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The following report reviews the progress and current status of 
activities conducted with the support of the UNDP/World Bank/WHO 
Special Programme for Research and Training in Tropical Diseases (TDR). 

TDR is a goal-oriented research and training programme with two 
interdependent objectives： through research and development, to obtain 
new and improve existing tools for the control of major tropical 
diseases； to strengthen the research capabilities of the tropical 
countries. The research is conducted on a global basis by 
multidieciplinary scientific working groups； the training and 
institution-strengthening activities are limited to the tropical 
countries where the diseases are endemic. The diseases selected for 
attack are malaria, schistosomiasis, filariasis (including 
onchocerciasis), the trypanosomiases (both African sleeping sickness 
and the American form, Chagasf disease), the leishmaniases and 
leprosy. Scientific working groups are also active in biological 
control of vectors, epidemiology, and social and economic research. 

Overall, TDR1s main achievement has been the mobilization of 
academic, industrial and other institutions to support research on 
major tropical diseases. The increasing involvement in this research 
of scientists and institutions of the developing countries in which 
these diseases are endemic can be seen as part of this achievement. 
Testifying to the success of TDR's impact on these diverse research 
areas is the increasing number of scientific publications stemming from 
TDR-funded projects - over 4000 by 31 October 1985, just over half the 
authors being scientists from developing countries. 

More specifically, the Programme has produced a number of tangible 
results： some 50 "products" including potential vaccines (against 
malaria and leprosy, for example)； biological toxins for disease 
vector control (such as Bacillus thuringiensis H-14 and 
B, sphaericus)； new drugs (such as the antimalarial, mefloquine, and a 
new agent being tested against African sleeping sickness, 
DL-c6-difluoromethylornithine or DFMO)； diagnostic tests (for African 
trypanosomiasis9 Chagasv disease, schistosomiasis, malaria and 
leprosy)； and tests to measure sensitivity of parasites (malaria 
parasites, for example) to drugs. 
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1. INTRODUCTION 

TDR is now in its third stage of development. Planning dominated the first stage. The 
second stage focused on implementing plans. The present, third stage in TDR*s development is 
marked by results: usable products and technologies are emerging from work supported by the 
Programme. Four main types of tools are being developed for the control of the six "target" 
diseases: drugs, vaccines, diagnostic methods and new vector control techniques. Some are 
ready for use or are actually being used for disease control and treatment. Others are at an 
advanced stage of development: they have been shown to be effective but require refinement 
before they can be used. Yet others are still only promising leads derived from 
TDR-supported research. 

Not all the developments described here stem originally from TDR-supported work. Nor 
have they all been supported exclusively by the Programme. But in many cases where original 
discoveries were made outside the Programme their subsequent development - including the many 
stages of laboratory and field testing - has benefited from TDR support. 

The following is a brief account of recent progress in the activities of the Special 
Programme for Research and Training in Tropical Diseases (TDR). Further details can be found 
in many of the documents published by TDR, in particular the Seventh Programme Report, which 
is available in English and French.1 

2. MALARIA 

Malaria is still the most important parasitic disease in the tropics. In 1983, the most 
recent year for which reliable figures are available, 389 million people - one-twelfth of the 
world's population - were living in areas, mostly in Africa, where malaria is still highly 
endemic and where no specific antimalaria measures are being applied. A further 2227 million 
-48% of the world's population - were living in areas where malaria is still endemic but 
where control measures have somewhat reduced its level of endemicity. 

2.1 The organisms 

Of the hundred or so species of Plasmodia that exist in nature, four are generally 
pathogenic to man: Plasmodium falciparum, P. vivax, P. ovale and P. malariae. P. falciparum 

1UNDP/World Bank/WHO Special Programme for Research and Training in Tropical 
Diseases. Tropical diseases research: seventh programme report, 1 January 1983-31 December 
1984, Avignon, Barthélémy, 1985. 



is the parasite responsible for most cases of malaria (80% worldwide) and for the most 
severe, often fatal, forms of the disease• It is deeply entrenched in tropical Africa. 
P. vivax is the commonest species in the Americas and in Asia. These two species account for 
most of the human suffering and economic loss due to malaria in the world today. In southern 
Asia, where renewed efforts at malaria control have shown recent successes, the incidence of 
P. vivax infection has fallen but that of P. falciparum has remained virtually unchanged. 
This is an ominous sign and apparently due to drug resistance. Any relaxation of malaria 
control efforts in these areas could well cause an explosive upsurge in incidence. 

2.2 Control 

The tools and methods available for malaria control have not (with the exception of the 
new antimalarial drug, mefloquine) increased significantly in number over the past three 
decades and have even declined in efficacy. In many areas, resistance of vector anopheline 
mosquitos to insecticides has prompted a shift from chlorinated hydrocarbon insecticides, 
such as DDT arid HCH, to organophosphorous compounds or the more expensive carbamides. 
Exophilic (outdoor) vectors, such as the Anopheles balabacensis mosquitos in South-East Asia 
or the An. nuneztovari group in South America, are not amenable to control by indoor spraying 
of insecticides, and the inaccessibility and wide distribution of their breeding places make 
larval control practically impossible. 

Resistance of P. falciparum to drugs, however, has probably become the most important 
threat to effective control of the disease. It has arisen largely through a combination of 
massive antimalarial drug deployment and a failure to combat transmission of the disease. 
Population movement s have also played a part in the occurrence and spread of resistance. By 
the end of 1984 chloroquine-resistant P, falciparum was present in 15 countries in eastern 
Asia and Oceania, 10 in South America and 15 in Africa (mostly south of the equator, where it 
had reached the Atlantic coast in three countries). Resistance to the second-line 
sulfonamide/pyrimethamine combination is already widespread in parts of South-East Asia and 
South America, and there have been recent reports of declining efficacy of treatment in other 
areas, including East Africa. Although chloroquine and especially amodiaquine are still 
effective in most "semi-immune" individuals in tropical Africa, their ineffectiveness in an 
increasing number of non-immune patients poses a major threat to millions of infants and 
young children. 

Apart from technical problems, malaria control has also suffered from inflationary 
increases in the costs of insecticides, drugs, equipment and fuel. In contrast, government 
budgetary expenditure on malaria control has not increased and, in many countries, has even 
been cut back. All in all, the balance favours the malaria parasite. 

Current efforts at malaria control hold only limited promise. New approaches are 
clearly required, and this is the goal of the three scientific working groups (SWGs) on 
malaria: that oil the Chemotherapy of Malaria (CHEMAL) pursues the development of new 
antimalarial drugs； that oil the Immunology of Malaria (IMMAL) has made considerable progress 
in the development of "causal" prophylactic vaccine (acting directly on the cause of the 
disease), clinically attenuating vaccine and transmission-blocking vaccine； and that on 
Applied Field Research in Malaria (FIELDMAL) aims at the improvement of epidemiological and 
control technology and the validation and field application of new tools emanating from the 
work of CHEMAL and IMMAL. 

2.3 Chemotherapy of malaria 

New drugs are urgently needed that possess blood schizontocidal, tissue schizontocidal 
and gametocytocidal properties. They must be inexpensive, safe, long-acting and effective in 
preventing relapses. 

Mefloquine, a quinolinemethanol, is a potent blood schizontocide active against 
multi-resistant falciparum malaria. It continues to be developed by the Scientific Working 
Group on the Chemotherapy of Malaria (CHEMAL) in collaboration with Hoffmann-La Roche and 
Company of Basel, Switzerland, and the Walter Reed Army Institute of Research, Washington, 
D.C., United States of America. Studies carried out so far have permitted its registration 



for treatment in adults (except pregnant women) and in children over two years of age. 
Trials of the "monosubstance" (mefloquine alone) in pregnant women, in whom the effects of 
malaria can be devastating, have begun. 

Potential resistance to mefloquine is causing great concern mainly because: (1) the 
drug is structurally similar to other currently used blood schizontocides, such as quinine, 
amodiaquine and chloroquine； (2) stable resistance has been induced in the laboratory； and 
(3) isolated cases of mefloquine-resistant falciparum infection have been observed in the 
field. Everything must be done to prevent mefloquine resistance from becoming a major 
problem. One approach is to ensure, as far as possible, that the drug will be used 
rationally: for example, in suitable combinations with other drugs - a strategy known to 
reduce the risk of resistance. One drug combination has already been developed, and WHO has 
issued recommendations for the use of mefloquine alone and in combination with other drugs, 
stating "(a) that governments should legislate for strict control of the importation, 
distribution, and utilization of mefloquine alone or in drug combinations; (b) that the use 
of mefloquine by communities in endemic areas should be restricted to the treatment of acute 
malaria attacks that are likely to be due to multiple drug-resistant P, falciparum,••； 
(с) that, when available, drug combinations known to delay the development of drug resistance 
(as might be the case with the mefloquine/sulfadoxine/pyrimethamine combination currently 
under development) should be used for prophylaxis or treatment, when necessary, instead of 
mefloquine； (d) that mefloquine should not be distributed for use as a single prophylactic 
drug by residents in endemic areas."1 

Another approach is to develop a second generation of drugs, to be used if resistance 
becomes widespread. Such drugs should preferably have different structures and modes of 
action from mefloquine and the other drugs currently in use, lest cross-resistance diminish 
their usefulness. CHEMAL is collaborating with pharmaceutical firms on at least five 
compounds, which are in various pre-clinical and clinical stages of development. 

Qinghaosu (artemisinine), the active principle of the Chinese medicinal herb 
Artemisia annua, is a structurally novel antimalarial. The parent compound and several 
derivatives have been widely studied by Chinese scientists and shown to have a rapid action 
in the treatment of chloroquine-resistant falciparum malaria. The assessment of this series 
of compounds is of extremely high priority. 

Developing a drug from synthesis to clinical use can take many years (for mefloquine it 
took over 15). Priority is therefore already being given to the development of a third 
series of blood schizontocides. The steps in this process include： synthesis of "lead" 
compounds (e.g., simple trioxanes, structures derived from the more complex Qinghaosu 
molecule)； evaluation of plant-derived compounds known to have antimalarial activity； and 
studies oil basic parasite biology and biochemistry to provide leads for the rational 
development of new compounds selectively toxic to the parasite (sparing the host). 

The emergence and spread of resistance to widely used antimalarial drugs are regarded as 
inevitable. Susceptibility of the parasite to existing drugs must therefore be monitored and 
baseline sensitivity data obtained for new drugs. High priority is given to the development 
of tests for these purposes. Basic studies on the genetics of drug resistance are also in 
progress. It is hoped that these lines of research will lead to a more rational approach to 
the development and use of antimalarial drugs. 

In circumstances where prophylactic measures are called for, a drug specially formulated 
to act for up to three months would ensure maximum patient compliance. Feasibility studies, 
using pyrimethamine as a model, are almost completed. Further development of long-acting 
formulations depends on the future availability of drugs suitable for operational use. 

lln Advances in malaria chemotherapy: report of a WHO Scientific Group， World Health 
Organization, Geneva, 1984 (WHO Technical Report Series, No. 711, 1984), section 5.2 (4). 



2:3.1 Highlights of recent activities 

• Mefloquine, the first new antimalarial to be clinically tested in 
20 years, has been registered in Switzerland for the prophylaxis 
and treatment of malaria in adults (except pregnant women) and in 
children over two years of age. The triple drug combination 
comprising mefloquine, sulfadoxine and pyrimethamine has been 
registered in Switzerland and Thailand. Restricted use of the 
combination in adults and in children over two years of age began 
in Thailand in late 1984. 

• Contacts are being maintained with five pharmaceutical companies 
on the preclinical and clinical development of new blood 
schizontocidal compounds belonging to a variety of chemical 
classes. Several simple trioxane ring compounds have also been 
shown to possess blood schizontocidal activity and several new 
8-aminoquinolines, tissue schizontocidal activity. Primaquine 
itself has been the subject of intense research, essentially on 
pharmacokinetics, metabolism and mode of action, and significant 
findings are emerging. 

• Kits for the in vitro testing of P. falciparum for susceptibility 
to sulfadoxine and pyrimethamine are being standardized in a 
multicentre study in Switzerland, Thailand and the United States 
of America, and field-tested in several malaria-endemic countries. 

• Exoerythrocytic stages of P. vivax have been successfully grown in 
culture, paving the way for the development of in vitro screens 
for tissue schizontocidal activity of primaquine, its metabolites 
and other 8-aminoquinolines. 

2.3.2 Diagnostic tests 

Current methods of diagnosing malaria involve examination of stained blood films under 
the microscope, a reasonably sensitive and specific procedure, but time-consuming and 
expensive and requiring trained personnel. Immunodiagnostic techniques are being developed 
by the Scientific Working Group on the Immunology of Malaria (IMMAL) (see section 2.4 below), 
while CHEMAL is exploring the diagnostic potential of DNA probes, which have already been 
developed for P. falciparum and P. vivax in a CHEMAL-supported study conducted at Harvard 
Medical School in Boston, MA, USA. Similar studies with P. falciparum have been conducted by 
others outside the Programme. A major advantage of DNA probes is the possibility of rapidly 
testing many blood samples, a particularly useful asset in large population surveys. DNA 
probes appear to have adequate specificity, and their current sensitivity approaches that of 
methods employing well-trained microscopists. Initial field tests have yielded promising 
results. Studies aimed at increasing the sensitivity of DNA-probe methods and at developing 
simple, non-radioisotopic methods are being conducted with CHEMAL support. 

2.3.3 The future 

CHEMAL will continue clinical development of candidate antimalarials already identified 
and will search for new antimalarials. In particular, Phase III trials of mefloquine and of 
mefloquine in combination with other drugs will be completed. Phase I and II trials of other 
blood schizontocidal drugs will begin. Studies of the tissue schizontocide, primaquine, will 
continue, and preclinical studies will be undertaken on selected Qinghaosu derivatives. 
Tests for sensitivity of P. falciparum to selected antimalarials and for the detection and 
quantification of antimalarials in blood and tissue will be developed. 



2.4 Immunology of malaria 

The development of vaccines and the improvement of immunodiagnostic methods have 
remained the two major research priorities of IMMAL. 

Malaria vaccine research is now being vigorously pursued in a large number of 
laboratories and there has been a virtual explosion of scientific publications 011 the 
subject. Pessimism about the feasibility of developing effective vaccines against malaria 
has been largely replaced by a mood of cautious optimism, based, first, on recent advances in 
applying molecular biology to malaria research, and secondly, on the expectation that new 
vaccine production technology will be applicable to malaria. 

The strategy for malaria vaccine development is based on the identification and 
characterization of those parasite antigens which specifically stimulate protective immune 
responses. The next phases involve cloning of the genes coding for the protective antigens 
or antigenic structures (epitopes), their expression in bacteria, analysis of their 
nucleotide sequences, deduction of the amino-acid sequences of the encoded molecules and 
production of the molecules by genetic engineering methods or chemical synthesis. 

Much of the malaria parasite's life-cycle involving the vertebrate host takes place 
within the liver or blood cells, where the organisms are relatively well protected from 
immune attack. Interest is therefore focused on the extracellular forms - sporozoites and 
merozoites - which come into direct contact with the immune system, and also on the sexual 
stages, which develop within mosquitos and could be possible targets of vaccines capable of 
blocking transmission of the disease. 

Most current research on malaria vaccine centres on the analysis and production of 
antigens of these various parasite forms. Stage-specific antigens are of special interest, 
since protective immunity is apparently stage-specific. Thus, a sporozoite-based vaccine 
would not be expected to protect against malaria transmitted by transfused blood containing 
asexual-stage parasites, nor would a gamete-based vaccine be expected to protect against 
infection by sporozoites and the development of disease due to the asexual blood stages. 

It is now reasonable to expect that experimental malaria vaccines will in the near 
future be brought to the stage of initial testing for efficacy, tolerance and toxicity. TDR 
collaborates closely with agencies in the United States of America actively involved in this 
work, including the United States Agency for International Development (USAID), the Walter 
Reed Army Institute of Research and the National Institutes of Health (NIH). The Programme1 s 
goal is to develop a vaccine which could be effectively incorporated into public health 
measures for malaria control. 

The remarkable recent progress made in the identification and production of potentially 
protective antigens contrasts strikingly with the still fragmentary understanding of the 
mechanisms and possible indicators of protective immunity in man. At this stage of their 
development, the effectiveness of malaria vaccines for disease control remains to be 
demonstrated. Their effectiveness in protecting individuals and in stemming transmission of 
the disease will have to be carefully evaluated under tropical conditions. 

2.4.1 Highlights of recent activities 

The most striking advance in malaria vaccine research has been the 
cloning of the gene coding for the major protective surface protein of 
sporozoites of Plasmodium falciparum. As a result of this achievement, 
reported in mid-1984 independently and almost simultaneously at NIH and 
by IMMAL-supported scientists at New York University, the first malaria 
vaccine should soon be ready for initial testing for toxicity, 
tolerance and efficacy. 



Other noteworthy advances in research, much of it supported by 
IMMAL, include： the identification, in several species of Plasmodia, 
including P. falciparum, of potentially protective antigens 011 the 
surface of asexual blood-stage forms of the parasite - the 
intraerythrocytic schizont and the extracellular merozoite; the 
identification of a stage-specific antigen of P. falciparum 
exoerythrocytic (liver) stages; the analysis and amino-acid sequencing 
of P. falciparum "S-antigens", which are released in large quantities 
at the time of schizont rupture； the identification of the 
P. falciparum gamete antigens which are the targets of 
transmission-blocking immunity； the development of a simple, highly 
sensitive, species-specific assay - the Zavala test - using the 
monoclonal antibody technique to detect sporozoites in infected 
mosquitos. 

2.4.2 The future 

IMMAL will continue its programme of vaccine development. It is expected that clinical 
testing of antisporozoite vaccines will soon be carried out- Cloned gene products from other 
life-cycle stages should become available for use in candidate vaccines. Analysis of immune 
mechanisms and immunopathological complications in malaria and the development of 
immunodiagnostic tests will continue. 

Malaria vaccine research will soon progress from the stage of fundamental laboratory 
investigation to the developmental stages, involving pilot-scale production and initial 
testing for efficacy, tolerance and toxicity. Indeed, in the case of antisporozoite vaccines 
the development programme is already under way. Although several candidate antigens from 
asexual blood-stage parasites have been identified on which future malaria vaccines might be 
based, there is still a long way to go before this form of malaria vaccine will be ready for 
clinical trials. Among the problems to be solved are the production, formulation and 
selection of suitable adjuvants and carrier molecules• It is therefore impossible to predict 
when malaria vaccines will become commercially available, but the present rate of progress 
and the commitment of industry justify optimism. 

2.5 Applied field research in malaria 

The aims of the Scientific Working Group 
are to promote the best use of existing tools 
of reliable epidemiological data, to evaluate 
field research. 

on Applied Field Research in Malaria (FIELDMAL) 
for the control of malaria and, on the strength 
new tools and methods for malaria control and 

Over the past two years FIELDMAL has been concerned mainly with: the growing severity 
and increasing spread of resistance of P. falciparum to chloroquine； the complex pattern of 
"family relationships" among the different Anopheles species and the roles of different 
members of these families in malaria transmission； and the integration of malaria control 
into local primary health care systems. 

2.5.1 Malaria vector control 

Insecticides and spraying devices 

Resistance of Anopheles to insecticides or people's objections to spraying call for 
modified operational approaches. In one study, pirimiphos methyl was effective for up to 
three months when applied oil walls but had little effect in ultra-low volume (ULV) space 
spraying. The former method can now be evaluated in a larger trial in order to determine its 
effectiveness, cost and acceptability to the population. In another trial, spraying of 
fenitrothion in a single swath 10-85 cm high on interior walls proved more effective against 
A. aconitus than coverage of entire walls. 



An electrostatic spraying device already used in agriculture is being adapted to vector 
control and overcomes many of the difficulties experienced with established methods• A 
prototype sprayer is being prepared for village trials. 

Biological control 

In semi-arid areas of northern Somalia it was shown that malaria can be controlled by 
the introduction of a species of larvivorous fish (Oreochromis spilurus spilurus) into 
mosquito breeding sites. Other species of fish are now being tested under different 
ecological conditions. 

2.5.2 Highlights of recent activities 

• A global system for monitoring the spread of P. falciparum 
resistance to drugs has been set up and integrated into the 
routine epidemiological activities of national health services in 
several countries in Africa, Central and South America and 
South-East Asia. 

• Kits to test the sensitivity of P. falciparum to 4-aminoquinoline 
drugs and to the new antimalarial, mefloquine are being produced 
in the Philippines, initially under a research agreement with TDR. 

• Ways of gearing antimalarial treatment to the specific needs and 
circumstances of individual communities are being developed from 
studies in Guatemala, Kenya, Thailand and United Republic of 
Tanzania. These studies have provided ail epidemiological 
surveillance mechanism. 

• Chromosomal and biochemical analyses are emerging as promising 
tools for studying the different functional "families" or species 
complexes of mosquitos and their roles in disease transmission, 
and could provide the basis for more rational malaria control 
strategies. 

2.5.3 The future 

FIELDMAL will conduct studies on the epidemiology of drug resistance and its control, 
and on the operational use of drugs. Vector taxonomy, behaviour, status and modified 
approaches to vector control will be explored. Studies will be made of malaria epidemiology 
in relation to integrated control strategies, particularly in areas of rapid environmental 
change (irrigation, deforestation, urbanization). In preparation for vaccine trials, 
epidemiological studies will be conducted and ways of refining field investigation will be 
sought. Attempts will be made to introduce in vitro test kits for measuring the sensitivity 
of P, falciparum to new drugs. Other types of tests needed in epidemiological studies, such 
as a kit using monoclonal antibodies for the detection of sporozoites in mosquitos, will be 
further developed. 

3. SCHISTOSOMIASIS 

Schistosomiasis is still spreading, in association with water and agricultural 
development projects, in the 74 countries where it is endemic, where an estimated 200 million 
people are actually infected, and where over 600 million more are exposed to the risk of 
infection. 



There are four types of schistosome worms that infect man: three, Schistosoma mansoni, 
S. japonicum and S. intercalatum, cause intestinal schistosomiasis and the fourth, 
S. haematobium, urinary schistosomiasis. WH0Ts control strategy for all four types of 
infection aims at reduction of morbidity rather than eradication of disease transmission, 
since man himself causes and spreads schistosomiasis; children are the most frequently and 
heavily infected； in children there is a direct association between intensity of infection -
as measured by urinary or faecal egg counts - and severity of disease; current approaches to 
control of the snail intermediate hosts of schistosomes are expensive, require skilled field 
personnel not usually available locally and demand long-term, repeated interventions. 

A realistic, demonstrably effective control strategy (recently endorsed by a WHO Expert 
Committee) has been established for schistosomiasis. It is based oil quantitative 
epidemiological evaluation, chemotherapy, supplemental mollusciciding, follow-up of patients 
at predetermined intervals, community education and integration of control operations into 
health care delivery systems. The success of this strategy depends on the resolve of endemic 
countries to adapt it to local needs and to mobilize the political and administrative 
resources required for its implementation. 

The Programme1 s Scientific Working Group on Schistosomiasis supports research focused on 
the identification and development of new scientific tools that should make for more 
efficient, less expensive and more easily achieved disease control. 

In planning its activities, TDR takes into account research needs not covered by work 
conducted outside the Programme. More specifically, it recognizes a need for applied field 
research on new drugs, diagnostic tests, snail control agents, drug delivery methods, disease 
control in agricultural development projects, disease control operations arid their 
applicability in different epidemiological conditions, and the distribution of potential 
intermediate snail hosts in the environment and their relation to human infection. 

There is also special interest in the immunology of schistosomiasis, including 
schistosome antigens, immunological aspects of the schistosome surface membrane, the 
development of immunodiagnostic tests suitable for control programmes, and the potential for 
vaccination. 

Other research topics currently within the focus of the Programme include the 
identification of schistosome strains and species, development of new drugs based on parasite 
biochemistry, the schistosome surface membrane, parasite neurophysiology, mechanisms of drug 
resistance, pharmacokinetics and drug metabolism, snail metabolism and schistosome 
embryogenesis. 

3e1 Immune regulation and vaccination 

It is now clear that immune schi s t о s ome-ho s t interactions form an extraordinarily 
complex system. A large number of potential host effector mechanisms have been identified, 
mainly by in vitro studies, and an equally large number of parasite evasion and defence 
mechanisms have been disclosed. Host-parasite interplay results most often in chronic, 
long-lasting infection, with generally slow and variable development of resistance. Research 
has not yet defined a vaccine likely to prevent disease in man, but a safe, potent vaccine 
would be of such great benefit that this objective should be pursued. 

3.2 Highlights of recent activities 

• A new syringe urine filtration technique has been tested in 
Zanzibar (United Republic of Tanzania) and found effective, and is 
now being evaluated in Cameroon, Congo, Malawi, Mozambique and 
Niger. 

• Biochemical studies on schistosome purine and pyrimidine 
metabolism are providing promising pointers to new 
antischistosomal drugs. 



Monoclonal antibodies are being used successfully to identify 
schistosome antigens that might form the basis of protective 
vaccines. 

Applied field research projects have been conducted in Burundi and 
Zanzibar with a view to assessing control strategies in different 
locations, and have demonstrated the feasibility of large-scale 
treatment programmes using available diagnostic techniques and 
antischistosomal drugs. 

3.3 The future 

In order to identify and resolve more easily problems of schistosomiasis control, WHO 
will foster close collaboration between research and operational programmes. In particular, 
applied field research will be linked to national control programmes to promote the 
adaptation of new techniques and operational approaches to field use. More research on the 
basic metabolism of the snail will be encouraged as a basis for the development of new 
molluscicides. The parasite's biochemistry and metabolism will be explored as a basis for 
the development of new antischistosomal drugs and for a greater understanding of the modes of 
action of current drugs. The development will be encouraged of new, sensitive, inexpensive 
diagnostic techniques appropriate for use in developing countries. The increasing use of 
large-scale chemotherapy to reduce morbidity has created unique opportunities to study the 
effect of drugs on the human immune response• This situation opens new avenues for applied 
immunological research in endemic countries. 

4, FILARIASIS 

Filariasis comprises several diseases. Most are caused by filarial worms and 
transmitted by bloodsucking flies. One, dracunculiasis, is a closely related metazoan 
disease transmitted by water fleas. 

Onchocerciasis, or "river blindness", which is transmitted by blackflies of the genus 
Simulium, is probably the most serious of the filarial diseases. It affects about 40 million 
people, mainly in tropical Africa, but also in Central and South America, and foci in the 
Eastern Mediterranean Region extend to Yemen and the Sudan. The manifestations of 
onchocerciasis - mainly intense itching and ultimately, in many cases, blindness - are due to 
the millions of Onchocerca volvulus microfilariae infesting the body, especially in the skin 
and eyes. The adult worms lodge in nodules in subcutaneous and even deeper tissues in 
various parts of the body. 

Treatment of onchocerciasis is still unsatisfactory. There are no safe, effective drugs 
available for large-scale therapy. Diethylcarbamazine (DEC), which has been in use for the 
last 35 years, eliminates microfilariae but in doing so it usually causes an intense reaction 
(the Mazzotti reaction), consisting of pruritus, rash, lymph-node enlargement, fever, 
hypotension and occasionally eye damage, and has to be administered under ophthalmological 
supervision. Unfortunately, it does not kill adult worms. Suramin, which has been in use 
for about 40 years as the only drug knoxm to kill adult worms, is toxic, particularly to the 
kidneys. 

The parasitic worms that cause human lymphatic filariasis are Wuchereria bancrofti, 
Brugia malayi and B. timori. In Africa, South America, Asia and the Pacific Islands an 
estimated 905 million people are exposed to the risk of infection with these parasites and 
about 90 million are actually infected. The adult worms lodge in lymphatic vessels; the 
microfilariae circulate in the blood, often in a nocturnally periodic pattern, and are 
transmitted by various genera of mosquitos. The worms are responsible for considerable 
disability and disfigurement, due to acute adenolymphangitis and chronic lesions like 
elephantiasis and hydrocoele. 



Lymphatic filariasis can be relatively safely and effectively treated with DEC, which, 
although mainly microfilaricidal, is also a fairly effective macrofilaricidal if used in 
large enough doses. In use against lymphatic filariasis DEC is also not without 
side-effects, which are related to the rapid destruction of large numbers of microfilariae in 
patients with high levels of parasitaemia. On the whole, though, it has been successfully 
used not only to treat individual patients but also in large-scale chemotherapy programmes. 

Overall, the major problem in the control and treatment of filarial infections has been 
the lack of a completely safe, effective compound that could be used, preferably in a single 
dose, both for onchocerciasis and other filarial diseases. 

In the search for a suitable new drug the Programme has adopted several approaches: the 
selection of compounds from pharmaceutical company stocks and the testing of these compounds 
in animal screens； synthesis following up leads on new compounds, with continuous feedback 
from animal screens; research to identify biochemical characteristics that are unique to the 
parasite and have potential as chemotherapy targets； pharmacokinetic and toxicological 
studies on compounds that have shown promise in these early tests； clinical trials of new 
drugs, as well as of drugs already in use for other purposes. 

To implement these steps, the Programme has set up drug screening centres in several 
parts of the world and has established drug screening procedures. Research has also been 
funded on synthesis following up leads on new compounds, pharmacokinetic studies have been 
undertaken on available drugs and clinical trial centres have been set up to test not only 
new compounds but also better ways of using suramin and DEC. 

4.1 Collaboration with the onchocerciasis chemotherapy project 

In view of the urgent need to complement successful larvicidal control with effective 
chemotherapy, in 1982 the Onchocerciasis Control Programme (OCP) in the Volta River Basin 
area in West Africa established ail "onchocerciasis chemotherapy project" (OCT) with two main 
objectives： to obtain drugs which would kill or permanently sterilize adult Onchocerca 
volvulus worms without causing severe reactions in patients and to identify microfilaricides 
which do not produce severe Mazzotti reactions. OCT has supported mainly clinical trials and 
basic research following up leads to new compounds. Special attention has been given to 
ivermectin. The OCT works in close collaboration with the Scientific Working Group on 
Filariasis. 

In addition to drugs, major needs include： immunodiagnostic tests for both 
onchocerciasis and lymphatic filariasis； information on the biology, bionomics, biting 
behaviour and transmission potential of vectors of filarial worms in different localities; 
simple tests to identify the origin (human or animal) of filarial parasites in vector flies; 
methods of distinguishing between savanna and forest strains of the human onchocerciasis 
parasite； and a better knowledge of the epidemiology of filarial infections in order to 
identify individuals and population groups at risk of infection and those among them at risk 
of developing the more serious disease manifestations• 

4.2 Highlights of recent activities 

• Several thousand compounds have now been put through animal 
screens and a number have shown promising activity. 

• Ivermectin, derived from a naturally occurring antibiotic-like 
substance, developed by Merck, Sharpe and Dohme of New Jersey, 
United States of America, has been shown, in Phase II trials, to 
be capable in a single dose of ridding patients of 0. volvulus 
microfilariae without causing serious side-effects. The 
microfilariae in the skin and eyes can be effectively suppressed 
in this way for at least six months. Phase III trials are now 
under way at six centres. 



Two Ciba-Geigy compounds, CGP 6140 (a diphenyl 
amino-methylpiperazine) and CGP 20376 (a benzthiazole), whose 
activity has been confirmed in tertiary screens for onchocerciasis 
(0. gibsoni, in cattle) and lymphatic filariasis (Brugia malayi, 
in leaf monkeys), have reached the clinical trial stage. Phase I 
and IIA trials oil CGP 6140 in the treatment of onchocerciasis 
began at the Onchocerciasis Chemotherapy Research Centre in 
Tamale, Ghana, in February 1985. Phase I trials on CGP 20376 in 
lymphatic filariasis are likely to begin soon. 

Advances have been made in attempts to develop a specific, 
sensitive immunodiagnostic test for filarial infection. Filarial 
antigens have been detected in body fluids of most 
microfilaria-positive patients, as well as in a proportion of 
infected patients without evidence of microfilariae, suggesting 
the possibility of diagnosing infection serologically at a 
pre-patent or occult stage of infection. 

4.3 The future 

The search for nontoxic filaricides will continue, based on studies of biochemistry and 
metabolism, screening and synthesis following up leads to new compounds. Ivermectin will 
continue to be examined for activity in onchocerciasis and lymphatic infection, and the new 
compounds that have reached Phase I trials will undergo Phase II trials if they prove 
satisfactory. The search for more specific diagnostic tests will continue, with emphasis on 
the detection of specific antigens in body fluids. Higher priority will be given to the 
detection and identification of parasites in vectors, using DNA probes and immunological 
methods, and to the identification of vectors by non-microscopic methods, such as DNA probes 
and isoenzyme techniques. Epidemiological studies will include the relation of different 
risk factors. 

5. AFRICAN TRYPANOSOMIASIS 

African trypanosomiasis, or sleeping sickness, is a severe, often fatal disease that 
occurs widely in the sub-Saharan region of the continent. There are two varieties: one, 
caused by Trypanosoma brucei rhodesiense, is found in East Africa； the other, caused by 
T.b. gambiense, occurs in West and Central Africa. The rhodesiense infection is usually 
acute, causing severe symptoms and death within a few weeks or months. The gambiense form 
progresses more slowly over several months or years. Both varieties can produce brain damage 
and a sleeping sickness syndrome, and are fatal if not treated. 

About 50 million people in 36 African countries are at risk of developing the disease 
and, of these, only between five and ten million have access to some form of protection or 
treatment. The incidence of reported cases is currently 20 000 a year, but many cases go 
undetected. Severe outbreaks have occurred over the last 10 years, partly as a result of 
poor disease surveillance, in Cameroon, Central African Republic, Ivory Coast, Sudan, Uganda 
and Zaire. 

The trypanosomiases are transmitted by a small number of tsetse fly species. An 
infected bite from the insect causes local inflammation (trypanosomal chancre)； the 
parasites migrate from this site and multiply in lymph and blood. The blood-trypanosome 
count oscillates cyclically, the parasites in each successive wave of parasitaemia carrying 
different surface antigens and thereby evading antibodies raised by the host to previous 
surface coats of the parasite. Eventually all organs are invaded, with 
central-nervous-system involvement ultimately leading to coma and death. 

T,b. rhodesiense trypanosomiasis occurs in a variety of game and cattle. When incidence 
of human infection is low, transmission occurs mainly through animal hosts, although during 
epidemics man-to-man transmission is important. T.b. gambiense infection, oil the other hand, 



was thought until recently to be confined to man. Control of sleeping sickness, especially 
of the gambiense form, is based on population surveillance, diagnosis and treatment. In view 
of the wide variability in parasitaemia levels, early diagnosis of infection is not easily 
achieved under field conditions. The innnunofluorescent antibody test is valuable but its use 
is limited by the need for specialized laboratories. Currently available drugs are grossly 
inadequate for the treatment of these diseases. The earlier stages of infection, which do 
not involve the brain, can be treated with suramin (for T.b, rhodesiense infection) and 
pentamidine (for T>b. gambiense infection), but resistance to pentamidine has been reported. 
Treatment of late stages of the disease is currently based on the arsenical compound 
melarsoprol, which causes serious side-effects in 5%—10% of patients and is fatal in l%-5%. 
Treatment is also hampered by inadequate knowledge of the pathology of the disease. 
Insecticides can be used to control tsetse vectors but they are expensive, have ecological 
drawbacks and do not produce a lasting effect. In view of the many problems facing those 
involved in control of the trypanosomiases, the WHO action programme oil sleeping sickness 
control has recently prepared a draft manual (based partly oil findings of TDR-supported 
research) for primary health care workers, nurses, medical assistants and doctors. 

5.1 Highlights of recent activities 

• Strong evidence has emerged that domestic and game animals can 
harbour trypanosomes identical to T.b, gambiense from man, 
although the relevance of this finding to transmission of human 
disease has yet to be determined. 

• Simple, effective insecticide-impregnated traps and screens 
developed for use by rural communities have reduced tsetse 
populations by over 90% in some areas. With special funds 
approved by the Director-General, WHO is supporting a project in 
the Ivory Coast designed to evaluate the impact of 
insecticide-impregnated traps or screens and of community 
participation on Glossina control and trypanosomiasis transmission. 

• The new card agglutination test for trypanosomiasis (CATT) - a 
simple, relatively sensitive field test for African 
trypanosomiasis, derived initially from work conducted outside the 
Programme - was found, in comparative field trials, to be the most 
practical field test now available for the rapid diagnosis of 
infection. Many endemic countries are now purchasing CATT, either 
directly or through WHO, for sleeping sickness control. 

• The miniature anion-exchange centrifugation technique (MAECT) has 
been shown to be the most sensitive method of detecting 
trypanosomes in blood. The WHO action programme on sleeping 
sickness control is preparing kits to make the test suitable for 
routine use by sleeping sickness treatment centres. 

• DL-ú¿-difluoromethylornithine (DFMO), ail ornithine decarboxylase 
inhibitor, administered in combination with bleomycin, cured mice 
of berenil-resistant T.b. brucei infection of the central nervous 
system. In preliminary clinical trials conducted within and 
outside the Programme and involving about 100 patients with 
African trypanosomiasis, DFMO achieved satisfactory results in 97 
patients, including those with melarsoprol-resistant infection. 
Further trials are being conducted in collaboration with the 
pharmaceutical industry. 

• Work is in progress to improve therapeutic regimens based on 
existing drugs, but less toxic drugs are urgently needed. Of 
100 compounds put through TDR animal screens for trypanocidal 
activity, two nitroimidazoles, given with suramin, brought about 



permanent cure of T. brucei infection of the central nervous 
system in mice and are now being tested in monkeys. 

In an Ivory Coast study, use of insecticide-impregnated screens in 
conjunction with selective insecticide groundspraying reduced 
tsetse population density by 98%• 

5.2 The future 

Further studies will be undertaken on the relationship between seropositivity and 
parasitological evidence of infection. Long-term multidisciplinary studies oil disease 
epidemiology will continue for T.b. gambiense in the Congo and for T.b. rhodesiense in 
Ethiopia. Development of diagnostic tests will continue to be explored. The search for safe 
and effective chemotherapeutic agents and regimens will continue• Assessment of combinations 
of known trypanocides, of new compounds and of the use of anti-inflammatory drugs is 
envisaged• Development of a CATT for T.b. rhodesiense and continued research on antigenic 
repertoires of both T.b. gambiense and T.b. rhodesiense for the development of more sensitive 
tests will be pursued. Studies oil the pathology of the disease, the mechanisms of 
inflammation and the nature of the immune response in man and its role in immunopathology 
will continue. Identification of simple and cost-effective methods of vector control for 
application by rural communities is envisaged. The search for odour attractants for flies of 
the Glossina palpalis group will continue. 

6. CHAGAS1 DISEASE 

Chagas' disease, a chronic illness caused by the flagellate parasite T. cruzi, was first 
described in 1909 by the Brazilian physician Carlos Chagas. It is confined to the American 
continent, particularly to tropical and subtropical countries of Latin America, although 
indigenous cases have been reported from temperate areas of North America. There are two 
stages of the disease: an acute stage, occurring shortly after the initial infection, and a 
chronic stage, in which the heart, oesophagus, lower intestine and peripheral nervous system 
are chiefly affected. Fifteen to 20 years or more may elapse between the two stages. During 
this "interim" period, infection is present without overt illness. Definitive diagnosis of 
infection is based on the demonstration of parasites in the blood and is achieved by 
xenodiagnosis: patients are exposed to the bites of laboratory-reared triatomine bugs, the 
vectors of T, cruzi, which are then examined for the presence of parasites. Triatomines, 
commonly known as "kissing bugs" because they often bite their victims on the face, infest 
and breed in substandard mud-wall dwellings. 

It has been estimated that up to 63% of blood donors in non-endemic urban areas are 
infected with T. cruzi, and transmission by transfusion has now become a serious problem. 
About 65 million people are directly exposed to the risk of T. cruzi infection, a further 15 
to 20 million are actually infected, and of infected individuals approximately 10% develop 
chronic Chagas1 cardiopathy. According to recent evidence, chronic Chagas1 disease may be 
responsible in some areas for up to 10% of deaths among the adult population. 

Many countries recognize Chagas1 disease as a public health problem and a number of 
control programmes have been in operation since the early 1950s. Designing and evaluating 
such programmes requires a knowledge of the prevalence of infection. Current prevalence 
estimates are based largely oil evidence from sérodiagnostic tests, which are validated and 
standardized in a continental network of collaborating laboratories sponsored by TDR. 

Research topics being given high priority by the Programme include： the 
immunopathogenes i s of chronic Chagasf disease lesions; prevalence rates and geographical 
variations in prevalence； improvement of control programmes; development of improved, 
long-acting insecticides; improvement of housing (to prevent transmission)； standardization 
of sérodiagnostic reagents and tests； improvement of sérodiagnostic tests by the use of 
defined antigens; development of tests suitable for screening transfusion blood; 
development of trypanocidal compounds for sterilizing transfusion blood； and development of 
drugs to cure disease and not merely clear blood of parasites. 



6.1 Highlights of recent activities 

• Prevalence studies being undertaken with the Ministries of Health 
of Ecuador, Honduras, Paraguay and Uruguay are providing 
information for the implementation and evaluation of national 
control programmes. 

• The continental network of collaborating laboratories for the 
standardization of serodiagnosis in Chagas1 disease now covers 
11 countries； Argentina, Bolivia, Brazil, Chile, Colombia, Costa 
Rica, Ecuador, Honduras, Panama, the United States of America, and 
Uruguay. The central reference laboratory in Sao Paulo, Brazil, 
has distributed 2800 samples of reference sera to other 
collaborating laboratories for calibration of sérodiagnostic 
tests. Quality control undertaken by the Sao Paulo laboratory 
shows high indices of agreement between the different laboratories 
in assessment of sera as positive or negative for infection. 

• Slow-release insecticidal paint formulations have been 
field-tested and found effective for up to nine months. The new 
paints can be easily applied and are well accepted by the 
community. 

• A new, more cost-effective formulation for the insecticide 
deltamethrin has been developed and field-tested, and has now been 
adopted for routine control activities by the Brazilian Chagas1 
disease control programme. 

• In collaboration with Argentina's control programme a fumigant 
insecticide canister has been tested for indoor use, and initial 
results are encouraging. 

• Twenty-one active compounds potentially suitable for sterilizing 
transfusion blood have been identified by in vitro screen 
testing. Two have been selected for further study. 

• A new serological monoclonal antibody-based assay is being 
field-tested in Bolivia and Venezuela. 

6.2 The future 

Research will continue along the present lines with emphasis on standardization of 
research methods and materials. Studies on efficacy, toxicology and safety of selected 
trypanocidal compounds will continue. Assessment of a test for the rapid routine screening 
of transfusion blood will be given high priority. Large-scale trials with insecticidal 
paints and new formulations will be launched, involving national control programmes. Basic 
studies aiming at the development of a curative drug for all stages of Chagas' disease and at 
the identification and characterization of parasite antigens for use in safe and effective 
iramunoprophylactic regimens will continue and expand• Studies on the relation of parasite 
subpopulations and clinical and geographical varieties of Chagas' disease will be initiated. 

7. THE LEISHMANIASES 

The leishmaniases, diseases caused by infection with the flagellate protozoan parasite 
Leishmania, occur in three major forms： visceral, mucocutaneous and cutaneous. 

Visceral leishmaniasis (VL), in which the parasite invades internal organs (spleen, 
liver, bone marrow, etc.), is usually lethal if untreated. It is endemic in several parts of 
Africa, Latin America and the Indian subcontinent, and occurs sporadically in China, the 



Mediterranean Basin, South-West Asia and southern parts of the Soviet Union. In 1977, an 
epidemic of VL, or kala-azar as it is called in India, occurred in Bihar State, India, 
affecting 100 000 people (according to a survey of the Indian National Institute of 
Communicable Diseases), and for 1978 a conservative estimate of 40 000 cases was reported. 

Mucocutaneous leishmaniasis (MCL) is primarily found in South America, although cases 
have also been reported in Africa, notably Ethiopia and the Sudan. The disease begins with a 
primary skin lesion, followed several years later by metastasis to the oronasal or pharyngeal 
mucosa. These degenerative mucocutaneous lesions can be mistaken for leprosy and carry 
something of the stigma and cause some of the socioeconomic problems experienced by many 
leprosy patients. 

Cutaneous leishmaniasis (CL), the most prevalent form of leishmaniasis, is found in 
Africa, Latin America, South-West Asia, the Indian subcontinent, and parts of the 
Mediterranean Basin and of the Soviet Union. Uncomplicated cutaneous lesions heal within 
nine months (in the Middle East) to two years (in Central and South America). However, 
nonhealing lesions occur, as in diffuse cutaneous leishmaniasis (found in Ethiopia), 
leishmaniasis recidivans (in the Middle East) and post-kala-azar dermal leishmaniasis (in 
India and East Africa) • Even uncomplicated CL is associated with high morbidity, a 
disfiguring lesion and life-long scarring. Loss of worktime due to CL, especially in new 
development projects, can have important economic consequences (projects in forest areas of 
Brazil and desert areas of Saudi Arabia, for example, were curtailed due to the high 
incidence of CL in these areas). 

Leishmaniases are transmitted by sandflies of the Phlebotomus (Old World) and Lutzomyia 
(New World) species. They require humid but not wet conditions for breeding and live on a 
wide range of organic materials. Females generally require a vertebrate blood meal for 
development, although autogenous development has been reported. 

The ecological systems maintaining the different Leishmania species in different areas 
vary from place to place. In central Kenya and in India man is thought to be the reservoir 
host for L. donovani, the species responsible for kala-azar. In almost all other endemic 
areas of the world, i.e., in north-western Africa, South America and southern Europe, the dog 
is the reservoir. Other animals - foxes (in France and the Islamic Republic of Iran), rats 
(in Italy) and jackals and wolves (in the Soviet Union) - have also been implicated as 
L. donovani reservoir hosts. 

At present there is no diagnostic test for early Leishmania infection. Definitive 
diagnosis depends on isolation and identification of the parasite from biopsy material. In 
visceral leishmaniasis this is a serious problem, since biopsies of bone marrow, spleen or 
liver are required. Serological tests give a presumptive indication of infection and are 
positive in advanced disease. 

The only drugs available to treat the leishmaniases are pentavalent antimony compounds, 
which are toxic and require repeated injections given under close supervision for three weeks 
or more. Common side-effects include vomiting, nausea, malaise, headache, lethargy and 
electrocardiographic (ECG) changes. Current treatment schedules are, moreover, not always 
successful. 

A form of vaccination has long been practised against CL in parts of the Middle East: 
an infective dose of the parasite is administered at a chosen site of the body in order to 
prevent naturally occurring lesions from developing on the face or in multiple sites• 
Following this "leishmanization" procedure, the disease runs its normal course and, after the 
lesion has healed, leaves the patient with strong immunity to the parasite. During the past 
four years over 800 000 individuals have been submitted to leishmanization in the Islamic 
Republic of Iran, whenever all other control measures failed. 

Vector control is not always feasible in zoonotic leishmaniases. However, in 
anthroponotic forms (such as kala-azar or some forms of CL) vector control programmes 
directed primarily against malaria have also been very effective against leishmaniases. 
Indeed, cessation of antimalarial insecticide application has been suggested as the cause of 
the 1977-1978 outbreak of leishmaniasis in Bihar, India. 



Scientific interest in the leishmaniases has increased significantly in recent years. 
Over the past decade the number of published scientific papers on these diseases - of which 
those arising from TDR support constitute a considerable proportion - has doubled. The 
availability of animal models and the ease with which Leishmania can be grown in vitro are 
two reasons why experimental leishmaniasis is now widely used as a model for studying the 
host-parasite relationship in general. Research on the leishmaniases, however, is still in 
its infancy, despite the fact that the diseases have been known for centuries and their 
causes for more than 70 years. There is little doubt, though, that if adequate support is 
now provided for a concerted, sustained research effort, effective agents to treat and 
control these diseases, including drugs, diagnostic tests and even vaccines, could be 
developed within a reasonably short period of time. 

7.1 Highlights of recent activities 

• New information has been obtained on the geographical distribution 
of infections and on the characteristics of vectors. 

• Studies oil nucleotide metabolism in Leishmania have led to the 
development of allopurinol riboside, a nucleic acid analogue now 
undergoing a limited Phase II clinical trial. 

• Improvements have been made to therapeutic regimens using antimony 
compounds. 

• Monoclonal antibodies and cloned kDNA probes specifically 
recognizing various Leishmania species have facilitated the 
identification and characterization of the parasite and are being 
used to develop new diagnostic tests. 

• It has been found that some types of T-lymphocytes can aggravate 
leishmanial lesions in mice, a finding pertinent to research on 
new approaches to vaccine development. 

參 Fourteen strains of Leishmania have been selected as reference 
strains to be used by all laboratories involved in the 
identification and characterization of these parasites. 

• Experimental protection has been achieved in animal models using 
several types of vaccinating agents other than virulent parasites. 

r.2 The future 

Plans for vaccine development against zoonotic cutaneous leishmaniasis have been 
prepared and candidate preparations will be tested, initially in vitro. New diagnostic tests 
will be field-tested. Further development and trials of a new promising drug for cutaneous 
and visceral disease are anticipated, either alone or in combination with antimonials. 
Experimental models of leishmaniases, particularly in primates, will be developed. Field 
research on the transmission cycle and ecology of the disease will be continued in selected 
areas. Studies on host-parasite interactions in mucocutaneous and visceral leishmaniases 
will be emphasized. 

8. LEPROSY 

About 1.4 billion people - nearly a third of the world's population - live in 
leprosy-endemic areas, mostly in Asia and Africa, and more than a third of the 
(conservatively) estimated 10.6 million leprosy patients in the world face the threat of 
permanent, progressive physical disability, often with its concomitant of social rejection. 
Indeed, in many countries the social dimensions of the disease carry its public health impact 
far beyond the extent suggested by prevalence rates. 



A major problem in leprosy treatment has been the growing resistance of Mycobacterium 
leprae to dapsone, the only cheap, safe and effective antileprosy drug and one that has been 
used widely for almost 40 years as the treatment for leprosy. Dapsone resistance is now 
widespread and increasing: alternative drugs are urgently needed. Over the past 15 years, 
secondary resistance (appearing during the course of treatment) has been reported with 
increasing frequency. Whenever dapsone resistance has been sought among treated or relapsed 
lepromatous leprosy patients it has been found, and its prevalence has been steadily 
increasing in many countries. 

Primary resistance (confirmed before treatment) presents an even more disturbing picture 
and seems to be increasing more quickly than secondary resistance. As a counter-measure, the 
use of combined drug regimens has been proposed by a WHO study group oil the strength of 
research conducted under the Scientific Working Group on the Chemotherapy of Leprosy 
(THELEP). Based primarily on intermittent administration of rifampicin, these regimens are 
simple, operationally practicable and effective, and have been widely accepted for use in 
control programmes. In the long run, though, currently available drugs may lose their 
effectiveness. The search for new and better drugs must therefore continue. 

In spite of some progress in chemotherapy, a method of primary prevention is urgently 
needed. BCG vaccination has been tested in large-scale prospective trials and found to give 
only a modest degree of protection. The development of a more effective vaccine is clearly 
of high priority. 

Epidemiological research on leprosy is currently based on the study of well-established 
cases. There is now good evidence that only a proportion of infected individuals actually 
develop overt disease. A test for early, subclinical infection would undoubtedly facilitate 
the epidemiological studies on the disease, which would in turn provide data essential for 
future control efforts. 

8.1 Highlights of recent activities 

• Leprosy vaccines are now being studied in human subjects. A 
Phase I trial of a killed-M* leprae vaccine, involving 
31 Norwegian volunteers, was completed and showed the preparation 
to be safe, as well as effective in inducing sensitization. 
Another study showed a mixed vaccine (BCG, killed M. leprae and a 
mixture of both) to be capable of inducing sensitization in a 
higher proportion of vaccinated individuals than with killed 
M, leprae alone or BCG alone. A vaccine prophylaxis trial, using 
a combination of killed M. leprae and BCG and involving over 
60 000 household contacts of leprosy patients, has begun in 
Venezuela. Other trials are shortly to begin in other countries. 

• Ten M. leprae-specific monoclonal antibodies were prepared and 
will be used to develop immunodiagnostic tests for field use. 

• Alarmingly high prevalence rates of primary resistance to dapsone 
were reported in some areas. Primary resistance (in previously 
untreated patients) is becoming increasingly widespread. Coming 
oil top of widespread secondary resistance (following drug 
treatment), this development calls for the use of a combination of 
drugs or "multidrug" therapy, for all leprosy patients. 

• Preliminary findings of field trials conducted in India oil 
multidrug regimens suggest that therapy using a combination of 
drugs is operationally feasible： the regimens tested were well 
accepted and found to be free of serious side-effects. Although 
it is too early to assess the efficacy of the different regimens, 
none has so far been associated with clinical deterioration. 



The genome of M. leprae has recently been cloned and expressed in 
Escherichia coli. This advance opens up the prospect of second-
generation leprosy vaccines not requiring armadillos for their 
production, and will obviate many other problems in leprosy 
research arising from inability to cultivate M. leprae. 

8.2 The future 

The plans of the Scientific Working Group on the Immunology of Leprosy (IMMLEP) include 
initiation of large-scale leprosy vaccine trials in Asia and Africa； studies of 
immunotherapy to promote early cure and prevent relapse； application of immunodiagnostic 
tests based on monoclonal antibodies and phenolic glycolipid-I antigen in epidemiological 
studies; identification of specific antigens of relevance to diagnosis, and vaccine 
development using molecular biology； and further elucidation of immuno-regulating mechanisms 
in leprosy. 

THELEP1 s plans include screening of new classes of compounds, and short-term trials of 
quinolones, a promising new class of compounds； exploitation of the expression of M. leprae 
DNA genes in E. coli and Streptomyces species for application to drug screening; improvement 
of the sensitivity and specificity of the available in vitro drug screening system； 
elucidation of the efficacy, acceptability and operational feasibility of multidrug regimens 
in field conditions； evaluation of the impact of multidrug therapy on the transmission of 
leprosy; exploration of the effectiveness of immunotherapy combined with intensive 
chemotherapy in the treatment of lepromatous leprosy； and the application of newer 
approaches for monitoring chemotherapy. 

9. BIOLOGICAL CONTROL OF VECTORS 

Of the six diseases within TDRfs mandate, all but leprosy are transmitted by vectors. 
Programmes aimed at controlling these vectors have up to now relied heavily on chemical 
pesticides. But increasing costs, vector resistance, low target specificity and ecological 
concerns have prompted the search for other approaches that can be included within integrated 
vector strategies. 

One such approach is to exploit the existence of organisms whose pathogenicity to other 
members of the ecosystem acts as a natural "regulator" of the system. This has several 
advantages and is ecologically more acceptable than chemical control alone. Unlike most 
chemical pesticides, natural regulators tend to have fairly narrow ranges of targets, so that 
their effects are more amenable to ecological containment. 

The aims of research on the biological control of vectors are to identify natural, 
biological regulators that have survived such containment； to test them not only for 
efficacy and field applicability against vectors of the five vector-borne diseases of 
interest to the Programme but also for safety to human and other non-target species; to 
stimulate the development and production of those that emerge as promising from efficacy and 
safety tests； and, if possible, to improve the effectiveness of naturally occurring 
regulators. An ultimate aim is the inclusion of agents of proven efficacy into integrated 
vector control programmes. 

Of more than 40 agents so far investigated with TDR support, some were discovered in 
research supported by TDR, others by investigators initially working outside the Programme 
but later receiving Programme support for subsequent testing and development. These agents 
include： bacteria, fungi, protozoa, worms (nematodes), invertebrate predators, biological 
competitors and fish. Certain larvicidal bacteria and larvivorous fish have shown great 
promise, and all the agents selected for further development have proved remarkably 
••target-specific" • 



9.1 Highlights of recent activities 

• Bacillus thuringiensis H-14 is now in use for the control of 
Simulium in areas of the Onchocerciasis Control Programme where 
the vector has become resistant to chemical insecticides. 

• New strains of Bacillus sphaericus, a larvicidal microorganism 
capable of recycling even in polluted water, have been shown in 
several countries - Israel, Ivory Coast, Nigeria, Soviet Union, 
Thailand and the United States of America - to be effective 
against strains of both Anopheles and Culex vector mosquitos. 

• A method of mass-producing oospores of the larvicidal fungus, 
Lagenidium giganteum, is in the early stages of development and is 
showing great promise. The oospore is the stage during which the 
fungus is "transportable" and is most resistant to natural 
hazards, and provides a rich source of infective zoospores. 

9.2 The future 

A number of biological agents are being accorded highest priority for future 
development： formulations of B. thuringiensis H-14 for mosquito control and development of 
asporogenic mutants; B. sphaericus; L> giganteum； larvivorous fish; and nematodes, notably 
of the Romanomermis iyengari species. In addition, emphasis is being placed on 
methodological approaches, such as methods for developing formulations of biological control 
agents specifically adapted for use in tropical developing countries, and field trials of the 
effectiveness of biological control agents in disease control. 

10. EPIDEMIOLOGY 

Knowledge of the distribution of the six major diseases of concern to TDR has been 
accumulating steadily over the years, and some of the factors underlying the occurrence and 
distribution of these diseases are better understood. But further epidemiological research 
is needed (1) to measure the disease burden so as to provide national health services with 
guidelines on priorities and to enable the impact of specific control measures to be 
monitored； (2) to identify specific risk factors for infection and disease, with a view to 
improving disease control; (3) to develop techniques for testing the efficacy of new control 
tools, such as drugs and vaccines, so that they might be used most effectively; and (4) to 
test alternative approaches and determine the best strategies for their use. 

The increasingly vigorous application of basic biomedical sciences to tropical diseases 
is now yielding powerful tools for diagnosis, prevention, treatment and control. The new 
diagnostic tests must not only be epidemiologically validated for sensitivity and specificity 
in the field but also standardized to facilitate comparison of results. Vaccines must be 
carefully tested for safety and protective value. Well-designed, epidemiologically sound 
studies are needed to ensure the effective deployment of these new tools and their 
integration into control operations. All branches of epidemiology must be marshalled to meet 
these requirements - from simple descriptive studies to complex computer simulations, from 
case-control studies of causal factors to community trials of vaccines and therapeutic 
agents. TDR has concentrated only on those aspects of research most likely to lead rapidly 
to effective control of the six tropical diseases within its mandate. 

Important epidemiological research is conducted with the support of TDR1s 
••disease-specific" scientific working groups. Studies describing disease distribution 
patterns have been completed in areas of the world where little information had previously 
been available. Baseline studies, for example, of Chagas' disease and the leishmaniases are 
now providing the foundations oil which national control programmes can be undertaken and on 
which analytical studies have been started with a view to establishing risk factors and 
designing strategies for community-based disease control. 



In many respects, the factors underlying disease distribution in the community are still 
obscure. Some diseases, such as schistosomiasis, Chagas1 disease and lymphatic filariasis, 
show a common pattern: infection may be highly prevalent in the community while only a 
minority of those infected have serious clinical disease. Identifying risk factors for 
infection, for disease and for disease complications is an important task of TDR's Scientific 
Working Group on Epidemiology and one that is being accomplished through the application of 
epidemiological techniques originally developed for the study of chronic, non-parasitic 
diseases like cancer and heart disease. For other diseases, epidemiological methods are now 
being used to test different approaches to disease control and to lay the groundwork for 
future field studies oil vaccines (against leprosy and malaria, for example)• 

10.1 Highlights of recent activities 

• Multidisciplinary, population-based epidemiological studies 
combining investigation of several diseases in selected areas were 
completed and have yielded information on disease patterns in 
several countries where the diseases are endemic, which should 
prove useful for the planning and execution of disease control 
programmes• 

• Faster, more efficient epidemiological methods have been applied 
to the study of tropical diseases, including case control methods 
to determine special risk factors and to evaluate the effects of 
procedures and simple techniques of disease surveillance and 
diagnosis for use by primary health care workers. 

• Facilities have been set up for the assessment and development of 
promising new diagnostic tests, particularly those simple enough 
for field use. 

• Training in epidemiological research has been provided by 
postgraduate courses initiated by TDR in several institutions in 
countries where the diseases are endemic, and by workshops on 
epidemiological research methods. 

• A field manual on practical epidemiology has been prepared for 
health officers and is being evaluated. 

10.2 The future 

The future work of the Scientific Working Group on Epidemiology will cover: the 
development of epidemiological methods for field trials of new tools, including diagnostic 
tests, therapeutic agents and strategies for existing agents, and new preventive techniques, 
especially vaccines； the epidemiological analysis and identification of factors underlying 
the pathogenesis of tropical diseases and determination of priorities to be accorded to 
different diseases in tropical countries with respect to disease control programmes； the 
determination of the effectiveness of control measures for the purpose of rational allocation 
of resources, and the evaluation of tropical disease control programmes as starting points 
for operational research; the continuing promotion of epidemiological research training 
through postgraduate programmes in selected institutions in developing countries, workshops 
on epidemiological research methods, short advanced courses on methods for research on 
tropical diseases, promotion and development of teaching tools, and coordination of 
epidemiological training activities with other agencies. 

11. SOCIAL AND ECONOMIC RESEARCH 

In the early stages of TDR's activities it was realized that social and economic factors 
must be taken into account if the control of tropical diseases is to be significantly 
improved. The result was the establishment, in 1979, of the Scientific Working Group on 
Social and Economic Research (SER). 



Scientists from many disciplines are involved in the work of SER: anthropologists, 
sociologists, psychologists and linguists investigate people1s attitudes, views and behaviour 
in relation to disease and disease transmission； economists assess, from national and 
international perspectives, not only the cost-effectiveness of control programmes but also 
the economic rationale behind decision-making in the household and how it is influenced by 
and influences diseases transmission. 

In the past, these scientists have often worked in isolation. Effective social and 
economic research can only be achieved through the application of sound epidemiological 
knowledge combined with principles of social science： in other words, through a 
collaborative effort on the part of community health specialists and social scientists. Too 
frequently in the past health specialists were well trained in epidemiology but lacked 
expertise in social research, whereas social scientists lacked training in epidemiology. 
This dichotomy may explain why the findings of earlier studies on the social and economic 
impact of tropical diseases were often erroneous or did not take into account the importance 
of underlying social and economic conditions. Scepticism about the value of social science 
studies on tropical diseases was the result. Projects supported by SER are now demonstrating 
that well-conceived, well-executed studies can give results directly applicable to the 
improvement of disease control. 

Since 1980, all projects supported by SER have been based on institutions in tropical 
countries and carried out by investigators from these countries, who have a greater 
understanding of local situations and closer contact with communities and disease control 
authorities than foreign experts. 

There are a great variety of problems to be solved and topics to be studied. Each topic 
is usually determined by a research team that includes national control programme staff. SER 
first supports research oil basic social and economic factors influencing disease transmission 
and control and then examines how control operations are organized and put into effect. On 
completion of a research project, recommendations for improving disease control are given 
directly to national control programmes and local communities. 

11.1 Highlights of recent activities 

Results directly applicable to the improvement of disease control 
that have emerged from SER projects during the reporting period include; 

• a method of analysing the cost and performance of malaria control 
(Thailand)； 

• evidence that local beliefs and behaviour influence the 
effectiveness of filariasis control (Malaysia and Philippines)； 

• new methods of identifying and solving leprosy control problems 
related to stigma and local attitudes (Philippines)； 

• new multidisciplinary methods, currently being developed, of 
assessing the social and economic impact of disease (Brazil, 
Colombia, Philippines, Sudan and United Republic of Tanzania)； 

• evidence of wide variability in the applicability of community 
participation and new methods of assessing locally its 
effectiveness in disease control (Brazil, Kenya, Nigeria and Sri 
Lanka)• 



11.2 The future 

SER will give priority to research projects which seek to incorporate the findings of 
social and economic studies into disease control programmes. To this end, more extensive 
links will be established with WHO'S programmes for disease control and with ministries of 
health. In collaboration with other agencies, SER will seek to establish additional networks 
of scientists involved in social and economic research on tropical diseases. Training 
programmes will be developed in social sciences related to tropical diseases; a proposed 
M.Sc. course in health economics will be reviewed in 1985 by TDR1s Research Strengthening 
Group. A series of reports is being started which will publish case studies on social and 
economic research on tropical diseases. 

More research is required on the cost-effectiveness of intervention and delivery systems 
(including community participation) and resource allocation. SER will promote research on 
social and economic factors involved in the transfer of new technologies developed by TDR -
new diagnostic techniques, new vaccines, new vector control tools (tsetse-fly traps and 
guinea-worm filters, for example) and new drug regimens. 

12. STRENGTHENING OF RESEARCH CAPABILITIES IN DEVELOPING COUNTRIES WHERE THE DISEASES ARE 
ENDEMIC 

TDR supports research throughout the world. A special effort is made, however, to 
involve scientists and institutions in developing countries in the planning and execution of 
this research. Scientists from developing countries are engaged in all aspects of research 
funded by the Programme, from basic biomedical sciences to clinical and field activities. 
Already they are playing vital roles in the final development of the products of research -
drugs, vaccines and diagnostic tests - and in the adaptation of these products for local use 
within national disease control programmes. 

Much of this work is carried out under TDR's different scientific working groups 
(SWGs). In addition, the Programme has a direct mechanism for strengthening the research 
capabilities of the developing countries： the Research Strengthening Group (RSG), The 
respective roles of RSG and the SWGs have been clearly defined in relation to the developing 
countries, and mechanisms have been established to ensure that they support and complement 
each other. Both RSG and SWG grants have provided opportunities for the training of young 
research scientists, in some cases enabling them to complete requirements for higher 
degrees. RSG grants have made it possible for institutions in developing countries to make 
significant contributions to priority areas identified by the SWGs. To enhance local 
biomedical and health resources, the Programme strengthens the infrastructures of selected 
national institutions and trains key personnel, but always in the context of national health 
development plans and existing programmes of research and disease control. 

Since the start of the Programme the proportion of operational funding going to 
developing countries where the diseases are endemic has steadily increased, reaching a record 
58% for 1983-1984. Up to September 1985, over 60 institutions received grants through RSG in 
support of research activities, and nearly 600 scientists and other research personnel 
received training grants. Institutions are also being strengthened through their 
participation in the research and development activities of the Programme; formal training 
courses have been supported by the Programme for M.Sc. degrees in medical entomology, 
epidemiology and malacology, and short courses and workshops have been organized to promote 
the rapid transfer of technology to developing countries. Scientists and institutions in 
developing countries have made major contributions to the development of tools for the 
treatment and control of the six target diseases, notably in activities best carried out in 
the areas where they are endemic - epidemiological surveys, clinical trials, social and 
economic research. These activities have resulted in important scientific achievements: the 
discovery of Trypanosoma cruzi schizodemes, test kits for malaria-parasite sensitivity to 
drugs, and the worldwide mapping of P. falciparum resistance to cloroquine, to mention only a 
few. Strengthened institutions are providing training for scientists from other institutions 
in the same or different countries. 



12.1 Progress in strengthening of research capability 

Strengthening research capabilities in developing countries is a long-term process. 
Even at this relatively early stage there are encouraging signs that significant progress has 
been made: the number of projects originated by scientists in developing countries has grown 
steadily, as has the number of scientific publications resulting from projects supported in 
developing countries. 

12.2 Scientific contributions 

• Scientists and institutions in developing countries have now made 
significant contributions to the Programme by participating in the 
work of the different TDR scientific working groups and in 
activities supported by RSG. 

• Institutions in Brazil, Thailand and Zambia have carried out 18 
clinical trials of the antimalarial drug mefloquine； these trials 
provided the bulk of the clinical information required to obtain 
registration of the drug. 

• In collaboration with the Liverpool School of Tropical Medicine in 
the United Kingdom, the Onchocerciasis Chemotherapy Research 
Centre in Tamale, Ghana, has made significant contributions to the 
development of new drugs for the treatment of onchocerciasis. 

• The Clinical Research Centre in Nairobi, Kenya, has produced 
evidence that led to the revision of traditional drug regimens 
using pentavalent antimonials in the treatment of visceral 
leishmaniasis• The revised schedule was endorsed by a WHO Expert 
Committee on the Leishmaniases• 

• The Institute of Tropical Medicine at the University of Sao Paulo, 
Brazil is the coordinating centre for a network of 14 institutions 
collaborating on the standardization of serodiagnosis in Chagas1 
disease. 

• Scientists working at the Centre for Medical Education and 
Clinical Research and the Latin-American Institute for Medical 
Research in Argentina have produced lesions in the cebus monkey 
comparable to those of chronic Chagas1 disease. 

• A long-acting insecticidal paint has been developed at the Federal 
University of Rio de Janeiro, Brazil, and is being used by the 
Brazilian Chagas1 disease control programme in a large-scale field 
trial in Goias State. 

• The Malaria Eradication Service in Manila, Philippines, in 
collaboration with the WHO Regional Office for the Western Pacific 
and TDR, has organized the production of "micro" field kits for 
testing the sensitivity of Plasmodium falciparum to 
4-aminoquinolines and mefloquine. 

• Work on the clinical pharmacology of chloroquine, conducted in 
Ibadan, Nigeria, in collaboration with scientists at the 
Karolinska Institute in Sweden, and at the National Drug Research 
Centre of the University of Science in Penang, Malaysia, has 
provided new information about the drugf s pharmacokinetic 
properties. 



The Institute of Malaria, Parasitology and Entomology in Hanoi, 
Viet Nam, has carried out baseline research on the epidemiology of 
P, falciparum malaria which should serve as a basis for improving 
the national control programme. 

In the Faculty of Tropical Medicine at Mahidol University in 
Bangkok, Thailand, a multidisciplinary group of epidemiologists, 
behavioural scientists, clinicians and parasitologists has 
contributed substantially to the development of strategies for 
malaria control. 

At the Oswaldo Cruz Foundation in Rio de Janeiro, Brazil, 
molecular biologists are using DNA restriction enzyme analysis to 
classify Trypanosoma cruzi. The new classification is now being 
applied to epidemiological research on Chagas1 disease. 

Scientists in Thailand have made important contributions to the 
understanding of the basic biology of malaria parasites and the 
mechanisms of antimalarial drug action and of Plasmodium 
resistance to drugs. 

12.3 Role of strengthened institutions 

Some strengthened institutions are now becoming regional reference and training centres 
in their respective disciplines. The Centre for Malacological Research in the Department of 
Biology, Faculty of Sciences, Mahidol University, in Bangkok, Thailand, for example, has now 
become a regional reference and malacology training centre for South-East Asia. The Special 
Programme is making increasing use of training facilities available in endemic countries. Of 
139 training grants awarded during 1983-1984, 52 went to students who were to complete part 
or all of their training in another developing country. 

At the national level, institutions being strengthened by TDR are providing ministries 
of health with technical support for disease control activities, and data from field studies 
are being used to plan, modify and evaluate control programmes. Over the next two years, RSG 
will focus on strengthening capabilities in field research and basic biomedical sciences. 

12.4 The future 

As the first phase of RSG1s strategic plan comes to an end, the second phase is being 
put into effect. In the immediate future, activities will focus on field research and basic 
biomedical research. As new products and methods for disease control are developed there is 
an urgent need to increase the capability of scientists and institutions in endemic areas to 
evaluate them in the field. The Programme will therefore intensify its efforts to train 
appropriate personnel in epidemiology, medical entomology and social sciences, where trained 
staff are in short supply, and will continue to work with national authorities to identify 
research needs and to establish plans for the implementation of research in the field through 
institution-strengthening activities. With the disestablishment of the Scientific Working 
Group oil Biomedical Sciences, RSG has been assigned the task of strengthening selected 
institutions in developing countries in the use of modern biomedical concepts and techniques 
in research on the six diseases, with emphasis on immunology, molecular biology, biochemistry 
and genetics. 

13. TDR1S CHANGING ROLE IN RESEARCH AND DEVELOPMENT 

Initially, the role of TDR was to stimulate and support research on the six target 
diseases. From 1975 to mid-1985 the Programme supported a total of 2519 projects, of which 
1982 (79%) were in developing countries where the diseases are endemic. One measure of the 
output of this research is the number of reports of TDR-supported work published in the 
scientific literature, which had reached 4136 by mid-1985, compared with 2798 at the end of 
1983 and 1800 at the end of 1982. 



In many cases Programme support has been seminal, providing encouragement and often 
enabling scientists to obtain additional resources. Most of the scientists working on 
malaria vaccines, for example, received their first grants from WHO and TDR, and now obtain 
more extensive funding from other sources. 

TDR is increasingly called upon to coordinate efforts now supported by a variety of 
funding agencies. The Programme fulfils this new role in many ways： by creating a framework 
for future research through the organization of planning and review meetings and the 
publication of progress reports and "state-of-the-art" reviews； by conducting workshops for 
the standardization of reagents； by setting up reference biological reagents and parasite 
strains； and by promoting exchange visits between scientists. 

The Programme is also being called upon to collaborate with the pharmaceutical industry 
in the testing and further development of agents that were discovered, in some cases, with 
TDR support. The Programme's ability to organize the clinical and field evaluation of new 
products in areas where the diseases are endemic is being increasingly recognized. 

14. MAINTAINING THE MOMENTUM 

The mechanisms established by TDR to promote research and carry research findings 
through to the point where they become practical tools for disease control seem to work. But 
if the full benefits of the initial investment in creating these mechanisms are to be reaped 
the effort must be sustained： promising scientific leads take time to develop into useful 
disease control tools - time and, of course, money. 

A threat to such sustained effort is the widening gap between the TDR programme budget 
and the resources being made available to finance it through voluntary contributions from 
government agencies, philanthropic foundations and other sources. Planned activities cannot 
be completed nor hoped-for results achieved as quickly as they might be unless this gap is 
closed, and the promise of some exciting leads cannot be fulfilled as urgently as it should 
be. 

On the other hand, parasitic diseases are coming more and more to exert their own 
fascination as subjects of scientific scrutiny. More scientists than ever before are aware 
of the human problems related to tropical diseases• And the interest and concern of research 
funding agencies and of industry have been aroused. 

TDR1s efforts are beginning to bear fruit and to justify the hope that lasting 
improvements can be made in the health of peoples in the tropics. It is now a critical 
necessity that adequate, sustained financial support should be forthcoming so that these 
early results can be elaborated to form a unique, powerful and realistic offensive against 
the diseases that have kept these peoples for so long under so heavy a burden of suffering. 


