resistance is thus a potentially serious issue which

would undermine control activities. Although not yet a problem at

the clinical level, recent studies in vitro (Matovu et al., 1997) have

shown reduced sensitivity to diminazine and isometamidium of hu-

man serum resistant (i.e. T. b. rhodesiense) stocks isolated in the

Busoga focus in Uganda. In that study, which set out specifically to

test the potential usefulness of animal treatments for public health

purposes, parasites were found to have reduced sensitivity to both

drugs simultaneously (multi-drug resistance). Combination therapy

may therefore be necessary for animal treatment, especially in areas

where animals are a reservoir of human-infective trypanosomes (see

White and Olliaro (1996) for a discussion of the rationale of com-

bination therapies).

Geerts et al. (2001) argue that preventing drug resistance in animal

trypanosomes may in fact depend on limiting treatments to clinical

cases, as mass treatment of herds may impose a strong selection pressure

on the trypanosome population to develop resistance (Matovu et al.,

2001b). Drug resistance mechanisms of trypanosomes are poorly un-

derstood (Barrett, 2001); there is evidence in laboratory strains, how-

ever, to suggest that there may be cross-resistance between diminazene

and melarsoprol, as the mode of uptake of both compounds by try-

panosomes is similar (Barrett and Fairlamb, 1999). In both cases, up-

take of the drugs is mediated in part by an amino-purine transporter

across the trypanosome membrane (termed the P2 transporter), first

described by Carter and Fairlamb (1993). If trypanocidal drugs are used

appropriately and in a controlled manner during mass drug adminis-

tration, the impact on the development of drug resistance would be

limited while reducing the risk of spreading human-infective parasites.

This requires collaboration between medical and veterinary sectors in

the formulation of policy.
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In eastern Uganda, during the start of an epidemic of HAT in the

late 1990s, up to 18% of domestic cattle were harbouring human-

infective T. b. rhodesiense (Welburn et al., 2001b); cattle are a sig-

nificant reservoir of human-infective trypanosomes, and treating

them in the context of a bovine trypanosomiasis control programme

could theoretically prevent human disease. Welburn et al. (2001a)

quantified the impacts of this control technique, and found that it

would have a significant public health impact, in an established HAT

focus. The model was based on a previous model of trypanosome

transmission (Rogers, 1988), which is a one-vector (tsetse) and two-

host model (humans and cattle); Welburn et al. (op. cit.) added an

extra component, that of the effects of drug treatment on both

mammalian components of the life cycle. Given the knowledge that

humans are not a significant reservoir of the parasite, and a situation

in which at least 60% of T. b. rhodesiense-infected cattle are promptly

treated with a trypanocidal drug, an outbreak of T. b. rhodesiense

HAT will die out because the number of flies acquiring infections and

further infecting humans and other animals will not be high enough.

Reducing the size of the animal reservoir in order to minimise the

chances of human hosts becoming infected with trypanosomes, is an

application of the R0 concept for T. b. rhodesiense—keeping the

number of infective reservoirs low enough to interrupt, or at least

reduce, transmission of the parasite.

Treating cattle would have the added effect of improving animal

health by clearing other, non-human-infective trypanosomes of live-

stock. Cost-effective prevention strategies are a necessity in countries

where human and animal health services are increasingly decentralised

and where few funds are available generally for health improvement

activities (Jeppsson and Okuonzi, 2000; Jeppsson, 2001; Bossert and

Beauvais, 2002). Interventions aimed at domestic livestock, which ul-

timately improve human health are also relevant in other contexts.

Rowland et al. (2001) treated cattle with deltamethrin pour-on insec-

ticides to prevent transmission of malaria by zoophilic mosquitoes in

peridomestic habitats in Pakistan, and the effective control of schist-

osomiasis caused by Schistosoma japonicum may depend, in some ar-

eas, on control of the parasite in the cattle reservoir (Guo et al., 2001).

Habtewold et al. (2004) have adopted a similar approach in Ethiopia in
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an attempt to reduce the incidence of malaria in households using

pour-ons primarily to control tsetse. The perceived benefits to human

health would, it is hoped, provide the impetus to promote and sustain

the tsetse control strategy. Combining targeted chemotherapy with

pour-ons or other methods of reducing transmission might present a

user-friendly system applicable in areas with poor professional veter-

inary coverage. Understanding the biology and epidemiology of

zoonotic diseases in their reservoir hosts (Cleaveland et al., 2001;

Woolhouse et al., 2001) is essential to the appropriate design of public

health interventions and disease control programmes.
7.4. Responsibility for Control

As we have seen, the control of epidemic HAT was historically the

remit of governments, while endemic HAT received little attention.

However, governments are increasingly unable to provide sufficient

funds for such activities, and international organisations and NGOs

are filling up this gap (Paquet et al., 1995; Moore et al., 1999; Abel

et al., 2004). NGOs are able to address specific issues in a targeted

manner; however, it should be a long-term aim of such projects to

devolve the activities to either national or local governments eventu-

ally. The following questions then arise: Where do the responsibilities

for disease control lie? With government? With communities? With

third parties such as NGOs? What role should international organi-

sations play? The answers to these questions lie in the long-term goals

of control programmes, in the availability of funding and economic

development generally, and in the public health priority given to HAT

over other disease by the players at different institutional levels. Mo-

lyneux (2001c) highlighted the conflict between the trend towards de-

centralisation and the need for a vertical approach to HAT control.
7.4.1. Government

Traditionally, as discussed above, trypanosomiasis control has been

centralised at the government level; tsetse control, for example, has

often been the remit of specialised sections of the government veterinary
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services. Rogers et al. (1994) reviewed a range of tsetse control activities

across Africa, and concluded that governments there have effectively

privatised tsetse control, moving towards a situation where the local

population is responsible for control, albeit with some outside assist-

ance in terms of expertise or funding. The degree of support provided

for communities determines whether the programme can be termed

community driven (Dransfield and Brightwell, 2004), and governments

are likely to continue, at the very least, to set priority areas and facilitate

interaction of communities with outside organisations.

Medical supervision of HAT treatment is necessarily hospital

based, and HAT drug distribution is likely always to remain cen-

tralised and be the responsibility of Ministries of Health or specialised

organisations—particularly given the poor availability of drugs at an

international level. States, therefore, will always have a key role to

play, though the degree to which they choose to devolve tsetse and

livestock trypanosomiasis control will vary, usually as a function of

the financial situation.

If the SIT does become a key component in governments’ policies

for trypanosomiasis control through the PATTEC initiative—(the

Pan African Tsetse and Trypanosomiasis Eradication Campaign)—

(Kabayo, 2002), a hitherto unseen level of international government

commitment and co-ordination to trypanosomiasis control will be

necessary, pooling resources for the re-establishment of a centralised

system. Recently, the African Development Fund has agreed the fi-

nance to create sustainable tsetse and trypanosomiasis free areas in

East and West Africa involving SIT and other technologies (African

Development Fund, 2004). This project, which covers Burkina Faso,

Mali, Ghana, Ethiopia, Uganda and Kenya, is being coordinated by

PATTEC. Uganda is the only country seriously affected by HAT in

this group and we must hope that this ambitious scheme proves suc-

cessful in reducing the incidence of disease.

7.4.2. Community Control

As mentioned above, it is not practical (unlike with malaria) for

individuals to treat themselves for HAT. Control undertaken by the

community thus involves controlling transmission. In T. b. gambiense
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areas, where treatment of humans is a key component of overall

prevention strategies, community control will supplement the neces-

sarily centralised strategies, and will assist in the longer term pre-

vention of new outbreaks. Laveissière et al. (1998) found that

community health workers are more cost-effective than mobile teams

for T. b. gambiense control in Côte d’Ivoire, and also found that

community workers could be effective in deploying targets against

tsetse (Laveissière et al., 1994). Similarly, Okoth et al. (1991) have

shown that communities can be encouraged to produce their own

tsetse traps. These examples, while involving the community, are still

dependent on a high degree of outside support.

Farmer-based tsetse control has been recently reviewed (Brightwell

et al., 2001; Dransfield and Brightwell, 2004), and it has been stressed

that this needs to be driven by demand rather than supply. That is, a

successful farmer-based programme to reduce tsetse density and control

trypanosome transmission must be developed in conjunction with the

community, and answer the specific needs of that community (White,

1996), rather than employ members of the community simply to un-

dertake technical roles for an overall purpose which was not developed

with their consultation and input. In reality, a combination of ap-

proaches is likely to be adopted, depending on the urgency with which

control needs to be undertaken (epidemic vs. endemic situations).

7.4.3. Third Parties

NGOs have been very effective at HAT control (Paquet et al., 1995).

Their efforts are a form of disaster relief in war-torn or socially dis-

rupted areas (Nathan et al., 2004), and the withdrawal of such or-

ganisations needs to be planned with local health authorities to

enable local partners to continue efforts once these authorities be-

come re-established.

While health concerns have become global, it often remains the

remit of national bodies to deal with specific disease issues. The in-

ternational community, however, does have a role in ensuring that

priorities are maintained even for the most neglected diseases (Dentico

and Ford, 2005)—in particular, such diseases which affect poor, mar-

ginalised populations with few external linkages (Smith et al., 2004).
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International organisations and NGOs have a key long-term role in

lobbying for increased drug production and supply (Wickware, 2002),

and there have, to date, been sterling efforts involving HAT (Banerji,

2003; Pécoul, 2004), which have undoubtedly saved many thousands of

lives. Only time will show how sustainable these efforts can be.
8. CONCLUSIONS
HAT, or sleeping sickness, describes not one but two discrete dis-

eases; the Gambian and Rhodesian forms of the disease which

present very different clinical pictures, the former chronic and the

latter acute. The Gambian form is currently a major public health

problem over vast areas of Africa from Sudan in the north through

north-west Uganda, the Democratic Republic of the Congo to An-

gola in the south. The Rhodesian form continues to present a serious

health risk in the Lake Victoria Basin, particularly in eastern Uganda,

and there are small pockets of disease endemic in other countries of

east and central Africa, which occasionally give rise to epidemics. A

line drawn from north to south through sub-Saharan Africa, roughly

following the Rift Valley, neatly differentiates the distribution of the

two diseases with the Gambian form to the west and the Rhodesian

to the east of this notional line.

Apart from these clinical and geographical differences, there are

significant differences between the two diseases in their epidemiology,

and any attempt to control them must take account of these differ-

ences. Outbreaks of the Gambian form of the disease, which have at

times been on a massive scale both in terms of distribution and in-

cidence, can be and have been brought under control by the simple

expedient of case finding and effective treatment at a local level. The

proven effectiveness of this approach reflects the fact that while do-

mestic and wild animals may harbour T. b. gambiense trypanosomes,

the major reservoir of Gambian disease lies in the human population.

In the case of an epidemic of Rhodesian HAT, simple case finding

and treatment will never be sufficient to achieve control as the major

reservoir of T. b. rhodesiense trypanosomes lies not in the human

population, but in animals; in the past the reservoir resided in game
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animals which in many parts of modern Africa have been replaced by

domestic livestock as the major reservoir of disease. Any attempt to

control the incidence and spread of Rhodesian HAT must now also

address the question of controlling infections in the livestock reser-

voir. In practice, at the community level, this will involve both treat-

ment of human cases and chemotherapy and/or insecticidal treatment

of livestock to reduce local transmission by tsetse in the area at risk.

To prevent the spread of disease, livestock from affected areas should

be suitably screened and treated before being traded into adjacent

unaffected zones.

For the most part, we have been describing tactics designed to contain

outbreaks of human disease at a local level. It has, however, been the

long-held desire of many African countries to free themselves from the

threat of HAT on a permanent basis. In eastern Africa, in particular,

this aim was prompted largely by the economic benefits which could

accrue from simultaneously removing nagana in livestock (Shaw, 2004).

Such longer term aims can be achieved only by removal of the tsetse fly

on a permanent basis—i.e. elimination. In considering elimination rather

than disease control, we immediately enter controversial waters: mod-

ellers do not agree on whether elimination on a permanent basis is

achievable (Rogers and Randolph, 2002; Hargrove, 2003b); ecologists

do not agree whether this aim is desirable or even environmentally

abusive (Bourn et al., 2001); economists argue about cost/benefit ratios

(Shaw, 2004); technologists do not agree on the most appropriate tech-

nology to adopt (Vale et al., 1999; Vreysen et al., 2000; Allsopp, 2001);

sociologists suggest that failures in the past reflect our inability properly

to involve local communities at the correct level (Barrett and Okali,

1998; Brightwell et al., 2001; Dransfield and Brightwell, 2004); politi-

cians and donor agencies worry about the cost of large-scale tsetse con-

trol projects which, if they fail to achieve elimination, may become

on-going burdens on their budgets which, in the case of human health,

have many pressing demands in sub-Saharan Africa (Molyneux, 2001c).

It has not been the purpose of this review to recommend one course of

action over another—the choices made must be tailored to the needs and

circumstances of individual African nations who must make their own

assessments of the specific risks involved. Suffice to say that the history

of tsetse control is littered with expensive projects with a few limited
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success stories—success may be more likely in a scenario where a range

of approaches is combined. The failures may not always be laid at the

door of technology, but often lie at the human level, whether that of the

local community, state or international community.
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Fèvre, E.M., Coleman, P.G., Odiit, M., Magona, J.W., Welburn, S.C. and
Woolhouse, M.E.J. (2001). The origins of a new Trypanosoma brucei
rhodesiense sleeping sickness outbreak in eastern Uganda. Lancet 358,
625–628.
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Lejon, V., Büscher, P., Magnus, E., Moons, A., Wouters, I. and Van Me-
irvenne, N. (1998a). A semi-quantitative ELISA for detection of Try-
panosoma brucei gambiense specific antibodies in serum and cerebrospinal
fluid of sleeping sickness patients. Acta Tropica 69, 151–164.

Lejon, V., Büscher, P., Sema, N.H., Magnus, E. and Van Meirvenne, N.
(1998b). Human African trypanosomiasis: a latex agglutination field test
for quantifying IgM in cerebrospinal fluid. Bulletin of the World Health
Organization 76, 553–558.
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imentaire de Glossina palpalis palpalis en zone forestière de Côte d’Ivoire:
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ABSTRACT
Drugs remain the most important tool for the treatment and control

of both visceral and cutaneous leishmaniasis. Although there have

been several advances in the past decade, with the introduction of

new therapies by liposomal amphotericin, oral miltefosine and par-

omomycin (PM), these are not ideal drugs, and improved shorter

duration, less toxic and cheaper therapies are required. Treatments

for complex forms of leishmaniasis and HIV co-infections are inad-

equate. In addition, full deployment of drugs in treatment and con-

trol requires defined strategies, which can also prevent or delay the

development of drug resistance.
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1. INTRODUCTION

The recommended drugs for the treatment of both visceral le-

ishmaniasis (VL) and cutaneous leishmaniasis (CL), the pentavalent

antimonials, were first introduced 60 years ago. During the 1950s,

pentamidine was added to the list of treatments, followed by ampho-

tericin B (ampB) in the 1960s (Croft and Yardley, 2002). Over the

past two decades alternative drugs or new formulations of other

standard drugs have become available and registered for use in some

countries and a limited number remain in clinical trial. The advances

in chemotherapy have been significant and the concept of choice for

treatment in VL is now real. However, this is not to state that the

drugs available are ideal; the aim remains to identify cheap and safe

drugs or formulations that can be used in the treatment and disease

control. It is unlikely that one single drug or drug formulation will be

effective against all forms of leishmaniasis since (a) the visceral and

cutaneous sites of infection impose varying pharmacokinetic require-

ments on the drugs to be used and (b) there is an intrinsic variation in

the drug sensitivity of the 17 Leishmania species known to infect

humans. In addition, depending on the Leishmania species involved, a

complicated form of leishmaniasis may develop that merits a specific

treatment (Figure 1, which is Plate 6.1 in separate colour plate sec-

tion). In addition, there are other new problems to be surmounted by



CHEMOTHERAPY OF LEISHMANIASIS 225
novel treatments, namely: (i) the need for drugs for treatment of VL

in Bihar State, India, where there is acquired resistance to the pent-

avalent antimonials (Sundar, 2001), and (ii) the need for treatments

for VL and CL in immunosuppressed patients, in particular due to

HIV co-infection, where there is exacerbation of disease or emergence

from latent infection due to the depleted immune response. In

this latter case standard chemotherapy is frequently unsuccessful

(Dereure et al., 2003; Pagliano et al., 2003; Mira et al., 2004).
2. THE CURRENT EPIDEMIOLOGIC SITUATION AND
REQUIREMENTS FOR NEW CONTROL STRATEGIES
2.1. Epidemiology

Leishmaniasis is one of the most neglected tropical diseases, with a

major burden among the poorest segments of impoverished popula-

tions in Asia, Africa, South America and, in less degree, Europe

(Yamey and Torreele, 2002). Leishmaniasis is in fact a complex of

visceral and cutaneous diseases (Figure 1), caused by protozoa of the

genus Leishmania that live and multiply in macrophages of certain

mammals. The mammalian reservoir can act as carriers of the par-

asite without necessarily having the disease. The parasite is trans-

mitted to humans through the bite of female haematophagous

sandflies (Phlebotomus and Lutzomyia), which have previously fed

on an infected reservoir. The zoonotic cycle includes the infected

reservoir–sandfly–susceptible human whereas the anthroponotic one

involves the infected human–sandfly–susceptible human; this consid-

eration is crucial in the control programmes.

The severity of the two basic forms of disease, CL and VL, depends

on the infecting Leishmania species and on the host immune response

that develops; the outcome is, in most cases, species-dependent

(Figure 2). Around 15 species cause the cutaneous form, which normally

heals spontaneously leaving scars. However, if caused by Leishmania

tropica, it may evolve into recidivans cutaneous leishmaniasis (RCL),

which is difficult to treat and leaves extensive scars. In Latin America,

CL may develop into one of two possible forms, depending on the
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Figure 2 Interaction between Leishmania species, host and treatment.
Clinical manifestation and response to treatment in leishmaniasis result
from a complex interplay between parasite species, host response and treat-
ment. Visceral disease requires systemic treatment and may result in PKDL.
Cutaneous forms are treated either systemically or locally. They may evolve
towards recidivans, diffuse or mucosal complications.
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species, namely: (1) diffuse CL (DCL, if Leishmania guyanensis or

Leishmania amazonensis are involved), which occurs in patients whose

immune system is weak, and who thus fail to heal spontaneously and

relapse after treatment, with disastrous consequences for the patient; or

(2) mucocutaneous leishmaniasis (MCL, known as ‘‘espundia’’ in South

America), characterized by the destruction of the mucosa and cartilage

of the mouth and pharynx followed by the facial tissue (several species

are able to cause MCL, the most important being Leishmania brazil-

iensis). VL, or ‘‘kala-azar’’, is caused by two species, Leishmania dono-

vani and Leishmania infantum (this latter also known as Leishmania

chagasi in South America); VL is the most severe form and is fatal in

almost all cases if left untreated. It may cause epidemic outbreaks with a

high mortality rate. A varying proportion of visceral cases due to L.

donovani may evolve into a cutaneous form known as post-kala-azar

dermal leishmaniasis (PKDL), requiring lengthy and costly treatment

(Herwaldt, 1999).
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From an epidemiological point of view, leishmaniasis is divided into

two categories depending on the life cycle: anthoponotic leishmaniasis

where infected humans act as the reservoir, being fed upon by the

sandfly that will eventually infect another susceptible person, and

zoonotic leishmaniasis where the reservoir is a non-human mammal.

Although the majority of leishmaniasis is zoonotic, anthroponotic

leishmaniasis has the largest impact—namely in L. donovani VL and

L. tropica CL, including PKDL and recidivans cases, respectively.

This is a critical factor in epidemiology in relation to the control. For

anthroponoses this is focused on early diagnosis, treatment and in-

terruption/reduction of the accessibility of sandflies to the infected

human that are the reservoirs by using mechanical barriers (normally,

insecticide-impregnated bed nets). In contrast, the control of zoonotic

leishmaniasis is focused on the animal reservoir by reducing the res-

ervoir capacity through a number of approaches (sacrifice, treatment,

vaccination, etc.), or the contacts with the vector (insecticide spraying,

bed nets, repellents, etc.). Moreover, drug resistance is much more

important in anthroponotic disease, taking into account that the

multiplication of this parasite is mostly clonal, meaning that resistance

is inherited in parasites transmitted directly between humans, whereas

in zoonoses drug-resistant parasites can be diluted in the mammalian

reservoir hosts where there is no selection pressure.

The leishmaniases are prevalent in 88 countries, affecting an esti-

mated 12–14 million people with roughly 1.5–2 million new cases per

year, 400 000–500 000 of which are visceral (90% of them in Bang-

ladesh, Brazil, India, Nepal and Sudan) and 1 000 000 to l 500 000

cutaneous (90% of them in Afghanistan, Algeria, Brazil, Iran, Peru,

Saudi Arabia and Sudan) (Desjeux, 1996; Murray and Lopez, 1996).

However, there are no accurate studies on the disease mainly because

the transmission is in remote and poor areas with difficult health

access, in patches and many cases are mild or asymptomatic. All this

leads to the use of extrapolated figures derived from estimations.

MCL is almost specific to Central and South America (essentially

Bolivia, Brazil and Peru) but also can be found in Ethiopia. Many

more subjects are asymptomatically infected among the 350 million

people living at risk in endemic areas (le Fichoux et al., 1999; Gama

et al., 2004). According to official figures, global mortality from VL is
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estimated at 59 000 (35 000 men and 24 000 women) (Desjeux, 2004). It

is globally accepted that these figures are an underestimation since the

reporting of the disease is compulsory in only one-third of the endemic

countries. In addition, it is often not diagnosed or misdiagnosed where

there is no proper access to diagnostic or treatment. The case fatality

rate despite the treatment (normally around 5%) can be three times

higher in women than in men in some areas due to cultural reasons

and access to drugs (Ahluwalia et al., 2004). The disease burden is

calculated at 2 357 000 disability-adjusted life years (DALYs: 946 000

in men and 1 410000 in women), a significant ranking among com-

municable diseases and the third one among parasitic diseases, after

malaria and lymphatic filariasis (Desjeux, 2004).

In immunocompetent patients, VL is considered principally as a

childhood disease in historical foci (Aggarwal and Wali, 1991; Evans

et al., 1992), more specifically in the Mediterranean countries where

the average patient is 3 years old (Kafetzis, 2003). However, in the

case of Leishmania and HIV co-infection, the age average is 31–50

years, coinciding with the principal group at risk in Southern Europe,

the intravenous drug users (IVDUs) (Alvar et al., 1997; Desjeux and

Alvar, 2003).

In areas where leishmaniasis is spreading, it affects all ages—the

major factors being environmental, social and individual, such as dis-

placement of non-immune people to endemic areas, new irrigation in-

frastructures for agriculture, disruption of social and health facilities in

suburbs of cities where new settlers overcrowd, the trend from rural to

urban transmission, malnutrition weakening of the immune system and,

lastly, the overlapping of VL and AIDS (Ashford, 2000; Desjeux, 2001).

Effective treatment remains the most important challenge in le-

ishmaniasis: (i) there are few drugs available and are expensive and

toxic; (ii) the patients live in remote rural areas and have limited access

to treatment centres; (iii) there are frequent drug shortages making the

price even higher on the black market; and the treatments are of long

duration interrupting the income of the families, etc. As a result, the

patients often fail to complete a whole course of treatment (if started)

creating a situation where drug resistance can develop. Information

on the social cost of leishmaniasis is scarce; in Bangladesh a family

with a case of kala-azar is three times more likely to have sold the cow
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or the rice field, leading into a vicious circle of disease–poverty–mal-

nutrition–disease (Sharma et al., in press; Ahluwalia et al., 2004).
2.2. HIV–Leishmania co-infection

In the past two decades more than 2000 HIV–Leishmania co-infection

cases have been reported from southern Europe (Desjeux and Alvar,

2003). This co-infection is more than the mere spatial coincidence of

two pathogens. Both share the same host cell, facilitate their own

multiplication and replication of the parasite and virus, respectively,

and both provoke the impairment of the T-cell response. The clinical

and epidemiological features are noteworthy. A total of 34 of the 88

countries in which the disease is endemic have reported cases of co-

infection. Before the introduction of high activity antiretroviral ther-

apy (HAART) for all AIDS patients in European countries in 1997,

two-thirds of all the cases of VL were associated with HIV infection.

Up to 1.5–9% of AIDS patients suffered a bout of leishmaniasis,

either as a new infection or as reactivation of a latent infection (Alvar

et al., 1997; Cruz et al., in press). Being infected with HIV/AIDS

increases (by 100–2320 fold) the risk of developing leishmaniasis

(López-Vélez et al., 1998). In Spain, 60–85% of the co-infected cases

were IVDUs (male/female ratio ¼ 8:2), the most important risk

group of acquiring HIV, while in East Africa and southern Asia co-

infection affects seasonal workers, displaced people, sex workers and

truckers. Co-infection increases the mortality rate up to 20–25%

during treatment, and most of the patients die within 1–2 years after

several relapses. Life expectancy is two-thirds lower than it is for

AIDS patients who do not have leishmaniasis.

In Humera (Tigray region, Ethiopia), an endemic area of le-

ishmaniasis bordering Eritrea and Sudan with both soldiers and mi-

grant workers, HIV prevalence is high leading to the highest

prevalence of co-infection known (up to 25% of all kala-azar cases).

The risk factor has been identified as due to seasonal workers sleeping

under the Acacia and Balanites trees where the sandflies rest, exposing

themselves to the bites (Lyons et al., 2003; Elnaiem et al., 1999). In

similar areas of Sudan this percentage is 5–9.4% depending on the
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areas (El-Safi et al., in preparation). In Addis Ababa (Ethiopia), 35%

of all the cases of leishmaniasis are found in HIV-infected patients

(Berhe et al., 1999). In Africa mass migration and wars are considered

to be factors responsible for spreading co-infection (Guiguemde

et al., 2003). Less documented information from the subcontinent of

India suggests that the problem is increasing, and is aggravated by the

resistance to pentavalent antimonials (Sundar, 2001; Sinha et al.,

2003). In South America most of the cases are reported from Brazil

due to the increase in the incidence of AIDS up to 12.3 every 100 000

inhabitants in 2001 and the urbanization of leishmaniasis transmis-

sion (Sampaio et al., 2002; Rabello et al., 2003). The real impact of

the problem is probably underestimated on the global scale due to

deficiencies in the surveillance systems.

In general, HAART has sharply reduced the prevalence of co-in-

fection and the patients have a better rate of survival than those who

do not receive it (Pintado et al., 2001; de la Rosa et al., 2002). These

medicines greatly benefit patients in developed countries since the

mean coverage is 15% (8% for African countries) (UNAIDS, 2005).

Two situations, prime attack and relapses, are under consideration.

By increasing the CD4+ count thanks to HAART there is a greater

chance to control the initial Leishmania infection (López-Vélez, 2003).

In contrast, the patient not receiving HAART has a greater chance of

developing a bout of leishmaniasis with later clinical and parasito-

logical relapses (Pintado and López-Vélez, 2001; Pintado et al., 2001).

The response seems to be inversely related to the viral load before

treatment (Berhe et al., 1999). However, if the patient has already had

a prime attack of leishmaniasis, HAART seems to be insufficient to

prevent relapses, although these can be delayed. In 38–70% of the

co-infected patients, it will relapse within 24 months after the anti-

Leishmania treatment independent of the CD4+ increase and even

with undetectable viral load (López-Vélez, 2003; Mira et al., 2004).
2.3. Canine Leishmaniasis

Among the zoonotic leishmaniases, the only case in which the reser-

voir is treated is canine leishmaniasis since the dog plays an important
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role in the family, society and even in economic terms, being a major

target for the veterinary companies. The dog is the reservoir but also a

victim of leishmaniasis and the impact cannot be ignored. Infected

dogs are treated with the same drug armamentarium which is used for

human leishmaniasis, although the method of administration and po-

sology differ. The drugs of first choice are the pentavalent antimonials

in combination with either allopurinol, or, as a second choice, ampB

(Alvar et al., 2004). Although initially a good response is seen, even

with loss of infectivity to the sandflies, in most of the dogs it relapses,

and they become infective to the sandfly again and, normally, are re-

treated with the same or an alternative drug (Alvar et al., 1994). The

response and infectivity have been proven to be dependent on the

CD4+ count restored after chemotherapy (Moreno et al., 1999). As

infected dogs are treated with the same drugs as humans, their misuse

could eventually lead to resistance with implications in human le-

ishmaniasis.
2.4. Control Components: Epidemiological Information,
Diagnosis, Treatment and Prevention

Improved control reduces both mortality (in the case of VL) and

morbidity (in the case of both the VL and CL). It also reduces the role

of humans as a reservoir in anthroponotic cycles (L. tropica

and L. donovani) and makes it possible to avert progression to com-

plicated clinical presentations (DCL, RCL, MCL and PKDL). The

combination of active case detection and treatment is the key to

control. Nevertheless, there are huge obstacles even to something that

is apparently so simple. During their initial phases, leishmaniases

(visceral and cutaneous) respond better to treatment, but patients are

unaware of the initial symptoms or health systems are poorly staffed,

lack equipment or do not exist in remote rural areas, where contact

with sandflies is most common.

Prevalence and incidence data on the real impact of leishmaniasis are

unreliable because no prospective and broad study has ever been carried

out; figures have always been extrapolated from the fragmentary data

that exist (Ashford et al., 1992). This makes it virtually impossible to set
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up a control programme with objectively determined aims and time

frames. It is possible to make only an approximate estimate of prev-

alence and incidence and there are no objective data because: (i) trans-

mission of the disease occurs in remote rural areas in many cases not

homogeneously distributed but in patches; (ii) many cases are not di-

agnosed because they do not receive medical care and have no access to

diagnosis or to medication; and (iii) because leishmaniasis notification is

compulsory in only 33 of the 88 countries in which it is endemic

(Desjeux, 2004). Classifying leishmaniasis as a notifiable disease would

imply greater commitment to the control effort on the part of health

authorities. Currently, the figures used by countries are mere approx-

imations, and this is shown by the difference between the results of

active and passive case detection (Copeland et al., 1990). Lastly, there

are far more asymptomatic and mild than clinically declared cases.

Currently, there is no well-defined scheme for cost-effective control

(Boelaert et al., 1999). There is a clear need to strengthen active case

detection, of both cutaneous and VL cases, and to strengthen diag-

nosis at peripheral health centres where patients are usually treated

on the basis of presumptive diagnosis. So far, definitive diagnosis has

relied on visual identification of the parasite under the microscope.

The fact is that in most district hospitals there are no resources to

collect and interpret bone marrow aspirates or even to perform skin

tests, and hence the need for rapid and easy-to-interpret techniques.

At present, three diagnostic methods are available that are sensitive

and specific to VL, and that are being compared in field conditions in

Africa and Asia (dipstick k39, US$1.5; DAT freeze-dried antigen,

US$2.5; and a latex agglutination test to detect the antigen in urine,

US$1.5); they are more affordable than the conventional serological

tests (El Safi and Evans, 1989; Badaro et al., 1996; Boelaert et al.,

1999; Attar et al., 2001).

VL is normally treated with injectable drugs requiring hospitali-

zation, or with an oral medicament (miltefosine), that can be admin-

istered in outstations and is only currently registered in few countries.

The essential problem is access to treatment, since the cost of hos-

pitalization for several weeks has to be added to the cost of the drug,

bed availability, loss of working days, etc. (Boelaert et al., 1999;

Murray, 2004). VL patients need to be hospitalized to monitor



CHEMOTHERAPY OF LEISHMANIASIS 233
cardiac and renal functions during treatment. The injectable drugs

are toxic and merit a clinical and laboratory examination if possible,

including the nutritional status, weight, spleen size, temperature,

haemoglobin and leucocytes, platelets and prothrombin time, hepatic

enzymes, creatinine, electrocardiogram, serum albumin and other se-

rum proteins. The patients are considered to be cured if 6 months

after chemotherapy there is no fever and the splenomegaly has

disappeared. Malnutrition is associated with the exacerbation of

kala-azar, and, conversely, the infection has a deep effect on the

nutritional status of the patient (Harrison et al., 1986).

The first-line drugs are pentavalent antimonials that have to be ad-

ministered intramuscularly or intravenously for 4 weeks (Table 1); they

are cardiotoxic and expensive (Table 2) for developing countries (for

example, sodium stibogluconate (SSG) US$180–200). A generic SSG is

now available at a cost of US$30. Poor use and compliance with the

latter have resulted in the emergence of resistance in 40–65% of patients

in some areas of Bihar, India, spreading now to adjacent districts in

Nepal. An alternative drug is ampB deoxycholate (US$60), which is

highly nephrotoxic if administered without supervision, and hence it is

necessary that the patients are hospitalized for the 4 weeks during treat-

ment. Liposomal ampB is unaffordable (US$450 preferential price for

NGOs in East Africa, to US$2080 or more per course elsewhere) in

developing countries although there are almost no side effects. Miltefo-

sine, the only drug administered orally for 28 days (Table 1), is licensed

in India, Germany and Colombia at present (US$167 in India, US$270

in Colombia); the possibility of a teratogenic effect has not been ex-

cluded (Table 2) and it should be considered for use in combination to

avert the emergence of resistance (Sundar and Murray, 2005).

CL caused by species that do not tend to evolve into complicated

disease forms (i.e. Leishmania major, Leishmania peruviana and

Leishmania mexicana) can be treated intralesionally with antimonials

(intermittent injections until healing) if (i) they are not open ulcers,

(ii) if they are not multiple lesions, (iii) if there is no proximity to a

lymphatic duct and (iv) if they are not in areas difficult to heal

(joints). As a general rule, the crust should be kept to avoid secondary

infections, and antiseptics applied only if the ulcer is infected. Under

other circumstances, all lesions should be treated systemically with



Table 1 Current drugs used in the treatment of leishmaniasis

Drug Doses in adults and children First line drug Second line drug

Visceral leishmaniasis (L. donovani and L. infantum)

SSG (Pentostams; generic SSG, Albert

David, Kolkata)

20mg SbV/kg/d IM, 4 weeks East Africa, South Asia (excluding

Bihar State, India)

Meglumine antimoniate (Glucantimes)a Mediterranean countries, Central

and South America

Amphotericin B-liposomal (AmBisomes) 2mg/kg/d IV, e.o.d. � 5 doses over 10

days

Mediterranean countries India, Kenya

Amphotericin B-deoxycholate

(Fungizones)

2mg/kg/d IV, 4 weeks or 1mg/kg/d IV

e.o.d. � 15 doses over 4 weeks

India Rescue treatment

elsewhere

Pentamidine (Pentacarinats) 4mg/kg/d IM, 15–20 doses every other

day

Rescue treatment

Paramomycin 15mg/kg/d 21 days Phase IV, India

Miltefosine (Impavidos) 100mg/d for425 kg or 50mg/kg if

o25 kg p.o. � 28 days

Potential tool in elimination

program in India, Bangladesh

and Nepal (see text)

Cutaneous leishmaniasis (except L. braziliensis and L. guyanensis)

Local

SSG (Pentostams)b Local therapy in single lesion: injection of

1–5ml in the basis and margins of the

lesion, daily or every other day until

healing the lesion

East Africa, South Asia (excluding

India)

Meglumine antimoniate (Glucantimes)a Mediterranean countries, Central

and South America

Thermotherapy Local therapy in single lesion: 1 treatment

of X consecutive application at 501C

for 30 s.

Afghanistan

Paramomycin topical formulations Application up to 28 days Iran, Israel

J
O
R
G
E
A
LV

A
R

E
T
A
L
.

2
3
4



Parenteral

SSG (Pentostams)b 20mg SbV/kg/d IM, 21 days East Africa, South Asia (excluding

India)

Meglumine antimoniate (Glucantimes)a Mediterranean countries, Central

and South America

Oral

Miltefosine (Impavidos) 150mg/kg/d � 28 days Colombia (only L.

panamensis)

Cutaneous leishmaniasis by L. braziliensis and L. guyanensis

Meglumine antimoniate (Glucantimes)a 20mg SbV/kg/d IM, 21 days Central and South America

Mucocutaneous leishmaniasis

Meglumine antimoniate (Glucantimes)a 20mg SbV/kg/d IM, 4 weeks Central and South America

Amphotericin B-liposomal (AmBisomes) 3mg/kg/d IV, days 0, 1, 2, 3, 4 and 10 Central and South

America

Amphotericin B-deoxycholate

(Fungizones)

0.5–1 g/kg/d IV, 4 weeks Central and South America

Pentamidine (Pentacarinats) 4mg/kg/d IM, 15–20 doses every other

day

MCL by L. guyanensis (South

America) and by L. aethiopica

(Ethiopia)

Miltefosine (Impavidos) 2–2.5mg/kg/d total dose Bolivia

Diffuse cutaneous leishmaniasis

Meglumine antimoniate (Glucantimes)a 20mg SbV/kg/d IM from 2 to several

months, until recovery

DCL caused by L. amazonensis

(South America)

Pentamidine (Pentacarinats) 4mg/kg/d IM, every other day, not less

than 4 months

DCL caused by L. aethiopica

(Ethiopia)

DCL caused by L.

amazonensis

(South America)

Miltefosine (Impavidos) 2–2.5mg/kg/d total dose Venezuela

Recidivans cutaeous leishmaniasis

SSG (Pentostams)b 20mg SbV/kg/d IM, 4–8 weeks

Post-kala-azar dermal leishmaniasis
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SSG (Pentostams)b for PKDL with

conjunctiva involvement or severe

PKDL

20mg SbV/kg/d IM, 4–8 weeks or until

recovery

East Africa, Bangladesh, Nepal

Amphotericin B-deoxicholate

(Fungizones)

0.5–1 g/kg/d IV, 3 weeks, 10 days off, 3

weeks, 10 days off, 3 weeks

India

Pentamidine (Pentacarinats) 4mg/kg/d IM, every other day, 4–8 weeks India

a1ml of Glucantime contains 85mg of antimony (SbV). The normal dose for an adult is 10mm3 (2 vials) per day.
b1ml of Pentostam contains 100mg of antimony (SbV). Maximum dose: 800mg/d.

Table 1 (Continued)

Drug Doses in adults and children First line drug Second line drug
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Table 2 Summary characteristics of regimens considered

Drug Status Average cure rate % Toxicity Main issues

Antimony First-line treatment

worldwide except

Bihar (India) due to

resistance

50% Bihar GI; cutaneous (rash);

myalgia, arthralgia;

renal; cardiac. Dose-

related. Drug quality-

related?

Resistance in India

SSG 90% Elsewhere Variable quality of

generics

Meglumine antimoniate

Amphotericin B

deoxycholate

(Fungizones)

Variably used; replaces

antimony as first-line

in Bihar

495% Infusion-related (fever,

chills, bone pain,

rarely cardiac arrest)

Toxicity

Delayed (hypokalaemia,

renal functions)

Liposomal amphoB

AmBisomes
Widely registered,

minimal use due to

cost

495% (India, Africa) Rare and minor (fever,

rigor, backache)

Cost (even with MSF-

negotiated price US$

0.4/ampoule)

ca. 90% (India)

AmphoB lipid complex

(ABLC)

Little data 90 Like AmBisome but

more frequent

Cost, availability

Pentamidine Little use Diabetes

Rare in VL: shock,

myocarditis, death

Not a valid option

today: availability,

toxicity, declining

efficacy in India

Paromomycin PhIII regulatory studies

completed in India,

underway in Africa

490% Generally safe in VL;

ototoxicity

Will be cheap (10$)
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Table 2 (continued )

Drug Status Average cure rate % Toxicity Main issues

490% Data limited to India,

some use also in

Sudan

Miltefosine Registered in India,

Colombia, Germany;

regularoty filing in

Nepal, Bangladesh

c. 95% (India) GI (vomiting, diarrhoea,

elevated liver

enzymes); rash,

nephrotoxicity;

Teratogenic (may not be

used in women of

childbearing age

without contraception

including treatment

plus 2 months)

Sitamaquine PhII underway o90% Dose-limiting renal

toxicity,

metheglobinemia

Slow development

Unclear dosage
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the same drugs and schedules as VL, or even more if they are caused

by Leishmania braziliensis.

An assessment of cost and cost-effectiveness of interventions, recently

carried out in India, compared the cost of the drug, of hospitalization

and evolution after treatment (cure, relapse, treatment failure and in-

terruption). The results showed that the final cost of successful treatment

varied considerably from US$175 using miltefosine, US$467 using

ampB, to US$1613 using liposomal ampB. Assuming that there are

100000 new cases each year in Bihar State, India, and that these need

treatment using miltefosine as first line drug or ampB as second line

drug, the cost of treating all the patients would amount to around

US$11 million.

Active case detection has proved cheaper than passive detection.

Each case detected actively costs US$25 as opposed to US$145 for

passive case detection, and comparison of the cost of preventing

death results in US$131 for active case detection and US$200 for

passive case detection. In other words, passive case detection implies

the unforeseen death of some patients, and hence a greater dis-

ease burden. With regard to case management of VL, the most cost-

effective combination for early case detection is systematic serological

screening in endemic areas using one of the recommended techniques,

leaving parasitological diagnosis for cases in which serological diag-

nosis is doubtful. Following an epidemic of VL in Africa, it was

possible to carry out a comparative retrospective study of data for

‘‘excess mortality’’, the cost of the control measures and the results

obtained. In cost-effectiveness terms the cost of each DALY saved

amounted to US$18.40, making treatment a measure of ‘‘high return

on investment’’ (Boelaert et al., 1999; Griekspoor et al., 1999). This

should be noted in case of future epidemics.

Vector control using indoor spraying of insecticides is always de-

termined by the endo/exophilic and endo/exophagous behaviour of the

species of sandfly present in each area. Irrespective of the case, for

logistic and cost reasons, periodic spraying of walls is difficult to sus-

tain over time. However, combined campaigns targeting Anopheles

mosquitoes and sandflies are more cost-effective. A suitable alternative

is the use of bed nets impregnated with long-lasting insecticide at an

estimated cost of US$5 per unit; on average, the nets last for 5 years.
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3. CURRENT DRUGS USED FOR THE TREATMENT OF
LEISHMANIASIS

For the first time there are options for the treatment of leishmaniasis,

including one oral drug. The chemical structures of the main drugs

are given in Figure 3. Standard regimens for the different forms of

disease are shown in Table 1. Although this is progress, it must still be

seen within the context of the limitations of these drugs, namely, long

courses, parenteral administration (except miltefosine), toxicity, var-

iable efficacies and/or high cost and limitations in deployment. The

following section briefly reviews the drugs currently in use or in de-

velopment.
3.1. Treatments for VL

The summary characteristics of current and future options for the

treatment of VL are given in Table 2.

3.1.1. Pentavalent Antimonials

The pentavalent antimonials (meglumine antimoniate and SSG) were

first introduced for the treatment of leishmaniasis in 1940s and re-

main effective treatments for most forms of this disease. However, the

requirement of up to 28 days of parenteral administration, increasing

concern about toxicity, the variable efficacy against VL and CL, and

the emergence of significant resistance in the major VL focus (India

and Nepal) are all factors limiting the drugs’ usefulness. There are

two major issues relating to treatment and control with antimonials:
�
 Confirmation of the efficacy, consistent formulation and side

effects of low-cost generic drugs

�
 Elucidation of the mechanism of drug resistance, understanding

the cause of resistance, markers for resistance and restriction of

spread of resistance
With respect to the first point, the studies with generic SSG in India

and East Africa (Ritmeijer et al., 2001), manufactured by Albert David
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(Kolkata, India) and marketed at 1/14th cost of formulations from

GSK (PentostamTM), has offered major advantage to health systems

and NGOs involved in treating patients. While these studies have also

helped to allay some concerns about the consistency and associated

toxicities of some generic products, there is no guarantee that all

products have been consistently good all the time. It is difficult to

establish with certainty whether substandard products may have had a

role in the generation of resistance in India, but there is some evidence

that it has added to toxicity (Sundar et al., 1998; Rijal et al., 2003).

Regarding the second point, studies over the past two decades have

demonstrated an ever decreasing response rate of VL cases to anti-

monial treatment in Bihar, India (Figure 4). The erosion of response

to SSG has been documented in this major focus by some 13 studies

conducted during 1980–2004, enrolling over 1500 patients (Olliaro

et al., 2005). In two major studies conducted in the late 1990s (Sundar

et al., 2004; Thakur et al., 2004) over 60% VL cases fail to respond to

20mg/kg/d of SSG over 28 days at 6-month follow-up (Sundar,

2001).
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Figure 4 Efficacy (%) at 6-month follow-up of treatment with antimony
at 20mg/kg/d for 4 weeks in Bihar, India, during 1988–2002. Mean efficacy
with 95%CI (bar on the Y axis); the bar on the X axis is duration of study;
marker size is proportional to study size. 1: Thakur et al. (1993a), 2: Thakur
et al. (1993b), 3: Sundar et al. (1995), 4: Jha et al. (1998), 5: Sundar et al.
(1997), 6: Thakur et al. (2000a), 7: Thakur et al. (1998), 8: Thakur et al.
(2000b), 9: Sundar et al. (2000), 10: Thakur and Narayan (2004), 11: Thakur
et al. (2004).
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The focus of resistance is geographically restricted to districts of

Bihar north of the Ganges up to Nepal, yet affecting 50% of the total

burden of kala-azar (Figure 5). An in vitro survey of parasite sensitiv-

ities across Bihar showed varying levels of resistance, although sampling

varied greatly in the different districts (Figure 3) (Thakur et al., 2004).

The failure of response appears to be due to acquired resistance, i.e.

selection of resistant mutants. In one study, L. donovani isolates were

taken from patients who responded to antimonial treatment and those

who were non-responders in Bihar, India (Lira et al., 1999). The sen-

sitivity of clinical isolates to SSG was tested in an in vitro amasti-

gote–macrophage model, where isolates from responder patients were

three-fold more sensitive (ED50 values around 2.5mg Sb/ml) than iso-

lates from non-responder patients (ED50 values around 7.5mg Sb/ml).

There was no difference in the sensitivity of isolates when the pro-

mastigote assay was used (Lira et al., 1999; Dube et al., 2005). The

significant difference in amastigote sensitivity and the correlation

is consistent with the concept of acquired resistance. However, the
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Figure 5 Distribution of resistance of visceral leishmaniasis to antimony
in Bihar and Nepal. From Thakur et al. (2004).
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sample size was small (15 non-responders, 9 responders), and a three-

fold difference in sensitivity can be seen between experiments in this

model (Croft and Brun, 2003). In addition, it is known that there are

strains in circulation that show intrinsic lack of sensitivity to pent-

avalent antimonials in in vitro assays. Other reports on VL isolates

from Sudan also showed that there was an apparent association be-

tween clinical response to Pentostam and sensitivity in the amasti-

gote–macrophage model (but not in promastigotes) in an area where

there was only a 5% failure to respond to antimonials (Ibrahim et al.,

1994; Abdo et al., 2003). Sundar (2001) has suggested that inadequate

treatment due to use of unqualified practitioners, failure to follow

WHO guidelines, or use of poor quality drug, are the reasons for the

increasing levels of drug failure.

3.1.2. Amphotericin B

Amphotericin B deoxycholate (Fungizones) has been a second-line

treatment for VL for over two decades. With the profound failure in

pentavalent antimonial therapy in Bihar State, it has assumed front

line status. Originally developed as a systemic anti-fungal, ampB is a

highly active antileishmanial agent, but with the major drawback of

being acutely toxic and requiring careful and slow intravenous ad-

ministration. Lipid ampB formulations were initially developed in the

1980s to improve the toxic profile of this polyene antibiotic and to

alter its pharmacokinetic properties. The liposomal ampB formula-

tion, AmBisomes, is an approved treatment of VL in Europe and

USA (Meyerhoff, 1999), and has all the requisite properties of re-

duced toxicity, improved half-life t1/2, and high level of efficacy in the

treatment of VL (Berman et al., 1998). The main limitation to its

more widespread use in VL-endemic regions is cost (Table 1). Some

concerns about stability have recently been addressed and stability at

temperatures up to 251C is guaranteed. Other commercial ampB–

lipid formulations, the ampB–lipid complex (Abelcets), an ampB

colloidal dispersion (AmphocilTM) and a multilamellar liposomal

formulation, have also been used in the treatment of VL, although

less extensively than AmBisomes, and with less efficacy and higher

toxicity (Bodhe et al., 1999; Sundar et al., 2004).
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Perhaps the most important recent observation for the treatment of

VL is that a single dose of AmBisome can produce a 90% cure rate

(Sundar, 2001), an important finding for future development of co-

administrations. The development of alternative nanoparticle/lipid

formulations or chemical derivatives has been limited to experimental

models (Petit et al., 1999; Zvulunov et al., 2003). Of these the use of

‘‘heated’’ ampB deoxycholate, with the formation of superaggregates

with reduction in toxicity and without loss of efficacy, is an option for

further investigation as a cheaper alternative to the lipid formulations

(Kwong et al., 2001; Fukui et al., 2003).

In conclusion, ampB is highly potent, and if better (safer and more

convenient) alternatives were available at low cost it would make an

ideal treatment alone or in combination.

3.1.3. Miltefosine

Miltefosine (hexadecylphosphocholine), originally developed as an

anticancer drug, is the first effective oral treatment for VL and the

most recent antileishmanial drug to enter the market. The antileish-

manial activity of miltefosine was initially discovered in the mid-

1980s, following which efficacy was demonstrated in a number of

experimental models in vitro and in vivo (Croft et al., 1987, 1996;

Kuhlencord et al., 1992). Clinical trials in the mid-to-late 1990s,

part of a co-development partnership between Asta Medica (now

Zentaris) and WHO/TDR, showed oral activity in VL patients in-

cluding those who were not responsive to antimonial treatment. After

a Phase III trial, in which 282 out of 299 (94%) VL patients were

cured with an oral dose of 2.5mg/kg of miltefosine daily for 28 days

(Sundar et al., 2002), miltefosine was registered in India in March

2002 for oral treatment of VL. A Phase IV study has been completed

and analysis should be available in 2006.

The potential of oral miltefosine in the treatment of VL/HIV-co-

infected patients has also been investigated. In a compassionate use

programme an initial response was achieved in 25 out of 39 (64%)

patients, including 16 patients (43%) with initial parasitological cure.

Median duration of treatment was 1 month but considerably longer

in some cases (Sindermann et al., 2004).
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The major limitation on the use of miltefosine is teratogenicity; this

means that women of child-bearing age must be ensured contraception

for the period of treatment and, due to the long half-life (t1/2 ¼ 120h),

an additional 2 months. The long half-life and uncontrolled availability

of this drug has also raised concerns about the emergence of resistance

(Bryceson, 2001; Sundar and Murray, 2005). Laboratory studies on L.

donovani promastigote cultures showed that miltefosine-resistant

clones could be readily selected (Seifert et al., 2003) and that the re-

sistance is related to two point mutations on an aminophospholipid

translocase (Pérez-Victoria et al., 2003). Thus, oral bioavailability has

in practice both advantages and disadvantages. It increases the treat-

ment base in the population and hence potential coverage of otherwise

untreated cases (due to inconvenience, bed capacity, etc.) yet reducing

costs to and burden on the health sector. However, the current un-

controlled release of the drug at a high price through the private sector

by untrained sellers creates misuse and exposes to the risk of toxicity

(inadvertent exposure during pregnancy) and resistance (subcurative

doses). Miltefosine has great potential if properly used (e.g. subsidized

and via DOT-type systems, see Section 4) (Sundar and Murray, 2005).

3.1.4. Paromomycin

The antileishmanial activity of PM, an aminoglycoside antibiotic, was

identified in the 1960s but it has taken several decades for this known

anti-microbial agent to move through clinical trials for both VL and

CL to become a useful treatment. Although a parenteral formulation

of PM, a drug with poor oral bioavailability, had been in use for anti-

bacterial infections for decades worldwide, the full potential for

treatment of VL has been painfully slow. Several Phase II trials in

India in the 1990s showed promising results, with 490% of patients

cured of VL following treatment with 16–20mg/kg daily for 20 days

alone (Jha et al., 1998; Thakur et al., 2000b) or 12–20mg/kg/d com-

bined with antimony (Thakur et al., 2000b).

A prospective, randomized, comparative, open-label trial of the

safety and efficacy of PM (aminosidine) plus SSG versus SSG alone

for the treatment of VL has been made. A Phase III multi-centre,

randomized, controlled, comparative trial to provide data on efficacy
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and safety of PM for VL has been completed in India (Jha et al.,

2005a) with an aim for registration in India in 2006 (www.iowh.com).

Phase IV trials are already planned. Clinical trials with PM for VL are

currently ongoing in East Africa through DNDi and partner institutes

(www.dndi.org). PM is off-patent and has received Orphan Drug

status by the US FDA and the EU EMEA. It is expected to be very

cheap. The possibility of resistance must also be considered. PM-

resistant L. donovani promastigotes were generated experimentally

(Maarouf et al., 1998) and with PMmoving towards clinical use, more

studies on mechanism of action and resistance are needed. Although

there are concerns about monotherapy and the development of re-

sistance, the necessity for parenteral administration by trained med-

ical staff probably makes this less of a concern than for miltefosine.

3.1.5. Other Treatments for VL

Another candidate for oral treatment is the 8-aminoquinoline discov-

ered by the Walter Reed Army Institute of Research (WRAIR, USA)

and under development with GSK, UK. Progress has been very slow.

Phase II studies were conducted in Kenya, Brazil and India. In Kenya,

4 out of 8 patients were cured with 1mg/kg/d for 28 d; treatment was

well tolerated expect minor GI events and methaemoglobinaemia

(Sherwood et al., 1994). In a dose-escalating trial in Brazil, results

were inconclusive for efficacy in the dose range 1–3.25mg/kg/d for

28 d, but previously unreported nephrotoxicity occurred from 2.3mg/

kg/d (Dietze et al., 2001). More recently reported trials in Bihar and

Kenya showed that there was a dose effect in terms of both efficacy

and toxicity between 1.5 and 2.5mg/kg/d for 28 days. Treatment was

100% effective at 2mg/kg/d and safe up to a dose of 1.75mg/kg/d for

28 days except methaemoglobinaemia. Nephrotoxicity occurred from

2mg/kg/d (Jha et al., 2005b; Wasunna et al., 2005).
3.2. Treatments for CL

Although a variety of drugs have been used in the treatment of CL,

many (Table 1) have proved to give equivocal results or proved active
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against some forms of CL and not others. There is a current re-interest

in cryo- and heat therapies to treat this disease. However, it is unlikely

that these alternative therapies will play a major role in the treatment

and control. Drugs in current use and on trial are described below.

3.2.1. Pentavalent Antimonials

The variation in clinical response to the standard pentavalent anti-

monials, SSG (Pentostam) and meglumine antimoniate (Glucantime)

has been a persistent problem in the treatment of leishmaniasis over

the past 50 years. The absence of controlled clinical trials that ac-

tually confirm the efficacy of these drugs has been compounded by

problems associated with species variation in drug sensitivity. The

potential advantage of intralesional injection over parenteral admin-

istration has been the subject of investigation in clinical practice over

the past two decades. Intrinsic variation in the sensitivity of Leish-

mania species to pentavalent antimonials has been shown in vitro

using the amastigote–macrophage model, where L. donovani and L.

brasiliensis were 4five-fold more sensitive than L. major, L. tropica

and L. mexicana (Allen and Neal, 1989; Neal et al., 1995). In other

studies by Berman et al. (1982), using a different amastigote–

macrophage model, and Grogl et al. (1992), using promastigote cul-

tures, a wide variation in the sensitivity of clinical isolates from CL

cases was demonstrated, which was suggested to be correlated to sub-

curative treatment. In one of the few controlled clinical trials that

compared the cure rate of antimonials in CL caused by different

species, Pentostam produced a significantly higher cure rate for L.

braziliensis lesions than for L. mexicana lesions (Navin et al., 1992).

3.2.2. Amphotericin B

AmpB deoxycholate is also a second-line drug for CL, and especially

for mucocutaneous disease unresponsive to other drugs. Novel ampB

formulations have been used successfully to treat CL, for example in

immunocompromised patients (Amato et al., 2004) and paediatric

CL (Zvulunov et al., 2003). However as CL is usually a self-limiting

syndrome, parental administration, cost and toxicity have limited the

evaluation of ampB as a wider treatment for CL.
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3.2.3. Miltefosine

Miltefosine was first shown to be active against CL in a Phase II trial in

Colombia. A more recent study against CL was carried out in Colombia

and Guatemala with oral miltefosine at 2.5mg/kg/d for 28 days (Soto

et al., 2004). In Colombia, a region where Leishmania panamensis is com-

mon, the cure rates for miltefosine were 91% (40 of 44 patients), whereas

in Guatemala (regions where L. braziliensis and L. mexicana are com-

mon) cure rates achieved were only 53% (20 of 38 patients) and were

lower than the historic antimony cure rates of 490%. This pattern of

variable response could be related to species sensitivity, which has been

shown in laboratory studies (Escobar et al., 2001; Yardley et al., 2005).

3.2.4. Paromomycin

PM in topical formulations has been shown to be a suitable treatment of

CL. The work of El-On and colleagues in the early 1980s (El-On

et al., 1984) showed that a topical formulation containing 15% PM and

12% methyl benzethonium chloride (a skin-penetrating agent) was

effective against experimental CL. In subsequent clinical trials 77% pa-

tients were cured after 20 days treatment compared with 27% cured in

the placebo group (El-On et al., 1992). This formulation is available

through TEVA (Israel) but has not been widely used because of cost and

irritancy. Other topical formulations with a lower skin irritancy have

also been on clinical trial, including one containing 15% PM with 10%

urea. A recent trial in an endemic L. major area of Iran showed no

improved cure rate for PM with this formulation: rather, accelerated

cure was demonstrated (Iraji and Sadeghinia, 2005). This formulation is

available through Razak Labs (Tehran). A third PM topical formulation

containing 15% PM with 0.5% gentamicin in a 10% surfactant vehicle

(WR279,396) is also in development. The formulation cured 64% of CL

patients after 20 days treatment in Colombia (Soto et al., 2002) and 92%

more recently in trials in Tunisia (Ben Salah et al., 2005a).

3.2.5. Other Treatments for CL

Imiquimod (Aldara, 3M Pharmaceuticals) is an immunomodulatory

imidazoquinoline derivative that is used for the topical treatment of
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genital warts caused by the human papillomavirus. Imiquimod stim-

ulates a local immune response at the site of application, induces the

production of cytokines and nitric oxide in macrophages and has been

shown to have an effect in experimental infections of CL (Buates and

Matlashewski, 1999). In conjunction with standard antimonial chemo-

therapy it has been used to successfully treat patients with cutaneous

lesions, which did not respond to antimonial therapy alone (Arevalo

et al., 2001). Other studies on Old World CL failed to show that

imiquimod was effective as a topical agent alone (Seebergeret al., 2003)

and further clinical studies on combinations are required.
3.3. Treatment of Complicated Forms

3.3.1. Leishmania– HIV Co-infections and Secondary Prophylaxis

From a clinical point of view, Leishmania–HIV co-infection is similar

to conventional VL, with four peculiarities: (a) DCL is often seen,

with or without granulomas, but skin biopsy shows frequent am-

astigotes with a negative skin test; (b) unusual organs can be affected,

such as lungs, larynx, intestine, etc., the reason why the clinical signs

can be unspecific or even unnoticed; (c) in the great majority, patients

relapse despite correct treatment; and (d) more than 40% of the co-

infected patients do not exhibit anti-Leishmania antibodies despite

parasites being present in bone marrow and spleen.

In Leishmania–HIV co-infected patients, antimonials and ampB

are the drugs of choice, using the same schedules and doses as in

immunocompetent patients, although there are few clinical trials

supporting recommendations. In an open, randomized and multi-

centred study comparing meglumine antimoniate versus ampB de-

oxycholate with overdose of serum saline, no differences were found

among both drugs. Within 6 months after chemotherapy (Laguna

et al., 1999) 17% relapsed in the antimonial branch and 24% in the

ampB group, and within 12 months 73 and 61%, respectively. The

survival rate was 52 weeks for the patients enrolled in the antimonial

arm and 44 in the ampB group. The first cohort had higher

cardiotoxicity and chemical pancreatitis, the second one exhibited
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nephrotoxicity and a trend to develop anaemia. Similar results were

obtained in a second open, randomized and multicentre clinical trial

comparing lipid complex ampB (ABCL) given at dose of 3mg/kg/d

during 5 or 10 days, with meglumine antimoniate; the cure rate was

35% (Laguna et al., 2003). The high rate of side effects is avoided if

liposomal ampB is used for 21 days (Davidson et al., 1994) although a

shorter duration treatment has the same efficacy (4mg/kg/d given 5

consecutive days plus days 10, 17, 24, 31 and 28) (Russo et al., 1996);

however relapses are not prevented in either case.

Secondary prophylaxis is recommended in co-infected patients for

life to avoid relapses, although for others it can be discontinued when

the CD4+ count is restored thanks to highly active antiretroviral

therapy (HAART) (Soriano et al., 2000; Berenguer et al., 2000). Pent-

amidine every three or 4 weeks was initially used to prevent relapses

and additional infections by Pneumocystis carinii (P. jirovecii), despite

the risk of creating an insulin-dependent diabetes. Monthly meglumine

antimoniate or liposomal ampB given every 2 or 4 weeks are very

commonly used and lead to a lower proportion of relapses (Ribera

et al., 1996; Pintado and López-Vélez, 2001). The only open, ran-

domized, comparative study of secondary prophylaxis, compared lip-

idic complex ampB (3mg/kg every 21 days) with a co-infected group of

patients not getting secondary prophylaxis, showed a relapse rate of 50

and 78%, respectively after 1-year follow-up (López-Vélez et al., 2004).

In general, HAART has sharply reduced the prevalence of co-

infection and the patients have a better survival rate than those that

do not receive it (Pintado et al., 2001; de la Rosa et al., 2002). Two

situations are under consideration: prime attack and relapses. By in-

creasing the CD4+ count, thanks to HAART, there is a greater

chance to control the initial Leishmania infection (López-Vélez et al.,

2003). In contrast, patients not receiving HAART have a greater

chance of developing a bout of leishmaniasis with later clinical and

parasitological relapses (Pintado and López-Vélez, 2001; Pintado et

al., 2001). The response seems to be inversely related to the viral load

before treatment (Berhe et al., 1999). However, if the patient has

already had a prime attack of leishmaniasis, HAART seems not to be

so efficient in the prevention of relapses, although these can be de-

layed. 38–70% of the co-infected patients will relapse within 24
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months after the anti-Leishmania treatment independently of the

CD4+ increase and even with undetectable viral load (López-Vélez,

2003; Mira et al., 2004).

In brief, the use of antiretrovirals has modified the outcome of co-

infection as (i) the incidence has dropped sharply since they were

introduced and given freely in Europe in 1997, (ii) the prime attack

by leishmaniasis appears only when there is a clear failure of the

antiretroviral therapy, and (iii) relapses can appear despite the increase

of CD4+ and non-detectable viral load, meaning that the success in

virus control does not necessarily avoids relapses. Unfortunately, an-

tiretrovirals do not greatly benefits patients in developing countries

since the mean coverage is 15% (8% for African countries) (UNAIDS,

2005).

3.3.2. Recidivans Cutaneous Leishmaniasis

RCL due to L. tropica needs antimonial treatment for long periods and

relapses are common leading to the use of combined treatments (Momeni

and Aminjavaheri, 1995) or surgical interventions; thermotherapy is

effective only in primary lesions of reduced size (Reithinger et al., 2005).

3.3.3. Diffuse Cutaneous Leishmaniasis

DCL due to L. amazonensis can be treated with antimonials asso-

ciated with isoniazid and rifampicin due to the synergistic effect, or

immunotherapy combining killed Leishmania promastigotes and

BCG (Convit et al., 1989). CL due to Leishmania aethiopica nor-

mally does not respond to meglumine antimoniate but to SSG

(3–4mg/kg once a week). Without this healing is not ensured and

relapses can be seen months later. It has been suggested to combine

sodium stiblogluconate with PM (Teklemariam et al., 1994).

3.3.4. Mucocutaneous Leishmaniasis

MCL is normally treated with meglumine antimoniate (20mg/kg/d for

28 days); non-healing lesions are susceptible, and have to be treated

for 2 months instead or, eventually, with ampB. Immunotherapy is a



CHEMOTHERAPY OF LEISHMANIASIS 253
promising method to treat MCL although more experience is needed

(Convit et al., 2003).
3.3.5. PKDL

This syndrome, characterized as skin lesions, nodules or papules, fre-

quently on the face, has been well characterized in India and Sudan.

PKDL often appears in patients 2–7 years after apparently successful

antimonial treatment of VL. Treatment of PKDL has long been a

problem, and formal recommendations for this treatment, based

upon studies in India and Sudan, have been using SSG (20mg/kg

for at least 120 days) (Thakur and Kumar, 1990; Zijlstra and

El-Hassan, 2001). A reconsideration of the recommended treatment is

required due to antimonial resistance in India, making ampB the

preferred drug (Thakur et al., 1997). AmBisome, very effective in

treatment of VL, has also proved to be an effective treatment for

PKDL at 2.5mg/kg for 20 days (Musa et al., 2005), with the same

caveat of high cost restricting its use.
3.3.6. Pregnancy

Although very little information regarding treatment of VL in preg-

nancy is available, there is no discussion that the threat of a fatal

outcome of leishmaniasis for the mother, the foetus and the newborn

is much higher than the risk of drug side effects (Pagliano et al.,

2005). If untreated, abortion, small-for-date and congenital leishman-

iasis have been often described. Antimonials are considered less safe

because of embryotoxicity in experimental models (Paumgartten and

Chahoud, 2001), and the fact that in one Sudanese case Pentostam

did not avoid kala-azar in the newborn with a fatal outcome (Eltoum

et al., 1992). Amphotericin deoxycholate has been used successfully in

six pregnant women; however, the renal toxicity risk cannot be ruled

out, although it can be circumvented using liposomal ampB. In fact,

it has been fully effective in seven women suffering VL during preg-

nancy (Pagliano et al., 2005).
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4. CONTROL OF LEISHMANIASIS—NEEDS
4.1. Visceral Leishmaniasis

While more treatment options are and will be available, there remain

several operational issues to tackle for successful control of VL:
�
 Coverage remains the greatest challenge. For instance, only

around 15 000 cases are treated at health facilities in Bihar per

annum out of an estimated 100 000 cases or more every year. Cost

and access to proper medical care are limiting factors.

�
 The majority of treatments are parenteral. Where hospital facil-

ities exist, treatment may be given by injection (venous drip or

i.m.), but bed occupancy remains a limiting factor and hospital-

ization costs add to the overall treatment costs. In other cases,

i.m. treatment can be provided on outpatient basis at a lower cost.

�
 Even with an oral medication, optimal prescriber and patient ad-

herence must be guarded. Misuse will lead to untoward toxicity

and parasite resistance. Conditions for directly observing treat-

ment have to be set in place.
4.2. Cutaneous Leishmaniasis

Current treatment and control of CL are inadequate. There are two

areas where changes in approach are required to provide significant

improvements: in the methodology for determining the efficacy of

known and novel drugs, and improvement in simplified treatment

regimes and formulations to treat simple CL.

The problems associated with measurement of rate of cure follow-

ing treatment, in a self-curing disease, with high variation of self-cure

rate and drug response, have made CL a difficult disease for which to

measure drug efficacy. Ideally, a clinical trial should include:
�
 randomized double-blind controlled treatment regime,

�
 species identification,

�
 measurement of cure in relation to clinical signs (lesion measure-

ment) as well as parasitological load (by PCR) and
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�
 an integrated model of analysis to measure rates of regression in

lesion size in treated versus placebo groups.
Recent trials have started to address these problems (Iraji and

Sadeghinia, 2005; Ben Salah et al., 2005b).

Secondly, there is a need for rational pharmaceutical design of for-

mulations optimal for CL (Garnier and Croft, 2002). Topical formu-

lations offer significant advantages over systemic therapy, such as ease

of administration, lower adverse effects and cost effectiveness. As a local

treatment, it is an attractive approach for simple forms of CL without

the risk of developing complications that require systemic therapy.

However, further studies are required to investigate the topical

potential for a number of candidate antileishmanial drugs. Many

antileishmanial drugs have undesirable physicochemical properties

for transdermal delivery and so novel strategies are required to en-

hance absorption. Total flux depends on drug physicochemical prop-

erties, combined with vehicle influence on altering penetration

profiles. Future topical development must employ rational drug de-

sign to take into account physicochemical properties of drugs, their

effect on percutaneous absorption and their retention or drug release

at the sites of infection in the dermis. Therapeutic efficacy depends on

both adequate permeation and pharmacological potency.
4.3. Test of Cure

For both VL and CL, monitoring of the efficacy of treatments is

limited by diagnosis through out-of-date difficult and invasive tech-

niques—spleen or bone marrow puncture for VL and lesion biopsy

for CL. The development of non-invasive serological diagnostic

methods with high sensitivity and specificity, for example DAT, K39

and Katex (urine dipstick), is a major advance in control of le-

ishmaniasis (Guerin et al., 2002). In the context of monitoring the

drug response in patients, antigen detection methods must be devel-

oped. The antigen-detecting Katex (Sarkari et al., 2002; Boelaert

et al., 2004) is an example of this approach. However, other antigen

methods are in development and research in this area needs to be

encouraged.



JORGE ALVAR ET AL.256
4.4. A Policy for Drug Resistance

There is no current policy at a national or international level to pre-

vent the emergence of resistance to antileishmanial drugs (Bryceson,

2001). The seriousness of the threat is not the same in anthroponotic

and zoonotic foci of leishmaniasis. In zoonotic diseases, most CL and

also VL caused by L. infantum (or L. chagasi), the parasite is pri-

marily an infection of a feral or domestic mammalian host and only

occasionally humans. In zoonotic foci, the time that a parasite popu-

lation is exposed to the drug, when resistant forms can be selected, is

insignificant unless the mammalian host is also treated. This is also

true for those leishmaniases where most infections cause asympto-

matic infections that do not receive treatment. In relation to zoonotic

leishmaniasis the most important consideration is where control

methods for canine leishmaniasis are implemented using the same

drugs used in the treatment of human disease. It has been shown that

treatment of the domestic canine host with pentavalent antimonials

can lead to changes in sensitivity of parasites as determined in isolates

taken before and after treatment (Gramiccia et al., 1992; Gradoni

et al., 2003). Presently, it is only possible to speculate upon the im-

plications of these observations that any drug used in dogs might

select for resistant parasites. The spread of resistant parasites has to

be related to a number of parameters that are currently unknown.

For example, little is known about the effects of drug resistance on

the fitness and virulence of Leishmania parasites, including ability to

transform, establish an infection in the vector or outgrow a non-

resistant wild type and R0 of Leishmania. Unlike anti-bacterial drug

resistance, no mathematical model has been developed to model the

spatio-temporal spread of drug-resistant Leishmania parasites. Such a

model would both help in our understanding, as has been shown for

antibiotic resistance (McCormick et al., 2003), and provide a tool for

evaluating control strategies to contain or prevent the development of

drug resistance.

Current knowledge of the epidemiology and transmission of

leishmaniasis would suggest that the spread of acquired drug resist-

ance need not be considered as a factor in CL, except in anthro-

ponotic foci of L. tropica. However, an additional factor that requires
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consideration is the potential transmission of L. infantum by needle

(Alvar et al., 1997). Apart from the acquired resistance in these foci, it

is clear that even among populations of zoonotic Leishmania there are

parasites that are highly insensitive to antimonials (Grogl et al.,

1992), and these parasites may have a common ‘‘resistance’’ pheno-

type that can be transmitted from host to host.

Acquired resistance is a major concern in anthroponotic disease

foci, for example L. donovani in Bihar State, India (Sundar, 2001), and

in the Sudan where, with respect to pentavalent antimonials, the ev-

idence for increasing number of treatment failures has been well docu-

mented (see above). Considering the two elements of drug resistance,

‘‘intrinsic variation in sensitivity’’ and ‘‘acquired drug resistance’’

separately, there are several different strategies that can be employed.

For zoonotic disease, improved field methods for species identifi-

cation are essential. This is of greatest clinical significance in Cen-

tral and South America, where the distribution of L. mexicana,

L. amazonensis, L. panamensis, L. braziliensis and other members of

these complexes overlap. However, the molecular tools, for example

PCR, that have been developed have to be implemented on a wider

scale.

For anthroponotic disease a number of measures can be intro-

duced, as shown in other infectious diseases, for the control of drug

resistance. These measures would include monitoring/surveillance of

clinical isolates, improved methods to observe patient adherence to

treatment regimes, use of drug combinations and legal restrictions on

drug accessibility, for example through the private sector. For im-

plementation of any policy, improved diagnostic methods and a

wider range of drugs are also of importance.

As a first step in developing a strategy, a policy and structure are

needed to monitor drug resistance through either (i) phenotypic sen-

sitivity of parasite isolates, or (ii) molecular changes that indicate

alterations in either the drug target or mechanisms that alter the

intra-parasite level of active drug. There are problems with both ap-

proaches. First, after isolation from the patient, drug sensitivity of

clinical isolates must be tested as soon as possible using carefully

defined protocols. Although promastigote assays are the simplest, this

assay is not predictive and should be avoided (Croft and Brun, 2003).
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The amastigote–macrophage assay is currently the only model able to

correlate clinical response to the sensitivity of the isolate, as demon-

strated with respect to pentavalent antimonials (Ibrahim et al., 1994;

Lira et al., 1999; Dube et al., 2005). Axenic amastigotes are sensitive

but adaptation of isolates is both a selective and long process for this

type of assay (Ephros et al., 1997; Sereno and Lemesre, 1997). Sec-

ondly, the development of molecular probes or PCR-based diagnos-

tics to monitor the development and spread of drug resistance is

severely limited by a lack of knowledge of the molecular and bio-

chemical mechanisms of action and resistance of antileishmanial

drugs. So far molecular techniques have been successfully used to

identify resistance loci to antifolates, pentamidine, miltefosine and

sterol biosynthesis inhibitors in some Leishmania (Cotrim et al., 1999;

Coelho et al., 2003; Pérez-Victoria et al., 2003). But these laboratory

studies are a long way from application in the field.

The introduction of oral drugs for leishmaniasis offers advantages

of improved compliance, self-administration and reduced costs. In

the Phase IV trial of miltefosine a 7-day supply was issued to patients

who had to return to the clinic each week for 4 weeks for examination

and re-supply. For drugs like miltefosine, which have a long half-life

and a propensity for selection of resistant forms, the monitoring of

daily dosing and the completion of a course of treatment is essential.

The directly observed treatment strategy (DOTS) for TB chemother-

apy has been successfully introduced in India by the Revised National

TB Control Programme (RNTCP) in 1997 (see WHO Report, 2003,

Global Tuberculosis Control—www.who.int/gtb/publications/globe-

rep/index.html). The potential for use of a parallel system in the

deployment of antileishmanials like miltefosine, and hopefully other

drugs in the future, needs to be considered urgently (Sundar and

Murray, 2005).

In addition to having strategies for monitoring and surveillance,

there is a need to prevent the problem, for example through use of

drug combinations. Combinations have proved to be an essential

feature in antimicrobial chemotherapy through design or use to (i)

increase activity through use of compounds with synergistic or ad-

ditive activity, (ii) prevent the emergence of drug resistance, (iii) lower

required doses, reducing chances of toxic side effects and cost or (iv)
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increase the spectrum of activity, for example antileishmanial and

anti-inflammatory or immunodulator in CL. Previous studies on drug

combinations for VL, for example, allopurinol plus SSG (Chunge

et al., 1985) and PM plus SSG (Neal et al., 1985, 1995; Chunge et al.,

1990; Thakur et al., 2000) have aimed at improving efficacy. The use

of combinations to combat resistance has been well rehearsed in an-

timalarials; for example, with resistance due to point mutations it has

been estimated that symptomatic individuals harbour up to about

1012 parasites. If a target enzyme has a mutation rate of 10�7, the

chance of developing resistance to a single agent is high, but the

likelihood of resistance to two compounds with different targets is

very low (White and Pongtavornpinyo, 2002). Studies to fully explore

and provide a rational basis for drug combinations are rare for le-

ishmaniasis (Seifert and Croft, 2006). Bryceson (2001) argued the case

for examining combinations of strong antileishmanials with ‘‘weak’’

drugs (e.g. azoles). This is an approach also used in malaria treat-

ment, for example the inclusion of clindamycin or azithromycin in

drug combinations. In the context of leishmaniasis, considering the

properties of established therapies, the use of both simultaneous and

sequential combination therapies needs to be investigated. Ulti-

mately, improved combinations will come with an improved armoury

of drugs that have different targets and have no cross-resistance. In

this respect, the omens are not good (Croft and Coombs, 2003).

Apart from PM, which is in the last stages of development, the only

other drug on the horizon for leishmaniasis is sitamaquine.
4.5. Elimination Programme

A major event in 2005 has been the decision of three countries in the

Indian subcontinent (Bangladesh, India and Nepal) to sign an agree-

ment towards elimination of VL as a public health problem. Indeed the

political backing will ignite the effort to reduce the disease burden. This

will be a gigantic endeavour. For it to succeed, the campaign must

reach out to the large number of patients who are currently without

treatment, but the tools available are few (Guerin et al., 2002). Current

tools for early diagnosis are limited. Options for large-scale treatment
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are restricted to miltefosine and soon PM, and both have limitations

(see respective sections), which will be amplified by mass use. With

time, parasites in Bihar have become increasingly tolerant and resistant

to antimony deployed as single agent (Olliaro et al., 2005); new drugs

must be protected through combinations, but these are yet to be tested.

In summary, research has not produced the tools for control to operate

efficiently. We must step up coordinated efforts for development and

applied research in support of control programmes (Figure 6, which is

Plate 6.6 in the separate colour plate section).
5. CONCLUSIONS
The current analysis of drugs in the treatment and control of le-

ishmaniasis show that despite several improvements in therapeutic

options in India, on the whole the situation is unsatisfactory. Ad-

juncts to improved therapies must include better markers of cure,

deployment and monitoring strategies. In summary:
�
 Drugs remain the major method for treatment and control of

leishmaniasis.

�
 Despite the much heralded arrival of new drugs, e.g. miltefosine

and PM, long courses, parenteral administration and various

toxicities, show that we still have some way to go in terms of

having ‘‘ideal’’ drugs.

�
 HIV co-infections are increasing on a worldwide basis, but we

have no treatment and no specific initiatives to find new therapies.

�
 Resistance to current drugs is increasing, especially in India, and

concerns were expressed elsewhere, but we have no policy. This is

also relevant in the treatment of canine leishmaniasis with the

same drugs than human leishmaniasis.

�
 Cost of drugs in treatment and control is now being analysed and

implications for the rural poor need to be confirmed. It is unlikely

that most patients with VL will ever be able to afford the drugs

required. An initiative is needed to extend the support for pur-

chase of these essential drugs, similar to that for malaria, TB, HIV

and other diseases.
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There are options to improve drug treatment of patients with VL and
CL. There are ways in which these treatments could be incorporated

into national policies. There are organisations that could support the

purchase of these tools for treatment and control. The next 3 years

will see if there is the will to implement the possible.
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ABSTRACT

Since the seminal review by Ralph Muller about Dracunculus and

dracunculiasis in this serial publication in 1971, the Centers for Dis-

ease Control and Prevention and The Carter Center forged, during

the 1980s, a coalition of organizations to support a campaign to

eradicate dracunculiasis. Eighteen of 20 countries were known in

1986 to have endemic dracunculiasis, i.e., Benin, Burkina Faso,

Cameroon, Chad, Côte d’Ivoire, Ethiopia, Ghana, India, Kenya,

Mali, Mauritania, Niger, Nigeria, Pakistan, Senegal, Sudan, Togo,

and Uganda. Transmission of the disease in Yemen was documented

in 1995, and the World Health Organization (WHO) declared Central

African Republic endemic in 1995. As of the end of 2004, a total of

16 026 cases of dracunculiasis were reported from 12 endemic coun-

tries (91% of these cases were reported from Ghana and Sudan,

combined), a reduction greater than 99% from the 3.5 million cases

of dracunculiasis estimated in 1986 to occur annually; the number of

endemic villages has been reduced by 491%, from the 23 475 en-

demic villages in 1991; disease transmission has been interrupted in 9

of the 20 endemic countries; and WHO has certified 168 countries free

of dracunculiasis, including Pakistan (1996), India (2000), Senegal

and Yemen (2004). Asia is now free of dracunculiasis.

‘‘The public interest requires doing today those things that men of intelligence

and good will would wish, five or ten years hence, had been done’’

Edmund Burke

1. INTRODUCTION
A seminal review by Ralph Muller about Dracunculus and

dracunculiasis appeared in Advances in Parasitology in 1971 and

since then comprehensive reviews about the Dracunculiasis Eradica-

tion Program (DEP) have been published (Hopkins et al., 2002;

Cairncross et al., 2002; Greenaway, 2004; CDC/MMWR, 2004;

WHO/WER, 2004). Our intent here, besides describing the life cycle

of the parasite, the disease, and its epidemiology, is to provide a

chronology of the events that created momentum for the campaign to
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eradicate dracunculiasis, discuss the strategy for eradication, and the

progress so far, including the final stage of the campaign to eradicate

this ancient scourge of mankind.
2. LIFE CYCLE
Dracunculiasis (Guinea worm disease) is caused by the nematode

parasite Dracunculus medinensis (Linnaeus, 1758) (Figure 1). Persons

become infected by drinking water from stagnant ponds, pools, cis-

terns, or open wells containing fresh water copepods (‘‘Cyclops’’ or

‘‘water fleas’’) harbouring infective larvae of the parasite (Figure 2).
Humans
Copepods

1st stage
larvae

Figure 1 Life Cycle of D. medinensis. By courtesy of Encyclopedia Bri-
tannica, Inc., r 1996.



Figure 2 Fresh water copepod and first-stage larvae of D. medinensis.
WHO CCRTED archives.
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The digestive juices in the stomach kill the copepods, allowing the

larvae to be released and to move to the small intestine, where they

penetrate the intestinal wall and migrate to the connective tissues of

the thorax (Muller, 1971). Male and female larvae mature and mate

60–90 days after infection (Muller, 1971). Infected people do not

experience symptoms until 10–14 months later when the gravid adult

female worm(s), measuring up to 70–100 centimetres long, causes a

painful lesion to form on the skin and through which it may extrude

to become exposed to the environment outside the human body. On

contact with fresh water, powerful contractions cause a loop of the

worm’s uterus, containing a million or more larvae (Muller, 1971) to

prolapse through a ruptured anterior part of the body or through the

mouth, and discharge a swarm (hundreds of thousands) of motile

larvae. Contraction of the worm and discharge of larvae may be

repeated if the lesion is again submerged in water, until the entire

brood of larvae is discharged. These larvae (first-stage) must then be

ingested whole by certain species of water copepods, invade the

copepod body cavity (Figure 3) and become infective (third-stage)

after 14 days of development. People drinking water from such

sources ingest the infected copepods, thus repeating the life cycle.



Figure 3 Larva of D. medinensis ingested by a fresh water copepod.
WHO CCRTED archives.
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Stagnant sources of drinking water such as ponds, cisterns, pools in

dried-up riverbeds, and shallow unprotected hand-dug wells com-

monly harbour populations of copepods, and are the usual sites

where infection is transmitted. The life cycle of the parasite was first

fully described 135 years ago (Fedchenko, 1870).
3. DRACUNCULIASIS
3.1. Clinical Impact

Dracunculiasis has been known as a human parasitic disease since at

least ancient Egypt (Muller, 1971; Hopkins and Hopkins, 1992).

Acute systemic symptoms begin 10–14 months after infection and are

related to the formation of a blister (Figure 4) and the subsequent

skin lesion that allows the Guinea worm to become exposed to the

environment outside of the human body. The blister is accompanied

by redness and induration and is preceded by fever and allergic

symptoms. These are local erythema and an urticarial rash with in-

tense itching, nausea, vomiting, diarrhoea, and dizziness. Guinea

worms emerge from the lower extremities in about 80–90% of cases,



Figure 4 Blister caused by D. medinensis. WHO CCRTED archives.
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but they can also emerge from other parts of the body, including the

head, torso, upper extremities, buttocks, and genitalia. The formation

of the blister induces irritation and a burning sensation, causing the

patient to seek relief by immersing the affected limb or by pouring

water over the lesion, which expedites the sloughing-off of the skin

over the blister, allowing exposure of the anterior end of the Guinea

worm to the environment outside its human host, and the discharge

of larvae into water. As the Guinea worm extrudes through the skin,

experienced patients invariably seek to pull it out, usually by winding

a few centimetres of the worm each day on a small stick (Figure 5).

This painful process is exacerbated by the secondary bacterial infec-

tions that usually ensue (Figure 6). If untreated, these lesions cause

severe local inflammation and pain, and may lead to abscesses, septic

arthritis, ankylosis of the joint, or even tetanus. If the Guinea worm

breaks during manual extraction, an intense inflammatory reaction

ensues, with more pain, swelling, and cellulitis along the worm tract.

Based on several studies, the reported period of incapacitation

averages about 8.5 weeks (Belcher et al., 1975; Kale, 1977; Nwosu

et al., 1982; Edungbola, 1983; Adeyeba, 1985; Khan et al., 1986;

Smith et al., 1989; Watts et al., 1989; Suleiman and Abdullahi, 1990;

Adeyeba and Kale, 1991; Ilegbodu et al., 1991; Chippaux et al., 1992;



Figure 5 Skin lesions with D. medinensis emerged and being manually
extracted by rolling it on a stick. TCC archives/E. Staub.

Figure 6 Young boy from Benin with dracunculiasis complicated by a
severe secondary bacterial infection. WHO CCRTED archives.
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Rhode et al., 1993), with a range from 2 to 16 weeks, depending on

the number of Guinea worms that emerge, their location, the com-

plications that ensue, and the degree of medical care that may be

available to the patient.
3.2. Treatment

There is no curative drug or vaccine against dracunculiasis. Infected

persons do not develop immunity. Applying wet compresses to the

lesion may relieve pain during the worm’s emergence. Placing an

occlusive bandage on the wound keeps it clean and counselling at this

stage may help prevent the patient from contaminating sources of

drinking water. Oral medications to alleviate the associated pain, and

topical antiseptics or antibiotic ointment to minimize the risk of sec-

ondary bacterial infections also help reduce inflammation, and may

permit removal of the worm by gentle traction over several days,

instead of weeks (Figure 7).
4. EPIDEMIOLOGY
4.1. Where, Why, When, and Whom

During the 19th and 20th centuries, dracunculiasis was common in

much of southern Asia, and in North, West, and East Africa. During

the 1980s and 1990s endemic transmission of the disease was confined

to 17 African and 3 Asian countries, i.e., Benin, Burkina Faso,

Cameroon, Chad, Côte d’Ivoire, Ethiopia, Ghana, India, Kenya,

Mali, Mauritania, Niger, Nigeria, Pakistan, Senegal, Sudan, Togo,

and Uganda. Transmission of the disease in Yemen was documented

in 1995, and the World Health Organization (WHO) declared Central

African Republic endemic in 1995 (Figure 8).

Dracunculiasis is a disabling disease of poor people in remote rural

areas who do not have access to safe drinking water and instead use

stagnant sources of drinking water such as ponds, cisterns, pools in

dried-up riverbeds, and shallow unprotected wells, which commonly



Figure 7 Traction being applied to a Guinea worm, after application of
wet compresses. TCC archives/E. Staub.
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harbour populations of copepods and are the usual sites from which

infection is acquired. Local beliefs and ignorance about the origin

and cause of dracunculiasis are important determinants of disease

transmission and part of the insidious cycle of poor education asso-

ciated with extreme poverty in the remote rural areas where the dis-

ease is common. Seasonality of disease occurrence varies according to

location (Figure 9). In endemic areas on the southern fringes of the

Sahara Desert (e.g., Mauritania, Mali, Niger, Burkina Faso, southern

Sudan, and Ethiopia) transmission usually peaks during the rainy

season at mid-year (May–October). This is because stagnant surface

sources of water are only present during the relatively brief rainy

season in such areas. In areas near the Gulf of Guinea (e.g., Côte

d’Ivoire, Ghana, Togo, and Benin), the disease peaks during the dry

season, from October to March, when surface sources of drinking

water are scarcest and most concentrated, in contrast to abundant

and often flowing surface water sources during the rest of the year.

Nigeria has two peak transmission seasons, one in the southern half

of the country during November–February and another in the more

arid northern half during May–August.



1989 2004

Early 1900s

Figure 8 Historical distribution of reported cases of dracunculiasis in the
early 1900s, known distribution in 1989, and in 2004. WHO CCRTED
archives.

ERNESTO RUIZ-TIBEN AND DONALD R. HOPKINS284
Cases of dracunculiasis occur in all age groups, but in general, it is

most common among young adults (ages 15–45), and is distributed

roughly equally among males and females. However, significant ex-

ceptions to the rule have been documented during the eradication

campaign, e.g., the ratio of female to males with dracunculiasis in

northeastern Uganda was 3:1 (J. B. Rwakimari, personal communi-

cation). Occupation is an important determinant of infection. Farm-

ers and those who fetch drinking water are those most frequently

infected. In certain endemic areas the preponderance of disease is

often a burden of a particular ethnic group, e.g., the Bella people or

‘‘Black Tuaregs’’ in areas of Mali, Niger, and Burkina Faso, the

Konkomba people in the northern parts of Ghana and Togo, and the

Karamajong people in northeastern Uganda. The frequent movement

of people for social events such as funerals, the seasonal search for

water and pasture for cattle, and itinerant farmers and traders often
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Figure 9 Country and months of peak and low transmission months for dracunculiasis. Based on historical data
1988–2000. Number of reported cases of dracunculiasis by country and year: 1983–2004. WHO CCRTED archives.
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disseminate the infection over long distances. Persons in northern

Ghana suffering dracunculiasis during a given year were found to be

five times more likely than those not affected by the disease, to suffer

dracunculiasis again the following year (Tayeh et al., 1993).
4.2. Socio-Economic Impact

The seasonal occurrence of cases of the disease often coincides with

harvest or planting seasons and significantly affects agricultural pro-

ductivity, school attendance, and maternal and child health. As adults

are incapacitated by dracunculiasis their children are likely to have to

take over farming and household duties; and when incidence is high

among children it precludes their ability to walk to school (Figure 10).

More than 50% of a village’s population may be affected at the same

time. The socio-economic impact of dracunculiasis on remote rural

villages have been qualified in an assessment of the benefits of the

Dracunculiasis Eradication Campaign by the World Bank (Kim et al.,

1997). This study compared expenditures of the eradication campaign

with estimates of increased agricultural productivity resulting from the

prevention of disease transmission, i.e., prevention of morbidity as a

result of the eradication campaign. Using a project horizon of 10 years

and conservative assumptions regarding the degree of incapacitation

caused by dracunculiasis, the Economic Rate of Return (ERR) is 11%,

29% or 44%, if the average period of incapacitation is 4, 5, or 6 weeks,

respectively (although estimates from 12 published studies (cited above)

indicate that the extent of incapacitation caused by dracunculiasis

averages 8.5 weeks, range 2–16 weeks). The World Bank considers

ERRs in excess of 10% to indicate a sound economic investment.
5. ERADICATION CAMPAIGN
5.1. Genesis and Initial Efforts to Gain Traction on
Eradicating the Disease

In 1980, shortly after WHO declared the world free of smallpox, the

idea of eradicating dracunculiasis globally was kindled when Drs



Figure 10 School-age young boy incapacitated by dracunculiasis. WHO
CCRTED archives.
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Donald Hopkins and William Foege of the Centers for Disease Con-

trol and Prevention (CDC) wrote a letter to the editor of the journal

Science (Hopkins and Foege, 1981), suggesting that the eradication of

dracunculiasis, a disease transmitted only via drinking water, would

be an ideal indicator of the success of the International Drinking

Water Supply and Sanitation Decade (IDWSSD) 1981–1990 (which

the UN was about to launch). In 1981 the steering committee of the

IDWSSD adopted dracunculiasis eradication as a sub-goal of their

efforts (Hopkins, 1990).
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5.2. Workshop on Opportunities to Control
Dracunculiasis: 1982

Leading authorities from around the world met in June 1982 for the

first international meeting devoted to dracunculiasis, entitled Work-

shop on Opportunities for Control of Dracunculiasis. A review of

knowledge about dracunculiasis indicated that transmission of the

disease was confined to only parts of sub-Saharan Africa, and India

and Pakistan (in 1994 endemic transmission was documented to oc-

cur in Yemen). This seminal meeting provided information about the

deliberate elimination of the disease from parts of the southern tier of

republics in the former USSR during the 1920s and absence of the

transmission of disease in humans for over 50 years (Litvinov and

Lysenko, 1982). Moreover, dracunculiasis transmission had also been

stopped in endemic areas of Iran since the 1970s, as a result of ex-

tensive use of dichloro-diphenyl-trichloroethane (DDT) for malaria

control and chlorination of water in the ‘‘birkehs’’ or large, covered

concrete cisterns storing rainwater, where malaria mosquitoes bred

and where dracunculiasis was transmitted.

A review of the disease and its transmission concluded that there

was no known animal reservoir for the disease; no human carrier state

beyond the 1-year incubation period; no immunity to the infection;

and the disease could not be cured with available anthelminthics.

Additionally the occurrence of disease was known to be seasonal and

its clinical presentation unique, and wherever dracunculiasis trans-

mission was endemic it had a well-known name in the local language,

thus facilitating the identification of localities with endemic transmis-

sion, including the ideal timing for prevalence surveys.

Participants concluded that dracunculiasis could be prevented

completely by teaching people about the origin of the disease and

how to prevent the infection, e.g., by keeping persons with emerging

worms from entering sources of drinking water, and by filtering all

drinking water through a cloth filter. Other available interventions to

prevent transmission included the provision of safe sources of drink-

ing water to affected villages, and treatment of unsafe sources of

drinking water with 1 ppm concentration of ABATEs larvicide

(temephos). Experts from India indicated they would officially launch
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their national eradication programme in 1983, after three consecutive

annual case searches to ascertain the extent of dracunculiasis.
5.3. The WHO Collaborating Center for Research,
Training, and Eradication of Dracunculiasis at the
CDC

In 1984, CDC was designated the WHO Collaborating Center for

Research, Training, and Eradication of Dracunculiasis (CCRTED),

and charged with monitoring the status of efforts of the DEP, as well

as providing technical assistance to national eradication programmes.

CCRTED continued to publish quarterly issues of the Guinea Worm

Wrap-Up, which chronicled the initiative, beginning in 1983, estab-

lished the life cycle of Dracunculus insignis in raccoons and ferrets, and

evaluated the effectiveness of existing anthelminthics against this par-

asite. None of the selected off-the-shelf anthelminthics tested had any

overt effect on D. insignis (Eberhard, 1990). The CCRTED has since

provided numerous consultants for national eradication programmes,

it continues to monitor the progress of the global campaign, and has

worked closely with The Carter Center (TCC) since 1986.
5.4. The First African Regional Conference on
Dracunculiasis Eradication and First World Health
Assembly Resolution

The first African Regional Conference on Dracunculiasis Eradication

was convened in Niamey, Niger on July 1–3, 1986. Reports provided

during this meeting revealed that an estimated total of 3.2 million

cases occurred annually in Africa and 120 million people were at risk

of the infection in the known endemic areas (Watts, 1987). Estimates

of the incidence of the disease in Asia (India and Pakistan) brought

the estimated global burden of disease to 3.5 million cases annually.

The 39th World Health Assembly (WHA) adopted resolution

WHA 39.21 on May 16, 1986 endorsing national efforts to eliminate

dracunculiasis country by country, in association with the IDWSSD.

However, it was evident by the mid-1980s that the IDWSSD would
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not be able to muster the funding necessary to meet the enormous

challenge of providing safe drinking water and sanitation to all in

need of it and to eradicate dracunculiasis in the process.
5.5. The Carter Center

In 1986 former US President Jimmy Carter met with the President

and Prime Minister of Pakistan and gained their support for a na-

tional eradication programme. A workshop to plan the campaign in

Pakistan was held in Atlanta in November 1986 and TCC and CDC

immediately began assisting Pakistan to ascertain the extent of the

disease and to organize the national programme. With support from

TCC and CDC, Pakistan began to implement interventions against

the disease in 1988, Ghana and Nigeria in 1989, Uganda in 1991, and

Mali and Niger in 1993, respectively. The year of initiation of

national eradication efforts country-by-country is shown in

Table 1. TCC soon became the lead non-governmental agency

advocating for the global campaign to eradicate dracunculiasis, and

providing technical and financial assistance to national eradication

programmes.
Table 1 National Dracunculiasis Eradication Program start-ups

Year interventions

started

Country Active programs

(cumulative)

1983 India 1

1988 Pakistan 2

1989 Nigeria, Ghana 4

1991 Cameroon 5

1992 Togo, Burkina Faso, Senegal, Uganda 9

1993 Benin, Mauritania, Niger, Mali, Côte d’Ivoire 14

1994 Sudan, Kenya, Chad, Ethiopia 18

1995 Yemen, Central African Republic 20

Source: WHO CCRTED archives.
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5.6. Other Resolutions

In September 1988 African Ministers of Health passed a resolution

calling for the eradication of dracunculiasis from Africa by 1995

(AFR/RC38/R13). However, the WHA passed a second resolution in

May 1989 (WHA 42.29) declaring the goal of eliminating dracuncu-

liasis as a public health problem from the world during the 1990s. The

WHA adopted a third, and more definitive resolution on May 13,

1991 (WHA 44.5) calling for a global campaign to eradicate the dis-

ease by the end of 1995, and urging the Director-General of WHO to

immediately initiate country-by-country certification of elimination,

so by the end of the 1990s the certification process could be completed.

These resolutions, strong advocacy from TCC, and tangible and

credible results from ongoing eradication efforts in Pakistan, India,

Ghana, and Nigeria engendered increasing support from bilateral

donors, industry, and international organizations that helped the

remaining endemic countries to conduct nationwide case searches to

assess the extent of the problem, organize national secretariats, and

begin implementing of interventions against the disease. By 1992 only

5 of 20 countries had implemented programmes, but the target date

for eradication was 1995. Although TCC provided assistance to all

endemic countries (except India), it assigned Resident Technical

Advisors to Pakistan and the most endemic African countries, i.e.,

Nigeria, Ghana, Mali, Niger, Uganda, Sudan, and Burkina Faso.
5.7. Strategy for Eradication

The strategy for dracunculiasis eradication includes three phases

(Hopkins and Ruiz–Tiben, 1991). During Phase I national pro-

grammes conducted nationwide or area-wide case searches to deter-

mine the locations of villages with endemic transmission and record

the numbers of cases, organized a national secretariat and a pro-

gramme structure at district and village levels, and developed a

national plan of action. In Phase II, programme staff and village-

based health workers (village volunteers) were trained to implement

interventions against transmission of the disease, conduct active
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village-based surveillance using case registers, provide health educa-

tion to mobilize communities to action, provide cloth filters, and

educate villagers on their care and proper use. During Phase III,

when the incidence of disease had been reduced to far fewer cases per

year and halting transmission was imminent, surveillance was inten-

sified to rapidly detect all persons with emerging worms (preferably

before or within 24 hours of worm emergence) and to contain trans-

mission from each case by providing care for the wounds, applying

occlusive bandages, and counselling the patient not to enter sources

of drinking water. In 2001, most national programmes began offering

persons with dracunculiasis the option of medical care at ‘‘case con-

tainment centres’’. When patients voluntarily attend such case con-

tainment centres they are provided a small monetary or in-kind

incentive for agreeing to stay at the centre until each Guinea worm is

successfully pulled out and are provided medical care, food, sanita-

tion, and shelter. Care of the last cases of dracunculiasis at case

containment centres or at established public health clinics permits

patients to recover from their incapacity much faster and the pro-

gramme to contain transmission from each emerging worm much

more effectively. All other broad-based interventions continue to be

employed until transmission is halted.
5.7.1. Interventions against Disease Transmission

Interventions against the disease include village-based surveillance,

maintenance of a village case register and monthly reporting of cases,

and community mobilization to educate residents about the origin of

the disease and empower them with knowledge to prevent the disease

by keeping infected persons from contaminating sources of drinking

water, and by using donated cloth and/or pipe filters to make infected

drinking water copepod free. ABATEs larvicide is applied monthly

in ponds, stagnant pools, and unprotected wells during the trans-

mission season, and listings of known endemic villages are made

available to water sector organizations so they can target villages with

endemic disease for provision or rehabilitation of sources of drinking

water. The strategy of combining early detection of cases and
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containment of transmission began in 1991 in Pakistan (Kappus et

al., 1991), and in the endemic countries in Africa during 1993.

Scaling Up; Using Data; Advocacy by Eminent Persons. Scaling up

of the DEP, beyond efforts already underway in Pakistan, Ghana,

and Nigeria during the late 1980s, would not have been possible

without the US $1.5 million authorized by former Director of

UNICEF, Mr James Grant, in 1989 to support national case searches,

beginning that year, in the endemic countries in need of determining

the extent of dracunculiasis, and the endorsement of the DEP initi-

ative by the World Summit for Children in 1990. The $1.5 million

promised by UNICEF was part of nearly $10 million pledged for

dracunculiasis eradication at the International Donors Conference

that was held in Lagos, Nigeria in July 1989. The 1991 WHA res-

olution (WHA 44.5) calling for eradication of the disease by 1995 was

also a clarion call for galvanizing national and international advocacy

and support for the DEP.

Beginning in 1989, the CCRTED in collaboration with TCC and

WHO developed, published, and disseminated operational guidelines

for the DEP:
�
 Guidelines on Surveillance of Dracunculiasis (1988)

�
 Guidelines for Development of National Plans of Action (1989)

�
 Guidelines for Chemical Control of Copepods (1989)

�
 Guidelines for Health Education and Social Mobilization (1990)

�
 Guidelines for Case Containment (1994), in collaboration with

UNICEF.
Additionally, in 1990 the CCRTED drafted the first set of Guide-

lines for Certification of the Eradication of Dracunculiasis. This

document was presented to a group of national and international

experts at an informal meeting hosted by WHO in 1990, and adopted

as amended (WHO/FIL/90.185). The mandate to make this docu-

ment operational came in May 13, 1991 with the above-mentioned

WHA resolution 44.5, which called for a global campaign to erad-

icate the disease by the end of 1995, and urged the Director-General

(of WHO) to immediately initiate country-by-country certification

of elimination, so the certification process could be completed

by the end of the 1990s. Beginning in 1991, UNICEF and the
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CCRTED at CDC and WHO collaborated closely in assisting the

endemic countries develop plans of action and budgets for the na-

tional case searches and for the initial years of the country-based

campaign.

From the very onset of the national eradication efforts, including

India’s in 1983, the leaders of the DEP gave highest priority to the

collection and use of data about the extent and incidence of

dracunculiasis in order to plan and take actions against transmis-

sion of the disease. Without such a resolve, it would not have been

possible to demonstrate quickly the feasibility and effectiveness of

interventions against the disease, and the robustness of the strategy

for eradication to the national and international public health com-

munity, including donor organizations. Keeping everyone who

needed to know informed and updated about the DEP was an im-

perative from the beginning, and sharing the latest data on the cam-

paign through periodic issues of the Guinea Worm Wrap-Up was not

only critical to gaining supporters for the DEP, but also for providing

guidance to national eradication programmes. Updating all who

needed to know also engendered healthy competition between na-

tional coordinators about their progress of their programmes,

often such competition to finish the job at an international level,

e.g., the race between India and Pakistan, between Togo and Niger,

and between Nigeria and Ghana helped to keep programmes

motivated.

One of the outcomes of the Second African Regional Conference

on Dracunculiasis Eradication that was held in Accra, Ghana in

March 1988, was a call to all countries to begin providing reports on

the status of national programmes to WHO and other partner or-

ganizations. Monthly reporting of village-based surveillance data did

not begin until 1992 when a critical mass of the national eradication

programmes had concluded their national case searches, defining the

extent of the disease, and implemented village-based surveillance and

monthly reporting of cases of dracunculiasis.

During a tour to five French-speaking endemic countries in 1992,

President Carter convinced then former Malian head of state Gen-

eral Amadou Toumani Touré, to lead the fight to eradicate

dracunculiasis from Mali and to help with national efforts in other
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francophone countries. With then President Alpha Konare’s support,

General Touré became President of Mali’s National Intersectorial

Committee for Dracunculiasis Eradication and a roving ambassador

and lead advocate for the DEP in French-speaking Africa, roles he

carried out energetically (Figure 11), until he was elected President of

the Republic of Mali in 2002. Similarly, in 1998, President Carter

asked General Yakubu Gowon, a former head of state in Nigeria, to

assist during the final phase of the eradication effort in that country.

General Gowon also has been an indefatigable Guinea worm warrior,

visiting most of the endemic states and local government areas in

Nigeria to advocate for greater involvement of the state and local

governments in the eradication effort and particularly with the pro-

vision/rehabilitation of sources of safe drinking water (Figure 12).

Since the early years of the DEP, the CCRTED, TCC, WHO, and

UNICEF provided technical assistance to the national eradication

programmes. However, beginning in 1998 TCC decided as a result of

the stagnation of progress in some key endemic countries since 1995, to

provide in addition ad hoc technical advisors (TAs) to help the na-

tional programmes to improve programme management, monitoring
Figure 11 Malian head of state Amadou Toumani Touré and former US
President Jimmy Carter attending the Dracunculiasis Eradication Program
Conference in Africa. WHO CCRTED archives.



Figure 12 Former Nigerian head of state, General (Dr.) Yakubu Go-
won, undertaking advocacy on behalf of the Nigerian DEP while commis-
sioning a bore-hole well in an endemic village in Nigeria. WHO CCRTED
archives.
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of interventions, including provision and rehabilitation of sources of

drinking water, and the quality and frequency of supervision of per-

sonnel. Most of these TAs have been former US Peace Corps Vol-

unteers in Africa who had worked with a national eradication

programme during their tours of duty with the US Peace Corps. Dur-

ing 1999 a total of 28 person–months of TAs were provided to endemic

countries, followed by 88 person–months in 2000, 150 in 2001, 150 in

2002, 139 in 2003, and 127 in 2004. These TAs, placed to work with

district level eradication teams, have played a vital role in ensuring that

all interventions against dracunculiasis are implemented in the right

places at the right times and in the correct way. They actively par-

ticipate in training, via intense village-based, week-long health educa-

tion campaigns, i.e., ‘‘Guinea Worm Weeks,’’ and in mobilizing

communities to take actions to prevent disease transmission in their

villages. TAs have also played a key role in intervening during out-

breaks of dracunculiasis in unexpected places in many of the endemic

countries.

Since 1986, biennial regional conferences have been held (alternat-

ing between Francophone and Anglophone endemic countries), and,
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beginning in 1990, Program Manager meetings in the intervening

years. Additionally, annual technical programmes reviews are also

held during September–November. Since 1987, an Interagency Co-

ordinating Group for Dracunculiasis Eradication has held quarterly

or semi-annual meetings. National DEPs also hold their own annual

review meetings, which are often attended by members of the coa-

lition of partner organizations.

Attainment of eradication is not certified until the national pro-

gramme requests WHO to validate the claim that no cases have oc-

curred during 3 consecutive years since the last indigenous case, and

an international certification team confirms that the surveillance sys-

tem is sensitive and has not detected indigenous cases during the

required 3-year period. An International Commission for the

Certification of Dracunculiasis Eradication, established by WHO in

1995, reviews the findings of the certification team and recommends

to the WHO whether or not to certify the country free of

dracunculiasis.

Coalition of Partners. During this campaign TCC has forged a

coalition of more than 30 agencies, organizations, governments, bi-

lateral donors, industry, and NGOs that assist national programmes

with their eradication efforts (Tables 2 and 3). CDC has played a

critical role in helping TCC, WHO, and UNICEF lead this campaign.

Advocacy by President Carter at the DuPont Corporation led to

donations equivalent to US $17 million during 1990–1998, in nylon

cloth for cloth filters from DuPont Corporation and Precision Fab-

rics Group Inc. Similar efforts resulted in over US $2 million worth in

donations of ABATEs larvicide from BASF Corporation (currently

the sole producer of ABATEs larvicide obtained from what was

American Cyanamid, formerly part of American Home Products).

The Bill and Melinda Gates Foundation provided 28.5 million dollars

in May 2000 to help accelerate the eradication of dracunculiasis. The

grant channelled through The World Bank Trust Fund for Guinea

Worm Eradication allocated:
�
 $15 million to TCC for a 3-year period (2000–2002) to assist the

remaining countries (except Mauritania and Uganda for which

UNICEF has primary responsibility) to stop transmission.



Table 2 Coalition of organizations, agencies, governments, corpora-
tions, and others supporting the DEP

Major partners Other UN

organizations

Ministries of

Health

Partners

The Carter Center Office for the

Coordination of

Humanitarian

Affairs

Benin Adventist Health

International

Centers for Disease

Control and

Prevention

UNDP Burkina Faso Adventist Development and

Relief Agency

UNICEF The World Bank Cameroon Aktion Afrike Hilfe

World Health

Organization

World Food

Programme

Chad American Refugee

Committee

Cote d’Ivoire

Central

African

Republic

Association of Christian

Resource Organizations

Serving Sudan

Ethiopia CARE International

Ghana Catholic Relief Services

India Christian Mission Aid

Kenya Comitato Collaborazione

Medica

Mali Coordination Committee

for Voluntary Service

Mauritania Diocese of Rumbek

Niger Diocese of Torit

Nigeria Fellowship for African

Relief

Pakistan Gowon Center

Senegal Health & Development

International

Sudan InterChurch Medical

Assistance

Togo International Aid Sweden

Uganda International Committee of

the Red Cross

Yemen International Medical

Corps

International Rescue

Committee

Japanese Overseas

Cooperation Volunteers

Map International

MEDAIR

Médecins Sans Frontières

(Belgium, The

Netherlands,

Switzerland)
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Table 2 (continued )

Major partners Other UN

organizations

Ministries of

Health

Partners

Mundri Relief and

Development Association

Norwegian Church Aid

Nuba Relief,

Rehabilitation, and

Development

Organization

Okenden International

Operation Lifeline Sudan/

South

OXFAM UK

Ghana Red Cross Society

Save the Children (UK,

Sweden)

Sudan Medical Care

Sudan National Water

Corporation

Sudan Production Aid

Sudan Relief and

Rehabilitation

Commission

Tearfund

U.S. Peace Corps

Vétérinaires Sans Frontières

Belgium

Voice of America

World Relief International

World Vision International

ZOA Refugee Care

Source: TCC/N. Kruse.

DRACUNCULIASIS (GUINEA WORM DISEASE) ERADICATION 299
�
 $8.5 million to the World Bank, TCC, WHO, and UNICEF to

provide support for contingencies, and for other expenditures re-

lated to the eradication campaign.

�
 $5 million to the World Health Organization, which has primary

responsibility for certification of eradication. For the purposes of

this grant WHO assumed primary responsibility for assistance to

countries in the pre-certification stage, including still-endemic

countries close to interrupting transmission, i.e., reporting fewer

than 100 cases of dracunculiasis or less during the calendar year.



Table 3 Coalition of organizations, agencies, governments, corpora-
tions, and others supporting the DEP (continuation)

Governments Foundations Individuals Corporations

Canada A.G. Leventis

Foundation

Many individual

donors have

supported the

global campaign to

eradicate

dracunculiasis.

Ad-Rem Concepts

Denmark The Hugh J.

Andersen

Foundation

AGCO Corporation

Finland Next Generation

Fund

American Cyanamid

Japan Bill & Melinda

Gates

Foundation

American Home Products

Kuwait Fund for

Arab Economic

Development

Conrad N. Hilton

Foundation

BASF Corporation

Luxembourg The Diebold

Foundation

BellSouth Corporation

The Netherlands International

Humanitarian

Foundation
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5.8. Progress towards Eradication
5.8.1. Reductions in Cases of Dracunculiasis

During 2004, a total of 16 026 cases of dracunculiasis were reported

from the 12 remaining endemic countries cases: 7266 from Sudan,

7275 from Ghana, and 1485 from the other 10 countries reporting

cases (Table 4, Figure 13). These 16 026 cases represent a reduction of

99.5% from the estimated 3.5 million cases occurring annually in

1986, or a 98% reduction from the 892 926 cases of dracunculiasis

reported by the DEP in 1989, the year when the highest number of

cases on record was reported (Table 1). Sudan reported fewer cases of

dracunculiasis (7266) than all 11 other countries combined (8760)

during 2004, and for the first time since 1996 (Figure 14). The major

remaining foci of transmission of dracunculiasis now are in southern

Sudan, Ghana, Mali, and Niger (Figure 15, which is Plate 7.15 in the

separate colour plate section). The 7257 cases of dracunculiasis re-

ported from Ghana in 2004 represent a 12% reduction in cases from

the 8290 cases Ghana reported in 2003, and 83% of all cases reported

outside of Sudan in 2004. The overall percent reduction in indigenous

cases for all countries combined during 2004, compared with 2003, is

50% (Figure 16). Outside of Sudan the overall percent reduction in

2004 was 60%. These are the largest reductions in cases observed so

far between one year and the next during this campaign, and augur

well for accelerated progress towards eradication during 2005. Bur-

kina Faso reported only 35 indigenous cases, a reduction of 80%

from the 175 indigenous cases it reported in 2003. Nigeria, the most

endemic country during this campaign, reported only 495 indigenous

cases, a reduction of 99.9% from the 653 492 cases it reported during

its first national village-by-village case search in 1988, and a reduction

of 66% from the 1459 cases it reported in 2003. Interventions against

the disease in Togo and Mali in 2003 were also effective, as dem-

onstrated by the 63% and 57% reductions in cases (from 622 to 230,

and from 824 to 349) in 2004, respectively. Forty-six (46) of the 276

cases reported by Togo in 2004 were imported from neighbouring

Ghana (Table 5). Niger was able only to reduce its cases from 279 to

233 (16%) between 2003 and 2004. The vast majority of Niger’s cases



Table 4 Number of reported cases of dracunculiasis by country and year: 1983–2004

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Sudan 822 399 542 NR NR NR 2447 2984 53 271 64 608 118 578

Nigeria 2821 216 484 653 492 640 008 394 082 281 937 183 169 75 752 39 774 16 374 12 282

Ghana 4501 4717 18 398 71  767 179 556 123 793 66 697 33 464 17 918 8432 8894 4877

Togo 1456 1325 NR 178 2749 3042 5118 8179 10 349 5044 2073 1626

Burkina Faso 458 2558 1957 1266 45 004 42 187 NR 11 784 8281 6861 6281 3241

Mali 4072 5640 435 564 1111 884 16 024 NR 12 011 5581 4218 2402

Niger 1373 NR 699 NR 288 NR 32 829 500 25 346 18 562 13 821 2956

Côte d'ivoire 1889 1177 1272 1370 1555 1360 12 690 NR 8034 5061 3801 2794

Benin 400 33 962 7172 37 414 4006 4315 16 334 4302 2273 1427

Mauritania 1291 227 608 447 8301 NR 1557 5882 5029 1762 562

Uganda 4070 NR NR 1960 1309 4704 NR 126 369 42 852 10 425 4810 1455

Ethiopia 3885 2302 1487 3565 2333 NR 303 1120 1252 514 371

Central African Republic 1322 NR 871 10 NR NR NR NR 18 9

Kenya 5 6 NR NR 35 53 23 0

Pakistan 2400 1110 534 160 106 23 2 0 0 0

India 44 818 40 443 30 950 23 070 17 031 12 023 7881 4798 2185 1081 755 371 60 9

Cameroon 168 86 752 871 742 393 127 72 30 15 17

Chad 314 NR NR NR NR NR 156 1231 640 149 127

Senegal 62 128 132 138 NR 38 1341 728 815 195 76 19

Yemen NR NR NR 0 94 82 62

Total 44 818 40 443 50 290 46 543 263 458 781 219 892 926 623 854 423 326 374 202 229 773 164 977 129 852 152 814

Country
Year and number of cases reported

1997 1998 1999 2000 2001 2002 2003 2004

43 596 47 977 66 097 54 890 49 471 41 493 20 299 7266

12 590 13 420 13 237 7869 5355 3820 1459 495

8921 5473 9027 7402 4739 5611 8290 7275

1762 2128 1589 828 1354 1502 669 278

2477 2227 2184 1956 1032 591 203 60

1099 650 410 290 718 861 829 357

3030 2700 1920 1166 417 248 293 240

1254 1414 476 297 231 198 42 21

855 695 492 186 172 181 30 3

388 379 255 136 94 42 13 3

1374 1061 321 96 55 24 26 4

451 366 249 60 29 47 28 17

5 34 26 35 36 NR 0 0

6 7 1 4 8 17 12 7

~ ~ ~ ~ ~ ~ ~ ~

0 0 0 ~ ~ ~ ~ ~

19 23 8 5 5 3 0 0

25 3 1 3 0 0 0 0

4 0 0 0 1 0 0 ~

7 0 0 0 0 0 0 ~

77 863 78 557 96 293 75 223 63 717 54 638 32 193 16 026

Note: Grey shaded cells indicate cases detected during a national case search. Numbers preceding national case search are
from passive surveillance. Numbers after case search are from village-based reporting.
Black cells indicate imported cases only. All other cells include both indigenous and imported cases.
Source: WHO CCRTED.
� ¼ Country certified free of dracunculiasis by WHO; NR ¼ no report.
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Figure 13 Number of reported cases of dracunculiasis by country during
1989–2004 for Sudan and all other countries. WHO CCRTED archives.
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Figure 14 Reported cases of dracunculiasis by country in 2004. WHO
CCRTED archives.
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Uganda 0 100% 13 0

Benin 1 100% 26 3

Burkina Faso 10 78% 175 35

Ethiopia 3 99% 13 3

Mauritania 1 100% 13 3

Nigeria 85 68% 1459 495

Sudan 2137 100% 20299 7266

Togo 46 100% 622 232

Mali 102 99% 824 354

Côte d'Ivoire 6 98% 42 20

Niger 45 100% 279 233

Ghana 673 100% 8285 7268

Total 3109 77% 32050 15912

Total − Sudan & Ghana 299 99% 3466 1378

Reporting 1+
indigenous

cases in 2004

% 
Reporting

2004

Country

Indigenous Cases 
Reported

2003 2004

Villages

% CHANGE 2003 - 2004

-77%

-77%

-66%

-64%

-63%

-57%

-52%

-16%

-12%

-50%

-60%

-80%

-88%

-100%

-110% -90% -70% -50% -30% -10% 10% 30% 50%

Figure 16 Number of villages/localities reporting cases of dracunculiasis in 2003, percentage of endemic villages
reporting in 2004, and number of indigenous cases reported during the specified period in 2003 and 2004, and percent
change cases reported. WHO CCRTED archives.
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Table 5 Number of reported indigenous and imported cases of
dracunculiasis during 2004 by country, and origin of imported cases

Country Cases of dracunculiasis reported during

2004a
Country of origin and

number of imported cases

Indigenous Imported Total

Ghana 7268 7 7275 Togo ¼ 6; Niger ¼ 1

Sudan 7266 0 7266

Nigeria 495 0 495

Mali 354 3 357 Burkina Faso ¼ 2; Niger ¼ 1

Nigeria 233 7 240 Nigeria ¼ 3; Mali ¼ 2;

Ghana ¼ 1; Togo ¼ 1

Togo 232 46 278 Ghana ¼ 46

Burkina Faso 35 25 60 Mali ¼ 15; Ghana ¼ 8;

Benin ¼ 1; Côte

d’Ivoire ¼ 1

Côte d’Ivoire 20 1 21 Ghana ¼ 1

Benin 3 0 3

Ethiopia 3 14 17 Sudan ¼ 14

Mauritania 3 0 3

Uganda 0 4 4 Sudan ¼ 4

Kenya 0 7 7 Sudan ¼ 7

Total 15 912 114 16 026

Source: WHO CCRTED.
aData for 2004 are provisional.
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were reported from the districts of Tillaberi and Tera in the western

end of the country and adjoining some of the remaining endemic

districts in Mali and Burkina Faso. Cases of dracunculiasis in this tri-

border area occur among the nomadic Tuaregs, and mostly among

the Bella or ‘‘Black Tuareg’’ people. Uganda reported zero indige-

nous cases during 2004 and has not reported a single indigenous case

of dracunculiasis since July 2003. Mauritania and Benin reported

only three cases each, and it is possible these two countries may have

already stopped transmission during 2004. Ethiopia also reported

only three cases, all from Gambella Region. However, Akobo Wo-

reda (district) in Gambella, where endemic transmission of dracun-

culiasis is likely, continues to be inaccessible to the national

eradication programme because of insecurity, and has been so for

years. Halting transmission of dracunculiasis in Ethiopia is not likely
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until its national eradication programme can access Akobo District

and implement interventions against the disease there.
5.8.2. Reductions in Endemic Villages

In 2004 there were only 3109 villages in the 12 endemic countries that

reported indigenous cases of dracunculiasis. Of these, 2173 (70%)

endemic villages were in Sudan and 936 in the other 11 endemic

countries, including 673 (22%) in Ghana. These 3109 villages rep-

resented a reduction of 87% from the 23 735 endemic villages

reporting cases in 1993, when the largest number of endemic villages

was recorded.
5.8.3. Reductions in Endemic Countries

As of the end of 2004, 9 of the 20 endemic countries have halted

transmission of dracunculiasis (Figure 16), and 4 of those countries

(Pakistan in 1996, India in 2000, and Yemen and Senegal in 2004)

have been certified free of dracunculiasis by WHO. Uganda stopped

transmission of dracunculiasis in 2003 and joined the list of countries

now in the pre-certification stage, i.e., Cameroon, Central African

Republic, Chad, and Kenya (Figure 17, which is Plate 7.17 in the

separate colour plate section). As of March 2004, the International

Commission for Certification of Dracunculiasis Eradication had

recommended, and WHO had certified, 168 countries as free of

dracunculiasis.
5.8.4. Finishing the Job

We estimate the cost of the DEP during 1987–2004 to be circa US

$122–125 million, and that an additional US $65 million will be re-

quired to finish the job by 2010. Most of these additional funds will

be required to stop transmission of dracunculiasis in southern Sudan,

a vast country with little infrastructure, including extremely poor

transportation and communications, which is just emerging from 21

years of civil war (CDC, 1995; Hopkins and Withers, 2002). The DEP
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in Sudan, as in other countries, requires implementing a village-based

programme in each endemic village, and there may be as many as

5000 villages with endemic transmission of dracunculiasis in southern

Sudan. Stopping transmission of dracunculiasis from southern Sudan

will be a Herculean task.

In 2004 WHA passed resolution WHA 57.9 urging all remaining

endemic countries to stop transmission as soon as possible, and by

2009 in Sudan, which because of the civil conflict that ended on

January 9, 2005 will require additional years to halt transmission. The

Ministers of Health of endemic countries, or their representatives

attending the 2004 WHA, also signed the ‘‘Geneva Declaration’’ in

which the ministers pledged to exert their leadership and political will

in their countries to accelerate attainment of the goal of eradicating

dracunculiasis. With only 16 026 cases of dracunculiasis left in the

world as of the end of 2004, high level advocacy with national and

international leaders will be vital in order to prevent complacency

about the progress made so far. TCC will continue to urge national

and international leaders, including President Touré of Mali, and

General (Dr) Gowon in Nigeria to do all they can to continue their

advocacy until dracunculiasis is eradicated.

Staff of the national DEPs are now very experienced and know well

the level of attention to detail and good supervision required to stop

transmission of dracunculiasis. Given sufficient resources, and their

effective use, and peace in the affected areas, there is no reason why

this ancient scourge of mankind cannot be eradicated soon.
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ABSTRACT

The global strategy for the control of soil-transmitted helminthiasis,

based on regular anthelminthic treatment, health education and

improved sanitation standards, is reviewed. The reasons for the

development of a control strategy based on population intervention

rather than on individual treatment are explained. The evidence and

experience from control programmes that created the basis for (i) the

definition of the intervention package, (ii) the identification of the

groups at risk, (iii) the standardization of the community diagnosis

and (iv) the selection of the appropriate intervention for each

category in the community are discussed. How to best deliver the

appropriate intervention, the impact of the control measures on

morbidity and on indicators such as school attendance, cognitive

development and productivity are presented. The factors influencing

the cost–benefits of helminth control are also considered. The recent

progress on the control of soil-transmitted helminth infections is

illustrated. Research needs are analysed in relation to the most recent

perceptions from private–public partnerships involved in helminth

control. The way forward for the control of soil-transmitted helminth

infections is described as a multi-disease approach that goes beyond

deworming and fosters a pro-poor strategy that supports the aims of

the Millennium Development Goals.
1. POPULATION-BASED INTERVENTIONS TO CONTROL
SOIL-TRANSMITTED HELMINTHIASIS
Ascaris lumbricoides, Ancylostoma duodenale, Necator americanus and

Trichuris trichiura constitute the major soil-transmitted helminth

(STH) infections. Disease due to these infections is now recognized as

a serious public health problem wherever suitable environmental
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conditions co-exist with inadequate sanitation and poor hygiene. In

such conditions, STH infections are normally highly prevalent with

2 billion people infected worldwide and several million suffering from

the chronic debilitating morbidity (Crompton, 1999, 2000; de Silva

et al., 2003).

The World Health Organization (WHO) promotes the combined

control of soil-transmitted helminthiasis and schistosomiasis where

both these infections are endemic (WHO, 2002a). Schistosomiasis and

soil-transmitted helminthiasis present some similarities in terms of geo-

graphical distribution, epidemiology, groups at high risk and control

interventions. Although this article focuses on the control of soil-trans-

mitted helminthiasis, it should be noted that where the two infections

are often co-endemic, combined control greatly increases impact and

cost-effectiveness, and is strongly recommended where appropriate.

The WHO has identified the population-based approach as the

main strategy for the control of mortality and morbidity due to STH

infections, for the following reasons:
�
 The clinical appearance of STH infection often lacks specific

symptoms and may not be recognized by the infected person, even

when causing significant health damage. When control measures

are limited to curative services, only a small fraction of the

infected population receives appropriate treatment.

�
 Individual diagnosis is relatively expensive requiring the availability

of microscopes, laboratory material and trained personnel. The cost

of establishing and maintaining an efficient STH diagnosis facility

at peripheral level is much more expensive than the cost of treat-

ment, now available for a few US cents per dose (WHO, 2002a).

�
 Identifying risk is usually based on parasitological data that

classify communities according to the risk of developing morbid-

ity. To overcome the paucity of epidemiological information,

environmental information can be used to predict the large-scale

distribution of infection (Brooker et al., 2002a). Epidemiological

assessments can be undertaken in a limited number of commu-

nities in order to collect reliable data for risk identification and

then select and monitor the appropriate intervention (Brooker

et al., 2002b; Montresor et al., 2002).
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�
 Drugs used in population-based interventions for the control of STH

have a secure safety record. The drugs are given orally and, because

they are usually poorly absorbed, they reach and kill the parasites in

the digestive tract causing negligible side effects. Two WHO Infor-

mal Consultations have recommended treatment with anthelminthics

of pregnant women after the first trimester (WHO, 1996) and of

children over 1 year of age (WHO, 2002b) to improve the health and

development of these two high-risk groups in endemic countries.

�
 Delivering population-based interventions for the control of STH

requires minimal infrastructure. Owing to the safety profile of

WHO-recommended anthelminthics, non-medically trained per-

sonnel can safely and effectively distribute the drugs after instruc-

tion (WHO, 2002a; Urbani and Albonico, 2003). Distribution by

school-teachers is particularly well accepted by the community

(Nwaorgu et al., 1998; Partnership For Child Development, 2001).

�
 The morbidity caused by STH is directly related to the number of

worms (intensity of infection) and the duration of infection.

Infections of moderate to heavy intensity are mainly responsible

for the morbidity due to STH. Regular treatment reduces the

number of worms in each individual and keeps the worm burden

permanently low throughout the year. Regular treatment, despite

re-infection, is able to control morbidity in high-transmission ar-

eas (Savioli et al., 2002) because, even if prevalence of infection

remains high, moderate to heavy infections (responsible for mor-

bidity) decline over time (Figure 1).
The use of anthelminthic treatment is no longer limited to the

clinical domain; it has become the intervention for large-scale pre-

vention and reduction of morbidity in endemic communities.
2. INTERVENTION PACKAGE
Three interventions are recommended by WHO to control morbidity

due to STH infections: (i) regular drug treatment of high risk groups,

aimed at reduction of the worm burden over time; (ii) health

education to increase population health awareness; (iii) sanitation
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supported by personal hygiene aimed at reducing soil contamination

with infected human faeces and the likelihood of re-infection (WHO,

2002a).

An appropriate combination of these three measures should be

applied according to different epidemiological situations and to the

availability of resources.
2.1. Regular Anthelminthic Treatment

Regular drug treatment represents the main measure in areas where

infections are intensely transmitted, where resources for disease con-

trol are limited, and where funding for sanitation is insufficient.

Drug treatment can be administered in the community using

different strategies:
�
 Universal treatment. Treatment is offered to the entire commu-

nity, irrespective of age, sex, infection status and any other social

characteristics.
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�
 Targeted treatment. Treatment is targeted at population groups,

which may be defined by age, sex or other social characteristics,

irrespective of the infection status.

�
 Selective treatment. Individual-level application of anthelminthic

drug administration, where selection is based on diagnosis to

detect the most heavily infected people who will be most at risk of

serious morbidity and mortality.
The selection of the distribution strategy and the frequency of

treatment is based on analysis of available epidemiological data.

Recommended drugs (WHO, 2004a) for use in public health

interventions to control STH infection are:
�
 Albendazole (400mg) tablets given in single dose, reduced to

200mg for children between 12 and 24 months.

�
 Levamisole (40mg) tablets given in single dose by weight (2.5mg/

kg). Levamisole at a dose of 80mg has been successfully used in

primary school-age children (Albonico et al., 2003).

�
 Mebendazole (500mg) tablets given in single dose.

�
 Pyrantel pamoate (250mg) tablets given in single dose by weight

(10mg/kg). A combined preparation of pyrantel–oxantel has been

proved more effective than pyrantel alone in treating T. trichiura

infection (Albonico et al., 2002).
These drugs are have undergone extensive safety testing and have

been given to millions of individuals with only minimal adverse events

(Horton, 2000; Urbani and Albonico, 2003). Anthelminthics can now

be safely used in children as young as 12 months (Montresor et al.,

2003; WHO, 2002b). Drugs that do not need dosage according to

weight, such as albendazole, mebendazole and levamisole (in school-

age children) are considered easier to use for population-based

interventions (de Silva et al., 1997). All these drugs produce excellent

egg reduction rates for A. lumbricoides (495%) and for hookworms

(480%), but are less effective against T. trichiura (WHO, 1999;

Bennet and Guyatt, 2000). The efficacy of single-dose anthelminthics

is summarized in Table 1.

The patents of the anthelminthic drugs recommended by WHO

have expired and therefore the drugs can be produced at very low



Table 1 Recommended drugs for the treatment of soil-transmitted nematode infections in public health

Substance Therapeutic activity Dosage Use in pregnancy and in children

Albendazole (tablet 200 and

400mg, suspension 100mg/

5ml)

A. lumbricoides +++ 400mg single dose Not recommended in the first trimester of

pregnancy. In children between 12 and

24 months use 200mg

T. trichiura ++ 400mg single dose

Hookworm

infections

+++ 400mg single dose

Levamisole (tablet 40mg, syrup

40mg/5ml)

A. lumbricoides +++ 2.5mg/kg single dose (80mg

single dose in school-age

children)

No evidence of teratogenicity

T. trichiura + 2.5mg/kg single dose (80mg

single dose in school-age

children)

Hookworms ++ 2.5mg/kg single dose (80mg

single dose in school-age

children)

For heavy necatoriasis repeat

after 7 days

Mebendazole (tablet 100 and

500mg, suspension 100mg/

5ml)

A. lumbricoides +++ 500mg single dose Not recommended in the first trimester of

pregnancy and in children under 1 yearT. trichiura ++ 500mg single dose

Hookworms +++ 500mg single dose

Pyrantel (tablet 250mg,

suspension 50mg/ml)

A. lumbricoides +++ 10mg/kg single dose Not recommended in the first trimester of

pregnancyT. trichiura — 10mg/kg single dose

Hookworms ++ 10mg/kg single dose. For heavy

necatoriasis repeat for 3 days
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price by generic manufacturers. The price in the international market

for mebendazole (500mg), produced under Good Manufacturing

Practice conditions is approximately US$ 0.02 per tablet (Manage-

ment Science for Health, 2004). The price is further reduced in case of

local production, but in this case special attention should be given

to assuring the good quality of the product. WHO, with a network of

quality control laboratories, may facilitate the quality control exercise

(Montresor et al., 2002).
2.2. Health Education

Health education aims to increase health and hygiene awareness and

to change health behaviour in the population. Health awareness is

usually increased when communication strategies of proven efficacy

are adopted (Kinzie, 2005). Marketing techniques and tools imported

from the private sector are increasingly being advocated for their

potential value in crafting and disseminating health messages (Bull

et al., 2001), but this technology should be appropriately transferred

to reconcile differences between commercial marketing and public

health (Walsh et al., 1993). Education materials (posters, leaflets,

radio and video messages) have been traditionally used to transmit

and disseminate health messages. The expansion of commercial ad-

vertising in developing countries, however, calls for upgraded skills in

designing such tools in order to compete for attention (Bull et al.,

2001; Whitelaw and Watson, 2005).

The adoption of safe behaviour is more difficult to obtain since it is

not simply a direct consequence of the health awareness. Especially

for diseases related to poverty such as STH infections, the suggested

solution might not be available or too expensive to adopt. Although

deprived communities understand the importance of the safe disposal

of faecal matter and of wearing shoes, poverty often hinders the

construction of latrines and the purchase of shoes.

For STH infections, the aims are: (i) to reduce the faecal con-

tamination of the soil, by recommending the use of latrines, (ii)

to develop self-protection from re-infection, through personal/

family hygiene measures such as washing hands and proper food
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preparation, and (iii) to avoid spraying night soil on vegetables in

communities where this habit is common.

Frequently, in STH endemic areas, latrines are not available or not

in sufficient number for the population needs (Cairncross, 2003),

therefore the knowledge and motivation for behavioural change must

be sustained with the availability of proper facilities for excreta

disposal.

Providing information on the disease and the possible adoption of

preventive measures frequently results in increase of knowledge but

not necessarily in behavioural change (O’Cathain et al., 2002).

Informed choice in the context of health care, competence (of patients

to understand the problem) and the possibility of making a decision

(availability of an alternative choice) are also necessary (Reeves,

2002).

Promotion of latrine maintenance and use, washing of hands and

proper food handling have benefits that go beyond the control of

STH infections. From this perspective, it is reasonable to include

health education in all STH control programmes when the health

education message can be provided in a simple and inexpensive way.

Health education messages can be delivered by teachers in schools

thereby fostering changes in health behaviour in children, which in

turn involve their parents and guardians. On the other hand, intensive

and sophisticated campaigns can represent the main cost for an STH

control programme and impair significantly the cost-effectiveness of

the control effort (Mascie-Taylor et al., 1999). The effectiveness of

health education campaigns in increasing health awareness and

changing defecation habits varies according to different reports

(Guanghan et al., 2000; Lansdown et al., 2002).
2.3. Sanitation

Sanitation is composed of two elements, which are complementary:

‘‘hardware’’ such as toilets, latrines and sewage treatments, and

‘‘software’’ such as personal hygiene and legislation. Sanitation in the

context of economic development is the only definitive intervention

that eliminates STH infections. STH infections are never a public
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health problem where hygiene and sanitation standards are

appropriate. Improvement of the sanitation standard always has a

repercussion on infection and re-infection levels. Studies from the

West Indies showed that prevalence of STH infections were signifi-

cantly lower in areas with improved sanitary conditions as was re-

infection. Crowding and the type of excreta-disposal facility were the

only significant predictors of re-infection (Henry, 1988). Similar re-

sults were obtained in urban slums of Bangladesh (Henry et al., 1993)

and in the plantation sector of Sri Lanka (Sorensen et al., 1994).

Sanitation, however, does not become effective until it covers a

high percentage of the population (Esrey et al., 1991). In Zimbabwe,

despite the marked increase in the number of latrines, no relationship

was found between hookworm re-infection intensities and the avail-

ability of latrines on individual farms (Bradley et al., 1993). The effect

of improved sanitation on helminth transmission is slow to develop

and may take decades to achieve a measurable impact. Often, the

high costs involved, prevent the provision of sanitation to the com-

munities most in need (Asaolu and Ofoezie, 2003).

In addition, latrine coverage is not a solution, unless the latrine is

used and maintained. Studies in Senegal (Sow et al., 2004) demon-

strated that, despite high latrine coverage, the majority of the children

in a village, interviewed with a questionnaire, claimed to defecate

elsewhere. Experience in Mozambique demonstrated that in areas

with low latrine coverage, even in houses where a well-maintained

latrine existed, the soil in the house-yard was contaminated (Muller

et al., 1989).

On the other hand, an alternative model, which offers a market-

based approach considers the rural poor as customers and not

beneficiaries, and may accelerate access to sanitation, enhance sus-

tainability and deliver services more efficiently. An international

NGO recently launched a project to stimulate the acquisition and use

of sanitation in rural areas of Viet Nam. A range of options that were

appealing and affordable to potential customers was developed, the

community’s willingness to pay was assessed and the perception of

benefits of sanitation was promoted through media channels and

tailored messages. Within a year coverage of sanitation access has

increased by 100% compared with the pre-project access rate. This
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success indicated that the population’s willingness to pay for

sanitation is often underestimated, provided that quality product

and services are offered with effective information (Mukherjee, 2005).
3. GROUPS AT RISK
3.1. Preschool Children

Children between 1 and 5 years of age are particularly vulnerable to

disease caused by STH infections (Carrera et al., 1984; Oberhelman

et al., 1998; Crompton and Nesheim, 2002). Though they are less

likely to harbour heavy infections, such young children, whose worm

burdens are housed in smaller bodies, are at higher risk of anaemia

and wasting malnutrition (Awasthi and Pande, 2001).

The negative effect of STH infection on iron status and nutrition in

non-immune children with light infections may be linked to an

inflammatory-triggered cytokine response in ‘‘naive’’ children, and a

consequent suppression of protein metabolism, appetite and

erythropoiesis, and not only to iron and micronutrient loss (Stoltzfus

et al., 2004).
3.2. School-Age Children

Children of primary school age (6–14 years) should be a major target

for regular treatment, because they are the group that usually has the

heaviest worm burdens for A. lumbricoides and T. trichiura, and are

steadily acquiring hookworm infections. In addition, they are in a

period of intense physical and intellectual growth and benefit most

from deworming in terms of growth and school performance (Bundy

et al., 1992; Crompton and Nesheim, 2002). Schoolchildren are the

most accessible group to reach in countries where school enrolment

rates are good (Partnership For Child Development, 1999) and even

non-enrolled siblings could be effectively outreached by promoting

advocacy through the schools (Montresor et al., 2001).
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3.3. Women of Childbearing Age

Women between 15 and 49 years of age are susceptible to iron

deficiency anaemia because of iron loss during menstruation and

because of increased nutritional needs during pregnancy (Torlesse

and Hodges, 2001; Nurdia et al., 2001). The problem is aggravated if

they have diets low in bioavailable iron and if they suffer from

hookworm infection. Hookworms feed on blood and iron deficiency

is often the consequence of this activity. Hookworm infection invar-

iably reaches peak intensity in this age group (Bundy et al., 1995a).

Antenatal anthelminthic treatment in hookworm endemic areas is

recommended for the control of maternal anaemia (WHO, 1996). The

benefits of deworming after the first trimester far outweigh the health

risks and result in improvements in maternal iron status, birth weight

and perinatal survival (Christian et al., 2004).
4. FREQUENCY OF TREATMENT
Frequency of regular treatment should vary according to the intensity

of transmission and rates of re-infection. These factors must be

considered in relation to the resources available and the cost involved

in drug purchase and distribution. When there are budgetary

constraints it is more efficient to treat a greater proportion of the

population less frequently than to treat a smaller proportion of the

population more often (Evans and Guyatt, 1995). For A. lumbricoides

infections, the most cost-effective option is to treat infrequently

(every 2 years) when effectiveness is assessed in terms of reduced

mean worm burden and reduction in disease prevalence, both in low-

and high-transmission areas. In contrast, when prevalence reduction

is used as the measure of effectiveness (prevalence recovers more

rapidly than intensity), the most cost-effective option is to treat every

4 months in high-transmission areas and every year in low-transmis-

sion areas (Guyatt et al., 1993).
�
 Treatment frequency of twice or three times a year is effective in

reducing morbidity in areas of intense transmission (prevalence
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470% and more than 10% of infections of moderate or heavy

intensity) such as in Zanzibar (Albonico et al., 1999b), Nepal

(Khanal and Walgate, 2002) and Myanmar (Thein-Hlaing, 1989).

�
 In areas with a lower intensity of transmission (prevalence

between 40% and 60% and less than 10% of infections of mod-

erate and heavy intensity), for example in Oman (Idris et al.,

2001), India (Chhotray and Ranjit, 1990) and Brazil (Machado

et al., 1996), once-yearly intervention was found to be sufficient to

reduce morbidity.
Based on these experiences and on logistic limitations, endemic

communities are classified into three categories according to the

levels of cumulative STH prevalence and intensity estimated in

the population (Table 2). An indication of the epidemiological sit-

uation of the community can be estimated from the data collected in

school-age children (Guyatt et al., 1999) and guidelines on how to

conduct school surveys have been proposed by WHO (Montresor

et al., 2002).

Each STH infection can be classified as being of light, moderate or

heavy intensity according to the thresholds established by a WHO

Expert Committee (WHO, 2002a) based on the number of STH eggs

per gram of faeces (Table 2). Helminths in different areas of the world

have different levels of egg output (Hall and Holland, 2000), so the

thresholds proposed by WHO are not rigid and should be adjusted

for the local situation. The appropriate population-based treatment

strategies recommended for each category is illustrated in Table 3

(WHO, 2002a).
5. TARGETS
The World Health Assembly in 2001 endorsed a strategy for the

prevention and control of schistosomiasis and soil-transmitted helm-

inthiasis in high-transmission areas (WHO, 2001). In the short term,

morbidity will be reduced by:
�
 access to drugs (praziquantel and broad-spectrum anthelminthics)

and good case management in all health services;



Table 2 Community classification for soil-transmitted helminth infec-
tions

Community category Results of school survey

Prevalence of any soil-

transmitted

helminthiasis

Percent of moderate-to-

heavy infections

I High prevalence or high intensity X70% X10%

II Moderate prevalence and low intensity X50% but o70% o10%

III Low prevalence and low intensity o50% o10%

Note: Each community can be classified according to prevalence and (if available)
intensity of infection. Intensity of infections are classified as below:

Ascaris lumbricoides: Light 1–4999 epg; Moderate 5000–49 999 epg; Heavy
450 000 epg

Trichuris trichiura: Light 1–999 epg; Moderate 1000–9999 epg; Heavy410 000 epg
Hookworms: Light 1–1999 epg; Moderate 2000–3999 epg; Heavy 44000 epg
Source: WHO (2002a).

Table 3 Recommended treatment strategies for soil-transmitted helmi-
nth infections

Community category Intervention in schools

(enrolled and non-enrolled

children)

Community-based

intervention

I Targeted treatment of

school-age children, 2–3

times/year

Systematic treatment of

preschool children and

women of childbearing

age in mother and child

health programmes

II Targeted treatment of

school-age children, once

per year

Systematic treatment of

preschool children and

women of childbearing

age in mother and child

health programmes

III Selective treatment Selective treatment

Note: These treatment strategies always need to be accompanied by efforts to
improve water supply, sanitation, information, education and communication.

Source: WHO (2002a).
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�
 regular treatment of at least 75% of school-age children by 2010;

�
 targeting other high-risk groups (young children, women of

childbearing age and occupational groups) through existing

public health programmes and channels.
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For long-term sustainability, environmental health will be required

including:
�
 improving access to safe water and sanitation;

�
 improved hygiene behaviour through health education.
Field experience has shown that 75% coverage is an attainable

target even in areas where school enrolment rates are low (Montresor

et al., 2001) and that a significant reduction in morbidity can be

achieved in situations of intense transmission (Albonico et al., 1999a).

Cambodia is the first country to have reached this target ahead of

schedule and other countries such as Brazil, Equador, Nepal,

Tanzania, Uganda and Viet Nam are on track to succeed.
6. DELIVERING THE INTERVENTION
Implementation of any helminth control programme at country level

requires strong links with existing interventions that already target

women and children. Deworming can readily be added to ongoing

public health programmes.
6.1. Helminth Control through Schools

Helminth control in schools is reckoned to be a most cost-effective

public health intervention in low-income countries (World Bank,

1993). Schools represent an ideal setting to reach children. Trained

teachers can distribute and administer the drug and give health

education messages to the pupils (Montresor et al., 2002). Schools

can be used to reach non-enrolled school-age children with a simple

child-to-child approach (Montresor et al., 2001). Deworming of

school-age children requires minimal financial input (Partnership For

Child Development, 1999) and gives notable nutritional and cognitive

benefits. In addition, enrolment figures and school attendance nor-

mally increase after such interventions (Miguel and Kremer, 2001).

School feeding programmes help to break the interrelated cycles of

hunger, illiteracy, poverty and disease, and serve as a platform for

deworming and other interventions (World Food Programme, 2004).
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Thirty countries worldwide now report active deworming combined

with school feeding programmes. Almost 2 million children were

reached in 2002, nearly 3 million in 2003, and over 7 million in 2004

(WHO, 2003a). STH control programmes rely strongly on volunteer

personnel who are not remunerated but need basic training for dis-

tributing the drug. The safety profile of drugs distributed without the

supervision of medical personnel must be explained. In case of any

adverse events the child should be referred to the nearest health cen-

tre. Close collaboration between the Ministry of Education and

Ministry of Health at all levels is mandatory for the success of de-

worming and other control measures such as health education

through the school system.
6.2. Helminth Control through Community-Based
Intervention

Recent experience demonstrates that many preschool children can be

reached by adding deworming to vitamin A distribution or immu-

nization campaigns. Worms and vitamin A deficiency thrive in

impoverished communities where the two problems often co-exist.

The advantage of adding deworming to vitamin A supplementation is

the coverage opportunity: over 167 million children are reached

yearly by vitamin A supplementation programmes worldwide and

more than 50 countries report more than 70% coverage (UNICEF,

2005). Deworming has been found to increase the vitamin A supple-

mentation coverage and worm-free children have a better vitamin A

status than infected children (Curtale et al., 1995). Delivering de-

worming by using the vitamin A distribution infrastructure reduces

costs and takes advantage of the access to remote communities that is

already in place.

Nepal is successfully pioneering this approach. Deworming is now

offered to children under 5 by using existing resources and the success

of vitamin A distribution campaigns is being reinforced (Khanal and

Walgate, 2002). Deworming is also being delivered during the

National Child Health Days, a way of reaching children with a

package of health measures including immunization and vitamin A
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supplementation. A similar intervention is proving to be successful in

Angola, Republic of Korea, Tanzania and Uganda (WHO, 2004b,

2005a). In Cambodia, the Ministry of Health uses monthly outreach

services to deliver a minimum package of activities through health

centres including immunization, antenatal care, health education,

family planning, tuberculosis, leprosy care, vitamin A supplements

and deworming (WHO, 2004b, 2005a).

Mother and Child Health (MCH) services offer opportunities to

provide regular deworming for childbearing women and children over

the age of 1 year (Savioli et al., 2003). The inclusion of routine

deworming now reaches 75% of pregnant women in Sri Lanka

(N.R. de Silva, personal communication). STH control measures can

also be added to other public health initiatives including Integrated

Management of Childhood Illness (IMCI), School Health

Programmes, Roll Back Malaria, Micronutrient Initiatives and

Reproductive Health—Making Pregnancy Safer.
7. IMPACT ON MORBIDITY
7.1. Preschool Children

Children under 5 experience the detrimental consequences of acute

and chronic STH infections. Recent data from East Africa indicate

that hookworms are an important cause of anaemia in preschool

children (Brooker et al., 1999) and that regular distribution of ant-

helminthics has a positive effect on motor and language development

in this age group (Stoltzfus et al., 2001). After 12 months of quarterly

mebendazole treatment in Zanzibari children, mild wasting malnu-

trition was reduced by 62% in children o30 months, moderate

anaemia (Hb o9 g/dl) was reduced by 59% in children o24 months,

and appetite was improved by 48% in all 460 children (Stoltzfus

et al., 2004). In India, Awasthi et al. (2000) found that when children

aged between 1.5 and 3.5 years received vitamin A and albendazole

every 6 months they gained 3.5 kg in 2 years, compared with 2.5 kg

gained by children given vitamin A only. In Nepal, twice-yearly
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distribution of vitamin A and albendazole to 2 million children under

5 reduced anaemia by 77% in 1 year (Mathema et al., 2004).
7.2. School-Age Children

Deworming school-age children has a considerable benefit on their

nutritional status (Stoltzfus et al., 1996; Curtale et al., 1995), physical

fitness, appetite, growth (Stephenson et al., 1993) and intellectual

development (Partnership For Child Development, 2002). Although

re-infection is inevitable where sanitation is lacking (Albonico et al.,

1995), treatment three times a year with a single dose of 500mg

mebendazole prevented 1208 cases of moderate–severe anaemia and

276 cases of severe anaemia in the schoolchildren study population

(n ¼ 30 000) in Zanzibar (Stoltzfus et al., 1998).

Studies in low-income countries of Africa (Kvalsvig et al., 1991)

and the Caribbean (Nokes et al., 1992) have shown that children with

intense STH infections perform poorly in learning ability tests, cog-

nitive function and educational achievement. Differences in test per-

formance equivalent to a 6-month delay in development can be

attributed to moderate/heavy T. trichiura infections (Nokes and

Bundy, 1994). Deworming schoolchildren assists their ability to learn.

Tests have shown that a child’s short-term memory, long-term mem-

ory, executive function, language, problem solving and attention

respond positively to deworming (Watkins and Pollit, 1997). Inter-

estingly, girls display greater improvements than boys. For the most

heavily infected children, their educational performance shows an

improvement after treatment. For the less heavily infected,

deworming may allow them to catch up with uninfected peers over

the longer term (Nokes et al., 1992).

Deworming is usually followed by a significant reduction in school

absenteeism. For example, Jamaican children enduring intense infec-

tions with T. trichiura miss twice as many school days as their

infection-free peers (Nokes and Bundy, 1993). A randomized trial in

Kenya indicated that school-based targeted treatment with deworm-

ing drugs reduced school absenteeism in treated schools by 25%.

(Miguel and Kremer, 2001.)
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7.3. Pregnant Women

Despite understandable concerns about the risk to the unborn child

of offering deworming drugs to pregnant women, significant benefits

follow for mother and infant when hookworm infections are reduced.

A study in Sierra Leone demonstrated that a single dose of

albendazole given to pregnant women after the first trimester helped

to prevent the decrease in haemoglobin concentrations that continued

to occur in the untreated group (Torlesse and Hodges, 2001). An

analysis of over 7000 pregnancies in Sri Lanka reported that me-

bendazole therapy during pregnancy is associated with a significant

improvement in birth weights, fewer stillbirths and perinatal deaths,

and that there was no increase of birth defect rates compared to the

untreated women (de Silva et al., 1999).

A controlled study in rural Nepal, where the prevalences of hook-

worm and Ascaris infection were roughly 70% and 50%, respectively,

demonstrated that deworming greatly improves the health of preg-

nant women and the birth weight and survival of their infants. After

albendazole treatment in the second trimester there was a significant

decrease in the prevalence of severe anaemia in pregnant women, the

birth weight of babies from mothers given two doses of albendazole

rose on average by 59 g, and the infant mortality rate at 6 months had

fallen by 41% (Christian et al., 2004). This work confirms that

deworming should be considered as part of routine antenatal care in

areas where hookworm infections are endemic. The Essential Care

Practice Guide for Pregnancy and Childbirth (WHO, 2003b), which

provides support to the Integrated Management of Pregnancy and

Childbirth (IMPAC), recommends anthelminthic treatment for all

pregnant women in the second and third trimester attending clinics if

they did not receive such treatment in the last 6 months, and also

treatment for all postpartum women.

Women in the first trimester of pregnancy are precautionally ex-

cluded from any treatment (including anthelminthic). In developing

countries, this principle presents some problem of application

because some women in the first trimester of pregnancy may not be

aware of their pregnancies. Also the performance of pregnancy

testing in all women of childbearing age before administering
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anthelminthic treatment is not usually affordable. Adolescent girls

who may be in early pregnancy while still at school and when the

school is in a deworming scheme are a concern. Results from studies

that have evaluated inadvertent deworming during the first trimester,

however, have indicated that the risk of extra birth defects is

negligible and that benefits in treating hookworm-induced iron de-

ficiency anaemia both for the mother and the newborn far outweigh

the risk of taking anthelminthic tablets in early pregnancy (de Silva

et al., 1999; Torlesse and Hodges, 2001; Diav-Citrin et al., 2003;

Christian et al., 2004).
7.4. Adults

Adult populations are also vulnerable to high-intensity hookworm

infections. Studies conducted in rural China, Brazil and elsewhere

reveal that the elderly often suffer from high intensity of hookworm

infection and clinical hookworm disease with impairment of work

productivity (Gandhi et al., 2001; Bethony et al., 2002). The rela-

tionship between STH infections and labour productivity has been

studied in various settings, such as tea-picking communities in Asia

(Gardner et al., 1977; Gilgen et al., 2001), road workers in Africa

(Brooks et al., 1979; Wolgemuth et al., 1982) and rural communities

in Latin America (Viteri and Torun, 1974). Iron deficiency anaemia,

the hallmark of hookworm infection, is the major cause of weakness

and fatigue in adults in endemic countries (Crompton and Nesheim,

2002). Not only do the infections significantly reduce the ability to

sustain even moderate levels of labour, they also reduce the pace and

time spent at work. STH control would increase country productivity

and aid economic development (Guyatt, 2000).
8. COST OF THE INTERVENTION
The cost–benefits of the control measures for morbidity due to STH

infection is influenced by the ecological and environmental situation,

by the availability of local anthelminthic drug production, and by the
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presence of infrastructures and facilities that can be used to reach the

high-risk groups.
8.1. Regular Chemotherapy

Calculations indicate that a bundle of diseases, including schisto-

somiasis, soil-transmitted helminthiasis, onchocerciasis, lymphatic

filariasis, trachoma and vitamin A deficiency, can be controlled at

costs for drug and nutrients ranging from about US$ 1 to 2.50 per

patient (Molyneux and Nantulya, 2004). Fenwick et al. (2005) esti-

mated that a package of interventions could be provided at a cost of

US$ 0.40 per person per year. The infrastructure for the delivery of

such a package of health care to millions of poor people already exists

in many endemic areas through primary health care provision, public

and private schools, faith-based organizations and social institutions.

In deprived communities, where sanitation is practically non-existent

and the prevalence and intensity of infection are high, a suitable in-

frastructure (such as the school system or a national immunization day)

should be used to distribute at least regular treatment to the groups at

risk. The cost of adding this intervention is normally marginal.

Over 1.3 million preschool children were dewormed during the

2002 vitamin A distribution campaign in Nepal. The yearly cost of

the vitamin A intervention is estimated at US$ 1.7 million (Fiedler,

2000). An additional expenditure of US$ 80 000 (about 4% of the

cost of the vitamin A distribution) covered the cost of adding bian-

nual deworming to the vitamin A campaign (Mathema et al., 2004).

Since 1998, the World Food Programme (WFP) has incorporated

deworming in the School Feeding Programme (SFP) in Nepal and, in

light of the nutritional consequences, decided to include deworming

(including schistosomiasis control) in all the countries where SFPs are

conducted (Bordignon and Shakya, 2003). Thirty countries now

conduct combined deworming and school feeding programmes. The

average cost per child per year is 70 US cents: 4 cents for

mebendazole, 25 cents for praziquantel, 30 cents for training,

monitoring and educational materials; and the remaining 11 cents

for delivering both drugs (WHO, 2003a).
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In Ghana with over 80 000 school-age children treated and Tanzania

with over 100 000 school-age children treated, the estimated costs for

school-based delivery of albendazole was US$ 0.04 and US$ 0.03,

respectively (Partnership for Child Development, 1999).

In Cambodian schools, deworming is promoted by means of a

school kit, which contains deworming tablets, health education post-

ers and pamphlets for teachers, games and attractive pictures giving

simple messages on how to prevent infection. The coverage of pri-

mary school-age children was 84% in 2003, and the biannual

deworming campaign from 2004 onward is estimated to cost US$

0.04 per child treated (Sinoun et al., 2005).

The advantage of regular deworming lies in its simplicity (one

tablet per child), cheap delivery (by teachers through schools), and

safety record (the benefits of treatment far outweigh the risk of minor

side effects). Many organizations, including NGOs, could include an

STH control package in their routine activities and, even with limited

budgets, relieve the burden of STH in the population covered.
8.2. Health Education

The contribution of health education towards the control of STH

infections and morbidity varies according to different reports.

A randomized trial in 25 schools in Viet Nam did not find that in-

tensive health education had any effect on the intensity of re-infection

6 months after treatment (Partnership For Child Development,

unpublished results). Other authors observed increased levels of

knowledge and improved health behaviour in the population (Lans-

down et al., 2002), and measured a decrease in re-infection rates

(Guanghan et al., 2000). Cost analysis of work in Bangladesh

indicates that regular mass treatment with albendazole is the most

cost-effective control strategy and strategies involving health educa-

tion were the least cost-effective (Mascie-Taylor et al., 1999).

The importance of health education, however, should not be meas-

ured merely by cost-effectiveness alone. Health education, in com-

munity health, has the same role as the medical information and

counselling given by the physician to the patient in clinical medicine.
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The effects of establishing a good relationship between the health

system and the community is not always directly measurable with

regard to the success of the control measures. The effect of health

education in community health includes improvement in loyalty and

trust between the educators and the community. When such a

relationship is established, the community is no longer a simple re-

cipient of the medical intervention but becomes one of the partners in

the health process.
8.3. Sanitation

The investment needed to provide access to adequate sanitation is

beyond the resources of low-income countries. In addition, although

improved water and sanitation contribute to reduce incidence of

infection (Esrey et al., 1991), morbidity due to infection may persist

(Asaolu et al., 2002). The coverage of properly built, used and main-

tained sanitation has to be higher than 90% to have any effects on

worm transmission and critically depends on the general socioeco-

nomic status of the community (Asaolu and Ofoezie, 2003).

A recent experience from STH control in Viet Nam, based on

regular deworming, latrine construction and health education, has

shown that the cost per child for each latrine has been estimated at

US$ 7.9 (an amount equal to receiving over 200 doses of regular

deworming). The building of new latrines was considered important

as a good example for the schoolchildren and a way for providing

essential sanitation at least in school. This intervention, however,

increased the latrine coverage in each community of less than 1%. To

have a significative impact (e.g. 20%) in the latrine coverage, an

investment of US$ 50 000 is considered necessary in each community,

and a total of over US$ 9 million for an entire province (Montresor,

personal communication).

The magnitude of the problem of providing sewerage is a big

challenge in large urban centres in developing countries. In Lagos,

Nigeria, according to population projections, there may be an addi-

tional 1240 tons of human stool being deposited daily in the areas

where the poor people live. The installation costs of modern sewerage
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similar to the type found in developed countries for the poor

population of Lagos could amount to a billion US dollars or more.

Progress has been made in developing a variety of latrines for rural

communities, but these may not be appropriate for slums and squat-

ter settlements with a shortage of land for dwellings and at sea level

(Crompton and Savioli, 1993).

The resources needed to improve hygienic standards can be huge,

but the collaboration of different initiatives dealing with hygiene and

prevention of diseases related to poor hygiene will help create the

synergy needed to reduce both disease and poverty. A reliable eval-

uation of the advantage of investments in sanitation must include the

consequences for other health services and for economic develop-

ment. An efficient sanitation infrastructure removes the underlying

cause of most poverty-related communicable diseases and so supports

the economic development of a country.
9. NEW TECHNOLOGY FOR SUSTAINING DEWORMING
Regular chemotherapy with single-dose anthelminthic drugs will be

the mainstay for control of morbidity due to helminth infection in

endemic countries for several years. No new drugs have been recently

developed, tested and registered and it is essential to make the best

use of existing products. This is particularly important in the light of

increasing drug resistance of nematodes of livestock to veterinary

versions of anthelminthic products also used in human (Geerts and

Gryseels, 2001). Recent evidence suggests reduced efficacy of benz-

imidazoles against hookworm infections in humans after 15 rounds

of treatment (Albonico et al., 2003). Reduced efficacy after drug ex-

posure and treatment failures are signs that drug resistance may

emerge. Assessment and monitoring of efficacy of anthelminthic

drugs in areas where they are commonly used should be performed in

a standard way so as to warn of possible treatment failures and

stimulate further investigations. In addition to the available meas-

urement of reduction in faecal egg count following treatment, tests

such as the Egg Hatch Assay have been developed to monitor

benzimidazole efficacy against human hookworms (Albonico et al.,
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2005). The development of molecular probes with PCR techniques

offers a more sensitive technique for drug efficacy monitoring (Roos

et al., 1995). Research studies to identify sensitive and resistant genes

in worm populations are still at an early stage in humans (Albonico

et al., 2004).

The creation of a global network for monitoring anthelminthic

drug efficacy and resistance, coordinating research efforts, and trans-

lating operational research outcome into health policy is a

much-needed response to this emerging threat. Such a network will

depend on action by different partners and dedicated funding. A

successful example is the concerted action on the use of praziquantel

for the treatment of schistosomiasis in Africa, which is funded by the

European Union and involves a forum of scientists and public health

planners (Hagan et al., 2004).

Combined treatment with two drugs with different modes of action

or their alternate use are among the strategies used to safeguard

efficacy and to delay the possible emergence of drug resistance.

Combined treatment with mebendazole and levamisole has been

proved safe and more effective than either drug alone (Albonico

et al., 2003). A pyrantel–oxantel combination is more effective than

benzimidazole drugs in curing T. trichiura infections (Albonico et al.,

2002). Ivermectin and albendazole are effectively and safely given in

combination in some countries as mass treatment to eliminate

lymphatic filariasis and have ancillary benefits in controlling other

helminthiases including strongyloidiasis (Belizario et al., 2003).

Co-administration of praziquantel and albendazole is recommended

where schistosomiasis and intestinal helminthiasis are endemic (Olds

et al., 1999).

In addition to chemotherapy, a new hookworm vaccine against N.

americanus infection is being developed and tested by the Human

Hookworm Vaccine Initiative (Hotez et al., 2003). It is proposed that

chemotherapy would be given first to treat existing cases and then a

vaccine would be administered to prevent or to delay further

re-infection. It is unlikely that a hookworm vaccine will interrupt

transmission due to the heterogenicity in hookworm transmission and

the need for a vaccine to provide protection for at least two-thirds of

an individual’s lifetime (Anderson, 1982). The vaccine would decrease
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the number of L3 larvae invading the gastrointestinal tract, prevent

their development into adult worms (larvicidal effect), and it would

also reduce the sexual development of female worms (antifecundity

effect). The major benefit will be directly reducing individuals’ worm

burden. A first generation product known as Na-ASP-2 hookworm

vaccine against N. americanus has been developed and comprises a

larval hookworm recombinant protein engineered and purified from

yeast. Proof-of-concept for the efficacy of the Na-ASP-2 vaccine to

reduce hookworm burden and intestinal blood loss will be evaluated in

a Phase 2b clinical trial in Minas Gerais State, Brazil. An uncertainty is

how much such a vaccine costs to manufacture. Finding an innovative

financing mechanism and a cost-efficient delivery mechanism represent

the major challenges for the successful deployment of hookworm vac-

cines (Bundy et al., 1995b; Brooker et al., 2005).
10. SCALING UP DEWORMING FOR SCHOOL-AGE
CHILDREN
Following the 2001 WHA resolution, WHO was requested to set up a

system to monitor each endemic country’s progress towards the 2010

target. A global databank has been established at WHO (http://

www.who.int/wormcontrol) to track the number of people who are

treated each year for soil-transmitted helminthiasis and schist-

osomiasis, and epidemiological data describing the distribution of

infections are regularly collected and displayed using the geographical

information system technology. Country profiles, including informa-

tion on coverage data, plans of action, anthelminthic drugs on the

Essential Drug List and their cost, are collected through question-

naires and extensive liaison with other partners, regional colleagues

and national programme managers. Global progress in coverage in

school-age children from 1999 to 2004 is reported from 73 out of 104

endemic countries. Although data is awaited from 26 countries in the

Pan American Health Organization and from India and China, there

is a steady increase of coverage over time. Thirty of the 73 countries

are known to be expanding control activities (Figure 2, which is Plate

8.2 in the separate colour plate section) (WHO, 2005b).
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The Schistosomiasis Control Initiative (SCI) is assisting Uganda,

Burkina Faso, Mali, Niger, Tanzania (including Zanzibar) and

Zambia to scale up schistosomiasis and helminthiasis control to a

national level. SCI has promoted integration of other deworming

programmes at the country level, the synergistic deworming in col-

laboration with the Programme to Eliminate Lymphatic Filariasis

(PELF) being an example. SCI, with funds from the Bill and Melinda

Gates Foundation, has facilitated registration of drug products in

each country, promoted local production by national pharmaceutical

companies and strengthened procurement agencies at country level

according to local needs (Fenwick, in press). In addition to these

countries Cambodia, Nepal, Ecuador, Brazil, and Viet Nam, are also

examples of good progress in helminth control.

WHO and other partners are building regional and country ca-

pacity to strengthen implementation of control programmes. WHO

has provided evidence as to how deworming helps to meet some

Millennium Development Goals and progress towards achieving

them should be further documented (Lancet, 2004). In order to

meet the target of reaching about 650 million children by 2010,

deworming should become part of a multi-disease control

approach, by maximizing links with chemotherapy-based control

of lymphatic filariasis, onchocerciasis, trachoma and other diseases

of poverty, thereby building a pro-poor strategy for sustainable

development (Lancet, 2004; Molyneux and Nantulya, 2004;

Molyneux et al., 2005).
11. QUESTIONS NEEDING ANSWERS
Partners for Parasites Control recently gathered to discuss the best

way forward in helminth control; the following research needs and

priorities emerged (WHO, 2005b).
�
 Advocacy for sustaining the effort to control helminthiasis re-

quires the latest and best information. The compelling evidence

for detrimental effects of helminth infections and the benefits

from deworming should be sustained with further knowledge and
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updated data. The disease burden should be regularly revised and

expressed in terms of the most reliable DALYs available.

�
 There is emerging evidence that concurrent worm infections may

have synergistic effects on the severity of malaria, on progression

of HIV/AIDS, and on the development and effects of anaemia

(Fincham et al., 2003; Spiegel et al., 2003). These interactions and

potentially important consequences merit more extensive

investigation.

�
 Impressive benefits of deworming on education, poverty reduc-

tion and contribution towards the Millennium Development

Goals have been put forward, though they need further quanti-

fication and wider dissemination.

�
 Further research on the possible use of ‘‘packaging’’ deworming

with other programmes is needed to sustain science-based synergy

and integration with lymphatic filariasis and onchoceriasis elim-

ination programmes, vitamin A distribution campaigns, Child

Health Days, malaria, expanded programme of immunization.

�
 There is inconsistency between WHO recommendations and drug

producers’ prescribing information about the use of anthelminthic

drugs during pregnancy. The WHO recommendations are based

on toxicological evidence presented to experts in two Informal

Consultations (WHO, 1996, 2002b). The full-scale toxicological

review and the extensive process required by regulatory bodies

should be undertaken by the pharmaceutical industry. A pressing

issue to be addressed is the need to set up a reliable system for

pharmacovigilance in community deworming campaigns.

�
 Sensitive molecular tools to monitor anthelminthic drug efficacy

need to be developed. Waiting for drug resistance to occur before

seeking funds for research on drug efficacy monitoring might be

too late a response to this potential problem.

�
 The possibility of development of new anthelminthic drugs and

the efficacy and safety of available drugs administered in com-

bination should be evaluated.

�
 Availability of efficient vaccines would make a difference in helmi-

nth control. Trials for the development of vaccines against schisto-

somiasis and hookworms should be supported, and collaboration

between research and control should be encouraged.
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ABSTRACT

Onchocerciasis is a filarial infection which causes blindness and de-

bilitating skin lesions. The disease occurs in 37 countries, of which 30

are found in Africa (the most affected in terms of the distribution and

the severity of the clinical manifestations of the disease), six in the

Americas and one in the Arabian Peninsula. The latest WHO Expert

Committee on Onchocerciasis estimated that in 1995 around 17.7

million persons were infected, about 270 000 of whom were blind and

another 500 000 severely visually impaired. The disease is responsible

for 1 million DALYs. Eye disease from onchocerciasis accounts for

40% of DALYs annually although severe skin disease is also recog-

nized as of public health significance. Great progress has been made

in the last thirty years in the control of onchocerciasis, both in

Africa and the Americas, and this progress has been due largely

to international public–private partnerships, sustained funding

regional programmes, and new tools and technology. Landmarks in

the global control of river blindness include the significant success of

the Onchocerciasis Control Programme of West Africa (1975–

2002), and the donation of ivermectin (Mectizans) by Merck &

Co. Inc., in 1988, a medicine that is distributed to millions free

of charge each year. Future major technical challenges of on-

chocerciasis control include ivermectin mass administration in

areas co-endemic for the parasite Loa loa in the light of possible

severe adverse reactions, ivermectin treatment in hypoendemic areas
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hitherto excluded from African control programmes, sustainability of

ivermectin distribution, post-control surveillance for recrudescence

detection, surveillance for emergence of resistance, and decisions of

when to stop mass ivermectin treatments. There is the need to develop

the appropriate information systems and diagnostic tools to help in

accomplishing many of these tasks. A search for a second-line

treatment or as an additional drug to ivermectin as well as a search

for a macrofilaricide are issues that need to be addressed in the

future.
1. INTRODUCTION
Onchocerciasis, also known as river blindness, is caused by a nem-

atode filarial worm that causes blindness and debilitating skin lesions.

The disease occurs in 37 countries, of which 30 are in Africa, six in the

Americas and one in the Arabian Peninsula. Africa is by far the most

affected continent both in terms of the extent of the distribution and

the severity of the clinical manifestations of the disease. On-

chocerciasis remains a major parasitic endemic disease especially in

Central and East Africa. The latest World Health Organization

(WHO) Expert Committee on Onchocerciasis estimated that in 1995

around 17.7 million persons were infected, about 270 000 of whom

were blind and another 500 000 severely visually impaired (WHO,

1995a). Over 99% of the estimated 17.7 million persons infected with

this filarial parasite live in Africa, while about 140 000 people in the

Americas are infected with the worm. The disease is responsible for 1

million DALYs annually. Worldwide, onchocerciasis is one of the

most important infectious causes of blindness, being second only

to trachoma in number of persons affected (Thylefors et al., 1995;

Lewalen and Courtright, 2001). Eye disease from onchocerciasis

therefore represents the main public health challenge accounting

for 40% of the attributable DALYs although severe skin disease

is also recognized as of major public health significance (Hagan,

1998). Great progress has been made in the last three decades to

control onchocerciasis, both in Africa and the Americas, and

this progress has been due largely to international public–private
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partnerships, regional programmes, sustained financing and the

development of new tools and technology. Landmarks in the global

control of river blindness include the significant success of the On-

chocerciasis Control Programme (OCP) of West Africa (1975–2002),

which is held as one of the great triumphs of tropical public health,

and the donation of ivermectin (Mectizans) by Merck & Co. Inc.,

in 1988, a medicine that is distributed to millions free of charge

each year.
2. THE PARASITE LIFE CYCLE AND HUMAN DISEASE
2.1. Onchocerca volvulus

2.1.1. Life Cycle and Transmission

The parasite, Onchocerca volvulus, is transmitted by small blackflies

of the genus Simulium, which breed in fast-flowing, highly oxygenated

rivers and streams (Blacklock, 1926). An infected blackfly deposits

one or more O. volvulus larvae into the human host when it takes a

bloodmeal. These larvae develop into mature adult worms in about a

year. They commonly aggregate into fibrous nodules that lie under

the skin usually over bony prominences. The adult female has a mean

life span of 12–15 years with a reproductive life span of about nine to

11 years (Habbema et al., 1992). When fertilized by a male worm, she

is viviparous, releasing millions of embryos called microfilariae (mfs),

which themselves live for about two years. The mfs that are released

by the adult worm migrate from the nodules to swarm in the dermal

layers throughout the body where they can be taken up by blackflies

during a blood meal. The mfs develop into infective larvae in the

blackfly from which they can be deposited in another human being

with a subsequent bite, thus completing the life cycle of the parasite

and the transmission for the infection. O. volvulus develops only in

man and has no animal reservoir. Two different types of O. volvulus

are found in West Africa; the savanna and the forest types, each

associated with the different species of the Simulium damnosum s.l.

complex (Crosskey, 1990).
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2.2. The Vector

S. damnosum s.l. which has a wide distribution in Africa and Yemen

is the most important vector of the disease. The S. damnosum com-

plex of species distributed in forest and savanna habitats have var-

iables capacities to transmit O. volvulus. In East Africa, transmission

of onchocerciasis also occurs by S. neavei. Several vectors transmit

O.volvulus in Latin America; the most important vectors are S.

ochraceum in Mexico and Guatemala, S. metallicum in Venezuela, S.

exiguum in Ecuador, and S. oyapockense in Brazil (Zea Flores, 1990;

Shelley, 1988). As a general rule, blackfly species are best adapted to

transmit corresponding O. volvulus parasites from their original re-

gion (Duke et al., 1991), and blackfly vectors in the Americas are less

efficient in transmitting the parasite than those in Africa.
2.3. The Disease

2.3.1. Clinical Manifestations

Clinical manifestations of onchocerciasis occur one to three years

after infection, when the adult worms begin producing mfs. Dead mfs

provoke host inflammatory reactions in the tissue that presents as

intense skin irritation and lesions of acute papular oncho dermatitis

(APOD) and chronic papular oncho dermatitis (CPOD). Severe pru-

ritus (‘‘troublesome itching’’) is one of the most important symptoms

of onchocerciasis (Brieger et al., 1998; WHO, 1995b). Mfs can mi-

grate from the skin to enter the eyes and cause ocular morbidity (Hall

and Pearlman, 1999; Pearlman and Hall, 2000). Visual loss from

acute and chronic ocular disease of both the anterior (sclerosing

keratitis, irido-cyclitis) and posterior segments (optic atrophy,

choroido-retinitis) occur. In the most severe cases, blindness in one

or both eyes occurs. Recent evidence suggests Wolbachia endobac-

teria (symbionts of arthropods and filarial nematodes) contain lipo-

polysaccharides that are released with the death of mfs and contribute

to the inflammatory pathology associated with the disease (Taylor

and Hoerauf, 1999; Saint André et al., 2002; Taylor et al., 2005).
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3. GEOGRAPHICAL DISTRIBUTION AND
EPIDEMIOLOGICAL PATTERNS
3.1. Distribution in Africa

Onchocerciasis is widely distributed in Africa between latitudes 151N

and 141S, extending from Senegal in the west to Ethiopia in the east

and from Mali in the north to Malawi in the south. Outside Africa,

onchocerciasis occurs in a highly focal manner in Latin American

countries (Brazil, Colombia, Ecuador Guatemala, Mexico, and Ven-

ezuela) and in Yemen in the Arabian Peninsula (Figure 1).

In Africa, there are two broad clinical-epidemiological patterns of

the disease; blinding (savanna) and the non-blinding (forest). In gen-

eral, the primary manifestations of onchocerciasis in the forest belts are

of severe skin disease. In West Africa, blindness rates are significantly

higher in savanna communities with mf prevalence of greater than

60% (hyperendemic) compared to communities with similar prevalence

in the rain forest (Anderson et al., 1976; Dadzie et al., 1989, 1990). In

the most hyperendemic villages in the savanna over 10% of the popu-

lation may be blind due to onchocerciasis. Without intervention more

than 50% of the total village population may become ultimately blind.

In Central Africa the pattern is less clear, with severe blinding as well

as less-blinding onchocerciasis being found in both savanna and forest

belts. Onchocercal skin disease is most prevalent in East Africa, where

blindness is rare (Brieger et al., 1998; WHO, 1995b). Skin disease and

severe pruritus (‘‘troublesome itching’’) has recently been recognized as

affecting more than 50% of the population in some communities in the

rain forest belt where the prevalence of blindness due to onchocerciasis

is relatively low (Kale, 1998). ‘‘Troublesome itching’’ now accounts

for 60% of DALYs attributable to onchocerciasis (Figure 2, which is

Plate 9.2 in the separate colour plate section).
3.2. Distribution in the Americas

In the Americas, onchocerciasis occurs in 13 discrete foci in six coun-

tries: Brazil, Colombia, Ecuador, Guatemala, Mexico, and Venezuela
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(Figure 3, which is Plate 9.3 in the separate colour plate section). The

disease was introduced into the region by the slave trade, and molec-

ular studies indicate that it was the savanna blinding strain that was

established in the Americas. In fact, the linkage between ocular dis-

ease andO. volvulus infection was not recognized initially in Africa, but

in Guatemala by Rodolfo Robles near the turn of the last century.

Ocular pathology attributable to onchocerciasis still occurs in many of

the American foci, especially southern Venezuela and Brazil (Botto,

1997), but blindness is now rare to nonexistent. Skin disease and

pruritus are the major clinical manifestations in the region. In the

Yemen, the disease manifests as a pruritic and discolouring skin con-

dition (Sowda), an apparent hyperreactive immune response to the

infection.
4. DIAGNOSIS AND TREATMENT
4.1. Diagnosis

Diagnosis of onchocercal infection is required to determine individ-

uals who need treatment, or, with mass treatment programmes, where

treatment should be delivered. Diagnostics are also important to as-

certain the impact an intervention is having on the infection and

whether or not there is reappearance of the infection or renewed

transmission in a given area. Diagnostics are important for validating

model predictions, and in the future for helping to determine when

and where mass-treatment activities can be stopped.
4.1.1. Parasitological Diagnosis

The skin snip biopsy, which affords both a parasitological diagnosis

and allows the determination of intensity of infection, is the gold

standard for the diagnosis of onchocerciasis. This method is very

specific but insensitive when mf counts are low or absent, and so is

inadequate for detecting early, low-intensity or pre-patent infections.

Additionally, given that ivermectin treatment has a prolonged clear-

ing effect on skin mf, this renders the skin snip method of diagnosis
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less sensitive in areas where mass ivermectin treatment is being de-

livered (Boatin et al., 1998). As ivermectin is currently distributed in

virtually all accessible onchocerciasis endemic areas (as well as in

some lymphatic filariasis endemic areas that either overlap or are

close to onchocerciasis zones), there is an urgent need for diagnostic

tests which are sensitive enough to detect light infections or ‘‘ami-

crofiladermic’’ infections. Such tests should be biased towards

specificity for O. volvulus (rather than sensitivity) to avoid long-last-

ing decisions made on false-positive results. The ideal test would be

practical for field use, noninvasive, inexpensive, and acceptable to the

community for large epidemiological assessments. Various tests have

been developed in an effort to replace the skin biopsy (immunodi-

agnostics, DNA probes, and the DEC skin patch test), none of which

have had the required characteristics to replace the skin biopsy. An-

tibody detection tests are not able to distinguish between past and

current infections and so have not been useful in following up in-

dividuals after chemotherapy (Nutman et al., 1994). For the purpose

of ascertaining complete elimination of onchocerciasis in a commu-

nity it would be profoundly useful to have a test which can detect

Onchocerca antigens rather than antibodies.

4.1.2. Immunodiagnosis

The main challenge in the development of antibody detection tests for

onchocerciasis is to produce an antigen, which would be sufficiently

specific and sensitive. Earlier attempts with recombinant antigens

showed that individually they were specific but adequately highly sen-

sitive, or had variable sensitivity in different geographic areas. In an

attempt to improve sensitivity, a combination of antigens (‘‘the tri-

cocktail’’ of OV-7, OV-11, and OV-16) was developed, which had an

epidemiological sensitivity of 70–80% compared to the PCR (standard

of 100%) depending on the locality. The specificity of this tricocktail

was high (96–100%), but the test is not in common operational use.

Another test based on one of the tricocktail antigens, OV-16, was

placed in a rapid-format card test that could detect IgG4 antibodies in

10minutes (Weil et al., 2000). The advantage of this test was that it could

be performed in the communities and provide immediate results. The test
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was never placed into production and is no longer available in a rapid

format. However, OV-16 testing in ELISA is still being used in sero-

surveys in areas where transmission is thought to be interrupted in the

Onchocerciasis Elimination Programme for the Americas (OEPA).

4.1.3. DNA Probes

Molecular techniques to detect the repetitive DNA sequence 0–150

(found in only O. volvulus) applied in entomological monitoring (see

Section 6.1) have also been used to detect parasite DNA in skin snips,

with epidemiological specificities of 100% (Zimmerman et al., 1994). A

major disadvantage of the PCR assay for routine use is its relative high

cost and the need to perform the relatively invasive and often unpop-

ular skin biopsy. At present, DNA probes for monitoring human dis-

ease is not generally used for the detection of O. volvulus infection.

4.1.4. The DEC Patch Test

The skin patch test is performed by the exposure of a small area of

skin to a patch containing topical 10% DEC in Nivea cream for 48

hours. A positive test is the finding of a local ‘‘Mazzotti’’ reaction

(Mazzotti, 1948) (most commonly a papular rash) under the patch,

resulting from localized killing of dermal mfs. Noninvasive compared

to the skin biopsy, the patch test was evaluated in OCP areas to assess

its value in detecting infection in children born after the intervention

started. The test has shown about 80% sensitivity when compared to

the skin biopsy, with a specificity of 97%. Standardization of the test,

and sensitivity issues, remain to be resolved before the test can be

assimilated into routine epidemiological monitoring activities (Stingl

et al., 1984; Newland et al., 1987).
5. TREATMENT
5.1. Suramin and Diethylcarbamazine

Until the 1980s only two drugs, suramin and diethylcarbamazine

(DEC) were available for the treatment of onchocerciasis (WHO, 1987).
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Suramin is macrofilaricidal (Ashburn et al., 1949), and has been used

successfully in limited mass treatment (Dawood, 1978; Rougemont

et al., 1980, 1984), but its toxicity (damage to the kidneys) and the

difficulties associated with its mode of administration (repeated injec-

tions for several weeks) have limited its usefulness for both individual

and large-scale treatment (Awadzi et al., 1995). The piperazine deriv-

ative diethylcarbamazine (DEC) has only microfilaricidal action, has to

be given over several days, and frequently produces severe adverse

reactions such as fever, headache, rash, and oedema (the ‘‘Mazzotti’’

reaction), especially in those heavily infected (Awadzi and Gilles, 1980).

DEC can also rapidly advance onchocercal eye disease leading to ir-

reversible ocular damage. Accordingly, neither drug is recommended

for routine onchocerciasis treatment or community control activities

(WHO, 1995a, 2001). Given the lack of an appropriate drug, which was

suitable for mass treatment or field use in the 1980s, most of those

infected could not be treated, and ran the risk of developing eye lesions

and subsequently blindness and/or skin manifestations from the

infection.

5.2. Ivermectin

Ivermectin (Mectizans, Merck & Co.) is a semisynthetic macrocyclic

lactone derived from Streptomyces avermitilis, which was registered

for the treatment of human onchocerciasis in October 1987 in France.

Ivermectin was the first microfilaricide suitable for large-scale

onchocerciasis treatment (Awadzi et al., 1985; De Sole et al., 1989;

Remme et al., 1989; Prod’hon et al., 1991; Whitworth et al., 1991;

Collins et al., 1992). Donated free by Merck & Co. Inc. for as long as

needed, the oral medication is safe and effective when given at the

standard dose of 150mg kg body weight�1. Relative to DEC, its ad-

verse effects are mild and non-ocular (Brown and Neu, 1990). One

important characteristic is that despite its short half-life a single dose

provides long-lasting suppression of microfilaridermia (Greene et al.,

1985), which makes it particularly suitable for community-based dis-

tribution in developing countries.

Since the early 1990s, ivermectin has not only become the drug

of choice for the treatment and control of onchocerciasis, but the
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donation of the medicine by Merck & Co. Inc. has also opened up the

avenue for mass presumptive treatment for all those living in hyper-

and meso-endemic areas. A practical and easier method where the

treatment is given on the basis of height, a good surrogate for the

weight of an individual (Alexander et al., 1993), has replaced the need

to weigh individuals before treatment. This easy method has opened

the way for the distribution of ivermectin to be undertaken by com-

munities themselves through an approach known as Community Di-

rected Treatment with Ivermectin (CDTI). CDTI embodies the

philosophy of primary health care in that communities are encour-

aged to take responsibility for organizing their own distribution of

ivermectin which is provided to the community free of charge. Dis-

tribution is undertaken according to a community’s own chosen

methods—door to door or at a central point. Ivermectin is always

available in the communities to be given at a later time to those who

might have been absent, sick, or unavailable during the chosen pe-

riod. Cost of delivery is therefore reduced considerably.

5.2.1. Impact of Ivermectin on Adult O. volvulus Parasites

Ivermectin is largely a microfilaricide although there is evidence that

there is an irreversible decline in female adult worm microfilaria

production of approximately 30% per treatment (Plaisier et al.,

1995). This finding suggests that repeated treatment may ultimately

sterilize the adult worms, although in a situation where transmission

is not interrupted new infections continue to take the place of the

older worms and so elimination of the parasite population would not

be possible (Cupp et al., 2004).

Gardon et al. (2002) conducted a three-year study in a hyperen-

demic focus in Cameroon comparing annual treatments

(150mg kg�1 year�1 and 400 mg�1 year�1) with four times per year

treatment using the same doses. They found significantly more female

worms died from the three-monthly treatment regimens; the findings

were not so striking as to suggest that four times per year treatments

be generally recommended as an efficacious macrofilaricidal therapy.

In addition, there are real concerns as to whether programmes can

find resources to provide treatments four times per year, achieve
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sufficient coverage, or whether populations would accept such fre-

quent treatment (Duke, 2005).
5.3. Doxycycline and Wolbachia

Wolbachia endobacteria (symbionts of arthropods and filarial nema-

todes) are now being considered as targets for the treatment of onch-

ocerciasis.Wolbachia seem to be essential for fertility ofO. volvulus, and

perhaps for its survival. Treatment of O. volvulus infected Ghanaian

individuals with doxycycline at 100mgday�1 for six weeks resulted in

an almost complete depletion of Wolbachia by 11 months and the in-

hibition of embryogenesis in female O. volvulus resulting in an appar-

ently permanent elimination of skin microfilaria (Hoerauf et al., 2000,

2001). Future clinical treatment of individuals with onchocerciasis

might include prolonged doxycycline therapy, but the duration of the

treatment is too long for any large-scale treatment. Studies are being

undertaken to explore the use of shorter courses of doxycycline or other

antibiotics in eliminating Wolbachia from O. volvulus.
5.4. Moxidectin

Moxidectin is a milbemycin compound, similar in structure to the

avermectins (ivermectin). Moxidectin does not appear to be imme-

diately macrofilaricidal, but nonetheless has been shown to induce

sustained abrogation of embryogenesis in filarial animal models

(Trees et al., 2000). It has also been suggested that moxidectin given

as a single dose, as in the case of ivermectin treatment, may have a

similar but a longer duration of action than ivermectin, and so be

effective (unlike ivermectin) in interrupting transmission when given

yearly. There are attempts to develop this compound for use in hu-

mans. Given that the structure of moxidectin is similar to that of the

avermectins if resistance were to develop, the possibility of cross-

resistance between ivermectin and moxidectin may not be ruled out.

de C. Bronsvoort et al. (2005) have investigated and studied the

efficacy of high and prolonged doses of ivermectin and a related

avermectin, doramectin, in cattle infected with O. ochengi and
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concluded that repeated high does may sterilize O. volvulus female

worms for prolonged periods but is unlikely to kill them.
6. VECTOR CONTROL APPROACHES TO
ONCHOCERCIASIS

Early attempts to control onchocerciasis utilized environmental man-

agement as a strategy for vector control of Simulium. The effort came

soon after Blacklock had demonstrated that human onchocerciasis

was transmitted by Simulium (Blacklock, 1926). In the Chiapas focus

in Mexico, this involved clearing vegetation and applying plant ex-

tracts, Paris green, and creosote to the vector breeding sites. This

attempt was unsuccessful. In Africa, S. neavei and onchocerciasis

were successfully eradicated from a very small focus, the Riana focus,

in Kenya by simply clearing riverine forest. Wide availability of DDT

ushered in new campaigns against blackflies that succeeded in erad-

icating S. neavei from the Kodera valley in Kenya.

The interest in controlling onchocerciasis in West Africa was evi-

dent well before the OCP was formally launched in 1974. Ghana

started vector control on a small-scale beginning in the Upper East

region of the country in the Black Volta valley and later in the Lower

Volta valley in the south, the latter to protect the workers at the

Akosombo hydroelectric dam construction site (Davies, 1994).

Other early control efforts took place on the Comoé river in

Burkina Faso and the Farako area of southeast Mali. During the

1960s, the Institut franc-ais de Recherche scientifique pour le

Développement en Coopération (IRD), previously Office de Recher-

che scientifique et technique Outre-Mer (ORSTOM), and the Organi-

sation de Coordination et de Coopération pour la Lutte contre les

Grandes Endémies (OCCGE) carried out a series of vector control

studies in Ivory Coast, Burkina Faso, and Mali.

6.1. The Onchocerciasis Control Programme in West
Africa

The most comprehensive approach to the control of onchocerciasis

and its elimination as a disease of public health importance in West
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Africa began with the Preparatory Assistance Mission to the Gov-

ernments of Dahomey (Benin), Ghana, Côte d’Ivoire, Mali, Niger,

Togo, and Upper Volta (now Burkina Faso) in the early 1970s, which

called for a vector control programme centered on aerial larviciding

over a large area (the OCP area) to be carried out for a period of 20

years.

The Onchocerciasis Control Programme in West Africa (OCP) was

launched in 1974 and during the early stages of the programme until

ivermectin became available OCP was a purely vector control pro-

gramme. The objective of vector control was to interrupt transmis-

sion of the parasite, O. volvulus, for a sufficiently long period of time

to allow the human reservoir of the parasite to die out. The strategy

was based on weekly aerial larviciding (where feasible ground

larviciding), of Simulium-breeding sites. The OCP initially used

Temephos (AgrEvo, France), which is a cheap and efficient organo-

phosphorous insecticide with insignificant impact on non-target

fauna. Following the use of Temephos, the OCP judiciously used

seven environmentally friendly larvicides (organophosphates, carba-

mates pyrethroids, and biological Bacillus thuringiensis serotype

H14–B.t.H14) in rotation to restrict emergence of insecticide resist-

ance in vectors, to minimize adverse impact on non-target organisms

and to have a cost-effective approach to the activity (Hougard et al.,

1993). The development of these insecticides to meet the requirements

of the Programme was achieved through operational research which

in many instances was done in partnership with industry. Larviciding

was to be applied for 20 years. The duration of larviciding was in-

formed by the then estimated life span of the adult worm. Later the

period for larviciding was reduced to 14 years and then to 12 years

when larviciding was combined with ivermectin treatment, in the light

of new information from model predictions.

Parasitological surveys based on the skin biopsies of 1–2mg skin

were carried out in selected indicator villages at the start of the On-

chocerciasis Control Programme in West Africa (OCP) in 1974. These

surveys showed that the majority of these villages had hyperendemic

O. volvulus infection, with more than 60% of residents having mfs in

skin. The mean intensity of infection expressed as the Community

Microfilaria Load (CMFL) was 30 mfs per biopsy in many villages.
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Blindness rates as a result of onchocerciasis exceeded 3% in many

villages and reached 10% in some of the worst affected villages. The

entomological parameter, the annual transmission potential (ATP),

which estimates number of O. volvulus larvae an individual is exposed

to in a year, was over 800 in more than half of the monitoring points

when the programme began.

In the original OCP area which comprises seven West African

countries (Benin, Burkina Faso, Cote d’Ivoire, Ghana, Mali, Niger,

and Togo) vector control has achieved the interruption of transmis-

sion in virtually all of the savanna areas (Molyneux, 1995; Boatin

et al., 1997) (Figure 4) except in a few pockets in Benin, Ghana, and

Togo. Incidence of infection in children as measured by the skin snip

biopsy has thus been reduced by 100% in almost all the areas that

were under vector control. Infection in children has not occurred

except in a small restricted area in the Mouhoun (Black Volta) basin

in Burkina Faso where there was a recrudescence of infection (OCP,

1994). Annual transmission potentials are virtually zero in all these

areas and have continued to be so after cessation of 12–14 years of

weekly larviciding. In the other countries (Guinea Bissau, parts of

Guinea Conakry, western of Mali, Senegal, and Sierra Leone) where

no vector control was undertaken, known as the OCP ‘‘extension

areas’’, the prevalence of infection has continued to decline through

the repeated mass community treatment with ivermectin. Although
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transmission is only slowly on the decline in some areas, it seems to

have been interrupted in Senegal where ivermectin treatment has been

given on a twice-yearly basis for the last 12–15 years. Studies to

obtain entomologic data to confirm or refute the impact of ivermectin

treatment on transmission in this area are being undertaken. In the

areas where there has been combined vector control and ivermectin

treatment, prevalence of infection is low and incidence of infection is

nil except in some areas in the north of Togo, in the Asubende focus

in Ghana and small areas in Guinea Conakry. In Sierra Leone where

control activities (large-scale ivermectin treatment) were completely

halted for more than five years due to civil unrest the epidemiological

situation has been static with no decline in the prevalence rates.
6.2. Vector Elimination/Eradication

Vector control has been particularly effective where S. neavei is the

vector. S. neavei vector eradication has been possible particularly

where the focus is small with simple river systems. In addition to

ivermectin treatment, the African Programme for Onchocerciasis Con-

trol (APOC), is undertaking vector elimination and eventually erad-

ication activities against other vectors through targeted larviciding

of short duration in selected and isolated areas—the Tukuyu focus

(Tanzania), Bioko island (Equatorial Guinea), and against S. neavei in

Itwara and Mpamba-Nkusi (Uganda)—where it is believed that two to

three years of larviciding will accomplish long-lasting impact. In all

these foci, the hydrological and climatic conditions, river size, and flow

speed, as well as the ecological conditions favour possible vector elimi-

nation. A post-elimination/eradication entomological evaluation over

two to three years will be required following larviciding. An earlier

study in Kabarole district, Uganda which began in 1996 showed that

after the intervention programme was implemented (annual commu-

nity-based treatment of the population with ivermectin (Mectizan)

tablets and vector control measures using the organophosphorous

larvicide temephos, flies were absent and no infested crabs (the bio-

logical (phoretic) substrate of S. neavei larvae) were detected at the last

monitoring survey in 2000 (Garms and Kipp, 2001).
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7. CONTROL THROUGH IVERMECTIN ADMINISTRATION
7.1. The Scale of Ivermectin Treatment

In 1987, Merck and Co. Inc. made the decision to launch the Me-

ctizans Donation Program (MDP) and provide ivermectin free of

charge, in recognising that the medicine would need to be provided

for many decades, if not indefinitely. Shortly thereafter, in 1988, an

independent group of experts, the Mectizans Expert Committee

(MEC) was created to oversee the technical aspects of the donation.

Among the many important initial partners in the distribution efforts

that ensued were OCP and non-governmental development organi-

zations (NGDOs), which, in collaboration with Ministries of Health

of several endemic countries, established some of the first large-scale

efforts to distribute ivermectin. In 1990, the River Blindness Foun-

dation (RBF) was established by a private philanthropist to broaden

the distribution of ivermectin, and provided millions of dollars in

funding to aid in establishing treatment programmes in onc-

hocerciasis endemic countries. The NGDO Coordination Group for

Onchocerciasis Control was established at the WHO Prevention of

Blindness Programme (PBL) in a combined effort to help promote

distribution activities in non-OCP areas. All partners worked to de-

velop guidelines and strategies for best practice through field expe-

rience, operations research, technical assistance and monitoring, and

evaluation (Drameh et al., 2002). TDR-sponsored studies (Ngoumou

et al., 1994) developed the methodology of Rapid Epidemiological

Mapping of Onchocerciasis (REMO) and later CDTI followed by the

launching of the APOC in 1995, and the funding by donors of the

World Bank APOC trust fund, were landmark events in the contin-

ued growth of distribution of ivermectin in other parts of Africa. In

the Americas, the 1991 Directing Council of PAHO passed Resolu-

tion XIV where ministers agreed to eliminate onchocerciasis mor-

bidity, and wherever possible transmission from the Americas, and

OEPA was launched in 1992. The donation of Mectizan has become a

model of how industry, international organizations, donors, national

Ministries of Health (MOHs), and affected communities can suc-

cessfully work together toward solving a major health problem



0

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

10

20

30

40

50

60

Figure 5 Treatments (in millions) approved and shipped by the Mectizan
Donation Program 1988—2004. Source: Mectizan Program Notes No. 33,
2004 and http://www.mectizan.org/AH/AHeng.pdf (August 2005).

CONTROL OF ONCHOCERCIASIS 367
(Thylefors, 2004). Indeed, with the exception of the few areas where

larviciding is undertaken by APOC to achieve vector eradication,

large-scale ivermectin distribution is the only current tool being ac-

tively used to control or eliminate onchocerciasis.

The global initiative has now grown to one in which an estimated

62 million ivermectin treatments are provided per year, with over

400 million treatments enabled since the MDP began (Figure 5)

(Mectizan Programme Notes, 2004). Roughly 8 million treatments are

given annually in former OCP countries, 900 000 in the Ameri-

cas, and the remainder in APOC countries. The ultimate treatment

goal (UTG), which is the total number of people known or estimated

to require and be eligible for ivermectin treatment, is currently esti-

mated to be between 90 and 100 million; so much remains to be done,

primarily in APOC countries or areas where conflict and insecurity

limit the ability to distribute the medicine (Homeida et al., 1999).
7.2. APOC and OEPA

The two regional programmes based primarily on ivermectin treat-

ment are the APOC and the OEPA.

The objective of APOC is similar to that of the OCP: the control of

onchocerciasis to a point where it is no longer a disease of public

health importance through establishment of sustainable delivery
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mechanisms. In the 19 APOC countries, ivermectin is distributed

annually in areas where the nodule prevalence exceeds 20% (which

corresponds to an mf prevalence of between 35% and 40%). The

approach to the distribution of ivermectin is to achieve sustainability.

It was assumed that treatment must continue indefinitely without

ongoing external investment. Key to the evaluations of APOC is the

integration of activities into the primary health care system to sup-

port distribution, as well as the continued political will and local

financing for onchocerciasis control activities. The impact of the

control effort is also measured in changes in the prevalence and in-

cidence of ocular onchocerciasis and reactive onchocercal dermatitis,

as well as troublesome itching.

The objective of the OEPA programme is the regional elimination

of onchocerciasis, with the assumption that at some point in time

ivermectin distribution will cease. WHO estimate 140 000 persons to

be infected and 4.7 million to be at risk in 1995, but most at risk

population estimates are much lower now, at 500 000 persons. Over

95% of those at risk reside in Mexico, Guatemala, and Venezuela.

Studies in the Americas in the late 1980s and early 1990s using twice

yearly mass treatment with ivermectin demonstrated that transmis-

sion could be interrupted in Guatemala and Ecuador. These findings

helped promote a Pan American Health Organization resolution in

1991 for a coordinated regional strategy based on intensive mass

ivermectin treatment in all endemic areas (including hypoendemic

areas) with the objectives of elimination not only of all disease man-

ifestations but, wherever possible, transmission (Blanks et al., 1998).

Key to this decision were the entomological and epidemiological

characteristics of onchocerciasis in the region. Many of the American

Simulium vector species are inefficient vectors and sustained trans-

mission requires high vector densities and heavy mf skin densities in

infected populations. In most areas, health systems are sufficiently

strong to be capable of delivering twice yearly treatments so that mf

skin loads could be maintained at a level low enough to stop trans-

mission.

Both APOC and OEPA programmes use baseline and post-treat-

ment epidemiological, entomological, and ophthalmological data

from sentinel areas to measure the impact of the effort.
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7.3. Targeting of Distribution

The targeting of ivermectin distribution (as the frequency) depends

on the strategy behind its use. In all instances, the aim is to find the

optimum method of getting the drug to as many of the people who

need it as possible. In original OCP areas, ivermectin distribution was

guided by surveillance to provide treatment to pockets of residual

transmission. In the extension areas of the OCP, however, ivermectin

was used (a) in combination with larviciding in circumscribed areas

and (b) in hyperendemic areas that did not have vector control. In the

19 APOC countries populations in hyperendemic areas who are at

risk of developing ocular or skin manifestations of the diseases

needed to be covered with ivermectin as a priority over those at less

risk. The decision of where to initiate mass drug administration is

through a well-planned, country by country, large-scale procedure

called REMO (Ngoumou et al., 1993). REMO used geographic at-

tributes to determine areas likely to be permissive for Simulium

breeding. This approach is rooted in the fact that the vectors for

onchocerciasis have highly specific breeding site requirements and

therefore it is possible solely with the aid of topographical maps to

make a choice of representative villages most likely to be seriously

affected by onchocerciasis. The REMO is followed by the Rapid

Epidemiological Assessment (REA), a field evaluation of nodule rates

in sample of 30–50 males aged 20 years and over in the communities

drawn from those permissive areas. As a result of this mapping, it is

now apparent that the 1995 WHO estimate of 17.7 million infected is

likely to be revised upwards given that more countries than before

have now undertaken more detailed mapping of onchocerciasis dis-

covering foci hitherto not recorded. In the OEPA programme, all

communities where there is the potential for transmission, regardless

of endemicity, are targeted for treatment (Richards et al, 2001).

7.4. Coverage

Large-scale ivermectin distribution in APOC is monitored by the geo-

graphical and therapeutic coverage for each annual treatment round,

aiming for 100% geographical coverage of all villages/communities
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demarcated through epidemiological mapping in the REMO exercise.

For therapeutic coverage, the objective is to obtain at least 85% cov-

erage for the eligible population (which excludes pregnant women, the

very ill, and children under five years of age) and/or at least 65%

coverage for the total population (all persons in the community). The

UTG is a synthesis of the maximum geographic and eligible popu-

lation coverage, and is the estimation of the number of people who

would be treated if all persons eligible in all targeted communities were

reached. Coverage is expressed as percentages calculated by dividing

numbers of communities or persons treated by the various denom-

inators (e.g., total communities, eligible population, total population)

mentioned above. Since the OEPA goal is to provide ivermectin

treatment twice a year in the target areas, treatment coverage is cal-

culated as the number of treatments delivered during the year divided

by twice the UTG value (termed the UTG (2)). The six American

programmes have obtained at least 85% coverage of regional UTG (2)

since 2002 (WHO, 2004).

7.5. Passive Distribution

Passive treatment strategies are based on having ivermectin delivered to

health centres, clinics, and other health out-reach systems to support

individual treatments in APOC areas where onchocerciasis is hypoen-

demic and therefore do not qualify for large-scale distribution. Passive

treatments have not been well studied by the APOC or MDP pro-

grammes but are thought to account for a small percentage of the total

number of people being treated. The use of ‘‘passive treatment cov-

erage’’ as is calculated for large-scale distribution may not be justified

nor useful given that the total or eligible population may not be known.

7.6. Challenges of Community-Directed Treatment with
Ivermectin

7.6.1. CDTI

Distribution strategies for large-scale distribution in Africa have

evolved from the use of relatively expensive mobile teams (called
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community-based distribution (CBD)) (Miri, 1998), in the early

1990s, to the current method of choice of CDTI. Distribution meth-

ods used in OEPA are selected at the discretion of the national pro-

grammes, and do not follow the strict guidelines of African CDTI.

The CDTI strategy has been successful over the years and through it

millions in the affected communities who now receive ivermectin an-

nually otherwise may not have received treatment early enough to save

their sight. Like all novel strategies the implementation of CDTI has its

own managerial challenges such as, for example, timely delivery of

ivermectin in the community, reordering of medicines, management of

mild adverse reactions, support (cash or in kind) for distributors, and

record keeping. Investment in the programme, in support of local

CDTI action, is required by local and state government if the process is

to be sustained over many years; such support is often not forthcom-

ing. Technical challenges include attaining the optimum coverage in

the face of non-compliance for various reasons, the treatment of ex-

cluded pregnant women soon after parturition, integration of drug

distributors with other health programmes, and the use of traditional

African social structures such as kinship groups and socio-political

challenges in terms of increasing the cultural appropriateness of the

community distributors among others (Katabarwa et al., 2000; Am-

azigo et al., 2002; Burnham andMebrahtu, 2004; Maduka et al., 2004).

7.6.2. Impact of Ivermectin on the Eye and Skin Lesions

The impact of ivermectin on ocular onchocerciasis is seen in the re-

duction in and subsequent disappearance of ocular microfilaria from

the anterior chamber of the eye, reduction in the prevalence of an-

terior segment lesions (punctuate keratitis, iridocyclitis, and sclero-

sing keratitis), and a beneficial effect on onchocercal optic nerve

diseases, visual field loss, and visual acuity (Abiose, 1998; Emukah

et al., 2004). Impact of ivermectin treatment on posterior segment

lesions appears minimal.

Results from a double-blind, placebo-controlled trial of different

ivermectin regimens on onchocercal skin disease and severe itching

showed that treatment results in a 40–50% decline in prevalence of

severe itching relative to placebo, which is sustained for up to 12
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months and that treatment results in a small, but significant decline in

the prevalence of reactive skin lesions relative to placebo. Treating

more frequently than once per year offered no significant advantage

(Brieger et al., 1998; WHO, 1997–1998). The overall impact of the

millions of doses of ivermectin being distributed is difficult to meas-

ure in absolute terms but the direct and indirect benefits (not to

mention the effect ivermectin has against intestinal worms and ecto-

parasites; Heukelbach et al., 2004; Heukelbach and Feldmeier, 2004)

have had profound impact on the survival and quality of life for

many millions of persons living in the onchocerciasis endemic areas

(Tielsch and Beeche, 2004).

7.6.3. Impact on Transmission

A variety of studies conducted in several countries have all shown the

unique effect of ivermectin on skin microfilaria. Although transmis-

sion is reduced, in some cases by as much as 65–85%, after an annual

dose of ivermectin, the return of skin microfilaria six to nine months

post-treatment reduces the potential for ivermectin to completely in-

terrupt transmission when used in this way (Remme et al., 1989).

More frequent dosing of ivermectin (twice or four times per year) has

been shown in some circumstances to interrupt transmission. In one

river system in Ecuador, seven years of six-monthly mass treatment at

80% coverage of the eligible population resulted in an interruption of

transmission. Twice per year treatment is also thought to have elim-

inated transmission in four communities in Guatemala, a focus in

Mexico, and the single endemic focus in Colombia (Cupp et al., 1989,

1992; Collins et al., 1992; Guderian et al., 1997; WHO, 2002). High

treatment coverage is a key factor in stopping transmission.

In endemic areas in West Africa as for example Senegal, Guinea

Bissau, and Sierra Leone where large-scale ivermectin treatment

has been the only means to control onchocerciasis, complete inter-

ruption of transmission has not been proven (Dadzie et al., 2003).

However, in one focus where large-scale ivermectin treatment has

been applied twice annually for close to 13 years, parasitological

results suggest that ivermectin treatment may have interrupted

transmission (Borsboom et al., 2003). The implications of these
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findings, if confirmed by more detailed entomological studies, suggest

the feasibility of elimination of onchocerciasis transmission in Africa

by ivermectin treatment alone will need further consideration.

7.6.4. Duration of Treatment with Ivermectin

Although ivermectin treatment is very effective against onchocerciasis

morbidity, the return of mf into the skin several months after treat-

ment would mean that possibilities of transmission still exist in pro-

grammes based on annual therapy, and evidently that the treatment

programme would need to be carried out indefinitely. The duration of

treatment with ivermectin in those situations where transmission is

interrupted continues to be a topic of intense discussion, and depends

essentially on the reproductive life span of O. volvulus in the face of

repeated ivermectin treatment. In non-endemic areas with no trans-

mission, the conservative recommendation is to provide once a year

treatment for up to 14 years to stride over the estimated life span of the

adult worm determined in the OCP, in the absence of any ivermectin

effect on the adult worms (WHO Certification, 2001). Simulations

from the ONCHOSIM model (Plaisier, 1996) have suggested that the

time required to eliminate infection depends on the coverage of treat-

ment, frequency of treatment, habitual refusal to comply with treat-

ment by infected persons, pre-control level of endemicity, and vector

characteristics. At least 25 years of annual treatment at 65% total

population coverage would be necessary to eliminate infection in areas

of medium to high levels of infection, and more dire model predictions

suggested that durations exceeding 35 years would be required if there

were heterogeneity in exposure to S. damnosum vector bites (Winnen

et al., 2002). Modeling of the American situation using SIMON have

given much more sanguine predictions (Davies, 1993). Validation of

model predictions has been difficult because of inadequacy or paucity

of real field data (Borsboom et al., 2003).
8. IVERMECTIN ‘‘RESISTANCE’’
The predictions that annual ivermectin treatments will need to be

given for anything from 14–35 years or more have lead to a concern
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that resistance to ivermectin in O. volvulus will eventually emerge.

Some authorities argue that resistance is unlikely (Taylor and Green,

1989) given the ineffective transmission of resistance through a vec-

tor-dependent life cycle of O. volvulus. Others note that no drug re-

sistance has emerged in over 50 years of mass DEC use for lymphatic

filariasis, or after years of intensive veterinary usage of ivermectin

against dog heartworm (Dirofilaria immitis). A recent report from

Ghana, however, of persistent microfilaridermias in several subjects

despite multiple treatments with ivermectin led to concern that re-

sistance of ivermectin had emerged. The observation was attributed

to the ‘non-response’ of the adult female worms and not to inade-

quate drug exposure (Awadzi et al., 2004).
9. SURVEILLANCE
The objective of the African onchocerciasis control programmes

(OCP and APOC) is to eliminate onchocerciasis as a disease of public

health importance. Given that regional elimination of the infection

was not the goal of OCP, it is particularly important in on-

chocerciasis-freed zones where transmission has been eliminated, that

a system of post-control surveillance is put in place to detect out-

breaks of new infections before they reach the level where halting

transmission becomes either difficult or impossible to overcome. The

objective of the OEPA programme is the regional elimination of

transmission, with the assumption that at some point in time

ivermectin distribution will cease. Post ivermectin distribution sur-

veillance will be required for a two-year period after the treatment

programmes are discontinued, after which time surveillance may

cease (WHO, 2001).
9.1. Entomological Surveillance

A surveillance system has been established in the onchocerciasis-

freed zones (zones that benefited from the full 14 years of exclusive

larviciding in the OCP area) based on molecular detection of O.



CONTROL OF ONCHOCERCIASIS 375
volvulus infection in blackflies. The system uses polymerase chain

reaction (PCR) technology to detect the repetitive DNA sequence

0–150 (Meredith et al., 1989) in pools of blackflies collected from

monitoring sites. The PCR results are analysed using the Pool Screen

method (Katholi et al., 1995; Yameogo et al., 1999). PCR analysis of

blackflies collected from around the former OCP is carried out at a

central point at the Molecular Biology Laboratory at the Multidis-

ease Surveillance Centre in Ouagadougou, Burkina Faso. This pro-

cess will gradually be decentralized initially to satellite laboratories in

the areas in West Africa that have the capacity to undertake this

procedure and later, at the opportune time, to the countries involved

themselves.

Areas that are monitored were confirmed to be transmission-free

through post-control entomological evaluation for a period of at least

two years after larviciding ceased. The collection of flies, without any

specific distinction for their ages, from designated zones every three

years is carried out by community members with minimum super-

vision from the national health teams. PCR analysis is carried out to

determine an infectivity index (number of infectious female flies

among 1000 females captured). Three levels of the infectivity index

are used to guide decisions: (i) If less than 0.5/1000 the three-yearly

cycle of monitoring in the area concerned is maintained. (ii) An index

of 0.5/1000 requires annual monitoring. (iii) An index greater than

0.5/1000 calls for immediate epidemiological surveys in the commu-

nities surrounding the capture points.

In the OCP areas that benefited from full-scale larviciding for a

period of 14 years, interruption of transmission of infection was suc-

cessfully achieved and the reservoir of infection has practically died

out. Now that larviciding has stopped, reinvasion by S. damnosum

has occurred and a permissive environment for resumption of trans-

mission exits should reintroduction of O. volvulus take place. The

participating countries have mounted a surveillance system (entomo-

logical and epidemiological) geared to detecting recrudescence of in-

fection and to taking appropriate measures to control it should it

occur. This is not only a long-term endeavour but it is also an im-

portant challenge for the countries to finance the surveillance system

and sustain its efficiency. The development of a suitably sensitive,
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specific, rapid, and field-friendly diagnostic tool for the purposes of

detecting recrudescence is a technical challenge that has not been

addressed by the research community with the urgency it deserves.

The OEPA programme needs a similar diagnostic test as it ap-

proaches a transmission interruption situation that requires at least

two years of surveillance post-ivermectin stoppage prior to declara-

tion of onchocerciasis elimination (WHO, 2001). Unfortunately, the

largest and best-funded active onchocerciasis programme, APOC,

utilizes a strategy that is unlikely to require deployment of a post-

control monitor tool since transmission may not be interrupted

(Richards et al., 2000).
9.2. Epidemiological Surveillance

Post-control epidemiological surveillance in the former OCP areas is

set up to detect the presence of new infections in humans in an area.

The results are used to help determine if further control measures

need to be undertaken. New infections suggest ongoing transmission,

and in this instance it is defined as infection in children (as determined

by skin snip until a better or equally specific method is found) born

after transmission control was introduced. In the OCP situation, this

defining point is when the programme of larviciding began. New

infections may also be determined in adults who have been known to

be parasitologically negative on two consecutive occasions separated

by at least two years. This type of surveillance system will only be

valid for areas that have had vector control or other means of control

that has completely interrupted transmission and where there is no

further intervention in progress.

ONCHOSIM, a micro-simulation mathematical model of the

dynamics of S. damnosum onchocerciasis transmission, was used to

investigate the risk and dynamics of onchocerciasis recrudescence after

stopping vector control, in order to provide guidelines for operational

decision-making in the OCP in West Africa. In the absence of immi-

gration of infected humans or invasion by infected flies, the model

predicted that 14 years of full-scale vector control would be required to

reduce the risk of recrudescence to less than 1% (Plaisier et al., 1990).
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The model also suggests that if recrudescence is detected before it

exceeds 1.0–1.5% annual infection incidence, then annual ivermectin

distribution with at least 65% population coverage for 15 or more

years should lead to suppression of the transmission and prevent nas-

cent parasite populations from re-establishing (Plaisier et al., 1991).

Given the narrow window of 1–1.5% annual incidence of infection

within which to decide whether or not to launch a long haul of

ivermectin distribution, it is essential that any pronouncement of re-

crudescence is well verified through wide and detailed epidemiological

investigation, in itself an expensive undertaking. On the other

hand, any delays in taking the right decision could jeopardize the

gains made in the onchocerciasis-freed zones. The entomological sur-

veillance therefore complements the epidemiological surveillance ac-

tivities. A challenge for the surveillance activity is how to detect

infection (e.g., which diagnostic method to use) in the light of wide-

spread use and distribution of ivermectin, not necessarily for on-

chocerciasis but for lymphatic filariasis as well, whose distribution

overlaps that of the onchocerciasis-freed zones. If the distribution

of ivermectin is efficient and the entomological surveillance network is

optimum, the first indication of failure of the distribution may be

detected through the presence of infected blackflies in the area

concerned.
10. COST OF THE DISEASE AND COSTS OF THE
PROGRAMMES
10.1. Social and Economic Costs of the Disease

The socio-economic impact of the disease is most marked in the rural

hyperendemic areas where the vectors of the disease are predominant.

Visual impairment and blindness which are recognized as telling

consequences of the disease often result in families’ inability to sup-

port themselves. Furthermore, the fear of blindness was a major rea-

son for the depopulation of the fertile river valleys which made the

disease an important obstacle to socioeconomic development in West

African savannah regions.
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Reactive skin lesions have severe social repercussions while on-

chocercal skin disease (OSD) diminishes income-generating capacity.

It also contributes to the school drop-out rate that has been found to

be twice as high among children from households whose head has

OSD (WHO, 1995b). The consequences of onchocercal skin lesions,

the stigmatization and psychosocial effect associated with the disease,

are well known by the affected community. Skin diseases have been a

major source of social stigma, whether they are infectious or not. It

has been suggested that incessant itching and severe onchocerciasis

lesions could be important predictors of failure of women to breast-

feed for longer periods in rain-forest areas of Nigeria (Amazigo,

1994). Apart from blindness, those with skin-related symptoms and

OSD have higher health-related expenditures and have diminished

income-generating capacity compared with the uninfected (Benton,

1998).
10.2. Costs of the Programmes

Attempts to calculate the cost of treatment per person for the three

strategies for large-scale distribution have been made. In Mali, the

costs of treatment through CDTI were found to be US$0.06 com-

pared with US$0.5 per person treated through the mobile teams

(WHO, 1994), while a study in Nike and Achi in Nigeria estimated

treatment costs which include direct financial costs, opportunity

costs, advocacy, mobilizing the community, training, and distribution

to be US$0.17 and US$0.13 per dose in these villages, respectively

(Onwujekwe et al., 2002; Waters et al., 2004).

About US$560 million, provided by more than 22 non-African

donor states, agencies, and the 11 African countries, was invested in

the OCP for the period 1974–2002, excluding the cost of ivermectin

which was generously donated free of cost by Merck and Co. The

programme has been regarded by some commentators as having been

expensive, however, the results have been equally impressive; 600 000

cases of blindness have been prevented, and 25 million hectares of

formerly abandoned arable lands have been made safe for settlement

and agriculture. These lands have the potential to feed an additional
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17 million people. The African Programme APOC is supported en-

tirely from voluntary contributions (75% from donors and 25% from

NGDOs and African countries) and has a working budget of US$160

million to which could be added the cost of ivermectin tablets to treat

over 50 million people. In West Africa, the OCP has achieved a 20%

economic rate of return (Kim and Benton, 1995). Elsewhere in Africa,

operations began in 1996 and achieved a 17% economic rate of return

while preventing blindness, and eliminating disabling itching and

stigmatizing skin disease. The cost of the OEPA Programme is es-

timated to be US$20 million so far, with over 50% of this contributed

by the endemic countries.
11. FUTURE CHALLENGES
The principal goal common to all the onchocerciasis programmes is

to ensure that onchocerciasis is permanently eliminated as an im-

portant public health problem throughout the world. The challenges

vary with the three regional programmes (OCP, ivermectin, OEPA,

APOC), based on their individual strategies for the use of the major

control tool available (Dadzie, 1998; Richards et al., 2000).

The OCP largely achieved its objective of eliminating on-

chocerciasis as a disease of public health importance and as an

obstacle to socio-economic development. Before the programme ter-

minated at the end of 2002, the participating countries were in a

position to detect and control any recrudescence of infection. How-

ever, the disease itself was not eliminated, and certain foci have to

continue with ivermectin distribution for the foreseeable future. On-

going treatment in these residual foci, as well as surveillance for re-

crudescence, depends on the sustainability of the distribution process

and how well this is integrated in the national health system and

funded by national governments (Hopkins et al., 2005). WHO au-

thorities need to maintain their advocacy for these activities with

ministries of health in the OCP area.

Future major technical challenges of onchocerciasis control include

ivermectin mass administration in areas co-endemic for the parasite

L. loa, ivermectin treatment in hypoendemic areas, sustainability,
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post-control surveillance for recrudescence detection, surveillance for

emergence of resistance, and decisions of when to stop mass ivermec-

tin treatments. There is the need to develop the appropriate infor-

mation systems and diagnostic tools to help in accomplishing many

of these tasks. A search for a second-line treatment or an alternative

drug to ivermectin as well as a search for a macrofilaricide are issues

that need to be addressed in the future.
11.1. Ivermectin Treatment of Onchocerciasis in Areas
that are Co-Endemic for Loa loa

Human loiasis is caused by a filarial parasite transmitted by a deer fly

vector (Chrysops silacea and C. dimidiata). The vector breeds in the

high canopy forested areas of central Africa. The precise distribution

of L. loa is unknown, but the most heavily infected populations are

found in Angola, Benin, Cameroon, the Central African Republic,

Congo, the DRC, Equatorial Guinea, Gabon, Nigeria, and Sudan.

Loa has been largely neglected because it does not in itself cause

severe disease. Many persons are asymptomatic, and the most com-

mon clinical manifestations are periodic angioedematous swellings

(known as ‘‘Calabar swellings’’) and/or passage of the adult Loa

worms under the conjunctiva of the eye (L. loa also is known as the

‘‘eye worm’’). Loa mf, which circulate diurnally in the peripheral

blood, can occur in spectacular concentrations, reaching over

50 000mf/ml of blood.

Central nervous system (CNS) dysfunction and coma from L. loa,

associated temporally with microfilaricidal treatment, has been

known for many years and was first described with the use of

DEC. CNS-related adverse reactions have been reported during the

first rounds of mass ivermectin treatment in areas where high-density

Loa infections occur (Boussinesq et al., 1998). These events generally

occur in otherwise healthy persons who have high-density Loa mi-

crofilaremia (430 000mf/ml of blood) (Gardon et al., 1997) The

pathogenesis leading to encephalopathy is unclear, but it appears

related to rapid killing or immune unmasking of mf after the ingestion

of DEC or ivermectin, leading to blockage of the microcirculation
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and ischaemia of vital organs, including the brain. Evidence suggests

that promptly instituted basic supportive care (hydration, feeding,

and nursing care) will result in complete patient recovery in most

cases. The MDP, which is responsible for the release of ivermectin to

both onchocerciasis and lymphatic filariasis programmes, has worked

with APOC to develop strategies for ivermectin mass treatment in

areas co-endemic for onchocerciasis and loiasis. MDP and APOC

have jointly recommended that, in L. loa endemic areas, programmes

must educate the population about possible complications of such

treatment, intensify surveillance for severe adverse effects so that

cases can be promptly referred, and assure the availability of trained

healthcare personnel in well supplied referral units during and im-

mediately following MDA. Thomson et al. (2000, 2004) created a

spatial model of L. loa prevalence to identify areas where high en-

demicity may be associated with the occurrence of such reactions.

The model results have been mapped and the areas of overlap be-

tween high L. loa prevalence and planned ivermectin distribution for

onchocerciasis control may be identified. The RAPLOA (Rapid As-

sessment Procedure for Loiasis) is a rapid assessment method for

quickly identifying (based on prevalence of the history of eye worm)

potential risk of L. loa post-ivermectin treatment encephalopathy

(Wanji et al., 2005), so that the joint MDP/APOC recommendations

can be put in place prior to launching mass treatment.
11.2. Ivermectin Distribution in Hypoendemic Areas

Ivermectin distribution in most of the remaining intervention areas in

the former OCP is provided in hypoendemic areas and some endemic

communities under treatment in the Americas are likewise considered

hypoendemic. In contrast, the REMO exercise undertaken under

APOC was designed to map out only those areas of greatest risk for

onchocerciasis morbidity, where nodule rates were assumed to be at

or above 20%. Whether or not there is a need for treatment in APOC

to be expanded to hypoendemic zones in the APOC countries is an

issue that needs to be addressed. The question that will continue to be

posed is how much threat such untreated areas pose to neighbouring
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treated areas. The expense and benefit of treating hypoendemic areas

with ivermectin needs to be studied well before APOC ends in 2010.

Ivermectin distribution is envisaged in lymphatic filariasis areas

which in most cases overlap the onchocerciasis endemic zones and go

beyond into the hypoendemic zones of onchocerciasis which have not

been eligible for treatment (Abiose et al., 2000; Richards et al., 2000).

The wider distribution of ivermectin for lymphatic filariasis would

cover such areas providing added value to the strategy for lymphatic

filariasis elimination strategy.
11.3. Sustainability

The current approach to the distribution of ivermectin (CDTI) was

developed with the condition of sustainability in mind. It was assumed

that external investment in ivermectin distribution would be limited,

but that such distribution would need to continue indefinitely. CDTI

has been successful in getting ivermectin to a huge number of persons,

but it is yet to be proven that the excellent geographic and therapeutic

coverage now achieved can be sustained over an indefinite period

without external investment. As external funding is withdrawn, there

must be continued political will and the financing for onchocerciasis

activities to continue to benefit from the considerable investments al-

ready made to generate the global momentum the programmes are

currently riding on (Hopkins et al., 2005). There are also examples of

‘‘population fatigue’’ at the community level, with opinions expressed

of being tired of having to take the drug for years on end, especially

given that the disease manifestations are no longer evident (Emukah et

al., 2004). Many have heard the health education message that only 15

years of treatment is needed to affect a ‘‘cure’’. Since ivermectin has

been distributed in many areas since 1988, this understanding could

affect coverage rates unless it is corrected.
11.4. Detection of Ivermectin Resistance

Although not yet identified to exist, emergence of resistance to

ivermectin in O. volvulus is a potential threat to the great progress
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and considerable investment made so far to combat this disease.

Surveillance mechanisms to detect the emergence of ivermectin

resistance may be particularly important in APOC areas, where

the number of parasites exposed to treatment is greatest and

low levels of transmission seems to be ongoing and there is no

vector control. DNA probes have been developed that could be

used for such surveillance, based on sites of ivermectin resistance

identified in intestinal trichostrongylid nematodes of sheep, goats,

and cattle. If resistance is detected, many experts are of the

opinion that the area should be intensely treated with replacement

drugs, such as doxycycline or moxidectin, to prevent its spread to

other areas.
11.5. Cessation of Ivermectin Distribution

The duration of treatment with ivermectin where transmission can

be interrupted continues to be a topic of intense discussion, and de-

pends essentially on the reproductive life span of O. volvulus in the

face of repeated ivermectin treatment. The conservative recommen-

dation, based on OCP observational data of reproductive life span of

worms in the presence of complete vector control, is 14 years, further

reduced to 12 years in the face of ivermectin treatment and vector

control. The OEPA programme uses 12 years from the point of

transmission interruption (WHO, 2001). The period of time required

to cessation of ivermectin distribution would be further reduced if

ivermectin has a permanent effect on female worm fecundity, male

worm survival, or overall mortality (Cupp et al., 2004). When once per

year treatment is provided, transmission continues at low levels, new

worms enter the system, and the ONCHOSIM model suggests that it

would take at least 25 years to eliminate the infection if ivermectin

were given at a minimum population coverage of 65%. All cessation

considerations also need to consider the initial endemicity level and

the vectorial capacity of the particular Simulium sp. concerned.

To include the decision to stop treatment, there is need for new tools

that could diagnose the presence of viable adult O. volvulus worms.
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11.6. Macrofilaricides and Other Drugs

Even before the introduction of ivermectin it was recognized that the

ideal drug for onchocerciasis should kill the adult worms (a ‘‘mac-

rofilaricide’’) or permanently sterilize the adult females worms of O.

volvulus without causing adverse reaction in the human host. The

ideal drug would be safe under normal conditions of use, suitable for

large-scale use orally, of low cost and effective in small number of

doses. Macrofilaricides have a substantially higher potential for

achieving onchocerciasis elimination than ivermectin, but high cov-

erage levels will be key. When these drugs become available, onch-

ocerciasis elimination strategies should be reconsidered in Africa

(Alley et al., 2001; Dadzie et al., 2003). To date, the only known

macrofilaricide for onchocerciasis is suramin. However, in several

studies repeated treatments with ivermectin suggest increased mor-

tality in adult worms examined after nodulectomy (Cupp et al., 2002).

There is need to develop safe and easily administered drugs that

can kill the adult O. volvulus parasite to reduce the time needed for

the programme to eliminate adult worms from an endemic area. If

such a drug became available cheaply, it could change the approach

to onchocerciasis control in Africa. Research to develop a second

microfilaricide (such as moxidectin, which has also a prolonged effect

on the mfs) is also important, as a back-up to ivermectin.
12. MANAGERIAL CHALLENGES
Critical to all three onchocerciasis regional programmes is a func-

tional central and peripheral health care system that can provide

health education, training, supervision, and monitoring of the mass

treatment programme. In Africa, it has been learned that CDTI does

not function in a vacuum; government health systems must support

the community and its decisions pertaining to ivermectin distribution,

ideally through an integrated approach. Drug reporting, ordering,

and supply are the most critical government function that must be

strengthened and sustained. Communities must have an uninter-

rupted supply of ivermectin, when they need it, if the concept of
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community directed treatment is to flourish. Financial support em-

anating from the OCP/APOC Programmes and partner NGDOs so

far has resulted in the success of the CDTI approach. The immediate

challenge is to maintain this performance, with an indefinite horizon.

This sustained approach is the strength of CDTI: it calls for integra-

tion with other ongoing management systems that must be perma-

nently maintained, such as vaccination programmes, maternal child

health, oral rehydration, and malaria treatment.

By the nature of its operations, the OCP from its inception op-

erated mainly as a vertical public health and development pro-

gramme. The programme, however, planned early on with the

participating countries that residual activities be transferred with

closure of the programme to national control, in particular the

ivermectin distribution initiative. Other post-OCP managerial chal-

lenges include surveillance for recrudescence, and response/investi-

gation when such surveillance gives a signal that action is required.

OEPA’s challenge in the Americas is to reach and maintain the

highest possible ivermectin treatment coverage, twice per year, to first

interrupt transmission, and then maintain programme performance

and coverage for the duration of the life span of the adult worms.

This accomplished, the infection would be eliminated from a given

endemic focus and treatment could be withdrawn with subsequent

monitoring for recrudescence for a period of at least two years.
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of community-directed treatment with ivermectin (CDTI) within the Af-
rican Programme for Onchocerciasis Control (APOC). Annals of Tropical
Medicine and Parasitology 96 (supplement 1), S41–S58.

Anderson, J., Fuglsang, H. and Marshall, T.F. de C. (1976). Studies on
onchocerciasis in the United Cameroon Republic III. A four year follow
up of six forest and six savanna villages. The incidence of ocular lesions.
Transaction of Tropical Medicine and Hygiene 79, 362–373.

Ashburn, L.L., Burch, T.A. and Brady, F.J. (1949). Pathologic effects of
Suramin, hetrazan and arsenamide on adult Onchocerca volvulus. Boletin
de la Oficina Sanitaria Panamericana 28, 1107–1117.

Awadzi, K., Boakye, D.A., Edwards, G., Opoku, N.O., Attah, S.K.,
Osei-Atweneboana, M.Y., Lazdins-Helds, J.K., Ardrey, A.E., Addy,
E.T., Quartey, B.T., Ahmed, K., Boatin, B.A. and Soumbey-Alley, E.W.
(2004). An investigation of persistent microfilaridermias despite multiple
treatments with ivermectin, in two onchocerciasis-endemic foci in Ghana.
Annals of Tropical Medicine and Parasitology 98, 231–249(19).

Awadzi, K., Dadzie, K.Y., Schulz-Key, H. and Haddock, D.R.W. (1985).
The chemotherapy of onchocerciasis. X. Assessment of four single dose
treatment regimes of MK-933 (ivermectin) in human onchocerciasis. An-
nals of Tropical Medicine and Parasitology 79, 63–78.

Awadzi, K. and Gilles, H.M. (1980). The chemotherapy of onchocerciasis.
III. A comparative study of DEC and Metrifonate. Annals of Tropical
Medicine and Parasitology 79, 199–210.

Awadzi, K., Hero, M., Opoku, N.O., Addy, E.T., Büttner, D.W. and
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ABSTRACT

Lymphatic filariasis (LF) is a disease not just treatable or control-

lable; it is a disease that can be eliminated. Indeed, LF is currently

the target of a major global initiative to do just that; a few vision-

aries of the past 50 years did hypothesize that LF elimination was

feasible. However, for most of the scientific and global health
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communities, the elimination of such a broadly disseminated,

mosquito-borne disease has seemed highly unlikely. During the past

decade, however, both the treatment strategies and the control strat-

egies for LF have undergone profound paradigm shifts—all because

of a rapid increase in knowledge and understanding of LF that

derived directly from a series of remarkable achievements by the

scientific and medical research communities. As a result, a public

health dimension with a focus on affected populations, now supple-

ments the earlier, predominantly patient-oriented clinical approach to

LF. The early uncertainties, then the essential steps leading to this

change in outlook are outlined below, followed by descriptions of the

new strategy for LF elimination, the Global Programme created to

attain this goal and the successes achieved to date.
1. SETTING THE STAGE FOR THE ELIMINATION OF
LYMPHATIC FILARIASIS
1.1. Recognizing the Barriers/Challenges to LF
Elimination

1.1.1. Biological Barriers Imposed by the Parasite

(a) Scope of the infection. The term lymphatic filariasis (LF) denotes

infection with any of three different species of filarial parasites—

Wuchereria bancrofti, Brugia malayi and B. timori. The mere scope

and distribution of LF infection provides an enormous challenge to

its elimination. Over 120 million people in at least 80 countries

throughout the tropics and sub-tropics (Figure 1) are affected by

LF, and more than 1 billion people live in areas where they are

at risk of acquiring infection (Ottesen et al., 1997). Of these

infections 90% are caused by W. bancrofti; most of the remaining,

by B. malayi.

(b) Vectors. Mosquito vectors are essential for the life cycle

of LF parasites (Figure 2) and the diversity of the vector species pro-

vides an additional challenge for efforts to eliminate LF. The major

vectors for W. bancrofti are culicine mosquitoes in most urban and
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Figure 2 Life cycle of lymphatic filarial parasites. Developmental stages
in the vector last approximately 2–4 weeks (depending on environmental
conditions). After humans are infected by the mosquito-borne 3rd stage
larvae, development through two molts to the fecund adult stage lasts ap-
proximately 6–12 months. The life span of the adult is estimated at 4–6 years
during which millions of microfilariae (MF) are produced, each with a life
span of an estimated 12 months (Sasa, 1976).
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semi-urban areas, anopheline mosquitoes in the more rural areas of

Africa and elsewhere, and Aedes species in many of the endemic Pacific

islands (Sasa, 1976). For the Brugia parasites, Mansonia species serve as

the major vectors, but in some areas anopheline mosquitoes are re-

sponsible for transmitting infection as well (Sasa, 1976). The fact that so

many different species of mosquitoes (each with its distinctive biological

behaviour) are responsible for transmitting LF makes very much greater

the challenge of developing effective vector-control strategies to elim-

inate the spread of these infections.

(c) Parasite life span. The fecund life span of the parasite’s adult

stage is generally estimated at 4–8 years (Michael et al., 2004). Since

this is the stage producing the microfilariae (MF) responsible for

transmission, its longevity provides another significant challenge to

LF elimination. In addition, since the duration of the developmental

phase from infective larva to mature adult is estimated at 6–12

months, there is necessarily a long ‘diagnostic lag’ between the time

one is infected and the time when the infection can be detected, either

parasitologically or by detecting circulating filarial antigen.

(d) Microfilaraemia. Microfilaraemia, which is obviously essen-

tial for the transmission of LF (Figure 2), has its own biological

peculiarities that provide special challenges to LF elimination. First,

not all infected individuals are microfilaraemic; many have active

infection with living adult parasites, but with no MF circulating in the
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blood (Beaver, 1970); such individuals provide a significant challenge

for diagnosing LF. Second, there is the problem of microfilarial ‘pe-

riodicity’. Nocturnal periodicity (MF circulating in the blood only

during the few hours on either side of midnight) is a feature of LF

infection essentially everywhere in the world except for some regions

of the Pacific and South Asia, where sub-periodic infections (MF

present in the blood for most of the day, often peaking in late af-

ternoon) are found (Sasa, 1976). Such microfilarial periodicity has, in

the past, been an enormous practical barrier both to diagnosing the

infection and to understanding its distribution.
1.1.2. Social and Political Barriers to LF Elimination

The very lack of attention paid to LF has in the past been a signifi-

cant barrier to efforts to control or eliminate this infection. Three

principal reasons account for this lack of attention:

(1) The true impact of the infection/disease is not well understood.

One important reason for this lack of understanding is that LF has

been understudied, largely because the available diagnostic and in-

vestigative tools were so poor, but also because the disease itself is

hidden from view—as a disease of poor, isolated populations and as a

disease whose principal clinical manifestations [elephantiasis and

genital disease (hydrocele)] are ‘covered up’ because of the personal

shame and stigma they engender (Krishna et al., 2005). Not only has

this ‘hiddenness’ prevented full appreciation of both the scope and

impact of the infection in adults, but it has also inhibited the re-

cognition that in many individuals, and perhaps especially in children

(Witt and Ottesen, 2001), LF is a progressive sub-clinical disease [see

Section 1.2.3(a)]. Even more challenging has been establishing links

between this ‘‘hidden’’ infection and the economic and social burden

it exacts on affected communities (Ramaiah et al., 2000).

(2) Those affected are the poorest of society and, therefore,

politically voiceless. The weakness or complete lack of any political

constituency, except for a few notable exceptions, has led either to a

total neglect of LF by national health authorities or, at the least, to its

being ranked inappropriately low among national health problems.
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(3) The disease is generally not fatal. Thus, there is decreased

awareness of the degree of its endemicity and of the impact that

chronic debilitation from LF [the second leading cause of permanent,

long-term disability worldwide (World Health Organization, 1995)]

has on endemic communities.
1.2. Reasons for Optimism about the Feasibility of
Eliminating LF

The barriers or challenges to LF elimination are formidable, but there

are many factors favouring potential success as well. While there is no

single attribute or feature of an infectious disease that determines

whether or not it is ‘eliminatable’ (Ottesen et al., 1998), and while

technical considerations actually play a more significant role than the

biological ones (see below), for LF both are highly favourable

(Centres for Disease Control, 1993).
1.2.1. Biological Features of LF that Favour its Elimination

(a) The single most important biological attribute favouring suc-

cessful elimination of any infectious disease is that humans are es-

sential for the organism’s ‘life cycle’, i.e., the organism does not

multiply freely in the environment and has no significant non-human

vertebrate host serving as a reservoir of infection (Ottesen et al.,

1998). For Bancroftian filariasis (accounting for 90% of LF infec-

tions) there is no non-human host. Even for Brugia infections, where

a number of other animal species (particularly felines and monkeys)

may also harbour the less-common, sub-periodic parasite strains of

B. malayi, it is not clear that there is any significant epidemiologic

overlap between the cycles of Brugia infection in human and non-

human hosts.

(b) The fact that the life cycle of LF parasites requires a vector

mosquito gives a second potential target (in addition to the infection

in humans) for interventions to interrupt LF transmission. Since

transmission obviously requires host–vector contact, efforts to
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decrease this contact through vector control may well be very helpful

for LF elimination (Sasa, 1976), and perhaps in some cases, even

essential (Burkot and Ichimori, 2002).

(c) Other biological attributes of LF parasites also promote their

‘eliminatability’ by decreasing their ‘‘force of infection’’. These in-

clude the fact that the adult worms do not multiply in the human

host (i.e., infections only expand through acquisition of additional

new infection), nor does the infection amplify itself within the

vector (in contrast, e.g., to schistosomiasis, malaria and others).

Also, for whatever reason, people do not appear to acquire LF in-

fection after a single (or even multiple) mosquito bites; rather, ep-

idemiological observations suggest that a minimum of 3–6 months of

exposure (Wartman, 1947) and many vector mosquito bites (Gubler

and Bhattacharya, 1974) are required before infection actually de-

velops.
1.2.2. Social (Historical) Considerations

Possibly, the most significant reason for optimism about the feasibility

of eliminating LF is the fact that such elimination has already been

achieved in a number of different settings and with a number of

different strategies! (Laigret et al., 1966). Active programmes based on

mass and/or targeted chemotherapy with diethylcarbamazine (DEC)

have eliminated Bancroftian filariasis from Japan (Sasa, 1976), Trini-

dad (Rawlins et al., 2004), most areas of Brazil (Schlemper et al., 2000)

and essentially all of China (The Editorial Board of Control of Lym-

phatic Filariasis in China, 2003). In addition, vector control alone

(through targeting the anophelines in an effort to control malaria)

actually eliminated Bancroftian filariasis from the Solomon Islands,

since transmission of LF there was maintained by the same anophe-

lines vectors (Webber, 1975). Finally, numerous instances are also

recorded where social, civic and environmental development (with

improved sanitation and consequent decrease in vector exposure) has

resulted in the concomitant disappearance of LF from previously

endemic areas [e.g., in the Southeastern United States (Chernin, 1987),

in Northeastern Australia (Sprent, 1986) and elsewhere].
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1.2.3. Technical Considerations: The Availability of Effective Tools

(for Treatment, for Diagnosis)

What most clearly distinguishes eliminatable from non-eliminatable

diseases is not so much a particular biological property of the infec-

tion itself but, rather, having the appropriate tools both to treat it

effectively and to detect (diagnose) any incidence of infection or re-

infection (Ottesen et al., 1998). Indeed, it was the development of

such tools for effective treatment and diagnosis of LF that has

spurred all of the activity of the past decade towards creating a global

initiative to eliminate LF.

(a) Treatment tools. To interrupt transmission of LF it is necessary

either to eliminate (or reduce to very low levels) the microfilaraemia

in humans or to achieve effective control of the mosquito vector

(Figure 2). Since efforts at vector control have proven expensive,

difficult to sustain and often ineffective in the past, and since drugs

for very effective control of microfilaraemia are now available

(Gyapong et al., 2005), the focus of efforts to interrupt transmission

has shifted from the earlier attempts at vector control, now to treat-

ing infections in humans.

Two dramatic advances in the understanding of how best to use the

available antifilarial drugs changed the entire approach to controlling

LF (Gyapong et al., 2005). The first was the recognition that single

doses of any of the three antifilarial drugs were very effective at

reducing microfilaraemias for extended periods (up to 12 months for

DEC, ivermectin and albendazole; Figure 3). The second was the

discovery that single administrations of a combination of any two of

these drugs given together were significantly more effective for the

long-term reduction of microfilaraemia than any of the drugs given

alone. All three drugs have different modes of action and while none

is completely effective in killing adult worms or inhibiting MF pro-

duction by them, still microfilaraemia can be reduced for very long

periods (1 year or more) by these single-dose, two-drug treatment

regimens (Figure 4).

For the disease manifestations of affected individuals new thera-

peutic tools and management techniques have also been developed in

recent years—largely as a result of the increased understanding of
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LF’s pathogenesis. Use of lymphoscintigraphy and ultrasonography

techniques confirmed that sub-clinical, asymptomatic dilation and

progressive functional incompetence of the lymphatics were induced

by adult LF parasites (reviewed by Ottesen, 1994). However, since it

is the recurrent inflammatory episodes (earlier termed ‘filarial fevers’)

that are principally responsible for determining the progression of

patients from an asymptomatic state to clinically manifesting lymph-

oedema and then elephantiasis (Dreyer et al., 2000), when the cause

of the inflammatory responses was recognized to be principally bac-

terial superinfection of these tissues with compromised lymphatic

function (Olszewski et al., 1997; Dreyer et al., 2000), it became clear

that the use of antibiotics to treat (and sometimes to prevent) these

episodes was essential, as were aggressive washing and other hygiene

management techniques. Such approaches to lymphoedema manage-

ment have yielded excellent results (Olszewski et al., 1997; Dreyer

et al., 2002). For hydrocele, the principal management tool remains

surgery; but when the scrotal skin is involved with lymphoedema, the

same management principles as those used for lymphoedema of the

arms or legs also apply (Dreyer et al., 2002).

(b) Diagnostic tools. Developing a sensitive, specific and user-

friendly diagnostic for active infections has been a sine qua non for
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bendazole (400mg) and ivermectin (200 mg/kg) on levels of microfilaraemia
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median ¼ 36) (Gyapong et al., 2005).
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creating the Global Programme to Eliminate LF (GPELF). Until the

very effective antigen-detection techniques were devised (Weil et al.,

1997), LF diagnosis required laborious microscopic detection of MF

in blood specimens; and to make matters still more cumbersome, the

blood had to be collected at a time (generally around midnight) to

allow for the parasite’s microfilarial periodicity [see Section 1.1.1(d)].

With such a tool, it was difficult to diagnose even individual cases of

LF, much less to consider the assessment of whole populations that

might be at risk. However, the development of antigen detection

assays [with their later refinement into a field-friendly card format
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requiring only a finger-prick specimen of blood taken at any time of

day (Weil et al., 1997)] changed all that. LF went from having one of

the poorest, most cumbersome diagnostics for any parasite infection

to having perhaps the best. Indeed, the antigen-detection test’s only

‘drawback’ is its specificity—detecting only Bancroftian filarial in-

fections (90% of all LF infections), but not those caused by Brugia

species. For these latter infections (as well as for identifying any LF

infection in mosquitoes) techniques for DNA detection by PCR are

available (Zhong et al., 1996; Williams et al., 2002), though they have

not yet been utilized on a public health scale in the field. Similarly, an

IgG4-based antibody assay for detecting active Brugia infections is

under evaluation (Rahmah et al., 2003), again because there is still no

antigen detection assay for these infections.

Another diagnostic tool, now increasingly needed for the assess-

ment of long-term programme effectiveness, is an assay not just de-

tecting active infection (as antigen and PCR assays do) but one

looking to detect even exposure to infection and that can be used for

monitoring and surveillance of areas thought to be freed of LF

transmission. IgG4 antibody assays utilizing highly specific recom-

binant antigens have been recently developed for this purpose and are

currently being tested for their practical usefulness to meet such a

need (Lammie et al., 2004).

Though not yet having a ready use in field settings, one of the most

significant advances in diagnostic techniques for LF has been the use of

ultrasound to detect living adult worms in both patent (MF-producing)

and non-patent infections (Amaral et al., 1994). Not only has this tool

been important in improving our understanding of the pathogenesis of

the lymphatic damage in LF, it has also allowed direct observation of

therapeutic drug effects on adult worms (Dreyer et al., 1995), a capa-

bility essential for the further development or optimization of LF

treatment regimens.
1.2.4. A Promising Strategy to Eliminate LF

Because of the new intervention and diagnostic tools available and

the new understandings of disease pathogenesis, a new strategy for
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LF elimination could be formulated (Ottesen et al., 1997). The strat-

egy has two essential components: first, stopping the spread of in-

fection (i.e., interrupting transmission); second, alleviating the

suffering of affected individuals (i.e., controlling morbidity).

(a) Interrupting LF transmission. As already indicated, current

efforts towards interrupting transmission (Figure 2) are focused on

MF reduction in the human host. Two different single-dose, two-

drug treatment regimens have been shown to be extremely effec-

tive in reducing blood microfilarial levels by more than 90% for

periods up to 1 year and beyond (Gyapong et al., 2005) (Figure 4).

These are:
�
 Albendazole (400mg) plus DEC (6mg/kg)

�
 Albendazole (400mg) plus ivermectin (200 mg/kg).
Extensive safety and pharmacokinetic studies have shown that

these drugs at these dosages are safe and essentially without side

effects when administered alone or together to individuals who are

not microfilaraemic (Horton et al., 2000). In patients with LF mi-

crofilaraemia, side reactions do occur as a result of rapid MF killing

by the microfilaricidal action of either DEC or ivermectin, but the

side reactions are essentially identical to those described previously in

the treatment of LF with these single drugs alone (Ottesen, 1987;

Horton et al., 2000); they are most prominent in the most heavily

infected individuals, but can be safely managed in both clinic and

field situations. The addition of albendazole, whose action is prin-

cipally on adult-stage parasites, to either DEC or ivermectin does not

increase the frequency or severity of adverse reactions seen in micro-

filaraemic individuals (Horton et al., 2000).

Because, DEC can induce severe, unacceptable reactions in patients

with onchocerciasis, LF-endemic communities where onchocerciasis

may be co-endemic are treated only with the albendazole-plus-

ivermectin regimen. Outside of the onchocerciasis-endemic areas, the

recommended two-drug treatment regimen is albendazole-plus-DEC

(Ottesen, 2000).

To interrupt transmission in an endemic community, the ‘com-

munity microfilarial load’ must be reduced below that necessary to
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sustain transmission and for a period long enough to exceed the

effective fecund (i.e., MF-producing) life span of the adult

parasites. Unfortunately, the precise value of neither of these

figures is known for certain, but it has been estimated that a period

of 4–6 years during which MF are absent or at very low levels in a

community will be sufficient to break transmission. Mathe-

matical modelling generally supports such estimates (Stolk et al.,

2003), but only if population ‘compliance’ in taking the MF-reducing

drug regimens approximates 80% and if the ‘non-compliers’ are

randomly distributed. It is also clear from these models that greater

efficacy of the drug combinations, higher drug ‘coverage’ in the

treated populations and lower initial prevalences of LF, all will

lead to fewer rounds of mass drug administration (MDA) re-

quired to interrupt transmission (Stolk et al., 2003; Michael et al.,

2004).

Based on all these considerations, the strategy formulated to in-

terrupt LF transmission through microfilarial reduction by this in-

termittent drug treatment calls for use of either of the two drug

regimens (albendazole+DEC or albendazole+ivermectin) once

yearly to achieve 4–6 rounds of high-coverage MDA to all endemic

and at-risk communities.

An alternative (and already proven effective) MDA strategy for

reducing MF to interrupt transmission is to substitute regular table/

cooking salt with DEC-fortified salt (Houston, 2000). Though used

widely in China’s national Filariasis Elimination Programme (The

Editorial Board of Control of Lymphatic Filariasis in China, 2003),

elsewhere it has been employed principally in demonstration projects,

where its effectiveness, based on treatment for periods ranging from

18 days to 1 year, has been documented (Houston, 2000). Current

WHO guidelines suggest that the DEC-fortified salt strategy can be

used to interrupt transmission if applied to endemic communities for

a period of 1–2 years (World Health Organization, 2000). This ap-

proach is currently being selected by very few countries, and its most

valuable role might eventually prove to be as an adjunct or supple-

ment for treating residual microfilaraemia in MDA programmes us-

ing DEC (tablets)-plus albendazole after the yearly two-drug MDAs

have finished.
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Vector reduction, too, remains a potentially valuable strategic ad-

junct for interrupting transmission, especially when used in conjunc-

tion with two-drug MDA programmes (Reuben et al., 2001). Though

a strategic plan for employing vector control routinely in LF elim-

ination programmes has not yet been formulated, research studies

have clearly demonstrated the remarkable value of bednets (insecti-

cide treated and not treated) (Bockarie et al., 2002; Pedersen and

Mukoko, 2002), residual spraying (Webber, 1975) and use of poly-

styrene beads (Curtis et al., 2002) for source reduction, depending on

the different mosquito species involved. Because there is no specific

agreed strategy for the use of vector control to interrupt the trans-

mission of LF, current recommendations call only for the use of such

techniques to supplement the MDA activities whenever feasible and

affordable (World Health Organization, 2000).

(b) Alleviating the suffering caused by LF disease. While all of the

clinical manifestations of LF (including chyluria, nephropathy, trop-

ical pulmonary eosinophilia and others) cause suffering that needs to

be alleviated (Ottesen, 2004), the public health strategies for address-

ing the problems of LF disease focus on its three principal clinical

manifestations—lymphoedema/elephantiasis, acute inflammatory ep-

isodes and hydrocele.

Lymphoedema/elephantiasis. Care of lymphoedema in filariasis en-

demic areas is, as it should be, very similar to the care of lymph-

oedema elsewhere. Because avoidance of secondary bacterial

infection is essential to prevent worsening lymphoedema or its pro-

gression to elephantiasis, the cornerstone of all lymphoedema man-

agement should be a strong focus on hygiene, skin care [with

detection, treatment and prevention of ‘entry lesions’ (McPherson

et al., 2006)], appropriate footwear and elevation of the affected limb;

prophylactic antibiotics may be indicated for some patients (Dreyer

et al., 2002). These measures may be augmented by others (e.g.,

compressive bandages or garments and physical lymphatic drainage

techniques in countries with more highly developed health care

options), but the most important elements of lymphoedema manage-

ment can be carried out very appropriately even in resource-

constrained environments and, particularly importantly, by the

affected individual or by minimally trained, ‘informal caregivers’
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(Vaqas and Ryan, 2003; Addiss and Brady, 2005). Thus, the goal of

lymphoedema management on a public health scale is home-based

self-care. To achieve this goal requires means for (1) identifying and

bringing patients to treatment, (2) educating patients and family

members on the principles and practice of lymphoedema self-care, (3)

encouraging and supporting sustainable self-care and (4) providing

referral networks for acutely infected or complicated patients (Addiss

and Brady, 2005).

Acute inflammatory episodes: acute dermatolymphangioadenitis

(ADLA). The majority of acute inflammatory reactions seen in LF

patients are induced by secondary bacterial infections in skin whose

underlying lymphatic function is compromised and which frequently

is lymphoedematous; only a small percentage of such reactions are

induced by immune responses to dying adult worms in lymph nodes

and lymphatic vessels (Dreyer et al., 2000). The management of these

ADLA episodes (which usually last 4–8 days) is, therefore, similar to

that for erysipelas in parts of the world not endemic for LF; namely,

rest, cooling the affected area to relieve pain, analgesics, antipyretics,

elevation of the affected limb and systemic antibiotics (Dreyer et al.,

2002). Since prevention of such episodes is the goal, their manage-

ment on a public health scale should rely not primarily on active

involvement of the formal health-delivery system but (as for lymph-

oedema management) on self-care or on informal caregivers from the

community, except for those severe cases where further referral will

be necessary (Addiss and Brady, 2005).

Hydrocele. The treatment for hydrocele is surgery, and if pro-

perly carried out, it is curative. Techniques such as recurrent aspi-

ration of the hydrocele fluid or injection of sclerosing substances are

not only less effective but also may have unacceptable side effects.

Therefore, the public health strategy to alleviate the suffering from

LF-associated hydrocele is to provide access to surgery to as many of

those needing it as possible (World Health Organization, 2000).

To be sure, not all LF genital lesions termed ‘hydrocele’ are simply

that (Addiss and Brady, 2005). Rupture of lymphatic vessels inside

the scrotal cavity can introduce lymph and red blood cells into the

otherwise ‘transudate fluid’ of a hydrocele. The pathogenic implica-

tions of this lymph-contaminated hydrocele fluids have not been fully
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delineated, but it has been speculated to cause more severe clinical

consequences in patients, both with and without surgery. Since the

public health approach to ‘hydrocele’ does require direct involvement

of the formal health-delivery system (for its surgical expertise), effec-

tive triaging of patients is necessary to ensure appropriate manage-

ment of simple hydrocele, complicated hydrocele, lymph–scrotum

and other ‘genital’ conditions (including hernias) presenting as hy-

drocele. Such clinical distinctions will only be possible once the clin-

ical definitions and therapeutic implications have been instilled in the

health system personnel through education and training (Addiss and

Brady, 2005).
2. TURNING POTENTIAL INTO REALITY: THE GLOBAL
PROGRAMME TO ELIMINATE LF
The Global Programme to Eliminate LF came to life unexpectedly,

almost spontaneously. Critical scientific advances were made one af-

ter another but generally independently, and then as these came to-

gether, a concept, goal and vision developed that subsequently

attracted resources, partnerships of interested organizations and fi-

nally a political concern and determination that led to the birth of a

Global Programme (Ottesen et al., 1997; Ottesen, 2000).
2.1. ‘Drivers’ of the Programme

2.1.1. Scientific Underpinning

As indicated (Section 1.2), it was the scientific advance in diagnostics,

therapeutics and strategic thinking, linked with a history of earlier

successes in eliminating LF from a number of countries, which pro-

vided the science base for developing the Global Programme.

(a) Diagnostics. For filariasis control to become effective as a public

health measure, microfilarial detection had to be replaced as the prin-

cipal diagnostic. For Bancroftian filariasis two remarkably effective

antigen detection tests were developed [immunochromatographic test
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(ICT) and enzyme-linked immunosorbent assay (ELISA); Weil et al.,

1997] plus an effective parasite DNA-detection PCR assay (Zhong et al.,

1996) that could be used with human blood specimens collected on filter

paper. Though each of these diagnostic tools is highly effective, in

practice what has been utilized by the Global Programme almost ex-

clusively to ‘map’ the distribution of LF by detecting infected popu-

lations has been the ICT. Its format as a card test using finger-prick

blood and yielding answers within 10minutes has made it the preferred

diagnostic for LF mapping worldwide (e.g., Gyapong et al., 2002;

Eigege et al., 2003) and, in some instances, for monitoring the effects of

treatment as well (Fraser et al., 2005).

For Brugian filariasis, the story has not been so straightforward.

Many efforts at creating an antigen-detection test were unsuccessful,

and the highly sensitive, specific PCR test to identify parasite DNA in

finger-prick blood specimens that works so well in the laboratory

(Lizotte et al., 1994) has just never been broadly employed as a field

diagnostic. Instead, efforts have been focused on utilizing an anti-

body assay based on detecting IgG4 antibodies, the sub-class of IgG

responses that reflects chronic antigenic stimulation and therefore

most likely to be associated with active infection. While one candidate

IgG4 assay does show promise for use as a diagnostic to map Brugian

infections, it is still being assessed for practical usefulness in the

Global Programme (Rahmah et al., 2003).

For both Brugian and Bancroftian filariasis, the new ‘pathology diag-

nostics’ based on ultrasound and lymphoscintigraphy have proven to be

important adjuncts both in the clinical assessment of patient disease

(Amaral et al., 1994; Freedman et al., 1994) and in the development and

monitoring of patient management (e.g., Dreyer et al., 1995, 2001).

(b) Therapeutics. Extensive studies (see Section 1.2.3) of the safety

and effectiveness of the two-drug treatment regimens for decreasing

microfilaraemia in both Brugian and Bancroftian infections led to the

recommendations for their being administered to affected popula-

tions once yearly to interrupt LF transmission. Such a strategy of

decreasing microfilaraemia in populations through mass drug treat-

ment has proven successful elsewhere (Schlemper et al., 2000; The

Editorial Board of Control of Lymphatic Filariasis in China, 2003;

Rawlins et al., 2004), and predictions from mathematical models
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suggest that the current strategy can be successful if programmes can

maintain adequate levels of population ‘compliance’ for a period of at

least 4–6 years (Stolk et al., 2003; Michael et al., 2004). The two-drug

regimen should be albendazole (400mg)+ivermectin (200mg/kg) in
areas where onchocerciasis may be co-endemic with LF, and it should

be albendazole (400mg)+DEC (6mg/kg) elsewhere in the world. The

effectiveness of these regimens and this strategy is currently being

documented in programmes from many parts of the world (see

Section 2.2.2).

The approach to disease management described above (hygiene,

antisepsis and physical measures for lymphoedema and elephantiasis;

surgery for hydrocele) are based on an increased understanding of the

pathogenesis of filarial disease (Dreyer et al., 2000, 2002). The success

achieved by such therapeutic measures is increasingly being docu-

mented both in programmes and in programmatic study set-

tings where they have been employed (World Health Organization,

2004b).
2.1.2. Resources

A strong science base has been essential for developing the GPELF,

but without resources no Programme could have been established.

The most important (non-personnel) resources enabling the Pro-

gramme have been the enormous drug donations and the essential

implementation funds.

(a) Pharmaceutical donations. Just as the principal strategy of glo-

bal immunization programmes relies on distribution of vaccines to at-

risk populations, the principal strategy of the GPELF relies on the

distribution of drugs to at-risk populations. The drug needs for the

GPELF are enormous, given that all 1.2 billion people at risk of LF

infection are expected to receive a regimen of two drugs once yearly

for a period of at least 4–6 years (Ottesen, 2000). Albendazole is

required for all of these at-risk individuals, ivermectin for approx-

imately 1/3 of them (in the onchocerciasis-endemic countries of

Africa and Yemen) and DEC in the remaining 2/3. Clearly, without

availability of these drugs there would be no GPELF!
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To meet these needs, two pharmaceutical companies, GlaxoSmith-

Kline and Merck & Company, Inc., have pledged the most remarkable,

largest drug donations ever made to help the developing world. In 1998,

GlaxoSmithKline pledged to the World Health Organization a dona-

tion of as much albendazole as would be needed to achieve the goals of

the Global Programme, as well as additional measures of support for

the programme itself (Molyneux and Zagaria, 2002). That same year

Merck & Company, Inc. agreed to expand its original donation of

ivermectin (Mectizan) for onchocerciasis control to include all those

countries (principally in Africa), where LF and onchocerciasis overlap

(Colatrella, 2003). This expanded donation represents a 10-fold increase

of their original 1987 donation of Mectizan for onchocerciasis. To-

gether these unprecedented donations by GlaxoSmithKline and Merck

& Company, Inc. hold the potential for extraordinary health benefits

for an enormous number of people worldwide, among whom are the

very poorest populations anywhere. The value of these donations must

be calculated literally in billions of dollars.

(b) Implementation funds. It is necessary, but not sufficient to have

the drugs and strategies needed to overcome LF in endemic popu-

lations; there must also be funds to help implement the programmes.

While some endemic countries are able to fund programme imple-

mentation themselves, most must rely (particularly in the initial

phases) on external support. At the Programme’s inception one

foundation (the Arab Fund for Economic and Social Development)

and two national development agencies (from the United Kingdom

and Japan) provided the funds necessary for programme initiation in

selected countries. Soon thereafter a donation from the Bill and

Melinda Gates Foundation became a main driver of programme im-

plementation, along with other important support from a number of

additional bilateral development agencies and non-governmental

organizations [see (http://www.filariasis.org)].
2.1.3. Political Will and Partnership

The science and the resources are the ‘things’ essential for a Global

Programme, but it is ‘people’ who must utilize these things wisely to
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establish an effective programme. Partnerships with agreed goals and

defined roles must be formed, and political will to support and

champion these national programmes must be established.

The most important fillip in transforming the Global Programme

from simply a visionary concept to an acceptable political goal was

the Resolution by the World Health Assembly in 1997 calling for

member states to eliminate LF as a public health problem and for the

Director General of the World Health Organization to facilitate

efforts to achieve this goal (www.filariasis.org). The Resolution was

formulated in response to the remarkable set of scientific advances

that preceded it and to recognition of the extraordinary potential that

such a Programme would have for improving the lives of so many

people worldwide. Its acceptance by all member nations of the World

Health Assembly meant that efforts towards developing the Global

Programme could then shift to focus more on challenges of imple-

mentation than on the challenge of determining whether such na-

tional programmes should be established or not.

The development of a global health programme of such magnitude

requires very large number of individuals and organizations to work

together effectively. Extremely important in the development of the

GPELF was the bringing together of organizations (NGOs, interna-

tional agencies, scientific institutions, academic organizations) in

advance of the Programme launch, in order to identify roles, re-

sponsibilities and contributions best suited for each organization.

These commitments by the partner organizations were captured in an

agreed strategic plan for the Global Programme that recognized the

essentialness of building effective partnerships to ensure program-

matic success (World Health Organization, 1999).

Just as important as the political will embodied in the World

Health Assembly Resolution and the partnership of supporting or-

ganizations has been the engagement of the endemic country Min-

istries of Health (MOH) for actually undertaking national LF

elimination programmes. Without question, MOH in all LF-endemic

countries are greatly challenged by an enormous array of often com-

peting needs and always insufficient resources. Given that LF is a

non-fatal disease and that it is most prevalent in the poorest, most

politically voiceless sectors of society, MOH decision-makers have
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frequently ascribed LF a priority lower than many other conditions.

Once national programmes began, however, it became clear that for a

very small investment, enormous good could be brought to very large

segments of the population; furthermore, the donated medications

(albendazole and ivermectin) proved to be extremely popular in these

populations because of their immediate de-worming and other health

benefits (Stephenson et al., 2000). When programmes are popular

with people, they become popular with politicians, and when they are

popular with politicians, they are much more effectively imple-

mented. Indeed, recent evaluation of the economic contributions of

different partners has made it clear that the MOH (stimulated by

programme effectiveness and popularity) voluntarily contribute very

significantly to the costs of implementation of these national pro-

grammes (e.g., Ramzy et al., 2005).
2.1.4. Management

As important as any other driver of GPELF success have been pro-

gramme management and oversight. Establishing an appropriate

framework proved to be particularly challenging for the GPELF, but

finally a very effective Global Alliance of all partner organizations

has been created as a means of generating support for the Global

Programme, which is coordinated principally by WHO [see (www.

filariasis.org)]. The Programme’s principal functions are setting

guidelines, supporting all aspects of implementation and assessing

outcomes of the national programmes, while members of the Global

Alliance contribute not only to programme implementation but also

to problem solving, technical support and fundraising in support of

the Global Programme. General guidelines for programme imple-

mentation are developed by WHO and its Technical Advisory Group,

but then modified as appropriate by national programme managers

who work together in regional coordinating bodies, the Regional

Programme Review Groups. Data are compiled at the National,

Regional and Global levels. This new management framework, in

effect only since 2004 (www.filariasis.org), takes advantage of the

contributions and comparative advantages of each of the partners to
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contribute to a Global Programme that is coordinated centrally but

with principal oversight at the Regional and National levels.
2.2. Achievements of the Global Programme: 1999–2005

2.2.1. Scope of Programme Implementation

(a)Mapping the distribution of LF worldwide has been one of the great

challenges and achievements of the Global Programme to date. It was

the extraordinarily cumbersome nature of the only diagnostic test

available (i.e., microscopic identification of MF in blood) prior to the

development of the antigen detection assays that resulted in few

health workers having sufficient motivation to undertake studies to

define the geographic distribution of LF; consequently little was

known about it. The GPELF, using the ICT antigen detection tech-

nique to assess populations at risk (i.e., those defined operationally as

having an antigen prevalence 41%), developed specific, population-

based protocols for mapping the distribution of W. bancrofti LF and

then trained and supported national mapping efforts (e.g., Gyapong

et al., 2002; Eigege et al., 2003; Onapa et al., 2005). The result has

been a rapid, phased mapping strategy that should see the completion

of mapping in 66 countries by the end of 2005 and in all 83 endemic

countries 1 year later (www.filariasis.org). These maps are generally

not prevalence maps, as the sampling techniques being used are de-

signed only to determine whether or not areas (Implementation units

[IUs]) have an antigen prevalence (detected by ICT card tests) of

41%. The size of the IU varies by country, but generally is in the

order of the size of a health district.

(b) Implementation of MDAs. Only after the mapping of a country

is complete (or at least well underway) are the MDA programmes to

interrupt transmission generally undertaken.

MDAs are enormously complex, with elements of social mobili-

zation at all levels, logistical planning, training, drug distribution and

monitoring and evaluation of the total effort, its effectiveness and its

cost-effectiveness. Some countries have employed a strategy of fo-

cusing efforts on a single yearly ‘Filaria Day’ or ‘Filaria Week(s)’.
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Others have used the Community-Directed Treatment (COMDT)

approach developed by the onchocerciasis control programmes

(Katabarwa and Mutabazi, 2000), and still others have created

locally appropriate variations on these themes. While there is no

question but that MDAs utilizing Directly Observed Treatment are

preferable to the alternatives, not all national programmes have been

able to manage such approaches. Despite all this complexity, there

has been progressive expansion of the number of countries initiating

these MDAs, and by the end of 2004 there were 39 countries with

active national programmes to eliminate LF (Figure 5).

Even more remarkable, however, is the number of people covered

under these MDAs. Because India had earlier established an MDA

programme using the single drug DEC alone, in 1999 there were

already 12 million people being covered under antifilarial MDAs, but

the expansion of this number over the next 5 years has been extraor-

dinary. By the end of 2004, a total of 248 million people (Figure 5)

were being reached through antifilarial MDAs [though 172 million of

those still received only single-drug treatment with DEC, since India

had not yet completely converted its MDA strategy to the more
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effective two-drug regimen (World Health Organization, 2005a)].

Still, however, the up-scaling of these numbers has occurred at an

extraordinary rate over the past 4 years—indeed, a rate unmatched

by any other global health programme.

Despite the impressively broad scope of programme activities to

date, it is still clear that 79% of the total 1.2 billion at-risk population

remains unreached by any antifilarial MDAs (Figure 6), and only 6%

are currently covered by two-drug-regimen MDAs (World Health

Organization, 2005a). Unfortunately, further ramping up of pro-

gramme activities is now constrained principally by insufficient

financial resources (see Section 2.4), but the Programme’s target still

remains focused on reaching all of the at-risk populations by 2010.
2.2.2. Impact on LF Transmission and Disease

(a) Transmission. At the end stages of national programmes, trans-

mission will be assessed by using antibody assays to determine po-

tential LF exposure of children born after the MDAs began (Lammie

et al., 2004). Monitoring for effects on transmission during the MDA

phase of the programme relies principally on assessing micro-

filaraemia in the at-risk population, though antigen detection by
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ICT is also sometimes used. Operationally, the individuals tested are

part of ‘sentinel sites’ (villages, blocks, etc. of about 500 persons each)

evaluated at 2- or 3-year intervals during the course of MDA activ-

ities. One or more sites are monitored in each IU, and this informa-

tion is correlated with information on programme coverage at that

site, as determined by reports from drug distributors and by active

coverage surveys (World Health Organization, 2005b).

Since the Global Programme really began only in 2000, few coun-

tries have had time to complete five or six rounds of MDA. Most of the

available data, therefore, comes from progress being made in the 39

countries with active MDA programmes. Two types of datasets are

available. The first includes all of the data reported to WHO by pro-

gramme managers in each participating country, and the second is

from a number of more intensively studied programmes, where mul-

tiple markers of potential transmission interruption (e.g., antigen levels

or mosquito infection rates, in addition to MF prevalence) or more

frequent time points of assessment are included. Figure 7a, showing the

data from 102 sentinel sites in all programmes reporting to WHO,

indicates that after only 2–3 rounds of MDA, 43% of sentinel sites had

already reduced MF prevalence to zero, while 44% had lowered MF

counts to less than half of what they had been pretreatment, and only

13% still had MF prevalence more than half of their pretreatment

levels (World Health Organization, 2004a). Figure 7b shows the mean

decrease in prevalence reported from these same sentinel sites in six

different sub-regions reporting to WHO. Similar findings are seen in

the data from the individual country programmes following this and

other monitoring parameters (Figure 8), including infection in vector

mosquitoes (Figure 9), more closely.

(b) Morbidity Management. Treatment strategies for managing the

disease associated with LF infection have been well documented to be

effective in individual patients (Dreyer et al., 2002). The public health

challenge now is to implement these strategies (home-based self-care

of lymphoedema/elephantiasis through rigorous hygiene; surgery for

hydrocele) on a population-wide scale and to assess their effectiveness

for affected individuals when implemented in this fashion.

GPELF’s success in implementing its morbidity management strat-

egy can best be described as extending, at least in some measure, to all
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of the 39 active national LF elimination programmes. The reason is

not just that ‘alleviating the suffering of those affected’ is the second

pillar of the GPELF (Seim et al., 1999); rather, it is because one really

cannot carry out a programme simply focused on interrupting trans-

mission (i.e., preventing LF) without attending to the needs and
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clinical conditions of affected individuals as well. Certainly, not all

national programmes have equally developed morbidity management

components, and, indeed, quantifying the extent of these programmes

(which is necessary for assessing programme impact) does present a

significant challenge.

For lymphoedema the principal programmatic activity is training,

focused around both health-system clinics and home-based care.
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Though the available estimates are likely to underestimate the real

situation, already by 2003 almost 500 training workshops for morbi-

dity management had been documented in countries with national LF

elimination programmes and more than 24 000 people had been

trained (World Health Organization, 2004b). Further, because the

training strategy is a cascade of activities, many more individuals

actually received training and retraining than documented by these

figures. Indeed, when the early impact of such training and public

health implementation of lymphoedema management principles has

been examined, it is clear that these programmes can achieve excellent

results towards their principal goal of decreasing acute inflammatory

attacks in affected individuals (Figure 10; World Health Organiza-

tion, 2004b).

For hydrocele, the number of surgical workshops and the number

of surgeries performed are quantifiable measures of morbidity man-

agement programmes that allow the impact of GPELF efforts to be

calculated. However, both because the national health systems are

not always responsible for the surgeries performed for hydrocele

and because mechanisms to track the number of such surgeries (or

surgical workshops) have not yet been well developed, little of the
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essential basic information is currently available on a global scale to

describe the impact of these approaches to LF genital morbidity.
2.2.3. Ancillary Health Benefits

One of the most extraordinary and valuable attributes of the GPELF

is that two of the three drugs it relies on (albendazole and ivermectin)

are also the most effective drugs available today for treating all in-

testinal helminth infections, especially including hookworm, and

other conditions as well (Table 1). Therefore, at every MDA not only

LF but all the intestinal helminth infections are being treated as well,

and the effectiveness of this treatment has been well documented both

in pilot studies on carefully followed individuals (Belizario et al.,

2003) and in actual LF programme settings and populations (Beau

De Rochars et al., 2004; Mani et al., 2004).

As a result, all of the health and development benefits of treating

intestinal helminth infections (e.g., Crompton, 2000; O’Lorcain and

Holland, 2000; Stephenson et al., 2000) must be added to those

gained from treating LF infections when gauging the impact of the

GPELF on the health of affected populations. For children, these

benefits include very well-documented improvements in growth
Table 1 Broad antiparasitic effectiveness of single-dose albendazole or
ivermectin when used alone

Parasite/Infection Albendazole 400mga (%) Ivermectin 200mg/kg (%)

Hookworm 95 0–20

Ascaris 100 100

Trichuris 40–60 10–50

Strongyloides 45 95

Cutaneous larva migrans 80 100

Enterobius 85 85

Onchocerciasis — 95b

Lice — 100

Scabies — 100

aAlso effective against other parasitic infections (Cysticercosis, Echinococcus,
Giardia, Trichomonads, Microsporidia and Crytosporidia) but requiring multiple
doses.

bKilling effect against MF stage only.
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(height and weight), school attendance, performance on cognitive

tests, fitness, appetite and activity (Stephenson et al., 2000). For

women of child-bearing age, the reduction in hookworm infection

contributes greatly to protecting these women from maternal anae-

mia, a major determinant of low-birth-weight babies and childhood

growth failure (Crompton, 2000; Stephenson et al., 2000). Quantify-

ing the impact of all these ancillary health benefits (in terms of DA-

LYS or some other measure) should certainly be feasible, but at the

moment it still remains an incompletely met challenge.

The benefits of de-worming in children may extend even beyond

the nutrition-related ones described above. Recent evidence that

clearance of intestinal helminth infection improves responses to

certain vaccines (Cooper et al., 2000) and that the presence of intes-

tinal helminths may exacerbate malaria or other infections (Nacher

et al., 2002; Shin et al., 2004; Druilhe et al., 2005) suggests that there

might be important interactions (immunologic or otherwise) between

these intestinal parasite infections and the host response to other

infections or protective antigens. These latter might also be signifi-

cantly improved through population-wide distribution of albendazole

and ivermectin as part of the GPELF.
2.2.4. Integrated Management of Public Health Programmes

Many of the components and many of the needs of different public

health programmes are really so similar that the concept of integrating

programme activities or ‘packaging’ health initiatives is not only ob-

vious but of very great practical significance (Molyneux and Nantulya,

2004). Importantly, the national programmes to eliminate LF have a

number of unique (or at least, very special) characteristics that make

them particularly effective partners for integrating with other health

initiatives. Especially important is that their target in at-risk areas is the

‘entire population’, since all segments and age groups of the population

are at risk and must be reached for the LF programmes to be successful.

Thus, other programmes that focus on sub-sets of the population can

link with national LF elimination programmes, as well as those which

must reach the most remote, underserved populations (e.g., for the
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delivery of bednets for malaria prevention). In addition, as indicated

above, the drugs used by the GPELF are the very ones used for in-

testinal helminth control programmes, so that coordinated program-

matic linkages between these initiatives should be particularly

straightforward. Finally, the fact that the donated drugs (albendazole,

ivermectin) are not only free for the affected populations but also

extremely popular with them (because of the very recognizable health

benefits they bring to the individual), enhances the compliance of

communities towards the LF elimination activities and towards any

other health initiatives associated with it.

As a result of such great potential for linkages, the GPELF is now

being ‘packaged’ in a number of different countries with a range of

health initiatives that focus on control of intestinal parasites, schist-

osomiasis, onchocerciasis, trachoma, leprosy and malaria (Fenwick

et al., 2005). While the ‘impact’ of this new thrust towards integrated

programme implementation and management has not yet been quan-

tified, its potential for enhancing the effectiveness of all of these pro-

grammes appears to be very great. In addition, since most of these

programmes are undertaken by the same health workers at the com-

munity, district and even national levels, the packaging of currently

independent initiatives should prove to be of very great value to the

efficient management, operation and strengthening of the health-

delivery system itself. Though to date there is still minimal docu-

mentation, the anticipated benefits are appreciable.
2.3. Raising Awareness of Global Health Issues and their
Solutions

One of the most important achievements of the GPELF has been

awakening the global health community to the enormous burden cur-

rently saddling endemic populations as a consequence of lymphatic

filarial infection. LF is much more widespread and affects many more

of the world’s most underserved communities than previously recog-

nized. The GPELF, however, has not just raised awareness of this

important global health problem; it has also raised awareness that the

problem can be solved. Furthermore, its solution can be an essential
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and integral part of a larger global health implementation programme

that is extremely cost-effective and has significant pro-poor benefits

that will act effectively to reduce poverty and be fully in line with

efforts to achieve the globally agreed Millennium Development Goals

(Molyneux, 2004; Molyneux and Nantulya, 2004).

Public–private partnerships have been essential to the development

of the GPELF and will unquestionably prove to be equally important

for meeting the challenges of other global health concerns. The part-

nerships created between the GPELF and both GlaxoSmithKline and

Merck & Company, Inc. (Molyneux and Zagaria, 2002) not only

have helped to break down earlier barriers to effective coordination

of LF and other global health efforts but also have facilitated the

entry of additional pharmaceutical companies into similar partnering

roles in other health initiatives. Indeed, the value to global health of

increasing first the awareness and then the willingness of partners to

deal with the extraordinarily debilitating effects of LF is matched in

importance only by the demonstration of the value, power and fea-

sibility of all facets of the healthcare framework coming together to

share ideas, resources and best practices to overcome so many of the

health problems inhibiting advancement of the developing world.
2.4. Principal Challenges Now Facing the Global
Programme to Eliminate LF

The GPELF has done a remarkable job in rapidly translating critical

scientific advances first into programme development, then to health

policy and finally into programme implementation. The rapid scale-

up achieved (almost 300 million people treated in 2004) is unprec-

edented and reflects both the Programme’s popularity and its strategic

feasibility. However, a number of challenges and uncertainties still

facing the Programme must be addressed. The most important of

these are:

(1) Financial resources for programme implementation. Despite the

fact that LF elimination programmes (either ‘stand-alone’ or ‘pack-

aged’) are extraordinarily inexpensive and cost-effective (Fenwick et al.,

2005), because LF and the other ‘neglected diseases’ with which it is
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packaged are predominantly chronic, debilitating diseases of poverty

and not ones associated with acute illness and death, it has been difficult

for them to gain wide recognition and broad financial support. The low

costs of successful implementation of a ‘neglected diseases package’

have been contrasted quite clearly with per-person costs of HIV/AIDS,

tuberculosis, malaria and other international health programmes (Mo-

lyneux and Nantulya, 2004; Fenwick et al., 2005), and there is a definite

willingness of affected countries to strongly support the LF elimination

programmes, both politically and economically (e.g., Ramzy et al.,

2005). Still, however, support from outside the developing world re-

mains insufficient for the necessary expansion of MDA activities and

for needed enhancement of morbidity management activities. Indeed,

the financial resource shortfall for programme implementation is cur-

rently the major barrier to the success of this initiative, especially in

Africa, and efforts to develop creative financing options provide a ma-

jor challenge for GPELF activities.

(2) Financial support for operational research. The need for financial

resources is not limited just to programme implementation. It is

widely appreciated that a mark of all successful public health pro-

grammes is the continuing involvement of an active research com-

munity capable of providing solutions both to programme problems

as they arise and to anticipated problems or barriers that might arise

during programme activities. Operational research is necessary for

continuing to improve the tools (diagnostic and therapeutic) and

strategies on which the Programme rests (Ottesen and Weil, 2004).

Particularly important for the GPELF now are the tools and strat-

egies to define successful end-points to the LF MDA programs. These

most likely will be antibody assays to detect evidence of exposure to

infection in cohorts of children born after the LF elimination pro-

gramme has begun. While potential tools and sampling strategies are

available (Lammie et al., 2004; World Health Organization, 2005b),

operational research to define their diagnostic effectiveness for mon-

itoring and surveillance is still necessary. Similarly, while the two-

drug regimens for use in interrupting transmission are very good,

there might be still more effective ways either of using the same drug

combinations now employed or developing alternative drug regimens

to interrupt transmission more rapidly and, thereby, help to protect
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from any potential drug resistance that might otherwise compromise

programme success (Bradley and Kumaraswami, 2004).

(3) Strategies for utilizing vector control. To interrupt transmis-

sion,the parasite can be attacked in both the vector and the human

host (Figure 2), but essentially all current efforts of the GPELF are

focused on chemotherapeutic targeting of the parasite in the human

host. As there is, however, a large body of knowledge and under-

standing of the vector biology associated with LF, it is essential to

develop a strategy that would effectively and cost-effectively utilize

this knowledge to hasten the achievement of GPELF’s goal of LF

elimination (Burkot and Bockarie, 2004). Indeed, in some situations

it has been hypothesized that without effective vector control it might

prove impossible to eliminate infection using the current drug-based

strategy alone (Burkot and Ichimori, 2002). In any case, the potential

value of vector control efforts to support the chemotherapeutic ones

is so great that the challenge of finding an appropriate strategy for

utilizing vector control presents itself as an urgent unmet need whose

solution should prove extraordinarily valuable for the success of

GPELF.

(4) Identifying programme impact. That there is an enormous, cost-

beneficial impact of the GPELF, both when implemented alone and

especially when packaged with other disease control programmes, is

already clear. However, in order for society to make the appropriate

choices in allocating its resources, it is necessary for this impact to be

as well defined and quantified as possible. Efforts to achieve such

quantification are actively being pursued, but, still, meeting this pub-

lic health challenge remains extremely important for the continued

success of the Global Programme.
3. TREATING INDIVIDUALS WITH LF
3.1. Treating LF Infection in Individuals

In contrast to the therapeutic objective of the GPELF where the goal

of treating infection in individuals in endemic populations is to pre-

vent the spread of infection from that individual to others, the goal of
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treating the infection in individuals in the clinic is to prevent devel-

opment of disease in that individual.

Most LF disease (lymphoedema and its consequence; hydrocele

and its consequence) is induced by the adult-stage filarial worms.

Therefore, the most appropriate therapeutic target to prevent disease

is the adult worm. The understanding of how best to kill this stage of

the parasite, however, remains remarkably limited. In part, this lim-

itation results from the few tools available for assessing adult worm

viability [e.g., ultrasound visualization of both brugian and ban-

croftian parasites; circulating antigen (derived from adult worms)

detection for W. bancrofti infections only], and in part, it results from

the lack of potent macrofilaricidal drugs.

The effectiveness of DEC in killing many but not all LF adult

worms is well recognized (Ottesen, 1985; Noroes et al., 1997) but not

explained, and the finding that a single dose of DEC (6mg/kg) is as

effective in killing adult worms as is a multiple-week course (Figure

11; Noroes et al., 1997) has not been challenged. For albendazole, a

single dose (400mg) does appear to affect adult worms (killing?, in-

hibiting MF production?; Gyapong et al., 2005), but a 3-week course

of 400mg twice daily showed very much greater (perhaps 100%)

killing of adult worms (Jayakody et al., 1993). Ivermectin, on the

other hand, appears not to kill adult-stage parasites at all (Dreyer
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et al., 1996). A recent study indicated that a single dose of al-

bendazole+DEC was equally effective in killing adult worms as 7

days of this two-drug combination (El Setouhy et al., 2004).

Most recently another approach (i.e., targeting the worm’s Wol-

bachia endosymbionts) showed that 8-week treatment with doxycyc-

line resulted in macrofilaricidal effects in patients with W. bancrofti

infection (Taylor et al., 2005). However, for none of these antifilarial

agents have there been recent formal clinical trials focused on opt-

imizing treatment of the infection in individual patients, so that text-

books of medicine are still left with espousing the very old

recommendations for treating LF patients with a 12-day course of

DEC (6mg/kg/day) for Bancroftian filariasis and a 6-day course for

Brugian filariasis (Ottesen, 2004). Clearly, the more recent research

observations demonstrating the equivalence of single- and multiple-

dose DEC and the action of long-term albendazole or doxycycline

treatment for killing adult worms have very effectively set the stage

for additional clinical trials to revise these outdated treatment rec-

ommendations.

Though adult-stage parasites do cause most of the damage that one

tries to prevent in treating individuals with LF infection, MF, too,

can induce disease. Indeed, term ‘asymptomatic microfilaraemia’ be-

lies the pathogenicity of this stage of the parasite. Most commonly

associated with microfilaraemia is a nephropathy manifesting as

microscopic or gross hematuria (Dreyer et al., 1992). The frequency

of such hematuria is high, but the long-term consequences of it have

not been well explored. Since both DEC and ivermectin are very

effective microfilaricides, and since the hematuria resolves after treat-

ment, it is appropriate to use single doses of either of these drugs

(DEC, 6mg/kg; ivermectin, 200 mg/kg) to decrease microfilaraemia.

The tropical pulmonary eosinophilia syndrome, though caused by

hyperresponsiveness to the microfilarial stage of the parasites, actu-

ally requires treatment with an adulticidal regimen of DEC [6mg/kg/

day� 3–4 weeks (Ottesen and Nutman, 1992)]. Interestingly the

microfilaricidal drug ivermectin is not effective in treating this

syndrome, probably because the DEC, through its macrofilaricidal

activity, stops microfilarial production by the adult worms more

effectively than ivermectin.
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Neither DEC nor ivermectin, given separately or together at the

doses necessary to treat microfilaraemic patients, has any significant

drug toxicity in normal individuals or in amicrofilaraemic patients.

However, in microfilaraemic individuals the rapid killing of MF by

these drugs presumably releases so much antigen that the modulating

effects of the host immune system appear to be overwhelmed and a

variety of side reactions is induced (Ottesen, 1987). These occur in

direct proportion to individuals’ pre-treatment microfilarial loads and

include headaches, fever, lymphoadenopathy and occasionally rash,

itching and other symptoms. Although the most severely affected

patients can also experience postural hypotension, generally these

reactions are well managed through the use of antipyretics, antihis-

tamines or, in the most severe instances, corticosteroids.
3.2. Treating the Disease in Individuals with LF

Although trying to cure the infection is important, it is managing the

disease consequences of LF infection (i.e., lymphoedema/elephantia-

sis, genital pathology and acute inflammatory episodes) that is most

often of greatest concern to the patient. Effective antifilarial chem-

otherapy will arrest further parasite-induced damage to lymphatics,

but the already-damaged vessels continue to render the affected pa-

tients susceptible to secondary bacterial infections, likely for the rest

of their lives. Since repeated episodes of such infections are the prin-

cipal determinant to progression of the morbidity associated with LF,

all infected individuals (even those manifesting only microfilaraemia)

should be enrolled in programmes of hygiene and limb care that

will effectively decrease the frequency of bacterial infections. As al-

ready described [Section 1.2.4(b)], this should include training on

washing and care of the limbs, prompt recognition and treatment of

minor injuries, wearing of shoes and other foot protection, limb el-

evation, exercise and judicious use of antibiotics [to treat acute in-

flammatory attacks and for prophylaxis when indicated (Dreyer

et al., 2002)].

For hydrocele and other even more complicated manifestations of

genital pathology, surgery is indicated (DeVries, 2002).
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Chyluria is best managed through dietary modification, especially

replacement of fat-rich diets with high-protein, high-fluid diets sup-

plemented where possible with medium-chain triglycerides (Dreyer

et al., 2002). Surgery or the sclerosing effects of lymphangiography

have also been used when nutritional management has not been

successful (Ottesen, 2004).
4. THE FUTURE
The recent history of LF has been one of rapid acceleration in our

understanding and potential mastery over this parasite. First described

125 years ago, LF needed 75 years before the discovery of its first

practical, effective drug treatment (DEC), but during the past 20 years

there has been such rapid development of new, powerful diagnostics

and drug regimens that a GPELF could actually be created, just over 5

years ago. Already during the short span of these 5 years more than

20% of the world’s at-risk population has been reached in the effort to

eliminate LF, and the Global Programme remains on target to

reach its goal of LF elimination as a public health problem by the

year 2020—provided that necessary resources continue to be made

available.

While the principal goal of the GPELF remains LF elimination, it

has become increasingly clear that this programme can, and indeed

must, extend its benefits more broadly through integrating its own

programmatic activities (both MDA and morbidity management)

with those of other programmes utilizing similar strategies and tools.

Such integration should be especially effective with those global health

programmes focused on what have been termed ‘rapid impact dis-

eases’ (World Health Organization, 2005c)—diseases for which

technical solutions have already been defined but which today lack

the public health resources to deliver these solutions to the poor,

underserved populations burden by these ‘neglected diseases’.

Indeed, the argument has already been made quite forcefully

(Fenwick et al., 2005) that investment in a package of health initi-

atives directed at these neglected diseases is likely the best buy in

Global Health today.
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The achievements of the GPELF, founded on the scientific ad-

vances of an effective, determined research community and supported

by an extraordinary partnership of public- and private-sector organ-

izations, have already translated into health and productivity benefits

for almost 300 million people living in LF-endemic regions world-

wide, and the Programme is on target to reach all 1.2 billion people at

risk during the next decade. A critical challenge, while undertaking

this expansion, will be for the GPELF now to utilize its organiza-

tional and cost-effective implementation strategies for integrating

with other global health initiatives to deliver even greater value to-

wards improving health in the developing world and thereby exert

strong impetus towards achieving the globally agreed Millennium

Development Goals (Molyneux and Nantulya, 2004). Thus, the vi-

sion for the future of the GPELF today is not one focused solely and

exclusively on eliminating LF; rather, the vision is nothing short of a

global LF elimination programme fully integrated into national

health care systems and serving as a strong vehicle and partner for

delivering the goods and services necessary to make a broad, effective

impact on the health and development of the world’s neediest and

most neglected populations.
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ABSTRACT

Echinococcosis/hydatidosis, caused by Echinococcus granulosus, is a

chronic and debilitating zoonotic larval cestode infection in humans,

which is principally transmitted between dogs and domestic livestock,

particularly sheep. Human hydatid disease occurs in almost all pastoral

communities and rangeland areas of the underdeveloped and developed

world. Control programmes against hydatidosis have been imple-

mented in several endemic countries, states, provinces, districts or re-

gions to reduce or eliminate cystic echinococcosis (CE) as a public

health problem. This review assesses the impact of 13 of the hydatid

control programmes implemented, since the first was introduced in

Iceland in 1863. Five island-based control programmes (Iceland, New

Zealand, Tasmania, Falklands and Cyprus) resulted, over various in-

tervention periods (from o15 to 450 years), in successful control of

transmission as evidenced by major reduction in incidence rates of hu-

man CE, and prevalence levels in sheep and dogs. By 2002, two coun-

tries, Iceland and New Zealand, and one island-state, Tasmania, had

already declared that hydatid disease had been eliminated from their

territories. Other hydatid programmes implemented in South America

(Argentina, Chile, Uruguay), in Europe (mid-Wales, Sardinia) and in

East Africa (northwest Kenya), showed varying degrees of success, but

some were considered as having failed. Reasons for the eventual success

of certain hydatid control programmes and the problems encountered

in others are analysed and discussed, and recommendations for likely

optimal approaches considered. The application of new control tools,

including use of a hydatid vaccine, are also considered.
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1. INTRODUCTION
The history of control programmes against cystic hydatidosis or cystic

echinococcosis (CE) due to infection with Echinococcus granulosus is

an under-recognized success story of 20th century parasitology. Cystic

hydatidosis is a classic zoonosis in which most transmission depends

on domestic animal reservoir hosts, livestock husbandry and dog

management practices as well as human behaviour (Nelson, 1972).

Hydatid disease is one of the few examples where elimination of

transmission of a parasitic zoonosis from a defined region has been

achieved as a result of purposeful control campaigns. Currently, how-

ever, the parasite still remains endemic on all continents except

Antarctica, and also appears to have emerged or re-emerged in several

regions including parts of Central Asia, China, Europe, East Africa

and South America (Craig and Pawlowski, 2002; Torgerson and

Budke, 2004). This review aims to describe and assess all the successful

hydatid control programmes, to consider failed campaigns and to dis-

cuss control options and modern surveillance tools.

Human CE is a chronic, potentially life-threatening infection with

the larval cystic stage (hydatid) of the dog taeniid tapeworm E. gran-

ulosus (Batsch, 1786). It was recognized as a human infection by

Hippocrates (379 BC), but its animal (parasitic) origin was not iden-

tified until the work of Redi in 17th-century Italy. Batsch named the

cystic parasite as Hydatigera granulosa in 1786, and in 1808 Rudolphi

introduced the name Echinococcus (spiny berry) probably to describe

the hooked protoscoleces found in hydatid cysts. It took another 50

years or so, however, before the life cycle of E. granulosus was de-

termined in the decade 1850–1860 by the work of von Siebold,

Naunyn and Krabbe following their independent experiments to in-

fect dogs with hydatid cyst material (Grove, 1990). Subsequently,

Krabbe in Iceland in 1863 successfully infected sheep with eggs from

adult E. granulosus tapeworms, and the life cycle of the hydatid-

forming tapeworm was thus confirmed. In 1854, Kuchenmeister in

Germany published some of the ‘Principles of hydatid control’ in-

cluding prevention of dogs being fed livestock offal (Grove, 1990). By

1863, Krabbe used this new life cycle knowledge to recommend
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implementation of the the world’s first national programme to con-

trol a parasite, that is, hydatid disease in Iceland (see Section 2.1).
1.1. Life Cycle Biology of Echinococcus. granulosus

The adult tapeworm is small, being only 2–7mm in length comprising

2–6 segments, with a scolex that bares two rows of hooks and four

suckers. The pre-patent period in the dog’s small intestine is around 6

weeks, but may vary according to genotype of the parasite as well as

breed of the dog so that the range may be 34–58 days (Thompson,

1995). Gravid proglottids are shed approximately every 7–14 days,

each proglottis containing around 500–600 eggs. A dog may harbour

o10–425000 worms in the intestine, but the mean number is prob-

ably more like 200–300. Most worms are attached between the villi in

the first third of the small intestine. Worm longevity in the dog is

estimated to be about 1 year (probable range 6–20 months) (Gemmell

et al., 1986; Torgerson and Heath, 2003). (Plate 11.1.A and E in colour

plate section) The mature eggs of E. granulosus are typical of taeniid

cestodes, 30–40mm in size with a thick embryophore that protects an

enclosed, fully developed six-hooked oncosphere (hexacanth). Eggs of

E. granulosus cannot be distinguished under light microscopy from

eggs of other Echinococcus or Taenia species, but may be specifically

identified using monoclonal antibodies or by PCR amplification of

DNA (Craig and Nelson, 1986; Cabrera et al., 2002a). The eggs may

contaminate not only the perianal area of a dog but also the snout,

flanks and paws (Torgerson and Heath, 2003). Echinococcus eggs in

the environment may remain viable for months and withstand tem-

peratures of approximately �301C to +301C, but desiccate when rel-

ative humidity is 25% or lower and at temperatures 4451C (Eckert

et al., 2001). Viable eggs may be mechanically transported on or within

the gut of dipteran flies or other arthropods (Lawson and Gemmell,

1990), but the majority contaminate the immediate environment of the

infected dog around its home area and on pastures where dog defae-

cation may occur (Gemmell et al., 1986; Craig et al., 1988).

Following ingestion by a suitable intermediate host, e.g. sheep or

human, the egg hatches in the upper small intestine to release an
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activated oncosphere, which penetrates the gut epithelium with the aid

of hook movements and proteolytic secretions. Penetration may occur

within minutes, and the oncosphere usually enters a capillary so that the

venous flow ensures that the majority will pass directly to the liver and/

or the lungs. Oncospheres that fail to penetrate within about 1 hour

usually die and are digested (Lethbridge, 1980). Within hours of pen-

etration and site location, the oncosphere begins to vesiculate in tissues,

and by 3–8 days a clearly laminated layer is visible in the small hydatid

cyst (o1mm diameter) (Holcman and Heath, 1997). The invasive

oncosphere and early post-oncosphere metacestode stages are vulner-

able to antibody-dependent, complement-mediated immune damage

and may be killed in the first few days of infection before the formation

of the protective laminated layer. Pre-encystment immunity can also be

artificially stimulated using native extracts, or recombinant oncosphere

antigens, which form the basis of the highly effective EG95 E. gran-

ulosus vaccine (Lightowlers et al., 1996). Once the unique acellular

mucin-rich laminated layer is secreted from the thin cellular germinal

layer, the fluid-filled unilocular hydatid cyst grows relatively slowly at

the rate of about 0.5 cm to several centimetres per year. In sheep older

than 5 years, hydatid cysts may reach 5–7 cm. (see Plate 11.1 A in

colour plate section) In other more long-lived livestock species (e.g.

camels, cattle and horses) and in humans, hydatid cysts may be sig-

nificantly larger. In untreated humans, CE annual hydatid cyst growth

ranged from 0 to 160mm, but average growth was 7–29mm (Romig

et al., 1986; Frider et al., 1999). Humans become infected with CE only

through accidental ingestion of the infective egg(s) and normally are a

dead-end host and take no part in the transmission cycle, though a

human–dog cycle may theoretically be possible (Macpherson, 1983)

Plate 11.1 in the separate colour plate section).

Within 4 to 12 months post-infection of a susceptible animal or

human host, brood capsules bud from the inner germinal layer of the

hydatid cyst and asexual protoscolex production occurs within each

brood capsule. A 10 cm human hydatid cyst contained 87 920 brood

capsules within which a total of approximately 1.3 million pro-

toscoleces were counted (Wen and Ding 2000). After ingestion of a

fertile hydatid cyst by a suitable definitive host, e.g. the dog, each

protoscolex can transform into an adult tapeworm to complete its life
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cycle. Protoscoleces may, however, also vesiculate in their own right

and develop in the cystic direction, for example, when a cyst is dam-

aged, and results in formation of daughter cysts in human CE, termed

secondary echinococcosis.
1.2. Medical Importance

Human CE is characterized by a variable asymptomatic period dur-

ing hydatid cyst growth, which is affected by patient age, site of cyst

development and whether infection is with a single or multiple cysts.

Approximately 70–80% of hydatid cysts in human CE develop in the

liver, 10–20% in the lungs and around 5% in any other site in the

body (WHO/OIE, 2001). Hydatid cysts may remain asymptomatic

for life especially if they remain small. Symptoms are usually asso-

ciated with pressure effects of the cyst on adjacent tissues/organs, but

traumatic hydatid cyst rupture may result in a fatal anaphylaxis.

Human CE may be fatal in around 5% of primary cases, and

410–20% of secondary echinococcosis cases. The burden of disease

associated with echinococcosis is significant in highly endemic re-

gions, for example regions of China and South America (Budke et al.,

2004a; 2004b; Carabin et al., 2005). Surgical cyst removal or drainage

is the main form of treatment and therefore human CE represents a

serious and costly public health challenge in endemic areas (Larrieu

et al., 2000a; Torgerson et al., 2000). Approximately 5–27% of

hydatid patients experience a recurrence following surgery, which

then usually results in higher morbidity and mortality rates (WHO/

OIE, 2001). Use of benzimidazole drugs, such as albendazole and

percutaneous cyst aspiration, provide useful additional approaches

for treatment of complicated CE and simple hepatic CE, respectively

(WHO/OIE, 2001; Larrieu et al., 2004).
1.3. Epidemiology of E. granulosus Transmission

Transmission of E. granulosus between domestic livestock and canids is

predominantly a feature of pastoral communities in temperate or semi-

arid rangeland areas of the world. The dominant strain, sub-species or
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genotype of E. granulosus is the sheep–dog form or G1 genotype

(McManus and Thompson, 2003). The sheep–dog strain is cosmopol-

itan, with high endemicity in the Mediterranean Basin (including

North Africa), the Near andMiddle East, Central Asia, western China,

Russia, East Africa and large regions of South America (central Andes,

south Brazil and Uruguay, to southern Patagonia), and this strain is

responsible for495% of all human hydatid cysts that have been DNA

typed after surgical removal or biopsy (WHO/OIE, 2001; McManus

and Thompson, 2003). In addition to the G1 genotype, up to nine

other genotypes have been described using mitochondrial gene anal-

ysis, including horse, bovid, camel, pig and cervid forms, and all except

the horse strain show evidence of zoonotic potential, albeit only iden-

tified in relatively small numbers of human hydatid cases (Kamenetzky

et al., 2002; McManus and Thompson, 2003). Phenotypic differences

between strains of E. granulosus may be important for transmission

dynamics, for example the pre-patent period in the sheep–dog strain is

approximately 45 days, in contrast to the cattle–dog strain which is

quite short at 33–35 days. (WHO/OIE, 2001)

From our experience in South America, East Africa and China, it

appears that, in general, when ovine CE and canine echinococcosis

prevalence rates are 10–20% or greater, the parasite will potentially

cause human incidence rates 45 cases per 100 000 per year and hu-

man hepatic CE prevalence (by ultrasound mass screens) of 41–2%.

Such CE disease rates in humans, though low compared to other

helminthic infections such as schistosomiasis, may nevertheless be

significant in terms of the public health impact due to the high mor-

bidity and the complicated nature of treatments for human CE (Craig

et al., 1996; Budke et al., 2004a). Recent estimates for average cost

for surgical treatment of CE was 4US$10 000 in UK (Torgerson and

Dowling, 2001), 4US$4000–6700 in Argentina and Uruguay

(Larrieu et al., 2000a; Torgerson et al., 2000) and at least US$700

in China (Craig, 2004). In addition to public health impacts, eco-

nomic losses due to condemnation of sheep and bovid offal may be

significant, and for example were estimated to be US$10–15 million

annually in Tunisia (Carabin et al., 2005).

Adults 420 years of age are usually at greater risk of CE but many

probably contract the disease as children. Children may however be



P.S. CRAIG AND E. LARRIEU450
symptomatic and require treatment. One study in the Xinjiang Re-

gion of northwest China showed that 36.4% of 21 560 CE patients

treated in hospital over an extended period were under the age of 14

years (Xu, 1995; Ito et al., 2003). Other risk factors for human CE

from case control and community mass screening surveys appear to

be livestock ownership (especially sheep), occupation in pastoralism/

rangeland, ethnicity (e.g. Turkana in Kenya, and Tibetans and

Kazahks in China), gender (females often at higher risk), dog own-

ership (number of dogs, years owned and caregiver), feeding un-

cooked viscera to dogs, source of drinking water, knowledge about

CE and poor hygienic practices (Dowling et al., 2000; Larrieu et al.,

2002; Craig, 2004).
2. HYDATID CONTROL PROGRAMMES LEADING TO
ELIMINATION OR NEAR ELIMINATION OF
E. GRANULOSUS
Five ‘island-based’ hydatid control programmes, i.e. Iceland, New

Zealand, Tasmania, Falkland Islands and Cyprus, have been suc-

cessful in the eventual elimination of CE as a public health problem,

and even to the elimination of the parasite in dogs and sheep.
2.1. Iceland (1863–1960)

Cystic hydatid disease probably became established in Iceland by

1200 AD when livestock numbers on the island began to increase, and

after the parasite was possibly imported with dogs brought via trad-

ing routes from north Germany. The first clear autopsy records that

described human hydatid infection in Iceland appeared in the 1760s,

and hydatid rates as high as 26–30% were recorded for autopsies

performed at the beginning of the 20th century on persons born from

the 1840s (Dungal, 1957). Of 7333 autopsies performed in the capital

Reykjavik, from 1932 to 1966, hydatid cysts were detected in 190

(2.6%) of the deceased. However, very high post-mortem prevalence

rates for CE of 15–62% occurred for persons born between the years



CONTROL OF CYSTIC ECHINOCOCCOSIS/HYDATIDOSIS 451
1860 and 1899 (Palsson, 1976). Probably the last confirmed case of

human CE contracted in Iceland during the 20th century was diag-

nosed in 1960 in a 23-year-old female who died 6 months after sur-

gery for a hydatid cyst of the ileum (Beard et al., 2001). In the

intervening 100 years a deliberate hydatid control campaign resulted

in a remarkable reduction in human CE, and the disease was con-

sidered to have been ‘eradicated’ from Iceland by the 1960s (reported

by the National Hydatids Council of New Zealand, 1965).

The Iceland hydatid campaign must be one of the earliest control

programmes specifically directed against any parasite. It was instigated

in 1863 by a Danish veterinarian, Harald Krabbe, which was in the

same year that Bernard Naunyn, in Germany, succeeded in infecting

dogs with E. granulosus worms after feeding them human hydatid cysts

(Grove, 1990). Krabbe was Professor of Veterinary Science in Copen-

hagen, and became chief adviser to the Icelandic government on

hydatid disease control from 1860 to 1890. In 1864, he wrote an 18-page

general information booklet on hydatid disease that was distributed free

of charge, which emphasized the life cycle of the parasite and the role of

the dog as the key to prevention of hydatid disease. The prophylactic

measures he recommended included the destruction of cyst-infested

offal from livestock, a reduction in the number of dogs and avoidance

of close contact with dogs (Krabbe, 1864). A similar pamphlet written

by the chief medical officer for Iceland (J. Jonassen) was also distrib-

uted to all households in 1884 and 1891 (Palsson, 1976). During that

period there were relatively few books, apart from the Bible and Ice-

landic Sagas, thus the hydatid pamphlets became one of the most

widely read printed works by the poor but highly literate society whose

population was only around 70 000 (Beard et al., 2001). In 1890, a

Hydatid law was passed by the government, which imposed a tax on

every dog (payable by owners), and it also outlawed feeding of dogs

offal from slaughtered sheep and cattle, and furthermore stated that

livestock cysts should be buried or burnt. Significantly, this law also

required that every dog was to be treated once a year with a vermifuge,

which at that time was areca seed extract (later arecoline hydrobro-

mide), and each community had to nominate a ‘dog-cleaner’. In ad-

dition, a ‘dog-cleaning house’ was to be constructed in each village.

Dogs were purged on wood shavings, that were then burnt, and each
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dog was then washed (Beard et al., 2001). This Act was upgraded by

parliament in the years 1924, 1953 and 1957. In the early part of the

20th century, slaughterhouses were built all over Iceland and it was

made illegal to kill livestock outside them. Changes in sheep husbandry

that occurred in Iceland in the early 20th century also reduced the risk

of transmission from sheep to dogs. Lambs were slaughtered at 4–5

months of age replacing the previous reliance on 3–4 year old wethers

(castrated male sheep) for meat, and also the milking of ewes was

discouraged.

Krabbe was far-sighted and had correctly considered that it would

take a generation before any public health effects of the educational

campaign would be seen. By the decade 1890–1900, new cases of

human CE had virtually disappeared, and only two cases in the under

40 years age group were detected between 1930 and 1950, the re-

maining cases (n ¼ 70) were 451 years of age (Dungal, 1957). In

1883, Krabbe found 28% of 100 dogs at necropsy infected with

E. granulosus worms, and a much later necropsy survey, in the decade

1950–1960, failed to find the parasite in 200 dogs, though the non-

pathogenic tapeworm Taenia hydatigena (syn. T. marginata, which is

also transmitted by offal from sheep to dogs) persisted at low (5.5%)

prevalence (Palsson, 1976). There are no reliable records of ovine CE

in the early decades of the campaign, but during the period

1948–1953 the prevalence in sheep was around 0.0008%; the last

sheep confirmed infected with hydatids were 21 aged ewes identified

between the years 1953 and 1973 on the east of the island (Dungal,

1957; Beard et al., 2001) (Table 1).

Thus the Icelandic hydatid campaign was astonishingly successful,

even though it was based solely on an educational campaign for the

first 20 years, with subsequent enforcements after 1890 and the intro-

duction of beneficial changes in sheep husbandry in the early 1900s.

Continued strict controls on dog behaviour and slaughter practices for

the next 50 years (to the 1960s and currently) as a ‘maintenance of

eradication’ phase, have ensured control of transmission and probable

elimination of E. granulosus from the Island. The Iceland experience

served to demonstrate for the first time that total control and even

elimination of hydatid disease was possible, albeit over a very long

period in an island state with a small rural though literate population.



Table 1 Island control programmes for cystic echinococcosis (CE) that
lead to elimination or near elimination of human CE and transmission of
E. granulosus

Region (control

period)

Pre-control Intermediate

impact (i)

Intermediate

impact (ii)

Post-control

impact

Iceland (1860–1960) 1861–1870 1924–1935 1946–1957 1967–1973

Dogs (%) 28 0

Sheep (%) 12.4 (1924) 0.0008 19 ewes

Humans autopsy

(%)

22 5.9 1.5 0

New Zealand

(1959–1997)

1947–1955 1959–1963 1975–1982 1993–2002

Dogs (%) 10 37 o5% 0

Sheep (%) 80 48–58 0.43–15.6 o1 in 106

Human incidence

per 100 000 pa

4.5 3.2 0.7 Last old cases

Tasmania

(1965–1996)

1953–1967 1971–1975 1981–1985 1996–2000

Dogs (%) 12.7 0.8 0.06

Sheep (%) 52.2 8.7 0.6 0.0002

Human 537 cases 28 cases 0 cases

incidence 15

per 100 000 pa

Falklands

(1965–1997)

1965–1969 1977–1983 1991–1993 2000–

Dogs (%) 1.7%a

Sheep (%) 59 1.8 0.11–0.47

Human 55 18 seropositves

incidence Last old cases

per 100 000

Cyprus (1971–1985) 1972 1982–1984 1993–1998 2000–

Dogs (%) 6.8 o0.02 0.17 (3%a, 1995) (2.6%a,

1997–2000)

Sheep (%) 66 0.9 0.014

Humans per 12.9 0o20 years 25 cases (NC)

100 000 pa 3.5–8 (NC)

aCoproantigen test; NC, Northern Cyprus.
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Interestingly and possibly uniquely, the health education message

alone was successful, as evidenced by the autopsy data, which indicated

that the risk to humans fell dramatically within 30 years of the dis-

tribution in 1864 of Krabbe’s hydatid booklet. The success in Iceland
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encouraged the initiation of other hydatid control programmes on the

islands of New Zealand, Tasmania, Cyprus and the Falklands, which

to varying degrees, have been highly effective. New Zealand and

Tasmania both declared their islands provisionally free of hydatids by

2002.

2.2. New Zealand (1938–2002)

The population of New Zealand in 1955, four years prior to formal

control, was around 3 million people, while the number of sheep was

more than 39 million, owned by 37 000 sheep ranchers (Schwabe,

1979). Of a sample of 25 991 sheep from both North and South

Islands, 48.4% were infected with hepatic hydatidosis, and 480% of

the farms surveyed were affected (Gemmell, 1961). There were ap-

proximately 200 000 dogs in New Zealand, and arecoline surveys for

canine echinococcosis indicated a prevalence range of 10% to 437%

in some regions (Gemmell, 1990). Human hydatidosis was recognized

in the country since 1862, but unlike Iceland, control was not seriously

considered prior to 1938 (Pharo, 2002). Between 1946 and 1956,

hydatid disease was indicated as the cause of death in 142 persons.

The autopsy rate was about 1%, and a national surgical incidence rate

of 4.5 per 100 000 per year was calculated for the period 1941–950,

with higher rates (11.8 per 100 000) in rural areas (Gemmell, 1990;

Heath et al., 1999).

From 1938 to 1958, prior to the start of the formal hydatid control

campaign, a ‘voluntary educational campaign’ was instigated (even-

tually using voluntary committees) that gave advice on safe ways to

feed dogs and dispose of offal, and it also provided enough arecoline

hydrobromide for owners who registered their dogs, to enable dosing

four times per year (Gemmell, 1990). The Meat Act 1940 also made it

illegal to feed raw offal to dogs. However, unlike the situation de-

scribed above for Iceland, little or no change occurred in neither

human CE rates nor the prevalence of ovine hydatidosis in New

Zealand over the 20-year period of the initial ‘educational campaign’

(Gemmell, 1990).

In 1959, an independent National Hydatids Council was formed by

the Hydatids Act of parliament, which worked through local county
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councils and municipalities and was funded by a mandatory dog

licence fee (about 400 000 rural and urban dogs were registered). This

local management and dedicated funding stream were an operational

advantage for the Hydatids Council, but later it became apparent that

transformation from the arecoline testing/anthelmintic dosing ‘attack’

phase, to a ‘consolidation’ phase based on livestock quarantine, was

problematic without legislative powers for proper surveillance and

quarantine of infected farms. Arecoline is a purgative, so infected dogs

could be identified and quarantined after macroscopic then micro-

scopic examination of the purge, and their owners given more intensive

education. Dog testing in New Zealand was done in a semi-automated

central testing laboratory that could process 1 million faecal samples

per year, rather than by a mobile arecoline field unit (as adopted more

successfully in the shorter duration Tasmanian hydatid programme—

see Section 2.3). In 1972, arecoline screening was replaced by a more

costly 6 weekly anthelmintic dog-dosing programme involving 400

technicians who were employed by the Hydatids Council of New Zea-

land. Initially the anthelmintic niclosamide was used, then after 1978 it

was replaced by the more effective drug praziquantel (PZQ) (Gemmell,

1990; Economides et al., 1998).

Thus the first part of the ‘attack’ phase in New Zealand from 1959

to 1972 (13 years) was based on arecoline surveillance of dogs (up to

four testings per year) under the direction of the National Hydatids

Council, followed by 19 years of 6 weekly anthelmintic dosing

(1972–1991).

In 1967, it was recommended that the control programme be

transferred to the Ministry of Agriculture in order to reduce costs and

use the government-trained veterinary workforce. This proposal was

however rejected at the time and transfer to full Government control

did not take place until 1991, when the 6 weekly dosing programme

ceased and the National Hydatids Council was disbanded. In 1990,

movement control of livestock was introduced by the Ministry of

Agriculture, and slaughterhouse surveillance with trace back to in-

fected farms became the core of the ‘consolidation’ phase over the

next 11 years (1991–2002).

It is probable that hydatid control in New Zealand could have been

more rapid in the ‘attack’ phase (total 32 years) and transferred
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earlier to a ‘consolidation’ phase (termed ‘maintenance of eradication

phase’ at the time, which depended on quarantine of farms with

infected animals) if the Ministry of Agriculture had managed the

programme earlier. This is because the Ministry of Agriculture al-

ready had a large pool of salaried skilled technical staff employed in

farm outreach (e.g. for tuberculosis and brucellosis control). Also

because it possessed the necessary quarantine authority and meas-

ures, which could not be applied under the authority of a National

Hydatids Council (Gemmell, 1994; M.A. Gemmell, personal com-

munication).

Despite the lengthy 32-year ‘attack’ phase of the New Zealand

hydatid control programme, evidence of a rapid decline and even

cessation in transmission to humans, under 19 years of age, occurred

within 12 years (1959–1971) of the start of the ‘attack’ phase

(Gemmell, 1990, 1994). Over the same period, prevalence in sheep

had declined from 450% to 25%, and 10 years later (in 1981) the

national prevalence of ovine hydatidosis was only 0.43% (National

Hydatids Council of New Zealand, 1980). Prevalence in dogs had

declined from 430% to o5% over the period 1959–1972, and in

1980 only five dogs in the country were confirmed by purgation to be

infected with E. granulosus. After 1987, all cysts detected at meat

inspection were submitted for histological diagnosis (Heath et al.,

1999). From 1991, the parasite was rarely seen in sheep at slaughter,

and the last true outbreak occurred in 1995 when fertile hydatid cysts

were found in an aged ewe from an isolated property. This property

was subsequently quarantined by the Ministry of Agriculture and a 6

weekly dog-dosing regime enforced (Heath et al., 1999). After 1996,

no confirmed hydatid lesions or cysts have been recorded in the 425

million sheep slaughtered annually in New Zealand. In 2002, the

country declared itself provisionally free from hydatids, 43 years after

the start of the control programme (Pharo, 2002) (Table 1).
2.3. Tasmania (1964–1996)

In 1953, Harold Dew, an Australian surgeon and world authority on

the clinical pathology of cystic hydatidosis, had estimated the annual
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incidence of human CE for the island of Tasmania (a State of

Australia, population about 402 000 in 1964) to be 9.3 per 100 000 in

the decade 1941–1950, but with an incidence of 27.4 per 100 000 in the

rural population (Dew, 1953). In the following decade, 1953–1962,

there were 537 new cases of human hydatid disease in Tasmania, or

an average of one case per week (McConnell and Green, 1979). In the

early 1960s, about 50% of sheep 43 years old were infected with

hydatids, and at least 12% of dogs carried the Echinococcus tape-

worm (Bramble, 1974; McConnell and Green, 1979).

The Tasmanian hydatid control programme was largely conceived

by Trevor Beard, an English physician who moved to the island in the

1950s, but soon began to see many paediatric and adult hydatid cases

in his practice in Campbell Town. In 1962, a local Farmers and

Stockowners Association, in consultation with the Department of

Agriculture, produced a small booklet on hydatid control (reprinted

in 1964), and the voluntary group formed the Tasmanian Hydatids

Eradication Council. By that time the formal New Zealand hydatid

campaign had been running for 3 years. Following a fact-finding visit

to New Zealand in 1961–1962, Beard was able to help formulate an

official hydatid control programme for the State of Tasmania with

support from the Department of Agriculture and the Department of

Primary Industry (Beard et al., 2001).

The Tasmanian programme however would be different to the New

Zealand programme in four important ways, which almost certainly

resulted in a much shorter ‘attack’ phase (11 years in Tasmania

compared to the 32 years of the New Zealand campaign) and thus

earlier transformation to the less costly ‘consolidation’ phase. Firstly,

the Tasmanian hydatid control programme was funded and managed

by the State Department of Agriculture, rather than a Voluntary

Hydatid Commission as was initially used in New Zealand (although

dog registration in Tasmania remained under the control of the local

authorities and community participation was kept active through an

advisory committee). Secondly, mobile dog testing units (with ‘dog

testing strips’ set up annually in each locality) were used in Tasmania

rather than a central testing laboratory as employed in New Zealand,

and the former approach also gave a greater educational impact to

the sheep farmers themselves. Thirdly, dog testing/treatment, which
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in Tasmania became legally compulsory in 1965, was confined to

rural dogs (approximately 20 000 dogs; city dogs were ignored as low

risk after 1967). Fourthly, high-risk farms in Tasmania were iden-

tified initially by arecoline testing of dogs (1965–1974), then by trace

back of infected sheep (from 1975–1997), and subsequently quaran-

tined under very strict State government enforced legislation (Beard

et al., 2001).

As a direct result of the control programme transmission of

hydatid disease to humans had ceased in Tasmania by 1974 within

only 10 years after the start of the official campaign, and possibly

even earlier, as there were no new cases in the o9 years of age group

after that date. Furthermore, no human hydatid cases occurred in the

under 20 years age group after 1976 (McConnell and Green, 1979;

Gemmell, 1990). Abattoir inspection of sheep offal was introduced in

1967, and data from that year showed that 52% of sheep 43 years

old were infected, reducing to 8.4% in 1972–1973 and to 3.4% in

1977–1978 (McConnell and Green, 1979). Prevalence of E. granulosus

in dogs by arecoline purgation declined from 12.7% in 1965–1966 to

1.1% in 1972–1973, was 0.22% in 1977–1978, and by 1981–1985

prevalence in dogs was only 0.06% (McConnell and Green, 1979;

Beard et al., 2001).

The Tasmanian hydatid control programme was, and still is, con-

sidered one of the fastest, most successful and cost-effective hydatid

programmes yet introduced anywhere in the world. It cost only 0.5%

of the State health budget (McConnell and Green, 1979; Gemmell,

1990). In 1996, Tasmania was officially declared provisionally free

from hydatidosis, 32 years after the start of the control programme

(Jenkins, 2005). The Island then entered the so-called ‘maintenance of

eradication’ phase, which depended on permanent annual notification

of abattoir inspection records for both sheep and cattle. As a result of

this legislation, two farms were quarantined in 1997 following detec-

tion of small hydatid cysts in a single sheep and a cow. Subsequent

investigation identified an infected dog that had been brought in from

mainland Australia within 18 months of the abattoir findings. This

event led to the current legal requirement of a veterinary certification

of PZQ treatment for all dogs within 14 days of entry to Tasmania

(Economides et al., 1998).
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2.4. Falkland Islands (1965–1997)

These remote islands in the South Atlantic (permanent human pop-

ulation o2000) held a sheep population of about 700 000 in the early

1990s which were located on about 90 large farms, which also owned

approximately 900 dogs (Reichel et al., 1996). The first official record

of ovine hydatidosis in the Falklands was reported in 1941 in one of

2000 sheep (Gibbs, 1946). By 1969, slaughter records, largely from

Stanley abattoir, indicated that 59.3% of sheep were infected (Whitely,

1983). This dramatic increase in the prevalence of ovine hydatidosis

paralleled the first reports of human cases from 1965, and 11 cases were

confirmed by 1975 (Bleaney, 1984). This was equivalent to an annual

incidence rate of at least 55 cases per 100 000. An official local gov-

ernment advisory committee on hydatidosis was established in 1965 to

undertake education (including safe disposal of offal on farms), to-

gether with compulsory licencing and annual arecoline dosing of dogs.

From 1970, anthelmintic dosing of dogs every 12 weeks with bunami-

dine was instigated, and from 1977 was replaced by 6 weekly dosing

with PZQ (the drug paid for by owners); furthermore, quarantine was

introduced for premises with infected livestock (Gemmell, 1999). By

1981, hydatid prevalence in sheep had declined to 1.8% (Whitely,

1983) and further to 0.16% in 1993 (Reichel et al., 1996). The 1993

prevalence was, however, still more than double the ovine prevalence

recorded in 1991. Almost all these residual hydatid infections orig-

inated from sheep farms on the more remote East Falkland Islands

(Reichel et al., 1996). During the period 1995–1996, slaughter surveil-

lance records for the islands revealed only two infected sheep

(Economides et al., 1998). In 1988, no confirmed cases of human CE

were detected, although 18 seropositve persons (by Arc 5 diffusion test)

were identified. There appear to be no available reports of the prev-

alence of echinococcosis in dogs prior to the control programme;

however, from 1992 to 1993 a serological and coproantigen survey was

carried out on almost the entire dog population (n ¼ 908) of the Is-

lands, of which 2.1% were seropositve, and 1.7% of 464 dogs were

coproantigen positive (Reichel et al., 1996).

The Falkland Islands hydatid control programme thus spent about 32

years in the ‘attack’ phase (1965–1997), moving to a consolidation phase



P.S. CRAIG AND E. LARRIEU460
in 1997, which, like New Zealand and Tasmania, relied on strict abattoir

and slaughterhouse surveillance with quarantine of infected properties.

Dog owners also continued to be supplied with PZQ and assumed direct

responsibility for dosing their own dogs; in addition, restriction on dog

entry to the islands is currently enforced (Gemmell, 1994).
2.5. Cyprus (1971–1985)

The Mediterranean Basin has a long history of endemic CE with

recognizable descriptions of hydatid cysts from ancient Greece

(Grove, 1990). Recent overviews of the status of CE in this region

indicate a continued significant problem that includes regions of all

the countries on the Mediteranean littoral from Portugal to Lebanon,

and from Israel to Morocco, including all the large Mediterranean

islands (Ecca et al., 2002; Seimenis, 2003). Only the island nation of

Cyprus however has embarked on a national-level hydatid control

programme, which was highly successful during the period 1971–1985

when the parasite was almost eliminated. However, transmission

had re-emerged in several areas of the island by the early 1990s

(Economides and Christofi, 2002).

In the late 1960s and early 1970s, human hydatidosis was a common

disease in Cyprus whose population was 615 000 (with approximately

the same number of sheep and goats) on an island about seven times

smaller than Tasmania. There was on average two surgical cases per

week for CE, and the annual surgical incidence was calculated at 12.9

per 100 000 in the late 1960s (Economides et al., 1998). Prior to the

control programme, ovine CE prevalences ranged from 25% to480%

in aged ewes, and cattle and pigs were also infected up to 60% and

30%, respectively. The dog population was probably around 50000

many of which were stray/unwanted animals, and in 1972 overall

prevalence at necropsy (or arecoline purge) was 6.8%, with 14% of

farm dogs infected (Polydorou, 1976). In 1971, the Department of

Veterinary Services, under the direction of Kristacos Polydorou, em-

barked on a national hydatid control campaign. The main thrust was a

draconian euthanasia programme (by current standards) to reduce

stray dog numbers, combined with obligatory registration of all owned
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dogs, and the spaying (sterilization) of large numbers of female dogs.

In addition, arecoline purge testing of all registered dogs occurred

every 3 months, with infected owned dogs being euthanized. A public

health education programme was also initiated, as well as slaughter

control and meat inspection (Economides et al., 1998).

Between the years 1971 and 1985, more than 85000 stray dogs were

exterminated, and 413000 female dogs sterilized. Arecoline purge data

for owned dogs showed that prevalence of E. granulosus had dropped

from 6.8–7.4% in 1972–1973 to 0.6–0.75% in 1977–1978; and by

1984–1985 no dogs were found infected frommore than 36000 that were

arecoline tested (Economides, 1994). Over the control period, the prev-

alence of CE in sheep (42 years old) dropped from 50% in 1971 to 13%

in 1978, and was only 0.1% in 1985. The human CE surgical case

numbers also reduced over the control period so that by 1993–1998 no

new cases under 20 years of age were diagnosed in the Cyprus Gov-

ernment Controlled Area (GCA). Consequently, by 1985 it was con-

sidered that hydatid disease had been ‘eradicated’ from Cyprus and the

programme was terminated (Polydorou, 1993). The partitioning of the

island after 1974, however, meant that the hydatid control programme

was effectively restricted to the GCA and could not be properly con-

tinued in the northern Turkish occupied territory or non-GCA (also

referred to as Northern Cyprus). Initially after 1985, only sporadic cases

of ovine CE were detected in abattoirs and it was assumed that these

animals came from the non-GCA. A survey in the main GCA zone of

Cyprus between 1993 and 1996, however, revealed that 21% of villages

harboured small numbers of infected livestock (sheep and cattle), and

0.7% of dogs tested arecoline purge positive. Furthermore, Echinococcus

coproantigen ELISA surveys in 1995 and during 1997–2000, obtained

positive results in 0.1% (1/700) and 2.8% (184/6551) of dogs, respec-

tively, with 8.1% positivity for dogs from Northern Cyprus (non-GCA)

(Economides et al., 1998; Christofi et al., 2002). No human CE cases

o20 years old were treated in the GCA between 1990 and 1993, while

three cases were identified in the northern non-GCA zone, and an in-

cidence of human CE of eight per 100000 in the non-GCA was cal-

culated for the period 1997–1998 (Economides and Christofi, 2002).

In order to prevent a major recurrence of transmission in Cyprus,

hydatid control measures were re-introduced in 1993 (in the GCA
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zone) by the Department of Veterinary Services. This was effectively

a new ‘consolidation’ phase to replace that which had probably

previously been prematurely stopped, and which had been disrupted

as a result of a breakdown of control measures in Northern Cyprus.

The new control measures included dog registration, treatment of

imported dogs, safe destruction of livestock carcasses, a re-vitalized

education programme and importantly abattoir surveillance of all

livestock with active trace back of infected animals. Infection of

livestock with the related dog–sheep cestode T. hydatigena (non-

pathogenic to humans) was also used as a marker for farms with

high-risk dog behaviour and/or unhygienic slaughter practices.

Farms and villages with evidence of either E. granulosus or T.

hydatigena transmission were subjected to additional control meas-

ures, i.e. treatment of all dogs with PZQ two to three times per year,

strict control of stray dogs, movement control of both dogs and

livestock, prosecution for illegal slaughtering and PZQ baits for

stray dogs (and foxes). In addition, quarantined premises were not

released from restrictions until there was no further evidence of

infection with either E. granulosus or T. hydatigena in livestock for

at least 3 years (Economides and Christofi, 2002). Thus, in Cyprus,

an island-wide control programme changed effectively to a ‘conti-

nental’ style programme as a result of partitioning of the island in

1974, with resultant need to maintain a permanent or long-term

‘consolidation’ phase, which is still ongoing in the GCA (Econo-

mides et al., 1998).
3. LESSONS LEARNED FROM ISLAND HYDATID
CONTROL PROGRAMMES
By the late 1970s, it was clear that CE was a zoonotic disease that

could be effectively controlled, by, quote, ‘active implementation of a

programme by a recognized authority on an instruction from the

legislature to limit prevalence’ (Gemmell and Roberts, 1998). This

confidence was gained from the five island control programmes de-

scribed above, all of which resulted in elimination or near elimination

of transmission of E. granulosus, and the demise of CE as a public
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health problem. In the case of Iceland this took 4100 years begin-

ning from the 1860s, for New Zealand it took around 50 years (from

1938), but by contrast control measures were already effective within

about 10 years in Tasmania (from 1964) and Cyprus (from 1971). It is

therefore reasonable to ask two questions, firstly, ‘why did some

programmes work better and faster than others?’ Secondly, ‘can the

island campaigns against cystic hydatidosis be applied successfully to

continental control programmes?’ (Table 1).
3.1. Slow-Track versus Fast-Track

The control approach in Iceland over more than 100 years, was con-

sidered, not illogically, as being ‘slow-track’, as was the New Zealand

programme at least initially (Gemmell, 1990). Both, relied solely on

specific health education (mainly concerning safe offal disposal and dog

management), for Iceland from 1863 to 1890, and in New Zealand the

educational phase ran from 1938 to 1958. The late Dr. Mike Gemmell

categorized this kind of educational/development approach to control

as a ‘horizontal approach’, in which emphasis was placed on health

education, but also meat inspection and upgrading of abattoirs

(Gemmell, 1986, 1999). In contrast, Gemmell considered that a ‘ver-

tical approach’ involved the setting up of an appropriate structure to

apply veterinary public health measures principally using an ‘attack

phase’ targeted at testing and/or treating dogs, and this could be a ‘fast-

track’ approach (Gemmell and Roberts, 1998). The ‘education-only

approach’ had a historically significant and measurable effect on hu-

man CE rates in Iceland so that the disease had virtually disappeared in

younger persons (o20 years old) within 30 years after 1890 (Dungal,

1957). However, in the 20th century, 20–30 years of specific health

education aimed at sheep farmers in New Zealand failed to significantly

reduce human or ovine CE rates over that period (Gemmell, 1990).

Iceland is now considered to be a unique example of an education-

based horizontal approach to hydatid control that was ultimately

effective. The main reasons for success in Iceland were the highly lit-

erate population and the obligatory reading of Krabbe’s hydatid con-

trol booklet (Krabbe, 1864), so that virtually the whole population
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became aware of the parasite life cycle and the basic control measures

of offal disposal and avoidance of close contact with dogs. Further-

more, changes in Icelandic sheep husbandry in the early 20th century in

favour of fat lambs, also reduced transmission potential.

Health education for prevention of hydatidosis, on its own, with

the exception of Iceland, appears generally not to lead to significant

reduction in transmission (Gemmell, 1990; Lloyd et al., 1996; Buishi

et al., 2005). The biotic potential of E. granulosus, though lower than

other taeniid species, is enough to ensure that despite applying basic

horizontal measures, transmission may continue through pasture

contamination by a relatively small number of dogs with high worm

burdens (Gemmell et al., 1986, 1987; Torgerson and Heath, 2003).

Two advantages of health education, however, are (i) it is relatively

cheap, (ii) it provides an important avenue to enable endemic rural

communities to accept and participate in a ‘fast-track’ vertical

hydatid control programme.

Both the New Zealand (from 1959) and the Tasmania (from 1964)

‘attack’ phases of their respective hydatid control programmes

started around the same time, with Tasmania about 3 years behind

New Zealand. The Tasmanians, from the start however, put the dog-

centred control under the funding and implementation responsibilty of

the State Department of Agriculture. In contrast, the New Zealand

programme was funded by a specially created National Hydatids

Council that derived its funding from dog registrations, and this non-

government body also specifically hired and trained the hydatid tech-

nical workforce. The Tasmania government-based hydatid control

authority was much more cost-effective, efficient and committed,

and ultimately lead to an overall faster control of CE in the ‘attack’

phase with easier conversion to a less intensive surveillance-based

‘consolidation’ phase. Though both programmes used extensive are-

coline purge testing of dogs, the Tasmanian option of mobile

testing units making annual visits to localities contrasted to the

centralized purge screening facility used in New Zealand. As a result,

the Tasmanian approach had a greater educational impact at grass

roots and resulted in more effective implementation of quarantine

measures on hydatid positive farms. Even without the avail-

ability of the highly effective anthelmintic, PZQ, to treat dogs (which
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was introduced in New Zealand in 1978), the Tasmanian programme

resulted in a cessation of transmission to humans within 10 years of the

start of the ‘attack’ phase of their campaign (McConnell and Green,

1979). In New Zealand, the attack phase lasted a total of 32 years,

moving from arecoline purgation to 6 weekly dosing with niclosamide,

then 6 weekly with PZQ. The New Zealand Ministry of Agriculture

only assumed responsibility for the programme when it was clear

that the Hydatids Council did not have the legislative authority to

undertake abattoir surveillance as the mainstay of the consolidation

phase.

The Falkland islands hydatid programme (1965–1997) also lasted

32 years and has also been relatively effective, mainly because the

following features applied; (i) a small number of registered dogs were

treated regularly every 6–12 weeks with an anthelmintic (bunamidine,

then PZQ from 1977), (ii) introduction of strict quarantine for in-

fected sheep farms and (iii) hydatid control was under the respon-

sibility of the Department of Agriculture. The parasite has not

however been totally eliminated from the Falkland islands, and like

Iceland in the early 20th century this was mainly due to difficulty of

enforcing measures in several very remote sheep farms (Reichel et al.,

1996).

The ‘fast-track’ option of a massive reduction in dog numbers by

extermination of strays and unregistered dogs was applied in Cyprus,

and when coupled with 3 monthly obligatory arecoline testing also

had a dramatic and rapid effect on reducing transmission of E. gran-

ulosus to the point of cessation of new human CE cases within 7–10

years. The Cyprus example also illustrates that when hydatid control

measures were prevented (or ceased) in one area of a control zone (i.e.

Northern Cyprus) this would lead to re-emergence of the parasite as a

result of dog and livestock movement from the non-intervention to

the intervention areas. That situation then required the re-introduc-

tion of hydatid control measures in 1993 to Cyprus in the form of a

protracted consolidation phase based on long-term surveillance and

trace back of livestock. Effectively, breakdown in hydatid control in

Cyprus occurred when the island-wide programme essentially con-

verted, after territorial partition, into a ‘continental-type’ control

problem (Economides et al., 1998).



P.S. CRAIG AND E. LARRIEU466
3.2. Options and Phases for Control of Cystic
Hydatidosis

A critical analysis of all the island-based hydatid control programmes

lead Gemmell and colleagues to consider five options and four phases

in any control programme for CE (Gemmell, 1986, 1990; Gemmell

and Roberts, 1998; Gemmell et al., 2001).

Option 1: Decision not to proceed. For example, because human

CE is not a priority public health issue, such health data is not

available, suitable control structure and funding are not available or

there are unfavourable epidemiological features (e.g. an active wild-

life cycle) or socio-economic features (e.g. underdeveloped region

with dispersed population and no abattoirs). Decision may be tem-

porary until the situation changes.

Option 2: Implementation of a long-term (slow-track) horizontal

approach involving health education, upgrading of abattoirs and

meat inspection, with reliance on owners to treat dogs (e.g. Iceland

and New Zealand programmes required 30–100 years).

Option 3: Vertical slow-track approach incorporating at least an-

nual arecoline purge testing of dogs with on-site education of owners

and quarantine of positive dogs (e.g. Tasmania, 10–30 years).

Option 4: Vertical fast-track approach, but with elimination of

stray dogs and euthanasia for arecoline test positive dogs (e.g.

Cyprus, 10–15 years).

Option 5: Vertical fast-track approach with specified regular (usu-

ally 6-12 weeks) treatment of all registered dogs with PZQ (e.g. New

Zealand after 1990, Falkland islands after 1977, 10–15 years).

Gemmell (1986, 1999), influenced by generic ideas of Yekutiel

(1980), divided implementation of hydatid control into four phases,

which have now generally been accepted as the most useful way to

consider control of CE within any specific option or approach

(WHO/OIE, 2001).
1.
 Preparatory or planning phase: Identify the control authority, its

legislative powers and funding commitments (must be long term),

quality of baseline data on human and livestock CE incidence

and prevalence, public health impact and priority, consider
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whether to designate CE as a notifiable disease, undertake a cost-

benefit analysis for options (e.g. horizontal versus vertical ap-

proach), role of education, identify needs for staff (veterinary

and technical staff, medical advisors, quantitative epidemiolo-

gists, etc.), cooperation with local/rural groups (e.g. ‘voluntary

farmers’ unions), operational research needs, logistics and estab-

lish quality of surveillance potential. Also liaison avenues be-

tween the Control Authority, the Ministry of Agriculture/Dept

of Veterinary Services, the Ministry of Health, the Municipalities

and if appropriate specific research agencies (‘planning’ phase

needs 1–2 years).
2.
 Attack phase: The control measures are applied, principally to

involve dog registration, and then specified regular mass treat-

ment (or testing) of the entire owned dog population (rural pref-

erably) ideally by trained operatives, reduction in stray dog

numbers (if possible), parallel health education at community

and school levels. Set-up of abattoir surveillance for specified

areas and preferably also a dog surveillance approach (arecoline

and/or coproantigen testing). This is the most costly phase and

therefore should be as short as possible. A reduction in livestock

and dog infection prevalences should occur within 5–7 years and

human CE rates within 10 years (‘attack’ phase usually requires

10–15 years).
3.
 Consolidation phase: Pro-active identification of infected food

animals at abattoir meat inspection with trace back ability, use of

enforced dog treatment and legislation to quarantine affected

and neighbouring premises (with specified period free from CE

and possibly also T. hydatigena) may involve provision of PZQ

to dog owners at low cost. Prosecution for illegal slaughtering (if

appropriate). This is a long-term phase after the ‘attack’ phase,

but should require a reduction in field staff and cost of anthel-

mintics (phase needs 420 years and may need to be permanent).
4.
 Maintenance of elimination phase: Specific control activities have

stopped. However, vigilance to be maintained through meat in-

spection, and measures applied to prevent entry of infected an-

imals (easier on islands). Develop ability for trace back from

abattoirs and control limited out-breaks on infected properties.
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The definition of elimination of E. granulosus for a specified ter-

ritory becomes an important issue. This is a permanent phase,

but it may be required to re-adopt consolidation measures if re-

emergence of transmission occurs (e.g. as occurred in Cyprus).
4. CONTINENTAL HYDATID CONTROL PROGRAMMES
WITH VARIABLE SUCCESS—SOUTH AMERICA
With the growing and evident success of the island hydatid control

programmes, several regions in South America opted to undertake

or improve hydatid control because of the high incidence of the dis-

ease in rural populations in endemic areas. Two of these continental

programmes (in Region XII in Chile, and in Rio Negro Province

in Argentina) have been successful, and benefited from the knowl-

edge gained in the island programmes and the ready availability

of the anthelmintic PZQ. Other South American programmes have

been less successful, but eventually had a significant impact, e.g. in

Uruguay, or have had variable impact, e.g. in Neuquen Province,

Argentina.
4.1. Epidemiology of Cystic Echinococcosis in South
America

Cystic echinococcosis is one of the zoonotic diseases with significant

public health impact in Argentina, Uruguay, Chile, Peru, Bolivia and

Brazil. CE also causes significant economic losses for livestock due to

confiscated viscera and losses in wool, milk and meat production

(Larrieu et al., 2000b; Torgerson et al., 2000). For example, in the

Province of Rio Negro, Argentina, with a human population of

500 000 inhabitants, the average cost of CE treatment has been es-

timated to be US$4511 (Larrieu et al., 2000a). CE has been known

along the Rio de la Plata from the last decades of the 18th century.

After the Spanish Viceroyalty organized the fishing industry and

whale-fleets by setting up factories along the coasts of Argentina and

Uruguay, it is thought that dogs, transported as mascots in whaling
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ships, contaminated sheep and cattle spreading E. granulosus

throughout the region.

Echinococcus granulosus is responsible for human hydatid cases in

the region, although some cases of E. vogeli have been identified in

Amazonian Venezuela, Brazil, Columbia and Peru (Rausch and

D’Alessandro, 2002; Somocursio et al., 2004). The presence of several

strains/genotypes of E. granulosus have been described in South

America, including the G1 sheep–dog strain (the most geographically

widespread and significant for human health), the G2 Tasmanian

ovine strain (identified in rural mountain areas in the Province of

Tucumán, Argentina), the G5 cow strain, the G6 camel strain and the

G7 porcine strain. All these strains possess variable pre-patency in the

dog and can differ in their infectivity for humans (Eckert, 1997;

Rosenzvit et al., 1999; Kamenetzky et al., 2002). As in other parts of

the world, the domestic sheep–dog strain of E. granulosus persists due

to indiscriminate home-slaughter and feeding hydatid infected offal

to dogs. Additionally, slaughterhouses and butchers without appro-

priate facilities or veterinary inspection constitute important sources

of infection for dogs in urban areas, a frequent situation in small

urban populations in Argentina, Uruguay and Peru.

Before the application of control measures, prevalence of ovine CE

reached 26% in southern Brazil, 26.7% in Peru, 80% in Chile Region XI

and 60% in Region XII, 41% in Uruguay, and for Argentina 61% in

the Province of Rio Negro and 52% in the Province of Tierra del

Fuego (Ruiz et al., 1994; Moro et al., 1999). Canine prevalence with

E. granulosus was recorded to be 28.3% in Brazil, 26–79% in Peru, 10.1%

in Uruguay, 54% in Region XI of Chile, 71% in Region XII of Chile,

11% in Region VII of Chile, and in the pastoral Argentinian Provinces,

42% in Rio Negro, 28.2% in Neuquén and 40.2% in Cushamen

(Chubut) (Ruiz et al., 1994; Moro et al., 1999; Lópera et al., 2003).

Canine re-infection rates in the rural environment, may be rapid. In

Uruguay, dogs from endemic areas treated with anthelmintics showed

re-infection rates ranging from 5.2% at 60 days post-treatment up to

18.6% after 120 days. Similarly in Rio Negro (Argentina), dog re-

infection rates were 6.7% and 21.3%, respectively (Larrieu et al.,

1999). Case control studies have allowed identification of the main

risk factors for human CE in Argentina (Larrieu et al., 2002). Risk
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factors of greater epidemiological importance detected using multi-

variate analysis included, slaughtering sheep at home (OR 3.2), own-

ership and contact with large numbers of dogs during the first years

of life (OR 2.6), presence of CE cases in the family nucleus (OR 2.5)

and quality of drinkable water (OR 0.1, protection factor). Contact

with an infected dog presented an attributable risk of 0.77, and there

was a statistically significant increase in risk in relation to owning a

greater number of dogs during a persons lifetime (p ¼ 0:0003), as well
as the number of years spent in a rural endemic environment

(p ¼ 0:033) (Larrieu et al., 2002).

More than 2000 new human CE cases were reported every year in

South America in the 1990s, with annual incidence rates of 41 per

100 000 in the Patagonian region of south Argentina, 137 per 100 000

in General Carrera Province of Region XI, Chile and 100 per 100 000

in the Department of Flores, Uruguay (Ruiz et al., 1994; Gemmell,

1997). More recent studies indicate a human CE incidence rate of 38.5

per 100 000 in Region XI (Aliaga and Oberg, 2000) and a human

prevalence of 3.6% in the north of Argentina (Lopez, 2002). The ad-

vent of ultrasonographic screening with portable scanners applied to

asymptomatic human populations have allowed more accurate eval-

uation of the true prevalence of the human CE in the diverse affected

communities, and more recently have become a valuable surveillance

screening tool for hydatid control programmes. Relatively high human

CE prevalence rates by ultrasound have been reported in South Amer-

ica: 5.5% in Rio Negro ( Argentina), 14.2% in Loncopué, Neuquén

(Argentina), 1.6% in Tacuarembó (Uruguay), 1.6% in Florida (Uru-

guay), 3.6% in Durazno (Uruguay) and 5.1% in Vichaycocha (Peru)

(Frider et al., 1988; Carmona et al., 1998; Cohen et al., 1998; Moro

et al., 1999; Larrieu et al., 2004) (Plate 11.1. B in colour plate section).
4.2. Hydatid Control Programmes in South America

The first structured hydatid control programmes were the Pilot Pro-

gram to Study and Combat Hydatidosis developed by the Prov-

ince of Neuquén in the Huiliches Department, Argentina from 1970 to

1985 (De Zavaleta et al., 1986), and in 1973 the Pilot Program for
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Hydatidosis Control developed in Flores Department, Uruguay. Both

these pilot programmes were based on the regular 6 weekly testing of

dogs with arecoline hydrobromide. Later, programmes based on the

systematic dosing of dogs with PZQ were implemented in Uruguay,

Chile and Argentina, with distinct organization models for the Control

Authority. In Uruguay, they opted for a ‘New Zealand-style’ Hydatids

Comission under the jurisdiction of the Ministry of Public Health. Chile

opted for the Ministry of Agriculture (similar to Tasmania, Cyprus and

the Falkland islands), and Argentina used the Ministry of Health as the

control authority (Plate 11.1.C and D in colour plate section).

With minor local differences, current hydatid control activities

(since late 1990s) have been based on registration and PZQ treatment

of dogs at the dose of 5mg/kg every 6 weeks; accompanying health

education, slaughter control to prevent access of dogs to viscera;

legislation for the regulation of dog populations, and recommenda-

tions for construction of basic infrastructure in cattle and sheep

ranches/estancias comprising designated slaughter area and a pit for

disposal of infected viscera. The Chilean control programme in Re-

gion XII was successful from the outset with evidence of reduction in

transmision within the first 5 years (1979–1984), and the Neuquén

Province (Argentina) pilot programme resulted in significant control

and cessation of new human cases after 17 years (1970–1986). In

contrast, the Uruguayan hydatid control programme had little effect

on livestock or human CE rates over the first 20 years of the control

campaign (1972–1992) (Gemmell, 1994). Similarly, the programme in

Sierra Central Peru (1992–2002) made no impact (Table 2).
4.2.1. Hydatid Control in Chile, Regions XI (1982– 1997) and XII
(1979– 1997)—Evidence of Success

CE has been highly endemic in Chile since Spanish colonization,

especially in the rich pastoral areas of the south. In 1951, CE was

made a notifiable disease in Chile and the national incidence of hu-

man CE was estimated to be 6.6–8.4 per 100 000. Human incidence of

CE in the two southern areas i.e. Regions XI and XII was between 38

and 80 per 100 000 per year prior to intervention in the late 1970s.

The Ministry of Agriculture (Ministerio de Agricultura y Servicio
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Agricola y Ganadero—SAG) implemented two hydatid control pro-

grammes, one in 1979 (Region XII) and the other in 1982 (Region

XI). Both were based on the ‘fast-track’ Option 5 (see above) in-

volving 6 weekly dosing of dogs (eight times per year) in the ‘attack’

phase with parallel health education (Vidal, 1989; Gemmell and

Roberts, 1998).

Region XII was more accessible with a population of 125 000,

about 1700 farms/ranches and 42 million sheep. Region XI with

a human population of 80 000, a total of 1400 farms and 300 000

sheep was less accessible due to harsh terrain and poor roads, and

was less developed socio-economically. Each region had about

8000–9000 dogs (approximately four dogs per owner in Region XII

and two per owner in Region XI) for which pre-control prevalence of

E. granulosus, based on arecoline purge, was 71% in Region XII and

31–54% in Region XI. In 1979, for both Regions, between 60% and

80% of sheep were infected with CE at slaughter.

Within 5 years (1979–1984) of implementation of hydatid control,

ovine CE prevalence in Region XII had declined to 25% in sheep and

1% in lambs, and canine echinococcosis rates were reduced dramat-

ically to 1.6%; human CE incidence was also down to 19.6 per

100 000 by 1984, and reduced further to 11.8 per 100 000 in 1992

(Gemmell, 1994, 1997) (Table 2). In 1991, the prevalence in sheep was

7%, and the average prevalence in dogs for both regions was 5%

(Vidal et al., 1994; Ruiz et al., 1994). The ‘attack’ phase in Region XII

lasted a total of 18 years (1979–1997), but from 1987 dog dosing was

reduced to twice annual treatments and owners were also instructed

how to treat their dogs in order to save on costs and improve lo-

gistics. However, in 1991 the SAG authority (Ministry of Agriculture)

re-introduced the eight treatments per year schedule (half by dog

owners themselves) in Region XII in order to further reduce trans-

mission to sheep which had plateaued at a prevalence of 5–7% after

1986 (Gemmell, 1997). This re-introduction of full dog treatment with

increased cover (490% dogs were treated) brought the prevalence of

E. granulosus in dogs and lambs close to zero by 1994, that is within 3

years of the re-introduction of the enhanced counter-measures.

Hydatid control was initiated in Region XI of Chile in 1982. Due

to difficulties in movement of veterinary/technical SAG staff between



Table 2 Impact of hydatid control programmes in South America

Region Pre-control Impact (i) Impact (ii)

Brasil (Rı́o Grande) (1983–2000) 1983 –– 2000

Dog (%) 28.3 9

Sheep (%) 26 3

Human (per 100 000) ––

Screening (%) 1.7

Perú (Sierra Central) (1992–2002) 1992 –– 2002

Dog (%) 26 51–79

Sheep (%) 26.7 38

Human (cases) 600 2000

Screening (%) 5.8(DD5) 5.1(US)

Uruguay (2nd program 1994–2002) 1991 1994 1997/8

Dog (%) 10.1 16.1 0.7

Sheep (%) 41 9 8.5

Human (per 100 000) 12.4 6.5

Screening (%) 0.04(ELISAa)

Argentina (Rio Negro) (1980–1997) 1980 1998 2003

Dog (%) 41 2.9 2.5

Sheep (%) 61 18

Human (per 100 000) 73 22

Screening (%) 2 (DD5)/5(USa) 1.6(USa) 0.4(USa)

Argentina (Tierra del Fuego) (1980–2001) 1980 1985 2001

Dog (%) 36 27 2.5

Sheep (%) 52 20 2.5

Human (per 100 000) 3.1

Screening (%) 0.2(USa)

Chile (Región XI–XII) (1982–1997) 1979 1991 1997

Dog (%) 31–71 1.6–5 0.35–6.5

Sheep (%) 60–80 5–25 1.3–10.4

Human (per 100 000) 38–80 11.8 6–20

Notes: Dogs: surveys with arecoline hydrobromide or coproantigens; sheep: sur-
veys in slaughter houses; human cases: based on hospital records; screening: pop-
ulation surveys with ultrasonography (US) or DD5 or ELISA.

aStudies in school populations.
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sheep farms, PZQ treatment of dogs was carried out on dosing

strips—similar to that used in Tasmania. As described above for

Region XII, there was a dramatic reduction in the prevalence of

canine echinococcosis (from 35% to o5%) within the first 3–4 years
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of introduction of 6 weekly dosing in Region XI, as was also the case

for ovine CE (480% in sheep in 1982 to about 25% in 1986). The

dog-dosing frequency was subsequently though prematurely reduced

after 1986. As a result, CE prevalence in adult sheep remained at

around 25–30% after 1986, but importantly declined close to zero in

lambs. Residual infections may be expected to last longer in older

livestock even when transmission has nearly ceased to young food

animals. Nevertheless, the SAG control authority re-introduced 6

weekly PZQ dosing in Region XI from 1992 (Vidal et al., 1994).

After 1997, both the Region XII and Region XI hydatid control

programmes entered the consolidation phase based on abattoir sur-

veillance of food animals. Continued success will depend on mainte-

nance of a permanent consolidation phase. These two programmes,

especially in Region XII, may be considered as exemplars for a ‘mod-

ern’ fast-track vertical approach to control of CE in a continental

region. Success was achieved by the Ministry of Agriculture (SAG)

using a small number of well-trained technical staff i.e. only seven

veterinarians and 18 technicians for Region XII, with good starting

baseline data and control impact evidence based on comprehensive

abattoir records and dog arecoline surveys. Both sets of animal data

(sheep post-mortem and dogs by arecoline purge) clearly showed a

dramatic reduction in transmission of E. granulosus within 5 years of

implementation of control in Region XII, as did human incidence

which declined from 440 to 11.8 per 100 000 within 10 years, and

indeed probably ceased to persons aged o15 years (Gemmell, 1997).

Recent reports after 2000, however, suggest that prevalence in sheep

has increased again in both regions, possibly associated with transfer of

the control authority from the Ministry of Agriculture to the Ministry

of Health (E. Larrieu, personal observations).
4.2.2. Hydatid Control in Argentina, Provinces of Neuquén (1970– 1988)
and Rio Negro (1980– 1997)—Evidence of Success but Continued

Transmission

In contrast to Chile, the federal government of Argentina devolves

public health to its 23 Provinces, and hydatid control comes under the
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responsibility of the Provincial Council of Public Health rather than

the Ministry of Agriculture. The Neuquen programme was effectively

based on Option 3 (Section 3.2) as used in Tasmania with regular

arecoline testing of dogs and health education. In contrast, the Rio

Negro programme was able to use PZQ and implemented a 6 weekly

dosing programme with accompanying health education, as used in

Chile, i.e. a fast-track approach described in Option 5 (Section 3.2).

In Neuquen Province (94 000 km2) in 1970, prior to the pilot con-

trol programme, 71% of sheep and 90% of cattle had CE, 28% of

dogs were infected with E. granulosus and the incidence of human CE

was one of the highest in the world at 567 per 100 000 (Larrieu, 1994).

Fifteen years later in 1985, two years before termination of the of the

Neuquen pilot programme, parasite prevalences had dropped 95% in

dogs to 1.2%, were down 76% in sheep to 2.1% and the human CE

incidence had reduced 86% to 75 cases per 100 000 per year. Despite

this significant reduction in parasite burden, transmission continued

and human CE incidence remained high, by global standards, at 67

per 100 000 during 1988–1992 (Larrieu, 1994).

The hydatid control programme in the Province of Rio Negro

(203 000 km2 with a population of 600 000 in 13 Departments) was the

most successful in Argentina. It has been maintained to date, though

it has not completely transfered from the ‘attack’ to the ‘consolida-

tion’ phase. Under the authority of the Provincial Council of Public

Health and the Department of Zoonoses, the hydatid control pro-

gramme in Rio Negro Province was implemented in 1980 and em-

ployed nine veterinarians and 64 rural health/veterinary assistants.

Just prior to start of control, the provincial human CE incidence rate

was 73 per 100 000 with a rate of 50 per 10 000 in children o10 years;

ovine CE prevalence by abattoir inspection was 61%, and the prev-

alence of canine echinococcosis by arecoline purge testing was 41.5%

(Larrieu et al., 2000a). The control programme approach was similar

to that implemented in Chile in 1979. After registration of all dogs,

and a health education programme, intervention consisted of an 8

weekly dog dosing frequency using PZQ, which was provided free to

dog owners. Surveillance of ovine CE was instigated in 10 abattoirs

across the Province. In 1994, it became compulsory for owners to

register all dogs and to comply with control measures.
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The Rio Negro programme, however, incorporated additional sur-

veillance methods for the human population that had not previously

been applied in other hydatid control campaigns. These included sero-

logical (initially the DD5 diffusion test, then from 1993 the ELISA) and

abdominal ultrasound surveys for the 6–13 years age group (Frider et

al., 1986; Coltorti et al., 1988). Within 5 years (1980–1985) of the start of

the programme the canine infection rate had dropped to a prevalence of

o5%, and the ovine CE prevalence down to 7%. It took 12 years for

the CE incidence in children (o13 years) to drop below 20 per 100000,

while the total number of CE cases diagnosed was reduced from 1720 in

the period 1980–1986 down to 275 for the period 1990–1996. Ultra-

sound rates in children, which largely reflects asymptomatic hepatic CE,

were reduced from 5.5% in 1984, to 4% in 1986 and to 1.1% by 1997;

by 2003 overall human CE ultrasound prevalence was 0.4%, and canine

prevalence down to 2.5% (Larrieu et al., 2000a; Frider et al., 2001).

Table 2 up to the year 1997, the total cost of treating 12000 dogs (with

health education for owners) was US$440000, for the child surveys the

cost was US$17000 and for treatment of human CE cases US$243000.

Thus, the whole programme (over 17 years) cost approximately

US$41000 per year to run, which must be highly cost-effective consid-

ering the average cost of treatment for a single human CE case in Rio

Negro was US$4500 (Larrieu et al., 2000b).

In Rio Negro Province, epidemiological surveillance systems have

continued to use arecoline purging of dogs and slaughterhouse sur-

veys for ovine CE (Larrieu et al., 2001). Surveillance in humans con-

tinues by means of registration of operated CE cases, serological

screening and in the last few years, ultrasonographic screening of

high-risk groups (Coltorti et al., 1988; Frider et al., 1988). From the

year 2003, in Argentina, farm surveillance also included use of co-

proantigen techniques on ground-collected faecal samples (Guarnera

et al., 2000). In a first study in the Patagonian region, a total of 262

homesteads in 18 departments were surveyed, of which 5.4% of 813

faecal samples were positive for Echinococcus coproantigens (Cavag-

ion et al., 2004).

In the case of the Patagonian provinces in Argentina, including Tierra

Del Fuego (Table 2), the difficulties of access to the rural communities

and discontinuity in field actions due to budgetary limitations, have lead
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to an excessive number of years of the ‘attack’ phase so that a full

consolidation phase has not been achieved. This has lead to the

persistent occurrence of new cases of human CE albeit at much lower

levels.
4.2.3. Hydatid Control in Uruguay (1965– 2002)—Initial Failure

followed by Evidence of Success

Uruguay, population 3.2 million, with 25 million sheep and approx-

imately 160 000 dogs (in 1994), occupies 177 500km2 and is divided

into 19 Departments. The national incidence of human CE in the

decade 1962–1971 was 20 per 100 000 and exceeded 75 per 100 000

for some Departments (Purriel et al., 1973; Bonifacino et al., 1991).

In 1965, a national hydatid control programme was initiated by

Uruguayan law under administration of a National Commission

against Hydatidosis (Comision Honoraria de Lucha Contra la

Hidatidosis), which derived its funding from a dog tax. This was sim-

ilar to the control structure in the first 32 years of the New Zealand

hydatid control programme (Section 2.2); however, in Uruguay the

owners were provided arecoline and were expected to treat their own

dogs after appropriate education. During the period 1965–1972 no

useful abattoir or dog surveillance data were collected, but from 1972

to 1985 ovine CE prevalence did not appear to alter significantly re-

maining at 40–65% each year, despite the fact that 30–50 000 dogs per

year were registered between 1980 and 1986 (the military government in

this period did however affect the programme) (Gemmell, 1994). In

1991–1992 the programme was re-invigorated with more funds as a

result of a new law which made the police responsible for collection of

the dog tax. About 10% of the dogs tested positive with arecoline by

veterinary teams (Plate 11.1, C–E, see colour plates); however, sheep

CE prevalence remained at around 40%, while human incidence was

12.4 per 100 000. From 1994, the Honorary Hydatid Commission was

able to mount a programme of systematic PZQ treatment of 140 000

rural dogs, and by 1997 the prevalence rate in dogs dropped to 0.7%.

In parallel, ovine CE rates declined to 12.5% (7.7% in lambs) in 1998

(Cabrera et al., 1996, 2003), and were recorded at 3.8% in 2002 (D.

Orlando, personal communication). Mass ultrasound surveys of the
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human population in Durazno Department, 1991–1992, obtained a

prevalence of asymptomatic hepatic CE of 3.6% (Cohen et al., 1999).

By 1998, human incidence was down to 6.5 per 100 000, and 139 CE

cases nationally were operated on in 2002 compared to 367 in 1992.

Uruguay currently is the only country in the world that has a national

level hydatid control programme, and it now appears to have moved

into a consolidation phase. As in Rio Negro Province (Argentina),

however, human CE cases are still detected though transmission to

children appears to have ceased. The hydatid programme in Uruguay

did not work for 27 years (1965–1992), largely because of the following

factors. Too much reliance was placed on large numbers of rural owners

to dose their own dogs; the use of a purgative rather than a cestocidal

drug; when arecoline dosing teams did operate the proportion of dogs

tested and treated was probably less than 50%; the Honorary Com-

mission (which came under the Ministry of Health) did not employ

enough local municipality staff and did not raise sufficient funds from

the dog tax; baseline data for sheep (and dogs) was neither collected nor

livestock surveillance implemented to provide feedback to measure

progress; political upheaval during the 1980s also caused inertia in the

programme. Evidence of success was only achieved after 1994 through

implementation of 6 weekly PZQ dosing and proper abattoir surveil-

lance of livestock.

The Uruguay hydatid programme was in some ways a poor version of

the New Zealand campaign. Both started with an Option 2 type ap-

proach using health education and owner-based treatment of dogs,

which had little or no effect for 20–27 years. Then both the programmes

converted to an Option 5 ‘fast-track’ vertical approach based on 6

weekly supervised anthelmintic dosing of dogs, achieving cessation of

transmission to humans within 12 years for New Zealand and probably

also for Uruguay.
5. OTHER HYDATID CONTROL PROGRAMMES WITH NO
OR LIMITED SUCCESS—WALES, KENYA, SARDINIA
The ‘island’ hydatid control programmes in Australasia, the Medi-

terranean and the Atlantic were all eventually successful, though the
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time taken varied from around 10–4100 years. The ‘Continental’

hydatid programmes of South America have also been a success,

either from the outset (e.g. Option 5 approach in Region XII, Chile),

or only after re-invigoration of a vertical approach to the programme

following years of poor impact (e.g. Uruguay). It is however clear

that in almost all these programmes when dog testing or anthelmintic

treatment was efficient and well managed, the incidence rates of hu-

man CE disease began to fall within 5–10 years of strict implemen-

tation of those control measures.

On the other hand, there have been at least three other hydatid

control programmes, all initiated or re-activated in the 1980s, which

have failed for different reasons. Reasons for failure included: (i) the

premature withdrawal of funding by the legislature of a well-organ-

ized programme (e.g. the mid-Wales programme), (ii) the control

authority was too small, under-funded and there was difficulty in

implementation/logistics (e.g. the Turkana pilot programme, Kenya),

(iii) the control authority was ineffective and management of stray

dogs was an issue (e.g. Sardinia) and (iv) presence of political up-

heaval, and/or security issues (e.g. Cyprus, Turkana-Kenya).
5.1. Mid-Wales, UK (1983–1989)

The South Powys hydatid control scheme was introduced in mid-

Wales in 1983 after proper consideration and deliberation in the ‘plan-

ning’ phase. The control authority was the the UK Ministry of

Agriculture (MAFF) and the State Veterinary Service with admini-

strative and funding support from the Agriculture Department of the

Welsh Office. In addition, a Local Liason Committee was established

(as in the Australasian and Argentinian programmes). The programme

adopted was Option 5, that is a ‘fast-track’ approach based on super-

vised 6 weekly PZQ dosing of rural dogs by MAFF veterinarian/

technical staff. There was also an educational component directed at

sheep farmers and other dog owners through specific visits and use of

printed leaflets. Education was directed at owners preventing their

dogs gaining access to raw offal either by illegal home-slaughter or

through scavenging sheep carcasses (Clarkson, 1978; Walters, 1984).
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Various surveys before the mid-1980s in Powys and other areas of

mid-Wales indicated prevalence of echinococcosis in farm dogs to be

4.6–25% (Williams, 1976a; Walters and Clarkson, 1980; Jones and

Walters, 1992), 9–29% in hunting dogs, i.e. ‘foxhounds’ (Williams,

1976b; Walters, 1977) and around 7% in red foxes (Vulpes vulpes)

(Hackett and Walters, 1980). Prevalence of CE in adult sheep in mid-

Wales in the 1970s and early 1980s was 23–37% (Walters, 1978;

Palmer et al., 1996). Average annual incidence of human CE in Powys

County between 1953 and 1983 was 3.7–3.9 cases per 100 000 (Palmer

et al., 1996). The Breconshire/Radnorshire areas of south Powys re-

corded the highest human incidence rates at 4.7–6.3 cases per 100 000

over the period 1981–1983 (Stallbaumer et al., 1986).

Data from the main abattoir in the South Powys Hydatid Control

Area within 5 years of application of control measures indicated a

reduction in ovine CE prevalence from 23.5% in 1984–1986 to 10.5%

in 1988–1989. A genus specific coproantigen ELISA test employed as

a measure of canine echinococcosis prevalence in the south Powys

control zone in 1993, recorded 0% coproantigen positive farm dogs

compared to 2.4–9.2% in neighbouring non-intervention areas. Fur-

thermore, human CE incidence in the intervention area, for the pe-

riod 1984–1990, fell from 3.9 per 100 000 to 2.3 per 100 000 with no

cases in the under 15 years of age group (Palmer et al., 1996).

In 1989, only 6 years after implementation of the control pro-

gramme, the major funding from the Welsh Office stopped and the

supervised dog-dosing programme was replaced by a health educa-

tion programme (directed by the Powys Health Promotion Unit

funded by the Dyfed-Powys Health Authority) targeted to school-

children and sheep farmers. Sheep farmers were encouraged to pur-

chase Droncit (PZQ) and dose their own dogs every 6–8 weeks.

Essentially, this converted the ‘attack’ phase from a ‘fast-track’ Op-

tion 5 vertical approach to a slow-track education-only based Option

2 style approach.

Two post-control surveys (after 1989) for exposure of E. granulosus

in sheep and dogs in the hydatid control zone in 1995–1996 and 2002,

respectively, indicated the presence of active transmission. Therefore,

the termination of the dog-dosing programme was premature, and

the health education programme had largely failed to prevent



CONTROL OF CYSTIC ECHINOCOCCOSIS/HYDATIDOSIS 481
re-emergence of transmission (Lloyd et al., 1996; Buishi et al., 2005).

Specifically, in the main intervention area, 6% of sentinel lambs be-

came infected with E. granulosus within 15 months of natural expo-

sure (compared to 10% in the non-intervention area) (Lloyd et al.,

1996). In addition, 8.1% of dogs from the intervention area tested

coproantigen positive (compared to 0–3.4% in 1993) (Buishi et al.,

2005). Highly significant risk factors for a coproantigen positive farm

dog were owners who reported infrequent anthelmintic dosing (44

month intervals) and allowing their dogs to roam free (Buishi et al.,

2005). There are no recent data on human CE incidence after 1990. In

2005, a health education programme continues in south Powys at

schools and farmers’ markets.
5.2. Northwest Turkana, Kenya (1983–2000)

The annual incidence of human CE in the Turkana District

(70 000 km2, population approximately 160 000) of Kenya in the

1970s was estimated to be 220 cases per 100 000, with a significant

public health impact (French and Nelson, 1982; French et al., 1982).

In order to reduce the high incidence of CE in this remote region, a

pilot hydatid control programme was initiated in 1983 in a 9000 km2

region in the northwest of the District (bordering Uganda and Sudan)

under the authority of the African Medical and Research Foundation

(AMREF), a non-government organization (Macpherson et al.,

1984). The control zone had a population of around 12 000 Turkana

tribespeople, 70% of whom were nomadic or semi-nomadic, and for

whom the local incidence of CE was 198 per 100 000. This scattered

population, in a control zone the size of Cyprus with few roads and

towns, owned a total of about 120 000 sheep/goats, 45 000 cattle and

3500 camels (also 8000 donkeys). They also owned 6–8000 dogs of

which 63.5% of population samples were infected with E. granulosus

at necropsy (Macpherson et al., 1985). Wild canids and several wild

ungulate species though susceptible to infection with E. granulosus

were not considered to be important in the epidemiology of CE in

Turkana (Nelson, 1986; Macpherson and Craig, 1991). Prevalence in

livestock in the 1970s was difficult to estimate because there was no



P.S. CRAIG AND E. LARRIEU482
slaughterhouse in the Control Zone and only one in the whole of

Turkana District. Limited data from this latter abattoir (in Lodwar)

showed a prevalence of 2–7% in sheep, goats and cattle, and ap-

proximately 60% in camels (Macpherson, 1981). A recent slaughter-

house survey in northern and central areas of Turkana, outside the

Pilot Control Zone, also found relatively low CE prevalences of

o1% in sheep and up to 10% in cattle, but 50–80% in camels

(Njoroge et al., 2002). The low prevalence in sheep and goats, but

high prevalence in humans contributed to speculation about an active

intermediate host role for humans (burial customs are uncommon in

Turkana) (Macpherson, 1983). However, molecular analysis of 4200

hydatid isolates from CE patients showed all but one to be infected

with the common sheep strain (G1 form) of E. granulosus (Wachira et

al., 1993; Dinkel et al., 2004). The camel strain of E. granulosus also

occurs in Turkana and appears to infect goats and cattle as well as

camels (Dinkel et al., 2004).

From the outset control of CE in Turkana was considered to be

difficult for the following reasons: there were virtually no educational,

medical or veterinary facilities; there were poor communications and

road network with few settlements; no abattoirs; a population of no-

madic and largely illiterate indigenous people; occurrence of frequent

droughts; inter-tribal livestock raiding and fighting was common; the

Turkana tribe were a marginalized population with low contribution to

the national GNP (Macpherson and Wachira, 1997). Despite these in-

herent problems, a vertical approach to control was adopted from 1983.

It was essentially a combination of Option 4 (dog culling, sterilization

and testing/dosing, with health education) and Option 5 (specified 6

weekly treatment of dogs with PZQ) (Section 3.2). The ‘attack’ phase

lasted about 10 years (1983–1994), but difficulties in transport, man-

power and under-funding meant that only about 30% of dogs were

registered in the first 2 years, and of those only between 30% and 60%

were followed up for anthelmintic treatment (Macpherson et al., 1986;

Macpherson and Wachira, 1997). The dog-dosing frequency was also

reduced from 6 weeks to 12–15 weeks. Owing to the absence of live-

stock data, surveillance was uniquely placed on dog and human prev-

alence surveys using necropsy/arecoline testing and ultrasound

scanning, respectively. Within 4 years of the start of hydatid control



CONTROL OF CYSTIC ECHINOCOCCOSIS/HYDATIDOSIS 483
in northwest Turkana, human CE prevalence using ultrasound scan-

ning had reduced from47% too4%, with very few cases in the under

5 years age group. Human prevalence then appeared to plateau around

3% after the mid-1990s (E. Zeyhle, personal communication). Preva-

lence in dogs by necropsy, reduced from 63% to around 45% within 5

years and was �27% after 11 years (1983–1994) of control implemen-

tation (Macpherson and Wachira, 1997). In a recent Echinococcus co-

proantigen survey (2002) of owned dogs in the Control Zone, 31% (29/

94) tested positive (I. Buishi, Ph.D. Thesis, University of Salford, 2005).

While the Turkana control effort made some impact on transmis-

sion and reduction in human morbidity, existence of relatively high

infection rates in both dogs and humans after 10 years of intervention

suggests that control was not as effective as anticipated in this

nomadic population in a remote semi-arid region of Kenya. The

AMREF supported programme could not enter a ‘consolidation’

phase because, like Uruguay, the ‘attack’ phase was not sufficiently

comprehensive. The number of staff employed was probably also too

small for the dispersed population (i.e. one physician, one veterin-

arian, six technical assistants, one educationalist and about 10 local

health workers). From the late 1990s, the reduced resources of the

Turkana control programme were re-focussed largely on appropriate

health education and patient management. The ongoing extensive

health education programme in northwest Turkana may eventually

have an impact, as in the example of Iceland, but it is more likely that

such an approach alone will have limited effect in these nomadic

pastoralists. The concept of combining control of more than one

zoonotic disease and of integrating both medical and veterinary out-

reach programmes for nomadic populations as has been advocated

(Zinsstag and Weiss, 2001) and could be a future option for hydatid

disease control in this semi-arid remote region of East Africa.
5.3. Sardinia (1960–1997)

Human CE is particularly endemic in southern Italy including the

islands of Sicily and Sardinia. The population of Sardinia (24 000km2)

in the 1980s was about 1.6 million, with about 3.5 million sheep
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(predominently under transhumance husbandry). There were around

150000 owned dogs and 80000 stray dogs (Attanasio et al., 1985).

Prevalence of CE in sheep in 1981 was 85%, E. granulosus in farm dogs

was 24% and 10–20% in stray dogs. For the period 1948–1970, human

CE incidence in different provinces of Sardinia ranged from 13.4 to 22.2

per 100000, with an average of 16 per 100000 producing about 200

human CE cases per year, and with a mortality of 5% (Maggi, 1980;

Attanasio et al., 1985). The first programme to try and control trans-

mission of E. granulosus in Sardinia was implemented from 1960 to 1967

in three of the most endemic provinces (Nuoro, Sassari and Cagliari),

and was re-activated further in 1973 by enactment in Regional law. The

initial approach was essentially one of intense health education (leaflets,

posters, radio, TV, films, meetings, etc.) combined with annual or twice

yearly arecoline testing of owned dogs, i.e. essentially equivalent to

‘Option 3’ described by Gemmell and Roberts (1998) (Section 3.2). After

the mid-1970s, dog owners were encouraged to dose their own dogs with

PZQ, and many of the numerous small, rural slaughter-houses were

closed (about 500) or upgraded (about 109) (Conchedda et al., 2002).

Over the period 1969–1990, it became clear that the Sardinian hydatid

control programme had little or no effect. Sheep prevalence was still very

high at 87% in 1988–1989 and human incidence did not change sig-

nificantly remaining between 13–14 cases per 100000.

In 1987, an Action Plan for ‘Eradication of Hydatidosis’ was issued

by the Sardinian Government who made a Research Agency (the

Sardinian Experimental Institute for Zooprophylaxis) responsible for

managing control, and provided 15 million euros for the programme.

The plan was to register all owned dogs and dose them with PZQ at

specified intervals, control the stray dog population, improve abattoir

inspection and apply health education to rural populations especially

regarding home-slaughter (Battelli et al., 2002; Conchedda et al., 2002).

A law on strays was also approved in 1991, which forced communes to

keep and treat indefinitely (privately or in pounds but not to euthanize)

all stray dogs collected by municipalities. Ten years of formal control

over the period 1987–1997, however, did not provide the expected

decline in neither CE infection rates in sheep and humans nor the

cost-benefit that had been carefully predicted/anticipated prior to

implementation (Attanasio and Palmas, 1984). Canine prevalence, 5
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years after the start of the ‘new’ programme, was still 25% for

sheep–dogs and 11% in stray dogs (Conchedda et al., 2002); for the

period 1998–2003 ovine CE prevalence in Nuoro and Sassari Provinces

was 75% (Scala et al., 2005). Average human CE incidence for Sar-

dinia appeared to have fallen only slightly to 9.8 per 100000 by the

mid-1990s (Gabriele et al., 2004).

Reasons for failure of hydatid control in Sardinia are probably

several, but the main factors may be the following. Not surprisingly

the significant stray dog issue became difficult to manage both eth-

ically, logistically and cost-wise; also problems arose for cooperation

and appropriate funding between the various operational sectors.

Crucially, the non-government Control Agency was not readily ac-

cepted in rural areas nor could its staff effectively provide outreach to

remote farms, in contrast to the regional veterinary services. Thus in

the Sardinian programme from 1997, the important dog-centred ‘at-

tack’ phase was neither implemented effectively nor was it well man-

aged. Finally, despite430 years of health education to sheep farming

communities, there was still a major lack of awareness of the parasite

and/or unwillingness to change entrenched cultural behaviour pat-

terns (Conchedda et al., 1997, 2002).
6. CURRENT OPTIONS AND TOOLS FOR HYDATID
CONTROL
6.1. Epidemiological Modelling

A detailed knowledge of the life cycle of the parasite is important in

relation to rational implementation of hydatid control programmes as

evidenced as early as the mid-19th century in Iceland. In addition, an

understanding of the transmission dynamics and development of a lo-

cally relevant transmission model is theoretically also an advantage to

optimize a modern cost-effective control programme. A quantitative

modelling approach though of great potential, has not been shown his-

torically to be a necessity for eventual control. For example, from the

mid-1860s to the year 2000 at least seven national or regional hydatid

control programmes have been successfully implemented across the
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globe (in Iceland, New Zealand, Tasmania, Cyprus, Falkland islands,

Chile and Argentina—see Sections 2 and 4) without the benefit of a

detailed quantitative transmission modelling approach. On the other

hand, at least four programmes have been only partially successful or

unsuccessful (in Uruguay, Wales, Sardinia and Kenya—see Sections 4

and 5), and these may have benefited enormously from computerized

simulations using locally relevant parameters such as age-related abun-

dance of ovine and canine infections and relative cost-effectiveness of

different dog-dosing frequencies and percentage cover for dosed dogs

(Torgerson, 2003; Torgerson and Heath, 2003).

In the 1970s and 1980s, approximately 120 years after the discovery

of the life cycle of E. granulosus, experimental determination of the

transmission dynamics of the parasite led to the development of a

quantitative epidemiological approach to model transmission (e.g. egg

output in dogs, age-specific intensity rates in sheep, etc.), and to the-

oretically help determine the feasibility and economics of hydatid con-

trol (Gemmell and Johnstone, 1977; Gemmell et al., 1986; Gemmell,

1990). These, and other related seminal studies from New Zealand,

enabled the contribution of the parasite (biotic potential—adult,

egg, oncosphere and metacestode stages), the hosts (e.g. aquired im-

munity in definitive and intermediate hosts) and the environment (egg

survival and dispersal, socio-economic factors) to be measured, and the

construction of a quantitative modelling approach. This allowed de-

termination of the parasite’s basic reproductive ratio or number (Ro),

and thus quantitative definitions of extinction, endemic or hyperen-

demic steady states (Gemmell and Roberts, 1998). Estimates of Ro (i.e.

the number of new infections in the next generation in the absence of

density-dependent constraints chief of which is host aquired immunity)

for E. granulosus were usually low. For example, an Ro of 1.3 was

calculated retrospectively in New Zealand (prior to introduction of

hydatid control measures), which manifested as theoretically 0.4 in-

fections per year per sheep (Gemmell et al., 1986). Similarly, exposure

to low numbers of hydatid cyst infections per year for intermediate

hosts (range 0.025–0.44) were also determined for endemic areas of

China, Kazakhstan, Jordan, Tunisia, Peru and Uruguay (reviewed by

Torgerson and Heath, 2003). These studies suggest that in most areas

of the world E. granulosus transmission between dogs and sheep is in
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an ‘endemic steady state’ (i.e. appears as a linear increase in age-specific

cyst intensity rates in sheep) rather than a ‘hyperendemic state’ (i.e.

plateau of age-specific cyst intensity rates in sheep due to aquired im-

munity), and therefore in theory the former state will be more ame-

nable to control intervention. Hyperendemic status for E. granulosus

therefore appears unlikely in the sheep–dog domestic cycle; however,

hyperendemic levels of exposure may occur in wildlife, e.g. within the

deer–wolf, or the wallaby–dingo cycles, and perhaps in a wild ungu-

late–lion transmission cycle (Rausch, 2003; Jenkins and Macpherson,

2003; Torgerson and Heath, 2003).

Recent epidemiological data from necropsy and arecoline purge

studies of dog populations in areas without hydatid control inter-

vention, e.g. in Kazakhstan, China, Tunisia and Libya, now strongly

indicates that immunity, in addition to acting against infection in

livestock hosts, also occurs in the dog definitive host against the adult

tapeworm stage of E. granulosus. Epidemiological studies suggest that

resistance or immunity in dogs is manifested by significant higher

worm burdens in young dogs compared to animals over 4 years old

(Torgerson and Heath, 2003; Budke et al., 2004a; Buishi et al., 2005).

In practical terms, this means that computer simulations based on

transmission models that realistically take into account immunity in

both the intermediate and final hosts, will be more likely to assist in

planning and implementation of hydatid control, and for cost-benefit

analysis (Torgerson, 2003). For example, such refined models can

help determine the optimal frequency and cover of anthelmintic

treatment of dogs, the best use of combined dosing of dogs and

vaccination of sheep and the cost effectiveness of health education to

reduce infection pressure to dogs (Torgerson and Heath, 2003).
6.2. Surveillance Tools

6.2.1. Ovine Hydatidosis

The gold standard approach for surveillance of the impact of control

programmes for CE is the use of reliable specific meat (offal) inspec-

tion in designated abattoirs or slaughterhouses, primarily for sheep as
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the most important intermediate host. These data should be collected

for three different age groups of sheep for more sensitive variation in

prevalence rates. Care should also be taken to differentiate CE from

other lesions e.g. caused by cysticercus tenuicollis (T. hydatigena)

especially in lambs where cysts will be smaller and may therefore

require histological confirmation (e.g. Cabrera et al., 1995; Larrieu et

al., 2001). Annual CE prevalence figures in lambs, juveniles and adult

sheep will enable the control authority to measure control impact and

adjust dog-dosing regimens if necessary, for example as used in Chile

Region XII (Vidal et al., 1994). Specific training of abattoir inspectors

and/or veterinarians may be required whether employed by the mu-

nicipality, health services, veterinary services or a hydatid commis-

sion/research agency. Abattoir inspection of slaughtered sheep, and

other livestock, is also critical for transfer from the ‘attack’ to the

‘consolidation’ phase of control. The latter relies on trace back of

infected animals to identify infected farms/properties in order to im-

pose restrictions on livestock and dog movement and treatment of

dogs. The additional use of abattoir data for T. hydatigena infection

can be important in identifying potential problem properties, as for

example was effectively employed in Cyprus (Economides and

Christofi, 2002).

Ante-mortem approaches for diagnosis or detection of ovine CE

using modern serological methods or portable ultrasound scanning

are as yet not sufficiently specific and sensitive to be of significant

assistance in hydatid control programme surveillance of livestock CE

(Craig et al., 2003). However, such approaches may be useful to

identify exposure in epidemiological studies, or be applied if slaugh-

terhouse data is unavailable or difficult to collect, e.g. in northwest

Turkana (Njoroge et al., 2000).

Use of lambs as sentinel animals to detect natural exposure to

E. granulosus has been quite successfully applied in control programmes

in Wales and Uruguay. In Wales, 6% of sentinel lambs became infected

within 15 months from exposure in an area subject to full control (PZQ

and education) over the previous 5 years (compared to 10% in a neigh-

bouring area where control was not implemented), indicating continued

transmission from dogs to sheep (Lloyd et al., 1998). In Uruguay, one

study to determine optimal PZQ dosing frequency found that sentinel
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lambs were not infected when a 6 weekly dosing regimen was used, but

in contrast, 4–18% of sentinel lambs became infected when the dosing

interval was extended to 12 or 16 weeks (Cabrera et al., 2002b).

6.2.2. Canine Echinococcosis

Post-mortem examination of the small intestines of dogs is the gold

standard for detection of the adult tapeworm of E. granulosus (WHO/

OIE, 2001). However, such an approach cannot usually be applied for

surveillance of owned dogs, and it is difficult to necropsy large num-

bers of unwanted or stray dogs even when humane culling is under-

taken, for example by a municipality. Use of areca extracts, and later

arecoline salts, as an ante-mortem purge for detection of E. granulosus

in dogs has been applied in hydatid control programmes since the

1890s when it was first used in the Iceland campaign (Beard et al.,

2001). Arecoline is not an anthelmintic so it cannot be reliably used to

treat dogs. Rather as a strong purgative it may eliminate a large pro-

portion of resident tapeworms (including all main genera, Echinococ-

cus, Taenia, Spirometra, Dipylidium, Mesocestoides, etc.), and in that

regard should be viewed as an ante-mortem diagnostic test. The great

advantage of arecoline is that it should be 100% specific and purgation

also provided an important on-site educational tool for dog owners.

Arecoline sensitivity however is normally around 70%, as small bur-

dens of E. granulosus may not be completely voided with the purge,

and up to 25% of dogs fail to purge; it may also be stressful for dogs

(dehydration may occur), potentially biohazardous for operatives and

logistically difficult and time consuming (Craig, 1997).

Despite these drawbacks until the mid-1990s, purgation was the only

reliable and practical test for canine echinococcosis, and was used to

great effect in several hydatid control programmes especially those car-

ried out in Tasmania, New Zealand and Cyprus, where hundreds of

thousands of dogs were screened (Section 2). Arecoline testing remains a

very useful surveillance approach during the ‘attack’ phase and partic-

ularly the ‘consolidation’ phase of hydatid control. The advent of PZQ

in the late 1970s and its widespread availability in the 1980s meant

however that this anthelmintic could replace the reliance on arecoline

purgation as the main tool of the ‘attack’ phase. Furthermore, the
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development in 1992 of a highly specific laboratory test, based on co-

proantigen ELISA, provided a potential alternative approach to ante-

mortem diagnosis of canine echinococcosis (Allan et al., 1992; Deplazes

et al., 1992). Coproantigen testing could be performed on faecal supe-

rnatants extracted from less than 1gm of frozen or formalin-preserved

samples, faecal samples could be collected per rectum or from the

ground, the test could identify a proportion of dogs with low burdens

(o50 worms), was at least as sensitive as arecoline purgation, was able

to detect pre-patent juvenile infections and dogs became copro-negative

within 4–5 days post-treatment (Allan et al., 1992; Craig et al., 1995;

Jenkins et al., 2000). Comparison of the coproantigen ELISA with ne-

cropsy or purge indicated the following characteristics: specificity,

91–98% and sensitivity, 62–100% (Craig et al., 1995; El-Shehabi et al.,

2000; Christofi et al., 2002; Lopera et al., 2003; Buishi et al., 2005). The

coproantigen approach was also shown to be superior to serological

diagnosis, mainly due to the poor correlation of serum antibodies with

current infection (Craig et al., 1995).

Coproantigen ELISA has already been used for surveillance pur-

poses in at least three formal hydatid control programmes, i.e. Wales,

Falkland islands and Cyprus. In the Falkland islands, the test was

used in the ‘consolidation’ phase to screen about 50% of the dog

population in order to identify the remaining foci of infected sheep

farms (Reichel et al., 1996). Similarly, in Cyprus 46500 owned dogs

were screened (2.8% were copro-positive) using a commercial Echino-

coccus coproantigen test, in a low prevalence zone in the ‘consoli-

dation’ phase of hydatid control, and positive dogs were treated with

PZQ (Christofi et al., 2002). Coproantigen testing of farm dogs in

mid-Wales was used to assess the impact of the ‘attack’ phase of

hydatid control and whether canine echinococcosis rates had changed

after the termination of the control programme. Dosing of dogs had

been effective in Wales as the coproantigen prevalence in farm dogs

remained at 0% in the control zone 4 years after cessation of super-

vised dosing. However, after 13 years the coproantigen positive rate

had increased to 8%, signalling a re-emergence of transmission

(Palmer et al., 1996; Buishi et al., 2005).

The recent development of copro-PCR tests for E. granulosus

shows great promise as a 100% specific confirmatory tool for dog
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infection (Abbasi et al., 2003; Stefanic et al., 2004). Such tests, which

detect Echinococcus DNA, may be best applied in confirmation of

coproantigen tests and will be invaluable in the ‘consolidation’ phase

of control (Craig et al., 2003).

6.2.3. Human Cystic Echinococcosis

Surveillance of human CE is critical in order to measure the public

health impact of any hydatid control programme, and to inform the

Control Authority and Public Health agencies about its efficacy and

success. The gold standard has been and remains, the use of annual

CE surgical/treatment incidence rate per 100 000 population within

the control zone. Age-specific incidence rates for the under 15 or

under 10 years age groups will in addition provide data on recent

transmission, as opposed to old (pre-intervention) CE cases. Such

data retrospectively indicated the positive impact of the Iceland ed-

ucation focussed and the Chile dog-dosing-based campaigns, or by

contrast the failure of hydatid control in Sardinia (see Sections 2 and

5). Such hospital-derived data are, however, not always accurate and

treatment access may be poor for underdeveloped regions, e.g.

northwest Kenya (Schantz, 1997; Craig et al., 2003).

Radiographic surveys using imaging techniques, especially portable

ultrasound scanners at community level, provide a relatively new

mass screening approach for human surveillance in hydatid control

programmes. Advantages of ultrasound scanning over hospital data

include the detection of asymptomatic cases and confirmation of

clinical status of previous cases, early clinical information in respect

of treatment options and natural history of disease, the true age-

specific prevalence of abdominal CE, longitudinal data in follow-up

and an educational effect for rural communities (Macpherson et al.,

2003). Ultrasound-based screening in endemic populations has been

applied for surveillance in at least two hydatid control programmes

i.e. Rio Negro (Argentina) and Turkana (Kenya). In the Rio Negro

programme, the ultrasound prevalence of CE in children (aged under

13 years) was shown to reduce from 5.5% to 1.1% over a 13-year

period of intervention, and furthermore that characteristic hydatid

cyst pathology indicated that 65% of cysts were of the ‘early growth’
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i.e. type CE 1 (Larrieu et al., 2000a; Frider et al., 2001). In the

Turkana hydatid control programme, human US screening data were

very important for surveillance on two counts. Firstly, because hos-

pital-based incidence data was difficult to collect especially after a

deliberate reduction in surgical provision (due to high recurrence

rates) and more emphasis on albendazole outpatient therapy by

AMREF. Secondly, the virtual absence of slaughterhouses in the

region meant that ovine CE data could not easily be obtained

(Macpherson and Wachira, 1997).

Serosurveys using sensitive and/or specific tests, such as Arc-5/

DD5 agar tests, cyst fluid antigen or antigen B-ELISA or immuno-

blot tests, have not been employed extensively in surveillance of

hydatid control programmes. Rather, use of hospital and/or ultra-

sound-based data sets were preferred because of their unequivocal

diagnostic status. The DD5 test was however used to screen humans

in the Falkland islands, and was applied in the Rio Negro programme

(later replaced by ELISA) to identify exposure in children, but are

now used primarily only in confirmation of ultrasound screening.
6.3. Vaccination against Echinococcus granulosus

An effective vaccine against CE in livestock or canine echinococcosis

in dogs would have enormous potential for hydatid control. A dog

vaccine is currently not available and assuming research occurs,

probably would not be for the next 5–10 years. Livestock vaccination

however is practical but would probably not replace dog dosing,

rather act as an additional measure that would reduce the biomass of

cysts developing especially in sheep and thus the infection pressure to

dogs. It would therefore also reduce the frequency of anthelmintic

dosing of dogs. As discussed above, several hydatid control pro-

grammes have failed or had poor impact, because of difficulties in

maintaining the accepted standard of 6- or 12-week dog-dosing reg-

imens for several years. Also because not high enough proportions of

dogs were treated over the ‘attack’ phase (e.g. as occurred during

control efforts in Uruguay, Chile Region XI, Falkland islands and

Sardinia).
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Extensive research on immune responses against larval cest-

odes was undertaken from the 1930s to 1980s using experimental

animal cysticercosis due to Taenia spp. infection, and then from the

1960s to 1990s using experimental livestock infections with either

Taenia spp. or E. granulosus (largely in New Zealand and Australia)

(reviewed by Rickard and Williams, 1982; Lightowlers et al., 2003).

This research culminated in the development of the first defined sub-

unit vaccine with high efficacy against any helminth. The first anti-

metacestode vaccine utilized a recombinant oncosphere peptide

(45W) against T. ovis infection in sheep (Johnson et al., 1989),

which quickly lead to the development of a similarly effective re-

combinant oncosphere vaccine (EG95) against ovine echinococcosis

(Lightowlers et al., 1996). Two subcutaneous injections in sheep of

the EG95 vaccine with Quil A adjuvant lead to the production of

complement fixing IgG antibodies lethal to E. granulosus oncospheres

that resulted in 96–100% protection against E. granulosus egg chal-

lenge infections for up to 12 months; and furthermore for up to 3

months in lambs born to vaccinated ewes (Lightowlers, 2002; Heath

et al., 2003).

This development of an effective vaccine against ovine hydatidosis

provides the potential for implementation of a more rapid and cost-

effective ‘attack’ phase for ongoing or future hydatid control

programmes. Though not yet formally included in any national or

provincial hydatid control programme, two large-scale pilot trials of

the vaccine in highly endemic areas in western China and one in

southern Argentina, confirmed its high efficacy, optimal delivery and

safety, against natural challenge with E. granulosus (Heath et al.,

2003). Trials indicate that one effective strategy would be to combine

spring and autumn vaccination of lambs/sheep (two injections

1 month apart followed by a third at 6–12 months) with only twice

yearly PZQ dosing of dogs. Furthermore, computer simulations of

transmission in which control interventions were modelled (involving,

anthelmintic treatment of dogs, vaccination of sheep and/or health

education), indicated that vaccination of sheep alone can be highly

effective if 490% are protected. Even more realistically a 75% vac-

cine cover of sheep, coupled with twice annual dog dosing would have

an equal effect (Torgerson and Heath, 2003).
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6.4. Options for Control of Echinococcus multilocularis

Human alveolar echinococcosis (AE), due to liver infection with the

larval stage of E. multilocularis, is a much rarer though more path-

ogenic form of hydatidosis compared to human CE, furthermore AE

disease has a significantly higher fatality rate in untreated cases

(Craig, 2003; McManus et al., 2003). E. multilocularis transmission

is considered to be spreading and potentially emergent in rural and

urban parts of Europe (Deplazes et al., 2004). Transmission of

E. multilocularis occurs only in the northern hemisphere, and is

maintained principally within sylvatic (wildlife) cycles between fox

definitive and rodent intermediate hosts, and therefore control is

potentially much more difficult compared to interruption of the main

domestic animal cycle of E. granulosus.

There has been one successful example of total control, in Reuben

island (Japan) in the 1930s, where E. multilocularis was eliminated as

a result of deliberate extermination of the red fox reservoir; however,

the parasite is now endemic over the whole of the main island of

Hokkaido (Ito et al., 2003). In Alaska, an intense localized focus of

transmission on St. Lawrence island was controlled in the 1980s by

supervised PZQ dosing of sled dogs, which were responsible for the

main zoonotic risk to the indigenous Inuit population, so that the risk

of human disease also decreased (Rausch et al., 1990). In two other

regions (southern Germany and Hokkaido, Japan), PZQ baits, sim-

ilar to rabies-vaccine baits, have been successfully used to reduce the

prevalence of E. multilocularis in red fox populations over local to

medium scales (90–3500 km2) (Ito et al., 2003). In the pilot control

programmes in Germany, based on monthly or 6-week intervals for

bait distribution, prevalence in fox populations declined from

32–64% to 4–15% over 14–18 months (Ito et al., 2003). Direct dos-

ing of domestic dogs, and use of PZQ baits for fox or stray dog

populations, are thus able to reduce transmission and therefore also

the public health risk of AE. However, sustained long-term dosing or

baiting programmes will be required to maintain reduced levels of

transmission, and therefore the potential for a long-acting vaccine

against E. multilocularis in the canid host would be a major im-

provement.
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7. CONCLUDING REMARKS
Several cystic hydatid control programmes to reduce or eliminate

transmission of E. granulosus are likely to be planned in a number of

countries or regions, where human CE cases continue to increase, and

where CE has re-emerged or is newly emerged, or newly recognized as

a public health problem (Eckert et al., 2000; Craig and Pawlowski,

2002; Torgerson and Budke, 2004). Nearly 150 years of hydatid con-

trol programmes clearly show that human CE can be eliminated as a

public health problem. The best results occurred when a well-man-

aged control authority implemented a medium to long-term (410

years) vertical campaign directed at the treatment of owned rural

dogs with appropriate community education and surveillance in

sheep, canid and human populations. Future CE programmes may be

more efficient and cost-effective than those previously implemented if

an integrated approach is used. Therefore, a new option for CE con-

trol i.e. Option 6, can now be considered, and would be based on a

vertical fast-track approach with specified lower frequency of PZQ

treatment (e.g. as low as two times per year) of registered dogs,

combined with annual or twice annual vaccination of sheep against

E. granulosus egg exposure.

Use of PZQ baits for fox populations can have a significant, albeit

temporary, effect on transmission of E. multilocularis; however, long-

term reduction in risk of human AE in endemic areas (e.g. Alaska and

Tibet) will depend on the regular dosing of domestic dogs. Future

research to develop effective dog and fox vaccines against Echino-

coccus spp. could lead to more effective control programmes.
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Asia. Caused by the pork tapeworm, Taenia solium, this zoonotic

disease forms larval cysts in humans and pigs that can lead to epilepsy

and death in humans, reduces the market value of pigs and makes

pork unsafe to eat. It occurs where pigs range freely, sanitation is

poor, and meat inspection is absent or inadequate, and is thus

strongly associated with poverty and smallholder farming. Although

theoretically easy to control and declared eradicable cysticercosis re-

mains neglected in most endemic countries due to lack of information

and awareness about the extent of the problem, suitable diagnostic

and management capacity, and appropriate prevention and control

strategies. Human neurocysticercosis occurs when the larval cysts

develop in the brain. It is considered to be the most common parasitic

infection of the human nervous system and the most frequent pre-

ventable cause of epilepsy in the developing world. Thus far the in-

fection has not been eliminated from any region by a specific

program, and no national control programs are yet in place. We

consider the tools available for combating cysticercosis and suggest

simple packages of interventions, which can be conducted utilizing

existing services and structures in the endemic countries to provide

appropriate and sustainable control of the disease.
1. INTRODUCTION
Cysticercosis is emerging as a serious public health and agricultural

problem in lesser developed countries of Latin America, Africa, and

Asia where pigs are raised for consumption under traditional pig

husbandry practices. Caused by Taenia solium, the pork tapeworm,

this zoonotic disease forms cysts in people and pigs that can lead to

epilepsy and death in humans, reduces the market value of pigs and

makes pork unsafe to eat. It occurs where pigs range freely, sanitation

is poor, and meat inspection is absent or inadequate, and is thus

strongly associated with poverty and smallholder farming. Although

theoretically easy to control and declared eradicable (International

Task Force for Disease Eradication (ITFDE), 1993) cysticercosis re-

mains neglected in many endemic countries due to lack of informa-

tion and awareness about the extent of the problem, suitable
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diagnostic and management capacity, and appropriate prevention

and control strategies. The current state of knowledge concerning T.

solium cysticercosis/taeniosis has recently been reviewed by Singh and

Prabhakar (2002), Carpio (2002) and Garcia et al. (2003). Guidelines

for surveillance, prevention and control of cysticercosis/taeniosis

were first published more than 20 years ago by Gemmell et al. (1983)

and have recently been revised (Murrell, 2005). The aim of this review

is to further highlight opportunities related to improved surveillance,

prevention and control of T. solium infections in light of recent sci-

entific advances.

T. solium is a tapeworm (cestode) transmitted among humans and

between humans and pigs or sometimes among humans to cause

cysticercosis. Humans acquire taeniosis (tapeworm infection) when

eating raw or undercooked pork meat infected with cysticerci, the

larval form of T. solium. When ingested, the cysticerci migrate to the

small intestine of humans where they evaginate, attach to the mucosa

and within approximately two months develop into adult tapeworms,

which can grow to more than 3m long (Flisser, 1994). T. solium has a

head (scolex) armed with a double row of hooks and four suckers. Its

body (strobila) consists of several hundred segments or proglottids

each containing about 50 000–60 000 eggs (Flisser, 1994; Pawlowski

and Murrell, 2000). It has generally been accepted that a person is

only parasitized by a single T. solium at any given time, hence the

parasite’s name, however, surveys involving treatment of tapeworm

carriers and collection of their worms indicate that infections with

multiple T. solium worms is possible (Jeri et al., 2004).

The most distal proglottids (usually 1–5 daily) detach often in

groups from the worm when their eggs have matured and pass out

into the environment with the human host’s faeces. These eggs can

then in turn infect the same (autoinfection) or other humans as well

as pigs if they are ingested following direct contact with tapeworm

carriers or from consuming water or food contaminated with human

faeces. In developing countries, pigs are often allowed to roam and

eat human faeces that may contain tapeworm eggs though in some

countries human faeces are fed directly to pigs (Flisser, 1988; Pouedet

et al., 2002; Shey-Njila et al., 2003). Ingested eggs result in larval

worms that migrate to different parts of the human and pig body



Figure 1 Taenia solium cysts in the masseter muscle of an adult pig. Each
cyst contains a protoscolex (tapeworm head) which, when consumed by a
human, can develop into a tapeworm. (Photo courtesy of A. Lee Willingham
III)
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(e.g. muscles, eyes and brain) via the circulatory system and form

cysts resulting in cysticercosis (see Figure 1).

A principle site of migration in humans is the central nervous sys-

tem and neurocysticercosis (NCC) occurs when the cysts develop in

the brain leading to epileptic seizures, hydrocephalus and other neu-

rological problems. The cysticercosis metacestode form infecting

people and pigs is effective at avoiding complement activation and

thus evading the hosts’ immune system such that viable cysts with

little or no inflammatory reaction are usually not associated with

symptoms (White et al., 1997). It is when cysts are recognized by the

host following spontaneous degeneration or after drug treatment that

an inflammatory reaction occurs usually resulting in clinical symp-

toms. Oedema around calcified cysticercal granulomas has also been

found to cause symptoms (Nash and Patronas, 1999; Nash et al.,

2001, 2004). Unlike cysticercosis, taeniosis causes little if any disa-

bility and morbidity.

People who neither raise pigs nor consume pork are also at risk of

cysticercosis if they ingest T. solium eggs after coming into direct or

indirect contact with tapeworm carriers. For example, there have
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been reports of orthodox Jews in North America and Muslims in the

Middle East, all banned from eating pork for religious reasons, being

infected from their domestic helpers who were tapeworm carriers

originally from endemic countries (Schantz et al., 1992; Al Shahrani

et al., 2003; Hira et al., 2004). Vegetarians in India have been found

to be at high risk of infection from tapeworm-infected food preparers

(Rajshekhar et al., 2003) while in Vietnam, there have been reports

suggesting a link between cysticercosis and the use of human faeces

and ‘wastewater’ for fertilizing crops (Willingham et al., 2003). Ta-

enia spp. eggs have also been recovered from several varieties of veg-

etables and fruits available in local markets in endemic areas (Sorvillo

et al., 2004). Everyone in endemic areas should thus be concerned

about cysticercosis irrespective of cultural, religious and/or con-

sumption practices. Development workers from non-endemic coun-

tries sent to work in endemic countries have also become infected

(Leutsher and Andriantsimahavandy, 2004). Although the life cycle

of T. solium is generally considered to only involve humans and pigs,

dogs have been found to harbour T. solium cysts and may possibly

play a role in transmission in areas of the world where dog meat

consumption is practiced (Jauregui and Marquez-Monter, 1977;

Okolo, 1986a, b; Buback et al., 1996; Ito et al., 2002a, 2004).
2. DISEASE DISTRIBUTION AND BURDEN
2.1. Occurrence

Cysticercosis occurs worldwide primarily in lesser developed areas

where pigs are raised, pork consumed and poor sanitation allows pigs

access to human faeces. The global distribution of T. solium infec-

tions is presented in Figure 2. ‘Hotspots’ of the disease in the Western

Hemisphere include Mexico and several countries in Central America

such as Guatemala, Honduras and Nicaragua as well as the Andean

countries of Ecuador, Peru and Bolivia, Colombia, Venezuela and

northwestern Brazil in South America (Sarti et al., 1994; Garcia-

Noval et al., 1996; Sanchez et al., 1997, 1998; Sakai et al., 1998;

Rodriguez-Canul et al., 1999; Carrique-Mas et al., 2001; Flisser et al.,
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Reports of authochthonous human and porcine cases

No information available/no evidence
Low prevalence (imported cases)

Figure 2 Map showing the global distribution of Taenia solium infec-
tions by country. (Adapted from: World Health Organization, 2003).
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2003; Bucardo et al., 2005). In South Asia, India, Nepal and Bhutan

are known to be endemic while in Southeast Asia the disease has been

found in Vietnam, Laos, China, parts of Indonesia (Papua) and the

Philippines (Margono et al., 2001; Erhart et al., 2002; Ito et al.,

2003a, b; Rajshekhar et al., 2003; Willingham et al., 2003). T. solium

is also found throughout much of sub-Saharan Africa and is emerg-

ing as a serious problem in that region related to the increasing pop-

ularity of raising pigs and consuming pork (Mafojane et al., 2003;

Phiri et al., 2003; Zoli et al., 2003; Preux and Druet-Cabanac, 2005).

The occurrence of the disease in developing countries is expected to

increase in relation to the growing demand for pork in those countries

(Delgado, 2003). In connection with this phenomenon is the increase

in transportation of infected pigs and migration of the human popu-

lation from rural endemic sites to large urban centres. Cysticercosis is

also found more and more in wealthier areas of the world as a result

of immigration of infected persons from endemic areas and increased

travel of persons from non-endemic to endemic areas (Schantz et al.,

1998).
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2.2. Disease Burden

The World Health Organization (WHO) estimates that at least 50

million people in the world suffer from epilepsy with more than 80%

of epileptics living in developing countries (WHO, 2000, 2001; Del

Brutto et al., 2001). NCC is considered to be the most frequent pre-

ventable cause of epilepsy in the developing world and the most

common parasitic infection of the human nervous system (Román et

al., 2000; Del Brutto et al., 2001). The disease is reported to cause

between 20% and 50% of all late-onset epilepsy cases globally

(Campbell and Farrell, 1987; Bern et al., 1999; Carpio and Hauser,

2002; Nsengiyumva et al., 2004; Del Brutto et al., 2005; Preux and

Druet-Cabanac, 2005) and is also reported to be a common cause of

juvenile epilepsy in certain areas, in particular southern Africa

(Shasha and Pammenter, 1991; Thomson, 1993; Grill et al., 1996;

Rosenfeld et al., 1996; Mafojane et al., 2003; Gaffo et al., 2004).

Initiatives are currently underway to better understand the burden

of NCC in endemic countries of Africa, Asia and Latin America

(Carabin et al., 2005) as well as industrialized countries such as the

USA where it is becoming a growing problem because of immigration

of tapeworm carriers from areas of endemic disease (Schantz et al.,

1998).

The clinical manifestations of NCC vary and include asymptomatic

infections, blindness from ophthalmic infections, brain parenchymal

involvement mostly presenting as seizures, subarachnoid and ven-

tricular involvement resulting in hydrocephalus, chronic meningitis

and infarcts, and massive infection and encephalitis, resulting in sub-

stantial health care costs in relation to diagnosis and management.

Epilepsy is a syndrome with considerable social, psychological, eco-

nomic and social impact on a community, and patients with epilepsy

suffer from a decreasing quality of life according to the frequency of

their seizures (van Hout et al., 1997). In endemic areas, 2–4% of the

population may be affected by NCC (Goodman et al., 1999) with

10% of acute neurological cases being NCC patients (Garcia et al.,

1995). It has been estimated that from 69% to 96% of symptomatic

NCC cases develop epilepsy and that there are more than 400 000

symptomatic NCC cases in all of Latin America with nearly 10% of
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these cases residing in Peru (Bern et al., 1999). In severe cases, NCC

can be fatal and is noted increasingly as a cause of death of young

adult Hispanics and Latinos in the USA (Richards et al., 1985;

Sorvillo et al., 2004; Townes et al., 2004).

In 1982 it was reported that in Mexico 5.4% of hospitalizations in

the country were due to NCC, with NCC being the final diagnosis of

25% of individuals presenting for brain tumours and 10.3% of au-

topsies undertaken in the National Neurosurgical Institute reporting

pathological evidence of NCC (Velasco-Suarez et al., 1982). At that

time the cost per NCC patient spent by public health institutions was

estimated to be US $2173 whereas wage losses associated with NCC

were estimated to be US $255 000 000 annually (Velasco-Suarez et al.,

1982). In 1994 treatment costs of NCC in Brazil were reported to be

US $85 000 000 (Roberts et al., 1994). In many African countries

NCC patients often do not seek treatment and when they do they are

not likely to be hospitalized (Zoli et al., 2003). The health costs of

NCC in Cameroon have been estimated at 13 520 000 euros based on

50% of active NCC cases seeking treatment (Nguekam, J.P. et al.,

2003). In the USA, total annual costs for hospitalization (US $6539

per case) and income loss (US $1416 per case) caused by NCC for an

estimated 1100 cases were estimated to be US $8 750 490 per year

(Roberts et al., 1994). A study conducted in northeastern USA es-

timated that the annual cost for all medical services associated with

one epilepsy case was US $9617 (Griffiths et al., 1999).

Cysticercosis is considered to be one of the major parasitic diseases

known to pose a serious public health threat, impairing development

as well as the quality of life in endemic countries by being both a

result of and contributor to poverty in endemic areas exacting a triple

price by: (i) infection of humans affecting their health, social and

family life and productivity, (ii) causing protein-energy malnutrition

in nutritionally constrained settings due to poor pork meat quality

and condemnation of pig carcasses and (iii) seriously reducing the

household income of farmers, many of whom are women, as an ob-

stacle to marketing of pigs and pork (Colley, 2000; Carabin et al.,

2005). Thus the disease is a serious constraint for improving the lives

and livelihoods of especially smallholder farming communities.

Social consequences of NCC, mostly as a result of seizures, include
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stigmatization and incapacitation leading to decreased work produc-

tivity (Campbell and Farrell, 1987; Brandt et al., 1992; Thomas et al.,

2001; Boa et al., 2002; Carpio, 2002; Carpio and Hauser, 2002;

Carabin et al., 2005). In many endemic countries, cysticercosis afflicts

young adults representing a heavy toll among persons in young,

highly productive age groups. Studies in India indicate that persons

with epilepsy have an annual reduction in work productivity of up to

30% (Krishnan et al., 2004).

When estimating the economic costs of epilepsy in relation to NCC

one must consider other societal costs due to stigmatization, accidents

and complications from ‘traditional healing’. Communities may shun

or cast out epileptics because it is considered a shameful and/or con-

tagious disease resulting in epileptics often being isolated to prevent

the spread of the ailment (Avodé et al., 1996; Preux et al., 2000). In

West Cameroon it has been estimated that only 27% of epileptics

marry and 39% fail to enter any professional activity (Preux et al.,

2000). Epileptics are also prone to accidents while having seizures such

as serious burns from falling/rolling into fires, drowning from falling

into water bodies and automobile accidents; these costs should be

considered when estimating to the burden of NCC (Carabin et al.,

2005). In South Africa unqualified, self-taught healers use Taenia

segments and their contents as treatment in cases of severe intestinal

tapeworm infections whereby Taenia segments or their pulverized

contents are added to medicinal mixtures, which can lead to high

intensity infection with cysticercosis. Besides this practice, the malev-

olent use of T. solium by persons to punish their unfaithful spouses or

lovers is also common, the contents of T. solium segments being added

to beverages as punishment (Kriel and Joubert, 1996; Kriel, 1997).

Certain other practices of traditional healers are also harmful to the

patients-for example in Cameroon some epileptic patients are made to

inhale smoke from burnt cola nut leaves and mistletoe as a form of

treatment while others may be told to restrict certain foodstuffs, which

may actually be highly nutritious foods (Zoli et al., 2003).

There are also serious agricultural costs related to T. solium infec-

tion. Porcine cysticercosis often results in total condemnation of pig

carcasses since pigs can harbour thousands of cysts making the meat

unsafe to eat. Pig traders aware of the disease may detect infection
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during a pre-purchase examination and then refuse to buy a suspect

pig. Farms and whole communities may become stigmatized when

they are known for selling contaminated meat and/or infected pigs. In

1980 it was estimated that more than US $43 000 000 was lost in

Mexico due to the rejection of infected pig carcasses at slaughter due

to cysticercosis infection which was equivalent to two-thirds of the

total investment in the nation’s pig production at that time (Acevedo-

Hernandez, 1982). More recently the annual losses due to porcine

cysticercosis in 10 western and central African countries was esti-

mated to be more than 25 000 000 euros (Zoli et al., 2003). Due to

lack of well-organized meat inspection and to common illegal slaugh-

tering, partial or total condemnation of carcasses due to cysticercosis

and their seizure in that region are rather exceptional and a high

percentage of infected carcasses are marketed and/or consumed.

Usually a pig carcass infected with cysticercosis is sold at a decreased

price which can vary from 25% of the usual market price in Benin to

50% in Rwanda (Zoli et al., 2003). Annual losses due to porcine

cysticercosis in Cameroon alone have been estimated to be a min-

imum of 2 000 000 euros based on a loss of 30% of the value of the

carcass. However in certain communities cysticercosis-infected meat

is sometimes sold at a higher price than uninfected meat as it is

considered to have a better flavour than healthy meat (Zoli and

Tchoumboué, 1992). In China the amount of pork discarded in the

whole country due to cysticercosis annually has been estimated at

200 000 000 kg with a value of more than US $120 000 000 (Ito et al.,

2003b).

The WHO has recently utilized decision tree analysis as an appro-

priate comprehensive method for assessing the burden of cysticercosis

in endemic countries whereby both the health and agricultural im-

pacts of the disease are given equal consideration (Carabin et al.,

2005). Decision tree analysis provides an organizational framework

for information about population frequencies of infection types and

frequencies of associated diseases and can then be complemented

further by information about the average costs per case of each event

represented by the branches which are then multiplied by the end

probability of each branch (Haddix et al., 2003). The sum of all of

these values corresponds to the average cost per case of the disease of
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interest. Unfortunately for most endemic countries there is currently

not enough quality epidemiological and cost data with which to

conduct such an assessment and thus securing the evidence base on

this issue remains a great need at the global level. Decision tree

analysis has thus far been used to conduct a comprehensive estimate

of the monetary burden of cysticercosis in only a few countries in-

cluding hyperendemic Eastern Cape Province of South Africa. The

overall monetary burden of cysticercosis in Eastern Cape Province

was estimated at US $24.8 million to which the agricultural sector

was found to contribute about one-third (average of $5.0 million)

thus the human monetary burden alone is considerable ($19.8 mil-

lion) (Carabin et al., 2006). The monetary burden per capita was

estimated at US $2.40, which is substantial when compared to annual

health expenditures of US $41.26 for people living in poor dwellings

in Eastern Cape Province (Statistics South Africa, 2004). The pro-

portion of epilepsy cases attributable to NCC and the proportion of

working time lost were found to have the most influence on the es-

timated monetary burden. These results for South Africa and in the

future for other endemic nations should help guide stakeholders in

deciding whether to invest their countries’ scarce health and agricul-

tural resources in combating cysticercosis.
3. DIAGNOSIS
3.1. Taeniosis

Identification of Taenia species infecting humans is usually based on a

combination of comparative morphology and immunological and

molecular diagnostic approaches (Wilkins et al., 2002; Dorny et al.,

2003, 2005; Ito and Craig, 2003; McManus and Ito, 2005).
3.1.1. Questioning and Self-Detection

Questioning of tapeworm carriers as an auxiliary method for the

diagnosis of T. solium taeniosis has not been considered reliable as T.

solium proglottids are emerge passively with the host’s faeces and thus
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the person infected is often unaware that they have a tapeworm

(Allan et al., 1996; Dorny et al., 2005). This is in contrast to other

Taenia tapeworms infecting humans (i.e. T. saginata and T. s. asia-

tica), which are more motile and will actively come out of the host’s

anus. Furthermore, patients may confuse nematodes such as Enter-

obius vermicularis and Ascaris lumbricoides as tapeworm proglottids

leading to false positive reports (Dorny et al., 2005). An awareness

campaign aimed at educating physicians, nurses, animal health care

practitioners and the general public about taeniosis and cysticercosis

including the distribution of preserved tapeworm segments and

guidelines for interviewing patients about tapeworm infection to

clinical practitioners and identifying farms producing T. solium in-

fected pigs has been found to increase the detection of tapeworm

infections (Flisser et al., 2005).

3.1.2. Stool Microscopy

Routine stool microscopy used for detecting parasite ova is known to

have poor specificity and sensitivity for detecting T. solium taeniosis

infections with yields ranging from 22.5% to 56% (Allan et al., 1990,

1993; Willingham et al., 2003). This method underestimates the prev-

alence of taeniosis because Taenia spp. eggs are excreted intermit-

tently (Allan et al., 1996). The test’s efficacy can thus be improved by

repeating it on different days (Hall et al., 1981). Eggs of T. solium and

that those of T. saginata as well as T. s. asiatica are morphologically

similar so it is necessary to collect complete adult tapeworms or pro-

glottids to determine the infecting species based on morphological

characteristics. Mature or gravid proglottids of the tapeworm species

can be differentiated on the basis of reproductive organs but need to

be fixed and stained in order to facilitate this which is a laborious

procedure (Morgan and Hawkins, 1949; Mayta et al., 2000). Iden-

tification of T. solium is based on the observation of three ovarian

lobes and the absence of a vaginal sphincter in mature proglottids

and the presence of 7–16 unilateral uterine branches in gravid pro-

glottids. Counting of the uterine branches can be facilitated by lon-

gitudinally sectioning the gravid proglottid, staining it with

hematoxylin-eosin and then gently squashing it between glass slides
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or between the underside and the cover of a Petri dish before mi-

croscopic evaluation (Mayta et al., 2000). Unfortunately some over-

lapping in the number of uterine branches may occur between Taenia

species thus collection of the tapeworm to examine its scolex or mo-

lecular assays may be needed to differentiate the infecting species.

3.1.3. Peri-Anal Egg Detection

Graham’s test which utilizes adhesive (‘Scotch’) tape for collecting

Taenia spp. eggs sticking to the skin in the peri-anal region has

been found to detect eggs of T. solium though its sensitivity for this

Taenia species is questionable (Schantz and Sarti-Guttierez, 1989;

de Kaminsky, 1991; Garcia et al., 2003). The presence of eggs is

determined by microscopic examination of the adhesive tape after

using it to swab the peri-anal area.
3.1.4. Copro-Antigen Detection ELISA

The ability to parasitologically detect tapeworm carriers increased

dramatically with the development of a test for Taenia-specific mol-

ecules in faecal samples (copro-antigens) (Allan et al., 1990, 1996).

The test is a polyclonal antibody-based sandwich enzyme-linked

immunosorbent assay (ELISA) using antibodies obtained from

hyperimmune rabbit sera against T. solium adult worm somatic an-

tigens (Allan et al., 1990). It has been found to have a sensitivity of

about 95% and specificity greater than 99% (Allan et al., 1996). A

more rapid dipstick ELISA form of the copro-antigen test has been

developed which requires minimal facilities making it a more appro-

priate option for epidemiological studies though it is less sensitive

than the micro-plate assay (Allan et al., 1993). Copro-antigens are

detectable prior to patency and cease to be detectable within a week

following treatment (Allan et al., 1990). They are stable for weeks in

unfixed faecal samples kept at room temperature and for years in

frozen samples or in chemically fixed samples (e.g. formalin) kept at

room temperature (Dorny et al., 2005).

The copro-antigen ELISA is only genus specific, making it impos-

sible to differentiate T. solium from T. saginata or T. s. asiatica
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infections. Determination of the tapeworm species infecting the host

requires treating persons tested positive with niclosamide or

praziquantel and collecting their worms following expulsion for mor-

phological differentiation. If the tapeworm scolex is expelled it can be

examined for hooklets to determine the species of infecting tapeworm

as T. saginata and T. s. asiatica usually have no hooklets while T.

solium usually has 22–32 hooklets on its scolex (Pawlowski, 2002).

However, one should be aware when examining the scolex that due to

morphological abnormalities the absence of hooklets may not

automatically mean that the tapeworm is not T. solium (Rodriguez-

Hidalgo et al., 2002). Cleansing the intestine with an electrolyte-

polyethyleneglycol salt (EPS) purge two hours before and again two

hours after treatment with niclosamide/praziquantel improves the

recovery of the scolex, as well as the quality of the expelled pro-

glottids which facilitates species identification (Garcia et al., 2003;

Jeri et al., 2004). Using a purge results in scolex recovery from only

about one-third of tapeworm carriers however (Jeri et al., 2004).

3.1.5. Copro-DNA Assays

Various molecular approaches have been developed to detect DNA of

Taenia species in human faeces for diagnosis of taeniosis (McManus

et al., 1989; Nunes et al., 2003; Ito and Craig, 2003; Yamasaki et al.,

2004; McManus, 2005; McManus and Ito, 2005). These tech-

niques are highly sensitive and species-specific thus overcoming the

limitations of differentiation of Taenia species based on morphology,

however the expense and lack of capacity for utilizing these tech-

niques currently limits their use in T. solium endemic countries. Mo-

lecular approaches for detecting taeniosis include polymerase chain

reaction (PCR), PCR coupled to restriction fragment length poly-

morphism (RFLP) (Gonzalez et al., 2000, 2002; Rodriguez-Hidalgo

et al., 2002) and multiplex-PCR (Yamasaki et al., 2004). PCR with

oligonucleotide primers derived from species-specific DNA probes

provides a rapid and sensitive method of taeniosis diagnosis (Gonzalez

et al., 2000). PCR–RFLP and multiplex PCR permit differential

diagnosis of the Taenia species without relying on the availability of

intact mature or gravid proglottids. Multiplex PCR is an easy and



CONTROL OF TAENIA SOLIUM CYSTICERCOSIS/TAENIOSIS 523
time-saving technique for use on faeces and parasite specimens, does

not require DNA sequencing and permits differential diagnosis of

Taenia species by using a combination of different primer pairs in the

same amplification reaction to produce species-specific sequences of

mitochondrial DNA that can then be distinguished (Yamasaki et al.,

2002, 2004; Gonzalez et al., 2003). In addition to differentiating be-

tween Taenia species infections it is valuable for molecular epidemi-

ological studies concerning the genotypic variation in T. solium

around the world (Okamoto et al., 2001; Nakao et al., 2002).

Adult proglottids expelled from human carriers, whole worms ex-

pelled after chemotherapy and eggs are all amenable to molecular

identification. Parasite samples should be freshly obtained, rinsed

several times in physiological saline solution and submitted for testing

immediately or fixed in 75% ethanol or frozen as soon as possible

(McManus and Ito, 2005). Faecal samples collected in endemic areas

and kept frozen or fixed in ethanol are useful for DNA detection of

worm carriers (Nunes et al., 2003; Yamasaki et al., 2004). Frozen

faecal samples should be examined as soon as possible after collection

within a maximum of 10 years (Yamasaki et al., 2004). Fixing sam-

ples in 75% ethanol is the method of choice due to the convenience of

transportation and ease of storage whereas formalin fixation/storage

is not recommended due to the difficulties of DNA analysis on for-

malin-fixed samples (McManus and Ito, 2005).

3.1.6. Serology

A fingerstick T. solium taeniosis immunoblot assay (EITB-T) has re-

cently been developed using copro-antigens of adult T. solium tape-

worms for detection of human taeniosis (Wilkins et al., 1999). The

new serum T. solium taeniosis immunoblot is reported to be highly

sensitive (95%) and specific (100%) compared to microscopy and

copro-antigen detection (Wilkins et al., 1999; Degiorgio et al., 2005).

A limitation of the EITB-T test is that since it is detecting anti-

bodies to adult T. solium worms it informs about people with a

history of tapeworm infection and not necessarily active infection and

thus may result in false positives (Degiorgio et al., 2005). Combination

of the EITB-T and the copro-antigen ELISA may be a way of
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specifically detecting T. solium tapeworm carriers while avoiding

the need for collecting and identifying the tapeworms from those

identified.
3.2. Human Cysticercosis

Diagnosis of cysticercosis/NCC on clinical grounds can be difficult

due to the non-specific signs and symptoms of the disease. A high

proportion of people infected with NCC remain free of symptoms

even when massively infected while others develop clinical manifes-

tations many years after becoming infected (Garcia and Del Brutto,

1999). The most common clinical manifestation among those having

symptoms is seizures while some NCC sufferers will have headache,

increased intracranial pressure and hydrocephalus depending on the

stage of the infection (Cruz et al., 1995; Carpio, 2002; Garcia et al.,

2002a). The general opinion is that consistent and accurate diagnostic

criteria of cysticercosis should be based on combined exposure his-

tory, clinical presentation, subcutaneous nodule biopsy, neuroimag-

ing studies, serological tests and biopsy of subcutaneous nodules if

present (Del Brutto et al., 1996; White and Garcia, 1999).
3.2.1. Biopsy of Subcutaneous Nodules

Subcutaneous nodules, while rare in Latin America (Cruz et al.,

1994), are a distinctive sign of infection in Asia and parts of Africa

prompting referral for treatment (Garcia et al., 2003; Ito et al.,

2003a). They present as small, fluctuant, painless nodules that most

commonly occur in the chest, arms and back (De et al., 1998;

Willingham et al., 2003). People may have substantial numbers of

subcutaneous nodules with cases having over 300 recorded (Lam and

Tan, 1992). Biopsy or fine-needle cytology of the nodule is then con-

ducted to confirm the cysticercosis diagnosis (Sahai et al., 2002;

Willingham et al., 2003). Physical examination for detection of sub-

cutaneous nodules is a simple method for detecting cysticercosis par-

ticularly in remote areas where more sophisticated techniques may

not be available (Wandra et al., 2003).
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3.2.2. Imaging

Computerized tomography (CT) and magnetic resonance imaging

(MRI) are used to identify cysticerci in the brain not only confirming

the aetiology of the disease but also providing information on the

intensity of infection, location of cysts and the stage of lesions

(Flisser, 1994; Carpio, 2002). These imaging techniques provide a

safe, precise, albeit expensive way of diagnosing cysticercosis but are

scarce in many poor endemic areas of the world (Diop et al., 2003).

They are able to easily detect non-symptomatic cases of NCC and

thus are helpful for conducting epidemiological surveys (Cruz et al.,

1999; Fleury et al., 2003; Nash et al., 2004). CT has been found to

have sensitivity and specificity over 95% for the diagnosis of NCC

and is more sensitive for detecting calcified cysts while MRI is con-

sidered to be the more accurate imaging technique for assessing the

intensity of infection, the location and evolutionary stage of the cysts

(Nash and Neva, 1984; Martinez et al., 1989; Garcia et al., 2003).
3.2.3. Immunodiagnosis

Immunodiagnosis of cysticercosis is useful for conducting surveil-

lance, epidemiological surveys and community-based studies that

contribute to a better understanding of the prevalence, burden and

epidemiology of the infection, assisting in identifying endemic com-

munities where prevention and control measures should be applied

(Garcia-Noval et al., 1996; Subahar et al., 2001). Immunodiagnostic

techniques can also be used to complement neuroimaging for the

diagnosis of cysticercosis in individuals providing differential diag-

nosis of other ‘cyst forming conditions’ such as echinococcosis, tu-

berculosis and brain tumors (Chang et al., 1988; Del Brutto et al.,

1996), however neuroimaging technology may not be accessible or

affordable in rural populations at risk in many endemic countries in

which case immunodiagnostic techniques may provide the only tool

for diagnosis of cysticercosis. Immunodiagnosis is also useful for

monitoring progress of individual treatment as well as community-

based prevention and control programs (Garcia et al., 2000; Sarti

et al., 2000; Vazquez-Flores et al., 2001).
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Immunodiagnostic techniques include detection methods for spe-

cific antibodies, which indicate present or past infection, and circu-

lating parasite antigens, which indicate current infections, in serum as

well as cerebrospinal fluid (CSF) (Correa et al., 1989; Zini et al.,

1990). The use of fingerstick blood dried on filter paper for immuno-

diagnosis has recently been found to be an acceptable, convenient and

economical way of transporting and storing field samples for

epidemiologic surveys of cysticercosis in lesser developed endemic

countries where cold-chain transport and maintenance of blood sam-

ples is problematic and people are often averse to venipuncture (Jafri

et al., 1998; Fleury et al., 2001).

Antibody Detection. Infection with T. solium cysticercosis results in

a specific antibody response, mainly of the IgG class (Carpio et al.,

1998). Detection of antibodies is confirmatory rather than decisive

since they indicate prior exposure to infection and not necessarily

current active infection with viable parasites. Currently the enzyme-

linked immunoelectrotransfer blot (EITB) and ELISA are the anti-

body-detection assay formats most frequently used for diagnosis of

cysticercosis (Brand and Tsang, 1989; Tsang et al., 1989; Sciutto et

al., 1998; Sato et al., 2003).

The EITB or Western Blot for cysticercosis, which uses seven

purified glycoprotein antigens extracted from the T. solium cystic-

ercus, has been a reliable serodiagnostic assay for cysticercosis since

it was developed in 1989. The test is reported to have 100% specificity

and a sensitivity of 98% with regard to parasitologically proven

cases with two or more cysts (Tsang et al., 1989). Its sensitivity

drops to as low as 28% in patients with single lesions and the test is

also less sensitive in patients with only calcified lesions (Wilson et al.,

1991). The EITB relies on acquisition and purification of native

cyst material making it labor-intensive and costly and therefore

not very suitable for conducting field studies or diagnosis in the

many lesser developed countries where cysticercosis is endemic

(Hancock et al., 2003). The reliance of the EITB on parasite mate-

rial is being changed by the development of synthetic and recom-

binant antigens giving similar sensitivity and specificity shown by

the original native EITB (Hancock et al., 2003, 2004; Scheel et al.,

2005).
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Antibody-detecting ELISA technology is popular in developing

countries because it is rapid, simple to perform, readily available and

more affordable. The development of an antibody-detecting ELISA

had been hindered by the presence of non-specific contaminants;

however a new simple method for purifying T. solium-specific glyco-

proteins fractionated from cysticerci cyst fluid has led to the pro-

duction of highly specific antigens facilitating the development of an

Antibody-ELISA with a reported specificity and sensitivity similar to

that of the EITB (Ito et al., 1998, 2002b). The Antibody-ELISA has

been further refined through the production of recombinant antigens

resulting in a test reported to have a sensitivity of 90% and specificity

of 100% (Sako et al., 2000).

A serious limitation of sero-prevalence field studies based on anti-

body detection is the overestimation of active disease due to the oc-

currence of a transient antibody response whereby a large percentage

of sero-positive people are found to be sero-negative upon repeat test-

ing 1–3 years later (Garcia et al., 2001). This may be due to exposure to

T. solium eggs, which do not develop into a viable infection or as a

result of self-cure (Garcia et al., 2001). In addition antibodies may

persist long after the parasite has been eliminated by immune mech-

anisms and/or drug therapy (Garcia et al., 1997). The overestimation

of active infection by detection of antibodies to T. solium must be

considered when conducting community-based epidemiological stud-

ies. Active infection should be verified since it has relevance with regard

to the need for individual administration of anti-parasitic treatment.

Antigen Detection. A monoclonal antibody-based ELISA has been

found to be a sensitive and specific test for detecting circulating par-

asite antigens in people infected with cysticercosis (Garcia et al., 1998;

Brandt et al., 1992). Antigen-ELISA only detects cases of active

cysticercosis, i.e. the presence of living cysticerci, which may be help-

ful when making decisions as to whether or not anti-parasitic treat-

ment should be provided since patients with only calcified cysts who

would not benefit from anthelmintic treatment are consistently neg-

ative by the Antigen-ELISA (Erhart et al., 2002; Nguekam, A. et al.,

2003). Antigen detection may be conducted on serum as well as on

CSF (Choromanski et al., 1990; Garcia et al., 1998, 2000). Because of

the localization of the cysts in the brain, antigen detection in CSF
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may be more appropriate for diagnosis than in serum, however sam-

pling of CSF is more complicated and risky than blood sampling. The

sensitivity of the Antigen-ELISA has been shown to be 85% with

patients having only a single viable cyst or degenerating parasites

giving false negative results while the specificity of the assay has been

determined to be 92% (Garcia et al., 2000). Antigen-ELISA, being

much cheaper and more accessible than neuroimaging, is a useful tool

for monitoring the success of anti-parasitic treatment of cysticercosis

patients because of the good correlation between the presence of cir-

culating antigen, biopsy of subcutaneous nodules and viable brain

cysts (Garcia et al., 2000; Erhart et al., 2002). Results of the Antigen-

ELISA usually become negative three months after the start of suc-

cessful treatment (Garcia et al., 2000; Dorny et al., 2003).
3.3. Porcine Cysticercosis

Detection of porcine cysticercosis cases is important for determining

whether a cysticercosis/taeniosis endemic situation exists and for

monitoring any interventions undertaken. Methods for detecting

cysticercosis in live pigs include tongue examination and serological

testing as well as inspection of carcasses at slaughter.
3.3.1. Lingual Examination

Visual inspection and palpation for cysts on the ventral surface of the

tongue is used by farmers and pig traders in endemic countries as an

inexpensive and quick way of identifying pigs infected with T. solium

cysticercosis (Figure 3). The specificity of the technique can be 100%

if conducted by someone with experience (Gonzalez et al., 1990;

Dorny et al., 2005).

The sensitivity of the technique depends very much on the intensity

of infection of the animals and has reported to be as high as 71% in

heavily infected pigs though considerably less in pigs with low in-

tensities of infection (Gonzalez et al., 1990; Sciutto et al., 1998; Sato

et al., 2003; Dorny et al., 2004, 2005). Thus this method of detection

generally underestimates the prevalence of porcine cysticercosis.



Figure 3 Taenia solium cysts on the ventral surface of a pig’s tongue.
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However, it can be a useful tool for rapid assessment of sites to

determine and monitor endemic ‘hot spots’ and in countries where

official meat inspection is minimal and capacity and/or funding for

conducting immunodiagnosis absent it may be the only method

available for detecting porcine cysticercosis.
3.3.2. Pig Carcass Inspection

Official guidelines and practices for the detection of T. solium cyst-

icercosis during inspection of pig carcasses vary widely from one

country to the another. In some countries only visual inspection is

carried out on one or several selected muscle and organ sites, while in

others incisions in some of these muscle groups may be required. The

effectiveness of this method for detecting cases of porcine cysticercosis

may be low depending on its thoroughness especially for pigs with low

intensities of infection (Sciutto et al., 1998; Boa et al., 2002; Dorny

et al., 2004). Records from meat inspection while providing evidence

on the presence of porcine cysticercosis are generally considered to

underestimate the status of cysticercosis in the pig population due to

the technique’s low sensitivity as well as the fact that farmers and pig

traders may avoid taking pigs to official slaughter establishments if
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they suspect that they are infected with T. solium (Gonzalez et al.,

1990). Meat inspection when conducted properly provides a useful

tool for validating diagnostic methods and intervention strategies.

3.3.3. Immunodiagnosis

Immunodiagnosis in pigs provides an ante-mortem detection method

more sensitive than lingual examination for use in prevalence and

community-based surveys as well as intervention studies. Techniques

developed for the diagnosis of cysticercosis in humans have also been

adapted for use in detecting T. solium infection of pigs, including both

antibody (EITB and Antibody-ELISA) (Gonzalez et al., 1990; Tsang

et al., 1991; Ito et al., 1999; Sato et al., 2003) and antigen detection

(Antigen-ELISA) (Erhart et al., 2002; Phiri et al., 2002; Pouedet et

al., 2002). It has been reported that the sensitivity of these available

immunodiagnostic techniques is reduced in pigs with low intensities

of infection (Sciutto et al., 1998).

While the EITB and the newer formulations of Antibody-ELISA

are popular tests for detecting porcine cysticercosis for both epidemi-

ological studies and monitoring interventions care should taken with

regard to the overestimation of infection due to the presence of an-

tibodies in pigs in the absence of infection. Anti-cysticercal antibodies

(IgG) are passively transferred from sows via colostrum to piglets and

have been found to persist for more than six months after weaning

(Gonzalez et al., 1999). Considering that most pigs are taken to market

at about 9–12 months they will maintain these antibodies for most of

their lives whether infected or not. In addition, pigs may also develop a

transient antibody response to T. solium infection without the estab-

lishment of a patent infection as seen in humans (Dorny et al., 2003).

Logic suggests that the Antigen-ELISA would be the most appro-

priate immunodiagnostic test for detecting porcine cysticercosis since

pigs usually do not live long enough for the T. solium metacestodes to

die and thus would be expected to have active infection. It has been

reported that the Antigen-ELISA is highly specific and sensitive, even

detecting pigs harbouring one single T. solium cyst (Erhart et al., 2002;

Nguekam, A. et al., 2003; Dorny et al., 2004). The circulating antigens

can be detected as early as two to six weeks post infection (Nguekam
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et al., 2003). However, the genus specificity of the Antigen-ELISA test

does not allow differentiation of larval T. solium infections from larval

infections of other Taenia species such as T. hydatigena and possibly

T. saginata asiatica, which becomes problematic in areas where these

parasites co-exist (Dorny et al., 2003, 2005). This species’ specificity

problem does not appear to be a problem of the Antibody-ELISA

since pigs naturally infected with the metacestode stages of T. hydati-

gena are negative by that test (Sato et al., 2003).
4. TREATMENT
4.1. Taeniosis

Treatment of tapeworm carriers is one of the key intervention points

with regard to prevention and control of T. solium infections in hu-

mans. Niclosamide (2 g orally single dose) and praziquantel (5–10mg/

kg orally single dose) are both considered to be more than 95%

effective against T. solium tapeworm infection (Schantz et al., 1998).

Niclosamide, though not widely available in many T. solium endemic

countries, is the preferred drug because it is not absorbed from the

intestines and there have been reports of praziquantel treatment pre-

cipitating seizures, severe headache and other neurological symptoms

in patients with asymptomatic NCC (Torres et al., 1988; Flisser et al.,

1993). A pre- and post-niclosamide EPS purge (2 l orally before and

after niclosamide treatment) has been found to greatly improve the

recovery of tapeworm scolexes and gravid proglottids which indicates

cure as well as provides parasite material for species identification of

the infecting worm (Jeri et al., 2004). If the scolex of the tapeworm is

not expelled the worm can regenerate within two months.
4.2. Cysticercosis

4.2.1. Human Cysticercosis

Treatment of human cysticercosis cases helps reduce the burden of

disease due to the substantial morbidity and mortality associated with
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NCC but has no direct effect on control of T. solium infections at the

household or community level since humans are a ‘dead end’ host for

larval infection. However, a proportion of people with cysticercosis

may also be T. solium tapeworm carriers (Gilman et al., 2000;

Willingham et al., 2003). The management of NCC should be

adapted to the individual based on the number, location, size and

viability or stage of degeneration of the cysts in the nervous system

and may involve antiparasitic drugs, steroids, antiepileptic drugs and

surgery with symptomatic treatment very important as initial therapy

(Garcia et al., 2003; Maguire, 2004). The presentations of human

NCC are classified into four major types: intraparenchymal disease,

extraparenchymal disease, cerebrovascular complications and calci-

fied lesions (Garcia et al., 2005).

Both praziquantel (50–100mgkg�1mg�1 orally, divided in three

doses for 30 days for multiple cysts or single day treatment of three

doses of 25mg/kg given at two hour intervals for single or few cysts)

and albendazole (400mg orally twice daily for 8–30 days repeated as

needed; pediatric dosage 15mg/kg daily up to a maximum of 800mg

split in two doses/day for 8–30 days repeated as needed) given si-

multaneously with steroids (dexamethasone at 0.1mg/kg/day or, for

long-term use, prednisone at 1mg/kg/day) have been found to be

effective antiparasitic drugs for treating live T. solium cysts (Botero

and Castano, 1982; Sotelo et al., 1984, 1988, 1990; Escobedo et al.,

1987; Corona et al., 1996; Garcia et al., 2002a; The Medical Letter,

Inc, 2004) however albendazole is generally considered the drug of

choice since it has better penetration into the CSF and praziquantel

interacts with steroids leading to a decrease in its serum concentrations

hence may not be as effective against high intensities of cysts using the

single day course of therapy (Vazquez et al., 1987; Jung et al., 1990;

Pretell et al., 2001). The use of antiparasitic drugs for cysticercosis is

controversial since killing the larval parasites may cause an unneces-

sary increase in the inflammatory process thereby worsening neuro-

logical symptoms due to oedema and intracranial hypertension usually

between the second and fifth day after antiparasitic therapy thus

the reason for administering steroids simultaneously to reduce

this inflammation (Carpio et al., 1995; reviewed by Garcia et al.,

2003; Riley and White, 2003; Maguire, 2004). A recent controlled
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study has indicated that antiparasite therapy decreases the burden of

parasites in patients with seizures due to viable parenchymal cysts and

is safe and effective in reducing the number of generalized seizures

(Garcia et al., 2004). Antiparasitic treatment may be unnecessary or

even contraindicated in some NCC patient subgroups (e.g. presence of

only calcified cysts, spinal or ophthalmic cysticercosis and hydro-

cephalus with no viable cysts) while in others it may be beneficial and

even lifesaving (e.g. giant growing cysts, subarachnoid cysts, hydro-

cephalus with viable cysts and chronic meningitis) (White, 2000;

Proaño et al., 2001; Garcia et al., 2002a, b, 2003; Yancey et al., 2005).

There is increasing evidence that calcified T. solium cysts and asso-

ciated perilesional oedema are a cause of seizures thus a better un-

derstanding of its development, role, prevention and treatment is

needed (Nash et al., 2004).

Antiepileptic drugs are the principal therapy for seizures associated

with NCC and may eventually be tapered or even withdrawn with

time. The presence of calcifications in the brain is a known risk factor

for seizure relapse and the proportion of cysts calcifying may be higher

in cysticercosis patients treated with antiparasitics (Del Brutto, 1994;

Garcia et al., 2004). In patients with intracranial hypertension sec-

ondary to NCC the priority is to manage the hypertension problem

before considering any other form of therapy. Surgery is usually re-

quired for treating hydrocephalus secondary to NCC and is also ap-

propriate for removal of ventricular, spinal or ophthalmic cysticerci

(McCormick, 1985; White, 2000). Any cysticercocidal drug may cause

irreparable damage when used to treat ocular or spinal cysts, even

when corticosteroids are used. An ophthalmic examination of sus-

pected or confirmed cysticercosis patients should always precede treat-

ment to rule out intraocular cysts (The Medical Letter, Inc., 2004).

4.2.2. Porcine Cysticercosis

Both praziquantel and albendazole given orally have been found

effective for treating porcine cysticercosis but involve multiple dosing

making them impractical for large-scale control programs (Flisser

et al., 1990; Torres et al., 1992; Gonzalez et al., 1995; Kaur et al., 1995).

Treatment of pigs with albendazole has been found to result in side
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effects such as lethargy and anorexia (Gonzalez et al., 1995). Sub-

cutaneous injections of inexpensive albendazole sulphoxide, 15mg/kg

daily for eight days, has been found 100% effective for killing muscle

cysts but less effective at killing brain cysts in pigs though again it

requires multiple doses (Peniche-Cardeña et al., 2002).

In contrast, an inexpensive veterinary benzimidazole, oxfendazole,

has been found to be more than 95% effective in killing cysts in the

pig when given in a single dose of 30mg/kg and pigs may remain

resistant to re-infection for at least three months after treatment

(Gonzalez et al., 1997, 2001). Brain cysts have been found to survive

the single-dose therapy; however this may be inconsequential since

pig brains are usually cooked for consumption (Gonzalez et al.,

1997). Infested meat in oxfendazole-treated pigs needs at least eight

weeks for all the cysts to degenerate and up to 12 weeks to achieve a

clear, acceptable appearance of the pork for human consumption

thereby greatly increasing the meat’s commercial value (Gonzalez

et al., 1998; Gonzalez, 2002). Oxfendazole was developed for use as

an anthelmintic for ruminants and is administered to cattle at an oral

dose of 4.5mg/kg. The withdrawal time is seven days after treatment

in cattle at this dosage whereby a cow is not slaughtered before this

time as a safety precaution for beef consumers to ensure residual

levels of the anthelmintic in the meat are safe (Fort Dodge Animal

Health, Fort Dodge, IA, USA). The safety of oxfendazole for pigs as

well as consumers at the much higher dosage needed to cure porcine

cysticercosis remains to be examined. Oxfendazole has not yet been

tested for treating human cysticercosis but has been found to be very

effective for reducing the infectivity of larval cysts of the cestode

Echinococcus granulosus infecting small ruminants (Blanton et al.,

1998; Dueger et al., 1999; Njoroge et al., 2005).
5. VACCINATION
Vaccination has been proposed as a key component of a ‘best bet’

integrated strategy for combating cysticercosis/taeniosis involving

education and control of infection in both definitive and interme-

diate hosts (Lightowlers, 1999). Lowering the prevalence of porcine
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cysticercosis through effective vaccination would break the parasite’s

life cycle thereby blocking transmission to humans. Incorporation of

an effective vaccine for prevention of infection in pigs would thus

likely increase the effectiveness of T. solium disease control efforts and

reduce the impact of incomplete chemotherapy coverage of human

tapeworm carriers and reintroduction of disease transmission by

immigration of human T. solium carriers into disease control areas

by eliminating susceptible intermediate hosts, the source of human

infections. Since the target population would be rural endemic villages

in developing countries a vaccine would need to be low in cost to be

acceptable and sustainable though being an international public good

it may be appealing to international agencies such as the World

Bank, regional development banks, the Global Alliance for Livestock

Vaccines (GALV), etc., as a worthy cause for support due to the

poverty alleviation aspects. The same vaccine could also be effective in

humans but development of a human vaccine is hindered by the lack

of cost–benefit studies justifying the substantial cost involved in

undertaking clinical trials and in the manufacture of a vaccine suitable

for use in humans rather than animals (Lightowlers, 2003). Several

approaches are being examined towards development of vaccines

against T. solium, including the application of recombinant onco-

sphere antigens and peptides (Sciutto et al., 2002; Lightowlers,

2003, 2004).

Host-protective immune responses to taeniid cestodes are known

to be directed towards the egg (oncosphere) in the early developing

embryo (Rickard and Williams, 1982). Specific native oncosphere

antigens have now been identified as a source of these host-protective

responses and recombinant DNA techniques have been used to clone

and express the genes encoding these antigens leading to vaccine

candidate recombinant antigens (Gauci et al., 1998; Gauci and

Lightowlers, 2001). Two of the most promising recombinant T. soli-

um oncosphere antigens, designated TSOL 18 and TSOL 45, have

been evaluated in experimental vaccine trials in different countries

and by groups in Latin America and Africa and have been shown to

induce complete or near complete protection against experimental

challenge infection in pigs (99.5–99.9% and 97–98.6%, respectively)

(Flisser et al., 2004; Gonzalez et al., 2005). Various aspects of this
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oncosphere antigen subunit vaccine are currently being investigated

before proceeding with controlled field trials.

A synthetic vaccine composed of three peptides has been developed

in Mexico (Sciutto et al., 2002), which is reported to be both pre-

ventative and therapeutic reducing the parasite load as well as the

viability of cysticerci in pigs (Huerta et al., 2000, 2002; de Aluja et al.,

2005). It apparently has a cysticidal effect on established metacest-

odes in vaccinated pigs thus lowering the number of viable cysticerci

capable of transforming into tapeworms suggesting that people who

ingest metacestodes in the meat of vaccinated pigs will be less at risk

to develop intestinal taeniosis. In a field trial conducted in two rural

endemic communities it was found that the peptide vaccine reduced

by 52.6% the prevalence of naturally acquired porcine cysticercosis

and reduced by 97.9% the total number of recovered cysticerci, with

80% of the cysts established in vaccinated pigs found damaged

(Huerta et al., 2002). Preliminary results thus suggest that immuni-

zation of pigs with the peptide vaccine can confer a high level of

protection against an egg challenge while also inducing an immune

response against the larvae, which are either destroyed or rendered

non-infectious. Different methods of antigen production and delivery

of the peptide vaccine are being explored to reduce the production

costs of synthetic peptides and also improve their immunogenicity in

order to increase the possibility of extensive application of the vaccine

(Manoutcharian et al., 2004).

Developers of T. solium vaccines for pigs face a serious challenge

with regard to the persistence of porcine maternal antibodies and the

relatively late development of the piglet’s immune system. It is known

that piglets in endemic villages may be exposed and infected with T.

solium in the first few days after birth, as soon as they can follow their

mothers searching for food (de Aluja et al., 1998) and thus should

already be protected at this time. However, pigs at a young age may

not be able to mount an effective protective immune response to a

vaccine at this time due to the immaturity of their immune system. In

addition maternal antibodies may persist for six months or longer

(Gonzalez et al., 1999) which may inhibit responses by the piglet’s

own immune system. A vaccine trial with the peptide vaccine indi-

cated that piglets immunized at 40 days had little or no immune



CONTROL OF TAENIA SOLIUM CYSTICERCOSIS/TAENIOSIS 537
response while those immunized at 70 days did (Huerta et al., 2000).

The pig’s slow development of effective immunity against cysticerci,

combined with the early exposure to the T. solium eggs, may warrant

consideration of the development of a vaccine for pregnant sows that

would promote passive transfer of antibodies against T. solium to

neonate piglets via the mother’s colostrum.
6. SURVEILLANCE AND REPORTING
One of the main obstacles to control and elimination of T. solium

infections is the lack of reliable epidemiological data on cysticercosis/

taeniosis, which could be overcome through the institution of sur-

veillance systems for the disease. Surveillance systems for cystic-

ercosis have been implemented only rarely (e.g. Oregon and

California in USA, Mexico, Kuwait and Ribeirã Preto Municipality

in Brazil) (Ehnert et al., 1992; Sorvillo et al., 1992; Román et al.,

2000; Townes et al., 2004). Results of a short-lived surveillance pro-

gram in Los Angeles County, California, USA indicated that both

travel- and locally acquired cysticercosis was more common than

previously recognized (Sorvillo et al., 1992).

Public health follow-up of cysticercosis cases, including screening

of household contacts, can identify tapeworm carriers (transmission

foci), who can be treated and removed as potential sources of further

infection since epidemiological studies have demonstrated clustering

of NCC cases around individuals infected with T. solium (Sarti et al.,

1992; Garcia et al., 1999). The first step in tackling endemic cystic-

ercosis/taeniosis could thus be to concentrate on NCC, its most im-

portant manifestation, or subcutaneous nodules where that

manifestation is common, by implementing appropriate surveillance

mechanisms such as case reporting.

An international group of neurologists have proposed upgrading the

status of human cysticercosis to that of an international report-

able disease as a first step necessary for the implementation of ap-

propriate surveillance mechanisms for T. solium infections (Román

et al., 2002). However, taeniosis and cysticercosis do not lead to sudden

large-scale international outbreaks of disease and therefore would not
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seem to constitute an appropriate subject for international notification.

More appropriate would be for national authorities to establish

national surveillance and reporting of cysticercosis/taeniosis as part of

a routine system (WHO, 2003). Standardized criteria for differential

diagnosis of epilepsy that are appropriate for peripheral health care

structures in resource-poor areas remain to be established (Engels

et al., 2003).

Surveillance of cysticercosis in pigs has been proposed as a prac-

tical, inexpensive and sensitive method for indirectly assessing human

risk and monitoring and evaluating the effectiveness of community-

based control programs (Gonzalez, 2002). In endemic areas, many

local pigs may not go through the formal slaughterhouse system,

especially if the pig farmers screen them for cysticercosis by exam-

ining their tongues before taking them to the slaughterhouse; thus

slaughterhouse prevalence statistics may grossly underestimate the

real prevalence (Gonzalez et al., 1990; Cysticercosis Working Group

in Peru (CWGP), 1993). A more effective way to assess the changes in

the intensity of environmental contamination with T. solium eggs is to

bring in ‘sentinel’ pigs from non-endemic areas that can then be se-

rologically tested periodically (Sarti et al., 1997; Gonzalez, 2002).
7. PREVENTION AND CONTROL
As our understanding of the global burden of T. solium cysticercosis/

taeniosis improves it becomes increasingly evident that the disease has

a serious impact on the health and agricultural systems of pig pro-

ducing/pork consuming countries in the developing world, contrib-

uting to rural poverty. Since cysticercosis is generally related to

poverty and its associated manifestations, all strategies to control the

disease must consider costs and locally available resources. T. solium

is potentially eradicable through surveillance and available interven-

tions, but such feasibility needs to be demonstrated over in a sizeable

geographic area (ITFDE, 1993). Chief obstacles to eradication of T.

solium cysticercosis/taeniosis include the need for simpler diagnostics

for humans and pigs, lack of availability of drugs for treating human

taeniosis and porcine cysticercosis (i.e. praziquantel, niclosamide and



CONTROL OF TAENIA SOLIUM CYSTICERCOSIS/TAENIOSIS 539
oxfendazole) in endemic areas, and a general lack of awareness and

appreciation of the presence and impact of the disease by the affected

communities as well as those in positions who could assist them in

combating the problem. Thus far there is no evidence that eradication

of T. solium is feasible within a reasonable time frame (Engels et al.,

2003). Alternatively, it is important to define a simple package of

interventions, which can be routinely carried out by existing services

and structures, and will give an optimal, long-term return in terms of

reducing the burden of cysticercosis. Figure 4 gives an overview of

various intervention measures at different points in the T. solium life

cycle.

The following characteristics of T. solium make it vulnerable to

eradication (ITFDE, 1993; Schantz et al., 1993): (i) the life cycle
Figure 4 The life cycle of Taenia solium and different strategies for pre-
vention and control of cysticercosis/taeniosis with regard to both the human
and pig hosts. (Figure courtesy of U.S. Centers for Disease Control and
Prevention, Atlanta, Georgia, U.S.A.)
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requires humans as its definitive host, (ii) tapeworm infection in hu-

mans is the only source of infection for pigs, the natural intermediate

hosts, (iii) domestic pigs, the intermediate hosts, can be managed, (iv)

no significant wildlife reservoir exists and (v) practical intervention is

available in the form of chemotherapy for human taeniosis and por-

cine cysticercosis with safe and effective drugs. In 2003 a reconvened

ITFDE II met to consider the status of T. solium cysticercosis 10

years after initially targeting the disease as potentially eradicable.

Recommendations of the ITFDE II include (ITFDE II, 2003): (i)

demonstration of effective control or elimination of T. solium trans-

mission on a national scale would probably be the greatest single

stimulus to further action against cysticercosis/taeniosis, (ii) a pro-

gram strategy that includes multiple interventions in flexible mass or

targeted approaches would probably have the greatest chance of

success, (iii) economic factors should be considered in designing any

control program given the importance of domestic pig husbandry to

affected local subsistence economies in endemic areas, (iv) there is a

need to better understand the burden and transmission of the disease

at the global level and (v) the impact of parasitic disease control

programs involving the mass distribution of praziquantel and al-

bendazole (e.g. schistosomiasis, lymphatic filariasis and soil-tras-

mitted helminths) on the cysticercosis/taeniosis situation in areas

where the diseases are co-endemic should be evaluated. The ITFDE

II was concerned by the lack of field-proven strategies and experience

in large-scale eradication projects made during the 10-year period

since its initial recommendations were announced (ITFDE II, 2003;

Pawlowski et al., 2005).

The issue of cysticercosis of the central nervous system was dis-

cussed at the 56th World Health Assembly (WHA) in May 2003 at

the request of member countries following calls to declare NCC an

international reportable disease (Román et al., 2000; Engels et al.,

2003; WHO, 2003). While cysticercosis and taeniosis were not deemed

an appropriate subject for international notification since they do not

lead to sudden large-scale international outbreaks of disease, the

WHA secretariat’s report strongly encouraged national authorities to

set up surveillance and reporting systems and adopt a more active

approach towards prevention and control of the diseases (WHO,
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2003). In addition, the report noted that control of human cystic-

ercosis can be linked and actively promoted under the auspices of

several international initiatives such as the Global Campaign against

Epilepsy ‘Out of the Shadows’, the new initiative on ‘Neglected

Tropical Diseases’, the Food Safety Programme and the Partnership

for Parasite Control. An integrated, intersectoral approach to sur-

veillance, prevention and control combining simple tools was pro-

moted by the report for long-term success with regard to substantially

reducing the disease burden in endemic areas as well as enhancing

food safety and increasing economic benefits for smallholder pig

farmers (WHO, 2003; Engels et al., 2003).

Only tapeworm carriers and infected pigs are important in terms of

transmission of T. solium infections and are thus the targets for pre-

vention and control. Individuals with NCC are a health concern but

not important for transmission unless they are also infected with an

intestinal tapeworm. Thus to be effective and sustainable a practical,

cost-effective combination of simple interventions targeting both the

intermediate and definitive hosts should be considered (Lightowlers,

1999; Garcia, 2002). Any selected combination of interventions

would need to ensure community cooperation and incorporate eco-

nomic incentives to ensure sustainability. The appropriateness and

justification for undertaking such interventions needs to first be ver-

ified through ‘rapid epidemiological assessment’ of the targeted com-

munities to secure the evidence base on the public health and/or

economic relevance of cysticercosis in order to ensure the commit-

ment of local and national decision makers for implementing the

proposed solutions (Engels et al., 2003). Engagement of stakeholders

from the various relevant sectors and interested parties including

veterinary and medical workers should be promoted from the outset

of activities to ensure success.

Sustainable control programs for T. solium infections must aim to

both decrease the supply of infected meat to consumers and prevent

environmental contamination with parasite eggs. T. solium carriers

are extremely potent sources of cysticercosis, endangering everyone

coming in contact with them including themselves. Reduction of hu-

man taeniosis by detection and treatment of human tapeworm car-

riers or by mass treatment of the whole population with praziquantel
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or niclosamide has proven effective for reducing environmental con-

tamination of the parasite in the short-term, however these attempts

have only had temporary success due to the continued presence of

susceptible intermediate hosts and the movement of human tape-

worm carriers into the targeted communities and thus would require

continuous maintenance and intensive monitoring and surveillance to

remain effective (Cruz et al., 1989; Allan et al., 1997; Garcia, 2002).

Appropriate surveillance mechanisms should be implemented where-

by new cases of NCC or porcine cysticercosis should be reported to

national authorities to facilitate identifying and treating sources of

tapeworm eggs, i.e. tapeworm carriers and any persons having close

contact with them (Román et al., 2000). There is a theoretical risk of

a temporary increase in human and porcine cysticercosis infection

during taeniosis treatment campaigns if disposal of human stools is

not carefully controlled following treatment since T. solium worms

and still infective eggs may be expelled. A study in Mexico found that

porcine cysticercosis nearly doubled one year after mass human

chemotherapy which did not take into consideration the need for safe

disposal of faeces post-treatment (Keilbach et al., 1989).

Local populations in endemic areas rarely understand the rela-

tionship between cysticercosis in pigs and taeniosis in humans and

thus lack knowledge and incentive to change behaviour that fosters

transmission. Efforts to educate communities via schools, village

meetings and on an individual basis have been successful in terms of

teaching villagers the life cycle of T. solium, the connection between

infected pigs and themselves or others getting cysticercosis, and how

to improve hygiene, sanitation and pig management practices to re-

duce the risk of infection (Keilbach et al., 1989; Sarti et al., 1997).

However these initiatives solely based on education have not been

shown to dramatically change behaviours affecting transmission and/

or risk factors, although in some situations environmental contam-

ination appears to have decreased following educational campaigns

(Sarti et al., 1997). It is generally accepted that education should be

an integral part of any control program due to the long-term effect of

acquired knowledge on the sustainability of intervention efforts. Ed-

ucational materials need to be designed in such a way to attract the

reader and again with cysticercosis the economic issues involved
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should be exploited in order to relay the messages with maximum

impact. For example in Tanzania a cysticercosis prevention brochure

shows a farmer with a large healthy pig on the cover with the heading

‘raise cysticercosis-free pigs—make more money!’ while a children’s

colouring book informs about cysticercosis with the storyline that

raising cysticercosis-free pigs enables the family to raise the children’s

school fees (H. Ngowi, Sokoine University of Agriculture, Tanzania).

An awareness and prevention poster on T. solium cysticercosis re-

cently produced in South Africa has been made available in different

sizes for use as wall posters in medical, veterinary and livestock pro-

duction establishments as well as inserts for local and farmer-related

newspapers and is also available through the internet (see Figure 5).

The poster is designed such that by changing the language and
Figure 5 Cysticercosis awareness and prevention poster from South
Africa designed to target various relevant stakeholder groups. The poster
has been printed in various sizes for newspaper inserts as well as wall
hangings. With a change in language and minimal alterations in illustrations
it can be used throughout the Africa region. (figure courtesy of the Medical
Research Council of South Africa, Krecek and Krecek cc and the Inter-
national Livestock Research Institute)
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making a few other small changes with regard to illustrations it can

be used throughout Africa.

Interventions focused on the pig population will not only control

any further infections of humans in the village, but also by increasing

the value of the pigs will act as an economic incentive and lead to

increased compliance with other control activities, such as human

treatment and education. Intervention studies in Peru involving con-

current intensive chemotherapy of people and pigs indicate that it is

possible to block transmission and eliminate the parasite from com-

munities if the treatment regimen is maintained and a surveillance

system is in place to counter the movement of human tapeworm

carriers or infected swine into the treated communities (Garcia, 2002).

Better market prices for treated pork and access to the formal mar-

keting system will be strong incentives for farmers to treat their pigs,

helping to ensure community cooperation. However, in order to im-

prove the commercial value of pork its appearance should be clean

and similar to non-infected meat; thus the availability of oxfendazole

as an effective drug for curing pigs eventually eliminating the cysts

with the added benefit of resistance to further infection provides

strong incentives for small pork producers to comply with control

measures (Gonzalez et al., 1996, 1997, 2001). Vaccines against T.

solium infection may one day make treatment of pigs unnecessary,

providing a very useful tool for helping combat cysticercosis espe-

cially if they have both preventive and therapeutic effects (Sciutto,

2002; Lightowlers, 2003). An important factor with regard to their

potential effectiveness and actual usefulness, the ability of the vac-

cines to protect young piglets directly or indirectly through sows prior

to birth, is currently being assessed through controlled field trials.

Much attention is needed with regard to how these tools can actually

be utilized by the endemic communities to ensure compliance since

they may not be affordable for many smallholder pig keepers. There

again the economic incentives of prevention may overcome the com-

pliance issue if the farmers are made aware of the benefits compared

to the costs.

Transmission of T. solium infections can be blocked if the sale and

consumption of infected pork is prevented by slaughterhouse meat

inspection and confiscation of infected pig carcasses (Joshi et al.,
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2003). Unfortunately in many endemic countries national pork in-

spection guidelines may be inadequate and little attention may be

given to the porcine cysticercosis issue, thus leading to low detection

of infected carcasses especially in countries where pig rearing and

pork consumption have only recently become popular (Boa et al.,

2002; Phiri et al., 2003). Policies concerning confiscation of infected

pig carcasses must be strategic since confiscation without payment to

the pig’s owner may lead to the establishment of clandestine markets

and unofficial slaughtering establishments for pigs infected with T.

solium. In Peru where pigs are confiscated without payment to the

pig’s owner over 50% of the pigs are slaughtered illegally (CWGP,

1993). In addition to enforcing meat inspection, cooking and freezing

of pork can also break the parasite’s lifecycle. Cysticerci are killed

best by cooking pork to at least 60 1C or until it loses its pink colour

(Pawlowski and Murrell, 2000) or alternatively pork can be frozen at

�5 1C for four days, �15 1C for three days or �24 1C for one day to

kill the cysts (Sotelo et al., 1986). Refrigeration of pork at temper-

atures about 0 1C does not affect the parasite however salt pickling

for 12–24 hours has been found to kill T. solium cysticerci

(Rodriguez-Canul et al., 2002).

Targeting slaughterhouses as the primary intervention fails to in-

fluence the husbandry practices which occur before the pigs are

brought to market (Lekule and Kyvsgaard, 2003). Pig keeping is

popular among smallholder farmers in large part due to minimum

inputs required in order to get a good return on their investment. By

allowing a pig to roam it is able to supplement its diet with local

garbage and human and other faeces thus helping to keep the com-

munity clean and saving the farmer from having to buy expensive

feeds. Confining pigs results in major capital inputs from the farmers

for proper housing and feeding. Control strategies must consider

these potential costs and the economic incentives that will be required

in order for different pig rearing practices to be adopted (Lekule and

Kyvsgaard, 2003). There are instances of new crops being introduced

into communities which made it economically advantageous to keep

pigs confined or tethered in order to prevent them from consuming

the crops, thereby reducing or eliminating the possibility of the

pigs having access to human faeces and reducing the burden of
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cysticercosis in the pig population (Gonzalez et al., 2003; M. E. Boa,

Sokoine University of Agriculture, Tanzania).
8. CONCLUSIONS
Cysticercosis/taeniosis remains a serious neglected problem in mar-

ginalized communities in many developing countries mainly due to

poverty and ignorance. The public health and economic relevance of

cysticercosis needs to be better documented in order to convincingly

bring it to the attention of affected communities, decision makers and

potential investors. Aspects of the cysticercosis problem including the

availability of appropriate tools, the combination of these tools and

the ability to use them in an effective and cost-effective manner as well

as the availability of sustained resources and the political will to un-

dertake surveillance and control activities, must be considered in order

to make a decision on whether and how to combat cysticercosis

(Colley, 2000). Political will is a key factor for sustainability and de-

pends on decision makers understanding the burden of cysticercosis,

its impact on the health and agricultural systems, its impact overall on

development and demand of the populations affected for action. It is

the responsibility of all stakeholders involved to forge active links

between the findings of researchers and those seeking to implement the

appropriate resultant principles and methodologies in surveillance and

control efforts. The creation of an enabling environment for integra-

tion of research activities with control needs will facilitate a thorough

understanding and sustainable reduction of the burden of cystic-

ercosis. Formation of regional working groups for combating cyst-

icercosis is an effective way to bring together a variety of stakeholders

to set regional priorities and help ensure that research activities are

integrated with regional needs for surveillance and control.

A number of proven cost-effective intervention tools for combating

cysticercosis/taeniosis appear to be available however from an oper-

ational standpoint several simple questions still need to be answered

and the use of these tools in the field worked out. Some of the issues

to be addressed are the need for an independent evaluation of the

different diagnostic techniques as well as ‘definitions’ of the most
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simple epidemiological assessment tools, most cost-effective strategies

to eliminate T. solium tapeworm carriers, optimal pig treatment

strategies and the most effective, large-scale communication strategies

(Engels et al., 2003). Better documentation of the distribution, prev-

alence and economic impact of cysticercosis as well as a better un-

derstanding of the transmission dynamics of cysticercosis/taeniosis in

the different endemic regions are also urgent needs. Advocacy efforts

concerning the disease, its link with poverty and impact on endemic

countries, and the possibilities for its elimination should hopefully

instigate more involvement of international organizations, agencies

and institutes with the issue and also lead to greater investment in

cysticercosis research and control efforts by the endemic countries

and international donor community.
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ABSTRACT
Schistosomiasis is a major disease of public health importance in

humans occurring in over 70 countries of the tropics and sub-tropics.

In this chapter, the history of the control of schistosomiasis is briefly

discussed and current methods of control of schistosomiasis are re-

viewed; including mollusciciding, biological control of the interme-

diate snail hosts, the development of drugs to kill the adult worms,

provision of clean water and health education, with a focus on the

African situation. Since an effective vaccine against schistosomiasis is

lacking, the emphasis today is placed on the drug praziquantel (PZQ).

The marked reduction in the cost of PZQ together with the support of

the Bill and Melinda Gates Foundation has enabled the drug to be

used more widely in sub-Saharan Africa. Nevertheless, with the pos-

sibility of resistance to praziquantel emerging, the potential role of

other drugs, such as artemether, in the control of schistosomiasis is

examined. The World Health Organization (WHO) anticipates that

at least 75% of all schoolchildren at risk of morbidity from schisto-

somiasis will be treated by 2010, with the aim of reversing morbidity.

The importance of recent international initiatives such as the Schist-

osomiasis Control Initiative (SCI) working in Mali, Niger, Burkina

Faso, Zambia, Tanzania and Uganda is recognised. There are ben-

efits to integrating the control of schistosomiasis with other disease

control programmes, such as gastrointestinal helminths and/or lym-

phatic filariasis (LF), since this markedly reduces the cost of delivery

of the treatment. Countries that are situated on the perimeter of the

distribution of schistosomiasis have either achieved or have made

progress towards the elimination of the disease. For control pro-

grammes to be successful in areas such as sub-Saharan Africa, it is

absolutely essential that these programmes are sustainable. Thus, it

will be vital for Ministries of Health and Education to budget for the

control of diseases of poverty in addition to school health, and to
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utilise funds from a range of sources, such as, government funds,

pooled donor contributions, or bilateral and international agencies.
1. INTRODUCTION
1.1. Life History and Transmission—Breaking the Life
Cycle

Around 200 million people are currently infected with schistosomiasis

(Chitsulo et al., 2000). This is ample proof of the success of the

schistosome life cycle. Like all other trematodes, the schistosomes

require a molluscan intermediate host in which to undergo develop-

ment and freshwater snails from four different genera form an es-

sential component in the life cycle of the four major schistosome

species that are responsible for human schistosomiasis. This ties

transmission of the disease to places where people and snails come

together at the same water habitat. Hence, schistosomiasis tends to be

commonly found in rural communities where contact with freshwater

bodies can be a routine and inevitable occurrence. Everyday needs

ensure that contact with freshwater is almost unavoidable in many

situations. Collecting drinking water, washing of all kinds, bathing

and playing bring people to the water, whilst many occupations, in-

cluding fishing and agriculture, expose individuals to contaminated

water on a regular basis.

The parasite relies on a basic behavioural characteristic of humans

and that is the tendency to defecate and urinate in and around water.

Much of the schistosome life cycle takes place in the aquatic envi-

ronment and when eggs, which are excreted in large numbers with

urine and/or faeces, reach freshwater, they hatch releasing a free-

swimming larva or miracidium. The miracidium is a non-feeding,

short-lived stage that attempts to seek out and penetrate a suitable

intermediate snail host in which to continue development. Those eggs

that do not reach water are soon desiccated and play no part in

transmission. The most striking fact relevant to control is that if

human behaviour could be changed to stop contamination of water

bodies with urine and faeces containing schistosome eggs, then
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transmission of the parasite would cease. This fact is central to many

longer-term control efforts, including the education of children, to

reduce water contamination, together with the provision of piped

water and better sanitation. In theory, the breaking of the schisto-

some life cycle is remarkably easy, whereas in practice, it is extremely

difficult at the community level among poor and underserved pop-

ulations.

Within the snail, the parasite develops and multiplies asexually.

This allows the parasite to increase dramatically in numbers enhan-

cing considerably the chances of reinfecting humans. The schistosome

has an extremely specific and selective need at this stage in the cycle

and will only develop successfully in certain snails (Rollinson and

Southgate, 1987; Rollinson and Johnston, 1996). The main molluscan

genera used by the human schistosomes are Bulinus (Schistosoma

haematobium), Biomphalaria (Schistosoma mansoni), Oncomelania

(Schistosoma japonicum) and Neotricula (Schistosoma mekongi). The

global distribution of species that act as intermediate snail hosts re-

flects the distribution of human schistosomiasis. These snails, espe-

cially Bulinus and Biomphalaria thrive in areas frequented by man.

Indeed certain species seem to favour habitats polluted with human

excreta and the detritus of everyday living. The intricate relationship

between snail and schistosome make this part of the life cycle vul-

nerable to control activities, and there is a long history of attempted

snail control using chemicals (molluscicides) to kill snails (Paulini,

1958; Ferguson, 1961; Crossland, 1963; Gönnert, 1967; Barnish,

1970; Sturrock, 1995). Biological and environmental manipulation of

the habitat to reduce numbers have been considered and targeting of

specific intermediate snail hosts is a challenge for the future (Berg,

1973; Frandsen, 1987; Ault, 1994; Pointier and Jourdane, 2000;

Pointier and David, 2004).

Snails have limited powers of dispersal and are unlikely to move far

during their lifetime unless carried by freshwater currents. However,

when they are introduced into favourable habitats, they colonise new

water bodies quickly due to their large reproductive potential. Move-

ment and spread of the parasite is much more likely due to the

movement of infected people. Infection from snail to humans depends

on water contact, the free-swimming larvae or cercariae released from



IMPLEMENTATION OF HUMAN SCHISTOSOMIASIS CONTROL 571
the snail penetrating directly through areas of the skin in contact with

water.

The adult worms which then mature in the human host are re-

markable in many ways. Firstly, they live in the blood vessels of the

infected host; an environment which, although food-rich, also ex-

poses the parasite to the immunological onslaught of the host should

they be detected. Nevertheless, evidence shows that schistosomes can

and do survive for a number of years (Fulford et al., 1995). Secondly,

most unusually for trematodes, the majority of which are hermaph-

rodite, schistosomes are dioecious and males and females must pair in

order to mature and mate and to locate to the blood systems in the

body that allow the egress of eggs. Each female worm is capable of

laying many hundreds of eggs on a daily basis (Loker, 1983) but

many of the eggs fail to leave the body and get trapped in various

tissues and organs; it is the eggs rather than the adult worms that are

primarily responsible for the pathology associated with the disease.

Eggs that escape through the bladder or intestine cause blood loss as

capillaries are severed, and those that do not escape end up in organs

and tissues such as the liver, causing long-term damage.

Thus the schistosome life cycle and the host parasite interactions

involved are complex, involving the parasite moving, surviving, pene-

trating and developing in quite different environments: mammalian

blood, water and intermediate snail hosts. The broad biological

processes relating to the life cycle are now sufficiently well understood

to help target efforts to control both the disease and its transmission.
1.2. Historical Perspective—Successes and Failures

Schistosomiasis presents a serious public health problem. The mor-

bidity due to schistosomiasis has been underestimated, and for long

periods there has been comparatively little in the way of control

measures. This has been partly because of the high price of the com-

mercially available drugs and molluscicides, and more recently be-

cause of the appearance of several acute emerging diseases, such as

HIV/AIDS as well as the resurgence of malaria and TB, which have

resulted in the already meagre resources being diverted from chronic



ALAN FENWICK ET AL.572
diseases such as schistosomiasis to the more acute and fatal infections

(King et al., 2005).

The control of schistosomiasis has passed through a series of crests

and troughs since the life cycle of the parasitic infection was first

described. Egypt and Sudan were the first African countries in which

control was attempted. In Egypt, Christopherson (1918) was the first

to use antimonial drugs for treatment, and in Sudan, the planning of

the Gezira irrigation scheme, which was built during the period

1915–1921 included the screening and treatment of Egyptian workers

imported to dig the canals (El-Nagar, 1958).

Control measures in Egypt and Sudan moved from the use of the

excruciating treatment of 21 injections using the antimony-based

drugs pentostam and astiban to a hypothesis that possibly the snail

was the weak link in the life cycle. To that end, copper sulphate was

the first commercial molluscicide used, although its effectiveness in

laboratory experiments did not transfer through to an equal effec-

tiveness in natural water bodies.

Scientists began a search for other molluscicides: sodium pent-

achlorophenate (Klock et al., 1957; Nasr, 1960; Dawood et al., 1966)

and N-tritylmorpholine (Frescon) (Amin, 1972; Duke and Moore,

1976) were the two almost taken to a commercial level, but their

shortcomings were soon exposed. Then, during the 1960s, the phar-

maceutical company Bayer discovered how effective niclosamide was

against snails, and Bayluscide became the molluscicide of choice. This

compound has been used extensively in Zimbabwe (Evans, 1983),

Brazil (Katz et al., 1980), St. Lucia (Prentice et al., 1981), Egypt

(Webbe and el Hak, 1990), Sudan (Meyerlassen, Daffalla, and

Madsen, 1994) and elsewhere, in attempts to reduce levels of trans-

mission, and hence to reduce levels of prevalence and intensity of in-

fection in the human population. There is clear evidence that the

population of snails can be much reduced, but this approach suffers

from the fact that the molluscicide is not specific to killing molluscs. For

example, fish are also killed, so the application of niclosamide has a

deleterious impact on the environment and biodiversity. Unfortunately,

the price of Bayluscide rocketed with the increase in price of petroleum

during the 1970s, hence mollusciciding is a comparatively expensive

operation, yet has to be sustained to be effective in the long term (Jobin,
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1979). Once mollusciciding ceases, snail populations have the ability to

breed and reach pre-control levels in a matter of two to three years. The

high rate of increase of Biomphalaria spp. and Bulinus spp. is related to

their ability to reproduce by both cross-fertilisation (outcrossing) and

self-fertilisation (selfing) and their response to environmental stimuli

(e.g. temperature, rainfall, etc.). Also, there must be question marks

over the practicality of mollusciciding in large water bodies, such as the

transmission foci on lakeshores, where it is inherently difficult to apply

the chemical at the correct concentrations throughout the water body.

It is probable that the most effective use of molluscicides is in small

water bodies where the transmission foci are well defined in both ge-

ographical terms and periods of active transmission, such as found in

Saudi Arabia (al-Madani, 1990).

Plant-derived molluscicides have an attraction in that they are

theoretically less expensive and more readily available than synthetic

molluscicides (Singh et al., 1996) and can be produced in countries

where schistosomiasis is endemic. The berries of endod, Phytolacca

dodecandra, have perhaps been studied in greater detail than any

other plant molluscicide (Lemma, 1971; Lemma et al., 1972; Spielman

and Lemma, 1973; Lemma and Yau, 1974a, b; Goll et al., 1983;

Lambert et al., 1991; Madhina and Shiff, 1996; Erko et al., 2002).

Although some success has been reported in the reduction of infec-

tion rates in school children in Ethiopia, the lack of molluscan

ovicidal activity and broad-spectrum faunal toxicity mitigate against

a wider geographical application of this molluscicide.

The introduction of competitor freshwater snails (biological

control) has been shown to be a successful strategy, particularly on

many of the Caribbean islands, in either reducing snail numbers or

indeed eliminating the schistosome intermediate host snails alto-

gether (Prentice, 1983). The Louisiana red swamp crayfish,

Procambarus clarkii, has been introduced into East Africa. The cray-

fish is able to reduce populations of the intermediate snail hosts

through predatory and competitive interactions, and it has been

demonstrated that re-infection rates in humans after chemotherapy

can be slowed down in areas where crayfish are present because of

their inhibitory effect on the intermediate snail hosts (Hofkin et al.,

1991; Mkoji et al., 1999).
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For the treatment of infection, which is the only control measure to

bring relief to infected people, the early antimony-based treatments

were improved upon by the discovery of ambilhar (Raffier, 1969;

Arfaa et al., 1970) and then hycanthone (Oostburg, 1972; Cook et al.,

1976). Ambilhar was used in several large-scale control campaigns, in

particular, the Fayoum control programme in Egypt in the late 1970s

(Abdel-Salam et al., 1986) but with continued use more psychotic side

effects were registered (Shekhar, 1991). Hycanthone use expanded

because it was effective and had the advantage of being administered

as a single injection but a number of unpredictable and unexplained

deaths after injection caused it to be withdrawn from the market

(Mengistu, 1982). Metrifonate was widely used against S. ha-

ematobium during 1970–1980 in Africa. Metrifonate had the advan-

tage of being cheap and effective, but optimal results were obtained

only with three treatments at weekly intervals and this proved to be

too great a logistical obstacle for mass treatment in field conditions

(Mgeni et al., 1990). Metrifonate is no longer available and has been

deleted from the WHO list of essential drugs (Fenwick et al., 2003).

Oxamniquine, which is manufactured by Pfizer Ltd, is no longer

available in Africa, but fortunately is more accessible in South

America and has been extensively used as a chemotherapeutic

weapon against S. mansoni in Brazil (Jewsbury, 1977). Resistance

to oxamniquine has been reported from isolated villages in yet re-

sistance to oxamniquine does not appear to have become a wide-

spread problem in Brazil (Conceicao et al., 1999). One of the

probable reasons for this lack of spread of resistance may be asso-

ciated with the fact that schistosomes resistant to oxamniquine are

less fit than susceptible worms, for example, they are less infective to

both intermediate and definitive hosts and are less fecund. Ox-

amniquine is being used less and less in South America as the price of

praziquantel becomes comparatively cheaper (Beck et al., 2001).

There is some concern that the current lack of use of oxamniquine

will lead to cessation of manufacture in the future. If so, this would

leave praziquantel (PZQ) as the primary chemotherapeutic weapon

against schistosomiasis with the obvious disastrous implications if

resistance to that particular drug should develop and spread. Using a

combination of oxamniquine and PZQ has been shown to be
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effective, but such a combination has never been adopted on any scale

in the field (Creasey et al., 1986; Zwingenberger et al., 1987; Botros

et al., 1989).

By the mid-1970s, the effectiveness of the drug PZQ was being

tested in multicentre trials worldwide under the auspices of WHO,

and the drug originally owned by Merck but developed and subse-

quently marketed by Bayer appeared to be a very effective chemo-

therapeutic weapon against all species of schistosome (Davis et al.,

1979, 1981). It was shown to be extremely effective either as a split

dose (20mg/kg in the morning and again in the afternoon) but more

importantly, it was effective when dispensed as a 40mg/kg single dose

(Kardaman et al., 1983). Optimally, the drug must be given after food

to increase absorption, but side effects have been few and far between

and cure rates were excellent (Castro et al., 2000). Even among those

not cured, egg reduction after treatment was usually over 90%

(Utzinger et al., 2000). The drawback to PZQ was the price asked by

Bayer—$1 per tablet, equivalent $4 for an adult dose. Since the health

budget of most endemic countries was little over $1 per person per

year, and incomes of infected people were usually around $1 per day,

there was little chance that the treatment could be afforded, either by

the governments or the individuals who required treatment. The only

control programmes of any scale were donor funded by the German

government and in Mali (Brinkmann et al., 1988) the World Bank

Egypt (Webbe and el Hak, 1990).

Control of schistosomiasis was revolutionised and mass treatment

of schistosomiasis in Africa became a realistic possibility for the first

time in the 1990s when, over a 10-year period, the price of praziquan-

tel was reduced by over 90% (Savioli et al., 2002; Fenwick et al.,

2003; Savioli et al., 2004). This was made possible when Shin Poong,

a South Korean pharmaceutical company, discovered a new method

to synthesise PZQ. Within a few years, Shin Poong cornered the

market, and schistosomiasis control programmes were implemented

in Brazil, China, the Philippines and Egypt, all with World Bank

funding. Notably, these countries were all wealthier than the devel-

oping countries of Africa, and also they considered schistosomiasis to

be a high priority disease. Despite an estimated 180 million people

being infected in sub-Saharan Africa, schistosomiasis remained
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mostly a neglected disease and was not considered worthy of a na-

tional control programme, partly because the infection was so focal.

Some pilot control schemes were implemented in Cameroon, Malawi,

Mali and Tanzania but, possibly because of the financial implica-

tions, these pilot schemes never translated into sustainable national

programmes.

Despite its widespread use, the precise mechanism of action of PZQ

is still not known, but clearly the drug causes tegumental damage to

the parasite and paralytic muscular contraction, resulting in death

and elimination of the schistosomula. The efficacy of PZQ appears to

be related to the immune status of the host (Fallon et al., 1995). The

drug has a high level of efficacy against all species of adult schisto-

some, it has long shelf life (3 years), it is administered as a single oral

dose, and clinical experience since the drug has been used in schist-

osomiasis control programmes has demonstrated that it is safe and

well tolerated in both short- and long-term usage. The side effects

that have been noted appear to be limited to abdominal pain, nausea,

vomiting, anorexia and diarrhoea. Indeed, data that have been col-

lated retrospectively, including the results of extensive risk/benefit

analyses, indicate that it is safe to administer to pregnant and lac-

tating women (Adam et al., 2004). Notwithstanding this, WHO rec-

ommend that PZQ should be administered only in the second and

third trimester. Women in developing countries may be pregnant or

lactating for half of their reproductive lives, therefore the inclusion of

this group of females in current control programmes is significant

(Savioli et al., 2003). The adverse effects caused by schistosome in-

fection, such as anaemia and poor iron status, are relieved by treat-

ment, and morbidity is reversed, all of which are beneficial to

pregnant and lactating women. It is significant that the cost of PZQ

has been reduced by about 90%of its original price now that other

manufacturers can produce generic formulations, following expiry of

the original patents.

One of the disadvantages of PZQ is that it is only effective against

adult worms and schistosomula up to about two days of age; it is

ineffective against schistosomula over two days of age and immature

schistosomes. Depending on the maturation time for the different

species of schistosome, this may be for a period between 4 and 8
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weeks post-infection. This lack of activity against immature schisto-

somes possibly provided an explanation of the apparent ineffective-

ness of the drug in areas of very high transmission rates, such as in the

Senegal River Basin (SRB), although another interpretation at the

time was the possible emergence of resistance (Fallon et al., 1995;

Stelma et al., 1995; Gryseels et al., 2001; Danso-Appiah and De Vlas,

2002). Indeed, there have been a number of documented cases where

infected individuals have not responded to treatment with doses of

PZQ at 40mg/kg body weight (Ismail et al., 1999; Lawn et al., 2003).

This has led to concerns as to whether the dose of 40mg/kg is sub-

curative and will lead to the development of resistance (Doenhoff

et al., 2002). Resistance may be defined as a genetically transmitted

loss of sensitivity in a parasite population that was previously sen-

sitive to a given drug, whereas tolerance is an innate insusceptibility

of a parasite to a drug, with the caveat that the parasite must have not

been previously exposed to the drug (Fallon et al., 1996). However,

one aspect of control programmes for schistosomiasis, which miti-

gates against the development of resistance, is the fact that, simply for

logistical reasons, control programmes are usually directed towards

school children and high-risk groups, which inevitably means that a

number of infected people are left untreated. Therefore, the worms

infecting the untreated people are not subjected to selection pressure

from PZQ. Subsequent generations from these worms will be able

to interbreed with those offspring originating from the worms that

have been subjected to PZQ and exhibited a degree of resistance to

the drug. Hence, it could be argued that by default, this will slow

down the development of resistance or the spread of resistance genes.

The importance of leaving worms untreated (in refugia) has been

demonstrated with parasites infecting domestic livestock (Coles,

2002a, b).

Interestingly, Botros et al. (2005a) returned to the five villages in

the Nile Delta region where 1.6% of those infected with intestinal

schistosomiasis had failed to respond to treatment with PZQ 10 years

earlier. Despite the further 10 years of chemotherapeutic pressure on

the schistosomes in these five villages, the survey carried out dem-

onstrated normal cure rates of between 73.8% and 92.3% after one

round of treatment with PZQ at 40mg/kg, and after a further two
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rounds of treatment at 40 and 60mg/kg, respectively, there were no

uncured patients remaining in the study.

There was just one active national control programme in Africa in

2000, and that was in Egypt. It was very successful, and thanks to

support from the World Bank and USAID, the prevalence of schist-

osomiasis, once over 60% in rural Egypt, was estimated by the Min-

istry of Health in 2002 to be below 5% although some independent

researchers were still insisting prevalence was higher in ‘hot spot vil-

lages’ (Farag et al., 1993; Barakat et al., 2000). By 2002, schist-

osomiasis was no longer the number one public health problem in

Egypt. It is probable that the building of the Aswan High Dam in

1960 changed the irrigation patterns in the Nile Delta, thus playing a

part in the reduction of S. haematobium transmission and the con-

comitant increase in S. mansoni transmission (Webbe and el Hak,

1990). The decline in S. haematobium may have more to do with the

changed habitat for Bulinus snails than chemotherapy (el Katsha and

Watts, 1995; Morgan et al., 2001). Treatment with PZQ from 1988

through to 2000 resulted in haematuria, previously a commonly ac-

cepted part of being a teenager, becoming a thing of the past.

Squamous cell bladder cancer related to S. haematobium infection

was in steep decline, and hepatomegaly, ascites and haematemesis due

to S. mansoni were less common. Schistosomiasis in Egypt does seem

to have been controlled, although many believe that vigilance is

strongly advisable because conditions remain ripe for transmission to

re-emerge once regular treatment is relaxed.

Sustained, versatile control activities in China have reduced the

overall prevalence of human infection with S. japonicum by 90% from

the level initially documented in the mid-1950s. Intersectoral collab-

oration and community participation ensured the sustained commit-

ment of local resources. The control programme started with a strong

focus on intermediate host snail control by means of environmental

management but recently the emphasis moved to PZQ-based mor-

bidity control funded by a 10-year World Bank Loan Project

(Changsong et al., 2002; Yuan et al., 2002). New research is needed to

sustain control and a new promising class of drugs, improved diag-

nostics, a potential vaccine development, and novel ways of disease

risk prediction and transmission control using satellite-based remote
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sensing are all in the pipeline. There is an expectation that control

activities should have the ultimate aim to eliminate schistosomiasis

from the Chinese mainland (Utzinger et al., 2005).
2. EPIDEMIOLOGY
2.1. Epidemiology and Distribution, GIS and Disease
Prediction

One of the key factors for sustainable control is the ability to identify

communities at highest risk of morbidity (Brooker et al., 2005). In

order to devise and target optimal intervention strategies, it is essen-

tial to know the distribution of schistosomiasis. There are a number

of environmental factors that impact on the distribution of schist-

osomiasis, and coarse scale remote sensing and geographical infor-

mation systems (GIS) can be of value in looking at distribution on a

large spatial scale (Brooker et al., 2000). Temperature, water body

type, rainfall, water velocity and altitude can all have a significant

effect on the schistosome life-cycle and survival of the intermediate

snail host. For example, high temperatures may explain the absence

of Biomphalaria spp. from coastal East Africa and the consequent

absence of S. mansoni transmission (Sturrock, 1966). Similarly, high

mortality of B. pfeifferi in South Africa is associated with periods of

continuous high temperature (Appleton, 1977). In Uganda, GIS has

been used to map the distribution of infection and to overlay

parasitological data with interpolated environmental surfaces

(Kabatereine et al., 2004). Infection was shown to be widespread,

with prevalence typically highest near the lakeshore and along rivers.

Limits to transmission were identified as altitudes greater than 1400m

and areas where total annual rainfall was less than 900mm. Hence, as

well as excluding areas where S. mansoni is unlikely to be a problem,

the results also identify those areas where the problem of S. mansoni

is greatest. The analysis helps to estimate the population at risk, thus

guiding implementation of intervention and effectively targeting re-

sources (Brooker et al., 2002).
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A study in the Cote d’Ivoire shows the power of this approach for

generating risk maps which can be used for the design and imple-

mentation of schistosomiasis control. Raso et al. (2005) collected

socio-economic data from 3818 children, aged 6–16 years, from 55

schools and examined each child by the Kato Katz technique for the

presence and intensity of S. mansoni. They also used remotely sensed

environmental data from satellite imagery and digitised ground maps

and combined the data sets to establish a comprehensive GIS. Bay-

esian variogram models were applied for spatial risk modelling and

prediction. Interestingly, the goodness of fit of different spatial mod-

els revealed that age, sex and socio-economic status had a stronger

influence on infection prevalence than environmental covariates.

Progress in China on developing prediction models using remote

sensing, GIS and climate data with historical infection prevalence and

malacology databases has been reviewed. One of the main issues

concerns the effects of the Yangtze River Three Gorges Dam project

on environmental changes that may impact on changes in the spatial

and temporal distribution and abundance of S. japonicum in China,

and thus on the future success of disease control programmes (Zhou

et al., 2001). Human and animal infection rates with S. japonicum

have steadily declined in China over the last half-century, but the

Three Gorges Dam may reverse this decline by creating new, or en-

larging existing, ideal environments for the worm and its amphibious

snail intermediate host. Seto et al. (2002a) have pointed out that the

development of predictive models of the spatial distribution of schist-

osomiasis is hampered by the existence of different regional subspe-

cies of the Oncomelania hupensis snails that serve as intermediate

hosts for the disease in China. The habitats associated with these

different subspecies vary considerably, with mountainous habitats in

the west, and flood plain habitats in the east. Thus, the environmental

changes resulting from the Three Gorges Dam and global warming

are likely to result in an increase of the snail habitat. Hence with the

limited public health resources it will be vital to map accurately and

prioritize the areas at risk for schistosomiasis. Prediction of

schistosomiasis risk using Landsat TM imagery to identify snail hab-

itats in mountainous regions of Sichuan Province was complicated by

the occurrence of seasonal flooding. It was suggested that the
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incorporation of soil maps may help to solve this complication (Seto

et al., 2002b).

A global network of collaborating health workers and earth sci-

entists dedicated to the development of computer-based models that

can be used to improve control programmes for schistosomiasis and

other snail-borne diseases of medical and veterinary importance has

been created (Malone et al., 2001, and see www.gnosisGIS.org). The

idea is for models to be assembled using GIS methods, global climate

model data, sensor data from earth observing satellites, disease prev-

alence data, the distribution and abundance of snail hosts, and digital

maps of key environmental factors that affect development and

propagation of snail-borne disease agents. A work plan has been

developed and agreement has been reached on the use of compatible

GIS formats, software, methods and data resources, including the

definition of a ‘minimum medical database’ to enable seamless in-

corporation of results from each regional GIS project into a global

model. Gnosis will point users to a toolbox of common resources

resident on computers at member organisations, provide assistance

on routine use of GIS health maps in selected national disease control

programmes and provide a forum for development of GIS models to

predict the health impacts of water development projects and climate

variation.
2.2. Water-Resource Developments

Plentiful freshwater supplies are essential for human and economic

development. Developing countries faced with an increasing human

population are required to expand agricultural production and in

many areas this can only be achieved by intensification of water im-

poundment and irrigation. For example, in Africa, only 30% of the

land is suitable for food crops if dependent on rainfall. However, by

increasing the global area under surface irrigation, opportunities are

created for greater food production and increased prosperity. The

construction of water schemes to meet increasing agricultural and

power requirements may have an unfortunate negative impact on

health due to increases in water-borne diseases, especially
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schistosomiasis. The increase in freshwater habitats associated with

dams, either in holding water bodies, irrigation canals or rivers, pro-

vides ideal conditions for intermediate snail hosts and facilitates

greater water contact and transmission. On the positive side, water

development activities such as sinking of wells, provision of clean tap

water and adequate latrines, can play a major role in the reduction of

transmission by reducing water contact (Jordan et al., 1982).

There are many examples of increased transmission of schist-

osomiasis as a result of irrigation, the most dramatic being found

along the Nile Valley in Egypt and Sudan and more recently along

the SRB, where a serious outbreak of intestinal schistosomiasis in

populations with no earlier experience of the disease was associated

with a large water development programme (Picquet et al., 1996;

Southgate, 1997). The Diama Dam became operational in 1985

(Figure 1), approximately 40 km from the mouth of the river, and was

constructed to prevent salt-water intrusion from the sea into the river

at times of low water flow, and therefore create more freshwater for

irrigation of rice and sugarcane cultivation. The Manantali Dam in

Mali was completed in 1989 on the Bafing River (tributary of the
Figure 1 Major water development projects such as the Diama Dam in
Senegal, built to prevent salt-water intrusion up the Senegal River, can have
a major impact on schistosomiasis.
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Senegal river), to provide hydroelectricity for the surrounding area,

and to regulate the flow of water down the Senegal River. Prior to the

water resource development, donor agencies assessed health risks but

no means were provided for schistosomiasis control even though

some studies warned of a possible extension of schistosomiasis in the

SRB. The increase in prevalence and intensity of infection with S.

mansoni was rapid. High prevalence of infection was observed in all

age groups, suggesting that the infection was recent and that the

population was immunologically naive. Intensity of infection, meas-

ured by the number of eggs per gram (epg) of faeces, was particularly

high. In a cohort of 422 individuals in the town of Richard Toll,

Senegal positive egg counts were found in 91% of the subjects, with a

mean egg count of 646 epg. Forty-one per cent of the community

excreted over 1000 epg and individual egg counts were as high as

24 000 epg (Gryseels et al., 1994). B. pfeifferi, a snail which had pre-

viously been rare or absent in the lower SRB, rapidly colonised new

water canals and proved to be highly compatible with the S. mansoni

circulating in this region (Tchuem Tchuenté et al., 1999).

During construction of large-scale water development pro-

grammes, simple engineering measures could often be taken to re-

duce the introduction and growth of snail populations and to provide

safe and clean water for the local population. For example, concrete

lining and covering of irrigation canals, altering the speed of water

flow, regular drainage and reduction of water plants, can all help to

minimise snail populations. Adequate piped water, washing areas and

latrines need to be part of new and old settlements associated with

any new water development projects in order to reduce dangerous

water contact and contamination.

One example of implementing strategies preventing the spread of

schistosomiasis transmission is associated with the building of the

Ertan Dam in China (Gu et al., 2001). Concrete irrigation canals and

piping systems for the water supply were installed in order to elim-

inate the infection sources and Oncomelania snails. The immigrant

workers were encouraged to build methane-generating tanks and

improve sanitary facilities and conditions for the families who lived

near the water-retaining line. In addition, 2360 people and 152 cattle

were treated for schistosome infection and mollusciciding and
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environmental modification were carried out at an early stage. After

three years of intervention, no infected snails were found and no

infected people, cattle or wild rats were detected. The success of this

project, where schistosomiasis control was financially supported right

from the beginning of the Ertan Dam project, is an excellent model of

what can be achieved. The authors recommend that continued sur-

veillance of snails and infection sources should be carried out and

suggest that the results provide the scientific basis for schistosomiasis

control in the Three Gorges region, as well as other new projects of

hydropower and water conservation in endemic areas.

There is no doubt that, with adequate planning, some potential

problems associated with water developments can be avoided. Ghebr-

eyesus et al., (2002) suggest that the positioning of dams can be im-

portant. They assessed the impact of micro-dam construction in the

northern Ethiopian highlands, in relation to possible increased risks

of S. mansoni infection. They showed altitude and gender to be sig-

nificant risk factors for infection, whereas proximity to a micro-dam

was not significant, except possibly at very high altitudes. It was

concluded that altitude was the major factor in this environment and

that therefore, at least in terms of public health planning, micro-dams

should be sited as high as local geography permits.
2.3. Infection, Re-infection and Genetic Factors

It has long been established that prevalence and intensity of infection

change over the lifetime of an individual living in an endemic area. In

established transmission foci, the peak of both prevalence and inten-

sity is recorded around adolescence. Studies on treatment and rates of

re-infection have shown that chemotherapy reduces egg excretion but

children become rapidly re-infected. For example, Etard et al., (1995)

examined the effect of age, previous intensity of infection and expo-

sure on rates of re-infection with S. haematobium after treatment in a

cohort of 468 subjects six years of age and over, living within an

irrigation scheme area in Mali. Prevalence and intensity of S. ha-

ematobium infection were measured each year between 1989 and

1991, but the re-infection study period was restricted to the last year
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of the follow-up. Observations were made at the principal water

contact sites where the number of Bulinus truncatus shedding fur-

cocercous cercariae was recorded. A cumulative index of exposure,

taking into account time, duration, type of contact and malacological

data, was calculated for each subject. Univariate analysis showed that

the re-infection risk decreased with age and increased with exposure

and pre-treatment intensity. These results were confirmed by fitting a

logistic model that showed that this risk was seven times lower among

those 15 years of age and older than among the 6–14-year-old chil-

dren, while linear trends with exposure to infection and pre-treatment

intensity were significant. The study supported the concept of an age-

acquired resistance to re-infection and is in favour of a predisposition

to infection thus raising the question of a genetic factor controlling

susceptibility/resistance to S. haematobium infection.

The role of genetic factors in resistance to schistosomes has been

the subject of numerous investigations. Abel et al., (1991) investigated

whether a major gene controls human susceptibility/resistance to in-

fection by S. mansoni. Segregation analysis of infection intensities,

adjusted for the factors relevant in schistosomiasis (water contact, age

and sex), was performed on 20 Brazilian pedigrees (269 individuals),

using both the unified mixed model and the regressive model of

analysis. The results were consistent with the hypothesis that there is

a co-dominant major gene controlling human susceptibility/resistance

to infection by S. mansoni. Further work has identified the chromo-

some regions responsible and defined associations between particular

human genotypes and infection status (Abel et al., 2000; Quinnell,

2003; Kouriba et al., 2005). The role that genetic factors might play in

the development of pathology was examined by Kariuki et al., (2001).

Schistosomal fibrosis was identified during hepatic examination using

ultrasound in a Kenyan population, and it was found that the peak

prevalence of ultrasound proven fibrosis trailed 5–10 years behind the

peak prevalence of infection, and declined sharply after age 50 years.

This pattern was consistent with either resolution of severe fibrosis

over 10–20 years or early death of those severely affected. Genetic

predisposition appeared to be a weak factor in the development of

severe disease in this population, since no household or familial ag-

gregation could be identified.
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3. CONTROL
3.1. Current Control Objectives and Strategies—Global
Persuasion

There is no doubt that since 2000 there has been a greater interest in

the health and well-being of Africans, with the result that today there

are more and more national programmes to control schistosomiasis,

mostly implemented within school health programmes and integrated

with de-worming (removal of gastrointestinal helminths). The incen-

tives for these programmes have been the reduction in the price of the

drug praziquantel, funding from the Bill and Melinda Gates Foun-

dation (www.gatesfoundation.org), the Millennium Development

Goals (www.undp.org/mdg/), emphasis on reducing poverty and,

more recently in 2005, the report of the Commission for Africa

(www.commissionforafrica.org/) (Abugre et al., 2005; Kiely, 2005).

At the 2001 Annual World Health Assembly, a strategy for control

of schistosomiasis (and intestinal helminths) was approved, as sum-

marised in the World Health Assembly resolution WHA 54.19 of

May 2001.

The resolution urges Member States to ensure access to essential

drugs against schistosomiasis and soil-transmitted helminthiasis in all

health services in endemic areas for the treatment of clinical cases and

groups at high risk of morbidity such as women and children. The

aim is to attain a minimum target of regular administration of chem-

otherapy to at least 75% and up to 100% of all school-aged children

at risk of morbidity by 2010. This policy is based on the evidence that

morbidity can be controlled by periodic treatment of high-risk groups

with anthelmintics.

Schistosomiasis, with its complicated life cycle sometimes including

reservoir hosts is unlikely to be eradicated; any control programme

should pre-determine its targets to avoid disappointment. Countries

on the fringe of the endemic areas (e.g. Morocco), or countries with a

high socio-economic development status (e.g. Puerto Rico) may tar-

get elimination. Only when water supplies and sanitation become

universally available, and when improvements in education and



IMPLEMENTATION OF HUMAN SCHISTOSOMIASIS CONTROL 587
socio-economic development have been achieved (as in Puerto Rico),

can elimination of a water-borne disease such as schistosomiasis be

contemplated. Therefore, in sub-Saharan Africa, where socio-eco-

nomic development is slow, and provision of clean water and san-

itation facilities are less than satisfactory, Ministries embarking on a

disease control programme need to set realistic targets, first aiming

for a reduction of morbidity by a treatment regime targeting heavily

infected individuals as measured by egg output. A defined treatment

strategy, either mass treatment of communities, mass treatment of

school-aged children and or a ‘selective population chemotherapy’

targeting high-risk occupational groups should be selected according

to baseline data.

Africa has not developed economically as much as Asia during the

last 50 years, and so most of the poorest countries in the world are

now on the African continent, and the poorest populations in those

countries are either infected or at risk of schistosomiasis. The many

millions of people infected deserve to be treated but cannot them-

selves afford to purchase the medication. Centrally funded control

programmes are needed with the short-term objective of targeting the

highly-risk populations in highly endemic areas with one, two or

three treatments just to reduce worm burdens and reduce morbidity.

Regular mass treatment of school-aged children, as a longer-term

intervention would reduce the probability of morbidity developing in

the future. Taking into account that in some countries, school at-

tendance may not be high enough to guarantee adequate coverage,

provision must be made to reach children who fail to attend school.
3.2. Current Strategies to Reduce and Reverse Morbidity
using Praziquantel

The strategy for controlling morbidity due to schistosomiasis is based

on chemotherapy using PZQ as defined in Table 1. The preferred

methods for selecting the target populations to be treated are still

under review.

WHO has generated, after a long process of consensus building, a

strategy whereby most adults and children infected or at risk of



Table 1 WHO recommended treatment strategy for control of schist-
osomiasis

Community category Prevalence in school survey Strategy

High prevalence 430% visible haematuria or Access to PZQ for passive case

treatment

Over 50% infection 450% S. mansoni or S.

haematobium by parasitology

Targeted mass treatment of

school-aged children, once a

year

Offer Community Directed

(mass) Treatment to high-risk

groups

Moderate prevalence o30% visible haematuria or Access to PZQ for passive case

treatment

10–50% infected 10–50% S. mansoni or S.

haematobium by parasitology

Targeted mass treatment of

school-aged children, annually

or once every 2 years

Low prevalence No visible haematuria Access to PZQ for passive case

treatment

Less than 10%

infected

Or Targeted treatment of school-

aged children, twice during

primary schooling (once on

entry, again on leaving)

o10% S. mansoni or S.

haematobium by parasitology
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developing morbidity will receive the treatment they need, and a

sustainable programme of routine treatment of school-aged children

will be introduced.

The number of PZQ tablets needed to treat any individual is de-

pendent on the weight of the patient: the recommended dose is 40mg/

kg body weight. However, weighing scales are notoriously ineffective

in Africa under conditions of heat, dust and uneven ground. There-

fore an alternative measure has been developed which is the tablet

pole: a wooden or even paper pole which is marked off in sections,

where each section is a dose from one tablet rising by half tablets to

four tablets (Figure 2). The dose pole has been validated in several

countries for children, but may be less accurate for adults (Montresor

et al., 2001). The effectiveness of PZQ and its safety margins in dos-

age ensures that any source of error in using a pole is relatively

unimportant.

It is recommended that the selection of the target population for

mass treatment is based on Low Quality Assurance Sampling



Figure 2 A wooden dose pole being used in Zambia.

IMPLEMENTATION OF HUMAN SCHISTOSOMIASIS CONTROL 589
(LQAS), which means that a small number of samples are examined

and the results extrapolated to the larger population (Brooker et al.,

2005). For S. haematobium, the selected sample of individuals could

be subjected to a questionnaire to determine reported blood in urine,

and asked to provide a urine sample which could then be examined

either microscopically, to identify at least one egg of the parasite, or

by using a dipstick to detect blood which is taken as a marker for

infection. Comparative studies have shown that the questionnaire

approach underestimates the true prevalence by perhaps 30% and

dipstick testing by 15% as compared to the more resource intensive

but more accurate microscopic examination of urine (N’Goran et al.,

1998). Nevertheless, because these methods have been validated, they

can substitute for the parasitological examination of urine. For

S. mansoni, LQAS sampling can still be used, but the selected indi-

viduals must be asked to provide a stool sample, which is then ex-

amined under a microscope. A single slide from a stool sample

examined will not identify all infections, especially when egg output is

low. The mechanism selected for delivery of the drug to the target

populations will depend on the local circumstances, but could be
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either distribution using health centres, community drug distributors,

or schoolteachers, depending upon the selected target population.
3.3. Other Drugs

There has been considerable interest in the use of artemether, because

this drug is more active than PZQ against the immature stages of

schistosomes in the definitive host (Utzinger et al., 2001, 2002). At the

moment, the data are somewhat equivocal as to the benefits of using

artemether with PZQ. Furthermore, because of the likelihood of the

use of artemether as both a curative and prophylactic drug for ma-

laria, it has been argued that it should not be used indiscriminately as

a weapon against schistosomiasis, especially in areas where both

malaria and schistosomiasis are sympatric. It has been demonstrated

in a comparative study that the results obtained using PZQ were

consistently better than those achieved with artesunate, an artemisin

derivative, in the treatment of S. haematobium in primary school

children in the villages of Lampsar and Makhana, in the delta of the

SRB (De Clercq et al., 2000, 2002).

Mirazid, an extract of myrrh, an aromatic gum resin derived from

the plant Commiphora molmol, has been used extensively in Egypt as

an alternative to PZQ. Mirazid has an attraction to both practitioners

and patients because of its natural origin and price. However, recent

data (Fenwick et al., 2003; Botros et al., 2004; Botros et al., 2005b)

question the usefulness of mirazid in the control of schistosomiasis,

and their data contradict the claims (Sheir et al., 2001; Abo-Madyan

et al., 2004) about the effectiveness of the drug in killing schisto-

somes. It may be helpful for an independent body, such as the World

Health Organization, to organise some studies outside of Egypt to

resolve this controversy about the effectiveness of mirazid once and

for all.
3.4. Health Education

Schistosomiasis is regarded as a disease of poverty and is most prev-

alent in areas where supplies of clean water serving a community are



Figure 3 A road sign in Senegal contributing to health education.
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either non-existent or at a minimal level. It is likely that as supplies of

clean water become more available to communities living in endemic

areas, periods of contact with natural, infected water bodies will be

reduced, but health education should also be in place to improve

people’s knowledge of the causes, prevention and treatment of en-

demic diseases, including schistosomiasis. Health education can be

incorporated into the Primary Health Care system (PHC), and also as

part of control programmes in schools. Use of mass media, for ex-

ample, radio, television, newspapers and posters, will facilitate health

education of the adult population (Figure 3). It is hoped that the

increase of knowledge and understanding of how schistosomiasis is

transmitted, coupled with increases in standard of living, such as

increases of supply of clean water, will eventually lead to changes of

behaviour in the community, thus minimising contact with infected

waters.
3.5. Vaccines

There is no doubt that an effective vaccine against human schisto-

somiasis would be a very effective control tool and an addition to
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current methods based on chemotherapy. Over the years, a number of

vaccine candidates have been identified (e.g. paramysosin, irV-5, TPI,

Sm23, Sm24 and glutathione-S-transferase (GST)). The lack of pro-

tection given by these vaccine candidates dashed initial optimism, but

immunisation with GST showed a decrease in parasite fecundity and

egg viability, and reduction in worm burden resulting from challenge

infection (Capron et al., 1992). However, despite these advances it

seems that a major obstacle in vaccine development is the actual

identification of antigens that mediate protection; the size of schisto-

some genome at 280Mb DNA encoding up to 20 000 genes makes

this task difficult, but the advances in both proteomics and the

schistosomes genome project may make this task less forbidding in

the future (Wilson et al., 2004). Some researchers argue that a pro-

tective vaccine represents an essential component for the long-term

control of schistosomiasis (McManus and Bartley, 2004). Bergquist

et al., (2005) suggest the combined use of chemotherapy and vacci-

nation will serve as a basis for a novel, more versatile approach to

control: a vaccine formulation based on novel adjuvants may im-

prove the final outcome through selective manipulation of the im-

mune response. Hagan and Sharaf (2003) emphasised the challenges

in vaccine development against larger metazoan parasites such as

schistosomes and the considerable difficulties reaching the stage of

Phase 3 clinical trials.
4. SCHISTOSOMIASIS CONTROL INITIATIVE
4.1. Overview and Progress

The SCI is an African success story: successfully targeting morbidity

due to schistosomiasis and intestinal worms using treatment, target-

ing children to improve their health and nutritional status, thus im-

proving their chances of attending school and receiving a more

effective education.

The SCI (www.schisto.org) was established in 2000 as a pilot pro-

gramme to develop national strategies for a number of African

countries, and in mid-2002 was awarded almost $30 million (US)
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funding from the Bill and Melinda Gates Foundation. The aim was

to implement and evaluate, for the first time, six national control

programmes to treat schistosomiasis in sub-Saharan Africa. How-

ever, what started as a single disease control programme has been

expanded to integrate treatment of gastrointestinal helminths by co-

administration of albendazole.

Administration of a single oral dose of praziquantel treats schist-

osomiasis and the addition of albendazole offers an effective and safe

single oral treatment for the gastrointestinal helminths Ascaris lumb-

ricoides, Trichuris trichiura and hookworm. One reason for this in-

tegration is that SCI monitors success by measuring changes in

anaemia levels in children after treatment, and since hookworm and

schistosomiasis co-exist, and both contribute to anaemia, it is logical

to treat both infections concurrently. In 2005, the cost of a treatment

with PZQ for a school child is approximately 20 US cents, and the

albendazole costs less than an additional 2 US cents.

During the first three years of operation, SCI selected six countries

to support from 12 applications. The selection criteria included the

extent of the problem in the applicant countries, the strength of sup-

port from the government, the quality of staff available with whom to

work, the probability of being able to make a difference, and the

ability to carry out Monitoring and Evaluation (M&E) of the results.

The six countries selected were Uganda (in 2002) and then Burkina

Faso, Mali, Niger, United Republic of Tanzania and Zanzibar, and

Zambia (in 2003) (Figure 4). With SCI support, the 6 countries have

made the following progress. National plans have been developed;

high level political commitment has been achieved and schist-

osomiasis control and school health have been placed in the Health

Sector Strategic Plans; local government level administrators have

been informed as to the effects of these infections and the value of

treatment; teachers and community health workers have been trained

to administer these drugs to selected populations; up to 1 million

children and adults have been treated in three of the poorest countries

in West Africa: Burkina Faso, Niger and Mali, and over 2 million

people have been treated in Uganda; Uganda has commenced annual

de-worming of children through ‘health days’ scheduled annually for

October; pilot treatments have been carried out in conjunction with
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Figure 4 Map of Africa showing countries with schistosomiasis control
programmes supported by SCI.
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the World Food Programme in Tanzania and Zambia; large-scale

treatment is planned for Tanzania and Zambia through school health

programmes. Table 2 shows the current rate of treatment in the six

countries supported by SCI. During 2005, the target population for

treatment of 10 million individuals in the countries was reached and

this number is set to double in 2006.

Not only is it cheap and easy to treat schistosomiasis and intestinal

worms, but also the benefits are dramatic. Miguel et al., (2004) have

demonstrated that de-worming children reduces overall school ab-

senteeism by 25%. Others have shown an immediate disappearance

of blood in the urine and a reversal of liver pathology (Mahmoud

et al., 1983; Kheir et al., 2000).

The Bill and Melinda Gates Foundation funding to SCI is due to

finish in 2007, and by then SCI must ensure that the national pro-

grammes that have started have sustainable support to continue.

Without new funding, the achievements of the countries and SCI will

soon be reversed.



Table 2 The current rate of treatment in the six countries supported by
SCI

Launch date Treated by June 2005 Total to be

treated in 2005

Comments

Burkina

Faso

May 2004 1.05 million children 2.5 million

children

1 year follow up

in 2005

Mali November

2004

1.8 million 3.2 million 1 year follow up

in 2006

Niger October

2004

1.9 million 3.3 million 1 year follow up

in 2006

Tanzania July 2005 0.6 million 4 million

children

1 year follow up

in 2006

Uganda March 2003 1.4 million adults and

children (in 2004)

4 million Three rounds to

be completed

in 2006/7

Zambia June 2005 0.1 million 0.6 million

children

1 year follow up

in 2006

Totals 6.85 million 17.6 million
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Attitudes have changed, the perception of these diseases has

changed and the knowledge of the damage caused by these infections

has changed. The technology to treat schistosomiasis exists. The re-

sources needed are minimal in a global context. What is now needed

is a commitment by bi-lateral donors, international organisations and

global funding sources to make the funds available. Perhaps after the

G8 summit at Gleneagles, Scotland in 2005, the additional funding

needed will materialise.

The SCI message is ‘For an average of $0.50 per person treated per

year, morbidity due to schistosomiasis and intestinal helminths could

be reduced dramatically within five years. The infection would not be

eliminated, but residual infections would be at low levels and of in-

significant health importance. With an investment of $0.50 per child

per year, all children in Africa could go to school, ready to face the

day, feeling good, healthy and better nourished’ (Fenwick et al.,

2005).

Soon after SCI was established, the 2001 World Health Assembly

resolution 54.19 stated that all Member States in endemic areas

should reach 75% of all school-aged children by the year 2010 with

regular treatment for schistosomiasis and intestinal helminths. By
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assisting countries to target those at high risk of developing severe

morbidity, especially school-aged children, women and those in high-

risk occupations, SCI is improving the lives of the communities and

creating the political momentum for change. It is hoped that suc-

cessful national control programmes will create a demand for con-

tinued treatment within that country and other countries in Africa.

In each SCI supported country, a Memorandum of Understanding

between the Government and Imperial College of Science, Technol-

ogy and Medicine, London was developed to allow duty-free impor-

tation of essential drugs and equipment. Each government appoints

National Co-ordinators and local administration staff. A conduit for

funding is established in each country, which allows the co-ordinators

to purchase essential equipment such as computers, communications,

ultrasound machines, microscopes and vehicles. SCI provides tech-

nical assistance to each country until 2007, but to ensure that the

programme remains country owned, no country-based expatriate

staff are involved. Training courses are provided for local managers

and administrators to ensure the required financial and management

skills are available.

The treatment campaign in Uganda has been developed since 1999,

but after training, implementation commenced in 2003, when the

Vector Control Division of the Ministry of Health received supplies

of PZQ and albendazole from SCI. In 2003, some 400 000 individuals

including both adults and children were treated. In 2004, the same

400 000 were offered treatment again, and some 1 million people in

the expanded area were offered a treatment for the first time. In 2005,

the 400 000 received their third treatment, 1 million were treated for a

second time and an extra 3 million received their first treatment. The

SCI and the Ugandan scientists are working out what to do next, and

how many treatments need to be carried out in relation to pre-treat-

ment prevalence and intensity in order to reduce morbidity (Brooker

et al., 2004).

The Uganda Government has taken the first step towards integra-

tion (Ndyomugyenyi and Kabatereine, 2003) and, in November 2003,

when a measles campaign was being organised by the Ministry of

Health, WHO and UNICEF, it was decided that to make the package

more attractive to parents, albendazole would be offered to children
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over five who presented for their measles vaccination. In one week,

approximately 8 million children were de-wormed and received their

measles vaccination, and this programme has become an annual

event. The highest prevalence and intensity of schistosomiasis in

Uganda is around the Lakes, but it is focal, which means that while

countrywide the prevalence may be just over 10% in selected foci,

there is almost 100% severe infection (Kabatereine et al., 2004).

Results have shown that as a result of the National Control Pro-

gramme in Uganda, awareness has increased many fold, prevalence

of infection in the heavy infection group has been reduced, but most

striking the prevalence of heavy intensity infections has fallen signif-

icantly. However, it is interesting to note that in an endemic area for

S. haematobium in Burkina Faso, one round of treatment reduced

prevalence from over 90% to less than 5% thus contrasting to the

heavily endemic areas of S. mansoni (Fenwick, unpublished data).

The explanation for these differences in reduction of prevalence may

be linked with the differences in worms burden between S. ha-

ematobium and S. mansoni.
4.2. Political Commitment

SCI has recruited Ministerial and Presidential support for the control

programmes, ensuring commitment and high visibility within each of

the six countries. In Zanzibar, President Karume launched the na-

tional control programmes for the control of schistosomiasis and

intestinal helminths on the islands of Unguja and Pemba on 18 Oc-

tober 2003 and 6 January 2004, respectively. In Burkina Faso, the

programme was launched by the Minister of Health in the Kingdom

of Ouahigouiya on 6 May 2004, in the presence of his Majesty the

King. In Niger, the national programme was launched on 6 October

2004 by the Minister of Health. In Mali, the launch took place on 23

November 2004, under the patronage of the First Lady of Mali

(Figure 5). In Zambia, the Minister of Education launched the pro-

gramme on 21 June 2005. In Tanzania, the launch took place on 2

July 2005 and was attended by the Prime Minister and the Minister of



Figure 5 Launch of the National Schistosomiasis Control Programme in
Mali, the first lady participates and treats a child.

ALAN FENWICK ET AL.598
Health. The launch preceded a national campaign to treat up to 4.5

million school aged children through the schools.
4.3. Procurement of Praziquantel and Albendazole

A major and practical role of SCI has been to provide funds for, and

arrange procurement of, praziquantel and albendazole. Furthermore,

SCI has endeavoured to ensure that the market could sustain the

increased demand. In 2005, SCI encouraged two African-based man-

ufacturers to formulate the drugs to international price and quality

standards. An African disease can be treated with African formulated

drugs. SCI has also initiated a donation programme to supplement

the Gates Foundation funding, and Canadian donors working

through MedPharm, an American pharmaceutical company, have

responded with a supply of over 14 million tablets of praziquantel

during 2004.
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4.4. Future Strategies

Since 1999, there has been an expansion of the activities of several

vertical disease control programmes, namely the International Tra-

choma Initiative (ITI) (www.trachoma.org), the Global Programme

for the Elimination of Lymphatic Filariasis (GPELF) (www.

filariasis.org) and the African Programme for Onchocerciasis Con-

trol (APOC). Since these programmes mostly target the same pop-

ulations in Africa, their managers have started to work together to

integrate each of their activities in several countries. These successful

vertical programmes need to co-ordinate implementation activities to

minimise duplication of effort and maximise possible synergies. SCI is

trying to implement integration in different settings in Burkina Faso,

Tanzania and Uganda (Ndyomugyenyi and Kabatereine, 2003).

By 2007, SCI should have facilitated treatment of over 30 million

people, and many will have been treated more than once. The ques-

tion is whether treating any individuals beyond three times is desir-

able, cost effective or necessary, and what should be the exit

strategy—or long-term maintenance strategy? Also how can the suc-

cess in six countries be expanded to the whole of sub-Saharan Africa,

where it is estimated that the need is for 180 million people to be

treated?
5. LOW TRANSMISSION AREAS
5.1. Towards Elimination of the Disease

Although schistosomiasis is found in approximately 76 countries of

the tropics and sub-tropics, low transmission occurs in many of the

countries on the periphery of the distribution of the disease. In April

2000, the World Health Organization hosted a consultation on

schistosomiasis in low transmission areas in order to provide advice

on control strategies for countries for example, Morocco, Oman,

Mauritius and some of the Caribbean islands where elimination is

considered feasible. In many cases, the low transmission of the disease

is associated with implementation of control measures using
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chemotherapy, biological control and improvement of sanitation fa-

cilities. In some countries, there is always the constant problem of

immigration of infected people from neighbouring endemic countries,

and if snail control methods have either not been implemented or

have been unsuccessful, it is understandable how easily transmission

reappears after the disease has been eliminated.

From a clinical point of view, the indicators of interrupted trans-

mission are the disappearance of typical symptoms and signs in the

children born after the presumed date of eradication. Nevertheless,

late stage syndromes and sequelae frequently persist in formerly in-

fected individuals. Resurgence in an old focus is indicated by the

occurrence of acute or early stage symptoms in the subjects who are

younger than the interval since transmission has been interrupted

(Andrade, 1998; Enk et al., 2003; Bethony et al., 2004).

Even in countries with very low transmission rates on the point of

elimination of the disease, or indeed in those countries where trans-

mission has been eliminated, it is essential that surveillance be con-

tinued, especially in known high-risk groups and in people living in

specific risk areas/regions within the countries. In countries where

schistosomiasis is on the point of elimination, case detection may be a

problem because commonly used parasitological and clinical diag-

nostic procedures may not be sufficiently sensitive to detect people

with light infections. In such situations, it may be more appropriate

to utilise more sensitive diagnostic techniques, such as schistosome

antigen assays. Experience from several countries is summarised be-

low.

The well-managed control programme in Morocco reduced prev-

alence of S. haematobium from 10 645 cases in 1983 to 231 cases in

1999. In 2005, there was only a handful of cases in Tala province, and

the disease is approaching elimination (Laamrani et al., 2000a, b).

Both S. haematobium and S. mansoni are endemic in Saudi Arabia

at levels of prevalence less than 1% as a result of a control strategy

implemented in 1985 using chemotherapy, focal mollusciciding and

health education. Prior to the control measures, prevalences of more

than 40% were reported in several parts of the country (Arfaa, 1976).

In the mid-1980s, the Ministry of Health recommended that schist-

osomiasis control operations should be integrated into the PHC
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system, which had more than 90% population coverage and therefore

offered excellent opportunities to conduct chemotherapy pro-

grammes and to incorporate surveillance and maintenance opera-

tions. By the late 1980s, the goal of 1% prevalence was achieved, and

has since been maintained, but at least 95% of the population have

access to potable water, and the vast majority of vulnerable school

children has access to schools. Therefore, the control teams that have

worked in liaison with the Ministry of Education have had access to

schoolchildren, a particularly vulnerable group. Today, about half of

the people with schistosomiasis in Saudi Arabia are immigrants. The

strategy for control of schistosomiasis has been integrated with other

programmes, such as the control of gastrointestinal helminths, and

these programmes are implemented through the PHC and field vector

control stations. Indeed, integration of control programmes for dif-

ferent parasitic diseases is now a common strategy and reduces costs

of drug delivery. Al Ghahtani and Amin (2005) reported on the suc-

cessful elimination of S. haematobium from the Jazan region of Saudi

Arabia with a strategy based on regular chemotherapy, snail control

and health education, with screening at PHC centres by mobile teams

and at diagnostic units. These authors suggest that total elimination

in Saudi Arabia is possible if the health authorities in neighbouring

areas can be persuaded to adopt a similar strategy of control.

The combined approach of selective chemotherapy, mollusciciding

and additional provision of supplies of clean water in Iran reduced

prevalence rates of S. haematobium in South-West Iran from 8.3% in

1970 to 0.01% by 1999 (Massoud, 2000). The incidence of infection

between 1989 and 1999 was nil (Massoud, 2000).

Small numbers of people have been found infected with S. mansoni

in the environs of Salalah, Oman, since 1979, but the quickly imple-

mented government control programme comprising of molluscici-

ding, chemotherapy and health education has kept control of the

situation although has yet to eliminate the disease from Oman (Idris

et al., 2003).

Mauritius is another example where urinary schistosomiasis is very

close to elimination, and in 1993 the prevalence in the general pop-

ulation was 0.9%. There are only three endemic areas in Mauritius;

Pamplemousses, Port Louis and Grand Port. The strategy for
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elimination in Mauritius consists of screening for microhaematuria

and/or eggs in urine, chemotherapy, health education and mollusc-

iciding (Dhunputh, 1994).

Infection with S. mansoni was historically one of the more serious

public health problems in the Caribbean islands, but as a result of

control programmes, including chemotherapy and biological control,

intestinal schistosomiasis has either been eliminated or the prevalence

has been markedly reduced. For example, the Dominican Republic is

the northern limit for the extension of schistosomiasis in the Carib-

bean, and in the late 1980s, prevalence varied between 7.4%and

24.6% in different parts of the island. The competitive displacement

of the intermediate host B. glabrata by two different species of fresh-

water snail, Marisa cornuarietis and Tarebia granifera, undoubtedly

impinged on levels of transmission and has led to significantly lower

levels of prevalence (Hillyer, 1983; Vargas et al., 1987).

Similarly, in Puerto Rico, an epidemiological and malacological

survey by Giboda et al. (1997) demonstrated a very low prevalence

(0.6%) in the community, and the absence of B. glabrata was appar-

ently primarily due to the invasion of the competitive snails, M.

cornuarietis and T. granifera (Giboda et al., 1997; Giboda and Be-

rgquist, 2000).

In Martinique, the biological control programme, together with

improved sanitation, has apparently interrupted transmission. How-

ever, in this case, another species of freshwater snail, Melanoides

tuberculata, was successfully used as a competitor snail to replace B.

glabrata. Consequently, there was a marked decline in disease prev-

alence in man between 1977 and 1996, and parasite transmission has

now ceased (Schlegel et al., 1997).

Guadeloupe presents a somewhat different situation because the

rat, Rattus rattus, serves as a reservoir host for S. mansoni in the

marshy forest area of Grand Terre island. Consequently the parasite

is more difficult to eliminate from this part of Guadeloupe. Never-

theless, the integrated control programme has eliminated the parasite

from Basse Terre island (Combes et al., 1982).

In 1965, a research and control programme was initiated on the

island of St. Lucia, where prevalence ranged between 22% and 57%.

Several unique valleys were subjected to baseline data collection
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followed by different control interventions involving water supplies,

chemotherapy, snail control, health education, etc. Prevalence had

been reduced by the end of the project to levels between 4% and 14%

(Dalton, 1976; Prentice et al., 1981; Barnish et al., 1982; Jordan et al.,

1982a, b). In the late 1970s, the introduction of M. tuberculata to the

island had the effect of markedly reducing the populations of B.

glabrata, thereby contributing to the control of the disease on the

island through biological control (Prentice, 1983; Pointier and

McCullough, 1989; Pointier and Jourdane, 2000).

Brazil is in a somewhat different situation from those countries that

are on the verge of elimination of the disease. Notwithstanding that

the success of morbidity control in Brazil by the Schistosomiasis

Control Programme has been of great benefit to the population at

large, nevertheless, it is estimated that about 2.5 million people re-

main infected currently, with an additional 25 million people at risk

of infection. Approximately 19 of the country’s 27 states remain en-

demic for schistosomiasis (da Silva et al., 2002).

Japan is an example of a country where elimination has actually

been achieved and there have been no new cases of schistosomiasis in

Japan since 1977 (Hurter and Yokogawa, 1984).
6. INTEGRATION AND SUSTAINABILITY
6.1. Integration with other Health Programmes

In Africa today, there are a number of diseases of poverty, which are

being tackled by vertical programmes using regular distribution of

safe and effective chemotherapy, either aiming for elimination or

morbidity control. Some programmes include more than just chem-

otherapy (e.g. trachoma and lymphatic filariasis (LF) have both a

surgery and a hygiene component). In most countries, there are a

number of international organisations and NGOs established, usually

working independently of each other in the field of health. Each will

have its own agenda, perhaps targeting pre-school-aged children or

school children or other segments of the population, some on a large

scale, but usually on a relatively small scale.
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Since the late 1990s, several global health partnerships targeting

specific diseases have been established with the objectives of achieving

global coverage and morbidity control or disease elimination for LF.

As shown in Figure 6, each of these programmes has plans to

expand coverage almost exponentially. However, as they expand, the

same poverty stricken poly-parasitised individuals are being targeted

with a number of interventions. There is a danger of wasteful du-

plication of effort and overlapping of national programmes causing

confusion among drug deliverers and recipients and even unnecessary

treatments. It is therefore time for these vertical programmes to col-

laborate. The expansion of control programmes in Africa now re-

quires development of an appropriate health package to be delivered

under the co-ordination of government, identifying roles and respon-

sibilities of the different partners and devolving resources and im-

plementation responsibility to local levels. This can only be achieved

by:
1.
 Improved communication and collaboration between donors

and international programme managers (including African
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Programme for Onchocerciasis Control (APOC), International

Trachoma Initiative (ITI), (SCI), Global Alliance for the Elim-

ination of Filariasis (GPELF) and international organisations

such as WHO, World Food Programme (WFP) and UNICEF).
2.
 Improved communication in the individual country between de-

cision makers in the Ministries of Health and Education, na-

tional disease control programme managers, NGOs and local

representatives of WHO, WFP and UNICEF.
3.
 Strengthened health systems and linked control efforts within

health sector frameworks against the diseases of poverty (schisto-

somiasis, intestinal helminths, LF, onchocerciasis, trachoma and

malnutrition) to minimise duplication of effort.
4.
 Synergise intervention where possible (particularly with map-

ping, village census taking, training, health education and drug

delivery) to optimise use of available human and financial re-

sources.
In the 1990s, in the absence of any control measures, the prevalence

of infectious and parasitic diseases in Africa was so high that almost

every individual in rural Africa was infected with at least one parasite

and many would have multiple infections. In 2005, an estimated 500

million people in Africa suffer from one or more of these infections—

malaria (which kills one million children every year), schistosomiasis

(bilharzia, 180 million infected), onchocerciasis (river blindness, 5

million infected), intestinal helminths (hookworm and round worm,

400 million infected), trachoma (preventable blindness, 84 million

infected and over 8 million visually impaired) and LF (elephantiasis,

120 million infected in 83 countries) (Molyneux et al., 2005). There

are other parasitic diseases/infections, including leishmaniasis and

trypanosomiasis (sleeping sickness) for which no easy and effective

cure is currently available (Figure 7, which is Plate 13.7 in the sep-

arate colour plate section). While these parasitic diseases (with the

exception of malaria) are rarely acute killers, they debilitate their

hosts and leave them vulnerable to other infections.

It is estimated that malaria, HIV/AIDS and TB are responsible for

50% of all morbidity and mortality as measured by Disability Ad-

justed Life Years (DALYs) lost. However, the 12 parasitic and
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infectious diseases, which are known as ‘neglected diseases’ contrib-

ute 25% of the DALYs lost.

By 2004, a number of separate programmes had been launched

using proven chemotherapeutic products. These programmes, mostly

vertical public private partnerships, are based on multinational phar-

maceutical company drug donations, local social mobilisation and

drug delivery, using international expertise for management, M&E

and parallel operational research.

The major programmes that are currently active include: the

GPELF has overseen the treatment of some 80 million people with

albendazole and either ivermectin (Mectizans) or diet-

hylcarbamazine (DEC) during 2003. Final GPELF targets are 1 bil-

lion worldwide, including 470 million people in Africa. The drugs are

donated by Merck (Mectizans) and GSK (albendazole).

The ITI has plans to target 200 million individuals for treatment

with azithromycine (Zithromaxs donated by Pfizer) to prevent blind-

ness.

The APOC reaches 20 million people annually in 19 countries with

Mectizans (Merck) to control river blindness.

The SCI promotes implementation of national schistosomiasis and

intestinal helminth control programmes using praziquantel and al-

bendazole in six countries—over 15 million individuals will receive

treatment by 2006. The drugs used by SCI have been purchased using

funds donated by the Bill and Melinda Gates Foundation, supple-

mented by drug donations from the pharmaceutical company MedP-

harm using Canadian citizens’ charitable donations.

De-worming and distribution of micro-nutrients to the under 5-

year-olds is growing in Africa under the auspices of the Micro-

nutrients Initiative (MI) and UNICEF, and WHO are currently

negotiating with another multinational drug company for a sizable

long-term donation of mebendazole for de-worming.

The SCI, GPELF, ITI, MI and APOC, plus the governments of

Burkina Faso and Tanzania, partners such as WHO, WFP,

UNICEF, NGOs including Save the Children, Catholic Relief Serv-

ice (CRS), Helen Keller International (HKI) and Axios and the

companies donating drugs (Merck, GSK, Pfizer and MedPharm)

should examine the feasibility of integration of the current vertical
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programmes and develop a health package, which should be flexible

enough to be a model for Africa. In so doing, they should address the

policy, systems, technical, economic, social and political issues in-

volved and subsequently evaluate the programmes.
6.2. The First Steps Towards Integration of Activities

The island of Pemba in Zanzibar has carried out annual treatment

with Mectizan and albendazole since 2000 and plans to continue

through 2007 to eliminate LF. The island also has a high schist-

osomiasis and hookworm prevalence, meriting annual treatment with

PZQ and albendazole. The teams that treated the Pemba population

for LF in October 2003 were given the task to reach the same pop-

ulation with PZQ and albendazole in May 2004. Pemba is a small

island of less than 400 000 people, but the treatment programme

worked smoothly, suggesting that on a larger scale, integration is

feasible. In October 2004, the population of Tanga in Tanzania was

treated for the first time with Mectizans and albendazole against LF.

School based treatment with PZQ was delivered in November 2005

and followed by community based treatment with Mectizan and al-

bendazole in February 2006. Meanwhile, the LF and trachoma pro-

grammes have started to consider possible integration in Ghana and

have planned the development of joint registers of communities prior

to mass drug administration (MDA) and integrated training, case

detection, social mobilisation and advocacy.

In Burkina Faso, the national co-ordinators of the schistosomiasis-

helminth control programme (PNLSc) and the LF elimination pro-

gramme (PELF) communicate and interact frequently under the Di-

rector for Disease Control. The treatment strategy is in both cases

community based and the CSPS (Primary Health Care Dispensaries)

are used as distribution points and focal points for mobile distribu-

tion teams. The PNLSc targets school-aged children (enrolled and

non-enrolled) from 5 to 15 years of age; while the PELF targets any

individual 45 years old. Since an annual treatment with albendazole

has been deemed sufficient to control soil-transmitted helminths

(STH), the PNLSc distributes albendazole to the population aged
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5–15 while the PELF distributes only to the population over 15 years

old. The two programmes have therefore shared their drug resources.

By the end of 2004, the PNLSc had covered about 1/3 of the country,

treating about 1 million individuals, with further expansion planned

for 2005. The PELF could cover the whole country if resources were

available for drug delivery.

In Uganda, it has proved possible successfully to integrate de-

worming with measles vaccination on a national scale, and ‘health

days’ were held in October 2003, May and November 2004. In the

past, vitamin A distribution was grafted onto ‘polio days’, but as

these cease, child health days (or weeks) have become more frequent

and vitamin A distribution is now linked to measles vaccination and

de-worming (UNICEF).
6.3. Achieving Sustainability

The SCI funded control programmes in Tanzania and Burkina Faso

hope to integrate the control of parasitic diseases, leading within 5

years to a low level sustainable maintenance phase of control to be

funded by the governments.

In highly endemic countries, schistosomiasis control programmes

require intensive mass treatment campaigns over several years to re-

duce prevalence and intensity of infection. However, after this inten-

sive treatment, long-term control of morbidity may be achieved by

routine and regular treatment of school-aged children, at intervals

determined by prevalence and intensity of infection as determined by

regular monitoring. If the initial implementation is donor funded, as

is likely, then sustainability will depend on securing resources for

implementation to continue uninterrupted for say 3–5 years, which

has been estimated at $0.50 (US) per person to be treated per year.

For Tanzania and Burkina Faso for example, with populations of

approximately 30 and 11 million, respectively, a total of approx-

imately $12 million and $4.40 million US $ per year will be needed.

By the time the intervention treatment programme is complete, Tan-

zania and Burkina Faso should then each have in place a Ministry of

Health budget and a Ministry of Education budget for diseases of
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poverty and school health, respectively, utilizing funds from the range

of available resources: government budgets, pooled donor contribu-

tions (basket of currencies), bilateral and international agencies (the

World Bank and the Global Fund). The national plan that will have

been tried and tested, policy makers involved from the start and the

proof of concept on integration of disease control can be used to

make the case for these funds to be available for long-term control.

Transfer of the concepts to other countries will depend on the

advocacy and publicity that is to be given to the success in Tanzania

and Burkina Faso. Seminars, conferences and publication of results,

mainly through the auspices of the WHO, will be a major part of this

advocacy.

Chemotherapy remains the main control measure for the reduction

of morbidity due to schistosomiasis in much of sub-Saharan Africa.

However, in most endemic areas, in order to achieve long-term sus-

tainable schistosomiasis control, it will be necessary to introduce

other preventive measures focusing on clean water, adequate sanita-

tion and health education to complement chemotherapy (Utzinger

et al., 2003), measures that will contribute to the reduction of trans-

mission and help countries progress towards schistosomiasis elimi-

nation. The stage is set, with the political will and the necessary

funding, existing tools and knowledge can be implemented to signif-

icantly reduce morbidity and transmission of schistosomiasis.

Since 2003, there has been a tremendous start to implementation of

control of schistosomiasis and intestinal helminthes in sub Saharan

Africa. As from 2006 there is an urgent need for further funding to

continue the momentum in the countries already implementing control

programmes and to encourage others to start. Foundations, Interna-

tional agencies and bilateral donors are all urged to collaborate to

follow the recommendations of the Commission for Africa Report and

assist the poor of Africa to attain the millennium Development Goals.
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asitologie 4, 217–225.

Seto, E., Xu, B., Liang, S., Gong, P., Wu, W.P., Davis, G., Qiu, D.C., Gu,
X.G. and Spear, R. (2002a). The use of remote sensing for predictive



IMPLEMENTATION OF HUMAN SCHISTOSOMIASIS CONTROL 621
modeling of schistosomiasis in China. Photogrammetric Engineering and
Remote Sensing 68, 167–174.

Seto, E.Y.W., Wu, W.P., Qiu, D.C., Liu, H.Y., Gu, X.G., Chen, H.G.,
Spear, R.C. and Davis, G.M. (2002b). Impact of soil chemistry on the
distribution of Oncomelania hupensis (Gastropoda: Pomatiopsidae) in
China. Malacologia 44, 259–272.

Sheir, Z., Nasr, A.A., Massoud, A., Salama, O., Badra, G.A., El-Shennawy,
H., Hassan, N. and Hammad, S.M. (2001). A safe, effective, herbal an-
tischistosomal therapy derived from myrrh. American Journal of Tropical
Medicine and Hygiene 65, 700–704.

Shekhar, K.C. (1991). Schistosomiasis drug therapy and treatment consid-
erations. Drugs 42, 379–405.

Singh, A., Singh, D.K., Misra, T.N. and Agarwal, R.A. (1996). Molluscic-
ides of plant origin. Biological Agriculture and Horticulture 13,
205–252.

Southgate, V.R. (1997). Schistosomiasis in the Senegal River Basin: before
and after the construction of the dams at Diama, Senegal and Manantali,
Mali and future prospects. Journal of Helminthology 71, 125–132.

Spielman, A. and Lemma, A. (1973). Endod extract, a plant-derived mol-
luscicide: toxicity for mosquitoes. American Journal of Tropical Medicine
and Hygiene 22, 802–804.

Stelma, F.F., Talla, I., Sow, S., Kongs, A., Niang, M., Polman, K., Deelder,
A.M. and Gryseels, B. (1995). Efficacy and side-effects of praziquantel in
an epidemic focus of Schistosoma mansoni. American Journal of Tropical
Medicine and Hygiene 53, 167–170.

Sturrock, R.F. (1966). The influence of temperature on the biology of
Biomphalaria pfeifferi (Krauss), an intermediate host of Schistosoma
mansoni. Annals of Tropical Medicine and Parasitology 60, 100–105.

Sturrock, R.F. (1995). Current concepts of snail control. Memorias do Inst-
ituto Oswaldo Cruz 90, 241–248.
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Plate 5.2 Map showing number of cases of human African trypano-
somiasis in affected countries and the distribution of discrete foci.
Red ¼ very high; orange ¼ high; yellow ¼ low; green ¼ sporadic. The black
line denotes the boundary between T.b. gambiense (to the west) and T.b.
rhodesiense (to the east)
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Plate 6.1 Leishmania species and resulting clinical presentations.
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Plate 6.6 Visceral leishmaniasis: selection of resistant parasites under
drug pressure. Although not well characterized, antimony resistance is likely
to occur in vivo through the selection of naturally occurring mutants with
survival advantages in the presence of the drug. Resistance can be visualized
as a righward shift in the concentration–effect (dose–response) relationship.
Historically, antimony has been used at low doses and unprotected. The
analysis of clinical evidence from Bihar indicates that low dose single-agent
antimony has selected a fraction of the original parasite population with
lower sensitivity. Dose escalation over time on a parasite pool with reduced
sensitivity has further selected parasites with increasing tolerance to higher
drug levels, until such time that no dose can effectively control parasite
growth (Olliaro et al., 2005).
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Plate 7.15 Districts in West Africa and states and region in Sudan and
Ethiopia, respectively, reporting indigenous cases of dracunculiasis during
2004. WHO CCRTED archives.
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Plate 9.3 Geographic coverage of current regional onchocerciasis programmes (Americas).
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Plate 11.1 (A) Sheep liver and lungs infected with cystic echinococcosis
at slaughter. (B) Abdominal CT scan of a Uruguayan hydatid patient with
hepatic CE cysts (arrowed) showing presence of daughter cysts. (C) Dosing
dogs with arecoline purgative in Uruguay (1990). (D) Field checking of
purge samples for Echinococcus granulosus (Uruguay, 1990). (E) Large
number of Echinococcus granulosus tapeworms under low magnification.
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