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This report provides a review and analysis of the research 
landscape for three diseases – Chagas disease, human African 
trypanosomiasis and leishmaniasis – that disproportionately 
afflict poor and remote populations with limited access to 
health services. It represents the work of the disease reference 
group on Chagas Disease, Human African Trypanosomiasis 
and Leishmaniasis (DRG3) which was established to identify 
key research priorities through review of research evidence 
and input from stakeholders' consultations.
The diseases, which are caused by related protozoan parasites, 
are described in terms of their epidemiology and disease 
burden, clinical forms and pathogenesis, HIV coinfection, 
diagnosis, drugs and drug resistance, vaccines, vector control, 
and health-care interventions. Priority areas for research are 
identified based on criteria such as public health relevance, 
benefit and impact on poor populations and equity, and 
feasibility.
The priorities are found in the areas of diagnostics, drugs, 
vector control, asymptomatic infection, economic analysis of 
treatment and vector control methods, and in some specific 
issues such as surveillance methods or transmission-blocking 
vaccines for particular diseases.
This report will be useful to researchers, policy and decision-
makers, funding bodies, implementation organizations, and 
civil society.
This is one of ten disease and thematic reference group 
reports that have come out of the TDR Think Tank, all of 
which have contributed to the development of the Global 
Report for Research on Infectious Diseases of Poverty, available 
at: www.who.int/tdr/capacity/global_report.
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Executive summary
The Disease Reference Group on Chagas Disease, Human African Trypanosomiasis 
and Leishmaniasis (DRG3) was part of an independent think-tank of international 
experts established by the Special Programme for Research and Training in 
Tropical Diseases (TDR) to identify key research priorities through systematic 
review of research evidence and input from stakeholders. These three distinct 
insect-borne diseases, while caused by related kinetoplastid protozoan pathogens, 
have dissimilar geographical distributions – a reflection of their different insect 
vectors and range of vector contact with humans. The diseases disproportionately 
afflict poor and remote populations with limited access to health services; the 
pathogenic mechanisms are poorly understood but typically entail immunological 
processes.

A team of experts identified research gaps by critically reviewing the disease 
landscape and state of research – from discovery through to implementation 
research – and incorporating stakeholder input; they also identified research 
opportunities for developing the knowledge and tools needed for treatment and 
prevention of the three diseases. The stakeholders included laboratory, clinical 
and field researchers, and personnel from national or international health 
organizations from 16 countries and 4 continents; they presented their research 
priorities and the reasons for their selection. A Delphic approach was used to 
integrate the input and prioritize areas for future research. Criteria were identified 
on which to base the selection of gaps and opportunities and ranking of priorities; 
they included critical needs, public health relevance, the benefit and magnitude 
of the impact on populations, the ratio of feasibility and scientific difficulty to the 
associated cost/benefit, cure versus prevention, impact on poor populations and 
equity implications, short and long-term impact, and sustainability. Consensus 
was achieved in identifying priority areas for future research and investment, 
including areas common to the three diseases as well as disease-specific priorities. 
These priorities are intended to be useful to researchers, policy and decision-
makers, funding bodies, implementation organizations, and civil society.

The priorities fall into the general areas of diagnostics, drugs, vaccines, 
vector control and health systems. The diagnostics priorities include improved 
means to identify: specific disease states – from asymptomatic and chronic to 
cured conditions, and drug resistant and other types of parasite variants. Specific 
diagnostics are needed for: infants of T. cruzi-infected mothers, second-stage 
human African trypanosomiais, and visceral leishmaniasis in different global 
regions. Besides case finding and management, these diagnostic tools are also of 
value to epidemiologic and disease control studies, and drug and vaccine trials.

A robust pipeline of drugs for the three diseases, especially for the 
chronic and more lethal disease stages, was recognized as a priority area. There is 
pressing need to replace the few drugs that are currently available and which have 
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substantial limitations in terms of tolerability, efficacy, cost, and drug resistance 
of parasites. In particular, drugs are needed for chronic Chagas disease, second-
stage human African trypanosomiasis, visceral leishmaniasis, and cutaneous 
leishmaniasis. Approaches that are encouraged include the repurposing of 
existing drugs, the exploration of drug combinations to avoid resistance, and 
the search for new drugs. These approaches are designed to be pragmatic and 
realistic, given the resource limitations, in both the shorter and longer terms.

The three diseases are transmitted by insects, so vector control is an 
important research area, and should be integrated with operational disease 
control programmes and be sustainable. Research on the markers of successful 
control and on vector population characteristics are priorities. Disease-specific 
research priorities include methods to: assess vector infestation in Chagas disease,  
delineate target vector populations of human African trypanosomiasis, and define 
cost-efficient insecticidal targets for control of human African trypanosomiasis. 
Important focuses include research on vector population characteristics, including 
insecticide resistance and population genetics of all three diseases, and research 
on the behaviour, distribution, and dispersal of vector populations in Chagas 
disease and leishmaniasis.

Other promising research areas include prophylactic or therapeutic 
vaccines for Leishmania and assessment of the importance of asymptomatic 
infection in all three diseases. Research on surveillance methods for Chagas 
disease and human African trypanosomiasis, and economic analysis of treatment 
and vector control methods for the three diseases, were also identified as priorities.

Top research priorities

•	 Diagnostics for case detection and characterization, including tests for drug 
resistance and tests of cure.

•	 Therapeutics to avoid drug resistance, including exploration of combinations of 
approved anti-kinetoplastid drugs, repurposing of existing approved drugs, and 
development of new drugs.

•	 Vector control technologies, including markers of successful vector control.
•	 Vector population characteristics, including insecticide resistance.
•	 Operations for integrated disease and vector control.
•	 Vaccines to prevent infection and disease and to block transmission of Leishmania.
•	 The importance of asymptomatic infection.
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1	 Details on TDR's strategy can be found at: http://www.who.int/tdr/about
2	 Details of TDR's research priority reports can be found at: www.who.int/tdr/capacity/gap_analysis

1. Introduction
As part of its ten-year strategy1 to foster “an effective global research effort on 
infectious diseases of poverty in which disease-endemic countries play a pivotal 
role”, the Special Programme for Research and Training in Tropical Diseases 
(TDR) established a global research Think Tank of 125 international experts 
to continually and systematically review evidence, assess research needs and, 
following periodic national and regional stakeholder consultations, to set research 
priorities for accelerating the control of infectious diseases of poverty. Working 
in ten disease-specific and thematic reference groups (DRGs/TRGs), the experts 
are crucial contributors to TDR's stewardship mandate for the acquisition and 
analysis of information on infectious diseases of poverty2. Their work is ultimately 
intended to promote control-relevant research, achieve research innovation, 
and enhance the capacity of disease-endemic countries to resolve public health 
problems related to the disproportionate burden of infectious diseases among 
the poor.

The Think Tank was designed to draw on the best expertise internationally, 
and to maximize partnerships with countries most affected by diseases of poverty. 
The ten reference groups making up the Think Tank include researchers and 
public health experts from the most affected countries; these countries also host 
the groups. WHO country and regional offices support both the reference groups 
and broad-based stakeholder consultations (see Appendix 1).

DRG3 consisted of 14 experts recognized as academic or public health 
leaders in the area of Chagas disease, human African trypanosomiasis (HAT) and/
or leishmaniasis; they came from research institutions, international organizations, 
bilateral institutions, health and medical organizations, governmental and inter-
governmental organizations worldwide. Particular attention was paid to the 
geographical distribution – to ensure disease-endemic country and regional 
input as well as technical input – and gender balance of the membership. 
Members were formally appointed by the Director of TDR for an initial period 
of two years. The chair and co-chairs of the group were selected on the basis of 
their internationally-recognized research, their long-term experience in research 
and control related to the three diseases, and their experience in disease-endemic 
countries (see Appendix 2).

Regional and national stakeholder consultations enabled validation, 
endorsement and setting of final research priorities, and ensured that the work 
of the group is authoritative, scientifically credible, and relevant for policy. In 
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addition to email consultations during the initial phase of gap and opportunity 
identification, a stakeholders' consultation meeting on Chagas disease, HAT and 
leishmaniasis was hosted by the Instituto Oswaldo Cruz (FIOCRUZ), 29–31 
March 2010, in Rio de Janeiro, Brazil. The meeting was organized by WHO/TDR 
in collaboration with Instituto Oswaldo Cruz and the WHO Country Office, 
Brazil, with the goal of discussing and contributing to the setting of research 
priorities for the three diseases.

To ensure that the countries most affected by diseases of poverty 
contributed to, and shared ownership of, the research agenda emerging from 
this initiative, the reference groups were hosted by disease-endemic countries in 
partnership with WHO country and regional offices (see Appendix 1).

The three distinct diseases, Chagas disease, HAT and leishmaniasis,  
disproportionately affect low and lower-middle income countries, typically 
afflicting their poorest and most isolated populations. The low visibility and lack 
of perceived exposure to the diseases as well as the paucity of data contribute 
to the low priority and limited control programmes afforded by national health 
programmes. In addition, the afflicted lack a political voice due to their poverty 
and the social stigmatization and discrimination resulting from the disabling 
and disfiguring consequences of the diseases. Nevertheless, as illustrated by 
Millennium Development Goals 4, 5, and 6 that relate to maternal and child 
health and mortality and infectious diseases, these diseases illustrate a right to 
health issue. While health interventions and research and development (R&D) 
for the three diseases have long been inadequate and underfunded, hopefully the 
increased awareness of the diseases will enable critical research.

Although Chagas disease, HAT and leishmaniasis are substantially 
different vector-borne diseases, they are caused by related kinetoplastid protozoan 
pathogens. The diseases have characteristic geographic and socioeconomic 
distributions that reflect the ranges and environments of the insect vectors that 
transmit them. Despite the large numbers of people at risk of infection and the 
substantial burden of disease, which includes lethal, horrific, and/or debilitating 
consequences, with few exceptions no major interventions have been developed 
for generations. The pathogens are each transmitted by a different haematophagous 
insect, within which the parasite has a complex life-cycle. The infective and 
invasive forms of Trypanosoma cruzi, the causal agent of Chagas disease, develop 
in the hindgut of triatomine bugs and are transmitted in the bug faeces deposited 
during feeding; the other major routes of parasite transmission are congenital, 
transfusion of infected blood, and ingestion of contaminated food or beverage. The 
infective forms of the Trypanosoma brucei group, which includes animal infective 
trypanosomes of substantial economic importance, develop in the midgut and 
salivary glands of tsetse flies, and are transmitted through the proboscis when 
the fly takes a blood meal; T. brucei is also occasionally transmitted mechanically 
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by various biting flies, without an intervening developmental cycle, for example 
in (stock) animals that have extensive insect exposure. The infective forms of 
Leishmania develop in the region of the stomodeal valve of sandflies, between 
the foregut and proboscis, and are transmitted within a gel-like substance that 
is extruded through the proboscis during feeding. Such vector diversity means 
that insect biological, ecological, and behavioural factors must be considered 
in vector control programmes. The vectors' characteristic ranges are primarily 
tropical and sub-tropical, and the parasites also have animal reservoirs. Although 
the diseases largely afflict populations in low resource settings, the vectors – even 
infected vectors – also occur in more highly resourced areas. However, there is 
substantial overlap between the ranges of the insect vectors and the geographic 
areas with low resources.

Thus the biodiversity of both insect vector and pathogen will necessarily 
affect the utility of diagnostics, the efficacy of drugs and diagnostics, and any 
disease and vector control programmes.

Pathogenesis differs among the three diseases, reflecting the different 
host target tissues and different host–pathogen interactions. Chagas disease 
parasites exit the bloodstream and end up in the cytoplasm of host cells; various 
host cell types are infected during the initial acute phase of infection, but disease 
is associated mainly with chronic infection of cardiac and enteric tissue cells. 
The cardiomyopathy entails ventricular hypertrophy, which typically progresses 
to debilitating arrhythmia and requires a pacemaker; it can ultimately progress 
to severe cardiac damage and result in sudden death. HAT parasites rapidly 
proliferate extracellularly within the blood and lymphatic systems during 
the initial acute phase, evading the host immune response by an elaborate 
process of surface antigen variation. The parasites subsequently invade the 
central nervous system (CNS), which may provide an environment that is less 
susceptible to immune clearance; CNS HAT has multiple clinical consequences 
as well as extreme behavioural sequellae and is lethal if untreated. Leishmania 
parasites infect macrophages of the human host where they reside within the 
phagolysosomes; they cause a spectrum of diseases ranging from cutaneous 
lesions, which vary in severity and duration, to visceral disease, which is often 
lethal. The type of disease is generally correlated with the infecting species of 
Leishmania. Cutaneous disease is associated with L. major, tropica, mexicana, 
amazonensis and donovani; visceral disease with L. donovani, infantum and 
chagasi; and mucocutaneous disease, which is horribly disfiguring, with the 
L. viannia complex (e.g. L. braziliensis and guyanensis).

Thus the strains and species of all three pathogenic trypanosomatids 
manifest considerable genetic and biological diversity; nevertheless, host factors 
also likely contribute to the disease characteristics. Details of the pathogenesis 
of the three diseases are not well understood but it appears that all have a 
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substantial immunopathogenic component. Elucidating the characteristics of 
immune responses to infection should aid the understanding of immune control 
and pathogenesis mechanisms, which should aid the development of diagnostics, 
potential immunotherapeutics, and the possible development of vaccines.

The parasites that are responsible for Chagas disease, HAT and 
leishmaniasis have been the subject of considerable molecular and immunological 
analyses. This may be because they can be readily cultivated in the laboratory and 
can infect mouse model systems. They are also reasonably amenable to laboratory 
experimentation, which has led to many novel fundamental discoveries. However, 
there are substantial gaps in knowledge especially with respect to disease specific 
characteristics that are the foundation for needed interventions.

1.1	 Reasons for setting research priorities
The three kinetoplastid diseases mostly affect populations living in poverty. 
Perhaps the most disadvantaged are those at risk who live in very remote areas 
where health and financial resources are among the most limited in the world. 
Furthermore, drugs used to treat the diseases are toxic, especially those used to 
treat CNS HAT disease, and drug resistance is emerging, while vector control 
programmes have been difficult to sustain especially in regions of conflict.

Chagas disease primarily affects rural populations in areas of low 
resources, where human contact with the vectors is frequent. Vector control 
programmes have been successful in reducing incidence, especially in the 
peridomestic environment, but are of little benefit to those with lifelong chronic 
infection. The chronic nature of the disease presents substantial challenges, which 
in turn present challenges for drug trials since there are no suitable determinants 
of endpoints of efficacy. The only two drugs currently available for treatment can 
have substantial side-effects and variable efficacy.

The HAT parasite's elaborate mechanisms of immune evasion suggest 
that development of vaccines is unlikely to be feasible and their deployment 
would be challenging if not unrealistic. Nevertheless, the characteristics of the 
disease suggest that it can be eradicated.

A hallmark of leishmaniasis is its diversity, and the populations at risk 
span wide socioeconomic and geographical ranges. Very poor regions of India and 
East Africa are at risk of the lethal visceral disease, as is the Mediterranean basin, 
where populations with considerable resources are at risk. In addition, treatment 
of some cases of visceral leishmaniasis does not eliminate the pathogen but 
results in conversion to the rash-like post kala-azar dermal leishmaniasis (PKDL) 
condition, which affects skin over many parts of the body and lasts for years. 
There also appear to be substantial populations with asymptomatic infections; 
and while many patients with cutaneous leishmaniasis have small spontaneously 
healing ulcerous lesions, others develop the very distressing and difficult-to-treat 
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diffuse cutaneous disease or the horribly disfiguring mucocutaneous disease 
which erodes the oral and nasal mucosae.

All three diseases have animal reservoirs, typically wild animal 
populations that are often asymptomatic. However, domestic animals such as 
pigs and dogs can also be reservoirs and these may have greater impact on human 
populations because of their physical proximity. Ironically, while leishmaniasis 
is a disease that afflicts some of the poorest populations, a commercial market 
may exist for a vaccine or treatment of leishmaniasis for companion dogs in 
developed countries. Similarly, species of African trypanosomes afflict cattle 
(bovines, camels, horses), and some populations at risk for the human disease 
feel that it is almost as important to develop interventions for the cattle disease, 
reflecting their economic dependence on these animals.

The kinetoplastid diseases are classic diseases of poverty. The motivation 
for development of the existing drugs was commercial, reflecting the historical 
colonial relationship; commercial research and development fell off sharply as 
this era waned. Recognition of the global nature of many diseases and their direct 
and indirect effects on economies, conflict, and health equity has resulted in a 
resurgence of motivation, albeit primarily by the public sector. While the HIV 
pandemic and periodic emergence of other diseases have raised awareness of 
the global impact of many diseases, this has also complicated efforts to combat 
kinetoplastid diseases since Leishmania and T. cruzi are opportunistic pathogens 
and any immune compromise can convert a chronic infection to an acute life-
threatening condition. Similarly, HIV complicates Chagas disease. Nevertheless, 
the ability to develop diagnostic and therapeutic tools, and in some cases perhaps 
even vaccines, is within current technical capabilities for leishmaniasis and 
Chagas disease. Combined with integrated and sustainable disease and vector 
control programmes, many of the diseases could be eliminated with consequent 
human benefits.

1.2	 Stewardship mandate
Research on the three kinetoplastid diseases has been a priority area for WHO/
TDR since its inception and is one of the ten emphasis areas selected by WHO/
TDR in its Stewardship strategy. This strategy designated four Thematic Reference 
Groups (TRGs) and six Disease Reference Groups (DRGs). The Chagas Disease, 
HAT and Leishmaniasis Reference Group (DRG3) has, among its members, 
relevant expertise and experience with the three diseases, spanning basic research, 
implementation research and health systems research. The Group was charged 
with providing an evidence-based analysis of the status of research in the field, 
identifying gaps and opportunities, and engaging stakeholders from disease 
endemic and developed countries including basic and translational researchers 
from the public, private, not-for-profit and for-profit sectors as well as funders 
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and decision-makers who might influence policy and action. The intent is to 
identify priority research areas that would stimulate innovative and actionable 
research.

1.3	 Goal of this report /strategic objectives
The aim of DRG3 for Chagas disease, HAT and leishmaniasis, is to:

■■ Provide expert analysis and perspective by research experts, 
integrating the current status of research on these diseases and 
incorporating input from relevant stakeholders.

■■ Identify research gaps and opportunities where research activities 
can provide knowledge and tools that can lead to interventions to 
alleviate or prevent disease.

■■ Identify priority areas on which to focus research activity and 
investment to advance the understanding of these diseases and 
contribute to health improvement.

■■ Build a consensus on priority areas that are common to the three 
diseases, are disease specific, and/or cut across the other DRGs and 
TRGs.

The intended audience for the results of the deliberations and conclusions 
includes policy-makers, especially in resource poor and endemic countries; 
national, regional and local decision-makers; funding organizations; UN agencies; 
civil society; and researchers and trainees.

1.4	 Overview
In reports of analyses and priorities, issues of research on disease characteristics 
(basic studies), detection and characterization (diagnostics), prevention (vaccines 
and operational), and treatment (drugs), are bound to be addressed. In this 
report, an attempt has been made to integrate prior reports and the priorities 
they identified. Both disease-specific issues and priorities, and themes that span 
the three diseases, are identified. It is hoped that some of the themes will also fit 
in with the other DRGs and TRGs and generate wide-ranging synergy. Overall 
it is clear that the current therapies used for treatment of Chagas disease, HAT 
and leishmaniasis are limited due to a combination of toxicity, cost, limited or 
undetermined efficacy, and the progressive development of drug resistance. Thus 
drug R&D is needed. Current diagnostic procedures and tools are not effective 
enough and there is a need to develop new and/or improved diagnostic tools 
for case finding and management, for epidemiological studies, and for disease 
surveillance and associated control programmes. Diagnostics are also needed 
along with definitions of disease and cure in order to monitor clinical trials of 
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drugs. Realistic financial and capacity assessment indicates that the search for 
needed new therapies will require practical and innovative approaches both at the 
bench and in the organization of research in order to take advantage of existing 
opportunities while looking to the long term (e.g. avoiding drug resistance). 
Research on prevention strategies is unlikely to rely on vaccines, except perhaps 
for Leishmania, but rather on vector control, which has shown positive impact.
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2. Methodology and prioritization
DRG3 consisted of 14 academic or public health leaders in the areas of Chagas 
disease, human African trypanosomiasis (HAT) and/or leishmaniasis, as 
mentioned in the introduction. The members came from research institutions, 
international organizations, health and medical organizations, governmental 
and inter-governmental organizations worldwide. The chair and co-chairs were 
selected on the basis of their internationally-recognized research and long-term 
experience in research and control related to these diseases, and their experience 
working in disease endemic countries (see Appendix 2). The reference group was 
hosted by Sudan and Brazil, in partnership with the WHO country and regional 
offices (Appendix 1).

A multi-stage interactive process was used to identify promising areas for 
research; this entailed assembling, evaluating, ranking, and reducing the number 
of priorities identified. The aim was to enable researchers, funding agencies, policy-
makers and other public health stakeholders to integrate relevant information 
and expert views and avoid conflict of interest as they consider various options 
for making decisions.

2.1	 Authoritative evidence review to define thematic areas
The DRG3 team identified thematic areas consistent with the TDR/WHO 
stewardship mandate. Their considerations spanned basic research through 
implementation and health systems research for the three diseases, and included: 
epidemiologic, socioeconomic and clinical perspectives; diagnosis, treatment 
and drug resistance; drug discovery and development; host/vector and host/
pathogen interactions; immunology and vaccine development; vector control 
and implementation.

An initial report enumerated 27 trans-disease priorities, and an additional 
two priorities specific to Chagas disease, three to HAT, and nine to leishmaniasis. 
The priorities were presented and discussed at a combined meeting of the DRG 
and TRG chairs and co-chairs (2–4 September 2009, TDR/WHO Geneva), along 
with a tutorial on prioritization methods.

2.2	 Stakeholders' consultation and second 
round of criteria-based ranking

Concept validation and deliberation on the priorities and criteria (values) used 
to rank the priorities were obtained during a Stakeholders Consultation Meeting 
(29 March 2010, FIOCRUZ, Rio de Janeiro). The stakeholders included staff 
from national ministries of health, NGOs and international organizations, and 
researchers, and represented the three diseases and the thematic areas. They 
presented their views in individual oral presentations in plenary sessions and 
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each presentation was followed by discussion. A total of 40 research priorities 
were identified.

The second round of criteria-based priority-setting took place during 
the 2nd Annual DRG3 Meeting (30–31 March 2010, FIOCRUZ, Rio de Janeiro), 
at which input from the preceding stakeholders' consultation meeting was 
integrated. The top ten priorities for each disease were formulated, employing 
the Delphi method for prioritization. The ranking of research priorities took into 
consideration the following values:

■■ Curative versus preventive relevance
■■ Public health relevance and impact on population health
■■ Size of population benefiting from research
■■ Pro-poor/poverty alleviation
■■ Feasibility/scientific difficulty (cost–benefit)
■■ Equity implications
■■ Critical need
■■ Long-term and hence sustainable benefit.

Consensus was achieved in ranking the priorities, which were fitted to a 
matrix organized by disease and interventional goals and that, in keeping with 
the Stewardship mandate, spanned basic to operational research. Themes that 
were common to two or three of the diseases were also identified.

2.3	 Final round of ranking
Electronic consultation of DRG3 members was used to generate the final 
list of seven priorities. This list emphasizes trans-disease priorities from the 
interventional goal perspective while highlighting disease-specific issues.
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3. Epidemiology and burden of disease
Trypanosomatid diseases have diverse epidemiological patterns (Table 1) and 
clinical outcomes (Table 2). Both Chagas disease and leishmaniasis are globally 
widely prevalent while human African trypanosomiasis is endemic only on the 
African continent. Disease occurrence is closely associated with environmental and 
socioeconomic factors and the three diseases are definitely associated with poverty.

3.1	 Chagas disease
Chagas disease is caused by the protozoan Trypanosoma cruzi and the 
predominant modes of transmission are vectorial, through infected dejections 
of triatomine bugs (‘kissing bugs’) and by blood transfusion. Additionally, 
congenital transmission, and oral infection following ingestion of parasite-
contaminated  food, are important. Twenty to 30 per cent of those infected will 
suffer irreversible cardiovascular, gastrointestinal, and/or neurological problems. 
Chagas disease is an important public health problem in Latin America currently 
affecting an estimated 8 million people in 21 countries and spreading by human 
migration to a number of non-endemic regions (1). Since 1990, regional control 
initiatives have substantially reduced the number of new infections in Latin 
America (2). Transmission of T. cruzi by the main domestic vectors was certified 
as interrupted in Uruguay in 1997, Chile in 1999, Brazil in 2006 and much of 
Central America (Guatemala, Honduras, El Salvador, Nicaragua) in 2009–2010. 
The number of transfusion-related infections has also decreased substantially in 
all Latin American countries since blood bank screening was made compulsory 
(3). Therefore, the burden of Chagas disease in Latin America has decreased over 
recent years. In the 1980s, 100 million people (i.e. 25% of all inhabitants of Latin 
America) were estimated to be at risk of infection, and 24 million were believed 
infected in 18 endemic countries in 1980–1985 (4). Estimates of the number of 
infected people were revised to 9.8 million in 2001 (5). The number of new cases of 
Chagas disease has also decreased substantially (from 700 000 per year in 1990 to 
41 200 per year in 2006), and whereas in the 1980s an estimated 5 million people 
in the Americas had clinical symptoms of Chagas disease (4), this  was revised 
to 1.2 to 2.8 million in the 1990s. The estimated number of deaths from Chagas 
disease has decreased from about 50 000 per year to 12 500 per year (6, 7); and 
the estimated burden of disease in terms of disability-adjusted life years (DALYs) 
declined from 2.7 million in 1990 (8) to 586 000 in 2001 (9). Estimations of 
aggregate treatment costs for Chagas disease in several Latin American countries 
in the 1990s are available (10–13). Still however, the millions of chronically 
infected persons who are at risk for developing cardiovascular and/or digestive 
pathology and the high number of cases make Chagas disease one of the leading 
causes of cardiovascular morbidity and premature death in Latin America. 
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Moreover, due to international migration patterns, Chagas disease has now also 
become an issue in Canada, USA, several countries in Europe, and elsewhere 
including Japan and Australia (14). It is estimated that over 300 000 T. cruzi 
infected individuals are living in the USA, mostly immigrants from Mexico 
and Central America (15). Spain has the second highest number of infected 
immigrants, an estimated 47 738–67 423, mostly originating from Ecuador, 
Argentina, Bolivia, and Peru (14).

Chagas disease is poverty-related as the presence of triatomine bugs is 
associated with the health risk of poor housing. It is considered the parasitic 
disease with the greatest socioeconomic impact in Latin America. Chagas disease 
is responsible for lost productivity at an estimated cost of US$ 1.2 billion annually 
in Latin America. In addition to lost productivity, the medical costs for treating 
infected individuals who develop severe cardiac or digestive pathology are several 
times this amount.

3.2	 Human African trypanosomiasis
Human African trypanosomiasis (HAT), also known as ‘sleeping sickness’, is a 
parasitic disease transmitted by tsetse flies. In 2000, WHO estimated that 50 to 
60  million people in Africa were exposed to the bite of the tsetse fly. HAT is 
endemic in 36 sub-Saharan countries: 24 experience T. b. gambiense transmission, 
leading to West African sleeping sickness, while in 13 countries T. b. rhodesiense 
is present, causing the more acute East African sleeping sickness syndrome, 
Uganda being the only country reporting both types (see Figure 1).

T. b. rhodesiense HAT is maintained by an animal reservoir (16), and 
human infections usually occur only sporadically though the disease is grossly 
underreported (17). In a localized epidemic in Uganda with 500 reported cases, 
approximately 300 additional cases died undiagnosed in the community (18). 
The number of people at risk of T. b. rhodesiense is not known precisely. In 2006,  
the number of cases reported was 486, i.e. 3% of the worldwide HAT cases (19). 
West African HAT has a much more protracted course than East African HAT (20) 
and is responsible for more than 95% of HAT cases worldwide. A possible animal 
reservoir has been suggested, but its contribution to transmission is unclear. In 
recent years there have been several major T. b. gambiense epidemics in countries 
where HAT control had been suddenly interrupted for various reasons (21– 23). 
HAT control is mainly based on large-scale active case detection campaigns, 
and depends to a large extent on international aid (23). The number of HAT 
cases rose substantially in the 1990s, and began to decline in 1998, thanks to an 
international control effort. A donation scheme coordinated by WHO allowed 
HAT drugs to be available free of charge from 2002 onwards, and this contributed 
to a sharp decrease in the number of reported cases.
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In 2006, 17 036 new cases of West African sleeping sickness were reported 
worldwide (19). Fifty-nine per cent of these (10 369/17 500) were reported by the 
Democratic Republic of Congo (DRC) alone. Sudan and Angola each reported 
more than 1500 cases, while the Central African Republic, Chad, Côte d'Ivoire, 
Guinea and Uganda each reported 50–1500 cases. Burkina Faso, Cameroon, 
Equatorial Guinea, Gabon and Nigeria each reported less than 50 cases.

The underreporting ratio of T. b. gambiense HAT is not well known. 
Robays et al. (24) estimated that, in 1997–1998, between 40% and 50% of HAT 
cases in the community were not detected by active population screening due to 
the refusal by some people to participate in the screening and to the confirmatory 
tests being of poor sensitivity. Lack of population coverage by screening activities 
also needs also to be taken into account.

Figure 1
Distribution of human African trypanosomiasis cases in Africa

Countries in which the disease was reported in 2011, the black line delineates the T. b. gambiense and 
T. b. rhodesiense  endemic areas.
Ref: Data reported by National HAT Control Programs to WHO, 2011.
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In 2007, the number of new cases reported worldwide had decreased to 
10 769, consistent with the declining trend of the previous ten years and thanks 
largely to intensified control efforts. Thus the prospect of HAT elimination has 
arisen (19), and currently fewer than 10 000 cases are reported per year. However, 
West African HAT affects communities in a prolonged way, as the disease tends 
to periodically flare up in so-called ‘historic’ foci several years after being brought 
under control (25). While there is consensus that HAT control should be a 
sustained and uninterrupted effort, it is unclear today what type of surveillance 
should be exerted once the incidence rates in a region have been brought to very 
low levels. When HAT incidence decreases, active case finding by mobile teams 
becomes less efficient and donors tend to shift their funding to other issues. 
Repeated outbreaks could occur if historic foci are left unattended for several 
years. Moreover, there is reason for concern about ‘hidden epidemics’ in war-
affected regions in North-East Congo, South Sudan and the Central-African 
Republic (26).

The global burden caused by HAT has been estimated at 1.6 million 
disability-adjusted life years (DALYs) per year (Source: WHO, The global burden 
of disease, 2004 update), but more precise estimations of the population at risk 
are pending. In DRC, the number of years of life lost (YLL) per death caused by 
HAT was estimated at 27 (27), but this figure does not address the long-term 
neurological sequelae that occur in many treated patients, hence a thorough 
assessment of disability caused by HAT is needed. Based on data from Uganda, 
Politi et al. (28) estimated the number of DALYs incurred per premature death of 
T. b. rhodesiense HAT to be 25. These high numbers are due to the fact that HAT 
mainly affects adolescents and young (economically active) adults and also that 
it is inevitably fatal in untreated individuals. The use of DALYs for expressing 
the HAT burden has been criticized as the global burden of disease rankings at 
country or regional level do not reflect the devastating socioeconomic impact of 
the disease on the communities affected. HAT is a highly clustered disease, and 
country or regional averages may therefore be misleading. Within HAT foci, the 
prevalence can be high, often around 1%, but in the absence of control it can rise 
relatively rapidly, sometimes to affect over half the population of certain villages. 
Thus, the burden of the disease falls very heavily on some areas (23).

Sleeping sickness patients require a great deal of care from their relatives. 
Seeking a diagnosis and obtaining treatment is often costly and time-consuming. 
There have been few attempts to quantify the full costs (including of care at home 
and during hospital treatment, seeking a diagnosis, lost income, medical fees, 
transport, etc.) borne by households with HAT patients. Lutumba et al. (27) 
investigated the burden of HAT in a rural community of DRC in a retrospective 
household survey. The burden on households and livelihoods was high, between 
1.5 and 10 months of income, even though diagnostics and HAT drugs were 
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provided free of charge by the national control programme (27). In the Republic 
of Congo-Brazzaville, the cost to households with HAT patients who were 
correctly diagnosed and treated came to an amount equivalent to 2.6 to 5 months 
of household income from agriculture (29). The cost of illness due to HAT borne 
by households is thus considerable and can compromise the timely uptake of 
HAT treatment. Households take their time to prepare themselves and mobilize 
resources, relying on the solidarity of the extended family before presenting 
themselves for treatment. The high household cost may partly explain the low 
participation rates at the active population screening session organized by the 
national HAT control programmes because people fear being identified as a HAT 
case and having to bear the high costs (24).

3.3	 Leishmaniasis
Leishmaniasis threatens about 350 million people in 98 countries or territories 
around the world (Source: World Health Organization 2010). As many as 12 
million people are believed to be currently infected, with about 1–2 million 
estimated new cases occurring each year. Several species of Leishmania lead to 
specific clinical expression, which may be cutaneous, mucocutaneous or visceral, 
and of varying severity. Cutaneous leishmaniasis (CL) is the most common 
form, with an estimated 1.5 million new cases per year. Caused by L. major, 
L. tropica, L. donovani, L. braziliensis and other species, CL may be a simple, self-
limiting skin ulcer, or a highly disfiguring scar and associated stigma. Diffuse 
cutaneous leishmaniasis, caused by the L. mexicana and L. aethiopica complexes, 
is a severe form of CL. Mucocutaneous leishmaniasis, caused by L. braziliensis 
and L. guyanensis in the Americas, is highly disfiguring and mutilating, and can 
be fatal because of secondary complications.

Visceral leishmaniasis (VL) is the most severe form of leishmaniasis, 
and is fatal if not treated; it causes 500 000 cases each year with more than 90% 
of these in India, Bangladesh, Brazil, Nepal and Sudan (Source: World Health 
Organization 2010). A VL elimination initiative was launched in the WHO 
South-East Asia Region in 2005 in an attempt to reduce the incidence rate below 
1 per 10 000 per year at health district level (30). In other regions, VL seems to be 
spreading (31, 32). The complexities of assessing the disease burden attributable 
to leishmaniasis have been discussed elsewhere (34); they relate to clinical and 
epidemiological diversity, marked geographic clustering, and lack of reliable 
data on incidence, duration, and impact of the various disease syndromes. At 
country level, leishmaniasis is often a hidden problem, as patients live in remote 
areas with poor access to services and case loads are poorly documented (33). In 
India, ratios of 5 to 8 unreported cases for every officially reported case of visceral 
leishmaniasis were found, because many VL patients consult in the private sector 
and are not notified (34–36). Moreover, the country-aggregated figures for VL do 
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not reflect the real importance of the disease in affected communities because of 
its geographic clustering. Rijal et al. (37) in Nepal, and Singh et al. (38) in India, 
described this phenomenon of hyper-clustering, with VL incidence rates ten 
times higher in endemic villages compared to those computed at the aggregate 
district level.

VL is a deadly disease if left untreated, and can have a disastrous impact 
when it strikes a non-immune population. In the Sudan, a VL epidemic caused 
major disruption of a famine-stricken society when an estimated 100 000 persons 
died between 1984 and 1994 in Western Upper Nile Province (39). VL also 
profoundly affects a community in its more ‘endemic’ form. Reported incidence 
rates of kala-azar in endemic communities vary between 2/1000 person-years in 
Kenya (40), to 14/1000 person-years in Ethiopia (41). In a community in eastern 
Sudan, an incidence rate of 4% per person-year was documented (42). In Asia, 
similar incidence rates were reported (37, 38). VL can unfold without being 
noticed for years, as was recently documented in Somalia, in the Bakool region, 
an area from which VL had never previously been reported (43).

The socioeconomic impact of the leishmaniases is not fully recognized 
though it is obvious they are poverty-related (44). The diseases are generally 
associated with malnutrition, displacement, poor housing, illiteracy, gender 
discrimination, weakness of the immune system, and lack of resources; they are 
also linked to environmental changes, such as deforestation, building of dams, 
new irrigation schemes and urbanization, and the accompanying migration of 
non-immune people to endemic areas. Boelaert et al. (45) demonstrated how 
VL literally affects the ‘poorest of the poor’ as more than 80% of families in VL 
affected communities in Bihar State in India belonged to the poorest quintiles 
of wealth distribution of this economically rather weak state. The relationship 
with poverty cuts two ways: firstly, the peridomestic sandfly vector of VL thrives 
in the rural environments where people who earn less than US$ 1 per day live, 
in mud or grass covered houses, in close proximity with their cattle, and humid 
soils littered with organic waste (46), and secondly, VL drives families deeper 
into destitution because the disease tends to produce several victims in the same 
household with huge resultant direct and indirect costs. Several recent studies 
have shown how devastating the impact of VL can be on households in India 
(47–49), Nepal (50, 51), and Bangladesh (52, 53). For example, in the latter study, 
87 rural households were examined using structured interviews. The median 
direct expenditure for one VL patient was US$ 87 and the median income lost 
was US$ 40, and thus the median total expenditure was 1.2 times annual per 
capita income. The other studies also consistently showed the cost of one episode 
of VL to exceed the annual per capita income. A study of the socioeconomic 
costs of cutaneous leishmaniasis in 175 patients in French Guiana in 1979–1980 
estimated the direct costs for health services to be approximately US$ 480 per 
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case, with hospitalization costs accounting for 82% of total costs (54). Households 
employ multiple coping strategies to cover expenditures, most commonly the 
sale or rental of assets and taking out of loans (48, 52, 55). These costs are also a 
deterrent to seeking care, and huge delays between the onset of disease and the 
seeking of medical care are common (46).
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4. Clinical forms, pathogenesis and HIV coinfection
4.1	 Chagas disease
T. cruzi is an intracellular parasite that invades different cell types, where it 
multiplies. The biological, biochemical and genetic diversity of T. cruzi isolates has 
long been recognized along with the eco-epidemiological complexity. A wide range 
of genetic markers has been applied to analyse the genetic diversity of the parasite. 
In 2009, an expert committee reviewed the available knowledge and partitioned 
T. cruzi isolates into six subgroups or discrete typing units (DTUs) (T. cruzi I-VI) 
(56). A comprehensive review of phylogeographical and eco-epidemiological 
features, and the correlation of DTU with natural and experimental infection, has 
been published (57). In the Southern Cone region, TcII, TcV and TcVI are the main 
causes of Chagas disease. TcII predominates in eastern and central Brazil, TcV in 
Argentina, Bolivia, and Paraguay, and TcVI in the Gran Chaco. In the Southern 
Cone region, chagasic cardiomyopathy can be severe, and a proportion of cases 
may develop megaoesophagus and megacolon. TcI is implicated with human 
disease in Amazonia, the Andean countries, Central America, and Mexico, and 
clinical presentations include chagasic cardiomyopathy. In these regions chagasic 
megaoesophagus and megacolon are absent or very rare (57, 58). Methods for DTU 
genotyping are available for widespread use in endemic areas (57, 59). Figure 2 
depicts the geographical distribution of T. cruzi DTUs in human infections and 
in the triatomine vector species of major epidemiological importance. The role 
of vector species as biological filters for DTU transmission has not been defined.

4.1.1	 Clinical presentations
The acute phase of Chagas disease is recognized only in 1%–2% of infected 
individuals. In the acute phase, the symptoms are variable and decline 
spontaneously after 4–8 weeks; appropriate treatment can eliminate the parasite 
during this phase. In the chronic phase, approximately 70% of seropositive 
individuals are asymptomatic (indeterminate form), whereas 30% develop serious 
cardiac and/or digestive pathologies. Circumscribed or necrotizing inflammatory 
injuries may also occur in the grey matter in the central nervous system (CNS). 
In addition, each year, 2%–3% of asymptomatic individuals evolve to the above-
mentioned symptomatic manifestations; the determinants of this conversion are 
unknown (60). The outcome of the infection in a particular individual is the result 
of a set of complex interactions between the genetic make-up of the parasite, the 
host immunogenetic background, and environmental factors.

4.1.2	 Chagas heart disease
Chagas heart disease is the most serious and frequent manifestation of chronic 
Chagas disease (1); it appears in 20%–30% of infected individuals 10–30 years 
after the original acute infection. It is the leading cause of infectious myocarditis 
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worldwide and poses a substantial public health burden due to high morbidity and 
mortality. Numerous clinical and experimental investigations have shown that a 
low-grade but incessant parasitism, along with an accompanying immunological 
response (either parasite driven [most likely] or autoimmune-mediated), plays 
an important role in producing myocardial damage. At the same time, primary 
neuronal damage and microvascular dysfunction have been described as ancillary 
pathogenic mechanisms. Conduction system disturbances, atrial and ventricular 
arrhythmias, congestive heart failure, systemic and pulmonary thromboembolism 
and sudden cardiac death are the most common clinical manifestations of chronic 
Chagas cardiomyopathy (61).

Figure 2
Geographical distribution of T. cruzi discrete typing units in human patients

Geographical distribution of T. cruzi discrete typing units (DTUs) in human patients. At present, T. cruzi is partitioned 
into six discrete typing units (DTUs), T. cruzi I-VI (TcI–TcVI) (ref 56). Data were compiled from a review article (ref 57).  
Triatomine vector species of major epidemiological importance in Chagas disease are indicated on the map (ref 133). 
Andean countries: Colombia, Ecuador, Peru, and Venezuela; Southern Cone Countries: Argentina, Bolivia, Brazil, 
Chile, Paraguay and Uruguay. The line separates the prevalence of Chagas disease clinical manifestations (see ref 57).
DTUs, discrete typing units (I to IV); TcI –TcVI, T. cruzi type I-IV.
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4.1.3	 Gastrointestinal manifestations
The gastrointestinal manifestations are a progressive enlargement of the oesophagus 
or the colon and other parts of the intestine, caused by chronic inflammation and 
destruction of parasympathetic neurons. The main gastro-intestinal symptoms 
are dysphagia and severe constipation. Oesophageal disease can appear in 
infections in children, while colonic disease evolves more slowly. Although its 
clinical significance is not very clear, damage to the nervous system and striated 
muscle is manifested in the chronic stage as motor cell loss or degeneration 
in various muscles, with infiltration and demyelination areas in the nerves. 
Geographical differences in prevalence of the digestive form of Chagas disease 
have been reported. This clinical presentation predominates in central Brazil and 
Chile and is essentially absent in Venezuela and Central America (57, 58).

4.1.4	 Congenital Chagas disease
T. cruzi can be transmitted from an infected mother to her child during pregnancy 
(congenital Chagas disease). Congenital transmission of Chagas disease in 
humans occurs less frequently than vector-borne and transfusion transmission. 
The incidence is estimated at more than 15 000 cases annually in the Americas. 
However, there is considerable uncertainty about congenital transmission rates 
since it receives no particular attention in endemic countries and perhaps even 
less in non-endemic countries where transmission does occur. The risk factors 
that determine the transmission of the parasite to the fetus are unknown. 
However, it is well established that treatment during the first year of a child's life 
is close to 100% effective in parasite elimination. The relevant information and 
recommendations have been issued by an Expert Advisory Group (62).

4.1.5	 Chagas disease and HIV coinfection
Immunosuppressant therapies (63) and HIV/AIDS (64) can bring about acute 
clinical manifestations, which lead to an increased risk of disease reactivation 
in patients with chronic T. cruzi infection. This suggests the need for routine 
assessment for the presence of T. cruzi infection in patients whose immune 
response is suppressed. Whenever a case is detected, it is necessary to monitor 
reactivation with tools offering fast and simple diagnosis, and prescribe specific 
treatment as early as possible (65). Although the effectiveness of etiological 
treatment for the control of reactivation episodes has been demonstrated, it is 
necessary to gather evidence as to whether preventive treatment is effective in 
patients with no signs of clinical reactivation who have altered immunological 
parameters. Some protocols also recommend treating organ donors infected with 
T. cruzi to reduce the risk of transmission by transplantation.
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4.2	 Human African trypanosomiasis
Two pathogenic Trypanosoma species cause human African trypanosomiasis 
(HAT): Trypanosoma brucei rhodesiense causes East African sleeping sickness 
and T. b. gambiense causes West African sleeping sickness. Once inoculated by 
the tsetse fly, the parasites first multiply in the dermis at the site of the bite. This 
multiplication of trypanosomes and infiltration of lymphocytes and macrophages 
causes local oedema. This lesion, the trypanoma or chancre, is variably clinically 
detected. Local lymphadenopathy also develops. Waves of trypanosomes then 
invade the bloodstream from the lymphatic circulation (20).

Successive parasite populations express variants of the surface 
glycoprotein coat which allows them to escape the human (and animal) immune 
responses (66). The trypanosome is composed of several thousand invariant 
antigens surrounded by a coat of about 10 million copies of a variable surface 
glycoprotein (VSG). At first, the infected person produces a high amount of 
anti-VSG immunoglobulin M (IgM). This starts with a polyclonal activation 
of B cells and increases after a period of 3 or 4 days by a transient activation of 
T lymphocytes. These antibodies destroy most of the circulating parasites except 
for a small fraction that has switched its VSG. Anti-VSG immunoglobulin G 
(IgG) is also produced later. The ongoing antigenic variation and repeated 
exposure of the blood to variant antigens is associated with a profound 
dysregulation of the immune response and cytokine production that results in 
immunosuppression. This antigenic variation compromises the development of 
an effective vaccine (67).

4.2.1	 Pathogenesis
The disease primarily affects the lymphoid system, brain, heart and lungs. 
After the initial haemolymphatic stage, the infection progresses to a second or 
meningoencephalitic stage. The parasites, in association with certain immunological 
processes, cross the blood-brain barrier (68); they invade perivascular areas after 
which they first infiltrate the white matter and then later the grey matter. Invasion 
of the choroid plexus, thalamus, the postrema and median eminence is consistent 
with the disease symptoms. Signs of cerebral and meningeal oedema and punctate 
haemorrhages and myocarditis (69) are typically observed in this second stage of 
disease. Mott cells, plasma cells containing immunoglobulins, are characteristic 
of the infection. The severity of pathological lesions only partially correlates with 
parasitaemia (70).

4.2.2	 Clinical presentation
The signs and symptoms that characterize sleeping sickness are generally the 
same for both the acute or rhodesiense form and the chronic or gambiense form 
of the disease, although they differ in degree and onset (71–73). The primary 
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lesion (trypanoma or chancre), while characteristic, is rarely observed in practice. 
Progression from the haemolymphatic stage to the meningoencephalitic second 
stage will eventually lead to death if untreated (73). There is no CNS involvement 
in the haemolymphatic first stage in contrast to the advanced meningoencephalitic 
second stage where CNS involvement is verified. The distinction between the two 
stages is based on markers in the cerebrospinal fluid but interpretation of these 
markers is subject to considerable debate.

Symptoms in the early stage are not specific; they include fever, severe 
headache, joint pains and muscle aches. For T. b. gambiense, the signs and 
symptoms are sometimes minor and may not sufficiently alert patients to seek 
health care. For T. b. gambiense, enlargement of the posterior cervical lymph 
nodes, Winterbottom's sign, typically occurs. Fever is recurrent, lasting from 
1 to 3 days in synchrony with waves of parasitaemia. Headache is the most 
frequent complaint and is typically severe and persistent. Pruritus is frequent, 
detected through the presence of scratch marks on the skin. Skin rashes known 
as trypanids occur as ring-like patches with polycyclic contours of 1–10  cm 
diameter. Anaemia is frequent and may be severe, leading to heart failure. 
Other signs include oedema, ascites, cardiovascular, endocrinological and renal 
disorders and superinfections (69). The duration of the first stage varies from a 
few weeks in T. b. rhodesiense to months or several years in T. b. gambiense; the 
average duration is not predictable. It is unclear if spontaneous cure occurs or if 
there are asymptomatic carriers. In the meningoencephalitic second stage, more 
specific neurological signs appear in addition to the signs of the first stage, which 
persist during the second stage. The name ‘sleeping sickness’ for the disease stems 
from the rather typical sleep disturbances, characterized by the disappearance 
of the circadian rhythm of sleep and wakefulness. Mental confusion and a wide 
range of psychiatric disorders that include personality disorders, behavioural 
changes and mood alterations are often the symptoms that alert the patient and 
surrounding people to the disease. A wide range of other neurological symptoms 
include abnormal reflexes such as Babinski's sign, exaggerated osteotendinous 
reflexes and clonus, tone disorders (either hypertonia or hypotonia), abnormal 
movements, sensory disorders (Kerandel's sign), paresthesia, Hoffmann's sign and 
loss of sense of position, coordination disorders including ataxia and abnormal 
gait, convulsions and archaic reflexes (70). Deterioration of consciousness may 
lead to coma. Neurovegetative disorders may provoke incontinence. Other 
features include amenorrhea, infertility, abortion and wasting.

The very diverse clinical picture mimics a range of other diseases such as 
AIDS, schizophrenia and tuberculosis (TB), and clinicians may easily miss the 
diagnosis if they are not familiar with the disease. This is particularly a problem 
for clinicians dealing with imported cases in non-endemic areas, e.g. in urban 
areas e.g. of Kinshasa. Control strategies against HAT in such urban areas are not 
well defined (24).
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4.3	 Leishmaniasis
More than 20 Leishmania species are known to be pathogenic for humans. 
Leishmania parasites have two development stages: the amastigote stage 
that inhabits the reticulo-endothelial cells of mammals, and the flagellated 
promastigote stage that develops in the gut of the vector. Leishmania parasites 
cannot be distinguished by morphology alone and several biochemical and 
genetic makers are used for characterization of the parasites. Different parasite 
species can cause similar pathology, e.g. L. donovani and L. major can cause 
cutaneous ulcers. Analysis of completed Leishmania genome sequence showed 
high homology between different parasite species and genomic differences have 
not been identified so far that explain the diverse clinical forms (74).

4.3.1	 Clinical presentations
The clinical outcome of the human infection depends on the parasite species, the 
environment and the host immune response (Table 3). The majority of infected 
humans are asymptomatic but a minority develops clinical forms of the disease.

Visceral leishmaniasis. This is the most serious clinical form of 
leishmaniasis and is fatal if not treated. Visceral leishmaniasis (VL) is primarily 
a disease of children but also occurs in adults. VL is highly endemic on the 
Indian subcontinent and in East Africa, where it is caused by L. donovani 
parasites. The main clinical signs and symptoms of VL include fever (97%), 
splenomegaly (96.4%), weight loss (95.5%), pallor (93.6%), cough (89.7%), 
hepatomegaly (87.2%), asthenia (83.3%), anorexia (82.9%) and vomiting 
(73.9%). Clinical presentations in adults are similar to those in children, except 
that children are more anaemic. The haematological findings include anaemia, 
leukopenia and thrombocytopenia. VL in southern Europe and in the New 
World is caused by L. infantum and presents as non-tender splenomegaly, with or 
without hepatomegaly, wasting and pallor of mucous membranes. A response is 
measurable during the course of VL disease with a negative delayed type reaction 
to Leishmania antigen (negative leishmanin skin test – LST). The antibody 
response does not correlate with protection and reflects the severe course of 
the disease.

Post kala-azar dermal leishmaniasis. This is a dermatosis that usually 
develops following treatment of VL with pentavalent antimonials and less 
frequently following treatment with other antileishmanial drugs. However, 
rarely post kala-azar dermal leishmaniasis (PKDL) can develop in patients with 
no history of VL. PKDL is more prevalent in areas endemic for VL caused by 
L. donovani; PKDL due to L. infantum is rare but has been reported among 
HIV/Leishmania coinfected patients in southern Europe who have been treated 
with antimonials. PKDL lesions range from papules and nodules to a nodulo-
papular rash that usually starts on the face and expands to other parts of the body. 
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Leishmania amastigotes are scanty in PKDL lesions. Histopathology sections 
of the dermis show various combinations of changes. The dermis is typically 
infiltrated by lymphocytes and macrophages but plasma cells are scanty or 
absent. Most cells are CD3 T cells, and there are many CD4 cells. Degenerating 
basal keratinocytes express HLA-DR, ICAM-1 and Leishmania antigen. Regional 
lymph nodes show hyperplasia of the B and T-cell zones. Hence the inflammatory 
reactions in PKDL lesions appear to be in response to Leishmania parasites and/
or antigens.

Old world cutaneous leishmaniasis. Cutaneous leishmaniasis (CL) 
caused by L. tropica develops as a single lesion, which starts as a nodule at 
the site of inoculation; a crust develops centrally and may fall away exposing 
an ulcer, which heals gradually. The lupoid form is a unique type of cutaneous 

Table 3
Leishmania parasites and host immune responses in different leishmaniasis clinical forms

Parasite species Clinical form Dominant immune response

Leishmania donovani VL
PKDL
ML
CL

TH1/TH2
TH1
TH1
Th1

Leishmania infantum VL
ML
CL
Lupoid

TH1/TH2
TH1
Th1
NA

Leishmania major CL
Sporotrichoid

TH1
NA

Leishmania tropica CL
MCL
Recidive

TH1
TH1
NA

Leishmania aethiopica DCL
MCL

TH2
TH1

Leishmania braziliensis LCL
MCL

TH1
NA

Leishmania amazonensis LCL
ADCL

TH1
TH2

NA = no available data
ADCL, anergic diffuse cutaneous leishmaniasis; CL, cutaneous leishmaniasis; DCL, diffuse cutaneous 
leishmaniasis; LCL, localized cutaneous leishmaniasis; MCL, mucocutaneous leishmaniasis; ML, mucosal 
leishmaniasis; PKDL, post-kala- azar dermal leishmaniasis; VL, visceral leishmaniasis.
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leishmaniasis characterized by unusual clinical features and a chronic relapsing 
course; in this clinical form, new papules and nodules appear at the margin of the 
remaining scar 1–2 years after healing of the acute lesion. Leishmania recidiva 
cutis (LRC) is characterized by recidivic lesions that occur at the border of old 
CL scars and differs from the lupoid form of the disease (75).

CL caused by L. major ranges from simple spontaneously healing ulcers 
to severely inflamed ulcers that heal in 4–6 months. The sporotrichoid form 
presents as painless subcutaneous nodules arranged in linear strings and develops 
after the primary lesion; the nodules may appear before or after treatment of 
CL with antimonials. Biopsies of the nodules show an inflammatory infiltrate 
composed of lymphocytes and histiocytes; the infiltrate is particularly dense and 
rich in plasmocytes at the deep dermis level, and scanty parasites are detected in 
deep biopsy samples. Outcomes are generally favourable after treatment.

L. aethiopica causes diffuse cutaneous lesions with extensive non-
ulcerative nodules and is a very chronic disease. It is sometimes followed by 
chronic lymphoedema of an affected part of the body. This clinical manifestation 
is poorly understood.

Mucocutaneous leishmaniasis and other forms of cutaneous 
leishmaniasis. The lesions of mucocutaneous leishmaniasis (MCL) in the New 
World range from localized cutaneous leishmaniasis (LCL) with a moderate 
T-cell hypersensitivity, to MCL or anergic diffuse cutaneous leishmaniasis 
(ADCL). MCL is mediated by strong T-cell hypersensitivity and is usually caused 
by L. (V.) braziliensis infection with induction of a prominent Th1‑immune 
response, while (ADCL) is caused by L. (L.) amazonensis with a marked 
Th2‑type immune response. MCL can present as an intermediary form known 
as borderline disseminated cutaneous leishmaniasis (BDCL). In BDCL, primary 
skin lesions range from 1–3 in number and have the aspect of an erythematous, 
infiltrated plaque, variously located on the head, arms or legs. Typically there is 
lymphatic dissemination of infection with lymph node enlargement and negative 
delayed hypersensitivity skin test (DTH) prior to treatment, that usually converts 
to positive DTH after treatment (76).

The major histopathological feature of BDCL is a dermal mononuclear 
infiltration, with a predominance of heavily parasitized and vacuolated 
macrophages, together with lymphocytes and plasma cells. For example, one 
patient with such histopathology had acquired the infection seven years previously 
and presented with very large numbers of disseminated cutaneous lesions. BDCL 
shows clinical and histopathological features that are different from those of both 
LCL and ADCL and there is a good prognosis for cure, which is generally not the 
case for frank ADCL.

Mucosal leishmaniasis. This form of leishmaniasis is more common in 
the Old World, where patients present with a primary persistent mucosal ulcer or 
growth in the oral and/or nasal mucosa. Mucosal leishmaniasis (ML) lesions do 
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not extend to the skin but are confined to the oral and nasal mucosa. L. donovani 
isolates from mucosal lesions segregate as a subgroup within the L. donovani 
complex. In patients, ML is associated with induction of intense TH1 immune 
response leading to severe inflammation of the affected tissues. The patients are 
reactive to Leishmania antigens and are positive to leishmanin skin test (LST).

Leishmania/HIV coinfections. Coinfection has emerged as a common 
and serious opportunistic disease. Coinfection is more prevalent among 
HIV patients in Mediterranean countries, Brazil, east Africa and the Indian 
subcontinent. The clinical course and organ involvement of VL are often atypical 
in HIV positive subjects. Leishmania/HIV coinfections show various clinical 
presentations, ranging from typical visceral forms to asymptomatic or atypical 
cases, including CL and MCL. HIV-infected patients have a lower frequency 
of splenomegaly than HIV-negative individuals (80.8% versus 97.4%; p = 0.02). 
HIV-infected patients, most of whom were profoundly immunosuppressed 
(mean CD4+ lymphocyte count, 90 cells/mm³) at the time of leishmaniasis 
diagnosis, were found to have a greater frequency and degree of leukopenia, 
lymphocytopenia, and thrombocytopenia (77).
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5. Diagnosis
Current diagnostic methods for trypanosomatid diseases are not satisfactory 
(Table 4). Diagnosis is based on demonstration of the parasites in tissue aspirates 
or blood, detection of antibody to the parasites, detection of parasite products 
in the blood or body secretions, or quantitative/qualitative detection of parasite 
DNA. Most of the diagnostic tests require invasive sampling and lack appropriate 
sensitivity and specificity. Because the diseases are endemic in communities living 
in remote areas deprived of effective health services, point-of-care diagnostics are 
very important.

5.1	 Chagas disease
The primary methods for diagnosing Chagas disease are serological, and the 
secondary tests are parasitological (6). Most Chagas cases are currently diagnosed 
during the chronic phase of the disease. Diagnostic tests for T. cruzi infection 
are used during epidemiological surveys, surveillance for vectorial transmission, 
blood screening, screening of pregnant women, and in individual patients, but 
the tests need to be improved (Table 5).

5.1.1	 Parasitological diagnosis
Although parasitaemia is generally present in the acute phase, the initial infection 
is seldom detected except in cases where acute symptoms are severe. In such 
cases, microscopic observation of fresh blood or stained blood smears can reveal 
parasites (6).

5.1.2	 Serology
Three types of conventional test based on detection of parasite-specific antibodies 
are widely used for immunodiagnosis: indirect haemaglutination (IHA), indirect 
immunofluorescence (IIF), and enzyme-linked immunosorbent assay (ELISA). 
The commercially available diagnostic tests employ crude antigenic T. cruzi 
preparations, semi-purified fractions, or recombinant antigens. Most of the 
tests have 94%–99.5% sensitivity and 94%–96% specificity (Table 4). Rapid 
chromatography tests with a mixture of recombinant antigens for screening for 
anti-T. cruzi antibodies in whole blood and serum, and in umbilical cord blood 
of infected mothers at the time of delivery, have been assessed in Latin American 
countries and variable results were obtained (78–80).

5.1.3	 Quantitative and qualitative detection of parasite DNA
Detection of parasite DNA by polymerase chain reaction (PCR) during the 
chronic phase of T. cruzi infection is less sensitive than serological tests (81). 
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Recently an accurate real-time PCR strategy for monitoring clinical reactivation 
and etiological treatment outcome in Chagas disease patients has been proposed 
(82). In addition, a multicentric study to standardize PCR methods for 
detection of T. cruzi DNA in blood samples from Chagas disease patients was 
carried out under the coordination of the Special Programme for Research and 
Training in Tropical Diseases (TDR-WHO) (83). Four methods depicted the 
best performing parameters and await validation through prospective studies in 
different settings.

5.1.4	 Diagnosis in newborns
Direct examination for blood parasites using the microhaematocrit concentration 
method (MH) in capillary tubes is recommended as a first procedure for 
diagnosis of congenital T. cruzi transmission. However, this method is not ideal, 
as samples must be collected in six to eight capillary tubes, each of which must 
then be examined for at least 20 minutes for accurate parasite detection. The MH 
has good sensitivity when performed by experts. Under routine conditions the 
sensitivity of detection is around 20% (84). An alternative diagnostic method is 
the Strout concentration method (so-called microstrout using Eppendorf tubes). 
This technique has demonstrated good sensitivity and specificity, but a major 
problem is reproducibility of the procedure since the ability to detect the parasite 
is operator-dependent. While parasite detection tests are difficult to perform 
routinely on a large-scale basis, conventional immunoglobulin G (IgG) serology 
may allow for the diagnosis of congenital infection in an infant after nine months 
of age, following the disappearance of maternal antibodies (85).

5.1.5	 Diagnosis of therapy efficacy and cure
Currently successful cure of Chagas disease is assessed by the disappearance 
of anti-T. cruzi antibodies (seroconversion), employing the above-mentioned 
serological tests, while therapeutic failure is assigned by parasite persistence. 
However, serological markers may take up to 5 years to disappear. Accordingly, 
positive serology does not mean active infection, whereas negative serology 
indicates cure. Parasitological tests have limited sensitivity (xenodiagnosis, 
30%–50%; PCR, 60%–90%); consequently a positive parasitological test means 
treatment failure, whereas a negative result does not indicate absence of parasites. 
Thus, a diagnostic technique for parasitological cure is urgently needed and 
necessary for the evaluation of new approaches to Chagas disease treatment. It 
is anticipated that the assessment of parasitological cure in patients with chronic 
disease, in whom parasitaemia is extremely low or undetectable, will be very 
challenging.
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5.1.6	 Diagnosis of drug resistant Chagas disease
Therapeutic failures of benznidazole and nifurtimox (see section 6) are 
documented in Chagas disease. Therapeutic success seems to depend on 
the interplay among drug susceptibility of T. cruzi strains, drug access and 
accumulation in different environments, and the host immune response. A test 
for screening of drug resistance of the infective strain is not available.

5.2	 Human African trypanosomiasis
The diagnostic techniques for human African trypanosomiasis (HAT) are 
discussed below in the context of large-scale population screening programmes 
for T. b. gambiense, in which serological screening tests were used followed by 
parasitological confirmation and staging. The serological tests used in this context 
are ineffective for T. b. rhodesiense and are not suitable for use in primary care 
centres because of their large kit format.

5.2.1	 Demonstration of parasite
No single parasitological technique is sensitive enough to confirm HAT diagnosis 
(Table 6). Hence, combinations of microscopic examination of lymph node 
aspirates, wet blood films, thick blood films and cerebrospinal fluid (CSF) are 
utilized. However, these complex confirmation algorithms have low overall 
sensitivities, in the range of 44.8%–75% (86, 87). More sensitive confirmation 
techniques, such as the capillary tube centrifugation (CTC) technique, miniature 
anion-exchange centrifugation technique (mAECT), and quantitative buffy coat 
(QBC) are now adopted by HAT control programmes. Addition of CTC and 
mAECT to the existing HAT algorithms has been shown to be a cost-effective 
option that can increase the sensitivity of confirmation to 91% (88).

5.2.2	 Serology
The card agglutination test for trypanosomiasis (CATT) (89) detects antibodies 
against T. b. gambiense in blood, plasma or serum samples with a sensitivity of 
68%–99.5% and a specificity of 83.5%–98.4%, depending on the geographic 
region. Limited experience is available using CATT on filter paper eluates. Up 
to 3 million CATT tests per year are now performed as a screening test by active 
case-finding programmes for HAT in central and West Africa. Other assays 
proposed for HAT screening are not in routine use mainly because they require 
sophisticated equipment. Since most HAT drugs are toxic it is necessary to 
confirm a positive CATT result by demonstration of the parasite; CATT with 
dilutions of plasma has been proposed as a confirmation test but has not yet been 
sufficiently validated (90).
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5.2.3	 Quantitative and qualitative detection of parasite DNA
Several PCR primers have been developed and recently a standardized 
commercial PCR kit format has been validated in a case-control design (91). 
As a global health initiative, the Foundation for Innovative New Diagnostics 
(FIND) has embarked on a large discovery and development programme for 
novel HAT diagnostic tests, making use of novel technologies such as loop-
mediated isothermal amplification (LAMP) (92), in an attempt to translate the 
technologies into user-friendly formats for endemic areas. Thus far no data on 
the clinical benefit of these novel diagnostic approaches are available.

5.2.4	 Staging of the disease
HAT treatment is stage-dependent, and the stage is determined by examining 
CSF for immune cell count, total protein concentration and the presence of 
trypanosomes (70). Protein concentration is not applied in the field because it 
is too complex and reagents are not stable under these conditions. In addition, 
methods to demonstrate the presence of trypanosomes in CSF are not sufficiently 
sensitive. Therefore, cell count of CSF is the most commonly used marker for 
staging. WHO recommends a CSF leukocyte count of ≤ 5 cells/µl (70) as a cut-
off point for first stage, although this is still debated. Development of a better 
and more user-friendly marker for staging was identified by a TDR expert group 
as number one priority in HAT diagnostics. The need for lumbar puncture is 
indeed one of the most important constraints to the uptake of HAT screening 
programmes.

5.3	 Leishmaniasis
Accurate diagnosis of human leishmaniasis remains a problem for clinicians and 
coordinators of control programmes (Table 7); the disease covers a spectrum of 
syndromes, as mentioned above, and each poses its own diagnostic challenges. 
The clinical features are diverse and depend on the infecting Leishmania species 
and the host immune response, and medical history is an important factor in 
diagnosis. Diagnosis is based on clinical presentation confirmed by conventional 
laboratory diagnosis, such as microscopic demonstration or culturing of 
Leishmania parasites from biopsies or aspirates from lesions, bone marrow, 
lymph node or spleen. Other diagnostic methods include serological tests and 
molecular detection of parasite DNA (93).

5.3.1	 Parasitological diagnosis
Demonstration of amastigotes in tissue samples from bone marrow, spleen and 
lymph nodes (for VL), from mucosal lesions (ML), skin lesions (PKDL) and skin 
ulcers (CL) is the reference standard for diagnosis. The method requires highly-
trained technicians, involves invasive sampling, and has variable sensitivity. 
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The reported sensitivity of direct microscopic examination for VL diagnosis 
using lymph node aspirates ranges from 52%–58%, and for bone marrow 
aspirates from 60%–85%. For spleen aspirates the sensitivity is high (93%–98%), 
however the procedure poses a high risk for life and cannot be performed in 
remote field settings (93). The sensitivity of parasitological diagnosis can be 
increased by culture of collected samples in Novy-MacNeal-Nicolle (NNN) 
media or inoculation in laboratory animals (93). Culturing of promastigotes 
from infected tissues in NNN agar or other suitable media has been considered 
a standard for Leishmania diagnosis. However, different Leishmania species 
show variable growth parameters and contamination is a constant hazard. 
Immunohistochemical assays have not been extensively validated and specific 
antibodies are not routinely available.

5.3.2	 Serology
Several serological tests (e.g. immunofluorescence, ELISA) have been evaluated 
in different endemic settings with variable results. All antibody tests share 
drawbacks: they remain positive for many months after cure and do not allow the 
discrimination of current from past infection.

Direct agglutination test. This test is the first antibody detection test for 
VL used in field settings. Whole, trypsinized, Coomassie-stained promastigotes 
are used, either as a suspension or in freeze-dried form, facilitating its use in 
the field (94). The direct agglutination test (DAT) is simple and shows high 
sensitivity (70%–100%), specificity (90%–100%) (95) and reproducibility. It is 
easy to perform and does not require specialized equipment; it can be carried 
out with plasma or serum. Anti-leishmania antibodies may persist for years as a 
result of previous VL infection, and titres measured by DAT may remain positive 
for up to 5 years after recovery in >50% VL patients. DAT has been widely used 
in epidemiology surveys and control programmes. DAT and the rK39 immuno-
chromatographic test (rK39 ICT) (see below) were found to have high sensitivity 
and specificity in a meta-analysis (96) and were recommended for clinical 
practice. On the other hand, DAT is not helpful in the detection of relapse in 
VL patients.

Enzyme-linked immunosorbent assay. This is mostly used for diagnosis 
of VL. Antigens commonly used in the ELISA are: crude soluble antigen (CSA) 
(obtained by freezing and thawing of live promastigotes), and a recombinant 
antigen (rk39) (a conserved portion of a kinesin-related protein). The sensitivity 
of CSA—ELISA is 80%–100%; however cross-reactions with sera from patients 
with trypanosomiasis, tuberculosis, and toxoplasmosis have been reported (94).

Rapid diagnostic tests. Prototypes of rapid diagnostic tests (RDTs) have 
been evaluated for diagnosis of VL in different endemic regions. The sensitivity 
and specificity of the tests vary according to the supplier and the geographic 
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region, but generally the rK39 antigen-based immunochromatographic test 
(rK39 ICT) performed extremely well on the Indian subcontinent and is now 
the recommended test in the VL elimination initiative. RDTs can provide a 
point-of-care method for diagnosis of VL in remote endemic villages. In a 
recent multicentre study coordinated by WHO/TDR, new rK39 ICT/RDTs were 
evaluated in endemic areas of the Indian subcontinent, East Africa and Brazil. 
The tests performed extremely well in the Indian region with sensitivity ranging 
from 92.8%–100% and specificity from 96%–100%. However lower sensitivities 
and specificities (61%–91%) were obtained with sera from East Africa and Brazil.

Leishmanin skin test. The leishmanin skin test (LST) is a marker of cellular 
immunity and is used for diagnosis of CL and mucocutaneous leishmaniasis 
(MCL); it is easy to use and highly sensitive and specific. LST is not used for VL 
diagnosis since patients only develop strong Leishmania-specific cell-mediated 
immunity several months after cure (97).

5.3.3	 Detection of parasite products
Only one test has so far been developed for detection of Leishmania antigens in 
urine. This latex agglutination test detects parasite antigens only in patients with 
active disease, and quickly turns negative after successful treatment. Regrettably, 
sensitivity of the test is very variable – 47%–87%, it requires boiled urine, and the 
read-out is quite subjective (98). New formats of the test are under development 
but no new data or publications are available (93).

5.3.4	 Quantitative and qualitative detection of parasite DNA
Several PCR primers have been used for amplification of parasite DNA in 
samples collected from tissues, blood and body secretions of VL and CL patients. 
Amplification of parasite kDNA, gp63, hsp70, ITS1, SSU ribosomal RNA and 
other sequences was evaluated for both diagnosis and typing of the parasites from 
collected samples (99, 100). In immunocompromised patients, PCR screening for 
Leishmania infection showed higher sensitivity than microscopical examination 
and blood culture (101). Sample collection, storage conditions and transportation 
are some of the challenges with PCR assays; and the clinical benefit of available 
tests has not yet been clearly demonstrated. For both VL and CL, PCR or other 
nucleic acid detection methods have been used but ~15% asymptomatic healthy 
individuals test positive in VL endemic regions. Simplification, standardization 
and field-friendly modifications are needed for meaningful application of PCR 
in leishmaniasis. Most of the work with CL patients needs extensive validation 
and reliability studies, and tests with prognostic value are needed. Overall, the 
prognostic value of quantitative PCR remains to be proved (102).
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6. Drugs and drug resistance
New, effective, safe and affordable drugs, preferably oral, are needed for all the 
trypanosomiases and leishmaniases. The drugs in current use for treatment of 
these diseases have well known problems of toxicity, efficacy, administration or 
length of treatment. Indeed, more than one new drug is needed for each so that 
combination therapy can be employed to avoid drug resistance and to provide 
back-up drugs when resistance emerges. There are few new drugs or treatments 
in clinical trials. Based on prior drug development experience, approximately 
120 development projects need to be supported to ensure one new drug for 
each of the trypanosomatid diseases. Research consortia have organized to 
provide the multidisciplinary requirements needed for drug development. 
However, resources are needed to enable the coordination of these researchers' 
activities and to incorporate the expertise of the for-profit drug development 
enterprises. Such activities have the ability to lead to the needed drugs. A recent 
G-FINDER report (103) highlighted the limited amount of funding available for 
research and development (R&D) for trypanosomatid diseases compared with 
malaria, tuberculosis (TB) and HIV/AIDS. A highly efficient and collaborative 
environment is required in order to optimize effort and the use of funding, 
engaging the academic community, public institutes and the pharmaceutical/
biotech sector in a unified effort.

The considerable advances made in identifying, validating and 
characterizing drug targets represent only one early step in the long and 
complex process of drug discovery and development. New libraries with novel 
pharmacophores together with improved screening technologies to identify 
hits have been brought into alignment. Appropriate models of infection to 
evaluate leads are also available and have been integrated into the process at 
several academic centres. Support from public-private partnerships such as 
the Drugs for Neglected Diseases Initiative (DNDi) and interaction with the 
pharmaceutical/biotech sector has also been established, bringing in expertise 
in lead optimization, toxicology and pharmacology. The issue of clinical trials 
capacity is being addressed in India, Africa and South America.

This is an opportune time for the discovery and development of new 
drugs for kinetoplastid pathogens (Table 8). The foundation laid by the genome 
sequencing projects has been used to elucidate gene and protein product 
functions and metabolic pathways to identify potential drug targets (104), and 
many targets have been prioritized for drug discovery (www.tdrtargets.org). 
Indeed, a large number of compounds, as well as drugs that have been approved 
for use in humans, have been used in whole cell screens against kinetoplastids. 
In addition, several efforts have been initiated to discover and develop new drugs 
using target, cell, or animal model system approaches (http://www.drugdiscovery.
dundee.ac.uk; http://www.cdipd.org/ [formerly known as the Sandler Center]; 



44

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s, 
N

o.
 9

75
, 2

01
2

Research Priorities for Chagas Disease, HAT and Leishmaniasis   Report of the TDR Disease Reference Group

Ta
bl

e 8
Dr

ug
 re

se
ar

ch
 p

rio
rit

ie
s f

or
 tr

yp
an

os
om

at
id

s (
Ch

ag
as

, h
um

an
 A

fri
ca

n 
tr

yp
an

os
om

ia
sis

, a
nd

 le
ish

m
an

ia
sis

)

Pr
io

ri
ty

Re
se

ar
ch

 m
et

ho
ds

Ex
pe

ct
ed

 o
ut

co
m

e
Ju

st
ifi

ca
tio

n
In

di
ca

to
rs

D
ev

el
op

 n
ew

 
th

er
ap

ie
s 

ba
se

d 
on

 c
ur

re
nt

 a
nt

i-
ki

ne
to

pl
as

tid
s.

Sc
re

en
 li

br
ar

ie
s 

of
 

co
m

po
un

ds
 fr

om
 th

e 
ph

ar
m

ac
eu

tic
al

 in
du

st
ry

 fo
r 

an
ti-

tr
yp

an
os

om
at

id
 a

ct
iv

ity
 

us
in

g 
in

 v
itr

o 
an

d 
an

im
al

 
m

od
el

s.

Se
ns

iti
vi

ty
 p

ro
fil

es
 

of
 e

ac
h 

of
 th

e 
tr

yp
an

os
om

at
id

s 
to

 
ac

tiv
e 

co
m

po
un

ds
.

Th
er

e 
ar

e 
en

or
m

ou
s 

re
so

ur
ce

s 
of

 
co

m
po

un
ds

 th
at

 h
av

e 
no

t b
ee

n 
ev

al
ua

te
d.

 

N
um

be
r o

f s
cr

ee
ne

d 
co

m
po

un
ds

 w
ith

 p
ro

ve
n 

an
ti-

tr
yp

an
os

om
at

id
 

ac
tiv

ity
.

D
ev

el
op

 n
ew

 
dr

ug
s 

w
ith

 a
nt

i-
tr

yp
an

os
om

at
id

 
ac

tiv
ity

.

D
et

er
m

in
e 

es
se

nt
ia

l 
m

et
ab

ol
ic

 p
at

hw
ay

s/
pr

ot
ei

ns
. 

D
es

ig
n 

sp
ec

ifi
c 

in
hi

bi
to

rs
 

ba
se

d 
on

 s
tr

uc
tu

re
-fu

nc
tio

n 
re

la
tio

ns
hi

ps
.

D
et

er
m

in
e 

ph
ar

m
ac

ok
in

et
ic

s 
of

 c
an

di
da

te
 d

ru
gs

 in
 a

ni
m

al
 

m
od

el
s.

Va
lid

at
ed

 d
ru

g 
ta

rg
et

s.
Co

nfi
rm

ed
 s

pe
ci

fic
 

in
hi

bi
to

rs
.

Th
er

e 
is

 n
ee

d 
to

 
de

ve
lo

p 
co

m
pl

et
el

y 
ne

w
 d

ru
gs

 ta
rg

et
in

g 
di

ve
rs

e 
pa

th
w

ay
s 

to
 p

re
ve

nt
 c

ro
ss

 
re

si
st

an
ce

.

N
um

be
r o

f v
al

id
at

ed
 

ta
rg

et
s.

N
um

be
r o

f s
pe

ci
fic

 
co

m
po

un
ds

 a
ga

in
st

 
va

lid
at

ed
 ta

rg
et

s.

A
 p

ip
el

in
e 

of
 c

om
po

un
ds

 
al

ig
ne

d 
fo

r d
ev

el
op

m
en

t.

co
nt

in
ue

s



Drugs and drug resistance

45

Pr
io

ri
ty

Re
se

ar
ch

 m
et

ho
ds

Ex
pe

ct
ed

 o
ut

co
m

e
Ju

st
ifi

ca
tio

n
In

di
ca

to
rs

Id
en

tif
y 

dr
ug

s 
to

 in
cl

ud
e 

in
 

co
m

bi
na

tio
n 

th
er

ap
y.

D
et

er
m

in
e 

dr
ug

 s
id

e-
eff

ec
ts

 
to

 a
vo

id
 a

dd
iti

ve
 to

xi
ci

ty
.

In
ve

st
ig

at
e 

sy
ne

rg
y 

of
 

se
le

ct
ed

 c
om

po
un

ds
 in

 
an

im
al

 m
od

el
s.

D
et

er
m

in
e 

th
e 

m
ec

ha
ni

sm
s 

of
 re

si
st

an
ce

 to
 th

e 
co

m
po

un
ds

 u
si

ng
 la

bo
ra

to
ry

 
ge

ne
ra

te
d 

re
si

st
an

t c
el

l l
in

es
.

Co
m

bi
na

tio
ns

 w
ith

 
m

in
im

al
 s

id
e-

eff
ec

ts
 a

nd
 

m
ax

im
um

 e
ffi

ca
cy

 a
t l

ow
 

do
se

s 
id

en
tifi

ed
.

D
ru

gs
 a

ffe
ct

in
g 

di
ffe

re
nt

 
pa

th
w

ay
s 

or
 w

ith
 

di
ffe

re
nt

 m
ec

ha
ni

sm
s 

of
 

re
si

st
an

ce
 s

el
ec

te
d 

fo
r 

co
m

bi
na

tio
n.

Co
m

bi
na

tio
ns

 s
ho

ul
d 

be
 ra

tio
na

lly
 d

es
ig

ne
d 

fo
r c

os
t e

ffe
ct

iv
en

es
s 

(lo
w

 d
ru

g 
do

se
s 

ap
pl

ie
d)

 a
nd

 to
 d

el
ay

 
re

si
st

an
ce

 (d
iff

er
en

t 
re

si
st

an
ce

 m
ec

ha
ni

sm
s 

or
 d

ru
g 

ta
rg

et
s)

 
an

d 
pr

ov
id

e 
fo

r H
IV

 
co

in
fe

ct
ed

 p
at

ie
nt

s.

N
um

be
r o

f s
af

et
y/

to
xi

ci
ty

 p
ro

fil
es

 o
f a

ct
iv

e 
co

m
po

un
ds

.

N
um

be
r o

f c
om

bi
na

tio
ns

 
pa

ss
in

g 
th

e 
pr

oo
f o

f 
pr

in
ci

pl
e.

D
ev

el
op

 
di

ag
no

st
ic

 
te

st
s 

fo
r d

ru
g 

re
si

st
an

ce
.

D
et

er
m

in
e 

m
ec

ha
ni

sm
s 

of
 

re
si

st
an

ce
.

G
en

om
ic

 c
om

pa
ris

on
 o

f 
se

ns
iti

ve
 a

nd
 re

si
st

an
t c

el
l 

lin
es

.

Ex
pl

oi
t d

iff
er

en
ce

s 
to

 d
es

ig
n 

al
le

le
 s

pe
ci

fic
 te

st
s.

M
ec

ha
ni

sm
s 

an
d 

ge
ne

s/
pr

ot
ei

ns
 in

vo
lv

ed
 in

 
re

si
st

an
ce

 id
en

tifi
ed

.

G
en

et
ic

 m
ar

ke
rs

 fo
r 

re
si

st
an

ce
 id

en
tifi

ed
.

Ro
ut

in
e 

su
rv

ei
lla

nc
e 

fo
r v

al
id

at
ed

 re
si

st
an

ce
 

m
ar

ke
rs

 s
ho

ul
d 

dr
iv

e 
tr

ea
tm

en
t p

ol
ic

ie
s 

in
 

en
de

m
ic

 c
ou

nt
rie

s.

N
um

be
r o

f p
ub

lis
he

d 
re

si
st

an
ce

 m
ar

ke
rs

.

Ta
bl

e 8
 co

nt
in

ue
d



46

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s, 
N

o.
 9

75
, 2

01
2

Research Priorities for Chagas Disease, HAT and Leishmaniasis   Report of the TDR Disease Reference Group

http://www.griffith.edu.au/science/eskitis-institute-cell-molecular-therapies; 
http://www.gnf.org; http://www.gsk.com/research/developing-world/index.htm; 
http//www.iowh.org). Furthermore, consortia (e.g. the Consortium for Parasitic 
Drug Development, and the Trypanosome Drug Discovery Consortium), public–
private partnerships and funding entities (http://www.dndi.org; http://www.
gatesfoundation.org) have arisen to stimulate and support these efforts. But while 
it is encouraging that the span and complexity of drug discovery and development 
have been addressed collectively by the kinetoplastid R&D community, capacity 
is heavily biased toward the discovery end of the spectrum. There is insufficient 
capacity in several areas including the broad area of medicinal chemistry that 
spans aspects of drug development from compound synthesis and modification, 
structure/activity relationships, and toxicology, to pharmacokinetics, and 
absorption, distribution, metabolism and excretion (ADME). Preclinical testing 
capacity and clinical capabilities are quite limited.

The kinetoplastid genomes encode over 8000 different proteins of which 
more than 6000 are orthologs and similar among all three species. This similarity 
and the occurrence of orthologous genes in clusters in the same order (i.e. 
synteny) and on the same DNA strand reflect the fundamental similarity among 
the pathogens. It remains to be seen if this similarity can be exploited for the 
development of similar drugs for orthologous proteins. The organization of genes 
in clusters on the same DNA strand that are apparently transcribed from a single 
promoter reflects unusual transcription and RNA processing features. The cells 
have a minimal transcription initiation apparatus but polyadenylate and add 
a capped spliced leader to adjacent transcripts in a coordinated fashion. These 
unusual features may be exploitable for drug discovery.

The genome organization of each kinetoplastid mirrors characteristics 
of its life style. Leishmania has the fewest genes and the simplest genomic 
organization. However, it has the ability to amplify genomic regions and also has 
unique genes which, for example, provide for the synthesis of complex surface 
glycoconjugates which may enhance its survival in the phagolysosomes of host 
macrophages. Leishmania may also contain genes that affect the host immune 
response to the leishmanial infection, and enhance the parasite's survival in the 
insect vector. T. brucei sub-species genomes contain numerous subtelomeric and 
minichromosomal variant surface glycoprotein (VSG) genes and pseudogenes, 
enabling this extracellular parasite to evade the host immune response via 
antigenic variation that employs processes involving recombination and control 
of subtelomeric gene transcription. The T. cruzi genome contains large tandemly 
repeated clusters of trans-sialidase, mucin, and MASP gene families (105). These 
surface proteins are expressed in the mammalian life-cycle stages and may have 
roles in immune evasion or adaptation to the intracellular environment. The 
characteristic features of each pathogen may provide systems that can be targeted 
for drug development, e.g. Leishmania systems that affect macrophage function, 
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T. brucei systems for recombination and telomeric gene transcription, and T. cruzi 
systems that control expression of surface proteins. The three trypanosomatids 
have many similar metabolic processes but also have distinct pathways that 
perhaps reflect processes specific to their functions in the hosts or vectors and 
which may be exploitable for drug development (106, 107).

New potential drug targets have already emerged from genome analyses 
as well as phenotypic screens. In an ideal world, these would be common to 
all three disease pathogens, sufficiently different from the mammalian host 
or unique to the parasite, and certainly essential for growth or survival of the 
parasite during the mammalian stages of its life-cycle. Some candidates are to be 
found in the biosynthetic pathways for fatty acids, glycosylphosphatidylinositol 
anchors, ergosterol and isoprenoid, as well as folate/pterin and trypanothione 
metabolism. Other promising areas for intervention include protein farnesyl 
transferases, cysteine proteases, N-myristoyltransferase, tubulin biosynthesis, 
S-adenosylmethionine and polyamine metabolism, purine salvage, protein 
kinases, DNA topoisomerases, and RNA editing enzymes (107). Identification 
and characterization of molecular targets is merely a first step. Targets need to 
be validated as essential for parasite growth or survival, using gene knockout or 
knockdown technologies, and/or using highly specific small molecule inhibitors. 
Current estimates suggest that about 8%–12% of genes in mammalian, insect, 
helminth, and fungal genomes are druggable, i.e. able to bind drug-like small 
molecules. Validating as druggable approximately 800 genes per parasite is 
a formidable but feasible challenge, even if other targets and pathogenesis 
determinants are discovered in the approximately 50% of hypothetical proteins 
in these genomes. However, since drug discovery and development is a risky and 
expensive undertaking, genetically and/or chemically validated targets also need 
to be rigorously assessed for chances of success by ranking against additional 
criteria such as druggability, assay feasibility, toxicity, and potential for the 
emergence of drug resistance.

6.1	 Current treatment and development of new drugs
6.1.1	 Chagas disease
The goal of a specific treatment against T. cruzi infection is to eliminate the 
parasite from the infected individual and, accordingly, to decrease the probability 
of developing symptomatic Chagas disease, and hinder parasite transmission. 
The two registered drugs for Chagas disease treatment were introduced in the 
1960's (nifurtimox, Bayer) and 1970's (benznidazole, Roche). Various clinical 
studies have shown that both drugs are effective in newborns (up to 99% cure) 
and in the acute phase (up to 80% cure, defined as seroconversion and negative 
parasitaemia). The major limitation for these compounds when used during the 
chronic phase is the unsatisfactory ways to assess cure. Positive parasitological 
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tests are verified in ~20% of treated patients but, as mentioned in section 5.1.5 
above, a negative result does not indicate the absence of parasites. On the other 
hand, the serology can remain reactive in patients for several years after treatment, 
even in those who are cured (108).

Nifurtimox and benznidazole require prolonged treatment (60 days) and 
have frequent side-effects that can lead to discontinuation of treatment. In 
addition, both drugs are genotoxic, which precludes treatment during pregnancy. 
Interestingly, high tolerance to nifurtimox and benznidazole is verified in infants 
born with congenital infection and chemotherapy is recommended (109). It 
has been suggested that a significant reduction in parasite burden may slow or 
prevent disease progression. In this direction, the BENEFIT project (Benznidazole 
Evaluation for Interrupting Trypanosomiasis) is an international, multicentre, 
double-blind, placebo-controlled trial being undertaken to test the hypothesis 
that benznidazole therapy is beneficial for patients with chronic Chagas heart 
disease (110).

Available data indicate that success in treatment reflects: the phase of 
infection in which treatment is administered, the age of the patient at the time he/
she receives the treatment, and the region where the patient was infected. In fact, 
there are regional differences in the decline of antibody levels in treated patients, 
with reductions apparently occurring more rapidly in the northern region 
of South America and Central America than in the Southern Cone of South 
America or in the USA (80), probably due to differences in drug susceptibility 
among T. cruzi strains (111).

There are many basic limitations in the management of infected 
patients, including: low drug coverage of those already infected; limitations in 
demonstrating the efficacy of drugs in adult chronic patients, which is when first 
contact is made with most infected patients; lack of a proper diagnostic test for 
infants born to infected mothers; lack of a diagnostic test for treatment follow-up 
and cure.

Overall, the priorities in Chagas disease research should be to produce 
new drugs that provide a shorter treatment course with fewer side-effects, and 
to devise paediatric formulations. Among the most promising approaches are 
ergosterol biosynthesis inhibitors, such as posaconazole and ravuconazole; 
inhibitors of cruzipain, the main cysteine protease of T. cruzi; bisphosphonates, 
that inhibit the parasite's farnesyl-pyrophosphate synthase; and inhibitors of 
trypanothione synthesis (112). Two proof-of-concept phase II clinical studies 
with posaconazole for the specific treatment of Chagas disease are currently 
under way: the first was launched in October 2010 at the Vall d'Hebron Hospital 
in Barcelona, Spain (http://clinicaltrials.gov/ct2/show/NCT01162967?term=posa
conazole,+Chagas+disease&rank=1), and patients began to be recruited into the 
second trial, sponsored by Merck & Co. (http://clinicaltrials.gov/ct2/show/NCT
01377480?term=Chagas&rank=1), in July 2011 in Argentina. Also, the Drugs for 
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Neglected Diseases Initiative (DNDi) and Eisai Co. are partnering in a phase II 
trial of a pro-drug of ravuconazole (E1224), which began in Bolivia in July 2011 
(http://clinicaltrials.gov/ct2/show/NCT01489228?term=Chagas&rank=6).

The vinyl sulphone K777 inhibitor of cruzipain is in pre-clinical 
development. 

The pharmacokinetics of a new paediatric formulation of benznidazole 
are under evaluation for elimination of infection in newborns, and in children 
with recent chronic infection. Combinations of existing and new drugs are 
recommended to avoid drug resistance. Associations of compounds with different 
mechanisms of action have been mentioned as another way to look for new 
treatment alternatives.

While treatment of patients is still far from ideal, it would be valuable 
if international consensus could be reached on: who should be treated with the 
available drugs, the drug regimen, and how patients can be provided with access 
to the drugs and supportive treatment.

6.1.2	 Human African trypanosomiasis
Human African trypanosomiasis (HAT) control is hindered because only a 
handful of drugs are available, all of which have significant drawbacks including 
parenteral administration, logistical difficulties in supply, and unacceptable 
toxicity. Resistance is the inevitable outcome of persistent use of the same 
compounds for decades without new ones coming onto the market. Only few 
drugs, melarsoprol, nifurtimox and eflornithine, are efficacious against central 
nervous system (CNS)-involved stage 2 disease, and this is only applicable to 
T. b. gambiense infections. There have been approaches to improve the use of 
currently registered drugs, including a shortened 10-day course (rather than 
21–35 days) of melarsoprol that followed pharmacokinetic studies and a 
clinical trial with a 3-day course of pentamidine. The orally available prodrug 
parfuramidine that was in clinical trials for 1st stage disease encountered issues 
of toxicity. Other diamidines have been shown to be active in CNS models 
of infection and one of them, CPD-0801, is in pre-clinical development. 
Trypanosomes are highly sensitive to selected nitroheterocyclic compounds and 
one, fexinidazole, is undergoing clinical trials (phase I evaluation) with DNDi 
and Sanofi-Aventis following promising results in the stage 2 mouse model of 
African trypanosomiasis. Representatives of the oxaborole class pursued by 
DNDi with Scynexis and Anacor, which show activity in the mouse model for 
stage 2 disease, are also advancing through preclinical studies. There are few other 
pharmacophores in development. Thus there is need to identify new molecules 
with trypanocidal activity, with those that can penetrate the blood brain barrier 
being the candidates of choice.
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Also of importance is the identification of compounds to be included in 
combination therapy. Rationally designed combinations of existing drugs should 
be the short-term solution while discovery of new drugs is pursued. Nifurtimox-
eflornithine combination therapy (NECT) (113) has been successful in reducing 
the course of treatment for 2nd stage disease. It needs to be advanced and 
implemented in order to delay resistance that would emerge from eflornithine 
monotherapy. Conclusive results from phase III evaluation have led to inclusion, 
in the WHO essential drug list, of nifurtimox in combination with eflornithine 
to treat HAT.

Drug resistance (treatment failure), especially after melarsoprol treatment, 
has been reported in The Democratic Republic of the Congo, Sudan, Uganda and 
Angola. Mutant P2 adenosine transporter is one marker for melarsoprol resistance 
and an aquaglyceroporin (AQP2) has recently emerged as a second. Certain 
mutations in the TbAT1 gene that encode the P2 transporter have been diagnosed 
by polymerase chain reaction/restriction fragment length polymorphism (PCR-
RFLP) (114, 115) or allele-specific PCR (116). The tests have primarily been on 
trypanosome isolates from Uganda. Hence, trypanosome populations from other 
foci need to be examined to further assess whether they are reliable indicators of 
resistance and if this is the reason for treatment failures in many regions (117). 
The urgent need in this area is to carry out more studies on the mechanisms 
of resistance to the different drugs in current use so that appropriate diagnostic 
tests for resistance can be developed. The accruing gains from such studies would 
be valuable. For example, cross resistance between nifurtimox and fexinidazole 
has already been demonstrated in the laboratory (118). This clearly points to 
the risk that selection of resistance to the former, which is already under use 
for HAT albeit in combination, could lead to cross resistance to the new drug, 
even before it reaches the patient! This observation also suggests that different 
classes of compounds from those already in use should be considered in drug 
development. This will obviously provide more choices for treatment, in addition 
to informing the design for combination therapy.

6.1.3	 Leishmaniasis
A limited number of drugs are available for the treatment of leishmaniasis and 
these face challenges including development of drug resistance, limited efficacy 
for different strains and species, and cost.

For VL, pentavalent antimonials have been the drug of choice for several 
decades, and lipid amphotericin B formulations have also proved effective. A 
liposomal formulation, AmBisome, has become a standard with the potential for 
single-dose treatment and for forming the backbone in combination therapy, but 
currently there are cost issues (123). Suitable treatment alternatives are provided 
by miltefosine, the first oral anti-leishmanial to undergo Phase IV clinical trials, 
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and a parenteral formulation of paromomycin; more importantly, these two 
drugs are partners for combination therapy (sequential or concomitant co-
administration). There is only one drug in development for visceral leishmaniasis, 
the oral 8-aminoquinoline sitamaquine, which in clinical trials has proved 
adequate but probably insufficient for monotherapy. Other lead compounds are 
in the drug development pipeline with public–private partnerships, academia 
and industry.

There has been limited progress in the treatment of post kala-azar dermal 
leishmaniasis (PKDL) with known drugs and vaccine plus antimonial drug 
in Sudan, but treatment for visceral Leishmania-HIV coinfections remains a 
considerable problem.

In comparison to visceral leishmaniasis (VL) there are limited verified 
treatment options for cutaneous leishmaniasis (CL), in which the response to 
treatment with pentavalent antimonials is unpredictable. Various drugs such as 
pentamidine, fluconazole, azithromycin, itraconazole have been used as systemic 
therapy for cutaneous, mucocutaneous, diffuse cutaneous and post kala azar 
dermal leishmaniasis, and heat therapy, cryotherapy, and intralesional antimony 
drugs have been used for cutaneous forms of the disease. Lack of well controlled 
randomised clinical trials for various forms of tegumentary disease is a major 
gap in formulating guidelines for these diseases (121, 122). The potential of 
immunomodulators as adjunct therapy remains to be fully exploited.

Pentavalent antimonials and drug resistance. In most parts of the world, 
98%–99% of previously untreated visceral leishmaniasis patients respond well 
to pentavalent antimonials. However, these drugs are almost obsolete in parts 
of India due to drug resistance; the endemic region of visceral leishmaniasis in 
North Bihar is the only region in the world where widespread primary failure 
to pentavalent antimonials has been reported (119, 120). In India, two studies 
carried out under strictly supervised treatment schedules in the 1990s found that 
only about one third of patients could be cured with the prevailing regimen. The 
incidence of primary unresponsiveness was 52%, and 8% of patients relapsed. 
Over the same period, only 2% of patients from the neighbouring state of 
(eastern) Uttar Pradesh failed treatment. Thus, it was reconfirmed that a high 
level of unresponsiveness to pentavalent antimonials exists in Bihar, although 
the drug continues to be effective in other areas. There are reports of antimony 
resistance spreading to the Terai regions of Nepal, especially from the adjoining 
hyperendemic areas of Bihar where up to 30% of patients seem to be unresponsive, 
while further east, a 90% cure rate has been reported. The unresponsiveness 
has been confirmed in in vitro and animal studies but no markers that reliably 
correlate to resistance have yet been identified (119). Due to the anthroponotic 
nature of transmission on the Indian subcontinent, other anti-leishmanial drugs 
are likely to meet a fate similar to that of the pentavalent antimonials. Thus, there 
is an urgent need to find ways to protect these drugs before they lose their utility.
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Pentavalent antimonials have proved inconsistent in their effectiveness 
across the different Leishmania species, and the response in CL patients is not as 
predictable as in VL patients. There is considerable variation in sensitivity among 
primary isolates from untreated CL patients, but this correlates with the patient's 
response to treatment. Primary resistance is quite uncommon but resistance 
develops in relapsing VL, CL or mucocutaneous leishmaniasis (MCL) patients. 
The chances of responding to further courses of antimonials diminish once a 
patient relapses after initial pentavalent antimonial treatment.

Amphotericin B. Virtually all of the reported experience with conventional 
amphotericin B deoxycholate treatment in visceral leishmaniasis has been derived 
from India. Patients must be hospitalized for >4 weeks. In addition, amphotericin B 
infusion leads to severe reactions, and occasionally, to severe toxicity such as 
myocarditis, anaphylaxis, hypokalaemia and azotemia (120). Although several 
lipid formulations of amphotericin B are available, and all have been tested in 
leishmaniasis, liposomal amphotericin B (AmBisome) has the best safety profile. 
Large bolus doses can be safely given thus reducing the duration of treatment 
drastically, making it possible to treat several times as many patients over the 
same time period. With the drug now available at 10% of its original cost, the 
focus should shift towards using this drug in all endemic regions (120).

Miltefosine. The entry of miltefosine into the therapeutic armamentarium 
of leishmaniasis is considered a landmark event, it being the first orally effective 
antileishmanial agent identified. However, miltefosine has limitations including 
gastrointestinal disturbances, hepatic and renal toxicity. Fortunately, these 
symptoms are reversible and are not a major cause for concern. As miltefosine 
is teratogenic it is contraindicated in pregnancy and for women of child-bearing 
age who are not observing contraception, and thus in practice cannot be used 
in any woman of child-bearing potential. A potential problem is the prolonged 
half-life of miltefosine (150–200 hr.); this raises concerns for the emergence of 
resistance, which arises easily in the laboratory.

Miltefosine cures ~90% patients with visceral leishmaniasis but is not very 
effective in HIV coinfected patients. In Ethiopia, cure rates were inferior to those 
with pentavalent antimonials, although the drug is safer. In CL, the response to 
oral miltefosine is variable, and effectiveness depends on the species. In Colombia, 
miltefosine cured > 90% of CL patients but not in Guatemala (53%). In Bolivia, 
cure rates were ~90% and comparable to pentavalent antimonials, while cure 
rates in MCL were 58%–83%. The drug has also been used in diffuse cutaneous 
leishmaniasis, but after initially responding, all patients relapsed (120).

Paromomycin. this drug was developed in the 1960s as an anti-leishmanial 
agent but remained neglected until the 1980s, when topical formulations 
containing paromomycin (15%) plus methylbenzethonium chloride (12%) were 
found to be effective in cutaneous leishmaniasis and a parenteral formulation for 
visceral leishmaniasis was also developed. Unfortunately the clinical development 
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of paromomycin came to a halt for several years while production stopped, before 
a pivotal phase III trial could be undertaken to register this drug for visceral 
leishmaniasis. The drug's efficacy (94.6%) is comparable to that of miltefosine, 
and the tolerability is excellent. The drug is likely to cost US$ 10–20 for one adult 
treatment course, and thus should be considered as the cheapest antileishmanial 
drug. Ensuring 21 days of intramuscular injections in rural settings is the major 
challenge with this molecule (120).

In CL, paromomycin in various topical formulations has variable efficacy, 
and clinical trials are ongoing to identify more effective and less irritant topical 
creams and gels.

Drug combinations. Combinations of current drugs are currently under 
consideration. Enhanced overall efficacy and/or reduced treatment duration are 
major benefits. Other potential advantages of two-drug chemotherapy in kala 
azar include: (a) less toxicity from the use of lower drug doses and/or shorter 
treatment courses; (b) convenience, better compliance and lower costs than with 
more lengthy treatment; and (c) possible reduction in likelihood of resistance 
developing to either agent (123).
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7. Vaccines against Chagas disease, human 
African trypanosomiasis and leishmaniasis

7.1	 Overview
The three diseases are considerably different from the perspective of vaccine 
development. The differences relate to host–pathogen interactions, especially 
in the target tissue and means used by the pathogen to evade the host immune 
response. The initial acute phase infection by T. cruzi is brought under control 
by the host immune response, except in a small fraction of cases. A multi-year, 
perhaps lifelong, chronic phase with low parasite load follows during which 
cardiac and digestive pathology can develop. African trypanosomes proliferate 
rapidly extracellularly in the blood stream and lymphatics to very high levels 
until the initial immune response eliminates most of the parasites. Months to 
years of waves of parasite population expansion and near elimination by the 
immune system ensue as parasite antigenic variation results in immune evasion. 
The parasites invade the central nervous system during this second phase and 
severe and deadly pathogenesis develops. Leishmania infect and proliferate in 
host macrophages and chronic infections develop that generally remain under 
immunological control. The infections range from asymptomatic to lethal 
depending on the parasite species and host and other factors. Infected macrophages 
may be restricted to the skin and result in cutaneous disease or may accumulate in 
the liver and spleen resulting in lethal visceral disease. Thus these three diseases 
present different considerations for the development of prophylactic, therapeutic 
or transmission-blocking vaccines. Host interactions suggest different potential 
immune protection mechanisms. In addition, there is biodiversity within each 
disease group, especially Leishmania, which needs to be considered relative to 
cross protection between strains and species for each disease.

7.2	 Chagas disease
T. cruzi infection is a lifelong infection controlled by a battery of host immune 
responses. Life-threatening disease in the early stages of the infection is relatively 
rare, except in cases of high-dose infections, or in the immunocompromised 
patient. A more frequent, although not universal, complication is chronic phase 
disease that emerges many years after the initial infection. Vaccine development 
efforts have been targeted primarily on the prevention of infection and acute-
phase disease and to a lesser extent on the amelioration of disease. For decades, 
the idea of a vaccine for Chagas disease was not even contemplated for fear that 
enhancement of anti-T. cruzi immunity by vaccination would only exacerbate the 
immunopathology that appears to be responsible for clinical disease. With the 
realization that tissue damage in Chagas disease is tightly linked to the tenacious 
persistence of T. cruzi in tissues rather than to an over-exuberant immune 
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response to self antigens (124), the prospects for potentially using vaccines in 
Chagas disease improved. This potential has been further buoyed by great strides 
in understanding the immune effector mechanisms responsible for control of 
infection, as well as discovery of the targets of some of these responses (125).

Naturally induced immunity to T. cruzi generally limits parasite load to 
very low, almost undetectable, levels in the vast majority of individuals but rarely 
results in sterile (parasite-free) cure. Several T. cruzi antigens have been tested 
as prophylactic vaccines in experimental models, but none of them proved to 
induce the sterile immunity that fully protects animals from becoming infected 
when challenged with virulent parasite strains. Some vaccines resulted in a milder 
acute phase disease (126).

The longer-term effects of this enhanced control of the acute infection on 
subsequent chronic phase disease have not been critically evaluated. For example, 
does better control of the acute infection translate into less disease despite parasite 
persistence? This is a crucial question, as deploying a prophylactic vaccine 
that does not protect from infection, but may or may not protect from disease 
development, would be highly controversial and almost entirely pointless.

The current understanding of immune responses to T. cruzi does not 
suggest a clear path for the development of more effective prophylactic vaccines 
for humans. Protection from reinfection is not evident in hosts with ongoing 
infections or in those cured of infection by drug treatment (127). This result 
may in part be due to the fact that immune responses are largely focused on 
antigens encoded by large gene families that are variable within and between 
T. cruzi isolates. The high potential for variation in these immune targets does 
not make them ideal candidates as vaccines (128). Thus, improving upon the 
relative protection achieved in the natural infection may require retargeting of 
immune response to less variant members of these gene families or to other non-
variant antigens.

An alternative application of a vaccine for Chagas disease would be as a 
therapeutic for the treatment of already infected individuals who do not appear to 
be making appropriate and effective immune responses (129). Notably the majority 
of people infected with T. cruzi live a full, largely symptom-free life, despite being 
persistently infected. Using therapeutic vaccines to boost disease protective 
responses could be an alternative or adjunct to the current chemotherapeutics.

Even more practical and achievable in a short timeframe would be a 
vaccine protocol that could be used to reduce transmission of T. cruzi to humans. 
While eradication of T. cruzi appears unrealistic, its transmission to humans 
could be significantly curtailed by reducing the interaction of humans with 
infected insects. The highly successful Southern Cone initiative validates one 
method to do this (130). It has been shown that most infections are from bugs 
that inhabit houses and occur via the preferred feeding of the insects on infected 
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companion animals, primarily dogs (131, 132); insects infected in this way then 
transmit T. cruzi to humans in the household. A vaccine for dogs and other 
companion or livestock animals that eliminated or reduced the infectiousness of 
these animals for triatomine insects could dramatically reduce human infections 
in many areas. Such a vaccine could be based upon live, genetically attenuated 
parasites or subunit vaccines and would be reasonably easily developed and 
tested for efficacy. A live vaccine could be delivered orally aiding its distribution 
to larger groups of animals and might not need to be 100% effective in preventing 
infection since reducing the level of infectiousness of dogs for insects could 
impact transmission.

In addition to issues of how to develop an effective vaccine for Chagas 
disease, a number of other considerations and hurdles must be addressed before 
the testing and implementation of a vaccine is practical. These include:

■■ Testing of a human vaccine. Highly effective prevention of 
transmission of T. cruzi via vector control is achievable (130, 133) but 
is laborious, expensive, and will induce insecticide resistance in vector 
populations. The ability to almost completely prevent transmission 
using vector control methods presents a challenge to vaccine testing. 
Placing vaccinated subjects in a setting without vector control and 
thus where transmission occurs is ethically questionable. 

■■ Demonstration of efficacy. Diagnostics for T. cruzi infection 
are currently inadequate as they fail to detect the infection in 
an undetermined number of subjects. In addition, dependable 
methodologies for routine early detection of infection, a necessary 
prerequisite for vaccine trials, have yet to be proven. Transmission of 
T. cruzi from vector to humans is particularly inefficient. People can 
live in houses infested with T. cruzi-infected insects for decades and 
not become infected. Therefore a straightforward vaccine trial would 
likely require a large number of volunteers and several years of follow-
up in order to provide statistically valid results.

■■ Integration with other control mechanisms. The development of 
vaccines for T. cruzi should be part of an integrated effort since they 
are not likely to be a panacea that makes all other efforts moot. Better 
diagnostic tools are required in order to accurately estimate the size of 
the problem and assess the effectiveness of various interventions.

In summary, development of a prophylactic or therapeutic human 
vaccine for T. cruzi infection may be feasible but may not necessarily be testable 
or practical to implement. Before substantial efforts to develop such a vaccine are 
undertaken, serious examination needs to be made of the ethical and practical 
issues involved. The time is ripe for the development of integrated vector and 
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transmission control methods that incorporate multiple strategies including 
insecticide use, surveillance (of insect, animal and human hosts), drug treatment 
of infected hosts, and vaccines for companion and livestock animals.

7.3	 Human African trypanosomiasis
The prospects for a human African trypanosomiasis (HAT) vaccine are bleak 
due to the parasite's immune evasion process, which is based on its capacity for 
extensive antigenic variation. Any HAT vaccine is likely to be antibody mediated 
given that this parasite is exclusively extracellular. Infection results in a strong 
and effective immune response in which antibodies are directed at the variable 
surface glycoprotein (VSG) that covers the entire parasite. However, the infection 
persists because a very small fraction of the parasites switch their antigenic type 
by changing the VSG they produce and with which they coat the entire cell. The 
parasites have the capacity for very extensive antigenic variation and are able 
to generate numerous immunologically distinct antigenic types. A substantial 
portion of the parasite genome and multiple processes are devoted to this 
variation. The genome contains hundreds of VSG gene sequences and multiple 
specific telomeric sites where they are expressed one at a time. Processes including 
complete and partial replacement, simple and complex gene recombination, and 
switching transcription among telomeric expression sites combine to enable the 
switching among perhaps thousands of immunologically distinct VSGs (134).

A vaccine that blocks initial infection is conceivable since the repertoire 
of surface antigens produced by the metacyclic parasites that are transmitted 
by the tsetse fly is much more limited than the repertoire of the bloodstream 
forms (135). Immunization of cattle by infection via tsetse flies followed by 
trypanocidal drug treatment protected the cattle for as long as five months 
from infection by homologous but unfortunately not heterologous strains (136). 
Thus the feasibility of a metacyclic vaccine depends on the diversity of strain 
and population specific metacyclic antigen repertoires. There is no compelling 
evidence of protective immune responses against non-variant proteins although 
this cannot be entirely excluded. There have been studies implying that flagellar 
pocket associated proteins may confer protection but these have not been studied 
in detail. The process of entry into the central nervous system (CNS) and the 
subsequent pathogenesis of this debilitating and lethal second-stage disease are 
poorly understood. Studies of these critical aspects of the disease might identify 
targets for vaccine development that would prevent CNS entry or pathogenesis. 
A transmission-blocking vaccine that would prevent establishment of the parasite 
in the tsetse vector is also conceivable. In fact, cattle reservoirs of the disease could 
be useful in developing and deploying such a vaccine, that would protect others 
rather than the vaccinee. Nevertheless, overall the development of a conventional 
vaccine against HAT is unlikely in the foreseeable future.
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7.4	 Leishmaniasis
Cutaneous leishmaniasis (CL) is a disease for which the development of a 
prophylactic vaccine would seem to be justified, based on the strong naturally 
acquired resistance that develops following a primary infection as well as 
demonstrated protection seen in a variety of animal models (137, 138). The 
convalescent immunity conferred by a healed, primary lesion underlies the 
historical practice, termed ‘leishmanization,’ of inoculation of live, virulent 
L. major organisms in a selected site, which then protects against more severe 
lesions, or multiple lesions, especially on the face (139). Thus a safe, perhaps even 
non-living vaccine against CL would seem feasible if it can be made to elicit all, 
or at least some of the elements of the immune response that are produced during 
active infection. In addition, whole cell killed vaccines are known to promote 
healing in patients with active cutaneous and mucosal disease. Mechanisms 
controlling naturally acquired resistance to L. major have been extensively detailed 
using mouse models, and involve induction of antigen-specific CD4+ and CD8+ 
T cells secreting high levels of interferon-gamma (IFN-γ) (140). Numerous non-
living whole cell, sub-unit, protein-based, or DNA-based vaccine candidates have 
been developed that confer relatively long-term protection against experimental 
needle challenge in mice (141). These experiences were in large part the rationale 
for the conduct of killed vaccine trials in Brazil in the 1980's, and the subsequent 
Special Programme for Research and Training in Tropical Diseases (TDR/
WHO)-sponsored clinical trials of killed, whole cell vaccines against CL in Iran, 
Venezuela, Ecuador, and Columbia, and against visceral leishmaniasis (VL) in 
Sudan. Unfortunately, these killed vaccines, administered in single or multiple 
doses, with or without live BCG as adjuvant, in every case failed to significantly 
reduce the incidence of cutaneous or visceral disease compared to unvaccinated 
or Bacille Calmette-Guérin (BCG) vaccinated controls (142).

The outcome of these clinical trials raises a number of important 
questions. The most parsimonious explanation for the failure of the killed 
vaccines is that the antigen and/or adjuvant and/or dose and route of delivery 
were inadequate, and that alternative combinations of antigens, adjuvants and 
delivery systems might overcome these problems. Of more fundamental concern 
is the possibility that no non-living vaccine will be able to generate, and more 
importantly to maintain, the level of cell-mediated immunity necessary to 
protect against sandfly-transmitted infections in humans. It is clearly far too early 
to draw this conclusion with confidence since the clinical data are so far confined 
to the limited experience with whole cell, killed vaccines injected without or with 
BCG. Regrettably, only one defined, second generation vaccine, Leish-111f in 
MPL-SE, has reached clinical trials in humans (143), and it is important that 
the prophylactic and therapeutic potential of this vaccine be evaluated through 
Phase 3 clinical trials.
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In the meantime, the contradictions between the human and mouse 
experiences involving the whole cell, killed vaccines might also suggest that the 
correlates of vaccine efficacy employing the mouse model, namely the generation 
of Th1/IFN-γ mediated immunity and the reduction of lesion size and/or parasite 
number following needle challenge, may not adequately define the requirements 
for protection against natural transmission in humans. Recent studies suggest that 
transmission by the bite of infected sandflies imposes more stringent demands 
on vaccine potency compared to needle challenge, since a killed vaccine that 
effectively protected mice against needle infection with L. major failed to protect 
against sandfly challenge (144). Importantly, mice with healed primary lesions, 
i.e. leishmanized mice, remained well protected against sandfly challenge.

These observations begin to identify the critical factors influencing 
vaccine efficacy following natural transmission of Leishmania, and raise a number 
of issues concerning the priorities for vaccine research in the coming years:

■■ Animal models, especially mouse models of CL, remain a key early 
step in the pre-clinical evaluation of vaccine candidates. These 
models need to be made more predictive of vaccine success against 
human disease. For example they should employ challenge using 
infected sandflies and require potency and durability of protection 
comparable to that conferred by a healed, primary infection.

■■ Testing vaccines in dogs should receive greater emphasis, since they 
can be evaluated using natural exposure. They also provide models 
of human visceral disease and issues such as their ability to cross-
protect against different Leishmania species can be addressed. The 
finding that immunotherapy using killed L. major vaccine plus BCG 
successfully treated patients with post kala-azar dermal leishmaniasis 
(PKDL) in Sudan (145) indicates that L. major contains antigens that 
cross-protect against L. donovani. Whether or not exposure to live 
infection with L. major confers cross-protection against canine VL 
due to L. chagasi/infantum is an important question to address.

■■ Given the large number of candidate vaccine antigens still awaiting 
testing in human trials, and the enormous expense, time, and effort 
associated with the only second-generation vaccine, Leish-111f, to 
have entered the clinical development process, antigen discovery 
should be a lower priority. If the identification of additional target 
antigens is considered worthwhile, and especially as the completion 
of the genomic sequences of various Leishmania species may open 
new opportunities for antigen discovery, then their selection criteria 
should be based on their expression in, although not necessarily 
confined to, amastigote stage parasites, and the expression of cross-
reactive epitopes present in other species and strains of Leishmania.
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■■ Given the extensive experience with, and the established safety 
profile of, killed whole-cell vaccines, plus their demonstrated relative 
low cost and ease of production by facilities in disease endemic 
countries, their prophylactic and therapeutic potentials should be 
pursued, especially with newer, more powerful adjuvants such as 
MPL-SE, CpG ODN.
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8. Vector control
8.1	 Chagas disease: triatomine bug control
More than 100 triatomine species (Hemiptera: Reduviidae: Triatominae) transmit 
T. cruzi to humans. In the simplest terms, there are two main epidemiological 
scenarios of vector-borne transmission. Triatominae from sylvatic populations 
enter domestic and/or peridomestic habitats where they may survive and 
form substantial colonies, or not (146). In the former case, elimination of the 
domestic triatomine populations is possible by a thorough application of residual 
insecticide formulations. In the latter case however, where the adventitious bugs 
fail to colonize the domestic habitat, the role of vector control is limited, and 
the primary recourse is adequate detection and treatment of any new infections 
that may result. Hence, a primary research goal is to understand the factors that 
influence house invasion by sylvatic Triatominae, and also to understand why 
some bugs may succeed in colonizing a house while others do not.

Since 1990, a series of multinational initiatives against Chagas disease 
have focused on eliminating domestic populations of Triatominae (together 
with improving the quality and coverage of blood-donor screening to reduce the 
likelihood of transfusional transmission). The main targets of these initiatives 
have been against Triatoma infestans in the Southern Cone countries (133) and 
Rhodnius prolixus in Central America and the Andean pact countries (147). In 
the Southern Cone, domestic populations of T. infestans have been eliminated 
from vast areas, reducing its geographical distribution from over 6 million Km² 
to under 1 million Km², with residual populations mainly in the Chaco region of 
North Argentina and South Bolivia (148, 149). In the Chaco, T. infestans is able 
to maintain substantial peridomestic populations, which are difficult to eliminate 
using the usual residual insecticide formulations, and represent a continual 
source of potential reinfestation of the domestic habitats. Similar problems 
occur in North-east Brazil where T. brasiliensis is able to maintain peridomestic 
populations providing a source for reinfestation of treated premises (150), 
and in parts of Central America and Mexico, and the Andean Pact countries, 
where a range of species (particularly forms of T. dimidiata and species of the 
T. phyllosoma complex) maintain peridomestic populations which act as sources 
for reinfestation of domestic habitats (151). As with sylvatic populations, 
understanding the factors that influence peridomestic survival and the process 
of reinfestation of domestic habitats is an important research goal, together with 
improved methods for the control or elimination of peridomestic populations. 
And to strengthen the case for control of peridomestic Triatominae, an assessment 
of their potential effects on peridomestic animal productivity would be useful.

The main knowledge gaps for all species of Triatominae relate to their 
dispersal and colonization behaviour (152). Dispersal is thought to be triggered 
by ecological events provoking host death or flight, leading to reduced nutritional 
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status of the bugs and consequent migration, but this idea remains to be fully 
assessed and included in the context of climatic factors (153, 154). Orientation to 
a new habitat is very poorly understood; in some cases it may involve perception 
of microwave radiation, light, or odours, or it may be largely a matter of chance 
encounter (155). In a new habitat a bug must find a host, involving poorly 
known orientation cues, and must successfully feed – potentially provoking a 
host immune reaction to the bug's saliva which may influence its feeding success, 
and hence success in colonizing the new habitat (156, 157). These aspects, 
which may differ between genetically defined populations, may all influence the 
understanding of the domestication process and may also help in development of 
improved traps which would greatly assist in sampling of bug populations both 
for research purposes and for operational monitoring of control interventions. In 
this context however, there is increasing evidence that morphologically similar 
populations may differ substantially in their biology and behaviour (158–160), 
making it imperative that populations be adequately defined and mapped.

8.2	 Human African trypanosomiasis: tsetse fly control
The two forms of human African trypanosomiasis (HAT) display distinct 
epidemiology, which has led to the adoption of separate control approaches. In 
short, it is believed that the effective reservoir of parasites in the gambiense form 
of disease resides in humans so that rigorous case detection and treatment can 
reduce the number of parasites being transmitted and can, in most instances, 
control outbreaks of the disease (161). While normally effective in a population 
sense, this approach is less than satisfactory as it leaves individuals open to 
contraction of a fatal disease as, for a variety of reasons, it is impractical to use 
the drugs prophylactically (162, 163). It seems improbable that case detection 
and treatment can lead to eradication because the health infrastructure and 
personnel are insufficient to achieve complete coverage, and can be expected 
to remain insufficient in the long term because of the low priority that can 
be accorded the disease when there is less than a highly significant number 
of cases. Case detection and treatment is totally reliant on a small number of 
drugs, and levels of drug resistance that have appeared in the trypanosomes are 
alarming (164). In addition, the drug melarsoprol which is still commonly used 
to treat late-stage disease despite the introduction of nifurtimox-eflornithine 
combination therapy (NECT), causes many fatalities as a direct result of its 
toxicity. There is no vaccine and no prospect of developing one. No new drugs 
are likely to reach the market in the next decade following the recent failure of 
DB289 in phase III trials. Consequently, for all the reasons above, but particularly 
in case current drugs fail, it is essential that a complementary strategy for disease 
control is in place. Vector control strategies offer an excellent partner to case 
detection and treatment because reducing vector density can rapidly halt human 
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trypanosomiasis transmission (165). In addition, vector control remains the only 
available strategy capable of protecting individuals from acquiring infection. 
Suitable bait technologies for vector control already exist (166) but, for cost and 
logistical reasons, they are seldom used in practice to control the gambiense 
form of disease. Thus a major research priority is to produce more cost-effective, 
target-based control technologies.

In contrast to the gambiense form of disease, the effective reservoir of 
parasites in the rhodesiense form of disease resides in domestic or wild animals. 
Humans, who rapidly become ill and so are not available to tsetse flies, form 
a minor reservoir for further transmission. Consequently case detection and 
treatment cannot control rhodesiense outbreaks. Control of rhodesiense outbreaks 
is achieved by either a reduction of trypanosome numbers in animals by drug 
treatment (possible only when domestic animals are the primary reservoir) and/
or vector control (167–169).

Improving the cost-effectiveness of available technologies for tsetse 
fly control will help to ensure that these control technologies are more widely 
adopted. Limited resources mean it will be necessary to prioritize research and 
development efforts if improvements in the cost-effectiveness of tsetse control 
are to be achieved. Suggestions for research prioritization are given below.

8.2.1	 Tsetse species of highest priority
Of the 31 species and sub-species of tsetse currently recognized, only a small 
number are responsible for the vast majority of HAT transmission. In the period 
1997–2006, 92% of the reported ~242 000 cases of HAT caused by T. b. gambiense 
were in Angola, the Democratic Republic of Congo (DRC), Sudan or Uganda 
(170). From the available predictive distribution maps of tsetse (171) it seems 
probable that either Glossina fuscipes fuscipes (northern DRC, Uganda, Sudan), 
G. f. martini (Tanzania, central DRC) or G. f. quanzensis (northern Angola, 
southern DRC) are the significant vectors. Over the same period (1997–2006), 
51% of the ~6000 reported infections caused by T. b. rhodesiense were in southern 
Uganda where G. f. fuscipes is the main vector. So it is probable that more than 
nine out of ten cases of HAT are currently starting with a bite from a subspecies of 
G. fuscipes. However, there is little hard evidence on transmission patterns in war 
zones such as the eastern DRC. Nevertheless, it seems clear that research on the 
subspecies of G. fuscipes should be a high priority. As a second priority, although 
currently transmission by these species is at a lower level, G. palpalis subspecies 
are important vectors of HAT in West Africa and should also be targeted for 
innovations in vector control (172). In comparison to Palpalis group flies (e.g. 
G. fuscipes sspp. and G. palpalis sspp.), control technologies for Morsitans group 
flies (e.g. G. morsitans) are already well developed.

Tsetse flies are highly susceptible to synthetic pyrethroid insecticides 
and currently control of HAT vectors is usually achieved by insecticidal means. 
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Aerial or ground spraying of insecticides is used in some instances, but most 
HAT control efforts centre on insecticidal bait technologies using either animals 
or artificial traps or targets (167, 168, 173, 174). Because wider adoption of vector 
control specifically designed to deal with HAT is likely to mean local rather than 
regional control efforts (but see below), bait technology is expected to remain 
the major technology employed. Game parks and reserves are often highly 
significant reservoirs of flies. In addition, a large number of current rhodesiense 
foci are allied to game parks. Interventions in game parks based on target use 
are required to determine if these can be cost-effectively sustained.  Insecticidal 
control is often difficult in these areas because of environmental concerns and 
insecticide-treated targets are often the most acceptable approach in these cases. 
Insecticide-treated cattle offer an efficient means of controlling rhodesiense 
outbreaks of disease in particular (168, 173). However, the utility of this approach 
is obviously restricted to areas such as Uganda and Tanzania where cattle are 
present and form a significant part of the vector's diet.

Unfortunately, in the majority of HAT affected areas cattle are not 
abundant (e.g. Guinea, southern Côte d'Ivoire, DRC) (175) and/or cattle do not 
seem to be an important component of the diet of Palpalis group tsetse flies (176). 
In areas of low cattle density, treatment of pigs may in some cases be a useful 
alternative strategy. More generally, insecticide-treated targets and artificial traps 
can be used instead. Target cost is an issue but there is emerging evidence that their 
cost efficiency can be significantly improved through systematic improvements 
to the targets (177–179) and this should remain a high priority for research efforts 
(180). Tsetse fly control relies on insecticides. Insecticide resistance has not been 
recorded in tsetse, but this requires continuous monitoring.

Regional control programmes need accurate maps of the geographical 
limits of tsetse fly populations. This needs considerable research investment in 
tsetse fly population genetics, which at present is in its infancy.

8.2.2	 Control activities at all levels
Tsetse control activities can be effectively undertaken at a range of levels from 
regional, involving several countries, to local or village level. Large, regional 
control programmes such as those run through the Pan African Tsetse and 
Trypanosomiasis Eradication Campaign (PATTEC) may have considerable 
impacts on HAT. More local efforts to specifically control HAT can also be highly 
effective (168). Bait technologies (insecticide-treated cattle or insecticide-treated 
traps and targets) have the particular advantage that they can be applied by local 
people, making community control efforts more readily achievable. Clearly, the 
ideal is for the costs and logistical difficulties of vector control to be brought 
down to levels where vector control can be carried out directly by the people 
affected, who can implement it when required. This ideal needs to be kept in 
mind when researching new control technologies.
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8.2.3	 Costs of vector control
Currently the costs of instituting vector control operations against HAT are 
rather poorly understood (181). There is need for more accurate data on the 
costs of vector control from a range of studies to enable effective integration of 
epidemiological and economic models and facilitate better decision-making.

8.3	 Leishmaniasis: sandfly control
Of the more than 800 known species of phlebotomine sandflies (Diptera: 
Psychodidae) (182, 183), relatively few transmit leishmaniasis (Table 9). The 
proven vector species belong to two genera, Phlebotomus in the Old World and 
Lutzomyia in the New World (182, 183).

The following approaches for sandfly control are suggested as priorities 
for research, not necessarily in order of importance (Table 10). Some examples 
are offered to illustrate the potential efficacy but citation is by no means 
comprehensive. The following reviews provide adequate coverage of the literature 
on sandfly control (184–191).

8.3.1	 Source reduction
Control of phlebotomine sandflies is very seriously hampered because their 
breeding places and the habitats of their immature stages are unknown. In the 
insectary, there is remarkable uniformity in the rearing conditions required for 
different sandflies. For example, desert-dwelling Phlebotomus papatasi from the 
Middle East and neotropical Lutzomyia longipalpis are optimally reared under 
the same conditions (192). Many additional species can also be reared under 
similar conditions with slight variations (e.g. in temperature, humidity, blood 
source). From observations of colonized flies as well as field studies, it appears 
that eggs are deposited individually in small batches in moist, dark, well-protected 
microhabitats with stable temperatures of 24–28°C and that larvae feed on 
decaying organic matter. Small numbers of larvae have been recovered from 
diverse sites including caves, crevices, animal burrows, termite mounds, cracks 
in the soil, domestic animal shelters, cracked walls, tree-holes, birds' nests and 
decaying leaf litter on forest floors (193).

In a thorough investigation of domestic structures in Bihar, India, only 59 
P. argentipes were recovered from over 255 kg of soil from cattle sheds (194). It is 
not uncommon to catch 10–100 flies per night in light traps placed in such animal 
shelters. Hence it is clear that there must be breeding sites that are much more 
productive. If such habitats were to be identified, it is possible that environmental 
measures could be taken to render the soil unsuitable for sandfly larvae, and 
thereby reduce the numbers of emerging sandflies. The validity of this assertion 
was clearly demonstrated when a significant reduction in adult P. argentipes was 
noted in homes and cattle sheds where domestic breeding (resting) sites were 
covered with lime plaster (195).
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Thus, if significant and accessible breeding sites of important vector 
species (i.e. the VL vectors P. argentipes in India, L. longipalpis in Brazil, and 
P. orientalis in Sudan) were identified, it might be possible to modify their 
breeding habitats to render them less suitable for sandfly larvae. Manipulation 
of soil properties is used in agriculture to alter water conductivity, infiltration 
rates, aeration, and other physical properties (196). Appropriately used, such 
practices may help to curtail larval breeding. For example, P. orientalis in Sudan 
and Ethiopia is frequently associated with cracked black-cotton soil (197). Soil 
cracking can be significantly and inexpensively reduced by adding gypsum or 
gypsum with Ca-zeolites (196, 198, 199). Control of larvae in soil habitats may 
also be achieved by ploughing in organic insecticidal soil fertilizers such as Neem 
oil-cakes widely used as soil sanitizers. Neem contains the active ingredient 
azadirachtin, shown to kill sandfly larvae in laboratory experiments (200, 201).

8.3.2	 Targeting sugar-feeding adult sandflies
In nature, both sexes of sandflies (like mosquitoes) seek plants and obtain 
essential sugar meals from them by piercing stems and leaves (202, 203), ingesting 
honeydew produced by plant-sucking homopteran insects (204, 205) or nectar 
(206). Preliminary control studies with mosquitoes demonstrated significant 
mortality in a desert oasis achieved by spraying of flowering trees with insecticide-
laced sugar bait (207). In similar studies conducted in a semi-arid area, spraying 
of plants with an attractive sugar and fruit juice toxic bait (1.0% w/v boric 
acid, 0.04% w/v Spinosad) reduced P. papatasi populations significantly (208). 
Spraying of large tracts of vegetation with a non-specific insecticidal combination 
is certainly not an environmentally acceptable approach for control. Ideally, bait 
stations with sandfly/mosquito specific attractive bait need to be developed. Such 
baits can comprise, for example, commercially available fruit concentrate that 
can be diluted in water, mixed with yeast and allowed to ferment for a prescribed 
period before use. In parallel, mixtures of synthetic floral odours from plants 
that are attractive to sandflies and/or mosquitoes need to be characterized (209). 
Ideally, such baits will be mixed with an efficient and specific oral toxin (e.g. 
Bacillus thuringiensis var. israeliensis) (210).

8.3.3	 Extermination of sandflies feeding on domestic animals
Several sandfly vectors of human leishmaniasis are known to be attracted to 
and feed on domestic animals. Such zoophilic habits should be explored and 
potentially exploited for killing sandflies. In laboratory trials, avermectins in 
very low concentrations were shown to be lethal to sandfly adults (211, 212). In 
addition, remnants of feed-through insecticides in rodent (hamster) faeces were 
lethal to sandfly larvae feeding on them (212, 213). This approach may facilitate 
control of vectors of cutaneous leishmaniasis breeding in rodent burrows and 
feeding on these animals.
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This approach can be particularly useful when the preferred host is also 
the reservoir host for the Leishmania parasites. For example, using insecticidal 
dog collars to control canine VL resulted in reduced disease, through effects that 
were probably mediated by killing of sandflies and deterring them from feeding 
on dogs with collars (214–216). One study also demonstrated a reduction in 
infantile VL in villages where dogs were fitted with deltamethrin-impregnated 
collars (217). In recent experiments conducted in Bihar, India, tablets containing 
lipophilic compounds were orally administered to cattle. A significant mortality 
was demonstrated in P. argentipes females that feed on these animals, and the 
sandfly populations in treated villages were significantly reduced (R. Poché, 
personal communication).

P. argentipes, the vector of VL on the Indian sub-continent, frequently 
aggregates and feeds on cattle (218, 219). Thus, topical insecticidal treatment of 
domestic cows and buffaloes, which often share living quarters with humans, 
holds potential for reducing the sandfly populations in and around homes. Some 
modern insecticidal products on the market are highly lipophilic, permitting 
spot-on application to a comparatively small area of skin from where the active 
ingredients dissipate over the entire body. Some products developed for topical 
use on domestic livestock require no withholding time before milk or meat are 
consumed by humans (220). Such products hold potential for reducing sandfly 
numbers, curtailing transmission of visceral leishmaniasis (VL), and increasing 
cattle productivity by alleviating the burden of helminthic and arthropod 
parasites.

Similar approaches may also prove efficacious for controlling L. longipalpis, 
the main vector of VL in Latin America. L. longipalpis is highly ornithophilic and 
is frequently associated with chicken houses, where it feeds on domestic chickens 
(221). Methods for safely treating chickens with insecticidal formulations that 
will kill the flies can be an efficient tool for combating VL in parts of Brazil and 
other Latin American countries.

8.3.4	 Flight barriers for preventing sandflies from reaching houses
Sandflies seeking blood meals generally advance upwind in short flights, close to 
the ground, guided by host-derived cues such as CO₂, temperature and humidity 
(222). When they encounter a vertical obstacle, such as a wall, they proceed 
upward in short flights and come in repeated contact with the surface of the 
obstacle. Therefore, spraying of walls or other barriers may be effective against 
sandflies approaching inhabited areas from the periphery. To test this hypothesis, 
a 60m long insecticide-impregnated fine-mesh barrier was erected between a 
natural habitat from where sandflies were approaching and a row of houses. 
The mesh barrier proved partially efficient (60% reduction) at blocking sandflies 
(mainly P. sergenti) approaching houses (223). In later studies conducted in a 
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different location, a longer barrier (400m) was found far more effective (90% 
reduction, P. papatasi) (Faiman & Warburg, unpublished). The potential of vertical 
barriers should be explored further in foci where sandflies arrive at human 
habitations from natural breeding habitats at the periphery of villages.

8.3.5	 Protection of homes – indoor residual insecticide spraying
Depending on the application techniques, timing and target species, sandflies 
can be highly susceptible to insecticides (185). Residual formulations of DDT 
and pyrethroids have been used to control sandflies both in the Old World 
and in the neotropics (224–227). Historically the most significant reduction in 
incidence of VL on the Indian sub-continent was a byproduct of the antimalarial 
campaign which consisted of house spraying using DDT (187). More recently, 
focal application of residual formulations of DDT and pyrethroids have been 
demonstrated effective against endophilic sandflies in Latin America and India 
(228, 229). Reliable evaluation of environmentally-sound methods for effective 
use of insecticides in and around human habitation certainly warrant continued 
efforts. Monitoring of levels of insecticide resistance in sandfly populations 
should comprise an integral component of campaigns utilizing insecticides in 
any mode of application (230).

8.3.6	 Protection of rooms/porches – insecticide diffusers and coils
Diffusible insecticides hold potential for reducing the biting burden from sandflies 
in enclosed or partially enclosed spaces. For example, controlled experimentation 
in inhabited homes demonstrated that prallethrin evaporators were highly 
efficient at eliminating sandflies from occupied bedrooms in a CL focus in Israel 
(231). Mosquito coils dispersing insecticide by burning can be used effectively 
in homes that have no electricity. Indeed mosquito coils were demonstrated 
to reduce the biting rates of mosquitoes in numerous controlled studies (232). 
However, reports demonstrating the efficacy of mosquito coils against sandflies 
(187) are scant. It should be stressed that the possible health implications resulting 
from prolonged inhalation of smoke produced by coils needs to be investigated 
thoroughly before any recommendation for use can be made (233).

8.3.7	 Personal protection – insecticide-treated nets and repellents
The use of insecticide-treated materials, in particular insecticide-treated nets 
(ITNs), is one of the most effective methods for reducing man–vector contact 
and transmission of malaria (234). In recent years the efficacy of long-lasting 
insecticidal nets (LLINs) against P. argentipes vectors of kala-azar in India was 
demonstrated in several studies (191, 229, 235–237). Moreover, VL rates in 
Sudanese foci were markedly reduced following the widespread distribution of 
ITNs, despite the fact that the vector P. orientalis is thought to be exophilic (238). 
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LLINs should certainly be considered in integrated control campaigns targeting 
(mainly) endophilic sandflies in anthroponotic foci of CL and VL. Continued 
efforts should be devoted to developing and testing ITNs in different leishmaniasis 
foci in different parts of the world.

The active ingredients of currently available insect repellents include 
N, N-diethyl-3-methylbenzamide (DEET), botanicals, citronella, and picaridin. 
For a long time DEET has been considered the most efficacious repellent, with a 
strong safety record and excellent protection against ticks, mosquitoes, sandflies 
and other arthropods. Newer agents like picaridin and natural products such as 
oil of lemon eucalyptus are becoming increasingly popular because of their low 
toxicity and comparable efficacy (239). Since most topical repellents are non-
specific it is not necessary to instigate programmes to develop repellents specific 
for sandflies; new products developed against mosquitoes should be tested to 
verify their efficacy against sandflies (240).

8.3.8	 Integrated disease-control campaigns
Integrated disease-control campaigns comprise different studies and experimental 
application of a combination of measures for disease control including but not 
limited to, sandfly control. As a rule, an integrated disease-control campaign 
should be based upon a profound understanding of the ecology, epidemiology 
and transmission in a particular disease focus and custom designed to attain 
optimal results. Thus, baseline studies should be aimed at incriminating the 
vectors and characterizing their behaviour in relation to the environment 
(i.e. what the vector species are, where they breed, which plants provide them 
with sugar meals), potential reservoir hosts (e.g. if the disease is zoonotic or 
anthroponotic, what the major blood sources are for the vectors), and human 
population (e.g. where the sandflies arrive from relative to the human living areas, 
whether they enter houses to bite or are exophilic, whether people sleep inside 
or outside their houses). The genetic structure of vector populations throughout 
their distribution should be studied in order to gain knowledge of reproductive 
isolation that may imply discrete behaviour patterns and vectorial capacities 
(241, 242). Based on the results of such studies, the most efficacious means for 
sandfly control should be implemented in conjunction with other disease control 
strategies such as treatment of affected humans, vaccination and elimination 
of reservoir hosts (considered elsewhere in this report). Effective collaboration 
between the professional teams in charge and leaders of the affected populations 
will promote community participation and should be striven for during control 
campaigns.
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9. Economic evaluation of health-care interventions
Economic evaluation seeks to assess the relative merits of different interventions 
or health-care technologies. Alternative courses of actions in health care are 
measured by both their costs and consequences (243). The most used methods 
for economic evaluation are cost-effectiveness and cost-utility analyses. In cost-
effectiveness analyses, outcomes are expressed in disease-specific measures 
(e.g. clinical outcomes or cases averted). In cost-utility analyses, outcomes are 
expressed in generic measures (e.g. quality-adjusted life years (QALYs) gained or 
disability-adjusted life years (DALYs) averted), which combine life expectancy 
and quality of life. The latter allows for comparison between different conditions, 
thus contributing to informing policy-makers on resource allocation among 
health-care priorities.

It has to be borne in mind that the cost-effectiveness of an intervention 
will depend not only on the costs but also on the existence of an effective 
intervention, which in the case of treatment for Chagas disease, human African 
trypanosomiasis (HAT) and leishmaniasis, can be problematical. Thus, despite 
the potential value of applying economic evaluation for technical efficiency, i.e. 
determining the most rational way of achieving an objective, prioritizing research 
on the grounds of economic evaluations is not always possible. Moreover, in the 
cases of Chagas disease, HAT and leishmaniasis, research priorities should also 
consider equity considerations, as these diseases disproportionately affect the 
poor and enhance the poverty cycle.

An assessment of the costs of preventing and treating Chagas disease in 
Colombia (244) showed that the expected total cost of treatment for a patient 
with chronic Chagas in this country was US$ 1028 per year while only 2% of 
the current expenditure for treatment would be needed to adequately spray 
houses with insecticide. A further analysis modelled the cost-effectiveness of 
vector control activities in the same setting and showed that the current method 
of house spraying was cost-effective using an incremental net benefit approach 
(using a threshold value per DALY averted equivalent to the Colombian per 
capita GDP) (245). This was true for all the villages analysed in two geographical 
locations (Boyaca and Antioquia). A recent study in Yucatan, Mexico, suggests 
that ecosystemic peridomicile management in the control of non-domiciliated 
T. dimidiata would be an excellent complementary strategy to improve the cost-
effectiveness of interventions (246). This is because these strategies would also 
be effective against other vector-borne diseases, such as malaria and dengue.  
Another study in northern Argentina estimated retrospectively the cost per case 
averted for three different modalities of interventions for vector control: vertical, 
mixed and horizontal approaches (247). The horizontal approach involved 
community participation and was the observed strategy from 1993 to 2004 in the 
setting. Results for the other two strategies (vertical, mixed programmes) were 
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inferred from the observed horizontal programme. Excluding per diem, the cost-
effectiveness of vertical, mixed and horizontal strategies were US$ 60, US$ 42 and 
US$ 32 per averted case, respectively. Community participation as a method of 
choice for sustained monitoring of infestation by non-domiciliated triatomines 
has also been justified as a cost-effective method elsewhere (248).

Lutumba et al. (88) used cost-effectiveness analysis to evaluate different 
algorithms for confirmation of HAT. The study results suggested that a sequence 
of lymph node puncture, thick blood film, capillary tube centrifugation and 
mini-anion exchange centrifugation technique (LNP-TBF-CTC-mAECT), was 
the most cost-effective test algorithm per life saved. A study in Angola (249) 
found that eflornithine saved more lives than melarsoprol, but that melarsoprol 
was slightly more cost-effective. The average cost per life saved was US$ 627.6 
for melarsoprol and US$ 856.1 for eflornithine. Likewise, the incremental cost–
effectiveness ratio was US$ 8169 per additional life saved and US$ 299 per 
additional life year saved.

Vanlerberghe et al. (250) evaluated the cost-effectiveness of different 
visceral leishmaniasis (VL) treatment regimens as first-line care in endemic areas. 
Among four regimens selected, treatment with amphotericin B-deoxycholate 
was the most effective approach, averting 87.2% of all deaths. However, the 
least expensive and the most cost-effective treatment was the miltefosine 
regimen. A study in India (251) concluded that the available treatments for VL 
were cost-effective, and that combinations were more cost-effective than most 
monotherapies. The cost-effectiveness ratio ranged from US$ 5–8 per year of lost 
life averted to US$ 124–213 per death averted.

In Colombia (252), the cost per DALY averted for a patient cured with 
antimony during an ongoing epidemic of cutaneous leishmaniasis (CL) was 
estimated to be approximately US$ 15 000. In Kabul (253), the cost-effectiveness 
of intralesional and intramuscular administration of the pentavalent antimonial 
drug sodium stibogluconate, the current ‘standard treatment’ for CL, was 
calculated. The cost per DALY averted per patient cured was estimated to 
be approximately US$ 1200 dollars (US$ 761–1827); based on these results, 
the health intervention was considered not cost-effective according to WHO-
CHOICE criteria.

Few studies have integrated analyses of disease burden, cost of illness for 
households, and cost-effectiveness for a particular setting. Lutumba et al. (27) 
investigated the burden in DALYs, household costs and cost per DALY averted of 
a HAT outbreak in a rural community of the Democratic Republic of Congo. Data 
on DALYs and cost of illness were collected through a retrospective household 
survey. Case-finding activity resulted in 1408 DALYs averted, for a cost saving of 
US$ 17 per DALY averted. The main challenges related to conducting research 
in health economics, particularly in economic evaluation, due to the scarcity 
of trained researchers in this discipline. Economic evaluation of control and 
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prevention strategies for infectious diseases requires competence in mathematical 
modelling techniques to represent the epidemiology of the disease, and the 
ability to link this to economic data. Models are usually data poor, as in resource-
constrained settings quality data and records are scarce. Nonetheless, this type of 
research can facilitate proper decision-making and strategic planning in control 
programmes.
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10. Research priority recommendations
The Reference Group identified the following top research priorities for Chagas 
disease, human African trypanosomiasis and leishmaniasis:

■■ Research on new diagnostics for case detection and characterization, 
including drug resistance and tests of cure.

■■ Research on new therapeutics to avoid drug resistance, including 
exploring combinations of approved anti-kinetoplastid drugs, 
repurposing of existing approved drugs, and developing new drugs.

■■ Research on new vector control technologies, including markers of 
successful vector control.

■■ Research on vector population characteristics, including insecticide 
resistance.

■■ Operational research on integrated disease and vector control.
■■ Research on vaccines to prevent Leishmania infection and disease, 

and vaccines to block transmission of Leishmania.
■■ Research to assess the importance of asymptomatic infection.
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App endices

Appendix 1
The Disease-specific and Thematic Reference Groups, the think tank 
for infectious diseases of poverty, and host countries

Reference group Host institution and country

DRG1 Malaria WHO country office, Cameroon

DRG2 Tuberculosis, leprosy and Buruli ulcer WHO country office, Philippines

DRG3 Chagas disease, human African 
trypanosomiasis and leishmaniasis

WHO country office, Sudan and 
Brazil

DRG4 Helminth infections African Programme for 
Onchocerciasis Control (APOC), 
Burkina Faso

DRG5 Dengue and other emerging viral 
diseases of public health importance

WHO country office, Cuba

DRG6 Zoonoses and marginalized infectious 
diseases of poverty

WHO Regional Office for the 
Eastern Mediterranean, Egypt

TRG1 Social sciences and gender WHO country office, Ghana

TRG2 Innovation and technology platforms 
for health interventions in infectious 
diseases of poverty

WHO country office, Thailand

TRG3
Health systems and implementation 
research

WHO country office, Nigeria

TRG4 Environment, agriculture and infectious 
diseases of poverty

WHO country office, China
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Appendix 2
Membership of the Disease Reference Group on Chagas Disease, 
Human African Trypanosomiasis and Leishmaniasis (DRG3)

Name Country Area Speciality Gender

CHAIR Professor 
Kenneth Stuart

USA Leishmaniasis molecular 
biology, informatics

M

CO-CHAIR Professor 
Maowia Mukhtar

Sudan Leishmaniasis, immunology, 
pathogenesis

M

Professor 
Bianca Zingales

Brazil Chagas, molecular biology, 
informatics

F

MEMBERS Professor 
Marleen Boelaert

Belgium Leishmaniasis, social 
sciences, economics, 
implementation research

F

Ms Marianela 
Castillo-Riquelme

Chile Chagas, social sciences, 
economics, implementation 
research

F

Professor 
Mike Barret

Scotland Leishmaniasis, drugs, 
diagnostics, therapeutics, 
vaccines

M

Professor 
Michael J Lehane

England HAT, vector issues M

Professor 
Pascal Lutumba

Democratic 
Republic of 

Congo

HAT, epidemiology, ecology M

Dr Enock Matovu Uganda HAT, drugs, diagnostics, 
therapeutics, vaccines

M

Dr David Sacks USA Leishmaniasis immunology, 
pathogenesis

M

Dr Sergio A 
Sosa-Estani

Argentina Chagas, clinical, health 
systems

M

Professor 
Shyam Sundar

India Leishmaniasis, clinical, 
health systems

M

Professor  
Rick L Tarleton

USA Chagas,  immunology, 
pathogenesis

M

Dr Alon G Warburg Israel Leishmaniasis, vector issues M

Professor 
Chris Schofield

England Chagas, Leishmaniasis, HAT M

HAT, human African trypanosomiasis
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