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Preface 

Partners in Development 

T ropical diseases represent a serious constraint on human development, 
imposing on 500 million people their heavy burden of sickness and 
incapacity, and killing some two million people each year. In 1995, the 

UNDP/World Bank/WHO Special Programme for Research and Training in 
Tropical Diseases (TDR), which is devoted to the development of applicable, 
appropriate, and affordable methods to control the major tropical diseases, 
is celebrating its 20th anniversary. Its impressive work has been of crucial impor
tance to the effort to improve human development in the developing countries. 

TDR also represents a dramatic success in international partnership, not only 
among the three co-sponsoring agencies and other organizations working in 
similar areas, but also among the over 5 OOO scientists from some 160 countries 
who collaborate in its activities. And thanks to the financial contributions gener
ously donated by 60 governments, intergovernmental, and non-governmental 
organizations and foundations, TD R's work has been able to progress steadily over 
the past 20 years. 

The Programme's achievements - the results of its research and development 
activities, the number of developing country scientists it has trained, the products 
it has developed, and the applied field research it has sponsored to ensure that the 
technologies are used in the field - are all described in this Twelfth Programme 
Report. 

On the occasion of TDR's 20th anniversary, therefore, we are pleased to 
introduce this report, pledge our continued support for TDR, and wish the 
Programme continued success. Good health remains a basic condition of human 
development, and the TDR partnership remains crucial in helping to achieve 
that goal. 

t(>,...- A- t_ {; ~~ 
James Gustave Speth 

Administrator 
United Nations Development Programme 

~~:. r. rfc,.~ 
Lewis T. Preston 

President 
The World Bank 

H-fk~ 
Hiroshi Nakajima 
Director-General 

World Health Organization --- v 
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1. 
To Begin at the Begi,nning 

People of the inland delta of the river Niger, in a picture that became the classic "image" 
of TDR. TDR was founded to bring modern science to bear to protect people like this 

from six groups of major tropical diseases: malaria, schistosomiasis, the filariases, leprosy, 
the trypanosomiases, and the leishmaniases. 

The birth of TDR 
BY HOWARD GOODMAN, FIRST DIRECTOR OF THE PROGRAMME 

D eja vingt ans! That official birth ofTDR in 
197 5 owes a great deal to many midwives -
and the resounding success ofTDR is their 

thanks. I think back to vitally important encourage
ment from the Scandinavian, Dutch and United 
Kingdom government representatives, the immedi
ate positive response to my presentation to William 
T. Mashler, the UNDP representative (the World 
Bank came in later), and Adetokunbo Lucas (who 
succeeded me as Director) reassuring African coun
tries that this was not another post-colonial affair. 
Most of all I treasure the memory of the little band 
of immunologists and managers who bore the brunt 
of the hard work under the skeptical gaze of many of 
the old hands at WHO, and whose morale (as well as 
that of all the non-technical staff), was maintained 
by the everlasting good humour of our astonishingly 
effective administrative assistant, Lynda Pasini. 

But we should really go back to 1958 and the 
tenth Anniversary of WHO for the origins ofTDR. 
At that World Health Assembly, the then Director
General - M.G. Candau - accepted the extra-budg
etary contribution of the USA which he developed 
into WHO's extrabudgetary intensified medical 
research program. And when Candau, in 1971, 
described the frustration of national health authori
ties in the face of the worsening situation with regard 
to malaria, schistosomiasis, filariasis, and African 
and American trypanosomiasis, he called on WHO's 
member countries to undertake carefully planned 
and coordinated research to supply the new knowl
edge required to solve these public health problems. 
Despite the exciting advances in biomedical research 
in the industrialized countries, little or no research 
was focused on the problems of the developing 
countries. __ I 
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In 1970 the WHO Immunology and Leprosy search and training centers in those countries. In 
research programs began developing a new approach: June of 197 4 the ACMR (then the Advisory Com
a continuous series of scientific group meetings to mittee for Medical Research) approved plans for a 
plan and promote research for the prevention and Special Programme for Research and Training in 
cure of leprosy. Tore Godal, a Norwegian scientist Tropical Diseases (TDR). The Immunology Unit 
working on immunology of leprosy at the Armauer headed a tropical research group to develop the TDR 
Hansen Research Institute in Addis Ababa, helped program, with the goals of obtaining "effective new 
organize the meetings into a series of working groups vaccines, diagnostic tests, drugs and measures of 
and steering committees. vector control through research and development 

Shortly thereafter several separate events led WHO and concurrently to help the tropical countries to 
to undertake a wider leadership role in promoting improve their own research". With a US$25 OOO 
and coordinating the international research needed grant from the Wellcome Trust the first advisory 
to provide new strategies for dealing with the funda- group meeting was arranged during which Nobelist 
mental public health problems of tropical countries. Sune Bergstrom proved to be a continuing source of 
WHO's then Deputy Di- support to the TDR plan-
rector General was Tom ning group. With support 
Lambo, formerly Dean of from Norway, the Novem-
the Medical School and "Nobelist Sune Bergstrom proved her 1974 leprosy meeting 
Vice Chancellor of Niger- became the first IMMLEP 
ia's lbadan University. He to be a continuing source of support Project Group which in 
was familiar with the WHO turn became the spearhead 
Immunology Research and to the TDR planning group." of the Scientific Working 
Training Centres in De- Groups for the other TDR 
veloping Countries, since diseases. 
the first centre had been The concept of scien-
designated in his university and had helped train a tists meeting at WHO to promote, plan and execute 
nucleus of African immunologists doing research on coordinated international focused research to find 
diseases of Africa. He and I discussed the possibilities specific solutions to public health problems, using 
of forming a division of Immunology, Genetics and peer review, borrowed elements from the Task Forces 
Molecular Biology to promote research on tropical of the WHO Human Reproduction Programme as 
diseases. When, in 1973, I was appointed to the well as from the study sections of the USA National 
Board ofTrustees ofILRAD (the International Labo- Institutes of Health. The concept of an independent 
ratory for Research on Animal Diseases in Nairobi), Joint Coordinating Board of donors and participat
I became aware of the mechanisms for its funding by ing countries to oversee the financial and adminis
the Consultative Group for International Agricul- trative elements of the program helped alleviate 
tural Research (CGIAR). CGIAR was co-sponsored concerns among donors that decisions might other
by a United Nations specialized agency - the Food wise be affected by political currents in WHO. The 
and Agriculture Organization (PAO), the United concept of an independent Scientific and Technical 
Nations Development Programme (UNDP), and Advisory Committee to oversee the plans and re
the World Bank, with the bulk of financial support search results of the various Scientific Working 
coming from the industrialized countries. We in Groups gave research credibility to an international 
WHO decided to seek a similar co-sponsorship for public health organization which had until then no 
WHO's tropical diseases research. great experience in running large international bio-

The logic was clear: WHO's Director-General medical research projects. Both concepts were devel
stated that one of the organization's major concerns aped in consultation with the Onchocerciasis Control 
was the health of the tropical world's populations Programme in West Africa (OCP) which was form
who would be producing the improved grains, tu- ing its administrative structure at the same time. 
hers, and animals developed by CGIAR's research. I like to think that my role was to help develop the 
In 197 4 the World Health Assembly endorsed the concept ofTDR and, the concept barely realized, to 
Director General's proposals for intensifying research help find two of the most capable research managers 
on tropical diseases and for promoting research in I have had the pleasure to know: Adetokunbo Lucas 

2 __ developing countries and the strengthening of re- and Tore Godal. They have shown their talents by 



guiding TDR out from its modest beginnings and I 
salute them for developing the magnificent work of 
TDR described in this report. 

One important aspect of TDR which is not al
ways considered, is the influence of its research poli
cies on the member countries of WHO. Of course 
WHO's major research priorities result from the 
decisions at the WHA of its member countries. But 
in the country I know best, the USA, it was interest
ing to note the effect ofTDR in influencing research 
policies. The Rockefeller and the Edna McConnell 
Clark foundations were early supporters of the TDR 
Programme's concept and both encouraged and 
funded USA initiatives which were consonant with 
the Programme's priorities. In 1976, I had the privi
lege of representing WHO at the hearings of Senator 
Ted Kennedy's subcommittee on Health of the US 
Senate. Senator Kennedy questioned the representa
tives of different government agencies on what they 
were doing to cooperate with the WHO TDR pro
gram. Following the hearings, the National Insti
tutes of Health, the Centers for Disease Control, and 
the Walter Reed Army Institute of Research all an
nounced initiatives in tropical disease research. Presi
dent Carter wrote to the President of the World 
Health Assembly endorsing the WHO initiative in 
tropical diseases, and Senator Kennedy visited WHO, 
singling out TDR and Primary Health programs for 
commendation. He followed up pledges made in the 
1976 hearings by introducing successful amend-

I. To Begin at the Beginning 

ments to the foreign aid program to strengthen and 
expand US policies and programs in the field of 
international health. 

I believe that the TDR and other similar WHO 
research programs have important lessons for public 
health authorities. In many countries an unfortunate 
division still exists between the training, type of 
research, career structure, and administration in, on 
the one hand, public health, and on the other hand, 
in the laboratory and clinical health sciences. WHO 
has successfully bridged this division, by creating a 
mechanism to bring public health disease control 
experts together with fundamental health science 
researchers to agree on goals and to cooperate in the 
research and development to reach these goals. 

This article abstracts information on the origin of 
TDR in three publications: The World Health Or
ganization: Its Influence on Worldwide Research Poli
cies by H.C. GoodmanandT.A. Lambo, in Biomedical 
Institutions, Biomedical Funding and Public Policy, 
Ed. H. Hugh Fudenberg (Plenum publishing Corp., 
1983); Immunodiplomacy: The Story ofWHO's Im
munology Research Program, 1961-1975by Howard 
C. Goodman, in Essays on the History of Immunology, 
Ed. Pauline Mazumdar. (Wall and Thompson, To
ronto, 1989); and Two Years with a Scientific Working 
Group by Tore Godal, in Challenges in Research on 
Tropical Diseases, SAREC Report No. R:19, Ed. G. 
Sterky, Swedish Agency for Research Cooperation 
with Developing Countries. 

Not without controversy ... 
BY ADETOKUNBO LUCAS, SECOND DIRECTOR OF THE PROGRAMME 

The UNDP/World Bank/WHO Special Pro
gramme for Research and Training in Tropical Dis
eases (TDR) is now a mature programme with a fine 
record of achievements over the past two decades. In 
the early stages of the Programme, when its survival 
was still in doubt, official reports contained little 
detailed reference to the debates and arguments that 
took place behind the scenes. Reports were generally 
optimistic and they emphasised areas of consensus 
and played down controversial issues and bureau
cratic problems. The official reports were designed 
to boost the morale of staff, donors, collaborating 
institutions and the global network of scientists. 
That was appropriate caution in dealing with TDR 
at this stage of its development. Now that the Pro
gramme has matured, it can withstand a more trans-

parent analysis of its past. It is worthwhile at this 
time to revisit the early arguments that took place, 
and, with hindsight, examine both sides of the de
bate. This article is a very personal view of the 
Programme in the first few years of its existence. It 
reflects some of the perceptions of the process in
volved in establishing the Programme and in manag
ing it in the first few years. 

The World Health Assembly Resolution 
WHA27.52 called upon the Director General of 
WHO to "intensify WHO's activities in tropical 
disease research". Although there was wide support 
for the notion that more research should be done on 
malaria and other tropical diseases, there were marked 
differences of opinion about specific objectives of 
the Programme, the scope of its operations, the __ 3 
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diseases to be included, the technical approaches, 
and the role of scientists and institutions in develop
ing countries. 

Objective of the Programme 

Some of the supporters of the Programme felt that 
its main goal should be research and development of 
new technologies by exploiting state of the art bio
medical research tools. They accepted the implica
tion that if this option were adopted, the Programme 
would largely involve scientists from developed coun
tries who have the expertise to use the modern 
research methods, and that 

trypanosom1as1s, the leishmaniases and leprosy -
were selected on the basis of their impact as public 
health problems, the absence of satisfactory methods 
for control, and the presence of research opportuni
ties leading to improved control methods. 

There were some remarkable omissions from the 
list. With hindsight, one would question the exclu
sion of tuberculosis, but at that time there was a 
feeling of quiet assurance that the problem was on 
the way to being solved and that there was no need 
for further research! The disappointing results of the 
large field trial of the BCG vaccine, and a more 

realistic appraisal of the fea

it would largely exclude sci
entists from developing 
countries and their institu
tions. They argued, how
ever, that in the interests of 
the suffering masses in de
veloping countries, the re
search and development 
activities should progress as 
rapidly as possible, even if 

"There were some remarkable 
sibility of ambulatory care 
of patients came at a later 
stage, too late to influence 
the decision to exclude tu
berculosis from TOR. 
Amoebiasis was excluded 
because it was decided that 
it would fall more natu
rally into WHO's proposed 

omissions from the list. 

With hindsight, one would question the 

exclusion of tuberculosis. " 

that meant that developing 
country scientists would play a limited role. Others 
argued in favour of using the Programme to 
strengthen the research capability of developing coun
tries so as to promote self-reliance. After much de
bate and discussion, it was agreed that the Programme 
should have two interrelated objectives: 

• The research and development of new tools to 
control the tropical diseases. 

• The training of individuals and strengthening of 
institutions to increase the relevant research ca
pability of developing tropical countries. 

The research and development component was to 
be open to scientists throughout the world in both 
developing and developed countries - with the ex
ception of the social and economic research group 
which was to restrict its grants to developing coun
tries. The research capability strengthening compo
nent was exclusively reserved for developing countries. 
Early in the Programme, it was decided that at least 
25% of the programme budget should be reserved 
for the second component. 

The choice of diseases 
The selection of the diseases to be covered by the 

Programme was an issue of hot debate and disagree
ment. In the end, the "six" diseases - malaria, schis-

4 __ tosomiasis, the filariases, African and American 

programme for the control 
of diarrhoeal diseases. 

The inclusion of the leishmaniases was highly 
controversial, with serious question of whether it 
met the criteria of having significant public health 
impact. Subsequent TOR-supported research pro
vided the epidemiological evidence that its impact 
had been underestimated. However, the decision to 
include the disease probably had more to do with the 
fascination of immunologists with the biology of the 
parasite than with clear conviction that it merited 
action on the basis of the morbidity and mortality 
attributed to these infections. 

New tools or old? 

Enthusiasts of basic biomedical research believed 
that the new advances in molecular biology- immu
nology, cell biology, biochemistry - held the key to 
the development of new tools for the control of 
tropical parasitic diseases. At the other end of the 
spectrum were the skeptics who felt that the research 
effort should concentrate mainly on the better appli
cation of existing technologies rather than the search 
for new tools. 

The final decision was a compromise that took 
note of both sides of the debate. TOR was designed 
to cover the full range of research from basic bio
medical research to community-based field research. 
With regard to new and improved tools, it was 
decided that the Programme would aim at develop-



ing drugs, vaccines, diagnostic tests and innovative 
methods of vector control. For each disease, the 
priorities were selected on the basis of the assessment 
of problems confronting control programmes in the 
field, the state of knowledge about the disease and 
available tools, and the range of research leads. 

Operational strategy 

There were also wide disagreements about the 
operational strategy of the Programme. The initial 
proposal was to use the model devised by the Con
sultative Group for International Agricultural Re
search (CGIAR). This involved the creation of 
modern research institutes at strategic sites in devel
oping countries. A site was chosen at Ndola, Zam
bia, for creation of such a new institute for tropical 
disease research. The Zambian Government offered 
space at the Ndola Central Hospital to begin pilot 
activities, pending the erection of the new institute. 

But on the basis of further consultation, WHO 
modified its strategy and proposed a model similar 
to that of the Special Programme of Research, Devel
opment and Research Training in Human Repro
duction (HRP). Rather than building new 
institutions, TOR would carry out specific research 
projects in tightly managed networks. Both WHO 
and the United Nations Development Programme 
(UNDP) agreed to co-sponsor the Programme, but 
the World Bank held back - because it was not 
convinced that the proposed network could achieve 
the aims of the Programme. This extract from a letter 
dated 23 November 1976 from the President of the 
Bank, Robert McNamara, summarizes his reserva
tions: 

"There is a serious question in my mind whether 
this approach, which contemplates carrying out re
search and training for all six diseases in a large 
number of individual centres which vary consider
ably in their present quality and are widespread 
geographically, can be expected to provide the criti
cal mass and to create and maintain the momentum 
necessary to produce optimum and timely results. 
Moreover, these characteristics, plus those inherent 
in the complex nature and scope of the Programme, 
will inevitably confront the executing agency with a 
coordinating and managerial task of extraordinary 
magnitude. In the circumstances, and particularly 
because the proposed approach is experimental, in 
the sense that it has not been tried before on the scale 
contemplated, I would like to suggest that it would 
be prudent to make provision for approaching re
search and training activity for at least one of the 

1. To Begin at the Beginning 

diseases, in some different, proven manner. This 
might be, for example, to confine the attack on the 
particular disease to a single established ( or even a 
new) institution with appropriate outreach facili-
. " ties ... 

Despite the Bank's reservations, WHO and UNDP 
agreed to co-sponsor the Programme using the net
work model. This delayed the Bank's formal accept
ance of a role as co-sponsor of the Programme until 
1977. 

Strategic plans 
Another issue that generated much dissension at 

the beginning of the Programme was its goal orien
tation. The philosophy was to identify terminal goals 
and to design a critical path of activities on the basis 
of existing knowledge and technologies. The scien
tists were challenged to produce strategic plans, which 
were usually presented as flow charts with time esti
mates for accomplishing the intermediate steps lead
ing to the declared goals. 

Some scientists, including some WHO colleagues, 
felt that such plans were unrealistic, that they did not 
take into account the unpredictable course of scien
tific discovery. It was argued that such a goal-ori
ented approach might stifle the creative process of 
scientists: "you cannot make research to order", it 
was said. 

But the scientists who managed the steering com
mittees and other activities of the Programme re
sponded enthusiastically to the challenge. They 
produced strategic plans, identified and publicized 
the priorities for research and made recommenda
tions about funding of projects within the network. 
They showed great ingenuity and flexibility. This is 
illustrated by the various approaches that were 
adopted for research on chemotherapy for the vari
ous diseases: 

• The malaria chemotherapy steering committee 
took notice of the massive screening programme 
that the Walter Reed Army Institute of Research 
(WRAIR) had undertaken in the search for anti
malarial drugs. The first line of the committee's 
strategy was to work with WRAIR and the phar
maceutical industry in developing the com
pounds that had been identified as having 
antimalarial activity. In collaboration with 
Hoffman-La-Roche, mefloquine was developed 
and registered for use alone and in combination 
with sulphadoxine and pyrimethamine; 
halofantrine was similarly developed in collabo-
ration with Smith Kline. The committee also --- 5 
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worked with Chinese scientists in the develop
ment of artemisinin derivatives. The committee 
did not invest in random screening of com
pounds but promoted research on the basic biol
ogy of the parasite in search of new leads. These 
stories are detailed in Chapter 4 below. 

• The filariasis steering committee adopted a very 
different approach. It gave the highest priority to 
the search for new drugs for the treatment of 
onchocerciasis. Visits to major drug companies 
convinced the committee that there had been no 
significant effort to develop new drugs for the 
treatment of onchocerciasis; that new molecules 
that were synthesised by the drug industry were 
not being screened to detect possible anti
onchocercal effects; and that there was no vali
dated biological screen that could reliably pre
dict the anti-onchocercal activity of a chemical 
compound. The committee, therefore, set itself 
the task of developing and validating a biological 
screen through which they put thousands of 
compounds that they solicited from industry 
and other sources. The committee's hypothesis 
was that an effective anti-onchocercal compound 
might be lying somewhere on a shelf, unrecog
nized because it had not been significantly tested 
for activity against this parasite. One of the 

compounds that went through this screen -
ivermectin - has already proved to be a winner as 
a microfilaricide, and another, amocarzine - a 
macrofilaricide - is in trial. Merck developed 
ivermectin for human use and is providing it free 
(see Box) for the control of onchocerciasis in 
endemic areas. The story is detailed in Chapter 6 
below. 

• The chemotherapy of leprosy steering commit
tee adopted yet another approach. That commit
tee focused on the better use of existing registered 
drugs. They developed and used highly sensitive 
biological systems to measure response to therapy 
with various drug combinations. These studies 
contributed to the development of multidrug 
therapy (MDT) which has turned out to be the 
most important advance for the control of the 
disease. Again, these stories are detailed later in 
this publication. 

• The African trypanosomiasis steering commit
tee devoted some of its efforts to improving the 
use of organic arsenicals for the treatment of 
sleeping sickness. The committee identified lack 
of information about the pathology of the dis
ease as a major constraint: there had been only 
20 documented autopsies on patients dying from 
sleeping sickness. The committee designed a kit 

IVERMECTIN COMES FREE 

On 20 June 1986, Robert D Fluss of Merck & 
Co. lnc.'s Division of International Public Affairs 
telexed the Director of TDR, Adetokunbo Lucas, 
with this message: 

" ... Merck and the WHO have collaborated 
extensively on the development of ivermectin 
for onchocerciasis. We are very encouraged by 
the prospects that this drug will be the first new 
agent available in several decades which will 
allow for the safe and effective treatment of 
patients on a mass scale. Merck intends to con
tinue to cooperate with the WHO, the Onchocer
ciasis Control Programme and endemic country 
governments, in their efforts to develop and 
implement programs so that the drug, when 
approved for use, can be distributed efficiently. 

"The special circumstances associated with 
this disease and the interest of several organiza-

tions and governments have caused Merck from 
the outset to consider ways of accommodating a 
variety of objectives. First and foremost is ensur
ing that the drug will be put to optimum use for 
the benefit of onchocerciasis patients and others 
who may be at risk of developing this disease. The 
company concluded that, in this case, the best 
way to achieve the full potential of ivermectin was 
to ensure that the economic circumstances of pa
tients and governments in onchocerciasis-endemic 
areas would not prevent or restrict widespread 
use of the product once it is approved. Conse
quently, Merck is undertaking to make appropri
ate arrangements, if necessary with other 
interested parties, to make needed quantities of 
the drug available to these governments and pa
tients at no cost to them for the treatment of 
onchocerciasis ... " 



and training manual that enabled physicians to 
collect autopsy material even in remote areas. 
The specimens - brains of fatal cases - were 
removed and well preserved using the kit. They 
were then examined by a neuropathologist in 
Scotland. An important finding was the evi
dence of arsenic encephalopathy in a proportion 
of the fatal cases. This showed that the standard 
doses of organic arsenicals were proving toxic 
and that many patients were dying from compli
cations of chemotherapy rather than infection. 
The committee was able to test and validate a 
smaller dose of the drug which proved to be 
therapeutically effective and much safer. An
other major contribution of this committee was 
the discovery of the trypanocidal activity of 
difluoromethylornithine (DFMO). This discov
ery came through TDR-supported studies on 
the metabolism of the parasite. A research scien
tist identified ornithine decarboxylase as a key 
enzyme for this parasite. DFMO, a toxic ana
logue of ornithine, was at that time being devel
oped by a pharmaceutical company for the 
treatment of cancer. It proved highly effective 
both in vitro and in vivo against the parasite. The 
first clinical trials were in patients in an ad
vanced stage of the disease and whose parasites 
were refractory to arsenicals. Most of them re
covered dramatically, results which earned 
D FM O the nickname of "the resurrection drug". 

These diverse approaches showed the careful proc
ess that the various committees adopted in defining 
their strategies. Each group carefully examined the 
state of the art, and designed strategies that were 
tailor-made to fit the particular circumstances of the 
specific disease. 

In favour of TDR 
As predicted by the President of the World Bank, 

the operation of the Programme through its various 
committees was indeed "a coordinating and manage
rial task of extraordinary magnitude". Various fa
vourable factors made this daunting task possible: 

• The strong leadership of the then Director
General ofWHO, Halfdan Mahler, whose con
siderable support for the Programme protected 
it from being hampered by the bureaucratic 
processes of a large organization. For example, 
he allowed recruitment of staff on merit, and 
helped the Programme resist the political pres
sures to select staff on the basis of geographical 
representation. 

1. To Begin at the Beginning 

• The dedication of the scientists who worked in 
the various committees. They gave high priority 
to the needs of the Programme, giving freely 
their time and energy to accomplish their daunt
ing tasks. They were prepared to make hard 
decisions even where members of the committee 
or their own institution were directly involved. 

• The support ofTDR staff, and WHO personnel 
in other Divisions at headquarters, in regional 
offices and in countries. They constituted an 
informal group of "friends ofTDR" which was 
most useful especially at the early stages of the 
Programme, when it was subjected to much 
criticism, both within and outside the Organiza
tion. 

• The generous donation of funds from the co
sponsors, bilateral development agencies, pri
vate foundations and even some developing 
countries - for example from Cameroon, Cuba 
and Nigeria. WHO's own contribution dropped 
steadily as the Programme attracted extra-budg
etary funds. At the time that the World Health 
Assembly resolution called upon the Director
General to "intensify WHO's activities in tropi
cal diseases research", the Organization was 
spending an estimated US$3 million on research 
from WHO's regular budget. The WHO annual 
contribution went down steadily to US$ I mil
lion, at which stage the Organization imposed a 
charge for rent at US$250 OOO a year. This 
charge further reduced the net contribution to 
the Programme. Most of the donors were pre
pared to contribute to the central fund of the 
Programme without earmarking the use of their 
donation to specific projects. Nevertheless, with
out infringing its policy of letting the scientific 
bodies make decisions about the allocation of 
funds, the Programme was able to accommodate 
the desires of specific donors who needed to 
know that their contribution helped to strengthen 
areas of special interest to them. 

• In only one case did one country attempt to tie 
its contribution to the appointment of a named 
individual to the staff ofTDR. Rejection of the 
request accounts for the surprisingly low finan
cial contribution of this affluent nation to TDR. 

• Close monitoring of the performance of each 
aspect of the Programme, especially the external 
reviews by scientists who were not WHO staff, 
helped to keep TDR on course. Each level of the __ 7 
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Programme was evaluated - from individual 
projects, to disease components and the Pro
gramme as a whole. Effective monitoring of the 
Programme was facilitated by a computer-based 
Management Information System for Tropical 
Research (MISTR). 

• TDR's management style, which gave precedence 
to science over politics. By having eminent sci
entists make critical decisions on the basis of a 
peer review system, TDR protected itself from 
political pressures. This approach was somewhat 
unpopular because it led to marked unevenness 
in the distribution of grants. For example, grants 
to scientists in Thailand often represented half 
or more of all the projects in the ten countries in 
the South East Asian region; surprisingly, a higher 
proportion than won by India. Such differences 
were politically unpopular in some quarters but 
others well understood the need for the Pro
gramme to maintain an objective stance with 
regard to the distribution of its resources. 

Constraints and difficulties 
The Programme inherited some baggage that did 

not fit into the TDR mould. For example, a large 
malaria research project in Nigeria, the successor of 
the famous Garki project, was transferred to TDR. 
The host government failed to support national 
counterparts who were to understudy expatriate sci
entists and technicians. The project was eventually 
cancelled. A more difficult project was the Tropical 
Diseases Research Centre (TDRC) at Ndola, Zam
bia. The centre was established in the expectation 
that the Programme would build a modern biomedi
cal research institute. The change in TDR opera
tional strategy from institution based to networking 
disappointed the Zambian hosts but they continued 
to support TDRC even with this reduced expecta
tion. The centre made important contributions to 
TDR including some of the studies for the clinical 
evaluation of mefloquine. ButTDRC did not realise 
its true potential. 

Politically naive? 

TD R, like other programmes in UN agencies had 
to contend with political realities, especially at a time 
when the world was sharply divided into two major 
power blocks. TDR adopted a policy of providing a 
neutral platform on which scientists from all over the 
world could work together against diseases that were 
the common enemies of all human beings. Scientists 

8 -- responded admirably to this approach. For example, 

scientists from Iran and Iraq sat next to each other 
(arranged alphabetically) and worked together on 
some TDR committees at a time that their nations 
were at war. 

But governments were not always so generous: 
• A meeting scheduled to take place in a South 

American country was transferred at short no
tice to France, because the host government 
would not issue a visa to a participant from 
Cuba. 

• A travelling workshop on leishmaniasis in the 
Middle East was postponed for a year until an 
Eastern-bloc government agreed that Israeli sci
entists could participate. 

It was perhaps politically naive for TDR to have 
rejected discrimination on political grounds, but it 
was perhaps in the long term interest of the Pro
gramme to have adopted a consistent policy of being 
politically blind. 

Lessons 
What are the most important lessons to be learnt 

from the early history ofTDR? 
• To have the courage to experiment: many aspects 

of the organization and management of TDR 
were untested and therefore experimental. Many 
of the experiments have proven successful, and 
less successful aspects were modified. 

• To dare to keep science alive in a large bureauc
racy: one constant danger was that the Pro
gramme would be submerged in a sea of 
bureaucratic red tape. A letter to a scientist in 
India to explore his availability to attend a TDR 
meeting had to be cleared by 25 persons before 
it was despatched! But despite all that, TDR has 
kept faith with the ideals and objectivity of 
science. 

Conclusion 
This has been by no means an objective, dispas

sionate account of the early days of TDR but it 
presents some of the events of those days stripped of 
the veil of diplomatic niceties. It reveals some of the 
back room discussions that shaped the Programme, 
and it exposes some of the difficulties encountered at 
its inception. It sets the record straight on some 
issues that had been kept confidential. And it should 
provide encouragement to anyone starting a new 
programme to realise that neither TDR, nor any 
programme that eventually succeeded, has had a 
smooth passage at all stages of its existence. 



2. 
From Investigation to Eradication 

A woman receives multidrug therapy for leprosy in Malawi. 
"TDR's message is investigate, eliminate, eradicate. Research investigates the diseases, finds 
their biological and socio-economic weak points, and creates the most powerful possible 

tools to control them; then, like leprosy, we can eliminate them as public health problems; 
and then we must prepare the ground for their eradication from the face of the Earth": 

Tore Goda/. 

Beyond the first 20 years 
BY TORE GODAL, DIRECTOR, TOR 

I n the short 20 years of its history, TDR -
together with others - has enabled scientists 
across the globe to unite in a serious commit

ment: a commitment to fight some of the most 
terrible diseases of poverty with science. The 
Programme has thus been a vehicle for the conscience 
of science, and the results of that conscience at work 
have been some great successes against those 
diseases, as this report records. 

But a comfortable conscience is not enough. There 
are still great problems to solve. WHO estimates that 
there are 300-500 million clinical cases of malaria 
per year, 90% of them in Africa, and around one 
million deaths in African children. Of the total number 
of cases reported to WHO (excluding the African 
region), over two-thirds fall in only six countries. In 

decreasing order of incidence these are: India, Brazil, 
Sri Lanka, Afghanistan, Viet Nam, and Colombia.* 

Some 200 million people are infected with 
schistosomiasis, and tens of millions suffer with 
debilitating chronic morbidity. Children are most 

*In terms of disease burden measured by Disability Adjusted 
Life-Years (DALYs), the TOR tropical disease cluster globally 
causes the loss of 49 million DALYs per year, ranking fifth among 
communicable, maternal and perinatal diseases, after respiratory 
infections (122 million DALYs), diarrhoeal diseases (99 m) perina
tal conditions (99 m) and vaccine preventable diseases (68 m). In 
sub-Saharan Africa, tropical diseases cause the loss of 37 million 
DALYs each year, ranking first followed by respiratory infections 
(32 m) and diarrhoeal diseases (30 m). (Figures from Global 
Comparative Assessments in the Health Sector (Murray, C. J. L. & 
Lopez, A. D. eds), WHO, Geneva: 1994). ___ 9 
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affected both by schistosomiasis and intestinal 
helminths: these diseases reduce their growth, de
press their learning ability, and enhance anaemia. 
Around 600 million people are at risk in 7 4 coun
tries, particularly in refugee camps and where water 
resources are being developed. 

Seventy-six countries are affected by lymphatic 
filariasis, nearly a billion people are at risk, and 120 
million people are infected (including 45 million in 
India and 32 million in Africa); 43 million people 
are disabled by the disease. 

Thirty-four countries, mostly in Africa, are af
fected by river blindness. Some 90 million people 
are at risk, and 18 million are infected. Over 300 OOO 
people are blind from the disease, reducing their life 
expectancy by two-thirds; and millions more suffer 
with severe skin problems. 

Eighty countries are affected by leprosy; and two 
billion people live in countries seriously affected. 
India accounts for 64% of the registered cases in the 
world. The six most endemic countries (Bangladesh, 
Brazil, India, Indonesia, Myanmar and Nigeria) ac
count for 84%, and 25 countries account for 93%. 

African trypanosomiasis or sleeping sickness af
fects 36 countries. Prevalence rates are usually 1-2%, 
but can explode to 30% or higher in epidemics. 
Some 15 000-20 OOO cases are reported each year -
but only 5% of the 55 million people at risk are 
under surveillance. The disease is fatal if untreated, 
and there is a constant risk of epidemics. 

Chagas disease affects 21 countries in Latin 
America, putting 100 million people at risk. Some 
12-16 million people are infected with the disease. 
There are one million new cases of chronic disease, 
and some 45 OOO deaths annually. 

Leishmaniasis, a complex of several related para
sitic diseases, affects 80 countries, and puts 350 
million people at risk. Some 12 million people are 
infected, with 1-1.5 million new cases/year of cuta
neous leishmaniasis (which leaves year-long scarring 
sores). There are 500 OOO cases, and 75-80 OOO 
deaths/year from visceral leishmaniasis (kala azar) 
in continuing epidemics in India (where there are 
now 350 OOO cases/year, particularly in Bihar state) 
and Sudan. HIV/leishmania co-infections are also 
rising, especially in southern Europe. 

This is the toll against which we must continue to 
labour. But researchers can take comfort - for the 
moment - that they have not laboured in vain. 
Already we can look back on the last two decades of 
this century as an extraordinary period of progress. 

10 __ This progress became possible because a certain hope 

and commitment became prevalent in the 1970s: 
that tropical diseases were both under-researched 
and ripe to be attacked with modern biological sci
ence. The outcome was not only the creation of 
TDR, but also programmes like the Great Neglected 
Diseases Programme of the Rockefeller Foundation, 
and subsequently the parasite programme of the 
John D. and Catherine T. MacArthur Foundation 
and the European Commission's health research pro
gramme. And in addition tropical disease research 
was given more attention in the work of national 
research agencies. 

Together we have discovered and developed very 
effective tools to control morbidity in leprosy, river 
blindness, schistosomiasis and lymphatic filariasis -
and to control the vectors in Chagas disease. 

Until the mid-1970s, leprosy was a disease more 
or less beyond hope. The bacterium was developing 
resistance to dapsone monotherapy - which was a 
lifelong treatment. Some 10-12 million people were 
estimated to have the disease. Then in 1981 WHO 
took the daring decision to advise a simple regimen 
of therapy with three drugs to combat resistance -
multidrug therapy or MDT. By then TDR had 
mapped and quantified the main areas of dapsone 
resistance, developed clinical protocols for MDT in 
different parts of the world, and established wide
scale "post-marketing surveillance" of MDT. By the 
end of 1994 the global number of registered patients 
was 1.3 million - a fourfold decrease - with 560 OOO 
new cases being detected annually. Global coverage 
with curative multidrug therapy has reached 75%, 
and WHO has set a target of reducing prevalence to 
1 case per 10 OOO population in each affected 
country by the year 2000. 

The greatest challenges for leprosy control will 
come in India and Brazil. We are testing short-course 
drug regimens to increase patient compliance; 
vaccines are under development; and we are extend
ing important studies on improving patient detec
tion and compliance, particularly among women. 

In onchocerciasis - river blindness - the On
chocerciasis Control Programme (OCP) in West 
Africa has virtually eliminated transmission in 11 
countries (protecting 30 million of the 90 million 
people at risk); the problems remain in sustaining 
protection when vector control stops, and in estab
lishing control outside the OCP area. But we have a 
great tool, ivermectin, given generously and freely by 
the Merck pharmaceutical company, and the 
Mectizan Donation Programme (hosted at the Carter 
Center), with help from TDR research, is moving 



forward aggressively with improving its distribution. 
By the end of 1995, at least ten million people 
should have received ivermectin. 

Chagas disease is also now under heavy attack. 
The six "Southern Cone" countries of Latin America 
have made the political commitment to interrupt 
transmission of the disease by the year 2000. 
Uruguay appears to have succeeded already. Perhaps 
the main contribution of research, working with the 
national control programmes, has been to take the 
disease seriously and map its prevalence and socio
economic impact; and then to encourage the view 
that the disease could be contained and controlled. A 
powerful research community was established in the 
affected countries, and fumigant cans and insecti
cidal paints were developed for families to control 
the vectors themselves, at half the cost of traditional 
spraymg. 

Schistosomiasis, like onchocerciasis, has a good 
drug to hand, developed and tested in the 1970s: 
praziquantel; and although the scale and frequency 
of distribution required is daunting to many coun
tries, in 1993 a WHO expert committee concluded 
that in certain important areas the disease could now 
be conquered with the drug, combined with selec
tive snail control. 

Lymphatic filariasis is a more recent success story. 
At an expert meeting in Malaysia in August 1994, a 
global control strategy was defined around chemo
therapy with single-dose diethylcarbamazine (DEC), 
or ivermectin, or both, or DEC-fortified salt. This is 
to be combined with an extremely simple regime of 
antibiotics and soap and water which has been shown 
to produce dramatic reductions in elephantiasis, and 
with vector control- either biologically with Bacillus 
sphaericus or with simple physical methods, such as 
polystyrene beads to cover the surface of water in 
latrines, where the Cu/ex mosquito vectors often 
breed. 

African trypanosomiasis has been more difficult 
to deal with; but simple tsetse fly traps have proved 
themselves in the halting of an epidemic in southern 
Uganda; and more recently the use of antigen detec
tion kits is providing tantalizing evidence that the 
numbers of people infected may be much greater 
than previously thought, and that therefore there 
might be a degree of natural or acquired immunity in 
certain individuals. 

Malaria remains the great challenge, but for the 
first time in many years it seems possible to express 
some optimism. At one end of the track, in the 
household, we are learning how to ensure 
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antimalarials are well used (for example with blister 
packs), and- as part of the Sick Child Initiative - to 
focus health education on key problems (such as the 
common misunderstanding in many homes that 
cerebral malaria convulsions are spiritual events, not 
calling for antimalarial treatment); and at the other, 
our full-scale studies on the cost-effectiveness and 
acceptability of insecticide treated bednets are near
ing completion, new antimalarial drugs are under 
study, and several malaria vaccines are reaching clini
cal trials, and one - SPf66 - the crucial stage of field 
trials. 

These have been some of the outstanding contri
butions and immediate promises of science for con
trol, but in the basic science of tropical diseases there 
has also been tremendous, applicable progress. 

For example, since the technological breakthroughs 
of the early 1980s, DNA sequencing has grown 
exponentially. There are now more than 2 OOO DNA 
sequences (these are the holy texts of biology) from 
the Plasmodium falciparum parasite in our malaria 
DNA library; as a result, five candidate antigens are 
on line for trial as vaccines. And one of the most 
advanced techniques of molecular biology, the 
polymerase chain reaction or "PCR", which can 
detect and "amplify" tiny amounts of specified DNA, 
is now being used routinely in the field by the 
Onchocerciasis Control Programme in West Africa 
(OCP). It is used to detect onchocercal parasites in 
blackflies in areas which have been cleared of the 
disease, to distinguish non-blinding and animal forms 
of the parasite from the blinding human form. This 
has helped OCP to make substantial savings on 
larviciding costs. 

In quite another direction, through applied field 
research activities, which we have doubled at TDR 
in the last three or four years, there is also much 
promise - through the increasing engagement of the 
disease affected communities themselves. 

In Africa, around 80% of malaria cases are dealt 
with at home. At the same time, health systems are 
evolving to leave even more responsibility "at the end 
of the track''. It is thus crucial to develop means of 
two-way communications with these communities, 
to learn more directly of the real problems people 
face and how they can be solved or ameliorated with 
the minimum of external resources. This was how 
Uche Amazigo discovered the importance of on
chocercal skin disease (onchodermatitis) to commu
nities in northern Nigeria in 1991. And in subsequent 
multicountry studies, social scientists, dermatolo-
gists and epidemiologists worked hand in hand to __ 11 
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confirm and quantify the impact of the disease from 
individual, clinical and epidemiological perspectives. 

Such social and economic studies are also provid
ing us with important guidance to steer other kinds 
of research - into drugs, vaccines, diagnostics or 
vector control methods - in the most appropriate 
directions, increasing the likelihood of their future 
utility. 

At the same time, any means to increase the cost
effectiveness of an external intervention is also be
coming crucial. But here again, there is hope to be 
found: for example, we may all be proud of new 
means of rapid epidemiological mapping of on
chocerciasis, to reduce costs of ivermectin distribu
tion; and a system of questionnaires posted to schools 
which have proved highly specific, sensitive and 
extremely cheap means of detecting communities 
most affected with urinary schistosomiasis, to reduce 
costs of distribution of praziquantel. 

TOR has also throughout its short history com
mitted around 25% of its funds to research capabil
ity strengthening (RCS) in disease endemic countries. 
TOR started with a major focus on Africa. This was 
the continent where the disease burden was greatest, 
and the research and development capability lowest. 
About 37% ofTOR's research capability strengthen
ing resources have gone to Africa, and we believe this 
is a priority that should continue. In recent years all 
RCS grants have been awarded on a highly competi
tive basis. Table 1, for instance, illustrates the par
ticularly intense competition in 1993 for the first 
offering of Regional Linkage Grants, and the second 
offering of Partnership Grants. Even so 17 institu
tions, including several in Africa (see Map 1) have 
been able to achieve ten or more grant-years of 
funding; and most of these institutions have also 
proved successful in winning TOR research and 
development grants. Thus RCS has created a TOR 
network from which no country is excluded - even 
though no country or institution is assured a perma
nent place! 

• TOR's impact on disease (as indicated above); 

• the list of products developed with TOR support 
(see Table 4, page 20 and subsequent Chapters); 

• our progress against current and future targets 
(see Table 5, page 24); 

• the achievements of the past biennium (see the 
Boxes Highlights of Research in 1993-1994 in 
subsequent chapters); 

• the significant support given by TOR to malaria 
research (see Table 2, page 13); 

• the Programme's innovations in social and eco
nomic research for tropical diseases (see Chapter 
12, page 155); 

• the Programme's impact on research capability 
strengthening (see Chapter 3, page 37). 

Thus I hope and believe that not only researchers 
can take comfort from our results, but indeed all 
those who have contributed directly and indirectly 
to this work can be proud of their investment; and 
we, the secretariat, are proud of being able to ac
count for the investment in such clear terms. And 
our investors are not only our donors (see Table 7, 
pages 34-35 and Figure 2, page 36): they include 
many governments and agencies in the developing 
world which provide essential infrastructure and other 
support for research carried out in their countries 
(see Table 6, pages 32-33). 

TOR also shares the benefit of the investment of 
many other organizations and agencies from around 
the world, working in similar areas, who willingly 
collaborate with the Programme - and have 
contributed so much to the successes described in 
this report. Personally, I would also like to record my 
profound respect for those inside and outside 
TOR who developed the whole concept of the 
Programme, and ensured its establishment and early 
development. 

To describe all this work, the 
Programme's Communications 
Office has here provided a jour
nalistic, objective and sometimes 
critical review of the outcome of 
20 years' investment in TOR- in 
which it is attempted to isolate 
exactly what the contribution of 
the Programme has been. I believe 
the success ofTOR is dearly dem
onstrated in this report by: 

Table 1. Research Capability Strengthening Grant 
Approval Rate: 1993 

Grant type Received Short-listed Approved 

Research Training 275 94 51 

Re-entry 34 N.A. 11 

Regional Linkage 25 6 4 

Partnership 127 25 7 
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Map 1. Institutions with sustained TDR support (10 or more RCS Grant Years) 

Centro de lnvestigacion 
Paludismo, Tapachula 

U. Federal de 
Pernambuco, Recife 

FIOCRUZ 
Rio de Janeiro 

Fundacion Campomar 
Buenos Aires 

ENMP, Bamako 

U.oflbadan 

Tropical Diseases 
Research Centre, Ndo la 

ENMP = Ecole nationale de Medecine et de Pharmacie; F/OCRUZ = Fundiit;ion lnstituto Oswaldo Cruz; 
/MR = Institute for Medical Research; IPR = Institute of Primate Research; KEMRI = Kenya Medical Research Institute; 

RITM = Research Institute for Tropical Medicine; U = University 

Outlook 
But now let's try to look more deeply into the 

future. In tropical diseases we are faced with several 
layers of uncertainty - in the unpredictable progress 
of science; in the economics of countries, and in 
international relations and conflicts; in sociological 
changes; and in actual biological change as micro
organisms evolve to take new opportunities, as HIV 
has done to create AIDS, or to break through old 
barriers - as bacteria and parasites are doing to beat 
antimicrobial drugs. 

Strangely enough, in science - that model of 
order - predictions are more risky than in all the 
other fields. Discoveries, by their very nature, are 
unexpected. But they can bring dramatic progress. 
We had no idea in the 1960s that the next decade 
would produce the revolution of recombinant DNA 
- that was in 1973 - and of monoclonal antibodies. 
And from the viewpoint of 1980, who could have 
predicted the power of the polymerase chain reac
tion or the tantalizing promise of naked DNA 
vaccines? 

Applied science - such as TDR's own field, which 
is goal-directed parasitology, science applied to tropi
cal diseases - leads to further uncertainty: what use 
can be made of scientific discoveries? As the late 
American physicist, Robert Oppenheimer said "it is 

a profound and necessary truth, that the deep things 
in science are not found because they are useful; they 
are found because it was possible to find them". 

Table 2. First 100 acknowledged funding 
sources in randomly selected articles in 

malaria research 

TDR 23 

Wellcome Trust 11 

US National Institutes of Health 6 

US Agency for International Development 4 

Danish International Development Agency 3 

UK Medical Research Council 3 

WHO 3 

40 others with one or two 
acknowledgements each 47 

This table is drawn from data collected by the Harvard Center for 
Population Studies for the report Investing in Health Research and 
Development, in preparation by the WHO Ad Hoe Committee on 
Health Research Relating to Future Intervention Options. All articles 
in the MEDUNE bibliographic database dated between 1 January 
1992 and 31 December 1994 referring to "malaria" were identified. 
A random selection of these articles was made. These articles were 
then consulted in a library, and the first 100 acknowledged funding 
sources recorded and counted. The results appear in the table. ___ 13 
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So the challenge to those who wish to use science 
for a purpose, as we do, is a challenge of pragmatic 
opportunism - we must keep in touch with and leap 
at every chance and make of it the best we can. 

I am certain that great promise for tropical disease 
comes from the discipline of molecular genetics. Let 
me take in turn the parasite, the vector and the host 
(ourselves). In the parasite, molecular genetics will 
allow us to produce stable genetic transformants of 
the organism - we can already do that with Leishma
nia and are on the verge of it with Plasmodium 
falciparum. We will identify, at a molecular level, the 
factors which determine virulence and pathogenesis, 
and target specific pathways with drugs. 

Already we have genome mapping projects for all 
the organisms. We will thus have increasingly de
tailed maps on which we can "hang" and correlate 
our genetic understanding. Because of widespread 
genetic homologies or similarities among all organ
isms on Earth, these maps will also allow us to draw 
on the immense amounts of research done on other 
creatures - such as the biologists "model nematode", 
Caenorhabdytis elegans, and man himself through the 
human genome mapping project. 

The control of tropical diseases will thus benefit
it must benefit - from the explosion of biological 
knowledge and understanding that is now under 
way, just as leprosy control will benefit from the 
efforts to sequence the DNA of its entire genome 
(see Box Why sequence genomes, page 111). 

Engineering the mosquito 
The vectors are also coming under the microscope 

of molecular genetics. Some three or four years ago, 
the MacArthur Foundation and then TDR and the 
Wellcome Trust established their activities in the 
molecular entomology of the Anopheles gambiae 
mosquito. This little insect is the indirect cause of a 
million children's deaths in Africa each year. But as a 
result of the joint initiative, the science of entomol
ogy, which was languishing, has been revivified, and 
A. gambiae has become the most researched insect 
second only to the scientists' old favourite, the fruit 
fly Drosophila. 

So this killer mosquito has "taken off" in the 
world's laboratories, so much so that scientists are 
using it to ask and answer fundamental questions in 
biology, bringing some of biology's brightest minds 
to bear on a subject that can bring hope to Africa. 

Already we have prepared markers of transforma
tion - a white eye gene and others - and have low 

14 ___ resolution maps of several chromosomes. Within 

two years we will have a detailed map down to 1-2 
centimorgans of the whole genome. Genetic factors 
determining the viability of the malaria parasite in 
the mosquito, and mosquito immune protection 
systems, are being identified, and mechanisms of 
gene flow in wild populations elucidated. 

We are still searching for a transformation tech
nique, but there is a reasonable prospect that within 
20 years we should be able to design a piece of 
transposable DNA - if you like, a self-propagating 
infection - of mosquitos that will stop the mosquito 
transmitting malaria. 

Once released, this artificial infection will spread 
naturally in the mosquito population until Africa is 
clear of malaria. Science fiction? Well so was ridding 
the world of smallpox - until it was done. 

As for the potential of molecular genetics in the 
human host - I shall confine myself to the promise 
of gene therapy. This is the prospect that it will be 
possible to provide a continuous, lifetime dose of 
some needed proteins (for example, sickle-cell anae
mia - a population-genetic side-effect of malaria -
could be reversed by inserting a healthy haemo
globin gene). The injected, naked DNA would be 
targeted to integrate, say, into the cells of some target 
tissue - say the red blood cells themselves - where it 
would generate its gene product. 

Similarly, a gene might carry signals to trigger a 
parasite's apoptosis gene - the suicide genes that 
every cell seems to possess, and that are now of such 
interest in cancer research. Thus a long-lived para
site, like the worms of filariasis, might be induced to 
die slowly, reducing the danger of extreme "Mazotti" 
reactions in the patient when large numbers of worms 
are suddenly destroyed, releasing a flood of antigens. 

Gene therapy may also one day be used to attack 
genetic predispositions to pathogenic disease - for 
example, the recently-discovered TNF-gene-linked 
seven-fold increase in susceptibility to cerebral ma
laria - might be corrected. 

Naked DNA is closely analogous, offering an area 
of great promise for vaccine development. The con
cept is simple: instead of vaccinating with antigens -
the expressed product of some parasite DNA - we 
would vaccinate with the DNA itself Within a hu
man cell the DNA would express the antigen for a 
while until destroyed by the host; and the expressed 
antigen would induce the needed immunity. Al
ready, very promising results have been achieved 
with potential malaria vaccines. Naked DNA vaccines 
have the great advantage that candidate vaccine an
tigens can be screened separately - or in combina-



tion - without needing to produce and purify the 
final protein product. Thus the approach provides a 
very important research tool, as well as potentially 
reducing the ultimate cost of vaccine production. 

"Combinatorial chemistry" also offers new prom
ise. This is a technique for making large numbers of 
potential drugs by automating the combination of 
different parts of a molecule, and simultaneously 
automating their screening against some identified 
target. The potential is extraordinary. For example, if 
a molecule might consist of say eight parts, each of 
which was of eight kinds, automated combination 
and testing could theoretically lead to results on all 
eight to the power eight (16 777 216) potential 
compounds. (More realistically, four parts and four 
combinations could give results on 256 compounds, 
in say an hour or two). 

The compounds in combinatorial chemistry are 
produced in small amounts, and consequently the 
screening must typically be in vitro. But there is a 
new threshold here. We have the potential for screen
ing thousands of new compounds a day, when we 
used to dream of 1 OOO in a year, against specific 
parasite targets, instead of having to rely on the 
compound libraries of private companies. We must 
be clever about the components, clever about the 
systems against which we test the combinations. The 
time is ripe for this new approach to drug develop
ment against tropical diseases; and as with monoclonal 
antibodies and naked DNA it is something that can 
be done at low cost, and provides a new opportunity 
for developing countries. 

With regard to socio-cultural trends, I am afraid I 
find several matters very troubling. 

The first challenge that strikes us directly in tropi
cal diseases is the long-term impact of war and 
instability, which seem increasingly widespread and 
threatening. The worst regions for malaria in the 
WHO Eastern Mediterranean Region are precisely 
the war-torn societies: Sudan; Somalia; Iraq; Af
ghanistan; and Djibouti. And where has African 
trypanosomiasis - sleeping sickness - flared up in 
epidemics over the last decade? Chad; Uganda; An
gola; Mozambique; and Zaire - the latest epidemic, 
with some villages facing as high as 70% mortality. 
In disasters, we hear first of swift death from the 
conflict, famine, and cholera; the effect on tropical 
diseases comes later, but then media attention may 
have lapsed, and the country may be "forgotten". 
Here is an area which needs more attention. 

Environmental change will affect our diseases pro
foundly - as recently described in Science (vol 267, 
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pp957-8, 1995). The increased energy in the atmos
phere, a likely result of increased carbon dioxide, is 
causing increased instability and unpredictability in 
weather and rainfall patterns, and will increase the 
risk of epidemic malaria; global warming - the eight 
hottest years of this century have been in the last 
decade - may shift the boundaries of transmission 
zones to higher latitudes and altitudes, in particular 
increasing disease risk in the southern states of the 
ex-USSR. 

Furthermore, drought can make poor 
people migrate to forested areas, exposing them to 
vectors and diseases. Leishmaniasis, filariasis and 
schistosomiasis will become increasingly urbanized 
as urban sprawl continues. And population growth, 
greatest among the poor, will increase the total num
bers with our diseases. 

The marginalization of people 
But my greatest fear is the evolutionary trend in 

certain parts of the Third - and shall I call it the 
Fourth? - worlds. I mean the marginalization of 
people; their effective exclusion from the decencies 
of proper life and social care. 

When they are marginalized in the South, we call 
it the Third World; when on the streets of New York, 
or London, or Paris or anywhere in increasing num
bers in the richer world- this is the forgotten Fourth 
World. In the Third World, many forces are also 
driving populations towards increased inequities. In 
spite of economic growth in many developing coun
tries, will there be a concomitant growth of 
marginalized people without access to health care? 
The impact of tropical diseases in war-torn societies, 
as described above, gives a warning of what might 
happen. 

Also in the next century we may face accelerating 
biological change. Medical progress - in fact all 
material human progress - is a kind of conscious 
evolution of the human species in competition with 
the rest of the biosphere. But that biosphere hits 
back; it continues to compete and evolve with us, 
and will catch us whenever we drop our guard. Some 
organisms evolve faster than others; viruses (such as 
HIV); then the bacteria (TB); the protozoa 
(malaria); and perhaps next the nematodes, when 
Onchocerca volvulus evolves resistance to ivermectin, 
as does its cousin C. elegans in the test-tube. 

Evolution is certain; and mankind may be inflict
ing the most intensive evolutionaty challenge that 
the biosphere has ever faced. We have to be prepared. 
We are assembling one, single line of defence against ___ 15 
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many of our diseases. That is too slim, too weak a 
response. We will need other lines of defence. 

Increasing crowding and unplanned urbanization 
also bring risks of the humanization of zoonotic 
infections. Some diseases are transmitted mainly via 
animals - we say they are zoonotic. HIV probably 
began as an animal pathogen - until it jumped the 
barrier and found an evolutionary opportunity to 
transmit itself among human beings. Human-to
human transmission presents the danger of new 
epidemics. 

The combination of zoonotic leishmaniasis and 
HIV in many Latin American cities frightens me; 
could the parasite evolve to some anthroponotic 
form, precipitating epidemic leishmaniasis in urban 
Latin America, as we have in rural Sudan and 
India today? 

Managing innovation 
TDR must continue to face these challenges with 

new ideas and new solutions. But as I believe this 
report demonstrates, in order to meet those chal
lenges TDR has evolved into a rather unusual inter
national institution. Its goals are highly focused and 
well-defined. But in order to reach those goals it 
makes diverse investments in strategic research, prod
uct development and applied research. As Gertrude 
B. Elion has stressed, innovation is required through
out this process. 

However, the management of innovation is not 
easy. In society as a whole two types of institution 
have evolved to cope with the task. One is the 
academic; the other, science-based industry. The re
wards from the first come from the public interest in 
knowledge, and publication-based careers; the re
wards from the second are profits. But TDR itself 
does not fit into either of the standard patterns for 
innovating institutions. The Programme has evolved 
from a primary emphasis on academic, knowledge
based research, to a phase of product development, 
and now after reorganization to emphasis on appli
cation research - but it continues to need and sup
port all these three components. 

In essence TDR is a humanitarian programme 
with its own special kinds of rewards. As such it is a 
continuing challenge to keep it on track as a cost
effective vehicle moving towards its goals. 

On the one hand, TDR must be steered as a 
scientific institution, as required by our goal of inno
vation for tropical diseases. TDR must be able to 
mobilize the best talent for advice and research, to 
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and does not merely support redundant, replicative 
research. So scientific excellence is an important 
yardstick, for which we have had to fight continually 
in an increasingly political environment which ap
plies pressure for resources to be used for short-term 
"self-interest" gains. 

We, the staff of TDR, are in fact privileged to 
work in a scientific institution where verification 
and objectivity are parts of the culture. 

And in a political world, the fact that TDR's 
statements are backed by the rigour of science gives 
the Programme tremendous leverage. 

But politics is a battle of interest groups - and the 
enterprise of science can be an interest group in itself. 
The challenge for a goal-oriented institution like 
TDR is therefore how to exploit the power and 
rigour of science without finding itself locked in to 
particular scientific interests. And here - like indus
try - we have always to be able to close down 
unprofitable lines of research and open up more 
promising ones. 

This necessary flexibility in the Programme cre
ates consternation and concern in the scientific com
munity - which in turn can affect our leverage and 
ability to mobilize the best expertise. Indeed, the 
Scientific and Technical Advisory Committee (STAC) 
expressed concern in 1995 that the recent restructur
ing of TDR, together with cutbacks in strategic 
research, might have led to cuts great enough to 
affect our relationship with the scientific commu
nity. 

On the other hand, TDR must be steered as a 
practical institution. The Programme can be derailed 
by becoming too preoccupied with politically domi
nated short-term objectives. We in the secretariat 
may become overconfident in believing that we know 
all the answers. This may quench innovation as well. 
Of particular concern in this regard is the attractive
ness to investors of such political short-termism; it 
can masquerade as strong and good leadership, 
whereas in fact practical research management re
quires more subtle, long-term steering. 

In order to keep on track, TDR is privileged by 
having a deep structure that mirrors the triangular 
divisions of powers in a democratic state. A state has 
an executive branch, a law-making branch, and the 
courts; having three components helps avoid the 
pursuit of self-interest through collusion between 
any two. Thus in TDR we have the scientific com
munity, the secretariat, and those concerned that the 
programme provide practical results (in other words 
the investors in tropical disease research and con-



trol). This triangular structure is, I believe, funda
mental to keep TDR on track, and helps us to 
innovate continually. Innovation cannot be created 
by decree; it must be nurtured, and requires an 
atmosphere of confidence between the three compo
nents of the triangle. 

This atmosphere of confidence and collaborative 
innovation must in turn create four fundamental 
abilities: 

• the opportunity to take risks and identify new 
opportunities; 

• the ability to maintain research on a promising 
lead long enough to develop a useful product; 

• the ability to invest truly in and around talented 
individuals (an approach which is becoming pre
dominant in TDR's research capability strength
ening activities); 

• the ability to allow researchers to come up with 
their own solutions. 

To ensure the latter, the Programme consistently 
bases its grant-giving on advertisement, irrespective 
of whether the problem to be tackled is broad or 
narrow, strategic research or application research. 
There is nothing new about this truly "bottom-up" 
approach, but TD R is also combining it with a more 
directive, pro-active approach. We "square the circle" 
by defining the problem to be solved, if necessary 
very narrowly - but then invite applications to solve it. 

This "active invitation" approach, which we are 
using particularly for field research, almost always 
gives additional benefits: 

• excellent proposals are received from scientific 
groups previously unknown to have an interest 
in the particular area; 

• after the first proposals, further development of 
project design, execution and analysis can be 
undertaken as a research capability strengthen-. . 
mg exercise; 

• in the case of research focused on precise field 
problems, institutions and governments are in
formed and approve of projects before they have 
been funded, and so are receptive to the solu
tions discovered. 

The path to eradication 
It may be appropriate at the time of the 20th 

anniversary to look also at the long-term future for 
TDR. The first question that we always have to ask 
ourselves is whether the Programme is still needed -
or if we can begin to consider devolution. In fact, our 
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20 years is still a short time in product development. 
Table 3 demonstrates this, showing the Programme's 
past performance and projections in drug and vac
cine development times (measured from the first 
lead to a WHO recommendation on use) as ranging 
from 10-18 years for a drug, and 12-32 years for a 
vaccine. And moreover our biggest disease - malaria 
- is still fighting back. While for the first time since 
I came to TDR nine years ago I begin to feel optimis
tic about tools for controlling the disease, our reper
toire is still incomplete for such a clever parasite. 

The second question concerns the Programme's 
disease portfolio. As outlined in this report, great 
progress has been made in many of the TDR dis
eases. In some cases, there are missing components 
of the tool kit- such as more effective and/or afford
able drugs for Chagas disease and African trypano
somiasis. In others we depend predominantly on a 
single tool - such as ivermectin for river blindness, 
multidrug therapy for leprosy and praziquantel for 
schistosomiasis. Both malaria and leishmaniasis are 
in great need of new tools. And considering the 
global impact of malaria, in recent years an increas
ing proportion of our resources has been directed 
towards the disease, so that in 1994 it reached nearly 
one half (see Figure 1). 

Moreover, the progress being made with any of 
the diseases may not be sustained, given the social 
and economic uncertainties in front of us. In addi
tion, it is only a matter of time before we can expect 
setbacks because of drug resistance. 

So has the time come to prepare the ground 
through research for the eradication of some of the 
diseases? We may have an historic opportunity - a 
"window" that may not return. Two diseases may be 
considered: leprosy and river blindness. 

It may seem wildly optimistic to think about 
physically eradicating leprosy and river blindness 
from the globe, as smallpox was eradicated in the 
past. But with some additional investment eradica
tion could come within our grasp. 

The biblical disease of leprosy is now in sharp 
decline because of the effectiveness of multidrug 
therapy (MDT). MDT has allowed WHO and the 
endemic countries to prepare for the "elimination of 
leprosy as a public health problem" by the year 2000. 
When that goal is achieved, the transmission of the 
disease will probably have been broken in many 
areas, and will remain important only in isolated 
pockets. In addition, in cases detected early enough, 
it may be that one day's treatment with an improved 
MDT will be sufficient to cure a patient. __ 17 
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Table 3a. TDR drug development: estimated costs to TDR and its partners, and timeframes 

Costs (US$ Million) Timeframes (Years) 

Average Range Average Range 

Strategic Research N.A. N.A. 

Product Development Research 0.4 (0-1.6) 2.8 (0-10) 

Pre-clinical 1.1 (0.2-3.0) 2.7 (2-5) 

Clinical 1.4 (0.3-3.5) 5.0 (4-8) 

Applied Field Research (including Phase IV) leading 1.4 (0.3-4.5) 4.6 (2-6) 
to WHO Policy on Use 

Typical total per drug candidate 4.3 (1.2-7.4) 15.1 (10-18) 

Table 3b. TDR vaccine development: estimated costs to TDR and its partners, and timeframes 

Strategic Research 

Product Development Research 

Pre-clinical 

Clinical 

Applied Field Research (including Phase IV) leading 
to WHO Policy on Use 

Typical total per vaccine candidate 

Eradication ofleprosy then becomes a possibility, 
if we had cheap and effective diagnostic tools to 
identify all infected in those remaining pockets. I 
believe this is an historic opportunity that we must 
not miss. For TDR, the lesson is simple: we must 
develop the needed diagnostics. 

As for river blindness, the Onchocerciasis Pro
gramme in West Africa (OCP) has already elimi
nated the disease from several countries; and outside 
that region the efficient delivery of ivermectin to 
affected communities will probably break transmis
sion in certain areas - particularly in the small foci in 
Latin America, but also in parts of Africa. 

But I believe that like leprosy, river blindness 
could be eradicated, given some additional tools. We 
are getting close, so why don't we embrace the op
portunity? TDR has already developed and demon
strated the effectiveness of rapid epidemiological 

18 __ mapping of onchocerciasis (REMO) to identify the 

Costs (US$ Million) Timeframes (Years) 

Average Range Average Range 

1.5 0-5 2.7 0-10 

2.7 0-10 2.9 0-10 

2.8 0.2-6 2.8 1-7 

4.4 2-8 5.1 3-17 

3.5 3-5 5.0 5-6 

14.9 (9-32) 18.5 (12-32) 

foci of the disease, and community distribution 
methods to provide treatment. But to ensure eradi
cation, TDR must also complete the development of 
a safe macrofilaricidal drug, something that has eluded 
OCP and TDR for 20 years, but for which it now has 
two potential candidates. 

Adapting to our market: the 
household and the district 

A major objective for the reorganization of the 
Programme in 1994 was to make TDR better 
equipped to feed innovation into the health system. 
We moved away from disease-specific field activities, 
and have integrated them into task forces that have 
created strong links with other programmes. The 
sick child, the school-age child and gender serve as 
examples. 

While such activities are less easy to grasp for the 
uninformed than work directed to specific diseases, 
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in fact they go a long way to meet the needs of 
decentralized health systems. 

We believe new opportunities will arise in this 
respect such as home management of the sick child, 
an expanded programme for chemotherapy in which 
treatments that require only intermittent annual or 
bi-annual chemotherapies may be combined. 

At the same time we must be sufficiently prag
matic to allow for disease specific approaches when 
elimination or eradication can be considered. 

A sufficient scale 
Based on the experience gained in TOR, I believe 

that an essential element in organizing research and 
development for diseases is that programme activi
ties must provide a complete pipeline from strategic 
research to applied field research. Only then can one 
respond in product development to the needs in the 
field as well as rapidly seizing new opportunities as 
they arise from strategic research. The very objective 
of moving products along this pipeline emphasises 
the need for this continuum. 

However, for each segment of the pipeline a par
ticular mix of expertise is required. To be effective, 
this in turn requires a sufficient scale of activities. At 
a much larger scale this recombination and rescaling 
is now taking place with astonishing speed in the 
private sector. However, in the public sector, move
ments in the same direction are unimpressive. It is a 
constant and fundamental challenge to identify the 
right constellations and modus operandi which allow 
a vigorous product development for diseases of the 
poor. 
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Role of North and South 
The distinction between the "rich North'' and the 

"poor South" is increasingly becoming blurred. In 
the North, many countries are becoming poorer, and 
absolute poverty is on the increase, while many 
countries in the South are undergoing rapid eco
nomic growth. 

At the same time, many countries in the South are 
adopting healthier science policies. The tempo in the 
development of definitive technologies is levelling 
off, and new ones - such as combinatorial chemistry 
- are likely to be easily transferrable to the South. 
This means that the research and development po
tential of the South is rapidly increasing. The chal
lenge now is not only to strengthen research but also 
the whole pipeline of research and development 
capability, so that the diseases of the poor can be 
given the same attention that those of the rich have 
received. 

To heal a world wound ... 
We have two decades of unprecedented scientific 

progress in tropical diseases, and there is great prom
ise of more. But we cannot rest on our laurels. The 
world that is entering the 21 st century is a fractured 
world. Not only is the power of global market com
petition increasing the pressure to neglect the poor 
and excluded, but the numbers and the distribution 
of the excluded are increasing. Northern investors 
are turning inward to face the problems of their own 
excluded and unemployed, and there are uncertain
ties about the most effective mechanisms for aiding 
development in the South. 

Not unlinked to this fracturing and exclusion -
this world wound- are the widespread environmen
tal disturbance, instability, migration, unplanned 
development and war that are increasing the risks of 
the tropical diseases. Social collapse is giving the 
tropical diseases a helping hand. To keep these dis
eases down we must take an aggressive, entrepre
neurial approach, to grasp the scientific, political 
and economic opportunities that arise, and to set in 
place good defences against the evolution of our 
biological enemies. 

It is our task to make sure that the 500 million 
people with tropical diseases will not fall back into 
the undeserved darkness of the Middle Ages. And it 
is also our task to manage the resources that are made 
available to us in the most prudent and conscien
tious way, to show the world that international ef-
forts like TOR are a good investment. __ 19 
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Table 4. Product highlights 

The first two columns of this table indicate potential manufactured products for disease diagnosis, 
treatment or control to which TDR has contributed. Like the product table of the previous report, the 
present table does not include techniques, unless they represent manufacturable items. 

The column "in preclinical development" indicates potential products which have been undergoing 
laboratory evaluation for safety and biological efficacy, as a prerequisite for clinical and field trials. 

The column "in clinical or field trial" indicates potential products which have been undergoing evalua-
tion in humans to show safety and efficacy, together with diagnostics and vector control tools which have 
been under field trial. 

Products are listed under "in disease control use" if they are now used in disease diagnosis, treatment or 
control. Products are designated by the year of first appearance in each category. Bracketed years indicate 
developments which took place outside TDR. 

Product In preclinical In clinical In disease 
development or field trial control use 

MALARIA 

Drugs 

Artemisinin and derivatives 1984 1992 1994 

Chloroquine resistance reversers 1988 

Mefloquine and mefloquine combinations (1977) 1979 1984 

Tumor necrosis factor antagonist for severe malaria 1991 

Vaccines 

Plasmodium falciparum asexual blood-stage vaccine 1977 1992 

P. falciparum sporozoite vaccine 1986 

P. vivax sporozoite vaccine 1989 

P. falciparum transmission blocking vaccine 1989 

Diagnostics 

DNA and RNA probes to monitor drug resistance 1989 

Microtest kit for measuring P. falciparum sensitivity 
to antimalarial drugs 1985 

DNA probes for detection of P. falciparum and P. vivax in blood 1987 

Vector Control 

Diagnostic monoclonal antibody-based (Zavala) test for 
species-specific detection of sporozoites in mosquitos 1986 1989 

Insecticide-impregnated bednets 1991 1994 

Other 

Portable incubator 1986 
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Product In preclinical In clinical In disease 
development or field trial control use 

SCHISTOSOMIASIS 

Drugs 

Praziquantel drug combinations for multidrug therapy 1990 1991 1994 

Vaccines 

Recombinant DNA schistosomiasis vaccine 1989 

Diagnostics 

Morbidity assessment by ultrasonography 1994 

Diagnostic urine filtration technique 1980 1983 

lmmunodiagnostic assays 1992 

FILARIASIS 

Drugs 

lvermectin for onchocerciasis (1978) 1982 1987 

lvermectin for lymphatic filariasis 1988 

CGP 6140 for onchocerciasis 1987 

UMF 078 for onchocerciasis/lymphatic filariasis 1989 

Diagnostics 

DNA probes for Brugia malayi infective larvae 1989 

DNA probes for Onchocerca volvulus 1989 1991 

Monoclonal antibody for Brugia malayi 1989 

Antigen assays for routine serodiagnosis of onchocerciasis 
and lymphatic filariasis 1989 1992 

DNA probes for detection of microfilaria in blood 1989 

Vector Control 

Bacillus sphaericus 1992 1995 

LEPROSY 

Drugs 

Clarithromycin 1991 

Combined drug regimens for PB leprosy - WHO/MDT 1982 

Combined drug regimens for MB leprosy - WHO/MDT 1982 

Fluoroquinolones 1985 1991 

Minocycline 1991 

Ofloxacin/rifampicin combination 1991 
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Product In preclinical In clinical In disease 
development or field trial control use 

LEPROSY (CONT.) 

Vaccines 

Heat-killed Mycobacterium leprae vaccine 1983 

Diagnostics 

PCR to detect small numbers (<100) M. leprae organisms 1991 

Native/recombinant and synthetic antigens for diagnostics 1989 

AFRICAN TRYPANOSOMIASIS 

Drugs 

Eflornithine 1978 1986 1990 

Diagnostics 

Card Indirect Agglutination Test for Trypanosomiasis (CIATI) 1993 

Antigen-ELISA (now improved as CIATI) (1988) 1989 

Card Agglutination Test for Trypanosomiasis (CATI) 1978 1980 1983 

Miniature anion-exchange centrifugation technique 1979 1981 1984 

Vector Control 

Insecticide impregnated screens 1984 1989 1989 

Monoconical insecticide-impregnated traps 1984 1989 1989 

Pyramidal tsetse fly trap 1984 1991 1991 

CHAGAS DISEASE 

Diagnostics 

Agglutination test for blood bank screening 1989 

Serodiagnostic test using synthetic peptides 1992 

Vector Control 

Fumigant canister 1990 

Insecticidal paints 1990 

Triatomine detection box 1990 

Crystal violet/sodium ascorbate to kill parasites 
in infected blood in blood banks 1989 1994 

LEISHMANIASIS 

Drugs 

New regimen for antimony compounds 1979 1984 

Allopurinol therapy 1989 
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Product In preclinical In clinical In disease 
development or field trial control use 

LEISHMANIASIS (CONT.) 

Gamma-interferon + antimony compounds 1984 1988 

Amidazoles 1982 1989 

Paromomycin ointment (Aminosidine) (1950) 1990 1994 

Antitubulin compounds 1989 

Lipid associated amphotericin B (1988) 1992 1994 

Lysophospholipids 1994 

Vaccines 

Killed leishmania vaccine, New World (1960) 1992 

Killed leishmania vaccine, Old World (1960) 1991 

Recombinant vaccine for New World (Leishmania mexicana) 1992 

Recombinant vaccine for Old World leishmaniasis 1992 

Diagnostics 

Direct agglutination test (DAT) 1983 1992 1994 

Dot-ELISA 1992 

Standard leishmania skin test antigen 1991 1994 

BIOLOGICAL CONTROL OF VECTORS 

Vector Control 

Bacillus brevis 1989 

Bacillus sphaericus 1983 1990 

Bacillus thuringiensis H-14 1976 1980 1982 

Clostridium bifermentans 1990 

Competitive snails 1978 1985 

Lagenidium giganteum 1982 1986 

Larvivorous fish 1975 1975 1975 

Novel vector control organism by genetic manipulation 1985 
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Table 5. Targets 

Activity Status Planned for 1995-1997 Target 
(target year) year 

MALARIA 

Applied field research 

Development of a strategy for the Completed Validation and transfer to control 1995 
diagnosis and treatment of child- for areas programmes 
hood malaria as part of the "Sick of high Continued development in 1996 
Child Initiative" (1994) endemicity low endemicity areas 

Identification of a strategy to Discontinued 
control African urban malaria (1994) Lowered priority 

- staff and 
financial 
constraints 

Development and evaluation of simple, Discontinued Monitor the operational 1996 
rapid and affordable diagnostic Lowered priority evaluation of antigen dipstick 
tools and the detection of malaria - staff and assay now commercially 
drugs in the urine (1995) financial available 

constraints 

Identification of community-based Ongoing Continued development 1995 
strategies for rapid and effective 
therapy (1995) 

Identification of methods to reduce Ongoing Completion of studies on 1996 
mortality in pregnant women (1995) implementing two full 

treatments during pregnancy 

Revision of surveillance methods for Ongoing Continued development 1997 
the rapid response to outbreaks of 
severe and complicated malaria (1997) 

Identification of methods enabling Ongoing Continued development 1997 
women to overcome factors currently 
preventing them from seeking therapy; 
"Healthy Women Counselling Guide" 
(1997) 

Evaluation of rapid assessment methods Not initiated 
for epidemiological surveillance Lowered priority 

- staff and financial 
constraints 

Product development 

Phase Ill trials of the clinical Trials completed Final report and analysis 1995 
efficacy of anti-TNF monoclonals in 1994 
in childhood cerebral malaria (1994) 

Assessment of the clinical efficacy Trials completed Registration in France 1995 
of artemether in childhood cerebral in 1994 
malaria (1994) 

Assessment and registration of the Delayed Completion of phase 11/111 1997 
clinical efficacy of arteether (1995) (Trials Initiated) trials and registration 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

MALARIA (CONT.) 

Assessment of the efficacy of On track Completion of the analysis from 1995 
insecticide-treated bednets in three representative African regions 
preventing childhood mortality (1995) 

Ten new drug leads (1995) On track Development of selected leads 1997 
(2nd generation peroxidic drugs, 
phospholipid and proteinase 
inhibitors) 

Research on inexpensive drugs On track Evaluation of pyronaridine, and 1996 
intended to replace chloroquine clinical trials of short half-life 
(1995) antifolate drugs 

Clinical development of a Preclinical Start of Phase 1/11 trials 1995 
transmission-blocking vaccine development 
(1995) completed 

in 1994 

Assessment of the efficacy of the Completed Completion of Phase Ill trials 1995 
SPf66 synthetic Colombian vaccine in 1994 in The Gambia and Thailand 
in Tanzanian children (1994) 

Strategic research 

Development of systems for Good Continued development >1997 
genetic manipulation of the technical 
parasite progress 

Establishment of in vitro Ongoing Continued development >1997 
parasite cell lines for drug 
screening and vaccine research 

Identification of factors Ongoing Continued development >1997 
responsible for disease and 
protective immunity 

Clarification of the genetic Ongoing Leads for combating the 1997 
basis for drug resistance development of resistance 

Identification of the genetic Initiated Continued development >1997 
basis for parasite development 
in the mosquito 

Creation of transgenic mosquitos Initiated Continued development >1997 
resistant to malaria infection 

Improvement of biological larvicides Ongoing Continued development >1997 
by genetic engineering techniques 

SCHISTOSOMIASIS 

Applied field research 

Identification of the most efficient On track Assessment of the feasibility 1995 
means of introducing praziquantel of combining drugs for children 

,, 

in endemic areas (1995) 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

SCHISTOSOMIASIS (CONT.) 

Assessment of rapid identification Trials Evaluation of a manual for rapid 1995 
of highly endemic communities for urinary assessment of communities at high 
(1995) schistosomiasis risk for urinary schistosomiasis 

completed 

Identification of strategies to Delayed Project under way 1996 
increase women's understanding of 
risk factors and use of preventive 
measures in relation to genital 
schistosomiasis (1995) 

Product development 

Assessment of the feasibility of Completed Development of a manual for 1996 
co-administration of albendazole and in 1994 use in control programmes 
praziquantel in schoolchildren (1994) 

Organization of preclinical screening In operation Initiation of clinical trials of 1996 
services for vaccine antigens (1993) since 1993 one or more promising antigens 

Preclinical development of at least On track Establishment of a facility for 1995 
five candidate Schistosoma mansoni scale-up and vaccine production 
vaccine antigens (1995) 

Initiation of accelerated pre- 1995 
clinical development of selected 
S. japonicum vaccine candidates 
(subject to supplementary funding) 

Selection of monoclonal antibodies for Trials Trials of the new diagnostic 1996 
diagnostic techniques relying on completed methods in eight laboratories 
detection of circulating antigens (1995) in 1994 

Strategic research 

Development of low-resolution gene Ongoing Continuing development >1997 
maps (new) 

Improved knowledge of the molecular Ongoing Detailed knowledge of important >1997 
biology of host-parasite association mechanisms for parasite survival 

Development of in vitro parasite cell To start Availability for testing of some >1997 
lines for drug screening and vaccine in 1995 important cell lines in continuous 
research culture 

FILARIASIS 

Applied field research (lymphatic filariasis) 

Assessment of incidence, duration Studies Completion of ongoing studies 1995 
and the social cost of acute completed to identify the best way for 
adenolymphangitis (ADL) (1994) in 1994 management and prevention 

of ADL 

Assessment of the social, economic On track Development of methods for rapid 1995 
and public health importance of the assessment, mapping and calcula-
disease (1995) tion of social costs to judge 

the disease burden 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

FILARIASIS (CONT.) 

Identification of optimal treatment On track Comparison of efficacy and cost- 1996 
regimens for use in control programmes effectiveness of annual doses of 
(1996) DEC and ivermectin, singly and 

combined, versus the use of DEC-
fortified salt only, to control 
infection and transmission 

Evaluation of the usefulness of 1996 
adding vector control to mass 
treatment of human populations 
to interrupt transmission 

Assessment of the operational 1995 
value of DNA probes for detecting 
parasites in mosquito vectors 

Development of cost-effective 1996 
control strategies 

Applied field research (onchocerciasis) 

Development of inexpensive methods In use for Rapid epidemiological mapping of 1996 
for the identification of high-risk control in the disease in 10 countries in 
communities (1993) 1994 Africa and development of a 

Geographic Information System (GIS) 
for Africa 

Identification of the most cost-effective Delayed Development and evaluation of 1996 
ways to distribute ivermectin (1994) methods for community self-

treatment with ivermectin 

Development and testing of rapid 1995 
methods for the monitoring of 
large-scale use of ivermectin 

Assessment of the scale of onchocercal Re-assessed Assessment of the perceived and 1996 
skin disease in women and whether or for both observed effects of ivermectin 
not ivermectin can reduce it (1995) genders in on onchocercal skin disease and 

1994 severe, disabling itching 

Identification of the most efficient Partly Determination of the feasibility 1996 
method of eliminating the disease as completed - of vector eradication in isolated 
a public health problem in Latin America discontinued foci in East and Central Africa (new) 
(1995) 

Product development 

Development of an immunodiagnostic Trials Development of diagnostic 1995 
assay for lymphatic filariasis (> 1997) completed kits and their evaluation 

in 1994 in the field 

Assessment of the efficacy of vector Completed Assessment of the cost- 1995 
control using Bacillus sphaericus (1995) in 1994 effectiveness of applying 

B. sphaericus in control 
programmes 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

FILARIASIS (CONT.) 

Production of an immunodiagnostic Ongoing Epidemiological evaluation 1995 
assay for the detection of Onchocerca 
re-invasion in controlled areas (1995) 

Registration for human use of new Ongoing Phase I testing of UMF078 1997 
macrofilaricide drugs (1997) and Phase 11/111 testing 

of amocarzine; 
CG 18041 abandoned because of 
toxicity 

Strategic research 

Creation of a low-resolution map Initiated Creation of species- and 1997 
of the genome of B. malayi comparable stage-specific c-DNA 
with existing C. elegans maps (new) libraries and a repository 

of peptide-expressing clones 
with partially determined 
DNA sequences (EST libraries) 

Development of in vitro parasite cell Delayed Studies to be initiated >1997 
lines for drug screening and vaccine 
research 

Establishment of methods imaging Good Utilization of established 1996 
the lymphatic system for diagnosis, progress imaging methods in practice 
therapy and study of the pathology 
process in lymphatic filariasis 

Determination of the mechanisms of Good Cloning of the genes involved 1997 
ivermectin resistance in free-living progress in ivermectin resistance in 
and parasite nematodes nematodes 

Development of molecular probes for Ongoing Search for homologous genes in >1997 
the detection of ivermectin resistance in Onchocerca and utilization of 
onchocerciasis such genes for the development 

of field-applicable diagnostic 
assays 

. 
LEPROSY 

Applied field research 

Development of methods to improve On track First reslllts available, next 1995 
community awareness of leprosy steps under consideration 
and involvement in control (1995) 

Identification of cost-effective Not initiated 1995 
approaches to rehabilitation and Lowered 
disability management (1995) priority 

Identification of methods which Not initiated 1996 
reduce the risk of infection in Lowered 
pregnant women (1995) priority 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

LEPROSY (CONT.) 

Product development 

Evaluation of shorter and On track Continued development 1995 
more cost-effective regimens 
for treatment (1995) 

Follow-up studies assessing >1997 
potential relapses 

Development of immunoepidemiological Ongoing Evaluation of new peptide- 1996 
tools for transmission surveillance based skin tests in man 

Vaccine trials On track Continued development >1997 

Strategic research 

Improved details of the Mycobacterium Ongoing Further development halted Delayed 
leprae genome map to better understand due to financial constraints 
the pathogenesis of the disease 

Improved understanding of mechanisms Delayed Halted due to lack of technical Delayed 
of nerve damage progress 

AFRICAN TRYPANOSOMIASIS 

Applied field research 

Selection and evaluation of some Ongoing Continued development 1996 
useful strategies for community-
based surveillance (1995) 

Development of Geographic Information On track Continued development 1996 
Systems (GIS) to facilitate control (new) 

Comparitive study of 14 and 7 day Ongoing Completion of studies and 1996 
duration of treatment with eflornithine follow-up of patients 

Product development 

Large-scale field trials of diagnostic Ongoing Analysis of studies and 1995 
assays based on monoclonal antibodies decision on continuation 
(1994) 

Identification of a facility in the On track Production and testing of 1995 
developing countries for the New route new material 
production of eflornithine (1995) for synthesis 

found in 1993 

Clinical trials of at least Ongoing Development of leads for 1997 
two new drugs (1997) clinical testing 

Strategic research 

Creation of gene maps (new) On track Continued development >1997 

Identification of the mechanisms On track Continued development >1997 
responsible for the pathogenesis 
in brain damage 

Identification of common non- On track Continued development >1997 
variant surface antigens __ 29 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

AFRICAN TRYPANOSOMIASIS (CONT.) 

Utilization of immune regulation On track Continued development >1997 
and genetic manipulation for new 
approaches to therapy 

CHAGAS DISEASE 

Applied field research 

Identification of the best combination Completed Continued development 1996 
of interventions for vector control (1994) in Southern outside Southern Cone 

Cone 

Identification and use of measures for Ongoing Continued development 1995 
improved housing and health education 
in rural and peri-urban areas (1994) 

Identification of measures to improve Delayed Continued development 1996 
surveillance of women during pregnancy in Bolivia and Argentina 
and of infants after delivery (1994) 

Identification of the most Ongoing Continued development 1996 
effective strategy for the 
prevention of transmission 
by blood transfusion (1995) 

Product development 

Introduction of diagnostic kits with Completed Epidemiological validation 1996 
molecularly defined antigens for the in 1993 
screening of blood products (1994) 

Availability of a simple PCR-based On track Continued development 1996 
test for blood product screening (1996) 

Preclinical or clinical development of Delayed Continued development 1996 
one or more new drugs initiated (1995) 

Strategic research 

Creation of low-resolution gene maps On track Continued development >1997 
(new) 

Identification of the mechanisms Ongoing Continued development >1997 
responsible for tissue damage 

Utilization of immune regulation Ongoing Continued development >1997 
and genetic manipulation for new 
approaches to therapy 

Development of attenuated parasite Ongoing Continued development >1997 
strains for vaccine research 

LEISHMANIASIS 

Applied field research 

Identification of the most effective Ongoing Evaluation of using insecticide 1995 
method for vector control (1995) impregnated bednets 
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Activity Status Planned for 1995-1997 Target 
(target year) year 

LEISHMANIASIS (CONT.) 

Identification of strategies to improve Ongoing Completion of studies in Morocco 1995 
women's understanding of the disease 
(1995) 

Identification of strategies to improve Ongoing Completion of studies in Tunisia 1995 
children's compliance with treatment 
(1995) 

Determination of whether or not women Ongoing Completion of studies in Tunisia 1995 
who suffer from cutaneous leishmaniasis 
have difficulties in obtaining treatment 
(1995) 

Product development 

Phase Ill trials of one or more vaccine Initiated Completion of trials and 1996 
candidates for cutaneous leishmaniasis analysis 
(1994) 

Clinical trials of at least one vaccine Accelerated - Continued studies 1996 
candidate for visceral leishmaniasis start in 1995 
(1996) 

Phase Ill trials of amphotericin B Partly done One product registered in 1994 1997 
lipid complexes Planned full efficacy 

trials completed by 1997 

Clinical trials of at least Ongoing Continued development 1996 
three new drugs (1995) 

Evaluation of a direct agglutination Partly done Evaluation of the use of simple 1995 
test for visceral leishmaniasis diagnostic kits for visceral 

leishmaniasis, final feasibility 
studies 

Strategic research 

Genome mapping (new) Initiated Continued development >1997 

Identification of pathogenic genes Methodology Continued development >1997 
developed 

Identification of the mechanisms Partly done Continued development >1997 
involved in the pathogenesis of 
mucocutaneous lesions 

Use of immune regulation through Ongoing Continued development >1997 
genetic manipulation of mice for new 
approaches to vaccine development and 
immunotherapy 

Genetically modified parasites with Partly done Completion of safety and >1997 
limited growth for vaccine research immunogenicity trials 
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Table 6. Current examples of TDR's wider scientific and technical collaborations* 

ORGANIZATIONS WITH WHICH TDR HAS BROAD COLLABORATIVE AGREEMENTS 

Agency for International Development, Washington D.C., USA 

Conselho Nacional de Desenvolvimento Cientifico e Techno16gico (National Council of Scientific and 
Technological Development), Brasilia, Brazil 

International Development Research Centre, Ottawa, Canada 

Ministry of Public Health, Beijing, People's Republic of China 

National Institutes of Health, Bethesda, Maryland, USA 

Pan American Health and Education Foundation, Washington, D.C., USA 

South East Asian Ministers of Education Organization, Regional Tropical Medicine and Public Health Project, 
Bangkok, Thailand 

OTHER COLLABORATING ORGANIZATIONS (EXCEPT INDUSTRY) 

Asian Development Bank, Manila, Philippines 

British Leprosy Relief Association/International Federation of Anti-Leprosy Associations, Colchester, UK 

Carter Centre, Atlanta, Georgia, USA 

Child to Child Trust, London, UK 

Childwatch International, Oslo, Norway 

Council on Health Research for Development, Geneva, Switzerland 

Danish International Development Agency, Ministry of Foreign Affairs, Copenhagen, Denmark 

Directorate General for Development Cooperation, Ministry of Foreign Affairs of Italy, Rome, Italy 

Edna McConnell Clark Foundation, New York, N.Y., USA 

European Commission, Brussels, Belgium 

Indian Council of Medical Research, New Delhi, India 

Indian Institute of Chemical Technology, Hyderabad, India 

Integrated Control of Vector-Borne Diseases Project, Malaria and Parasitic Diseases Control Directorate, Ministry of 
Health and Family Welfare, Government of the People's Republic of Bangladesh, Dhaka, Bangladesh 

International Livestock Research Institute (previously ILRAD), Nairobi, Kenya 

John D. and Catherine T. MacArthur Foundation, Chicago, Illinois, USA 

Ministere de la Cooperation, Paris, France 

Norwegian National Commission for UNESCO, Oslo, Norway 

Organisation de Coordination et de Cooperation pour la Lutte contre les Grandes Endemies, Bobo-Dioulasso, 
Burkina Faso 

Organisation de Coordination pour la Lutte contre les Endemies en Afrique centrale, Yaounde, Cameroon 

Partnership for Child Development, Oxford, UK 

* This is a short and inevitably incomplete list of examples of TDR's current scientific and technical collaborators, 
excluding WHO programmes and research or academic institutions to which TOR gives grants. The list is intended to 
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Table 6. Current examples of TDR's wider scientific and technical collaborations (cont.) 

Swedish Agency for Research Cooperation with Developing Countries, Stockholm, Sweden 

Swiss Tropical Institute, Basle, Switzerland 

United Nations Children's Fund 

United States Army Medical Research and Development Command, Frederick, Maryland, USA 

Wellcome Trust, London, UK 

INDUSTRY 

ACF Beheer, B.V., Maarssen, Netherlands 

Bayer A.G., Leverkusen, Germany 

Biobras-Bioquimica do Brasil, Montes Claros, Brazil 

Burroughs Wellcome Company, Research Triangle Park, North Carolina, USA 

Ciba Geigy, Ltd., Basle, Switzerland 

Daiichi Pharmaceutical Co. Ltd., Tokyo, Japan 

Eli Lilly and Company, Greenfield, Indiana, USA 

Genetica Institutes, Boston, Maryland, USA 

Glaxo Group Research Ltd., Greenford, UK 

IHARABRAS S.A., Industrias Quimicas, Sao Paulo, Brazil 

International Federation of Pharmaceutical Manufacturers Associations, Geneva, Switzerland 

Janssen Research Foundation, Beerse, Belgium 

Laboratorios Gador, Buenos Aires, Argentina 

Merck and Co. Inc., Rahway, New Jersey, USA 

E. Merck Pharma, Darmstadt, Germany 

Novo Nordisk A/S, Bagsvaerd, Denmark 

Pasteur-Merieux-Connaught, Swiftwater, Pennsylvania, USA 

Pharmacia Farmitalia Carlo Elba, Milan, Italy 

Rhone-Poulenc Rorer Doma, Antony, France 

SmithKline Beecham Pharmaceuticals, London, UK 

Vestar Inc., San Dimas, California, USA 

Zeneca Pharmaceuticals, Macclesfield, UK 
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Table 7. UNDP/World Bank/WHO Special Programme for Research and Training 
in Tropical Diseases. Financial Contributions (in US$ up to 31 December 1994) 

Contributor Total 1974-1989 1990 1991 1992 1993 1994 

African Development Bank Group 1 250000 300 OOO 300 OOO 405 461 

Arab Fund for Economic and 
Social Development 162 813 167 392 

Australia 4 707 025 517 050 532 980 539 762 507 OOO 564410 
159 097 

Austria 593 008 

Bahamas 500 

Bayer AG (FRG) 10 OOO 

Belgium 5 724 664 1 097 583 514 580 656 060 1 488 860 

Brazil 100 OOO 

Cameroon 79 182 

Canada 12 795 152 1 605 345 1614170 1 465 662 1 384 555 1 314 815 

China 400 OOO 50 OOO 50 OOO 50 OOO 50 OOO 55 OOO 

Cuba 20 589 2 OOO 2 OOO 

Cyprus 239 

The Former Czechoslovakia 20 OOO 4 980 4 985 5 OOO 

Denmark 36 923 321 2 731 518 2 684 018 2 689 925 2 425 579 2 668 823 

Edna McConnell 200 OOO 200 OOO 250 OOO 250 OOO 
Clark Foundation (USA) 100 OOO 

Finland 2 682 824 127 280 

France 3 331 499 633 791 540 OOO 354 202 355 330 542 907 

Germany 13039154 2 164 203 1 008 268 3 320 813 997 731 863 284 

Greece 304 173 

Gulbenkian Foundation (POR) 25 OOO 

India 327 469 25 OOO 22 549 47 555 

International Development 2 041 255 8 632 204 700 153 322 572 984 
Research Centre (CAN) 100 OOO 

International Federation of l 226 322 37 025 199 860 186 400 190 800 175 600 
Anti-Leprosy Associations 

Iran (Islamic Republic of) 10 OOO 

Iraq 5 OOO 

Ireland 150 400 

Israel 2 500 2 OOO 2 OOO 

Italy 5 611 602 57 068 106 271 178 571 246 436 

Japan 800 OOO 100 OOO 100 OOO 120 OOO 150 OOO 300 OOO 

Japan Shipbuilding Industry 4 740 767 200 OOO 200 OOO 200 OOO 200 OOO 200 OOO 
Foundation (JPN) 

Leprosy Trust Board (NZ) 97 680 11 765 

(a) Contributions in 1994 designated for the WHO Ad Hoe Health Research & Development Review 

Notes 

(a) 

(b) 

(a) 

(b) 
(a) 

(b) Contribution in 1994 of US$ 572,984 made by the International Development Research Centre, with funds made available by 
the Canadian International Development Agency 
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Table 7. UNDP/World Bank/WHO Special Programme for Research and Training 
in Tropical Diseases. Financial Contributions (in US$ up to 31 December 1994) (cont.) 

Contributor Total 1974-1989 1990 1991 1992 1993 1994 Notes 

Luxembourg 244 957 255 255 259 146 258 359 

MacArthur Foundation (USA) 5 200 OOO 400 OOO 300 OOO 100 OOO (a) (c) 

Malaysia 20 OOO 20 OOO 20 OOO 

Mexico 69 953 20 OOO 23 OOO 13 OOO 13 OOO 

Netherlands 12 333 760 1 334 294 1 741 832 1817531 1 765 418 2 289 427 

New Zealand 71 676 47 273 

Niger 2 252 

Nigeria 488 507 20 051 3 146 1 279 2 390 

Norway 23 646 759 3 565 891 3 922 723 4 256 747 3 513 919 3 566 875 

OPEC Fund for International 
Development 690 OOO 100 OOO 100 OOO 

Oswaldo Cruz Foundation (BRA) 50 OOO 50 OOO 25 OOO 25 OOO 25 OOO 

Pan American Health and 
Education Foundation (USA) 405 OOO 450 OOO 86 980 10 OOO 40 OOO (d) 

Portugal 7 500 7 500 

Rockefeller Foundation (USA) 66 667 (a) 
50 OOO 

Romania 1 995 

SANOFI (FRA) 39 216 

Slovakia 1 985 

Sweden 29 970 334 3 012 542 2 851 772 3 384 913 2 787 640 2 493 438 
111 548 (a) 

Switzerland 10 286 337 2 649 472 2 823 763 738 255 769 231 
60 OOO (a) 

Thailand 37 276 19 531 19 763 19 763 

Thrasher Research Fund (USA) 50 OOO 

Turkey 24 951 10 OOO 5 OOO 5 OOO 

United Kingdom 8 999 722 2 423 920 1 555 875 1 928 300 1 622 610 1 421 475 

United States of America 33 003 912 2 500 OOO 2 500 OOO 2 500 OOO 3 OOO OOO 1 500 OOO 

Wellcome Trust (UK) 25 OOO 

United Nations Development 25 387 708 2 750 OOO 2 750 OOO 3 125 OOO 2 677 OOO 2 OOO OOO 
Programme 

World Bank 25 290 OOO 3 800 OOO 3 800 OOO 3 800 OOO 3 800 OOO 3 800 OOO 
250 OOO (a) 

World Health Organization 16797516 1 533 950 1 383 950 855 200 855 200 1 008 OOO 

Miscellaneous 31 638 329 1 396 196 332 

TOTAL CONTRIBUTIONS 289 782 437 33 410 057 28 900 269 35 083 379 29 224 227 30 245 747 

(a) Contributions in 1994 designated for the WHO Ad Hoe Health Research & Development Review 

(c) Included in 7 987 amount are US$ 3 OOO OOO which was a five year grant towards TOR activities for the years 1988 to 1992 
at an annual rate of US$ 600 OOO. 

(d) Contributions made possible by: The Upjohn Company, US$ 5 OOO and Merck & Co. Inc., US$ 986 980 
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Figure 2. TDR contributions, obligations and budgets 1976-94 (US$Millions) 
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3. 
Research Capabilit;y Strengthening 

More than equipping laboratories: a field research training workshop in Zambia. 

T DR's research capability strengthening (RCS) 
began within the context of a battle over 
fundamental tropical disease research policy. 

There were two camps. On the one hand, some 
believed that the best way forward was to establish 
major new research centres within developing coun
tries, on the lines of the International Agricultural 
Research Centres (IARCs), which had already lead 
the way into the Green Revolution. And a World 
Health Assembly resolution of 197 4, while recogniz
ing the need for increased research in tropical dis
eases, had recommended the creation of WHO 
regional multidisciplinary centres of excellence, the 
first of which would serve as a link in a network 
serving East, Central and South Africa. 

But on the other hand, the recommendations of 
two years of expert meetings to plan the establish
ment of TDR were for a totally different strategy: 
there should be no new centres, but a networking of 
existing laboratories, with special support for the 
strengthening of research in developing countries. 

Opponents of this second view felt that a net
working and strengthening approach would give 

Northern laboratories far too strong an upper hand, 
and furthermore that to run such a global network 
would prove administratively cumbersome and even 
impossible for the Programme. 

In the event, TDR adopted the networking ap
proach, but did inherit one new centre - the Tropical 
Disease Research Centre (TDRC) in Ndola, Zam
bia, established at the same time as TOR on the top 
two floors of the Ndola Central Hospital, which 
were made available to WHO by the President of 
Zambia. At the outset TD R gave the TD RC consid
erable support. Important research was undertaken 
in the epidemiology of tropical diseases in two rural 
settings, and later in trials of the drugs mefloquine 
against malaria and praziquantel against schistosomia
sis. In 1981 the laboratory became a national facility, 
thus losing its special status and competing like other 
developing country institutions for TOR grants; 
these continue, but during the 1980s TDR funding 
for the Centre declined considerably. 

Meanwhile, capability strengthening was being 
provided and developed for other pre-existing cen-
tres worldwide. In the beginning, therefore, the Pro- __ 37 
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gramme was attempting to operate two opposing 
policies - concentration and distribution. It was a 
complicated start. 

Phase one: the foundation 
TOR's policy on RCS subsequently passed through 

two broad phases, the first "foundation" phase to 
1986, and the second "competitive" phase from 1987. 
The RCS funding tools employed by TOR evolved 
correspondingly (see Box RCS grant mechanisms). 

As a major RCS review by TOR's Scientific and 
Technical Advisory Committee (STAC) put it in 
1992, proposals for RCS grants in the first phase 
"tended to be ambitious development plans, often 
carrying requests for expensive laboratory equip
ment and proposals for research projects in several 
diseases or in more than one disciplinary area." But 
in many cases these plans worked. The external 
steering committee for RCS activities (the Research 
Strengthening Group, RSG) took the opportunity in 
1994 to review the unusually large number of Long
term Grants (six), Programme-based Grants (eleven, 
including five biotechnology initiative grants) and 
Partnership Grants (fifteen) which had been com
pleted in the previous year, and submitted final 
reports. RSG scored the grants on scientific merit, 
on output and productivity, on institutional devel
opment, and on whether the grants had met their 
original objectives. By all these criteria, RSG found 
all three grant formats to have been highly successful 
(see Box RCS 1975-91: reasons for success and failure). 
Success may have reflected RSG's rigorous review 
process during the period of the grants, coupled with 
the matching of different formats to different needs. 

Phase two: competition 
Flexibility may have been the key to success of 

these early foundation grants. But even more flex
ibility was needed. According to the 1992 STAC 
report on RCS, by 1986-87 the large scale and 
continuing demand for the basic institution strength
ening grants meant that " ... support could no longer 
be provided to institutions beyond the grant period 
without locking up RCS resources." 

Furthermore, TOR was accumulating products 
that needed field testing, but weaknesses in all as
pects of field research in developing countries was 
becoming increasingly apparent. "These factors ... " 
the STAC report explained "brought about a major 
policy change which would link RCS ever more 
closely to the objectives of the research and develop-

38 __ ment programme in ensuing years ... ". 

A revised RCS policy in 1987-88 thus 
emphasised: 

• the use of research projects as a basis for all RCS 
activities; 

• linking ofRCS activities to the "cutting edge" of 
sC1ence; 

• conversely, a permeation of all areas of the 
Programme's work with TOR's RCS objectives; 

• improvement of South-North and South-South 
linkages; 

• rapid build-up of endemic country capacity for 
field trials; 

• introduction of highly competitive selection for 
certain new types of RCS grant, and use of 
research output as an assessment tool; 

• strengthening of research institutions through 
the conduct of well-planned, time-limited 
research programmes on topics of concern to 

national disease control programmes; 

• maximization of opportunities for research train
ing in developing countries. 

"These major policy changes" said the STAC 
report " ... prompted a gradual shift in emphasis from 
the institution to the individual... Priority was there
fore given to human resource development, begin
ning with careful selection at the earliest possible -
preferably undergraduate - level and early exposure 
to research methodology." 

Recent trends 
Since 1992, these trends towards the integration 

of capacity building with TOR's research programme 
- "training by doing" - have accelerated. Important 
advances included the final abolition of the non
competitive institution strengthening grants, except 
for least developed countries (LOCs); an increase in 
funding for research training within and among the 
disease endemic countries; new, more flexible ap
proaches for strengthening research capacities of se
lected LOCs; and the use of opportunities for capacity 
building within multi-laterally or bi-laterally sup
ported health and environment projects. 

But the most significant event for RCS was the 
restructuring of TOR, as requested by TOR's Joint 
Coordinating Board QCB) in 1992, which included 
a programme for phased integration of RCS activi
ties with the various TOR research components, and 
particularly with Applied Field Research (AFR). 
Mechanisms for this integration include joint mem
bership between the RSG and R&O committees, a 



3. Research Capability Strengthening 

RCS GRANT MECHANISMS 

The original RCS grant was a non-competitive 
Long-term Grant (LTG), whose objective was to 
help an institution acquire or upgrade existing 
research facilities. While part of the grant re
quirement was a programme of scientific research, 
neither the award of the grant nor the final 
review of the grant was dependent on scientific 
merit. The LTG was awarded, with five payments 
covering five or more years, extendable for a 
further two years follow-up. Associated with the 
LTG were the Capital Grant (CAP) and Short
term Grant (STG). The CAP was a one-time pay
ment for the purchase of equipment; the STG a 
two-year grant similar to the LTG. The CAP and 
STG often preceded the award of an LTG. Many 
institutions thus received extended support. 

But with the rapid emergence of a viable 
scientific community in the disease endemic coun
tries (DECs), RCS grants evolved into increas
ingly competitive formats. Form 1986-87 an LTG 
required a scientific project of genuine merit 
related where possible to local disease control 
needs. This philosophy was extended with the 
creation of the Programme-based Grant (PBG). 
The calls for applications for PBGs focused on a 
particular area (for example, biotechnology ini
tiatives, social science aspects of disease, or a 
particular disease), and applications were judged 
on a fully competitive basis. Additional innova
tions were the requirement that the proposal 
have be directly linked to disease control, and 
that funds be allocated to train junior scientists. 

The competitive pinnacle of RCS institutional 
support, the Partnership Grant (PTNR), was es
tablished in 1988 in cooperation with the 
Rockefeller Foundation. The PTNR linked DEC 
institution(s) with one or more Northern part
ners. The premise was to pool resources and 
strengths of South and North to develop re
search proposals that could make a significant 
contribution both to disease control and to the 
science of the diseases. Research training and 
North-South technology transfer were also re
quired. These grants proved to be an outstand
ing success - and a second round were recently 
awarded where the partnerships are now both 
South-North and South-South. 

Institutional grants are now largely limited to 
the least developed countries (LDCs), where RCS 
now awards, on a selective basis, the "3 plus 2" 
grant. Awarded for an initial three-year period, it 
is renewable for an additional two years subject to 
satisfactory performance and need. 

Historically, the principal training grant format 
has been the Research Training Grant where ap
plications are invited once per year and judged on 
a competitive basis. The training, usually formal 
graduate degree programmes, was carried out in 
Northern universities selected by the applicant. 
However, since the mid-1980s, all thesis research 
has been required to be completed in the home 
country, and increasingly, the training itself is 
being carried out in DEC universities. 

To encourage this South - South trend, TDR 
has established the Regional Linkage Grant, which 
brings together DEC training institutions in a geo
graphic region with complementary strengths. 
These consortiums have the advantage of offer
ing training in the students own social and occu
pational environment, and provide an enriched 
experience that would not be available through 
training in a single institution. 

TDR recognized at an early stage that an indi
vidual returning to the home institution following 
training abroad often requires support and en
couragement. The Re-entry Grant (REG) was one 
response to facilitate the return home, providing 
funds to establish a research project following 
training at TDR or non-TDR expense. The applica
tions are judged on a competitive basis. An addi
tion to this approach has been the Career 
Development Grant (CDG) awarded to young sci
entists who show exceptional future promise. 
These grants are awarded only exceptionally and 
provide financial support for up to five years. 

To respond to short-term requirements and 
immediate needs, TDR also funds "group learning 
activities", and provides funds for short-term place
ments in its R&D projects. With a changing TDR 
structure this approach has been accelerated so as 
to better integrate the R&D and RCS components. 
Currently, R&D committees are responsible for 
short-term training, but funds are provided 
through RCS. 

__ 39 



TDR Twelfth Programme Report 

"small grants" programme to support field research, 
and "group learning activities" to build research ca
pacity in subjects specifically relevant to particular 
AFR Task forces. Support for long term training are 
also now reflecting the priorities of the R&D com
mittees. RCS thus continues to evolve. 

Special approach to least developed 
countries 

While TDR has always fostered capacity building 
in the least developed countries (LDCs), the period 
1991-94 has also seen a dramatic increase in TD R 
activity and financial support in these countries. 
Funding through the traditional grant formats, most 
notably research training grants, increased substan
tially, from 15% to 21 % of RCS expenditures. And 
site visits to many LDCs (mostly in francophone 
West Africa, where TDR inputs had previously been 
minimal) have helped to identify priority needs, and 
determine TDR's possible roles and approaches -
which are emphasising applied field research linked 
with health services and disease control programmes. 
The first indications are that both government and 
scientific commitment in these countries are high, 
and that there is a high probability of success. 

As an example of such efforts, in 1993 TDR, with 
additional financial support from the Italian Gov
ernment, supported a workshop in Ouagadougou 
(Burkina Faso) for 18 young francophone scientists 
from four LDCs (Benin, Burkina Faso, Guinea and 
Niger), in order to develop protocols on operational 
research topics in malaria control. This approach to 
training was unique in that TDR funded the proto
col development workshop, and provided funds for 
the implementation of the research protocols and 
final review when the projects are completed. This 
"start to finish" approach has the advantage of focus
ing the objectives of the training and research on 
relevant problems, and refining the approaches so as 
to make the projects feasible. The longer term objec
tive from the RCS perspective is that this approach 
should provide, in addition to practical experience, a 
positive stimulus for young scientists to pursue re
search careers in tropical diseases. 

The success of the Ouagadougou workshop, and 
the clear enthusiasm of the participants, stimulated 
TDR to extend this training concept. On the initia
tive of the RCS secretariat, supported by RSG, TDR 
recruited key individuals in five francophone LDCs 
countries (as above plus Mali) to develop an inter-

40 -- country research training network. Mali was chosen 

as the hub of the research network because of its 
proven strengths in tropical disease research and 
control. Indeed the Ecole Nationale Medecine et 
Pharmacie du Mali (ENMP), previously supported 
byTDR/RSG, has developed into an internationally 
recognized centre for research and training in ma
laria and schistosomiasis. A working group com
prised of representatives from the five countries met 
in Mali in March 1994 and developed a proposal for 
submission to RSG. Covering a three year period, 
the proposal included two rounds of: protocol devel
opment workshop, small grant funding, and a final 
review workshop, supplemented by training work
shops on data methods, with the activities coordi
nated by a small administrative network. The proposal 
was approved in June 1994, with activities scheduled 
to commence in October 1994. It is envisaged that 
this group would eventually become self-supporting, 
providing a much needed sustainable resource for 
francophone West Africa. 

Three continents, three stories 

Three scientists from three continents talked to 
Robert Walgate, Communications Officer, TDR, 
about their personal experiences with TDR's re
search capability strengthening: 

ASIA 
KAMIN! MENDIS IS HEAD OF THE DEPARTMENT OF 

PARASITOLOGY, AND OF THE MALARIA RESEARCH UNIT, 

UNIVERSITY OF COLOMBO, SRI LANKA, AND A CURRENT 

MEMBER OF RSG. 

Walgate: How did you begin your research? 

Mendis: I graduated in 1972, and joined the De
partment of Parasitology in the University of Co
lombo. It already had a fairly strong research 
infrastructure. Then, as is quite usual for that part of 
the world, I went to the London School of Hygiene 
and Tropical Medicine to do an MSc and PhD, on a 
British Commonwealth grant. I was back in Sri 
Lanka to resume my position as an academic staff 
member in 1980, in the Department of Parasitology. 

Walgate: And what did you plan to do? 

Mendis: The strange thing was - when I left the 
London School, my supervisor asked me what I was 
going to do, and I hadn't the faintest idea. For my 
PhD I'd worked on malaria vaccines, transmission
blocking in a mouse model. At the time it was 



thought of very well, it was published in Nature and 
so on, but looking back I think how ridiculous! Now 
we sit at RSG and condemn and criticise young 
people who write a re-entry grant, but when I look 
back- I was very enthusiastic but I didn't know what 
to do ... 

Walgate: What troubled you? Was it the lack of 
resources in Sri Lanka? 

Mendis: No, there was just no active programme at 
the time, no-one to work with. One thing I knew 
was that I didn't want to 
continue the work I was 
doing in London in mice. 
It seemed ridiculous to 
go back to a situation 
where there is human 
malaria, and work on 
mice... in London we 
worked with mice partly 
because we had nothing 
else to work with. 

Walgate: There was no 
malaria research in the 
University of Colombo? 

3. Research Capability Strengthening 

from TDR, and he suggested I applied for a re-entry 
grant. I said what is that? I'd never heard ofTDR at 
that time. Cultivation of parasites was very fashion
able, and I got US$15-20 OOO for it. 

I must say I was quite unsuccessful! It was meant 
to establish P. falciparum cultures - and I couldn't do 
it very well. It was difficult. Nowadays people get a 
culture that has already been established; I was trying 
to do it from wild isolates. 

But about that time I went to a course at Woods 
Hole, Massachusetts, and I met with some of the top 

malaria research people in 
the US - including Lou 
Miller and Richard Carter 
- and we started working 
together. 

Walgate: How did you 
get to Woods Hole in the 
first place? 

Mendis: Indirectly, that 
was TDR - the Pro
gramme gave Woods Hole 
funds to invite people like 
me. 

Mendis: There was. My 
predecessor - my profes
sor - the head of depart
ment- was very involved 
in malaria research, but 
he was doing 
seroepidemiology, which 
was fashionable in an ear
lier era; it was taking lots 
of serum samples, from 
lots of people, and look
ing at antibody titres. It 

Kamini Mendis: "Malaria in Sri Lanka? 
... my God it's a huge problem!" 

And then Richard 
started working with me, 
and we began a huge pro
gramme on vaccination 
using parasites from pa
tients. That was the be
ginning of the exciting 
work. This was looking at 
P. vivax. Which no-one 
else had touched. It's about 
half the malaria cases m 
the country . 

was something that was furthest from my mind. 

Walgate: You wanted something intellectually more 
challenging? 

Mendis: Yes ... I couldn't see it producing anything 
meaningful, it was just academic descriptive work. 

Walgate: And malaria was coming back up, wasn't 
it ... 

Mendis: The minimum was in the late 1960s. But 
when I went back in 1980, malaria was quite well 
established again. 

Just before leaving London, I was at a meeting in 
Switzerland, and I remember Peter Trigg was there 

Walgate: P. vivax is a serious problem in Sri Lanka? 

Mendis: In Sri Lanka, the malaria mortality is very 
low. And less than 1 % are infected, as opposed to 
70% in Africa. 

So you might ask what's the problem? But my 
God it's a huge problem! It's not acceptable. We have 
400 OOO cases of malaria a year in a population of 17 
million. And you can't live with that. These experi
ences are excruciatingly painful for individuals; and 
it's not equally spread in the population. Some peo
ple are much more prone than others, according to 
where they live (it's the environment basically, plus 
how rich you are, when you can't afford good houses 
and bednets and so on). The most affected get many -- 41 
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RCS 1975-91: REASONS FOR SUCCESS AND FAILURE 

The Scientific and Technical Advisory Com
mittee (STAC) of TDR in 1991 established a Pro
spective Thematic Review of RCS activities, which 
reported in 1992. The success of RCS was meas
ured by indicators which were admitted to be 
inadequate though the best available: scientific 
publication record; ability of a strengthened in
stitution to attract additional resources; ability to 
compete successfully for TDR research and devel
opment grants; and human resource develop
ment. 

TDR has provided direct training to over 1 200 
persons, and direct strengthening to over 161 
institutions in almost 78 countries. Twenty-seven 
institutions provided STAC with sufficient data 
for analysis on its chosen indicators. Of these, 
eight institutions, including two in Africa, ranked 
particularly highly on publication record and 
ability to compete for TDR research grants; but 
twelve ranked notably low. 

The academic qualifications of Principal In
vestigators were not good indicators of success 
or failure. In fact: 

Success was associated with: capable, commit
ted leadership; stable, long-term linkage to other 
institutions, particularly in the North - which can 
help institutions through times of internal or 
external adversity; and the ability to attract tal
ented youth and provide them with the freedom 
to pursue their research. 

Failure was associated with weak commitment 
from senior scientists (including their diversion 
to other, often political duties), early limitation 
to merely descriptive research, and external po
litical and economic adversity. 

However, excellent and committed leadership 
enabled one of the most successful institutions to 

many attacks - and I think we underestimate the 
effect of repeated infections. The children have 
anaemia, and one doesn't know, but the productivity 
of the adults could be significantly reduced. Their 
mental capacity could be reduced. And these 
are aspects that we generally don't touch on. It's just 
not acceptable! 

42 ___ Anyway I started on human P. vivax malaria, and 

be developed through a period of civil war. 
Overall, the STAC review recommended that 

human resource development - the training of 
promising and motivated young researchers and 
support for career development of outstanding 
scientists - should become the kingpin of TDR's 
RCS strategy. The review also recommended that 
novel institution-strengthening approaches cen
tred around talented individuals should be 
adopted; and that research groups on the ad
vanced developing countries which have reached 
high levels of scientific maturity and potential 
should now take their place as partners in provid
ing advanced training to less developed coun
tries. In least developed countries, the review 
recommended that RCS should focus on training 
as quickly as possible a critical mass of scientists 
whose competence may then spread into the aca
demic and disease control systems, thereby 
strengthening research capability within existing 
structures. 

According to the STAC review, TDR had 
contributed significantly to building a critical mass 
of strong research groups and programmes in 
developing countries, and the challenge was to 
anchor this potential and enable these scientists 
to assume a pivotal role in strengthening their 
own and neighbouring countries. 

The lack of skilled researchers in social and 
economic research on tropical diseases remained 
one of the major problems. The Steering Commit
tee on Social and Economic Research (SER) had 
developed a novel approach, linking biomedical 
specialists with social scientists, to stimulate de
mand for social and economic research on tropical 
diseases (see Chapter 12) and these were to be 
encouraged. 

from there onwards it was a very intense and fast
movmg programme. 

Walgate: What about the TDR involvement? 

Mendis: So I got a re-entry grant, which wasn't very 
successful - but soon after, I applied to RSG for 
institutional strengthening. To work on monkey 
malarias - before I went to Woods Hole - and to 



extend the vaccine work I'd done with to monkey 
malarias. RSG didn't know me at all, and they of
fered a "short-term" grant. Just to check me out. We 
did some work, and then they offered me a "long
term" support grant. And with these grants, I was 
able to get first one PhD student and then another, 
and recruited staff in the department, whose salaries 
were paid by Sri Lanka, though there was no local 
research money at all. So I had research money from 
TDR, and basic infrastructure support from the 
university. 

Walgate: So you formed a research nucleus, so that 
people could come to you and have something 
interesting to do ... 

Mendis: Exactly. People were quite happy to do that. 
And although I was very disappointed that my pro
fessor had left, now - looking back - if he had been 
there it might not have happened ... 

Walgate: You had an opportunity very young to 
create your own department. 

Mendis: Yes. And I must say I felt very lost, but ... 

Walgate: Tell me exactly what the short-term grant 
and long-term grant paid for. How did it really 
work? 

Mendis: The short-term grant paid to buy monkeys, 
to make cages for them, to keep them; to buy slides 
and coverslips, the little bits of supplies. That soon 
came to an end. But the long-term grant gave me lots 
of things. It paid for field work, grants for PhD 
students - whom we called research assistants - and 
lots of supplies, which now we needed more and 
more, reagents and things like that. 

And, my God! yes! they gave a car and a four
wheel-drive vehicle, which was the beginning of all 
the field work. And that was very, very important! 
That immediately expanded your horizon. You could 
now do things you couldn't imagine doing before. 

Walgate: Tell me why that's so extraordinary. To 
have two vehicles. Sri Lanka's a fairly advanced 
developing country ... 

Mendis: Yes, but remember the university may have 
two or three vehicles, which it can never spare for 
research, because their time is taken up with teach
ing activities for undergraduates; so if you want to go 
to the field you had to hire a vehicle. 

And we still have them! And they are still the only 
ones we have! That four-wheel-drive is still our only 
field vehicle! 

3. Research Capability Strengthening 

This little research programme grew so much that 
the university then gave it the status of a "unit", and 
gave us several positions - we now have two tenured 
research officers, myself, a secretary and four techni
cians. 

Walgate: Where these days do you get most of your 
research money from? 

Mendis: TDR, bits from the International Develop
ment Research Center in Canada, and the European 
Union; and we've just applied for a US National 
Institutes of Health "tropical medicine research cen
tre" grant ... 

Walgate: So how would you analyse your success? 

Mendis: There are two things that helped the pro
gramme take off and grow. One was the moneyTDR 
gave, and the other was my link, through that Woods 
Hole meeting, with two very good scientists in the 
North, Richard Carter and Peter David ... 

They would visit Sri Lanka, we would work to
gether - but always I would pay for their visits! So we 
in Sri Lanka could call the tune. Richard Carter was 
at NIH, and Lou Miller was his boss. Now this was 
not NIH trying to have a programme in Sri Lanka; 
that could have happened also if we were quite 
helpless; but it was much more me saying "I want 
you to do something Richard, will you come? I will 
pay for it". That to me was so important. And that 
was TDR long-term grant money. 

Walgate: So it gave you fall control. 

Mendis: Absolutely. Without control, it can lead to 
a very subservient science; it can go in the wrong 
direction, you never grow up. I see this still some
times in some of the RSG grants - they never take 
off. 

Walgate: How does it go wrong then, what happens? 

Mendis: They're not asking the right questions. 
They're questions that are asked elsewhere .... you see 
there's no leadership. And then it will always be an 
appendage of another place. And then you cannot 
help. It's not strengthening, it's parachuting science. 
You're very busy doing things, but that's not building 
anything. You're doing lots of techniques ... It's partly 
the person as well - they can't formulate questions, 
and they continue to do research driven by tech
mques. 

Walgate: Isn't this something that TDR recognizes -
that leadership is the key? And clearly not everybody __ 43 
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can be a leader; so you've got to try lots of people, and 
sometimes you 're lucky. 

Mendis: Absolutely. And this is just what we are 
doing now in RSG ... we put out our necks and give 
lots of people re-entry grants, and you see some of 
them - unfortunately few - emerge as successful. 
And the others are clear losers. But that's a very good 
way of screening them. Because for a small amount 
of money you can look at a lot of people, probing to 
see if these people can work out there. Most people 
who've been very bright and done good PhDs go 
back and are just rather disappointed. Because it 
takes much more than good science. 

Walgate: And what does it take in Sri Lanka to be 
successful? Do you have to be political? 

Mendis: Political by being very apolitical, I think. 
That's the best politics, to keep out of it! I didn't fight 
for positions. If people walked over me, that was 
fine. As long as it didn't interfere with my research. 
And it never did! I think young people have to learn 
the nuances of a place. If there's a hierarchy you 
respect the hierarchy. But if you're not too high 
profile, people do leave you alone. It's only when you 
get aggressive and try to do too much, that people 
notice you and create trouble. It's a very simple trick, 
and I don't know why more people don't try it! 

And the time comes when there is genuine recog
nition. 

Walgate: And how long did that take? 

Mendis: It took along ten years- until the late 1980s. 

Walgate: And what form did that recognition take? 

Mendis: It was not as if I was an underdog. I was 
already a prelate of the medical school, I was lectur
ing - I must admit I didn't have major problems, 
people didn't look down on me - but I was just not 
part of the university power structure. For one thing 
I was very junior, the other thing I was very quiet, I 
was so busy ... 

Walgate: Did it make any difference being a 
woman? 

Mendis: Very easy. Contrary to other evidence on 
the Indian sub-continent, to work as a woman is very 
very easy. You get the same amount of cooperation or 
lack of it that a man would get. It's never been a 
problem. It's strange - it's a dichotomy. You have 
your role-playing to do in other areas, but when it 

44 __ comes to work. .. 

Walgate: Theresa professional attitude ... 

Mendis: Very much. 

Walgate: And now you are part of the university 
hierarchy. 

Mendis: Yes. I still try to keep away from that. But 
I realize - I find that I don't rub shoulders very much 
with the people in power - I just don't have the time 
and I'm happy to let them get on with it - but I find 
that if I do need something it's very easy - which is 
shocking to me - to find that I count! 

I'm the head of the Department of Parasitology 
and of malaria research now. It's a headache and I 
said I'll do it for a year. 

Walgate: How does your work link with the malaria 
control programme in Sri Lanka? 

Mendis: The malaria control programme is very 
closed, they want nothing to do with research peo
ple, and are extremely narrow and uncooperative. 
They have a mindset fossilized from the past. I can 
only hope for a generation change. They spend a lot 
of money on insecticides. They don't want to be 
transparent. 

But nevertheless I have very good relations at a 
personal level with the director! As long as I don't say 
let's work together, let us investigate something for 
you. But a lot of young people from the malaria 
control programme at the Ministry of Health are 
wanting to do their PhDs with us - and now we have 
five people - much to the annoyance of the people at 
the top. I think it is marvellous. This is my ultimate 
solution. Then they would not frown at research. 

So the impact of this research is going to come 
downstream. We must think long term - as well as 
things that are needed now. 

Walgate: Could you re-cap on what you won from 
TDR over the years? 

Mendis: Well first I got a re-entry grant, then a 
short-term support grant, then a long-term - by 
when we had matured into a fairly good group. At 
that point Tore Goda! became Director of TOR: a 
significant ~10ment. In Lucas's time, we had this 
solid, long-term five years' support. The committees 
weren't too concerned about scientific merit. Then 
Tore introduced competitiveness. The twelfth RSG 
was Tore's first RSG meeting. They advertised these 
TOR/ Rockefeller partnership grants - it was a storm. 
More than half the committee resented this change; 
twinning labs North and South- some people saw it 



as a complete sacrifice of RSG principles. "You are 
allowing these people from the North to come in. 
Now you are making support contingent on a link. .. ". 
The atmosphere in that room was so bad! TD R itself 
was also divided. 

But I said that for ten years we've been giving 
buildings, staff, vehicles - but still we haven't done 
anything about intellectual subservience. Can we 
reverse the flow of information from North to South? 
I felt it was very good now to test how groups were 
doing, to introduce a competitive element, to be 
rigorous in evaluating how good they were. This 
wasn't to replace everything in RCS, but to provide 
one new mechanism. 

So this came through, and in Colombo we were 
very pleased because we already had a North-South 
partnership going, as I've 
said - and we got one of 
these grants. 

In our partnership we 
were equal, each with our 
own advantages, so it was 
not a unidirectional 
thing. RSG was looking 
for strong partners in the 
South, so we wouldn't 
match unevenly. 

It was a roaring suc
cess. 

3. Research Capability Strengthening 

us later. We function now as a network of malaria 
researchers. It doesn't matter where we are. It doesn't 
have to be in our unit, but they all have an external 
position. The malaria unit plays a very important 
role, giving these committed researchers a core insti
tution to which they can be affiliated. 

Walgate: What do you think of the increasing 
emphasis in TDR on short-term training for field 
research, as opposed to biomedical research, perhaps 
making it more difficult to have a long-term commit
ment? 

Mendis: You can't generalise among the developing 
countries. What I told you is fairly typical of a place 
like Sri Lanka, where there's a good infrastructure for 
education and training. Although not much research 

My group also got the 
second round of partner
ship grants too. So in fact 

"My trainees now are independent scientists. 

was taking place, every
thing was there for it to 
take off. It's not the same 
in parts of Africa, for ex
ample; you need to get 
meaningful research done, 
and the best way ... sadly, a 
lot of the research that 
used to take place in the 
developing countries was 
just technique driven -
suddenly someone in the 
North develops an ELISA 
Everyone says let's go out 
and find mosquitos and 

I can now move out!" 

we got all the TD R/RCS mechanisms - perhaps I 
shouldn't say this or they'll cut my funding immedi
ately! - re-entry, short-term, long-term, and each 
round of partnership grants. Not only that, but what 
is most significant, we have had training as a compo
nent of our work from the beginning - so we've 
started to produce PhDs from the word go - entirely 
in Sri Lanka. We've produced already 11 PhDs; and 
another 11 are in the pipeline. All in different aspects 
of malaria. And many of these people got post
doctoral training for a year in a Northern lab, which 
is not very expensive, and when they returned many 
of them got re-entry grants! 

And they are independent scientists. I can now 
move out! My dream is if I move out, nobody 
notices. And that would be absolutely great. And it's 
coming true. There's a second generation now. Not 
all of my best people were trained within this system 
I've described, but they were Sri Lankans who said -
ah, this is a wonderful programme - and have joined 

do ELISAs; it's work for 
the sake of work. A way to give people meaningful 
training is within projects. And that's where the new 
AFR Task Forces come in. They bring people in, they 
get trained within a good project, and they get 
hooked onto good science. I think that's very good 
for certain people and certain situations. 

The hard question is if this were to replace every
thing else. The good people will come through any
way. It's the middle group that depend on what you 
give them. 

Walgate: It's also a question of whether TDR is 
again going to be able to support anyone through that 
long, institution creation process, that you went 
through in Colombo, if the grants are much more 
short-term ... 

Mendis: Except - it still exists. Or does it? You're 
right. We have re-entry grants; then career develop
ment grants; and then the very competitive grants -
I think it's much tougher now ... __ 45 
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Walgate: Maybe you need that history that you've 
been through, the Lucas-Goda! transition, and we 
are not offering that any more? 

Mendis: We're definitely not offering that any more. 
The big question is - is it too much of a jump, now? 
But TDR can't afford to do it any more. But also, 
something exists now which didn't exist then. The 
strong institutions in the South. Like ours. Now a 
person in our institute doesn't have to go through 
what I went through. Now that's very important. 

Actually that should be the logical basis for this. 
Randomly, let me think of one person, post-doc, 
who's now at the level I was when I went back to Sri 
Lanka. 

This person is a well-trained epidemiologist- and 
he has a whole infrastructure there. He has our 
support. He has applied for and got a re-entry grant; 
he's applying for a tropical medicine research grant 
from the US NIH. In applying he can say - look 
what we have! We have this wonderful field station; 
we have an entire facility for immunology - he 
doesn't have to build it up. Why should he have to go 
through the same process that I went through? He's 
leap-frogged. 

Walgate: But it does mean that because ofTDR's 
budgetary problems, we can't create any more such 
places. We've got what we've got, and we've done 
very well ... 

Mendis: Except - the person I was talking about is 
not in my institution. But he is in the same country. 

Walgate: So maybe the seed has been sown ... 

Mendis: It's a ripple effect ... 

Walgate: It can spread now in Sri Lanka ... with 
money coming, for example, from the NIH .. 

Mendis: Exactly ... and even TDR. One applied for a 
TDR strategic research grant, and got one - in 
pathogenesis, which is very competitive. 

Out of the blue, starting from nothing, I don't 
think there's a mechanism now to help someone 
through. But that is why TDR is saying now: form 
research training linkages within your region. 

Walgate: We've established a few centres, particu
larly in Latin America and Asia, where the educa
tional and other infrastructure are good - but what 
about Africa? 

Mendis: I think we need more money to go in there. 

46 -- Walgate: We need that "out of the blue" process? 

Mendis: Ideally. In a perfect world. But I could also 
say - we did that before. Maybe putting money in 
blindly doesn't produce very much. 

But also there are already some very good places 
in Africa, that we are seeing now in RSG. Such as in 
Nigeria; but the last grant we reviewed, a linkage 
grant, was a disaster, because of the political prob
lems in the country. Universities have been closed, 
we can't get anything out of there, but there are 
fantastic people - Walker, Odwalo and Salako. They 
are serious - so strong. And then there's the Kenyan 
Medical Research Institute (KEMRI). Three of the 
best career development proposals this time are from 
Kenya. And these are three young scientists from 
KEMRI who, because of the US involvement there 
(three US institutions linked up with KEMRI - the 
Centres for Disease Control (CDC), Walter Reed 
Army Institute for Research, and the US Navy) and 
they're doing some very good research. And, these 
young people are getting trained. It is fantastic. 

But the problem often is that although there are 
good individuals, there's something wrong with the 
system in much of Africa. To get things working ... 
I'm so often disappointed when I see the potential of 
a young applicant - they're some of the best we've 
ever seen - and yet you give them a grant, and often 
what comes out is just excuses and excuses for not 
doing the work. Now I think there's an infrastruc
ture problem. It's the institutional environment. So 
I think I'm all for changing and looking at things. 
Those KEMRI linkages worked - as opposed to The 
Gambia. Despite the UK Medical Research Council 
investment in The Gambia, I haven't seen any major 
changes to the African scientists. Fantastic work, 
and a superb health service for the Gambians, but in 
terms of RCS - very unimpressive. I want to ask -
what's the difference between The Gambia and 
KEMRI? Is it Kenya and The Gambia? Is it the 
partners? I'm deeply interested. I think the Africans 
have a wealth of personal resources. Why has KEMRI 
produced such good scientists, eager to come up 
with beautiful proposals - with this USA connec
tion. And I've never before seen CDC in the role of 
institution strengthening; and the US Army and 
Navy; the last people in the world I would think ofl 
Why has it taken off? Because ofKEMRI and every
thing that was there? 

No, finally I don't think we should just put a lot 
of money into Africa in the conventional institution 
strengthening grants. I don't think that is the only 
alternative. You've got to be more creative. 

Y. T. Toure in Mali is another dream come true. I 



think maybe a generation from now, things will 
actually turn out to be better. Everyone says there is 
no money and no money. I think frankly there is a lot 
of money - many more opportunities for young 
people now than when I was at that stage. Look at 
the number of granting mechanisms that are avail
able now ... the EC, IDRC, NIH - somehow - it's 
distributed in a different way, but I think there's 
money out there for people in endemic countries. 
Maybe we shouldn't say this - just cry there's noth
ing! But there's money, maybe disguised in the form 
of environmental programmes, nutrition projects 
and so on -you have to design your project to fit ... 
but why not? 

AFRICA 
YEYA TOURE IS HEAD OF THE DEPARTMENT OF 

EPIDEMIOLOGY OF PARASITIC INFECTIONS OF THE 

NATIONAL SCHOOL OF MEDICINE, BAMAKO, MALI, 

AND A CURRENT MEMBER OF RSG. 

Walgate: How did you first hear ofTDR? 

Toure: The first was a FIELDMAL research grant in 
1981 to look at the ecological genetics of Anopheles 
gambiae as it affected the transmission of malaria. I 
was 29 at the time. 

Walgate: How had you done your training before
hand? 

Toure: In Mali we have a system of local PhDs, 
following the French system; I did a DEA (Diplome 
d'Etudes Approfondies) in medical entomology, and 
then a doctoral "troisieme cycle" on the biology and 
ecology of malaria and bancroftian filariasis trans
mission, under the supervision of Philippe Ranque -
presently the manager of guinea worm eradication at 
WHO. He's the one who almost created this depart
ment - I was one of just three people with him. 

Ranque realised that we were slowly beginning to 
take our own different directions in research, and he 
was very good to let us just develop on our own. 
What was interesting me was some very strange 
epidemiological patterns of malaria-where the same 
mosquitos seemed under certain circumstances to be 
highly anthropophilic, with high transmission, but 
under other conditions were responsible for a very 
low transmission, in different ecological zones of 
Mali. This was not easy to understand. 

Ranque asked me what I intended to do to study 
this. I said I'd seen from the literature that these 
vectors were ecologically very plastic, and that this 
might be explained by the fact that there were sibling 
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species, some heterogeneity in the system. And I'd 
spotted that there was an Italian scientist, Mario 
Coluzzi, working on this in Rome, with the tools to 
study such things. I said I'd be very happy to visit 
him and try to find an explanation for what I'd seen 
in Mali. So Ranque managed to find a grant for me, 
and in April 1981 I went for a very short visit - six 
weeks - to Coluzzi's laboratory. It was really just a 
contact, but I began to make chromosomal prepara
tions, and immediately Coluzzi realised I could be 
helpful to him, and that we could collaborate. He 
said you have ideas, you're in an underexplored area 
- so we can submit a grant to TD R. So this is how we 
submitted. 

We began work even before we had applied, in the 
hope of funding, and we soon saw that there were 
very interesting chromosomal differences, highly 
polymorphic and very different from one ecological 
setting to another. 

Walgate: Even though morphological/,y the mosquitos 
looked identical. 

Toure: Identical. And so we used this data to secure 
the grant. Within a year we had discovered four taxa 
of A. gambiae - that is A. arabiensis and three chro
mosomal forms of A. gambiae sensus stricto, which 
were reproductively isolated. This was really great 
fun! 

And with this data we won another grant to go 
further - to study the implications of this high 
degree of polymorphism and reproductive isolation 
for malaria transmission. So we went through the 
study of the behaviours of the different chromo
somal forms, the infection rates, seasonal and spatial 
distribution - we did a lot of biometrical studies. 

So with these two grants on the A. gambiae com
plex in relation to transmission we were able to 
produce a complete map of the country with the 
spatial and seasonal distribution of these taxa. It was 
amazing how these were completely different from 
one setting to another. 

Walgate: Your discovery sure/,y has profound impli
cations far TDR's molecular entomology initiative? 

Toure: Yes - it's very very important. Up to now 
we've made 20 OOO chromosomal identifications, 
and we have never found a hybrid between two of 
the chromosomal forms which we call "Bamako" 
and "Mopti". 

Walgate: And what are the implications far malaria 
transmission? ___ 47 
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Toure: For example, A. arabiensis and the "Mopti" 
types can survive the dry season, so you find them 
throughout almost all the year, while the Bamako 
and savannah forms undergo "estivation" during the 
dry season. 

The dry season survivors probably survive in the 
adult stage, probably in pockets of humidity, resting 
through the dry season at very low densities. 

Walgate: How was your work funded? You didn't 
rely entirely on grants from TDR, presumably? 

Toure: In Mali the grants Ranque received from the 
French Ministry of Cooperation were very helpful; 
these were really the foundation. 

Later, between 1980-82, we were able to get funds 
from UNDP to help with the construction of the 
Selingue Dam. This was a high dam for hydroelec
tricity and irrigation, and there were funds for study
ing possible health hazards. 

We got some of these funds. It was the first time 
that such a study had been given to our department 
in the medical school. Usually in Mali, such studies 
were given to outsiders. We did some good work, 
and it helped to equip the laboratory with micro
scopes and so on ... 

The TDR grants came too, at about the same 
time, so we could get moving very quickly. And 
because we were part of the medical school, we could 
recruit students from the medical school, but also -
as a scientist - I could recruit students from the 
school of science. So this gave to us a potentially 
huge student manpower. Now we are 30 staff, plus 
all the students we can get! 

Walgate: And within this number you could find 
some very bright students ... 

Toure: Yes. The science students would stay three or 
four years, and this helped us build up manpower 
very quickly. 

Walgate: What is the academic context like in Mali? 
How individual is your case? Or does the whole 
university bubble? 

Toure: There are other professors also able to do 
quite well - one in surgery, for example; but he was 
trained in France; the difference for me is that I have 
always been in my country, I have never studied 
abroad for more than three months. 

But yes, there are other groups that really fight 
hard to find their way; in the National Institute for 
Research in Public Health there are also groups for 
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really with great difficulties, manage to get grants 
and to work well... 

Walgate: And the Government? 

Toure: It can't offer strong financial support, but it 
helps a lot to facilitate training of young people, and 
pay salaries, communications, water, electricity - it 
even waives our customs tariffs. The Government is 
very helpful. The Dean of the Medical School, and 
the Ministers of Health and Education, all facilitate 
our work very much. 
There has been real support. Administration and 
management has been simplified for us, they allow 
us to be in contact with foreigners, and to seek funds 
to do research and so on ... It's not like this in every 
country ... 

Walgate: So after the Selingue dam, and the two 
first TDR grants, the next thing was the TDR 
partnership grant? 

Toure: Before that, we had a FIELDMAL grant on 
impregnated curtains. We showed that they can give 
good protection - consistent reductions in man
vector contact and reductions in parasitemia; but the 
problems we faced were changes in vector behaviour. 
We saw that vectors that bit only 20% before mid
night, in the second year of the curtains begin to bite 
much earlier - 35-40% before midnight. 

Walgate: These mosquitos are very very fluid aren't 
they? 

Toure: Just incredible. And people remain outside, 
and so people get bitten again. In this village there 
was a mixture of the four taxa, each one finding its 
own seasonal and temporal niche; and the use of the 
curtain shifted the mixture. 

So we went back to the village and explained our results 
to the people - we said that these curtains can protect you, 
but the main problem is the fact that you remain outside, 
and the vectors can change their behaviour to suit yours. 
And while we can't expect you to be always inside, you 
should put your children into the houses earlier, as soon as 
they are asleep. 

Walgate: And did they do that? 

Toure: Well it's like anywhere. Certain people were 
well-organized and did it, and others didn't. 

Walgate: What was the next grant? 

Toure: Then we got to the first TDR-Rockefeller 
partnership grant: 1988-93. I was still collaborating 
with Mario Coluzzi, and he explained to me about 



with Mario Coluzzi, and he explained to me about 
these grants, and that we might get a partnership 
with the US National Institutes of Health (NIH). I 
had met Bob Watts from NIH before, in Coluzzi's 
lab, and we began to think about a possible three
way partnership. Watts and Coluzzi came to Mali 
and we wrote a proposal. And it was funded. 
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immediately NIH appointed a resident researcher 
to Mali, who takes care of all these grants from 
USAID, NIH etc ... 

Walgate: He helps with the American interface ... 

Toure: A lot! I say you take care of the American 
system, you understand the ropes and so on ... While 
I of course solve the Malian problems. Working 

Walgate: So what did that do for your group? How together like this it works wonderfully. 
did it help? So we now have two blocks equipped with every-
Toure: This helped a lot in that we could be much thing we need for parasitology, clinical epidemiol
better equipped. First we were able to rent another ogy, entomology and molecular biology; and 
building from the university - before we'd all been immediately we trained a lot of people, using this 
crowded in just one. So we mechanism and another 
had one for parasitology grant from TDR - an in-
and epidemiology, and one stitutional strengthening 
for entomology. And this is grant. 
how we created the malaria So now we have many 
research and training cen- students in the United 
tre, equipped with help States, we have visitors 
from TDR and NIH. from the US and Europe. 

And also very important We have collaborations in 
was a very competitive tech- different topics with the In-
nical support grant we won stitute of Parasitology in 
from the International cJ Rome, Laboratory for Para-
Atomic Energy Agency in ~ sitic Diseases at NIH, the 
Vienna. We got that IAEA ~ University of Tulane, 
grant with help from NIH ~ with UCLA, with Johns 
and others. §; Hopkins, and with lnstitut 

And also, at that time Yeya Toure: "Administration has been simplified for us.... Pasteur. 
(from 1987-91) I'd been ap- It's not like this in every country." We need these collabo-
pointed Director-General of the National Research rations because we've realized we are facing a very 
Council, and this helped me a lot in winning the complex system of malaria transmission, and unless 
grant ... It was for equipment, so we got molecular we have a strong research network of collaboration it 
biology equipment. will be very difficult to understand. 

Walgate: So perhaps what happens is that if once 
you get a prestigious grant, from one institution -
let's say TDR - it helps you get going, but also it 
helps raise your standing for getting grants in other 
places ... 

Toure: This is true. So it has been a conjunction of 
factors like this; and NIH has also been able to secure 
funds from the US Agency for International Devel
opment (USAID); so now USAID provides core 
support. The condition for this that we should be 
able to raise funds from other sources -which, as you 
see, we can. 

Walgate: You have to manage a lot of different 
sources of fonds and different constraints! 

Toure: Yes ... but I have been fortunate, as 

Walgate: So you 're studying the whole transmission 
dynamics of malaria in Mali ... 

Toure: Yes, and now we are going much more deeply 
in the study of gene flow using molecular tools like 
microsatellite repeats ... 

Walgate: So this is a basis for thinking about the 
population dynamics problems facing molecular 
entomology ... 

Toure: Yes, and we are also looking for mechanisms 
of refractoriness - first, for the refractory types, and 
later, once we've identified these, we'll look for the 
genetic mechanisms. We've already conducted pre-
liminary studies - we've found that some 30% of 
mosquitos infected at mid-gut level don't produce 
sporozoites. We discovered this with some very __ 49 
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efficient molecular diagnostics, using reverse tran
scriptase ... 

Walgate: These are really very major contributions to 
the molecular entomology initiative. But that's very 
long term research. What about research to help 
control malaria in Mali now? 

Toure: Well first, we are part of the university, doing 
a lot of teaching, and it is very important for the 
country to have people highly trained in science ... 
but at the same time, we also work on things that are 
much more relevant for immediate malaria control 
in Mali. 

For example we have tested impregnated bednets 
and curtains in several different zones. With the 
Ministry of Health we studied a large area of the 
inner delta of the River Niger, after baseline data 
collection in 40 villages. 

And now with the help of the German Ministry of 
Cooperation we are going to introduce impregnated 
bednets and curtains along with early diagnosis and 
treatment of cases. This will be entirely managed by 
the local health system, whose people have been 
trained to act as supervisors, and the communities. 
So we will just come from time to time to check the 
system. 

Walgate: And in each village there's a person made 
responsible, trained by the supervisor? 

Toure: Exactly. 

Walgate: And what will you treat with? 

Toure: Chloroquine. We did a lot of studies on 
resistance, and in most cases we haven't found more 
than 16% oflow, Rl resistance. We produce chloro
quine in Mali so we have plenty of it - the problem 
is to have it used properly. The drug will be provided 
by a system using the International Dispensary Asso
ciation, which helps distribute packages of essential 
drugs, and the German Ministry of Cooperation. 
Otherwise, in the country itself, ten tablets cost 100 
CPA, about US$0.25. 

Walgate: So really your research covers the whole 
spectrum, from reverse transcriptase to bednets and 
chloroquine delivery! 

Toure: Exactly. And in the hospital in Bamako, we 
have helped in the management of severe and com
plicated cases of malaria; and after our intervention, 
the mortality dropped dramatically. Because we could 
provide the paediatricians with some very useful 
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We really work in very close association with the 
national malaria control coordinator, who we help to 
train our people and so on ... 

Walgate: This is all clearly a great story for Africa. 
But to what extent is it something that is unique to 
Mali? Do you think that what you've done could also 
be done elsewhere in Africa? And if it is not being 
done, why not? 

Toure: I think it can be done elsewhere. It is a matter 
of communication between the researchers, the min
istries of health, and the health managers; but most 
of the time there is a lack of communication. It's not 
deliberate, but it happens ... In our case, the coordi
nator of the national malaria control programme is 
also a professor in the medical school, and a re
searcher in the national research institute for public 
health, so our contact is easy. 

It used to be more difficult, but since 1991 the 
situation has completely changed, we are in quite a 
democratic system, and people are much more open 
- free even - to say what they think. 

Walgate: But already you were moving before that! 

Toure: OK - but in a kind of closed academic 
system. 

Walgate: So the link with the Ministry of Health ... 

Toure: ... developed much more recently. The condi
tions previously were not optimal. 

Walgate: And of course that problem affects many 
countries, doesn't it ... 

Toure: There are so many factors to consider! Prob
ably you'd need a kind of multivariate analysis to 
explain success and failure ... there is no simple solu
tion. It depends on the individuals, if they are pre
pared to fight in difficult conditions - all these are 
important components. 

Walgate: The new view of RCS is that we should 
indeed concentrate on individuals. And there used to 
be much more support for general institutional 
strengthening in the early days. The philosophy now 
is that if you find the right individual with the 
capability to run a programme, as you've done, and 
also to do good science, and also the right approach to 
the politics of a country, you can have a very large 
effect; as perhaps has happened in your case in Mali, 
and in other cases in other countries. Do you think 
this approach to individual development is the way 
forward for Africa? 



Toure: I think it is quite a good approach. The 
problem is to identify the key individual, rather that 
some influential person's friend or their brother or 
someone such as that. 

But once you've got your individual, in my expe
rience there are three further key determinants. 

One is that the person must have resources to 
work. 

Second, they must have collaborations abroad. 
These are very important. It is just a matter of having 
a system such that these people can go abroad from 
time to time - even for a short period - to see what's 
going on and refresh their 
knowledge. 

Third, within the coun-
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Walgate: But as you said, also of course you need the 
resources, so you have to develop the kind of network 
of funding that you managed to create ... 

Toure: And this can come very easily if you have 
collaborators in developed countries. But of course 
you must be useful for them. The rules are very clear. 

Walgate: But surely you want to get into a position 
finally that you can tell them what to do! It's no use 
just doing what they want to do ... 

Toure: Yes ... you must not be a kind of tool that they 
use. And this will depend on several things. It will 

depend on your own sci
entific capacity; and your 

try they must begin to train " unless you have trained a lot of people, 
personality - leadership -
you must be able to tell 
them yes, and no! Unfor
tunately in several cases 
people just say yes yes yes 
and they become tools ... 

a lot of people from their 
country. It must be a large 
number, because some 
reach doctoral level and 
then go to sleep! Because it 
is hard to continue to work 
like this, day and night, you 
have no other life. 

and developed a lot of collaborations, 

it would be very difficult 

to maintain research in Africa. 
I always keep this in 

mind: we are very weak and 
can be destroyed very eas
ily. Because when we work 
with partners, they have the 

Very, very difficult. " 
And in certain countries 

it is not always easy to 
arrange training. It helps to 
be part of a university. Then 
it's a just a matter of identifying those who are 
good enough, and trying to keep them in contact 
with you. 

Right now, almost all those who are working with 
me have been trained by myself for different DEAs 
and doctorates; they have not always remained in the 
medical school but they continue to work with me. 
And this is very, very important. 

If they don't train people it will be a loss; they may 
be strong themselves, but nothing will continue. It 
happens very quickly; you get trapped in so many 
things, because as you begin to have experience 
everyone wants you to help them, and you are not 
available to do research ... 

Now, I have several commitments - but the labo
ratory will work without me. No problem. So I am 
just there as a kind of coordinator, a conductor of the 
orchestra! 

And this happens very quickly in developing coun
tries. You are very young - but immediately your 
responsibilities become very large. And unless you 
have trained a lot of people, and developed a lot of 
collaborations, it would be very difficult to maintain 
research in Africa. Very, very difficult. 

financial resources; so un
less we independently have 
resources we won't be able 

to say no, and the partnership will be unbalanced. 
This is the big problem. The Southern partner must 
be able to have something to sustain him. 

Walgate: You've got to build up from a floor of 
almost nothing ... 

Toure: Really from nothing. 

Walgate: ... until you get to a critical mass, when you 
can start to control the situation. And that's what 
you've managed to do ... 

Toure: Yes, and now we are on a level that we can 
leave all this completely free. It is an incredible story. 
You build the thing, and at a certain time, your co
workers must be strong also. 

And if you personally continue to be very strong, 
in the sense that you continue to control everything, 
they won't be able to develop. And at a certain time 
you must be able even to leave. In fact you will be 
very useful up to a certain time, and beyond, you will 
begin to be a problem. 

Take my own example - I've reached a point 
where I can hardly get a TOR grant any more, 
because I belong to the committees giving the grants! -- 51 
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I explained this to my young co-workers - they were 
very surprised that it works like this, but the solution 
is that they must learn to win grants for themselves: 
they must take over. 

SOUTH AMERICA 
CARLOS MOREL IS PRESIDENT OF THE FUNDACAO 

lNSTITUTO OswALDO CRUZ (FIOCRUZ), Rio DE 

JANEIRO, BRAZIL AND PAST CHAIRMAN OF RSG. 

example the biotechnology grants - they were up to 
US$240 OOO over three years; and that was ten or 
five times more than an individual grant in the 
Chagas committee, for example. What you do with 
US$80 OOO per year is very different qualitatively 
and quantitatively with what you do with 
US$ l O OOO - 15 OOO. This means that when you get 
an RCS grant, you really get a push in your work. It's 
a qualitative breakthrough-you go to another stage. 

Walgate: How did TDR help you personally? Walgate: So you 're saying that in Brazil RCS grants 
Morel: Well, I began with a big grant from TDR's were more sought after grants than the research 
Biomedical Research Committee to give a course, grants .. · 
and do research capability strengthening (RCS) in Morel: I can talk best about my own institute, 
my group; and I had FIOCRUZ. We have two 
grants from the Chagas very interesting examples 
Steering Committee; but of RCS here. One is the 
personally I had no direct immunology department, 
RCS grants. which received a very early 

grant, in 1979-80; the 
Walgate: Speaking Principal Investigator was 
specifically ofTDR's RCS Bernardo Galvao-Castro; 
component, what did and the other, more re-
RCS do for tropical cent, was the regional cen-
disease research in Brazil? tre in Recife, which has 
Morel: The unique thing done beautiful work in 
about the RSG is that it filariasis, with Gerusa 
provides a long-range Dreyer. Her work is partly 
commitment to grantees. a "product" of an RCS 

An RCS grant from grant that was given to 
RSG can be a very broad FIOCRUZ in 1987-88. 
way offunding and help- At that time we were 
ing develop research thinking of closing that 
groups. It's very different centre; and ten years later 
process from funding in- it is really doing first class 
dividual research projects. Carlos Morel examining gels of Trypanosoma cruzi isolates. research; and I have no 
When you have an RCS grant, you can develop a doubt that the big initiative that was responsible for 
strategy for from three to seven years. It's a long- that was the RSG, because through RSG support we 
range and comprehensive process, because you can could send a lot of people to be trained abroad, we 
decide how to train people, how to send them to be could re-equip the laboratories - and more than that, 
trained abroad, how to take care of the infrastruc- we could pull good people together towards a com
ture, how to take care of the scientific information, mon project. 
how to equip labs with equipment that would be As for the immunology department, FIOCRUZ 
more than an individual grant could afford- so you was in very bad shape in 1975-76-wehadhada very 
can take a very comprehensive and broad view of big political crisis, there was a dictatorship, the scien
developing a group or an institution in a developing tists had been thrown out; in 1976-77 the govern
country. ment decided to rebuild FIOCRUZ, but it was very 

hard to attract people here. One of the groups that 
Walgate: Aren't you talking more of the first ten was attracted was Galvao's, and he could build a very 
years ofTDR, when there was a strong emphasis on nice department because he got extra funds from 
institution strengthening? RSG. He had done studies abroad, he knew people 
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linkages with developed countries, and at the same 
time he could equip the lab with first class equip
ment, supplies, and start training people. 

Now, he has taken the local leadership in AIDS 
research - because he was very well prepared by his 
immunological work. There's a spin-off from RCS in 
tropical diseases into other areas. That shouldn't be 
underestimated. 

Walgate: Of course a great deal of the success and 
failure in RCS depends on the individuals that get 
supported, doesn't it .. . 

Morel: Of course ... as Chairman of the RSG from 
1987-92 I could identify three things as being very 
important to the success 
of a grant. 

One is simply to have 
the funds. No funds in, 
nothing comes out. 

Second is the political 
commitment of the local 
authorities. You have to 
have a decision of the 
government and the in
stitution to strengthen 
the group. 
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partnership grants were introduced, was a very 
critical meeting and represented a change in philoso
phy ... 

Morel: I think it was a complete and radical change 
in RSG. 

Walgate: And were you happy with that? 

Morel: I feel proud of having been the Chairman 
and having worked for that with the then new Direc
tor of TDR, Tore Godal. 

Walgate: Because there was a great deal of opposition 
to this competitive element, wasn't there? 

Morel: In the beginning yes, from several least devel

Third and most im
portant is to have a local 
leadership. Without lo
cal leadership, it's no use 
what we decided in Ge-

The Oswaldo Cruz Institute (FIOCRUZ) in Rio de Janeiro, 
directed by Carlos Morel. 

oped countries. They 
thought that they would 
be wiped out from the sys
tem. We had to reassure 
them that it would be like 
boxing: we would not put 
a heavyweight against a 
lightweight; we would 
have classes; and that we 
would compare research 
projects like with like -
not one from Ecuador 
against one from Harvard, 
for example. And RSG was 
a special committee that 
could only fund develop
ing countries. But it took 
us a lot of time, convincneva- there's no-one who 

really takes the challenge in hand ... 

Walgate: You mean a scientific leadership ... 

Morel: Not just scientific - sometimes we have a 
very good scientist but he or she doesn't have mana
gerial capacity. We have to look for those hybrid 
people who behave not only as good scientists but 
have the leadership capacity to organize and manage 
scientifically, administratively - and politically. 

Walgate: Was RSG aware of that from the very 
beginning? 

Morel: Not so much at the beginning. It was when 
we followed up and started to analyse what was 
behind success and failure that these issues emerged. 
And we found that behind every success there was a 
very good Principal Investigator. 

Walgate: Kamini Mendis told me that she thought 
the twelfth RSG meeting, where the competitive 

ing people, having lunch with them ... to convince 
them that there was no hidden agenda. 

Walgate: And what do you think of the results? 

Morel: I think the results were very rewarding, and 
something which in the beginning we did not realize 
was that once the thing was established, there was a 
bonus: everyone who got a grant on a competitive 
basis became very proud of his or her success; there 
was some sort of public recognition of his or her 
capabilities; and not only was it personal pride, but 
the person's institution saw him or her as having a 
sort of aura, that they were above average, that they 
were a real asset, that the institution should be proud 
of having this person. 

Walgate: And that would help attract good students, 
collaborators and political support? 

Morel: Sure. For instance - those TDR-Rockefeller 
grants - just twelve groups in the developing world. -- 53 
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Highlights of research capability strengthening 1993-94 

The trend in TOR over recent years has 
been to integrate capacity building with re
search - "training by doing". This integra
tion accelerated during 1993-94, with 
emphasis on building research capacity 
through the implementation of sound re
search linked to the needs of the disease 
control programmes. Important advances 
included: 

• A dramatic increase in TDR activity and financial 
support in the least developed countries (LDCs). 
Funding has increased substantially, up from 15% 
(1991) to 21 % (1994) of RCS expenditures. 

• In francophone West Africa TDR helped to identify 
priority needs and determine TDR's role in the 
region - resulting in targeted approaches in selected 
countries and the establishment and support of a 
francophone West African Research Network. 

• A second round of Partnership Grants (ex TDR
Rockefeller grants) was funded - this time almost 
entirely by TDR- to promote collaborative research 
of the highest scientific merit in the developing 
countries. Of 132 groups submitting letters of 
intent, 24 were selected to submit detailed 
proposals, in 1994, of which seven groups were 
ultimately funded. Apart from carrying out research 
at the cutting edge of science, these groups have 
enormous potential for training junior scientists as 
an inherent component of their research activities, 
as illustrated by the first round of partnership 
grant recipients. 

• Increased focus on human resource development 
- training - which now accounts for over 70% of 
RCS funds. TDR supports training in a number of 
ways - through research training grants; re-entry 
and career development grants; by sponsoring 
short term group learning activities for transfer of 
technologies; by training through research projects 
financed by TDR's R&D committees; by training 
supported through the newly established regional 
linkage grants; and through agreements with 
national or regional research funding bodies. While 
applications are primarily judged on a competitive 
basis, the selection committee also takes into 
account the objectives of TDR's R&D components 

and the needs of developing endemic countries 
(DECs) themselves. 

• Selected training centres, offering programmes of 
high priority to TDR, were supported through 
"Regional Linkage Grants". Over a long period, RCS 
grants have strengthened TOR-related expertise in 
a large number of research groups in many disease 
endemic countries. This is now being used to create 
a network of research centres that could provide 
training-through the new Regional Linkage Grants, 
which are intended to place young researchers in 
an academic and social environment relevant to 
that of their home countries. In response to a call 
for applications, 24 proposals were received 
involving 60 investigators. Four consortiums were 
funded, one in Latin America (Brazil and Colombia); 
one in Africa (Nigeria); one in the Philippines; and 
one in South East Asia (Myanmar, Sri Lanka, and 
Thailand). 

• Recognizing the very different states of scientific 
development and need of the LDCs compared with 
the Advanced Developing Countries (ADCs), TDR 
adopted a different strategy for each: 

- ADCs are now eligible for a limited number of RCS 
grant formats and compete on a competitive 
basis. 

- LDCs receive intensified and less-competitive 
support, often identified pro-actively by TDR. 

- In addition, many ADCs now act as a TDR resource 
providing training opportunities for researchers 
from other DECs. 

• Support was intensified for applied field research 
relevant to national disease control needs in selected 
LDCs. 

Other major developments during the 
biennium included: 

• The abolition of the non-competitive institution 
strengthening grants (except for LDCs). 

• An increase in the allocation for various research 
training activities in the DECs. 

• More flexible approaches for strengthening research 
capacities of selected LDCs. 

• Capacity building within multi- or bi-laterally 
supported health and environment projects. 



3. Research Capability Strengthening 

Highlights of research capability strengthening 1993-94 (cont.) 

• The initiation of development of appropriate tools 
for evaluating RCS activities. In response to TDR's 
evolving structure and increasing financial 
constraints, RCS continues to critically assess 
individual grants, evaluate the different grant 
formats and review the aggregate performance of 
the RCS grant portfolio as a whole. Recognizing 
the need for reliable indicators to both predict and 
assess the impact of TDR's RCS activities, RCS and 
other interested parties (IDRC in Canada, USAID 
and Harvard University in the USA, and the HRP 
programme at WHO) are working together to 
develop new and better indicators of performance. 

But those guys became very well known, because 
they had won a very tough competition - it was 12 
out of 206 proposals. 

You see, beforehand, the groups were chosen by 
the Secretariat, who travelled, and would decide who 
is and who is not going to get money. And I think 
that was very bad, because people did not have to 
fight a lot for their grants. 

Walgate: But that process still continued didn't it? 
The partnership grants were only a part of RSG's 
armoury weren't they? It wasn't suddenly all competi
tive, was it? 

Morel: I was Chairman for six years. And we moved 
from a situation where nothing was in open compe
tition to everything being in open competition. And 
I think this was a very very important and interesting 
move. 

Walgate: Do you think that would have been 
possible at the beginning ofTDR? Or was the 
uncompetitive period necessary to provide an institu
tional basis for later competition? 

Morel: This is almost impossible to answer. I think 
the Programme started in the only way it could start. 
Today there are several groups working on tropical 
diseases, but in the beginning there weren't many. 
For example, Brazil started a tropical disease research 
programme two years before TDR, in 1973. Our 
first meeting about tropical diseases, on Chagas, had 
seven or eight people. And 20 years after, now we 

• The introduction of new information technologies. 
Several years ago, TDR began to take advantage of 
new information technology in-house (for example 
e-mail and the Internet) and to look for opportunities 
to help introduce this emerging technology to its 
southern partners. As not all countries currently 
have the telephone infrastructure to support these 
technologies, TDR has used the opportunity provided 
by the Low-Earth-Orbiting (LEO) micro-satellites 
employed by the Satellite organization to introduce 
e-mail connectivity in tropical diseases in selected 
developing countries. 

have 800 people at a meeting! A hundredfold in
crease! 

Walgate: And to what extent is TDR responsible for 
that? 

Morel: TDR helped that - not most importantly 
with money - but much more with policy incen
tives. TDR changed the international agenda. Work
ing in tropical diseases had been considered second 
class science. After 20 years ofTDR, tropical diseases 
has become first class science. The parasite model, 
which TDR launched, has provided science with 
some of its most important discoveries ... 

Walgate: Looking forward, what do you think of the 
trends in TDR towards applied field research, 
products, and a decline in basic research? 

Morel: I think that such "oscillations" in a pro
gramme are natural. TDR has to play around, to see 
and to investigate what is the best agenda for the 
Programme. But one thing I'm sure 0£ TDR can 
neither be completely basic science, nor completely 
applied science. If it were the former, TDR would 
lose contact with the problems of the developing 
world. If too applied, then it would lose the linkage 
with modern science. Either would be bad for TDR. 
The Programme has to look for a good balance. 

I am concerned though about the latest budget 
figures. The RSG budget was reduced in this latest 
STAC. But there had been a historical consensus that 
25% was about right, but TDR is now slipping __ 55 
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below that. This is a dangerous direction, because 
TDR should not only go after discoveries - which 
can be made anywhere. To strengthen the capability 
of developing countries is absolutely important. Not 
only for making discoveries, but for making these 
discoveries available and at the disposition of the 
people in developing countries. 

Walgate: What do you think ofTDR's shift towards 
supporting individuals rather than institutions? 

Morel: It's been very important. In the beginning 
TDR wasn't paying much attention to the individu
als. There was a sort of joke - people were fighting to 
say how bad their institutions were, in order to claim 
"I need money from TDR". It was almost a fight to 
see who was the worst. And I wanted to change that 
- because I didn't think that the worst should receive 
any money. We had to see which one had the best 
potential. 

Walgate: Let's take Chagas disease specifically -
what contributions did TDR make to Chagas disease 
research and control? 

Morel: Several. Including the fight against the insect 
vectors ... Chagas of course is a very very peculiar 
case, which can't be extrapolated to other diseases. It 
was discovered in Latin America - in fact at 
FIOCRUZ - and for a long time there had been a 
local scientific leadership in the disease. And perhaps 
it's a bit difficult to divide what was due to TDR and 
what was going to happen anyway. 

But even with that proviso, I think TDR had a 
very important role, for instance in catalysing the 
Southern Cone Initiative [see Chapter 9]. Then there 
was the establishment of common diagnostic proce
dures; the evaluation of all those antigens, several of 
them discovered by TD R, to see which ones were the 
best ... 

Walgate: Did not TDR help to unite groups across 
the continent - and contribute to a more objective 
epidemiology of the disease? 

Morel: Oh yes. Something interesting happened 
when I was Chairman of the Chagas Steering Com
mittee. We had two committees - one for epidemi
ology, and one for parasitology, molecular biology, 
biochemistry- and two chairmen. We realized it was 
bad to have such a separation. So over two years we 
experimented with an increasing combination. And 
it was so interesting- we could discuss epidemiology 
together and diagnosis together, probes and things 
like that. 

Walgate: When was that? 

Morel: This was between 1984-87. 

Walgate: TDR is concerned about the general 
decline in funding it is facing. Is this reducing TDR's 
influence? 

Morel: I am very much worried also. But it's affect
ing more than just TDR. The donors are becoming 
less concerned with the problems of the developing 
countries. People thought that the end of the Cold 
War would release a lot of funds, but there was a 
collapse of the Soviet empire, more wars ... People 
have forgotten that disease can be very global. I can't 
predict the trends for the next ten years. I am very 
much worried that the TDR budget is declining. I 
don't know why. The donors should answer. I don't 
know if the donors think the TDR agenda is not as 
"noble" as 20 years ago. 

But the result is that a lot of people are no longer 
submitting projects to TDR because they say, well 
there's no money anyway, so why bother working on 
a project proposal. Particularly because with the 
recent restructuring ofTDR- which was positive in 
several ways - a lot of good science now has no 
umbrella. For example, if you are not now in applied 
field research in Chagas you are in a sort of limbo. 
This needs some thought. Recently I have seen a very 
good basic research group shifted into product de
velopment. This is a complete change. Perhaps we 
have to think again about that. 



4. 
Ma/Aria 

A young child comatose with cerebral malaria in the children's ward 
at lfakara Hospital, Tanzania. 

Malaria is a serious infection of the blood 
by haemoglobin-digesting single-celled 
Plasmodia protozoa, transmitted by the 

bites of Anopheles mosquitos.There are several kinds 
and combinations of Plasmodia and Anopheles, 
resulting in different physiological and ecological 
patterns of disease. But the real drama and tragedy of 
the disease is caused by the combination of Plasmo
dium falciparum transmitted by the extremely per
sistent and efficient Anopheles gambiae complex of 
mosquito vectors, which is responsible for the deaths 
of some one million children in Africa each year. 
Rightly, most media attention, and most research, 
concentrates on the P. falciparum form of the disease, 
which kills through cerebral malaria, anaemia, 
kidney failure and other complications. 

Over years of exposure to malaria, individuals 
who survive the onslaught develop a considerable 
degree of tolerance to infection, which they main
tain at a low level without symptoms of disease. This 
is described as "immunity to disease". A degree of 
actual immunity to infection (the potential to elimi
nate parasites completely) also builds up, but is 

unstable, disappearing after a year or so unless a 
person is constantly re-infected. 

The people most at risk of dying from malaria are: 
• non-immunes - comprising particularly young 

children from six months to five years (babies in 
highly endemic areas carry some immunity from 
their mothers); 

• pregnant women (whose immunity is depressed 
to protect the foetus from rejection as foreign 
tissue); 

• populations in regions of borderline transmis
sion (which leads to unstable epidemic malaria); 

• people moving from non-malarious to malarious 
zones for reasons of work, migration, refuge, war 
- or tourism. 

• people from the industrialized, non-malarious 
world who catch malaria and return home with 
the disease. Such people are more likely to die 
than someone from an endemic area, for two 
reasons: lack of immunity, and frequent failure 
of medical authorities in the non-malarious home 
country to recognize the disease in time. ___ 57 
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Problems and solutions 
Problems in 1975 

"When TDR was set up in 1975, malaria control 
was beset with many technical problems such as 
vector resistance, vector exophily, drug resistance ... 
Malaria research was at its lowest ebb since World 
War II. The pharmaceutical industry had largely 
phased out the development of new antimalaria 
drugs, the only major effort being that of the US 
Walter Reed Army Institute of Research (WRAIR), 
and field research had virtually come to a standstill" 
recorded TDR's fourth Programme Report. 

Furthermore the heady days of malaria eradica
tion had come to an end- the post-war period when 
it was thought that the disease could be eradicated, 
largely by spraying DDT on the inside walls of 
houses, where mosquitos often rest after a night-time 
blood meal on a sleeping victim, was over. Africa was 
excepted from the campaign, because the density 
and efficiency of the A. gambiae vector was thought 
to make it unconquerable, but in most other devel
oping regions the plan also eventually collapsed. 

By 197 4, malaria had nevertheless been eradi
cated from 37 countries including Australia, most of 
Europe, the USSR, USA, and many islands. But 
eradication programmes had either succeeded as com
pletely as those for the eradication of smallpox, or 
had collapsed. According to David Bradley of the 
London School of Hygiene and Tropical Medicine 
(LSHTM), the programmes had been extremely rigid, 
and had focused on eradication at the expense of 
control, effectively discouraging research which might 
have given early warnings of emerging problems. 

Resurgences of malaria which began to slip through 
the net of the eradication programme, including a 
massive resurgence in the India during the 1970s, 
were controlled by the mobilization of extraordinary 
resources and the redeployment of traditional con
trol methods. But increases in the cost of supplies 
and labour in a post-colonial world and the eco
nomic and administrative difficulties of the emerg
ing nations led to the conclusion that this approach 
was not practicable. 

The primary reasons for that collapse had more to 
do with the unsustainable cost of the eradication 
teams and the insecticide, once malaria had been 
reduced, rather than resistance of the mosquito to 
insecticide, or the parasite to drugs; when a country 
had reduced its annual malaria case load to a small 
number - for example, Sri Lanka reached just 17 

58 ___ cases in one year - the motivation to continue con-

trol collapsed. The vectors began to return, sporadic 
emergency control began, and epidemics broke out 
as people had lost immunity. The response was patchy 
and reactive, contributing to the development of 
much resistance in the vector and parasite; the resist
ance came after the collapse of control, rather than 
before. Massive aerial spraying of DDT in agricul
ture, leaving borderlines with partial doses of the 
chemical, was also a sure recipe for development of 
vector resistance in some areas. 

By 1975 it was clear that "malaria is still wide
spread. In many areas, antimalaria operations are 
beset by administrative, organizational, personnel, 
operational and financial difficulties. In addition, 
there are technical problems such as the resistance of 
the malaria carrying mosquitos to insecticides, the 
behaviour pattern of some mosquitos which pre
vents their contact with insecticides, and parasite 
resistance to drugs, as well as population movements 
and other factors". Moreover "the available, eco
nomically feasible methods do not permit the inter
ruption or major reduction of malaria transmission 
in tropical Africa, the world's 'epicentre' of malaria 
and economically its weakest region" wrote W H. 
Wernsdorfer in the opening "problem setting" docu
mentation ofTDR (Position Papers on Major Tropical 
Diseases, TDR, 1916). 

The main drugs in use at that time were chloro
quine, amodiaquine, primaquine, proguanil, 
sulfonamides, and pyrimethamine, with quinine re
served for severely ill patients. Resistance to chloro
quine was already evident in Brazil, Colombia, 
Thailand and Viet Nam, but had not arisen in 
Africa. 

Solutions in 1995 
Since 1975, the drugs mefloquine and halofantrine 

have been developed and registered, and artemisinin 
derivatives developed. 

In Africa, large-scale multi-centre trials of the 
effectiveness of insecticide-treated bednets in reduc
ing child mortality were near completion in 1995, 
following a TDR-supported trial in The Gambia 
which demonstrated a dramatic 63% reduction in 
total mortality of children under four years old. 

Vaccine development has proved more difficult 
than was hoped, but by 1995 the long worldwide 
efforts in basic research in malaria vaccines - to 
which TDR has made major contributions -were at 
last beginning to bear fruit, in the form of several 
ongoing and projected clinical phase I trials of sec
ond generation vaccine candidates. Also in Tanzania 



in 1994 a TOR-supported double-blind Phase III 
trial of the Colombian SPf66 peptide vaccine dem
onstrated that SPf66 reduced the numbers of first 
malarial fevers in children by around a third. 

And previously inconceivable long-range strate
gic research was under way, in collaboration with the 
MacArthur Foundation 

4. Malaria 

CTD, some 90% of the clinical cases, and almost 
100% of the global mortality due to malaria occurs. 
This is despite the fact that the simple provision and 
proper use of the old and cheap drug chloroquine 
might still be lifesaving in a high proportion of cases 
in many areas of the continent. 

Outside Africa, some 
two-thirds of the remain
ing 10% of cases occur in 
just three countries: Bra
zil, India and Sri Lanka. 

The parasites - in par
ticular P. folciparum -
continue to develop drug 
resistance, particularly in 
areas of unmanaged eco-

::;: . . 
~ nomtc opportumsm, 

and the Wellcome Trust, 
to develop an artificial 
"mobile genetic element" 
- a jumping gene - for 
mosquitos. The artificial 
gene would be precisely de
signed to destroy the ca
pacity of the A. gambiae 
mosquito complex to 
transmit P. folciparum, and 
once released into the ap
propriate mosquito 
populations would be 
likely to spread naturally 
- over several decades -
throughout the A. gambiae 

At the Adebey clinic on the border between Eritrea and 
Sudan, relatives watch over a male patient who is receiving 

antimalaria medication and fluid via a drip. 

~ such as the mines of pre
~ cious metals and stones 
:;;i in the Amazon and on 

the Cambodia and 
Myanmar borders of 
Thailand. In such re-

complex in Africa. If this ambitious project works, it 
could eventually halt or at least diminish malaria 
transmission in the continent without further inter-
vention or cost. 

Remaining problems 
The greatest challenge to malaria control 

must still be Africa, where the burden is not only 
medical and social: in 1987 the annual direct and 
indirect costs of malaria in Africa were estimated to 
be some US$ 800 million, and are expected to 
exceed US$ 1 800 million by 1995. 

For malaria, WHO's Division of Control ofTropi
cal Diseases (CTD) classifies the world into four 
zones: 

• areas where there was never malaria, or malaria 
was eradicated without specific measures (27% 
of the world's population); 

• areas where the eradication campaign of the 
1960s was successful, and the success has since 
been maintained (31 % ) ; 

• areas where malaria has resurged after earlier 
reductions (33%); 

• areas where endemic malaria has never substan
tially changed (9%). 

The last group includes a broad tropical belt of 
Africa south of the Sahara desert, where the disease 
remains essentially unchecked. Here, according to 

gions, there have been three critical factors to make 
them perfect factories of drug resistance: 

• intense malaria transmission; 

• enough money to buy any available drug; 

• too little supervision to ensure the drugs are 
properly taken. 

Thus it is not simple poverty, but haphazard 
development that is the greatest threat to malaria 
control, and creates the greatest challenge to re
search. 

In Africa, chloroquine resistance is greatest in 
richer countries such as Malawi and Kenya (but in 
Mali, for example, only 16% of cases show a mild, 
Rl resistance). But nevertheless the picture is con
stantly changing, and according to the CTD 1994 
Progress Report "the rapid evolution of resistance in 
Africa is making the provision of adequate treatment 
increasingly complicated". 

Globally, by 1994 only the Central American 
countries had not recorded some level of resistance to 
chloroquine. "Resistance to sulfadoxine/ pyrimeth
amine has developed in South-East Asia, South 
America and focally in Africa. In Thailand, there are 
indications that more than 50% of cases in certain 
border areas no longer respond to mefloquine therapy, 
while sensitivity to quinine is also diminishing in 
parts of Thailand and Viet Nam. Resistance of vivax 
malaria to chloroquine is still rare, but is now firmly ___ 59 
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established in Papua New Guinea'' says the 1994 
CTD Report. 

Resistance developed so quickly in some South
East Asian countries and Brazil to the long half-life 
drug mefloquine after its introduction that all efforts 
to develop a single-dose, long half-life drug were 
dropped. As a result the problem of compliance with 
multi-day, multi-dose regimens of short half-life drugs 
- such as those of the artemisinin group - which is 
necessary to keep resistance to this last-line series of 
drugs in check, will have to be solved by other 
methods. Recent TDR results in Laos suggest that 
provision in dated blister packs, as used for contra
ceptive pills, may increase compliance. 

It has not yet proved possible to produce a cheap 
replacement for chloroquine, other than home-grown 
and locally produced artemisinin products, as cur
rently used with effectiveness in Viet Nam. The key 
issue raised by this experience is the importance - or 
otherwise - of the international registration of drugs, 
when the balance of risk and benefit in disease
endemic countries may counsel less stringency. 

As Bradley of the LSHTM put it in 1991: "No
body can look at the list of available antimalarials 
today with any complacency: the safe drugs are 
rapidly becoming ineffective, and the more effective 
drugs are either new or relatively toxic or both, and 
are expensive. New drugs may well soon be followed 
by parasite resistance, or previously inadequately 
perceived toxic effects may emerge and the list of 
candidate new drugs is tiny. As chloroquine resist
ance spreads to cover Africa, what remains that is 
both safe and cheap?" 

Thus the need for new antimalarials and new 
antimalarial drug combinations is essentially two
fold: 

• for treatment in areas of multidrug-resistant 
falciparum malaria; 

• as an affordable chloroquine-replacement for use 
as a first-line or second-line drug in areas of 
moderate chloroquine resistance, including many 
areas in Africa. 

TDR's contribution 
Initial goals 

When TDR began, WHO had been spending 
around US$100 OOO a year on malaria research. But 
TD R was expected to invest at around 100 times this 
rate, and according to the 1976 Position Papers 
planned to spend some US$45 million from 1977-

60 __ 1981 in order to: 

• accelerate research worldwide, and especially to 
develop research capacity in malarious coun
tries. 

• improve existing control methods and develop 
better ones. 

• get potential new antimalarial drugs into clinical 
and field trials. 

• develop strategies for the control of malaria in 
tropical Africa and other problem areas. 

The major goals were "advances in the fields of 
chemotherapy and immunization". For practical rea
sons of delivery, administration and compliance, 
there was felt to be a need for a cheap, long-acting 
antimalarial drug which would maintain its effects 
for a month after a single dose; and cheap replace
ments for chloroquine. 

It was also felt that malaria control needed "a 
vaccine which, ideally, would confer life-long pro
tection after one inoculation ... The operational ad
vantages of such a tool appear to be enormous, 
especially in areas where vector control measures are 
insufficiently effective or not applicable", the 197 6 
Position Papers said. 

Progress 1975-1995 

~ccines 

At the time TDR was set up, significant contribu
tions had already been made in sporozoite immuni
zation in rodents and man at the New York University 
and the University of Maryland, and immunization 
of Macaca mulatta monkeys at Guys Hospital, Lon
don. And shortly before the first meeting of the TD R 
steering committee on malaria vaccines and diagnos
tics (IMMAL), in vitro cultivation of P. falciparum 
had been established at Rockefeller University. But it 
was felt that vaccine development could not be 
achieved without improved methods of parasite cul
ture fi~r the production of parasite material and 
antigens, the purification and biochemical/functional 
characterization of protective antigens, and studies 
of the mechanisms of immunity and immune eva
sion, immune complexes and immunopathological 
phenomena, especially relating to vaccine safety. 

TDR set out on all of these tasks. In its fourth 
annual report in 1980, TDR clearly outlined its 
"unchanged objectives" in malaria vaccine research: 

• protection from death; 

• protection from infection ("causal" immunity); 

• interrupting transmission; 



• improving diagnosis; 

• improving epidemiological investigation and 
evaluation. 

TDR's resulting malaria vaccine research can be 
usefully, if crudely, divided into six overlapping eras: 

The first, euphoric era, which coincided with the 
foundation ofTDR, was dominated by results which 
had shown that irradiated sporozoites, laboriously 
dissected from mosquitos, could offer complete pro
tection from infection. 

The second came with the realization that practi
cal vaccines would never be made of whole parasites, 
which were too difficult to culture in large volumes, 
but of antigenic components of parasites. 

The third era centred around the development of 
sporozoite components that stimulated protective 
antibody (B-cell) responses in animals. 

The fourth era - one of sober disillusionment -
was influenced by the limited results with a vaccine 
based on such sporozoite components in nine hu
man volunteers. These results lead to a shift of atten
tion to more complex T-cell responses, and to parasite 
stages other than the sporozoite. Hundreds of anti
gens were determined and their genes cloned, and it 
came to be felt that vaccine development would be a 
very long haul, requiring sophisticated analysis and 
understanding of a very complex interaction be
tween the parasite and the immune system. 

Fifth came the era of the Colombian Manuel 
Patarroyo's invention of the vaccine "SPf66". This 
vaccine was not spawned directly by previous basic 
research, nor by a profound understanding of the 
immune system, but by a pragmatic hunt for anti
bodies in blood of infected people and monkeys -
which had been unavailable in such numbers to 
other researchers - and for the corresponding anti
gens and their epitopes. The dominant epitopes were 
combined by empirical peptide chemistry with one 
of the sporozoite antigens of the "third era'' (above), 
to create SPf66. Early human trials with the vaccine 
in Colombia looked promising, but the rest of the 
scientific world was sceptical of - and was also 
challenged by - the results. Later, better controlled 
and independent trials reduced the scepticism; the 
protective efficacy against fevers seemed low, but the 
challenge to other researchers remained. 

The sixth era, through which we are now living, 
will see increased understanding of the potential 
impact of SPf66, improvements of the vaccine, and 
a flourishing of new candidates. Among the most 
ambitious of these is NYVAC-7, developed by 

WRAIR, Virogenetics, and the Pasteur-Merieux
Connaught companies, which consists of an attenu-
ated Vaccinia virus ( of the kind used to eliminate 
smallpox from the world), engineered to contain 
seven leading candidate malaria antigens. Clinical 
trials are also under way in Australia of several com-
binations of candidate antigens developed by the 
Sarmane consortium and the company Hoffmann 
La Roche. TOR itself is also planning to support 
trials of several promising antigens, as described 
below. 

From the perspective of TDR's anniversary in 
1995, vaccine development remains a promise - but 
realization is certainly closer. There has been consid
erable progress in the identification of potentially 
protective antigens and their corresponding genes. 
But the understanding of natural human immunity 
has lagged, so there are few appropriate in vitro 
functional assays for predicting protection, except 
for potential transmission-blocking vaccines. TOR 
has thus taken the view that properly controlled 
human trials of the most promising candidates are 
essential to advance vaccine development, and sev
eral candidates are being prepared for clinical and 
field testing. 

Three main types of vaccine are currently under 
development, based on stages of the parasite life 
cycle: 

• pre-erythrocytic (including liver stage); 

• asexual blood stage; 

• transmission-blocking, affecting the sexual stages 
of the parasite. 

However, recently it has become evident that 
the same candidate antigen can be shared by 
several of the parasite stages, and thus the concept 
of a multistage vaccine becomes more and more 
attractive. 

Pre-erythrocytic vaccines 

The early excitement in malaria vaccine develop
ment was the possibility of creating effective anti
sporozoite immunity, which would arrest infection 
at the outset. By 1975, people had been successfully 
immunized with irradiated sporozoites of P 
falciparum and P. vivax. By 1977, TD R was support
ing projects on the isolation of surface antigens from 
sporozoites, emphasising glycoproteins, and the lo
calization of antibody-antigen complexes on the spo
rozoite by electron microscopy. 

The third Programme Report recorded "studies 
on the surface membrane proteins of sporozoites by ___ 61 
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workers at the New York University Medical School 
and the University ofNijmegen ... Purified sporozoites 
reacted with antibody in animals immunized with 
irradiated sporozoites ... suggesting that a protein on 
the surface may be a candidate antigen ... ". The tech
nology of monoclonal antibodies, recently devel
oped in Cambridge University in the UK, began to 
be applied to the separation of purified parasite 
antigens. Ruth Nussenzweig and her group at New 
York University were thus able to precipitate the 
sporozoite surface antigen, the famous 
"circumsporozoite" or "CS" antigen. 

1981 saw a definitive shift to the potential of 
vaccines based on antigenic components, rather than 
whole killed or attenuated organisms. A TDR report 
said "there has recently been an important modifica
tion in outlook regarding the type of vaccine likely to 
be most suitable for use in human subjects. The 
problem of obtaining intact parasites at any develop
mental stage in sufficient quantity and relatively free 
from contaminating host tissue has not been over
come. This represents a practical obstacle to the 
development of a vaccine based on whole parasites. 
Nevertheless, progress has been made on the identi
fication of protective antigens and it is possible that 
protective immunity can be induced by defined an
tigens under suitable conditions." 

The key was monoclonal antibody technology: 
"the application of hybridoma technology in re
search on malaria antigens has been an important 
recent advance ... for purifying single antigens ... An 
advance of great importance can therefore be ex
pected in the preparation of defined antigens free 
from contaminating host material... For these rea
sons, interest is becoming increasingly focused on 
the development of malaria vaccines based on puri
fied protective antigens rather than on intact para
sites. Purified antigens also hold considerable interest 
for the development of immunodiagnostic tests." 
Internationally, a major part of antigen analysis work 
was carried out under the auspices ofTDR. 

The use of monoclonal antibodies is an excellent 
example of the rapid application of new biomolecular 
technologies to tropical diseases made possible by 
TDR linkage of basic science with tropical prob
lems. And indeed by 1983, there was a further boost 
to antigen analysis with the development of DNA 
library technology by Ron Davis, and its application 
to P. falciparum by Dave Kemp at the Walter and 
Eliza Hall Institute in Australia. As a result of this 
work the whole genome of the parasite is now avail-

62 __ able, and expressed, in pieces cloned in the lambda 

gtl 1 vector. An antibody may be tested for binding 
against these different expressed pieces, and the gene 
for the antigen corresponding to the antibody imme
diately isolated. 

But back in the 1980s, the New York group used 
monoclonal technology to produce substantial 
amounts of the CS antigen, and demonstrated com
plete protection against sporozoite challenge in vari
ous rodent malaria systems and rhesus monkeys, and 
showed that immunogenicity even survived preser
vation of the antigen at-75°C. By 1984 at New York 
University, a P. knowlesi protective sporozoite anti
gen had been expressed in Escherichia coli, and 
antigenic analysis continued apace. Malaria vaccine 
research had taken off. According to TDR's seventh 
Programme Report in 1984 "malaria vaccine re
search is now being vigorously pursued in a large 
number of laboratories and there has been a virtual 
explosion of scientific articles on the subject. Pessi
mism... has been largely replaced by a mood of 
cautious optimism ... ". 

"The most striking advance ... " the 1984 TDR 
report continued "and one that has seen a burst of 
activity in the last two years - has been the 
cloning of the gene coding for the major protective 
surface protein [CS proteins] of the sporozoites of 
P. falciparum. As a result of this achievement, re
ported in the summer of 1984 independently and 
almost simultaneously by IMMAL-supported scien
tists at New York University and by researchers at the 
NIH, the first malaria vaccine should soon be ready 
for initial toxicity, tolerance and efficacy testing ... ". 
However the report recorded one important caveat: 
"the remarkable recent progress made in the identi
fication and production of potentially protective 
antigens contrasts strikingly with the still fragmen
tary understanding of the mechanisms and possible 
indicators of protective immunity in man." In 1995, 
these mechanisms are still not understood. 

The CS protein was inserted into Vaccinia virus 
and expressed; and injected into rabbits, it produced 
serum that reacted with sporozoites. First cloned 
from P. knowlesi, in P. falciparum the 
immunodominant epitope was found to contain a 
sequence of two chains of four amino acids each 
which were thought to be responsible for invasion of 
the liver. 

Most unfortunately, however, trials of the antigen 
in nine human volunteers only induced protection 
in two - and perhaps for the first time TDR had to 
recognize that the development of vaccines against 
parasites was not likely to be easy ... Most attention 
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then turned to asexual blood stage and transmission 
blocking vaccines. But the now tantalizing promise 
of anti-sporozoite and liver stage antigens - on which 
TDR has continued research - remains. These anti
gens may turn out finally to emerge as important 
components of a multistage combination vaccine, 
rather than as vaccines in their own right. 

Asexual Mood stage vaccines 
In parallel with the sporozoite work, TDR had 

also been directing a major effort towards develop
ment of asexual blood stage 
(anti-disease) vaccines. 

This work was 
summed up by a TDR
sponsored task force, 
which in 1993 evaluated 
some twenty candidate 
asexual blood stage can
didate P. falciparum anti
gens, and prepared a 
strategy for their develop
ment, leading to clinical 
testing and field trials. 
Some of the most ad
vanced among them are: 

Antigen (AMA-1), a molecule found in the 
"rhoptry" organelle of the merozoite, are two 
leading recombinant candidate antigens which 
also have been shown to provide monkeys sig
nificant protection from parasite challenge. As
suming satisfactory progress, phase I clinical trials 
of these antigens could begin in 1996. 

• Erythrocyte Binding Antigen (EBA) is a mol
ecule used by merozoites to bind to red blood 
cells, allowing the parasite to penetrate the red 

cell membrane. Antibod
ies to this antigen also 
block red cell invasion by 
P. falciparum. If preclini
cal development proceeds 
according to plan, clini
cal trials with this antigen 
could begin within four 
years. 

The Colombian vaccine 

• Merozoite surface 
protein 1 (MSP-1), 
which is one of 
several identified 
antigenic merozoite 
proteins. A fragment 
of MSP-1 is involved 
in merozoite invasion 
of red blood cells, and 
monoclonal antibod
ies against MSP-1 
block parasite growth 
in vitro. Monkeys im

Malaria vaccine trial, ldete village, Tanzania. A young child 
receives a third and final dose of the SPf66 synthetic 

vaccine,in its first trial in Africa. 

SPf66, a completely 
novel synthetic peptide 
vaccine for P. falciparum 
malaria developed outside 
the TDR Programme by 
Manuel Patarroyo in Bo
gota, Colombia, has been 
extensively tested in low
transmiss ion areas in 
South America and more 
recently in high-transmis
sion areas in Africa and 
South-East Asia, in clini
cal and field trials involv
ing a total of some 30 OOO 
people. Further results are 
awaited, but to date it 

munized with the native molecule or purified 
fragments have been shown to be protected from 
infection with P. falciparum upon blood stage 
challenge. The United States Agency for Inter
national Development (USAID), NIH and 
WRAIR are collaborating in the scale up and 
purification of sufficient amounts of good manu
facturing process ( GMP) quality material to con
duct clinical trials, and plans for phase I and II 
trials are to be completed in 1995. 

• Serine Rich Antigen (SERA), one of several solu
ble antigens released when the merozoites burst 
out of an infected red cell, and Apical Membrane 

appears to be safe, 
immunogenic, and partially protective, capable of 
reducing the number of first malarial fevers after 
vaccination. 

The SPf66 monomer hybrid molecule contains 
45 amino acids, forming three blood-stage epitopes 
linked by two identical sporozoite-derived sections, 
the whole being polymerised into a larger molecule. 
Formulated as a peptide-alum combination and given 
subcutaneously, it was developed on the basis of its 
ability to protect Aotus monkeys from experimental 
infection. 

The most recent results on the vaccine obtained 
in a field study ( co-sponsored by TD R) conducted in __ 63 
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Tanzanian children under five years old showed that 
SPf66 was safe, induced antibodies, and reduced the 
risk of developing clinical malaria by a best estimate 
of 31 % (more precisely, allowing for statistical error 
due to the small scale of the trial, first fevers were 
reduced somewhere in the range 0%-52% with 95% 
confidence). Thus the vaccine is likely to confer 
partial protection in areas of high intensity of P. 
falciparum transmission. TDR is planning a "mile
stone meeting" in September 1995 to collate all the 
available SPf66 clinical and field trial results and 
decide a policy for further development or produc
tion and use of the Colombian vaccine. Two major 
remaining questions that may need to be addressed 
by future trials are: 

• the duration of immunity: five years would be 
desirable to deal with most childhood malaria in 
one administration; 

• the ability of the vaccine to reduce childhood 
mortality, as opposed to the morbidity which is 
the only current known effect of the vaccine. But 
such trials must necessarily be large, will be 
expensive, and with finite funds available, may 
reduce opportunities to test other vaccine candi
dates. 

The SPf66 vaccine itself, however, may prove to 
be cheap - according to Patarroyo the current three
dose regimen would cost around US$1 - and ac
cording to reports in the US journal Science, Patarroyo 
has announced that "we have been showered with 
requests" and that 17 countries have already placed 
orders. 

Assuming a vaccine which were to lead to a 30% 
reduction in general mortality as well as malaria 
morbidity, TDR has estimated that the cost per dis
ability life-year saved would amount to around US$9, 
with a range from US$1 to US$25 according to 
"best case" or "worst case" scenarios on cost and 
duration of immunity. This would be a figure com
petitive with that estimated for insecticide-impreg
nated bednets or chemoprophylaxis of mothers or 
children. 

Transmission-blocking vaccines 

TDR has also supported the development of a 
transmission-blocking vaccine, which would arrest 
the development of the parasite in the mosquito and 
thus reduce or abolish the transmission of the disease 
in an endemic region. The fact that antibody alone 
can mediate functional activity in vitro, in mosquito 
membrane feeding experiments, has facilitated con-
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leading candidate antigen supported by TD R is Pfs25, 
found in the ookinete stage of the parasite in the 
mosquito midgut. Gram amounts of GMP grade 
material have been produced and a vaccine based on 
the Pfs25 antigen formulated with alum should go 
into Phase I and II clinical trials in the United States 
of America and Africa during 1995. 

Drugs other than artemisinin 
TDR's plans for improving the chemotherapy of 

malaria were laid immediately the Programme was 
founded, in November 1975. TDR was to attend to: 

• mechanisms of drug action; 

• improvement of existing drugs; 

• improvement of drug screening; 

• development of new drugs; 

• clinical studies. 

Moreover close links were to be established with 
WRAIR - which had a long history of antimalarial 
research stimulated by the need to protect army 
personnel in tropical areas, and many candidate 
compounds - as well as industry, academia, govern
ment and private research foundations. 

After its first meeting, the steering committee on 
the chemotherapy of malaria (CHEMAL) was opti
mistic. CHEMAL reported that "the prospects of 
success are good, since this area is in an advanced 
state of development." 

By the time ofTDR's first Programme Report in 
1978, priorities were even more dearly defined. There 
were to be clinical trials to compare the bioavailability 
of two formulations of mefloquine, which had been 
developed by WRAIR and was to be produced by the 
Swiss company Hoffmann La Roche in Basel. Work 
was to begin on sustained release systems of highly 
potent drugs such as 8-aminoquinolines and triazines, 
with the aim of developing a formulation that could 
be given in one dose, to improve compliance. 

There were also to be comparative trials of exist
ing drugs and their combinations, and the expansion 
of screening systems for drug leads - particularly at 
WRAIR, where there was a capacity for screening 
500 compounds a year. In the long range, there was 
to be work on promising candidates such as 
menoctones, related napthoquinones, diamino
quinazolines, 8-aminoquinolines and their deriva
tives, together with basic studies of parasite-drug 
interaction, the mechanisms of drug resistance, and 
lead-directed synthesis of compounds. 

TDR continuously increased the input of lead 
compounds for screening, through only 27 corn-



pounds a year in 1988 to well over a hundred a year 
in 1994. In total, since 1988 some 1 100 compounds 
have been screened. This number still seems very 
small compared with what might have been expected 
from a drug company. But TDR has applied a very 
selective strategy, screening compounds which al
ready have been developed, or are patented and in 
the process of being developed for other indications, 
or synthesising compounds precisely aimed at par
ticular targets. 

Recently CHEMAL has been systematizing this 
approach, along with I-CHEM (see Box, Chapter 
10). According to Piero Olliaro, manager of chemo
therapy for malaria at TDR, in 1995 the most effi
cient drug development mechanisms for the 
Programme are: 

• to commission systematic searches of industrial 
databases of compounds in development, look
ing for potentially useful activity; 

• to concentrate on "enlightened" screening ~ in 
other words, screening compounds which are: 

- known to have activities against appropriate 
classes of targets in parasite biochemistry; 

- also of interest to industry; 

• synthesising and screening compounds which: 

- contain known active sites (such as the perox
ide bridge of artemisinin); 

- are precisely designed to hit exact metabolic 
targets (rational drug design). 

Such strategies can enable the screening of quite 
small numbers of compounds, at low cost, to yield 
useful results. "The programme is receiving some 
very active compounds, including peroxide bridge 
compounds similar to artemisinin" Olliaro says. Some 
of these are a thousand times more active in vitro 
than the artemisinins. Their toxicity is now being 
determined. 

Mefloquine 

But the greatest product ofTDR's early work on 
malaria was mefloquine, which had been first devel
oped as a lead antimalarial during World War II, but 
then neglected. It was taken up again in the early 
1970s by WRAIR as a result of the Viet Nam war -
in which malaria caused more hospitalisation of US 
troops than battle. 

The drug was a potent blood schizontocide, rap
idly absorbed and very slowly eliminated. Its great 
promise was that it had a long half-life in the body, 
and so could be formulated to be effective in a single 

oral dose. (However, this proved to be the drug's 
downside: the long half-life inevitably exposed para
sites to low non-lethal concentrations of the drug, 
and led to an extremely rapid natural selection of 
resistant parasites.) 

Wallace Peters, a former chairman of CHEMAL, 
tells the mefloquine story: "TDRhad been following 
closely the WRAIR work on mefloquine - then 
known only by an army number - headed by Gen
eral Tigertt. He had done the early work on toxicity 
studies, and it was clear at the outset that this was 
something CHEMAL should adopt. But the army 
had only tiny quantities and we needed kilograms 
for clinical trials. 

''At one ofTDR's meetings, Arnold Brossi, head 
of drug development at Hoffmann La Roche, said 
'We'll make it for you for free as a contribution to 
TDR'. We were delighted! They made 50 kilograms 
in the laboratory - a very large contribution. 

"TDR also needed clinical centres to carry out 
studies, so it set up, supported and partly staffed a 
number of clinical centres in the tropics - at Ndola 
in Zambia, Belem in Brazil and Bangkok in Thai
land. Initial clinical pharmacokinetic and tolerance 
trials were carried out by Hoffman La Roche, fol
lowed by similar trials in Belem and Ndola; and 
these were followed by TDR's efficacy trials in Brazil, 
Ndola and Bangkok. Pharmacokinetics and toler
ance trials in patients with liver dysfunction or anae
mia were also carried out in 1984 at the Central 
Drug Research Institute, Lucknow, India, in col
laboration with CHEMAL." 

By 1984 trials were sufficiently advanced that 
mefloquine could be registered for use as a 
monosubstance (as "Lariam") in France and Switzer
land, and as a triple combination - mefloquine/ 
sulfadoxine/ pyrimethamine, known as "Fansimef", 
in many other countries. Fansimef was an attempt to 
slow the development of drug resistance, which has 
continued apace, particularly in parts of South-East 
Asia. 

Wallace Peters said "I suggested to CHEMAL 
that we should be looking for drugs to combine with 
mefloquine to combat drug resistance. We needed 
something with a similarly long half-life." A combi
nation of pyrimethamine and sulfadoxine was Roche's 
"Fansidar", developed in the early 1960s. The sulfa 
component also has a long half-life - and hence the 
combination "Fansimef" was constructed. But 
pyrimethamine was already meeting resistance. 

"We found that the Fansimef triple combination 
could enormously slow down the rate at which __ 65 
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parasites could become resistant in animals. It was 
extensively tested and extremely useful. You could 
cure cases of falciparum malaria with a single dose. 
But the sulphonamides created a toxic effect on the 
skin which could be fatal". 

TOR reduced its work on Fansimef forthwith -
but Peters would say erroneously. "I think it should 
be seriously looked at again." Resistance to 
mefloquine was already evident in Thailand by the 
end of the 1980s, and is now a serious problem. "It's 
too late in Thailand, but Fansimef could be looked at 
for other countries. It is not very expensive." 

Quinine 

Quinine is the historic first malaria cure known to 
science, originally discovered by Peruvian indians -
who extracted a substance containing it from the 
bark of the Cinchona tree. 

But as with other old remedies for tropical dis
eases on which there had been no modern clinical 
trials, regimes were largely empirical, and there was 
still important research to be done even in 1975. 

Thus TOR helped to develop the optimal regi
men of the drug for severe malaria, a regimen which 
remains the first-line choice for severe cases almost 
everywhere, except in areas of South-East Asia where 
resistance and treatment failures are increasingly re
ported. In those areas, TDR's recent data indicate an 
advantage of artemether over quinine. 

In uncomplicated cases, quinine is administered 
orally for at least three days and tetracycline for at 
least seven days. There is a failure rate of about a 
third through problems of adherence to the regimen. 

Halofantrine 

Halofantrine is a blood schizontocide, active 
against chloroquine-resistant P. falciparum. It was 
first synthesized in 1970. Pre-clinical trials were 
carried out by WRAIR, and later collaborative stud
ies involved WRAIR, Smith Kline & French (UK) 
and to some extent, CHEMAL. 

Cross-resistance was at first thought to occur be
tween mefloquine and halofantrine, but was later 
seen to be rare. By 1987 halofantrine was thought to 
be a valuable drug for the treatment of mefloquine
resistant falciparum malaria and was expected to be 
available for use in the next five years. 

However, in 1993 severe and in some cases life
threatening adverse events, primarily involving 
cardiotoxicity, were reported. As a result, monitoring 
of cardiac function is now recommended in patients 
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As Piero Olliaro says: "WHO has stepped back 
from halofantrine, but we don't know how common 
the problem is. The paper on cardiotoxicity was 
rather an unpleasant surprise, although we know 
other malaria drugs also show some cardiotoxicity -
even chloroquine. But the main problem is erratic 
absorption. Some people absorb a lot, others only a 
little. It is not an easy drug to use." 

Atovaquone 

Ten years ago TOR reported that "the 
hydroxynaphthoquinones are particularly interest
ing - for their causal prophylactic as well as their 
blood schizontocidal activity". One drug in this class 
was discovered and developed by the pharmaceutical 
company Wellcome - atovaquone. It is an inhibitor 
of electron transport - a novel mode of action for an 
antimalarial - and shows no cross-resistance with 
other antimalarials. 

It can be taken orally and is extraordinarily effec
tive in uncomplicated malaria, but unfortunately the 
rate of relapses has proved to be too high with the 
drug alone: it rapidly produces treatment-induced 
resistance. It must therefore be combined with other 
drugs such as proguanil. TOR is maintaining com
munication with the manufacturer, Wellcome, on 
the progress of continuing trials of such combina
tions, now in Phase III. The company is expected to 
have sufficient data to complete a registration dossier 
by the end of 1995. 

Sulfadoxinelpyrimethamine and chlorproguanill 
dapsone 

Sulfadoxine - one of the components, with py
rimethamine, of Fansidar - attacks the folate meta
bolic pathway in the parasite, but resistance to it can 
develop rapidly, both because the drug has a long 
half-life, and because the parasite can avoid the 
activity of the drug with a single point mutation. As 
a result, Fansidar is no longer effective when used 
alone in South-East Asia, or in parts of South America. 

But the drug is cheap - costing just twice as much 
as chloroquine - and currently used and recom
mended in Africa in areas of high, perennial trans
mission. For example a study supported by the US 
Centres for Disease Control in Malawi reported in 
March 1994 showed that 30% of children were 
symptomatic again after 14 days when treated with 
chloroquine - but none of those treated with Fansidar 
had recurring symptoms, even after 28 days. Given 
the costs of readmission, reinvestigation and 
retreatment in chloroquine-resistant cases, Fansidar 



was considered the most cost-effective option for the 
country. 

Moreover, the folate pathway remains a good 
target for chemotherapy - for although resistance to 
antifolates can develop through point mutations, the 
required mutation is different for different antifolates, 
and an appropriate combination could reduce the 
rate of development of resistance, like MDT in 
leprosy. So TOR has sought a combination of 
antifolates with short half-lives. 

The Programme thus screened a number of short 
half-life anti-folate drugs - and found a combination 
of chlorproguanil (a biguanide) and dapsone (a 
sulfone) to be one of the most effective combinations 
- and one for which both components are registered 
and on the market. This combination could be use
ful primarily for areas of 
moderate, seasonal trans
mission, but by replacing 
Fansidar, it could also re
duce drug pressure in 
more highly endemic re
gions. The combination 
is now being tested in 
clinical trials. Like 
Fansidar itself, it could be 
useful as a chloroquine re
placement. TOR is cur
rently seeking an 
industrial partner for this 
combination. 

Pyronaridine 

4. Malaria 

potential life-span of the drug, which is impossible 
to predict from current data. 

However a preliminary comparative study in West 
Africa of pyronaridine against chloroquine is 
underway, supported by French sources, and TOR is 
eagerly awaiting the results. Phase I and Phase II 
studies are being initiated by TOR. 

Resistance modulators 

The drug verapamil is used in cancer to block 
multidrug resistance (MOR), and it was discovered 
in vitro that the D-enantiomer of the same drug, 
dexverapamil, would block chloroquine resistance in 
P falciparum. However in clinical trials outside TOR 
it has proved to be ineffective in vivo. There is also a 
scientific mystery surrounding the drug's action. In 

cancer, it works against 
drug-ejecting "pumps" in 
the cancer cell membrane, 
which are expressed by 
identified MOR genes. 
Homologous genes exist 
in P falciparum, and ini
tially it was thought that 
chloroquine resistance 
was related to their activ
ity, and that dexverapamil 
blocked it. However this 
hypothesis has been over
turned. Meanwhile, it has 

Pyronaridine is a Chi
nese synthetic drug, a 
Mannich-base synthetic 
compound, structurally 
related to chloroquine and 

Chung Trai commune, Viet Nam. Health workers carry out 
medical examinations and distribute drugs to infected 

patients, including artemisinin derivatives 

~ been discovered that 
~ mefloquine resistance is 
! related to the activity of 
~ the MOR analogues. But 

dexverapamil does not 
block mefloquine resist
ance! to combat malaria. 

amodiaquine, which is a potential cheap substitute 
for chloroquine. It was developed in the early 1970s 
and registered in China, but never registered outside. 
"The Chinese have had ten years of good use from it, 
particularly against the chloroquine-resistant 
malarias" comments David Davidson, a past 
CHEMAL Steering Committee Secretary and now 
TDR's product manager for artemisinin. 

But outside China the information on it is scanty, 
and to determine the optimum dose, to be certain 
about toxicity, its pharmacokinetics and the poten
tial for resistance to the drug in Africa, it needs to be 
retested. For TD R, there is a difficult balance to be 
struck between the costs of testing involved, and the 

For these several rea-
sons, enthusiasm for drug resistance-blocking is wan
ing, but other reversers are still under consideration. 

Artemisinin and its derivatives 
Artemisinin ("qinghaosu" in Chinese) is a potent 

antimalarial substance extracted from the plant Ar
temisia annua ("qinghao"). Several artemisinin de
rivatives, including artemether, artesunate and 
dihydroartemisinin (an oral dosage form) were dis
covered, developed and shown by Chinese scientists 
to be effective for the treatment of severe and com
plicated P falciparum malaria, including cerebral 
malaria. TDR's strategy has been to support the 
further development of regulatory data for artemether, __ 67 
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and a related derivative, arteether, for international 
registration. 

Outside TD R, artelinic acid is being developed by 
WRAIR as a more water-soluble intravenous formu
lation for the treatment of severe and complicated 
malaria. Several additional peroxide bridge contain
ing compounds such as various synthetic trioxanes 
are also under development. The key objective is to 
find a short-course, oral drug. Arteflene (Roche) 
showed promise but proved insufficiently effective as 
one-day monotherapy, and has had to be phased out, 
as the production costs were not supportable by the 
market. The most recent developments are these: 

Artemether injection 

TOR-sponsored clinical trials in Kenya, Malawi, 
Nigeria, The Gambia and Thailand were completed 
in 1994. Artemether cleared parasites more rapidly 
than intravenous quinine, and survival rates were at 
least equivalent to intravenous quinine. Survival was 
significantly higher in Thailand, where parasites are 
becoming quinine resistant. 

Clinical pharmacokinetic studies were also com
pleted in 1994, as well as reproductive and neurotox
icity studies in animals, in addition to studies of 
absorption, tissue distribution, metabolism and ex
cretion. 

On the basis of this work, regulatory documenta
tion will be filed in France in 1995, and is being filed 
in malaria-endemic countries, for use in the treat
ment of severe malaria. An agreement with the com
pany Rhone-Poulenc Rorer Doma was concluded 
for preferential pricing in sales to the developing 
country public market. 

Arteether injection 

In animal models, additional special reproductive 
and neurologic toxicology studies have been com
pleted to support regulatory filing, as well as multidose 
tolerance and pharmacokinetic studies in normal 
volunteers. Phase II clinical studies in non-severe 
falciparum malaria patients were initiated in Thai
land in early 1994, with arrangements made for 
subsequent studies in severe patients to commence 
in 1995. 

Furthermore the capacity for manufacturing 
arteether has been refined at pilot plant scale, and 
agreements have been developed with the Dutch 
company ACF Beheer BV, with the US Army Medi
cal Research and Development Command and with 
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tion for the advanced manufacturing and clinical 
development of arteether, and for registration and 
marketing in the public sector. It is projected that 
registration could take place sometime in 1997. 

Artemisinin: the history 

Artemisinin was first isolated by Chinese scien
tists in 1972 from a traditional Chinese medicine 
derived from the qinghao plant. In 1976 a paper in 
the Chinese Medical Journal reported that the active 
ingredient in artemisinin had been identified. 

The artemisinin molecule itself proved to be a 
sesquiterpene lactone with a bridged peroxide link
age. Uniquely among antimalarials, the peroxide 
group of the molecule appears to be responsible for 
the antimalarial activity, making artemisinin the 
founder of a complete new class of antimalarials, just 
as the basic structure of quinine founded its own line 
of drugs (such as chloroquine, primaquine etc.). 

The first clinical studies of artemisinin initiated 
in China in 1972, and subsequent studies, showed 
excellent activity against falciparum and vivax ma
laria. Artemisinin was seen to elicit shorter parasite 
clearance times than chloroquine and more rapid 
symptomatic response. It was effective against chlo
roquine-resistant infections and produced rapid re
covery in 141 cases of cerebral malaria. It soon 
became obvious that derivatised artemisinin was 
better than the base product, which was insoluble in 
water or in oils and consequently poorly absorbed in 
the body, and Chinese chemists developed oil solu
ble artemether and water soluble artesunate, pre
pared for intramuscular injection or as tablets, 
capsules and suppositories. 

"In 1979", Wallace Peters, a former chairman of 
CHEMAL recalls, "we went to Beijing to meet the 
Chinese at the Government's invitation. We visited 
the labs at the Centre for Traditional Medicine and 
at the Second Military College in Beijing. The Chi
nese were very open. They were making it and grow
ing it and wanted to supply it and sell it. It was just 
at a time, after the Cultural Revolution, when the 
Chinese were wanting more dealings with the rest of 
the world and wanted international recognition." 

China recognized that the conditions under which 
they produced it were not up to international stand
ards, and that the toxicity standards were not de
tailed enough, and requested assistance. CHEMAL 
supported inspection of the production plant by the 
US Food and Drug Administration (FDA) in 1982. 
Training fellowships were offered to the Chinese. 

However, Western scientists found it difficult to 
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IS WESTERN REGISTRATION NECESSARY? 

The answer must be yes, if a drug is to be 
offered to developing countries with the same 
standards of quality and lack of risk that are 
expected in the West. As it happens, while TDR 
has been supporting the lengthy testing and 
registration process, artemisinin derivatives have 
gone into widespread manufacture, distribution 
and use - particularly in Asia - and without major 
incident. But this may have been pure luck. 

TDR's careful testing of the artemisinin de
rivatives did raise a concern, as David Davidson 
explains: "neuronal degeneration has been dem
onstrated for several of the artemisinin drugs in 
rats, dogs and monkeys with repeated dosing. 
The margin of safety between a curative dose 
and damage is no more than about eight-fold. In 
people there has never been a report of a neuro
logical adverse reaction to an artemisinin drug, 
and this is comforting, although it cannot be 
ruled out that there may be some silent damage. 
The question that remains to be answered is 
whether the repeated use of oral drugs will pro
duce a cumulative effect that might have serious 
long-term consequences. This is being studied 
intensively by TDR, and it is not an academic 
exercise. It has important implications for the 
long-term and widespread use of these drugs, 
particularly in their oral dosage forms." 

Nevertheless, hopes remain high because over 
two million malaria cases are estimated to have 
been treated in China and South-East Asia with 
artemisinin or its derivatives, with no reports of 
severe toxicity. While this may reflect lack of 
monitoring, it suggests that immediate and se
vere complications are rare. No information is 
available yet on the safety of long-term or repeti
tive clinical use of artemisinin and its derivatives. 
Neither have there been reports of fetal abnor
malities following the use of artemisinin or its 
derivatives in pregnancy, though the drugs caused 
fetal reabsorption in rodents even at relatively 
low doses (below 10 mg/kg, the treatment dose) 
when given after the sixth day of gestation. 

Much of our current knowledge of the safety 
and efficacy of the artemisinin derivatives is in 
fact based on experience in Thailand, where on 

advice from CTD and WHO's South-East Asia Re
gional Office (SEARO) the Government registered 
artemether conditionally and has relied on thor
ough post-marketing surveillance. This may be 
the way forward with such drugs in the future. 
One Western malariologist in Bangkok has been 
greatly impressed at how fast the Thais have moved 
to bring the benefits of artemether to their peo
ple, and feels TDR should itself move faster. "Things 
have got hung up on the registration of both 
products" he said. "TDR forgot the urgency of the 
need for the drug in South-East Asia." 

Says David Davidson: "Thailand is a brilliant 
example of clear thinking. They made a risk/ ben
efit analysis on somewhat unclear information 
and gave artemether conditional registration on 
the grounds that it would be life-saving. But the 
malaria programme has to monitor the use of 
artemether. They showed great wisdom. It would 
have been very difficult for WHO to endorse that 
decision, but it has paid off. Any African country 
could do the same." 

Viet Nam has also made wide use of the drugs. 
According to one observer: "since 1978, the Viet
namese have started producing artemisinin in 
quantities, using just crude extract. They are mak
ing suppositories and tablets and other forms 
with the most fantastic results. They have halved 
mortality. They have treated hundreds of thou
sands of cases - it may even be into millions. The 
Ministry of Health decided this was something 
fantastic and the Government became very com
mitted. That's the way it is going to be used. It is 
unrealistic for WHO to think it can control it." 

In these circumstances, says one expert, TDR 
should continue to seek registration but at the 
same time should get hospital doctors and pro
gramme managers together and ask them practi
cal questions on their experience with the drugs. 
"What is the best of their knowledge from their 
now very great experience of the use of artemisinin 
derivatives?" he asks. "Points would emerge such 
as that it should not be given to someone with a 
heart condition or in combination with certain 
drugs. We could pull together the rare side-ef
fects: nothing so far gives us cause for concern." 
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get hold of the material to work on. And from the 
Western regulatory point of view there were big gaps 
in the Chinese toxicity and efficacy studies. There 
was no logical flow from the animal studies to the 
clinical studies, and while there had been a number 
of studies on efficacy, all were done differently and 
were hard to compare. But China wanted the drug 

sold and used, and was uncomfortable about TOR 
taking over this development work. TOR commis
sioned Mississippi University to grow the plant and 
extract a kilogramme of the substance for research 
and trials. This proved expensive, as the yield was 
quite low and many acres had to be set aside and 
planted. Not until TOR had grown Artemisia in 

WHY IS AFRICAN MALARIA SO OFTEN UNTREATED? 
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Despite the spread of drug resistance, more 
than half a dozen malaria drugs can still save 
lives throughout most of Africa. Two - chloro
quine and Fansidar - are very cheap. So why do 
so few people get them? 

Awash Tekle Haimanot, of the malaria unit in 
the WHO Division of Control of Tropical Diseases 
(CTD) says: "while drug resistance is on the in
crease in Africa, it is not as big a problem as in 
South-East Asia or Latin America. So far, it is 
limited to chloroquine resistance - and even that 
is patchy. For example, in parts of East Africa up 
to 80% of cases of falciparum malaria do not 
respond; in parts of the Sahel, resistance is still 
negligible." 

"Overall, a best guess might be that only 20-
30% of falciparum malaria in Africa is so resistant 
to chloroquine that it cannot be used." 

Moreover, the chloroquine regime is moder
ately simple, requiring ten tablets over three 
days. It is virtually without side effects. So the 
question becomes, why, when chloroquine is 
cheap and easy to administer, is it not getting 
through? 

"Even if there are plenty of health workers, 
they lack the support they need to do their job. 
In particular, the drugs are often unavailable" 
says Tekle Haimanot. "Most of the health serv
ices run out of chloroquine for five or six months 
of the year" he says. And the health services 
themselves only reach about 30% of the popula
tion in most countries. 

"The reasons for the poor drug supply are 
complex. One is a lack of commitment on the 
government side: they have very poor policy on 
drug distribution. They are not committing 
enough funds for the purchase of drugs, and not 
sending the right drug to the right places. There 
is no reason why people should die for the lack of 

an anti-malarial drug, especially when chloroquine 
works. 

"If you look at the budgets of the ministries of 
health, especially in the difficult last ten years, 
with low commodity prices and big cuts in public 
services, health is one of the areas that has suf
fered the greatest cuts. 

"But there is also an education problem. In 
general terms, if we had drugs available, and if 
mothers would take their children for treatment 
the moment they see they are ill, they could be 
saved. But there is a danger that a mother just 
takes a child to the traditional healer, or to a drug 
vendor. TDR has discovered, for example, that 
cerebral malaria, which is very dangerous and 
leads to convulsions, is often treated as a spiritual 
disease - requiring charms, not medicines. A walk 
to a health centre far away might be the last 
option. 

"Some of the drug vendors have chloroquine, 
and know what the dosage should be and provide 
it. Some don't. In the CTD malaria unit, we are 
working on training drug vendors as a parallel 
method of supply. But if drug vendors underdose, 
they make the resistance problem worse. 

"If we get enough drug properly supplied, then 
we need to look beyond just children. The next 
high risk group is pregnant women. They should 
be targeted for chloroquine prophylaxis, particu
larly in endemic areas, in refugee camps, in travel
ling communities where natural immunity is low. 

"And it's not just a matter of chloroquine. 
Fansidar only costs a bit more than chloroquine, 
and there is very little resistance to Fansidar in 
Africa at all. For the present, artemisinin deriva
tives are not needed in Africa. For severe malaria, 
quinine is as effective as artemisinin there, and is 
much ch~aper." 



Mississippi did the Chinese give the Programme a 
further kilogramme. 

TDR decided in 1981 to begin development of its 
own oil soluble injectable derivative, arteether, for 
severe malaria. At that time, the information on 
orally administered artemisinin compounds was 
scanty, and appeared not to show great promise. But 
for TDR, the key consideration in developing 
arteether was the need to provide developing coun
tries with a registered, injectable artemisinin drug for 
severe malaria at the lowest possible price. 

CHEMAL also began to assist China on the de
velopment of artemether, translating Chinese re
search dossiers, collecting clinical data, and - later -
by supporting detailed toxicology studies and Phase 
III clinical trials in Africa. 

With hindsight some think the decision to de
velop arteether was a mistake. One doctor in South
East Asia, where artemisinin derivatives are already 
widely used, with or without registration, says: "Why 
are they fooling around with arteether since it is not 
being manufactured? I can go out and buy artemether 
within 15 minutes. Arteether doesn't exist." 

Peter Reeve, head of product development in 
TDR, defends the decision: "I must admit that if I 
were in industry, I would look very carefully at 
arteether and decide it did not have a real competi
tive advantage. But TDR needs to register arteether 
because: 

• we can keep the price down - arteether is likely 
to be the cheapest derivative on the market; 

• for at least this derivative, we will have a com
plete and watertight regulatory history; 

• WRAIR will have US rights and we need a drug 
that is registrable with the US FDA. 

David Davidson points out that injectable 
artemisinin derivatives cost around US$25 a treat
ment (in 1994). He expects to get arteether regis
tered in the Netherlands, and made available at a 
price no higher than that of injectable quinine. 

Treatment experience with artemisinin derivatives 

The artemisinin drugs clear parasites and fever 
rapidly in both adults and children. In uncompli
cated malaria, data from 23 trials with 1 891 patients 
reviewed in The Lancet by Hien and White in 1993 
showed that artemisinin derivatives shortened fever 
clearance time compared with intravenous quinine 
by a mean of 7. 7 hours or 17% and parasite clearance 
time by 19 .8 hours or 32% without serious toxicity. 
Artesunate was more rapid than other derivatives. 
Daily oral doses for five to seven days have generally 
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cured patients who have acquired some degree of 
immunity: shorter courses of three days were fol
lowed by a recrudescence ratio of 50%. Shorter 
courses worked only when combined with a longer
acting single-dose anti-malarial such as mefloquine: 
in Thailand this regimen produced a 100% cure rate. 

In severe and complicated malaria, artemisinin, 
artemether and artesunate have proved effective. In 
patients who are comatose or vomiting, intramuscu
lar artemether has been effective. But intramuscular 
artemether alone in patients with complicated ma
laria in Myanmar produced a recrudescence ratio of 
19%. Further studies showed that, combined with 
mefloquine, it was better than quinine, and pro
duced no recrudescence. 

Artemisinin resistance: a threat? 

In 1986 Wallace Peters and his colleagues were 
able to produce a Plasmodium strain resistant to 
artemisinin in rodents, and WRAIR has demon
strated P. folciparum resistance to artemisinin in in 
vitro culture. As yet, there is no good evidence of 
clinical resistance to the artemisinins. But the risk of 
losing this latest series of drugs is too great to ignore. 
Peters feels that "We must use drug combinations -
not drugs on their own. I've been beating this drum 
for a long time." With the support ofTDR, Peters is 
looking for safe and effective drug combinations. 
"We have identified a number of possible combina
tions, one of them with mefloquine." Such combi
nations are in fact already in use in South-East Asia 
to reduce treatment times and the occurrence of 
recrudescence. 

Facing such concerns, an informal consultation 
on the use of the drugs convened by WHO in 
Geneva in September 1993 concluded that 
artemisinin and its derivatives should: 

• be prescribed only in areas with multidrug-re
sistant folciparum malaria; 

• not yet be marketed in countries without multi
drug resistance, for example in Africa; 

• undergo quality assurance prior to distribution 
and use; 

• not be available over the counter (prescription 
only); 

• be administered in combination with another 
effective antimalarial, preferably mefloquine; 

• never be prescribed for chemoprophylaxis; 
• not be promoted in a way that causes consumer 

misuse; 
• undergo post-marketing surveillance to maxim-

ise efficacy, safety and quality. __ 71 
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Field research 
The history ofTDR's work in malaria has been a 

history of continual and necessary adjustments of 
strategy - as progress, and the lack of it, has taught 
lessons about what can and cannot be done against 
this extraordinarily resilient disease. This is as true of 
field research as of strategic science or product devel
opment. 

Field research in malaria, which was run by the 
FIELDMAL Steering Committee, initially focused 
on technological improvements in vector control -
such as better methods for carrying out residual 
insecticide spraying, and improvements in techniques 
of in vitro monitoring of antimalarial drug sensitiv
ity. Research on these techniques was directed at 
reduction or elimination of malaria infection (preva
lence of parasitemia) in the community. 

But over time, FIELDMAL:s emphasis shifted 
from malaria infection to the epidemiology of ma
laria as a disease. Along with this shift came the tools 
for the job: monoclonal antibodies, DNA probes for 
parasites and vectors and other new technologies 
were just emerging from the laboratories. 

FIELDMAL evaluated these technologies in the 
field as potential methods to increase the precision 
and speed of diagnosis of malaria in individual cases. 
It turned out that apart from potential application in 
large-scale epidemiological research, most of the new 
techniques were disappointing, and held little prom
ise for routine diagnosis at any level of health facility 
in the developing world. 

The characterization of mosquito vectors, and the 
identification of the roles of different vector species, 
using field-based cytogenetic techniques was an
other initially promising area. The concept: that 
vector control might be made cheaper and more 
effective if it could be selectively targeted to the 
primary or most effective vectors. But although con
siderable species variation was demonstrated for many 
of the important Anopheline vectors, and although 
the research was of high scientific value, the results 
have not yet proved translatable into feasible vector 
control strategies. 

With greater pragmatism on the part of field
based scientists and TOR, greater emphasis then 
began to be placed on community-based interven
tions - ranging from malaria chemoprophylaxis and 
chemotherapy to the potential role of insecticide
impregnated bednets. And by the early 1990s, the 
latter began to show an impact not only in reducing 
malaria morbidity, but also in reducing mortality 

72 ___ from all causes in children under five years of age. 

Insecticide-treated bednets and curtains 

The interest began with a TOR-supported study 
in The Gambia on the use of insecticide-treated 
bednets to protect 1-4-year-old children. This showed 
an extraordinary 63% reduction in childhood mor
tality, and in response the Gambian government 
initiated a country-wide programme of net-impreg
nation in villages with primary health care clinics. 
Initial results from this national bednet programme 
were only slightly less dramatic, with a 20-40% 
reduction in child mortality in 1-4-year-olds. 

This study is in fact one of four large-scale im
pregnated bednet or curtain studies initiated by TD R, 
with support from other international donors and 
national sources, in sub-Saharan Africa. Apart from 
The Gambia, studies are nearing completion in 
Ghana, Burkina Faso and Kenya, with from 50 OOO 
to over 100 OOO participants per project. These 
studies will determine whether insecticide-impreg
nated bednets and/ or curtains reduce childhood 
mortality in different epidemiological settings. If a 
significant, multi-setting reduction in childhood 
mortality is revealed, TOR will initiate operational 
research on the cost-effectiveness and social and 
economic factors affecting the feasibility of the rou
tine utilization of impregnated bednets, their 
sustainability, and the development of methods for 
evaluation of their long-term impact on malaria 
control in Africa. 

In certain epidemiological settings in Asia ( China, 
India and Myanmar), studies are also being sup
ported by TOR in conjunction with the National 
Ministries of Health of the countries involved and 
WHO/CTD to determine whether or not insecti
cide-impregnated bednets can replace residual spray
mg. 

The sick child initiative 

Malaria, diarrhoea, acute respiratory infections, 
measles and malnutrition are the leading cause of 
morbidity in children under five years of age, and 
account for approximately 75% of deaths in this age
group in most developing countries. Yet these differ
ent infections often present with similar or 
overlapping signs and symptoms. In practice, a 
mother and a health worker are not faced with a 
definite disease, but just with a very sick child - and 
determining the appropriate action, even if all facili
ties are available, requires more than, say "a proce
dure for malaria", or a "procedure for acute respiratory 
infections" and so on. It was in an attempt to solve 
such problems that the "WHO/UNICEF Initiative 
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Highlights of malaria research 1993-94 

Applied field research 
• Insecticide-treated bednets reduced childhood 

deaths by 25-38% in a large-scale trial implemented 
in the context of The Gambia's National Impreg
nated Bednet Programme. Reductions in high 
density parasitemia and an increase in packed cell 
volume were also observed in four out of five study 
areas. 

• With assistance from other donor agencies, TDR 
initiated three additional large-scale impregnated 
bednet/curtain studies in Ghana, Burkina Faso 
and Kenya, each covering populations of 50 OOO -
100 OOO. These studies will determine whether 
insecticide-impregnated bednets or curtains can 
achieve similar results to those obtained in The 
Gambia in different epidemiological settings. If a 
significant reduction in childhood mortality 
and/ or severe malaria morbidity is observed, TDR 
will initiate operational research on the 
sustainability, implementation and promotion of 
impregnated bednets. 

• TDR has participated in the larger WHO/UNICEF 
Initiative for Integrated Management of the Sick 
Child through the development of sections on the 
diagnosis, treatment, and follow-up of malaria 
and anaemia. These sections are intended for the 
integrated outpatient management of the sick 
child at the first-level health facility. Wall charts, 
also available in booklet form, and a wide range of 
training materials have been developed and field
tested in Africa. A pilot training course for health 
workers will be completed in March 1995, and the 
materials are expected to be available to countries 
by mid-year. 

• Studies were begun in South-East Asia, an area of 
the highest drug resistance in the world, to improve 
compliance with multi-dose antimalarials, including 
the artemisinin derivatives. Poor compliance makes 
an important contribution to the development of 
drug resistance. Initial interventions show that 
improved packaging plays a crucial role in ensuring 
proper self-dosing with lengthy regimens. 
Intervention research has also begun to study 
whether improving the quality of private and public 

sector care, advice and packaging when prescribing 
and giving antimalarials can reduce malaria 
morbidity and improve case management and 
compliance with these drugs. 

• A rapid assessment methodology has been 
developed for examining the extent to which life
threatening signs and symptoms of illness in children 
is recognised and managed in the home. Completed 
research shows that children's symptoms are either 
unrecognised or poorly managed, leading to 
increased morbidity and a higher acute case-load in 
hospitals. 

• Several studies have begun analysing the micro
climates created by different arrangements of tree 
crop plantations - which can affect malaria 
transmission. Such plantations are often funded by 
major development agencies for otherwise 
compelling environmental or agricultural purposes 
-such as watershed protection for irrigation systems. 
The data from these studies will help reduce the 
potential of such projects to increase malaria. 

• Three research projects on women's perceptions of 
malaria and their health-seeking behaviour were 
completed in Nigeria, Sierra Leone and Kenya. These 
will form the basis of a Healthy Women Counselling 
Guide, a WHO activity involving 10 programmes 
and coordinated by TDR. The guide is intended for 
the use of rural women themselves. The information 
on malaria will focus on the risks of malaria during 
pregnancy, appropriate treatment, and how to 
improve on existing self-treatment practices. 

Product development 
Drugs other than artemisinin 
• Clinical trials began of short half-life antifolate drug 

combinations (such as chlorproguanil/dapsone), 
designed for use in areas of moderate, seasonal 
transmission, versus currently used long half-life 
combinations (such as sulfadoxine/pyrametha
mine). The goal would be to reduce pressure on the 
parasites for selection of drug resistance, and to 
improve drug tolerability. 

• An atovaquone/proguanil combination was entered 
into phase Ill clinical trials by the manufacturer, 
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Wellcome. As an inhibitor of electron transport, 

atovaquone has a novel mode of action and shows 

no cross resistance with other antimalarials. 

However, the propensity for the emergence of 

resistant parasites has required the association with 

proguanil. 

• Plans were laid for dose-finding phase I and 

comparative effectiveness phase II trials of the 

Chinese antimalarial compound, pyronaridine - a 

Mannich - base related to amodiaquine and 

chloroquine. The Programme also arranged to 

share data with the ongoing phase II trials of the 

drug in Cameroon, supported by the French 

development agencies ORSTOM and OCEAC. 

• The main novel drug targets under study during 

the biennium were: 

- proteases and haemoglobin metabolism. 

- nucleic acid metabolism. 

- lipid metabolism and membrane transport. 

Artemether injection: 
• Regulatory documentation was filed in France and 

19 malaria-endemic countries for use of artemether 

in the treatment of severe malaria, and an 

agreement with Rhone-Poulenc Rorer Doma was 

concluded for preferential pricing in sales to the 

developing country public market. 

• Clinical trials of artemether in Kenya, Malawi, 

Nigeria, The Gambia and Thailand were completed 

in 1994. In all centres, the clinical responses were 

significantly more rapid than intravenous quinine 

and the survival rates were at least equivalent to 

intravenous quinine. In Thailand, where parasites 

are becoming quinine resistant, the survival rate 

was significantly higher. 

• Clinical studies of the pharmacokinetics of 

artemether were completed in 1994, as well as 

reproductive and neurotoxicity studies in animals, 

and studies of absorption, tissue distribution, 

metabolism and excretion. 

Arteether injection: 
• In animal models, additional special toxicology 

has been completed to support regulatory filing, 

as well as multidose tolerance and pharmacokinetic 

studies in normal volunteers. 

• Phase II clinical studies in non-severe falciparum 

malaria patients were initiated in Thailand in early 

1994, with arrangements made for subsequent 

studies in severe patients. 

• Agreements were developed with ACF Beheer BV, 

with the US Army Medical Research and 

Development Command and with the Netherlands 

Ministry of Development Cooperation for the 

advanced manufacturing and clinical development 

of arteether, and for registration and marketing in 

the public sector. It is projected that registration 

could take place in 1997. 

Vaccines 
• Recently it has become evident that the same 

candidate antigen can be shared by several of the 

parasite stages, and thus the concept of a multi

stage vaccine is becoming more and more attractive. 

• A TDR Task Force evaluated the promise and stage 

of development of some 20 existing asexual blood 

stage candidate antigens and prepared a strategy 

for their development leading to clinical testing and 

field trials. Amongst these are merozoite surface 

protein 1 (MSP-1), Serine Rich Antigen (SERA), 

Apical Membrane Antigen (AMA-1 ), and Erythrocyte 

Binding Antigen (EBA). 

• A field study conducted in Tanzanian children 

showed that the SPf66 Colombian vaccine was 

safe, induced antibodies, and reduced the risk of 

developing clinical malaria by around 30%. This 

study, which was co-sponsored by TDR, confirmed 

the potential of the vaccine to confer partial 

protection in areas of high as well as low intensity of 

transmission. TDR is planning a "milestone meeting" 

in September 1995 to collate available SPf66 
clinical and field trial results and decide a policy for 

further development or production and use of the 

Colombian vaccine. 

• Pfs25 is a leading candidate antigen for a 

transmission blocking vaccine. It is found in the 

ookinete stage of the parasite in the mosquito 

midgut. Gramme amounts of GMP"grade material 
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have been produced and a vaccine based on the 
Pfs25 antigen formulated with alum should go 
into phase I and II clinical trials in the USA and 
Africa during 1995. 

Strategic research 
• Understanding of severe malaria and the 

development of immunity increased: 

- severe symptoms were correlated with the release 
of toxins (glycolipid anchors}, which stimulated 
macrophages to release lymphokines such as 
tumour necrosis factor (TNF). 

- evidence grew that immunity involved antibodies 
to these toxins. 

• Systems were developed in the USA and The 
Netherlands to transfect (genetically engineer) 
Plasmodia. 

• Towards the creation of a genetic mechanism to 
stop the mosquito A. gambiae transmitting malaria 
in Africa: 

- significant progress was made with research on 
dominant and semidominant markers for the 
identification of transgenic mosquitos. Several 
genes responsible for rough, red, mosaic and 
white eye phenotypes were obtained and cloned, 
as well as insecticide resistance genes. 

for Integrated Management of the Sick Child" was 
launched in 1992 under the leadership ofWHO's 
Division of Diarrhoeal and Acute Respiratory 
Disease Control (CDR). 

As part of this multi-programme, multi-organiza
tion initiative, TDR has formed a Task Force focus
ing on the malaria component of management of the 
sick child, and has co-sponsored a number of prior
ity-setting meetings. Field research projects on the 
clinical diagnosis of malaria and anaemia have also 
been funded, and a first version of a "chart" to be 
used to train and assist health workers manage the 
diagnosis and treatment of a sick child has been 
developed and field tested in Tanzania. Following 
incorporation of modifications to the chart, adapta
tion guide, and training materials suggested during 
the field test, the approach will receive more exten
sive evaluation in "early use" countries to be selected 

- in the search for transformation vectors, promising 
results were obtained with transpos-able elements, 
and work has begun on obligatory insect bacterial 
symbionts and insect viruses. 

- blood meal inducible, gut-specific promoters 
derived from A. gambiae trypsin genes promoted 
expression in Drosophila gut cells, as well as in 
transfected excised mosquito gut cells and in 
mosquito cultured cells. There is every possibility 
of linking this promoter to antimalarial genes in 
the nearfuture to assess the effect on transmission. 

- excellent genetic and molecular mapping methods 
have been developed. High resolution mapping is 
approaching the identification of loci which confer 
resistance to P. falciparum. 

• The possibility of using intramuscular, naked DNA 
vaccines increased as a result of the successful 
vaccination of mice with a gene for a malaria liver
stage antigen. The vaccine reduced the number of 
liver cells infected by parasites by 86%. 

• Significant progress was made in the understanding 
of the mode of action of Bacillus thuringiensis and B. 
sphaericus toxins and how to introduce them into 
organisms such as cyanobacteria which will be tested 
for their potential use in anopheline control. 

in Africa, and will be made available to countries 
who wish to experiment with the approach. 

In addition, the Task Force will address priority 
operational research issues to improve home man
agement of malaria in Africa, with the ultimate 
objective of finding means of helping mothers de
cide in time when their child needs to be taken to a 
health facility, or when the child can be safely treated 
at home. 

Improving the use of antimalarials 

"Drug pressure" on the malaria parasite caused by 
underdosing, poor drug quality and reinfection in 
the presence oflong half-life drugs, can select rapidly 
for drug resistant parasites, and significantly com
promise the longevity of antimalarials. Underdosing 
can easily occur when patients are asked to treat 
themselves with multiple doses of a drug over several __ 75 
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days - particularly when the first day's treatment 
makes the patient feel better, as is often the case with 
the latest antimalarials, the artemisinin derivatives. 

TOR thus established a Task Force on 
Antimalarials to identify and test solutions for im
proving the case management and use of antimalarials 
in South-East Asia (where the world's highest levels 
of drug resistance to antimalarials are found) and to 
extend these approaches elsewhere. The Task Force is 
supporting operational research on the importance 
of packaging, appropriate formulations (such as pae
diatric doses and suppositories), improved diagnosis 
and emphasis on full compliance at the place of 
consultation. The research is being undertaken with 
the full support and encouragement of malaria con
trol programmes in the region, which recognize the 
critical importance of home management in reduc
ing the burden and mortality in peripheral areas -
where it is often difficult to provide effective, acces
sible, efficient services. 

Malaria and environmental change 
In malaria, an increase in disease risk can come 

about as an unintended result of economic activities 
or policies - the most publicised example being the 
opening up of the Amazon to resettlement, cattle 
ranching and mining. Thus the best efforts of 

research and disease control can be completely 
negated by the adverse consequences of economic 
activities. 

TDR's new Environment Task Force focuses on 
these aspects of malaria. It funds research identifying 
where and why increases in risk have been systemati
cally increased through agricultural and agroforestry 
activities, and identifying solutions which reduce or 
mitigate the anticipated magnitude of disease. Some 
of these solutions lie in understanding whether tree 
spacing, species composition, tree maturity, soil com
position and so on may explain why some tree plan
tations in South-East Asia are associated with high 
malaria risk and others are not. Such an understand
ing would allow some solutions to come from agri
culture (modifications of tree spacing, for example), 
while other solutions might involve prediction of 
transmission risk and taking preventive control ac
tions (for example, knowing that the most conducive 
Anopheles dirus habitats are produced after, say, 13 
years of rubber tree growth, might help prevent 
further epidemics of malaria in Vietnamese rubber 
plantations). 

Still other potential solutions lie in improving the 
methodologies used by major development agencies 
in appraising the health benefits and costs of devel
opment projects and acting upon the results. 



5. 
Schistosomiasis 

The vicious circle of schistosomiasis moves through poor sanitation, 
infested water, and water snails. 

S chistosomiasis (also known as "bilharzia'') re 
sults from a heavy infection with schistosome 
trematode worms, and in particular from the 

eggs laid in the human body by the female. The 
disease affects 7 4 countries, in which - according to 
1984 estimates - some 200 million people are in
fected. Of these, some 20 million suffer clinical 
morbidity or disability. The disease kills few people, 
but its sapping chronic effects, very high prevalence, 
and association with agricultural and economic wa
ter development projects, make it a problem of great 
public health importance. Some 90% of all schisto
somiasis is found in Africa, but it is also of major 
socioeconomic importance in Brazil, China and 
Egypt. In highly endemic regions, three out of four 
of children may be infected, and in terms of the 
consequent disability-adjusted life-years (DALYs) lost, 
among TDR diseases it comes second to malaria. 

There are at least 19 varieties of schistosome, of 
which five seriously affect people (see Box Nineteen 
varieties ofschistosome). They are transmitted through 
one of several species of water-associated snail which 
can host the sporocyst intermediate stage of the 

parasite. This multiplies asexually, and develops into 
free-swimming cercariae, which are released into the 
water and can penetrate human skin. An infected 
snail typically produces 1 500 schistosome cercariae 
each day. The transfer from snail to human requires 
humans to discharge mature eggs in their urine or 
faeces into water; and to complete the cycle people 
must play in or use snail-infested waters, when the 
cercariae break out from the snail ready to infect a 
human host. Each return to such water represents a 
new chance of infection, so even when people receive 
treatment for a current infection, reinfection rates 
can be high. 

Once in the human body, female worms produce 
eggs continuously and can live for up to 35 years, 
though they usually last no more than three to five 
years. Depending on the species and other factors, 
each female worm produces between 40 and 3 500 
eggs a day. Around half of them are expelled through 
urine or in faeces. However, others get trapped around 
the bladder or in the liver, where they are attacked 
and destroyed by the body's immune system. But 
this attack comes at the price of a granuloma-which ___ 77 
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destroys neighbouring host cells. In heavy infections, 
over long periods of time, these granulomas may 
produce extensive fibrosis of the liver and obstruc
tive kidney damage. Hepatic enlargement, portal 
hypertension, kidney failure, blood in the urine (hae
maturia), anaemia, and cancer of the bladder are all 
associated with schistosomiasis. 

But the symptoms which clinicians sometimes see 
in those with heavy egg excretion tell nothing about 
whether these symptoms are a rare or frequent re
sponse to such levels of infection. How many people 
with heavy worm loads or egg counts are asympto
matic, how the long-term presence of schistosomes 
affects morbidity or mortality from other diseases -
none of these questions can yet be answered. There 
are clearly geographic variations: for example, care
ful studies in East Africa have shown that schistosomal 
liver disease often results in decompensated portal 
hypertension or other forms of functional morbid
ity; other, equally careful studies in West Africa find 
that schistosomiasis rarely, if ever, has such danger
ous outcomes. Most studies have concluded that 
schistosomiasis reduces work capacity, but the mac
roeconomic effects are unknown. In developing coun
tries - where resources for health care are minimal -
such ignorance makes it difficult to decide what 
priority should be given to treating the disease. 

Problems and solutions 

Problems in 1975 
"There is no doubt that on a global scale, both the 

prevalence and incidence of schistosomiasis are in
creasing" TDR's opening documentation reported 
(Position Papers on Research in Major Tropical Dis
eases, TD R, 197 6). There were three principal causes 
of this increase: the expansion of irrigated agricul
ture - and with it new ditches, canals and habitats for 
water snails; the creation of man-made lakes for 
hydroelectric power; and the lack of sanitation and 
clean water supplies for a growing population. 

The application of existing control tools "has 
been difficult - and the results - with certain out
standing examples such as China, Israel, Japan and 
Venezuela - have been disappointing." Improved 
tools were required, such as: 

• new drugs of higher activity and lower toxicity 
than those available; 

• specific molluscicides, to kill the snail hosts but 
to leave other creatures - such as fish - and 

78 __ plants alive; 

• better diagnostics, to complement cumbersome 
parasitological techniques; 

• improved designs of toilet and water pumps for 
tropical rural areas. 

Solutions in 1995 
The key development since 1975 has been the 

discovery of a powerful new drug, praziquantel, which 
kills all known Schistosoma with few side effects. On 
the basis of this, WHO developed a "Global Strategy 
for Morbidity Control in Schistosomiasis", endorsed 
by Expert Committees in 1985 and again in 1991, 
which divided the globe into ten areas with appro
priate plans of action for each. A central plank in all 
areas is delivery of praziquantel (around US$0.36 
per treatment), metrifonate (S. haematobium only; 
about US$0.10 per treatment), or oxamniquine 
(S. mansoni only; about US$1). 

But even before praziquantel, Japan eradicated 
the disease in 1978, through concerted efforts in 
environmental control and treatment with other 
drugs, sustained by high government priority and 
intersector collaboration. China also eradicated the 
disease from four provinces, relieving more than 100 
million people of risk of the disease. More recently, 
extraordinary success has also been achieved in Indo
nesia, where prevalence has dropped from 33% to 
2% over a ten year period, and in the Philippines, 
where prevalence has declined from 10.4% in 1981 
to 6.6% in 1991. 

From a 1984 baseline, application of the Global 
Strategy was expected by 1995 to have resulted glo
bally in a 40% decline in the prevalence of the disease 
to 120 million, and a then further 50% decline 
during the next five years, so that the disease would 
affect only 60 million people by 2001. By that date, 
the disease should be eliminated from the Carib
bean, Indonesia, Morocco, Tunisia and Algeria, ac
cording to the 1994 Progress Report of WHO's 
Division of Control of Tropical Diseases (CTD). 
Advances in the use of diagnostic ultrasound should 
also contribute to improvements in understanding 
of the extent of morbidity caused by schistosomiasis, 
and hence to public commitment to its control. 

Remaining problems 
According to CTD "it has to be stressed that the 

resources required to implement the Global Strategy 
are considerable". Thus inevitably Africa represents 
the greatest remaining challenge, largely as a result of 
simple poverty. Within the continent, the Southern 
African region is most advanced in its efforts, with 



consistent inclusion of schistosomiasis in health edu
cation in schools and local mothers' organizations, 
and good progress in improved water supplies and 
sanitation. In coastal West Africa, control is linked to 
water resource development. In sahelian countries, 
Mali has led the way with a national control pro
gramme integrated into primary health care, and 
Niger has begun an operational research project. In 
East Africa, no more than pilot control programmes 
have been undertaken. And in Central Africa the 
disease is ranked low among other health priorities 
says CTD's 1994 Progress Report. 

TDR's contributions 1975-1995 

Initial goals 
One of TDR's principal goals was a vaccine for 

schistosomiasis. According to its opening brief the 
Programme was to pursue "the long-term goal of 
producing an effective vaccine ... the addition of a 
vaccine conferring long-lasting immunity to infec
tion would undoubtedly be the highest single tech
nological advance of all in schistosomiasis, and one 
which would confer to untold millions a freedom 
from this chronic parasitic disease" (Position Papers 
on Research in Major Tropical Diseases, TDR, 1976). 
The scientific motivation was the observation that 
schistosomiasis reinfection rates decline with age, 
suggesting either lessened exposure to the disease, or 
the development of immunity. However it was rec
ognized that if immunity exists, it is weak compared 
with the immunity that can be developed to bacteria 
or v1ruses. 

TDR was also encouraged to pursue drug devel
opment. It was recommended that the Programme 
should pursue basic biochemistry and rational drug 
design, establish screening centres, and help to "en
large current industrial screening operations to en
sure a continuous flow of compounds for ten years". 
But this was not TD R's problem alone. It was felt 
that drug company interest was declining, and that 
consequentlyTDR had a role. An earlier conference 
supported by the Institut de la vie and WHO on the 
development of drugs for parasitic diseases, whose 
proceedings had been published in 1975, remarked 
that underutilization of existing drugs had been an 
important deterrent to further investment by the 
drug industry. It was felt that the further involve
ment of industry would be influenced by evidence of 
intent to utilize drugs more fully, through the expan
sion of disease control. "The conference considers 
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that the WHO is in a unique position to find solu
tions to these complicated problems" (Institut de la 
Vie, 1975, Development of chemotherapeutic agents 
for parasitic diseases, Marois, M., ed., North-Holland 
Publishing Company, Amsterdam). 

Other goals were to reactivate a broad screening 
programme for molluscicides; and to develop a "lu
cid" epidemiological evaluation of the public health 
importance of the disease, for which simplified diag
nostics and better means of measuring morbidity 
would be required. 

Progress 
As with other parasitic diseases, the hoped-for 

vaccine has not yet materialized. But an excellent 
drug - praziquantel - was developed by the pharma
ceutical companies Bayer and E. Merck, in combina
tion with WHO's Andrew Davis, Chief of the Unit 
of Schistosomiasis and other Helmintic Infections, 
in the then Division of Malaria and other Parasitic 
Diseases. This work began prior to the foundation of 
TDR. In terms of products and techniques, the 
Programme's main contributions to praziquantel have 
been subsequent to the development of the drug: 
using ultrasound, demonstrating the effect of the 
drug on morbidity in schoolchildren; trialling the 
best mix of drug distribution and mollusciciding; 
the proof that praziquantel could be safely and effec
tively combined with another drug - the broad
spectrum antihelmintic albendazole - so potentially 
increasing the cost-effectiveness and attractiveness to 
affected communities of delivering praziquantel; and 
the demonstration that the degree of endemicity of 
S. haematobium in African villages could be deter
mined extremely cheaply by means of school ques
tionnaires, thus providing governments with a simple 
means of determining where deliveries of the drug 
would be most important. 

TDR has also contributed to basic understanding 
of the disease and progress towards a future vaccine, 
to personal diagnostics, to the standardization of 
ultrasound techniques for determining morbidity, 
and to increased understanding of the public health 
importance of the disease. 

Drugs: curing schistosomiasis and helminth 
infections in one dose 

Good practice used to demand that a week pass 
between the administration of praziquantel and 
albendazole, an anti-helmintic drug which is effec
tive against intestinal worms. But the need for health 
workers to make a return trip to a relatively isolated ___ 79 
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community considerably increased the cost and dif
ficulty of treatment. In many parts of the Third 
World the price of even comparatively expensive 
drugs, like albendazole and praziquantel, amounts to 
just 10% of the total cost of delivering it to patients. 
Some of that cost may be in a local currency, for 
example, the wages of health workers and techni
cians; but transport requires hard currency. 

Ken Warren, the distin
guished American schisto
somiasis expert and former 
director of the Rockefeller 
Foundation's health sci-

against the benefits. Many people with schistosomiasis 
and worm infections have haemoglobin values lower 
than 9-10 grams. They are severely anaemic, often 
feel tired, and are susceptible to infections of many 
types. In many developing countries there just are 
not the funds to keep health teams out in the field, 
and so you have to weigh the theoretical teratogenic 
risk of accidentally treating a pregnant patient against 

the known benefits of giv
ing these two drugs dur
ing a single visit. The 
alternative is acquiescing 
in the non-treatment of 

ences division, made the schistosomiasis or intes-
initial suggestion that re- tinal worms." 
search be undertaken into 
the feasibility of combin- Diagnosing the 
ing praziquantel and community 
albendazole in one treat- In the early 1980s, 
ment. In 1990 TDR corn- TDR funded research 
missioned a thorough which showed that a sim-
literature survey to see ple questionnaire pro-
whether it was likely that vided a cheap way to show 
the two drugs would inter- whether a person was se-
act dangerously, or so as to verely affected by urinary 
reduce the efficacy of ei- ~ schistosomiasis. The an-
ther. The results were suffi- ~ swer to the single ques-
ciently promising to justify ~ tion, "have you ever had 
a phase II multi-country . . . . ~ blood in your urine" was . . . . Tanzanian schoolchildren took part m a pro1ect to evaluate the 
tnal of the combmatron m effectiveness of questionnaires as a means of determining the shown to detect with im-
China, the Philippines, prevalence of schistosomiasis. Health workers gave pressive accuracy (94% in 
Kenya and Sudan praziquantel tablets to those children found to be infected Zambia, 68% in Ghana) 

h 
.al · to cure their infection. 

T ese tn s were corn- infection of those with 
pleted in 1994 - and the evidence showed that the 5. haematobium, though specificity was not so good: 
two drugs are no less effective when taken together. between half and three quarters of those without eggs 
The question of safety is slightly more complicated. were also treated on the basis of their answers. 
Albendazole can be teratogenic in sufficiently high Christian Lengeler, a doctoral student at the Swiss 
doses in some animals. This risk is theoretically Tropical Institute in Tanzania, subsequently devel
increased when albendazole interacts with oped this idea into a powerful tool for community 
praziquantel. As a result the trials were confined to diagnosis. He had the idea of asking school teachers 
children between the ages of six and fourteen, and to fill in a questionnaire on how many of their pupils 
specifically excluded pregnant or lactating females. passed blood in their urine. 
As a result of the trials WHO has now changed its Says Lengeler: "Most countries are at stage zero in 
advice and officially recommends that the two drugs terms of implementing a strategy for controlling 
be given together to schoolchildren, though it warns schistosomiasis. The first task must always be to find 
that care must be taken not to treat adolescents who out where the disease is. Hospitals are the first stage 
think they might be pregnant. in identifying regional prevalence, since those who 

However, good advice is not always followed. are seriously ill will always find their way to the 
John Horton, head of tropical therapeutics at Smith hospital. But this questionnaire then enables the 
Kline Beecham - the manufacturer of albendazole - specific focal points to be identified. It proved highly 
concedes that "if you adopt a strong regulatory stand, effective at locating areas where schistosomiasis was 

80 ___ then there is a risk; but you have to weigh that up prevalent." 
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THE DISCOVERY OF PRAZIQUANTEL 

In the late 1960s the German pharmaceutical 
company E. Merck shared a screening arrange
ment with another German company, Bayer, and 
like many other companies in those days rou
tinely screened new compounds against all the 
major tropical diseases. Bayer had worked closely 
with Andrew Davis over the previous decade 
when metrifonate had been evaluated at the 
WHO/Government of Tanzania/British Medical 
Research Council Bilharziasis Chemotherapy Cen
tre in Tanzania, and Davis had been that unit's 
director and clinical pharmacologist. So when 
initial animal tests on praziquantel had been 
successfully completed in 1973, Bayer went to 
Davis, who by then was head of the Unit of 
Parasitic Diseases and Helmintic Infections in the 
Division of Malaria and Parasitic Diseases of the 
WHO, and asked if he would collaborate with 
them in clinical trials. 

Phase I trials took place during 1974-76; Phase 
II trials were completed in 1979, and Phase Ill 
trials lasted until 1982. However, by 1980 it was 
already clear that praziquantel was an excellent 
drug and was in widespread use by the early 
1980s. 

Praziquantel has left no aspect of schisto
somiasis untouched. With no long-term side ef
fects and effective against all human 
schistosomes, praziquantel has become the drug 
of choice. It also revolutionised thinking about 

TOR subsequently funded a US$400 OOO trial to 
see whether the results could be replicated in seven 
other countries: not only were they replicable in six 
of the countries involved, but the research made 
several other significant advances. Says Lengeler: 
"For example, although haematuria is an easily vis
ible sign of urinary schistosomiasis, the answers to 
other questions turned out to be sensitive indicators 
of the prevalence in Zaire of S. mansoni, whose eggs 
are usually discharged in the faeces. Furthermore, it 
was shown that teachers' opinions about the impor
tance of schistosomiasis was significantly correlated 
with levels of infection." 

The community based questionnaire - "a form of 
barefoot epidemiology" says Lengeler - should prove 
to be a cost-effective planning tool for health service 

schistosomiasis control. Previously, drugs had 
been unpleasant and difficult to administer, so it 
was important to try and prevent reinfection by 
killing snails. The discovery of praziquantel made 
it relatively easy to kill schistosomes in man, so 
the emphasis on locating and destroying snails 
was reduced. With the "Global Strategy" in 1983 
WHO thus changed its policy on schistosomiasis 
from stopping transmission to controlling mor
bidity - a switch from prevention to cure. 

Praziquantel's impact on research has also been 
considerable. The discovery of an effective drug 
removed some of the urgency from the problem 
and contributed to the decision by the Rockefeller 
Foundation and the Edna McConnell Clark Foun
dation - previously heavily involved in schisto
somiasis research -to support research into other 
diseases, instead. 

The effectiveness of praziquantel and the in
evitability of reinfection also meant that the de
tection of low levels of infection have become an 
important health issue. Because of the unreliability 
of egg counts at these levels, the discovery of 
praziquantel encouraged research into more sen
sitive diagnostic tests, such as the detection of 
circulating schistosome antigens. Praziquantel 
also strengthened the argument for concentrat
ing research on vaccine development, the only 
clinical strategy that could hope to end reinfec
tion. 

managers, to focus attention in priority areas. TOR 
has estimated that the method can reduce case detec
tion costs from US$2 (using a mobile laboratory to 
count eggs in urine or faeces) to just US$0.07, and 
should pay for itself by economizing on the purchase 
and distribution of praziquantel. In 1993-94, a 
manual was prepared on the technique for the use of 
ministries of health and schistosomiasis control pro
grammes. 

Diagnosing individuals 
Beyond public health planning, however, Lengeler 

argues that diagnosing individuals to determine 
whether they should be treated demands a more 
precise diagnostic test than simply the answer to a 
questionnaire. Kenneth Mott, chief of schistosomia- ___ 81 
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sis control at WHO, takes a more flexible line. He 
suggests that the questionnaire is often sufficient 
even for individual diagnosis, given the safety of 
praziquantel. Having located likely foci of the dis
ease, a field team might treat all children with blood 
in their urine, and all who said they ever had had 
blood in their urine. Diagnosing those who did not 
answer yes to either of these questions would then 
require traditional microscopic egg-counting tests. 

For all these reasons other diagnostic tools are 
needed. Antibody tests are useful among those where 
the disease is not endemic, such as returning expatri
ates. However, the presence of human antibody does 
not distinguish current infection from past infec
tion. In endemic areas, it is therefore useless for 
diagnostic purposes; and researchers have concen
trated on identifying the antigens which the 
schistosomes produce at different stages of its life. 

Thanks to TDR's role in The standard way of 
determining whether an 
individual harbours 
schistosomes is to count 
the eggs discharged in a 
set amount of urine or 
faeces. Since the eggs are 
discharged in a circadian 
rhythm with a peak at 
noon and also tend to 
vary from day to day, 
three stool or urine sam
ples should be taken be
fore a negative diagnosis 
can be made, or before 
worm loads can be calcu
lated. This is especially 

Schoolchildren lining up to have their urine samples tested for 
blood, an indicator of urinary schistosomiasis. 

drawing up the protocols 
for an international trial 
and contributing to the 
funding, tests for schisto
some antigens circulating 
in the blood have now 
begun. These tests have 
proved to be at least as 
accurate in determining 
worm loads as counting 
eggs, and are especially 
valuable at low levels of 
infection. Furthermore, 
because they respond to 
worm loads rather than egg 
counts, there is a no need 

important where low levels of infectivity are sus
pected. Ideally, the recovered eggs should then be 
hatched to demonstrate that the eggs come from a 
fertilised female schistosome. This level of diagnostic 
care often has to be sacrificed when mass diagnosis 
and treatment is being undertaken. 

The easiest form of individual diagnosis is the 
reagent strip, a piece of paper which turns green in 
the presence of blood, and is sensitive to even minute 
amount of blood in urine. TOR-funded research in 
Ghana and Zambia did more than confirm that 
the reagent strip was a reliable proxy indicator for 
S. haematobium infection. The research also indi
cated that the higher the amount of blood that is 
present in the urine, the greater the intensity of 
infection. 

Nonetheless, the reagent strip does have some 
failings. While it is unlikely that other diseases will 
cause children to discharge blood in their urine, the 
same cannot be said for adults. Among them a 
positive reading may necessitate additional tests. A 
further disadvantage is that blood is discharged only 
after the eggs have been shed. Since these tend to be 
discharged irregularly, haematuria is most likely to 
be found at 6 pm. Out in the field collecting urine at 
6 pm may be a difficult condition to meet. 

to take samples over three days before a negative 
diagnosis can be made. The only disadvantage is 
cost: the tests require monoclonal antibodies, so
phisticated equipment and skilled laboratory techni-
ctans. 

Ultrasound 
The fruits of TDR's ability to assemble interna

tional expertise and formulate standards for policy, 
treatment or diagnosis were demonstrated with the 
use of ultrasound for investigations of the morbidity 
caused by schistosomiasis. With this technique a 
device placed on the skin emits pulses of sound, and 
the returning echoes are detected, distinguishing 
whether the tissue absorbs, reflects or scatters the 
pulse. These differences can then be built up into a 
picture of the body's organs. However, considerable 
training is required to interpret the resulting images, 
especially from those with initial or minor signs of 
schistosomiasis - the very patients who are likely to 
have the best chance of recovery. 

Because of the US$20 OOO cost of ultrasound 
equipment, and the need for skilled technicians, its 
use is mainly confined to hospitals and research 
programmes. However, even in these specialist set
tings, those who use the technology need consider-



able understanding of local circumstances. For ex
ample, spotting an enlargement of a liver or spleen 
presupposes that there is a normal size for such 
organs; in fact, their size and appearance are a func
tion of age, sex and the standards of nutrition in a 
particular region. If the size of an organ is relative, so 
is the pathology typically caused by schistosomiasis. 
This varies not just from one species of schistosome 
to another but within the same species from one 
endemic area to another. 

The need to create viable international standards 
was recognised by TOR in 1991, when it assembled 
a committee of experts to make recommendations 
about the investigations that should be performed in 
the five or so minutes that are available under field 
conditions. Over the next few years, wide experience 
with the proposed standards has been gathered, and 
TOR is planning a follow-up meeting in 1996 to 
define final recommended procedures. The subse
quent use of the agreed procedures should help fill in 
the enormous gaps in knowledge about the extent of 
morbidity caused by the disease. 

Vaccines 
In the 1970s immunology promised the earth: 

here was an emerging discipline which offered a 
magic bullet; the gordian knot binding humans to 
schistosome infection would be broken by a one shot 
intervention - vaccination. 

But in the approach to a vaccine, enormous devel
opments are required - in parasitology, animal biol
ogy, epidemiology, immunology and recombinant 
DNA technology. The largest research projects have 
demanded collaborative work involving laboratories 
in many countries and supported by a variety of 
different donors, among them TOR. 

The possibility of an effective vaccine for schisto
somiasis is based on the fact that as people get older, 
egg counts fall. But this need not have indicated an 
immune response: it could be due, for example, to 
thickening of the skin with age - preventing the 
cercariae entering - or less frequent contact with 
water, or to different use of water, including greater 
use of soap. 

However, the theory that reduced egg numbers 
are due to changes in the immunological responses 
of the host was supported when it was observed that 
egg counts in animals with the disease did not in
crease when they were deliberately exposed to fur
ther schistosome attack. And when irradiated 
schistosome cercariae were tested as a vaccine in mice 
and primates, they conferred high levels of immunity. 

5. Schistosomiasis 

In people also, studies of communities that have 
been successfully treated with praziquantel and are 
then exposed to schistosome attack show that chil-
dren below the age of ten quickly recover their 
previous levels of infection; those between 10 and 14 
years old become infected but less intensely; but few 
adults become reinfected. Furthermore when people 
with no previous exposure to the disease come into 
contact with it, whether by immigration or through 
environmental change (such as dam building), adults 
as well as children become infected. Observations in 
Burundi and Senegal, however, where egg counts 
among adults are lower, remain to be explained. 

These reinfection studies also investigated the 
immunological mechanisms at work in the host. 
Current immunological thinking is built on the fact 
that initially the host's immune system responds to 
schistosome eggs, and that this response appears to 
block its ability to target invading worms. Develop
ment of immunity thus depends on the decline of 
one set of immune responses and the development of 
another. 

Two possible explanations have been offered for 
the time it takes for immune responses to change 
from being "blocking" to being "protective": one is 
that the human immune system changes as people 
mature; the other is that infected people slowly 
acquire immunity from repeated exposure. Far from 
being mutually exclusive, both theories could be 
true, though their implications for developing a 
vaccine that accelerates this natural process radically 
differ. 

The discovery that animals and humans develop 
partial immunity to new schistosome infection, while 
leaving established worms unaffected, also focused 
attention on the mechanisms which the schistosome 
deploys during its life cycle in order to make itself 
invisible to the host's immune system. These mecha
nisms include the schistosome acquiring host-de
rived macromolecules on its outer skin (the 
tegumental membrane), as well as the deployment of 
a variety of enzymes that seem to interfere with the 
host's normal immune responses. Interestingly, one 
of the effects of praziquantel is to blister the surface 
skin of the schistosome, thereby penetrating the 
shield that makes it invisible to the host, and render
ing it vulnerable to immune attack and destruction 
by host phagocytes and granulocytes. For this reason 
praziquantel is less effective in immunocompromised 
animals. 

Were a live vaccine, using irradiated cercariae, a 
viable option for humans, understanding the immu- ___ 83 
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nological interactions between host and parasite might 
be an unnecessary luxury. Live irradiated cercariae go 
through much of the schistosome life cycle - they 
develop as far as adult worms but do not lay eggs -
and thereby allow the host to develop a range of 
antibodies which offer more than one level of protec
tion against schistosome attack. Unfortunately, it is 
difficult to mass produce cercariae, their subsequent 
degeneration in the body is unpredictable and po
tentially hazardous, and they have to be stored in 
liquid nitrogen. 

For these reasons work has gone into 
subcomponent vaccines: identifying specific anti
gens on the schistosome that might be genetically 
cloned as vaccine components. However, whereas 
live vaccines have been shown to confer a broad level 
of immunity, a single antigen offers far less for the 
immune system to respond to, though laboratory 
studies indicate that some cloned antigens can offer 
up to 70% protection to laboratory mice. Further
more, no two species of animal offer the same immu
nological response to schistosomes, making the 
prediction of the efficacy of a single antigen vaccine 
that much more uncertain. 

It may be that an eventual vaccine will have to 
combine several antigens - or offer a reduced degree 
of protection. This may not be a problem, since as 
Anthony Butterworth, Professor of Medical Parasi
tology at Cambridge University, points out, the schis
tosome worm does not multiply within the human 
host. "So long as a vaccine reduces worm loads or the 
number of eggs that females produce, morbidity 
would be lessened." He adds "we need not think of 
a vaccine as a replacement to chemotherapy, but as 
an adjunct to it." 

In 1994, TDR began organising a comparison of 
the six most promising antigen candidate vaccines. 
The best of these may then go forward into phase I 
clinical trials. But optimism that a usable vaccine 
may be available by the end of the millennium is not 
universally shared. Indeed, Butterworth believes that 
vaccine production cannot be rushed: "in the last 20 
years vaccination has gone from a pipe dream to a 
realistic prospect for the future. However, it is im
portant not to take a short-term view to vaccine 
development. We actually need to understand more 
about the immunological mechanisms and responses 
involved. I wouldn't want to be involved in a phase 
III trial without such knowledge." 

He is not alone in his caution. Looking back at the 
many occasions when immunologists have thought a 
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Andrew Davis, who was closely involved in the 
development of praziquantel (see Box The discovery 
ofpraziquantel), and has always been a severe critic of 
TDR, argues: "TDR has spent millions of dollars on 
vaccine development. What has it got to show for its 
investment? Scientists have been very good at pro
ducing new molecules; the research has been very 
interesting scientifically; but producing a vaccine 
against a trematode is far more complicated than 
doing so against measles. I'm not a believer. I'm a 
doctor, a practical person dealing with sick people; it 
would have been better ifTDR had spent its money 
on research which would make a more immediate 
difference to people's lives." 

To this charge Andre Capron, Director General of 
the lnstitut Pasteur at Lille, whose 28 kDa antigen 
GST is widely tipped as one of the most promising 
of the six candidate molecules currently undergoing 
trials, responds with exactly the opposite view: "TDR 
never had large sums to spend on immunology and 
vaccine development. Its main purpose should be to 
stimulate scientific investment into neglected dis
eases. TD R has spent far too much money on repeat
ing classical epidemiological studies that do not lead 
to new knowledge or understanding of the disease." 

Perhaps between these two diametrically opposed 
views TD R in fact struck the best balance. Looking 
back over the last 20 years, Robert Bergquist, man
ager of schistosomiasis vaccine research at TD R, 
concedes some but not all of Davis's criticisms. "We 
probably did start too early on vaccine development. 
Davis is right about the early years, but in the last five 
years advances in genetic cloning techniques have 
changed the picture." Bergquist points out that sci
ence does not work in a pre-programmed line. Out 
on the frontiers of knowledge failure is as inevitable 
as success, and is often the condition for it: it is the 
hypothesis that is not proven, the discovery of the 
unexpected that leads to progress. 

Health education 
It is often said that health education is a good 

idea, but that it never works. Much the same was 
once said about human flight, space research, de
mocracy and the rule oflaw. Thus yesterday's impos
sibility becomes tomorrow's commonplace. Ane 
Haaland, responsible for health education at TDR, 
believes the reason why health education tends not 
to work is that it is badly done. 

"What happens" she says "is that health agencies 
believe that telling people about the schistosome life 
cycle will somehow change attitudes and behaviour. 
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Highlights of schistosomiasis research 1993-94 

Applied field research 
• Following a prize-winning paper on gender and 

tropical diseases, a small study showed that most 
women suffering from schistosomiasis in Malawi 
have genital complications from the disease. 

• In the last biennium, it was shown in multicentre 
trials that a school questionnaire to identify 
communities with high levels of urinary 
schistosomiasis could reduce case detection costs 
from US$2 to US$0.07, and help economize on 
the purchase and distribution of praziquantel. In 
1993-94, a manual was prepared on the technique 
for the use of ministries of health and 
schistosomiasis control programmes. 

• A study in North-East Brazil showed that focal 
mollusciciding reduces reinfection rates 
considerably if combined with chemotherapy. 

• A multicentre study of morbidity with ultrasound 
showed that morbidity varies with schistosome 
species and geographical area. 

• TDR continues to support field research in China, 
but most projects are now funded through the 
World Bank. TDR participates in an advisory 
function through ,membership in a Joint Research 
Management Committee. 

Product development 
Vaccines 
• A strategy for the development of a vaccine against 

5. mansoni was established with precisely defined 
targets. The strategy focuses on six priority antigens 
which include two muscle proteins, paramyosin 
and myosin, two enzymes - triose-phosphatase 
isomerase (TPI) and glutathione S-transferase (GST) 
- and two surface molecules, Sm23 and Sml 4. 

• Of these, GST has reached the stage of industrial 
manufacture and safety testing. 

• In Brazil, the fatty acid binding protein Sml 4 
antigen was identified as a strong new 
schistosomiasis vaccine candidate, generating 65% 
protection in mice without adjuvants. The 
corresponding 5. japonicum antigen has also been 
cloned and will be tested. 

• A French vaccine company agreed to scale up two 
products. 

• Sites endemic for 5. mansoni have been selected 
for the study of cell-mediated and humeral immune 
responses to the priority antigens, in close 
collaboration with Ministries of Health. The results, 
to be available in early 1996, will contribute to a 
decision on antigens for scale-up and trials. 

• An Asian 5. japonicum network was established, 
and promising antigens have been cloned, with a 
view to development of a bovine transmission
blocking vaccine as a first step, and ultimately a 
human vaccine. 

• A potential vaccine safety problem due to the 
analogy between certain vaccine antigens and 
human molecules has been overcome by the use of 
multiple antigenic peptides (MAPs) of non-cross 
reacting epitopes. Sm23-MAP and TPI-MAP reached 
50-70% protection in mice. 

Drugs 
• Multicentre trials showed that a combination of 

praziquantel and albendazole was safe and effective 
in treating helminth and schistosome infections. 

• The same trials indicated that praziquantel raised 
haemoglobin levels in children significantly. 

Diagnostics 
• Multicentre trials of antigen detection assays began. 

Strategic research 
• T-cell clones against egg antigens were raised and 

their targets identified with a view to inducing 
anergy. 

• Genetic diversity in schistosomes was analysed 
through distinctions in DNA. 

• Cytokine regulation of the immune response to 
infection, under study in the USA and Brazil, implied 
that IL-12 shifts reactivity towards Th-1 stimulation 
(producing gamma interferon and IL-2) and 
improves resistance. 

• Studies of proteoglycans involved in granuloma 
formation continued to unravel its role in cytokine
regulated cell proliferation. 
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In Cameroon a poster was used to explain the dis
ease, but research later discovered that hardly anyone 
understood what it was saying. The traditional life 
cycle approach to explaining schistosomiasis doesn't 
work." 

Egypt has had a vigorous public health campaign 
about the disease with warnings given on television, 
radio, posters and by sports' stars. The overall preva
lence of schistosomiasis had not significantly changed 
until recently, when an important decline at last 
began. Says Haaland "awareness of the disease is a 
good start, but awareness alone doesn't make that big 
a difference. And if the life cycle message is inter
preted as meaning ,'Don't swim', and it's 40 degrees 
in the shade, children will swim. One has to study 
people's knowledge, their attitudes and practice. For 
example, in Kenya it was discovered that people 
know about schistosomiasis and intestinal worms. 
They believe worms can be prevented - and that 
schistosomiasis cannot. If they have that belief, they 
won't do anything. So if you don't go into the percep
tion of a disease you won't get anywhere." 

Health officials often think that once attitudes are 
known local people can be prepared for the implica-

tions of the schistosome life cycle. Haaland warns 
that it is not that simple: "behavioural change will 
only take place if local people decide it is possible 
from their own perspective. People have to be in
volved in developing their own solutions. It is not 
enough to target children, since research has shown 
that children will always be influenced most by their 
parent's strongly held beliefs." 

Haaland says that instead of adopting a top down 
approach that is doomed to fail, health education 
should learn from projects which have succeeded, 
using a communication approach based on close 
cooperation with people in the community who are 
respected, to whom people turned for knowledge 
and advice. 

These people, she says, are the opinion formers; 
the people who can act as a bridge between tradi
tional and modern ways of understanding disease 
and its prevention. This approach has, she says, been 
successful in encouraging the use of oral rehydration 
therapy in Nigeria and Nepal, and is now a major 
part of the philosophy behind a US$20 OOO research 
project into schistosomiasis and intestinal helminths 
in Kenya. 

NINETEEN VARIETIES OF SCHISTOSOME CAUSE TWO MAIN DISEASES 

Some 19 varieties of Schistosoma have been 
described, but five are the main culprits in caus
ing disease. Schistosoma japonicum and S. mekongi, 
causing Intestinal schlstosomlasls, are found 
in Asia; S. mansoni and S. interca/atum cause intes
tinal schistosomiasis in Africa, the Middle East 
and Latin America; and S. haematobium causes 
urinary schlstosomlasls in Africa and the 
Middle East. 

The schistosome species vary in their choice 
of snail as intermediate host, in fertility, in the 
size of their eggs, and also in the areas of the 
body they like to inhabit. S. mansoni and 
S. japonicum establish themselves in the veins 
supporting the small intestine, which is why the 
eggs tend to be excreted in faeces and why they 
may cause fibrosis of the liver, hepatosplenom
egaly, and splenomegaly. S. haematobium, on the 
other hand, prefers the veins just above the blad
der, its eggs are excreted in urine and may cause 
obstruction of the ureter, leading to kidney dam-

age and cancer of the bladder. 
Another significant difference between the 

species is that S. japonicum lives in animals as well 
as man. Treatment programmes in areas where 
this species is prevalent therefore have to include 
chemotherapy for animals - such as oxen in China. 
The problem is especially difficult where schisto
some infection is endemic among wild animals, 
as it is in areas of the Philippines - a reason why 
vaccination offers the only long term strategy 
against this species. On the other hand, the snails 
which S. japonicum infects need air, and prefer to 
live on wet mud. This is the reason why environ
mental management - redigging canals - was so 
successful in China. In addition it makes 
mollusciciding relatively easy, in contrast to the 
snails preferred by S. mansoni and S. haematobium, 
which do not need air and do not surface. Re
search has traditionally focused on S. mansoni, 
mainly because it is much easier to maintain in 
the laboratory. 
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Lymphatic FiUlriasis and Onchocerciasis 

A woman in Recite, Brazil with elephantiasis receives treatment with soap, 
water and antibiotics. 

Onchocerca volvulus (adult worms), the parasites that lead to river blindness. 

Female Cu/ex quinquefasciatus 
mosquito taking a blood 
meal. The mosquitos transmit 
the parasites which cause 
lymphatic filariasis. 

The blackfly, Simulium 
damnosum, the vector of 
Onchocerca volvulus. 
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Lymphatic filariasis: 
diseases of the lymphatic system 

I nfection with filarial parasites leads to elephan
tiasis - a dramatically disfiguring disease usually 
affecting one or both legs - or hydrocoele, an 

equally grotesque enlargement of the male scrotum. 
Infection can also cause acute fevers, inflammation 
of the lymphatic system, and the bronchial
asthmatic condition known as "tropical pulmonary 
eosinophilia''. 

The most widespread filarial parasite is Wuchere
ria bancrofti, which affects about 106 million people 
in the tropical areas of Africa, India, South-East Asia, 
the Pacific Islands, and South and Central America. 
India has by far the largest number of cases. The 
closely related Brugia malayi and Brugia timori affect 
12.5 million people in South-East Asia. 

The parasites are transmitted by mosquitos. In 
rural areas, particularly in Africa, W. bancrofti is 
transmitted by Anopheles mosquitos - a genus which 
also includes species that transmit malaria. In cities, 
the widespread Culex mosquito species - which can 
breed in latrines, sewage, and ditches - are major 
vectors. In the Pacific region, Aedes, a genus includ
ing species that also transmit yellow fever and den
gue, and which can breed in tiny amounts of clean 
water in the axils of plants, up-turned containers or 
old tyres, transmit the parasite. B. malayi is mostly 
transmitted by Mansonia mosquitos. 

Adult worms or "macrofilariae", male and female, 
settle into the lymphatic system and take 3-15 months 
to mature, and survive in the body for many years. 
Once established and fertilised, the females continue 
to produce large numbers of larvae known as 
"microfilariae", which invade the blood stream. From 
there a mosquito can ingest them with a blood meal, 
and transmit them to another person, in whom they 
metamorphose through a sequence oflarval forms to 
become new adults. 

The vast majority - millions - of microfilariae, 
however, remain in the body as immature forms, and 
die after some six months to two years. These sizable 
creatures - each up to a third of a millimetre long 
(and times some millions that comes to kilometres 
of worm) - moving, secreting, excreting and dying 
as foreign bodies - can do immense damage and 
place an enormous burden on the host. The adults, 
several centimetres long, also cause blockage of lym
phatic ducts; and a combination of these effects 
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Onchocerciasis: 
a dreaded disease of the skin 

and the eyes 
River blindness is the most dreaded but not the 

only sequel of infection with the filarial worm On
chocerca volvulus, which affects some 17 million peo
ple in Africa, and a smaller number in Central and 
South America. The parasite is transmitted by 
Simulium blackflies breeding in highly oxygenated, 
fast-flowing rivers, and like the parasites of lym
phatic filariasis matures into adult male and female 
forms in the human host. However, rather than 
settling into the lymphatic system, 0. volvulusadults 
settle into visible grape-sized to crab-apple-sized 
lumps or nodules under the skin. Then, as in the 
lymphatic filarial disease, for some 10-14 years the 
female produces millions of microfilariae - but in 
onchocerciasis rather than remaining in the blood 
these microfilariae invade the skin and the eye. 

In the skin, they cause unbearable itching and 
destroy skin elasticity, texture and appearance; in the 
eye, they can destroy the retina and make the cornea 
opaque. A key factor in determining clinical out
come is the intensity of transmission and infection. 

Problems & solutions 

Problems in 1975 
The treatments current for lymphatic filariasis 

and onchocerciasis in 1975 were considered unsatis
factory. According to TDR's initial Position Papers 
on Research in Major Tropical Diseases (1976) "there 
are only two drugs that are of any use [ the 
microfilaricide diethylcarbamazine citrate - DEC -
and suramin], both introduced more than 30 years 
ago.... In India and Malaysia, the severity of the 
reactions associated with the death of parasites has 
been sufficient to render DEC unacceptable". In 
onchocerciasis, "DEC excites violent and even dan
gerous hypersensitivity reactions [known as the 
Mazzoni reaction in onchocerciasis] ". 

Suramin, a drug first employed against African 
sleeping sickness, and the only drug then known to 
kill the adult worms of onchocerciasis "is a com
pound toxic in its own right and ... may cause severe, 
dangerous and occasionally fatal reactions ... ". 

"For no form of filariasis, therefore, is there a non
toxic macrofilaricide that can be relied upon to kill 
all the adult worms"; and neither DEC nor suramin 
were considered useful for prophylaxis. 
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Furthermore, where infection cannot be avoided, 
"little or nothing is known of how to prevent the 
development of pathological lesions in those who 
cannot avoid infection". 

In vector control, by 1975 larviciding with DDT 
had cleared the blackfly Simulium neavei from the 
main onchocerciasis foci in Kenya, and the new 
insecticide Abate, directed against Simulium 
damnosum blackflies, was to be the mainstay of the 

delivered annually, has also confirmed that they 

a<e socially acceptable. [ ...,;;~''--J 
• Morbidity control - the halting of the growth or r- ';::-~ 

even the reversal of elephantiasis and lymphedema 
- has been greatly advanced by the observation 
in Recife, Brazil, by Gerusa Dreyer and col-
leagues that intensive local hygiene on an af-
fected limb, with or without the use of antibiotic 
and antifungal creams, can have dramatic effects 

on the disease. TDR is 
currently undertaking 
multicentre studies of the 
approach, but says CTD 
this strategy" is clearly one 
that can be exploited 
worldwide, because no
where are patients lack
ing in the intense desire 
to rid themselves of ostra-

~ cising deformities". 
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Onchocerciasis Control 
Programme in West Af
rica (OCP), which had 
recently been established. 
And house spraying had 
been effective in some 
areas against Culex vec
tors of lymphatic filaria
sis. "But these methods 
all suffer from certain se
rious disadvantages." 
They were becoming in
creasingly costly in terms 
ofinsecticide. And if used 
alone, to break transmis
sion they would have to 
be continued for as long 
as the adult worms sur-

g table or cooking salt has 
J been introduced to India, 

One tablet of ivermectin: enough to kill the mic""ro-fi-la-ria-e'""o"'-f-' 
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which suffers most of the 
lymphatic filariasis and onchocerciasis. world's lymphatic filaria-

vive, which may be several years, "and during this 
time the insects may well develop resistance ... ". 

Solutions in 1995 

Lymphatic filariasis solutions 
Since 1975, four major breakthroughs have oc

curred, so that in 1995 there is a prospect that -
given sufficient political commitment and resources 
- the disease might be well controlled. According to 
the WHO Division of Control of Tropical Diseases, 
CTD, Progress Report 1994 (CTD/MIP/94.4) these 
breakthroughs are: 

• The development of safe, well-tolerated, single
dose, very effective annual microfilaricidal drug 
treatments. Stimulated by the success of 
ivermectin in onchocerciasis, trials have proved 
that a single dose of DEC - rather than the two 
weeks' treatment previously recommended - re
duced circulating microfilariae 90-95% even two 
years after treatment. Similarly, a single dose of 
ivermectin has proved to be equally effective. 
And a combination of single doses of both drugs 
reduced microfilaremia more than 95% two years 
after treatment. Actual use of these regimens, 

sis cases. Where the salt 
supply can be controlled - as in China - the 
addition of very low concentrations of DEC has 
long been recognized as an effective means of 
eliminating lymphatic filariasis infections in com
munities, just as the addition of iodine to salt 
can eliminate goitre and cretinism. As with iodi
zation, the problem has been to extend the tech
nique to free market economies, particularly when 
the addition would increase the price of the salt. 
But during 1994, the first commercially pre
pared DEC-salt was manufactured and distrib
uted for sale in India, at about twice the price of 
ordinary salt. It remains to be seen if the product 
will be a commercial success. 

• The armoury for vector control has been in
creased by the development of Bacillus sphaericus 
sprays, and polystyrene beads to seal latrines, to 
eliminate or reduce populations of urban Culex 
vectors. 

Onchocerciasis solutions 
The control of onchocerciasis has been domi

nated for the last 20 years by the dramatic successes 
of the Onchocerciasis Control Programme in West 
Africa (OCP), which has eliminated the disease as a -- 89 
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public health problem from 11 countries in West 
Africa through extensive and scientific insecticide 
spraying, mostly from helicopters, of the exposed 
vector breeding sites in the region. Maintained for 
the 10-14 years it takes for the adult worms to die in 
their human hosts, this has broken transmission in 
the region, and although when spraying stops the 
vectors return, the disease does not. 

As predicted in 1975 (see above), vector resistance 
to the insecticides in use arose rapidly, but TOR 
came to the rescue with a biological insecticide, 
Bacillus thuringiensis H-14, and, more recently, with 
DNA probes to be used in field laboratories to 
determine whether returning flies still carried hu
man onchocerciasis parasites. OCP also developed 
strategic planning methods for rotating the use of 
several insecticides, so that as soon as resistance to 
one appeared in one area, spraying was shifted to 
another chemical; in time that population of vectors 
reverted genetically to sensitivity to the old chemi
cal, so that when resistance arose to the new chemical 
a return could be made to the old - and so on. 

But African countries outside the OCP region, 
where the Simulium breeding sites were often diffi
cult to reach with helicopter spraying, were left 
"looking over the fence" at the success of OCP. 
Moreover the OCP itself will end in 2002. Measures 
are thus needed to extend onchocerciasis control 
outside the OCP region, and to maintain control 
within the region after 2002. 

Three fundamental steps since 1975 have in
creased the prospect that both problems can be 
solved, given sufficient resources and political com
mitment: 

• The advent of ivermectin which in an annual 
dose kills the microfilariae that cause blindness, 
without itself causing eye damage (unlike the 
original main treatment, DEC). 

• The pioneering by TOR of rapid epidemiologi
cal mapping (REMO) which has enabled fast 
and inexpensive identification of high risk com
munities. 

• The identification of skin disease as a major 
health problem in onchocerciasis in areas out
side those where the disease causes extensive 
blindness, creating a new motivation for the 
extension of ivermectin distribution. 

Remaining problems 
There is "an extraordinary difference" in the cur-

90 __ rent levels of effort to control lymphatic filariasis and 

onchocerciasis, says C. P. Ramachandran of CTD. 
There are still no vigorous national control pro
grammes for lymphatic filariasis, whereas for on
chocerciasis "enormous effort" is currently being 
expended throughout the endemic areas of Africa 
and the Americas. 

A major reason for this disparity is "the enhanced 
public awareness of onchocerciasis and its defined 
economic impact on affected populations" 
Ramachandran says. 

Meanwhile, as surveillance of both diseases is 
increasing, so does the known caseload of the filari
ases. Major new foci oflymphatic filariasis have been 
identified in Ghana, while in Uganda the prevalence 
of onchocerciasis is now known to be 40 times higher 
than previously suspected. 

There are three other concerns: the planned end
ing of the OCP vector control programme in 2002, 
threatening potential parasite re-invasion of the OCP 
area - unless effective monitoring and response is 
maintained; the current lack of donor interest in 
what has been dubbed "OCP 2", a proposed pan
African onchocerciasis control programme, which is 
based mainly on rapid mapping and community 
distribution of ivermectin; and the possibility of the 
development of resistance to ivermectin, which can 
be induced in vitro in a related free-living nematode, 
Caenorhabditis elegans. 

However, says CTD "there have been significant 
advances in lymphatic filariasis during the past year ... 
that could change the situation [for that disease] 
dramatically''. 

TDR's contributions 1975-1995 

Initial goals 
TOR set out in 1975 to develop new and less 

toxic filaricides, "especially a macrofilaricide for 
0. volvulus"; and a wide-range filarial prophylactic. 
The Programme would seek improvements in the 
use of DEC and suramin; and conduct immunologi
cal research - which could lead to a vaccine, or help 
prevent the development of disease in those already 
infected, or improve and simplify diagnostics. TOR 
realized that in order to reach these goals it would 
help to improve or develop methods for in vitro 
culture of filarial parasites, and to create better ani
mal models of the diseases. TOR also planned field 
research into the epidemiology and ecology of filarial 
infections, and hoped to develop "efficient self-help 
methods of environmental control". 



Progress on onchocerciasis 
Since 1987, the treatment of filariasis - particu

larly onchocerciasis - has been transformed by the 
arrival of a drug: ivermectin, discovered and devel
oped by the US pharmaceutical company, Merck & 
Co., as a veterinary product. The development of the 
drug for human use is described in the following 
pages. The story records one particular, very special 
and successful arrangement between the private and 
public sectors in tropical diseases, as seen from 
several different points of view. 

What does ivermectin do? 

Trials showed that ivermectin creates a dramatic 
reduction in the number of microfilariae, like DEC, 
but for reasons which are still unclear it does not 
produce the same level of "Mazzotti" reactions -
severe itching and eye damage thought to be a reac
tion to dead or dying microfilariae - and can actually 
permit the body to repair some minor eye lesions. 
The slight reactions that do remain can put patients 
out of action for a day with muscle pain, headache, 
and itching - but they find this tolerable for the 
ensuing benefit, and demand for the drug in en
demic areas is high. 

The normal per kilogram dose of ivermectin as a 
microfilaricide is 150 micrograms. But up to 800 
micrograms is clinically acceptable. The drug has not 
been tested for safety on pregnant women, but TD R 
continues to build up a dossier of cases in which the 
drug has been inadvertently given to a woman who 
turned out to be pregnant. So far no problems have 
been recorded. 

Merck's gift of the drug stimulated massive field 
distribution of the drug, particularly by non-govern
mental organizations (NGOs) concerned with blind
ness. Civil unrest appears to have been the only 
barrier - other than lack of resources - to their work. 
The WHO Programme for the Prevention of Blind
ness (PBL) helps coordinate NGO delivery of the 
drug. 

To increase distribution, TOR is assessing leaving 
it to communities to distribute the drug themselves. 
According to one observer "we deliver the drug to 
the villages. Originally we were staying there for 72 
hours to see if there were any side-effects; then we 
were staying for 36 hours; then for 24 hours. In 
reality, ivermectin is proving to be very safe. So you 
can now leave it to responsible and preferably literate 
individuals in the community to distribute the drug. 
Missing a dose or even slight overdosing doesn't 
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really matter. The coverage is quite good. You can't El 
treat children under five; you can't treat pregnant 
wTohmebn; you can't treat peop_le who 
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when you are treating all the eligible people. But 
with self-treatment it is something like 75%. If you 
leave it in the village, when the woman is no longer 
pregnant, she is given the tablet; when the man 
comes back from farming business, he is given it. We 
are getting fairly high coverage, even after several 
years of treatment. And it kills many helminths, so 
the people appreciate that immediate effect quite as 
much as the longer term onchocerciasis treatment." 

It is planned to give ivermectin for ten years as 
part of a pan-African onchocerciasis control pro
gramme, with countries and communities taking 
over responsibility from then on. 

Four stories on the development 
of ivermectin 

How was ivermectin developed? Different people 
who worked on the problem have their own perspec
tives and stories to tell. But the stories all demon
strate an extraordinary degree of commitment by 
Merck itself, both in spirit and in the finance of 
research, to pursue the human application of its 
drug. 

I. Roy Vagelos's story 

Roy Vagelos, the President of Merck until De
cember 1994, supported the early research on the 
use of ivermectin in humans, and championed the 
drug and its free distribution since. 

He explains: "The very first hopes for ivermectin 
were in fact as a drug for use in humans. But then it 
was found to be ineffective against certain common 
human parasites - hookworm and tapeworm - so we 
started to look at its use in animals. 

"Bill Campbell did some horse studies with 
0. cervicalisand found it particularly effective against 
the microfilariae. 

"Then in 1980 Mohammed Aziz of Merck, who 
had worked for WHO, tried it in humans in Africa 
with spectacular results - so spectacular that a number 
of our colleagues in WHO did not believe we had 
studied it enough. The results were truly amazing, 
but they were fixated on the search for a 
macrofilaricide. Aziz tragically died before the full 
value of his work was apparent. But Merck's Ken 
Brown continued to carry the torch. 

"We did it entirely on our own initially. We were 
at risk because there were experiments in the field __ 91 
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and there was concern about their possible effects. 
"Knowing that it was not a money-maker, but 

hoping for the effects, we put up the money our
selves. We were willing to risk that. 

"It is a wonderful image - and we could not have 
bought, nor planned that. We tried to place the price 
in such a range that it would be affordable to Afri
cans. We discussed it with governments, but in the 
end we decided that it should be provided at no cost. 
We didn't dream we would have given the drug to 8 
million people by 1994." 

2. The story of the Director ofTDR 

Tore Godal, the Norwegian leprologist who is 
currently Director ofTDR, took over the Programme 
from Adetokunbo Lucas, who had begun negotia
tions with Merck for the supply of ivermectin, on 9 
June 1986. Godal recalls: 

"I went with Samba, the Director of OCP, to visit 
Merck in October 1986. The previous Director of 
TDR, Adetokunbo Lucas, had secured a preliminary 
commitment from one corner of Merck to give the 
drug free [see Box, Chapter l], but there was still a 
lot of opposition - both in the company and, sur
prisingly, at WHO. We sat in Vagelos's office, and 
there was a discussion on getting the drug at a 
preferential price. We were sceptical that aid agencies 
would wish to pay money to a private pharmaceuti
cal company - and asked 'what if no-one can pay?'. 
Vagelos said 'then we'll make it available gratis. I 
remember the words exactly because 'gratis is used in 
Norwegian too. 

"There were forces at WHO that did not want 
Merck to give the drug free. They were worried 
about precedents for other companies. But I said 'are 
you crazy? To throw away your negotiating cards 
before the negotiation?' 

"I rushed back to Geneva, and established a task 
force for large-scale field trials on safety and efficacy 
of the drug. We had a research protocol before 
Christmas; posted calls for research; and awarded 
grants in March. In six months ivermectin was in 
large-scale trials, mostly in OCP areas because they 
had the facilities and the people to do it. 

"By October 1987 the drug was registered. The 
Mectizan Donation Programme was set up, and 
established at the Carter Center with Bill Foege as 
Chairman. And the trials continued, designed to 
allow WHO to make a statement - which it did in 
1989 - that the drug can be used "with minimal 
supervision", which eased distribution problems. 

92 __ "What were the lessons? ... 

" ... first, to create an atmosphere of confidence. 
There are always obstacles. But one has to be con
stantly very positive: in a bureaucracy, the negative 
feeds on the negative. 

"Second, we really do need large-scale multicentre 
studies in order to arrive at a useful policy decision, 
as we did with ivermectin. 

"And third, this work needs substantial resources 
- for ivermectin, TDR spent US$3.2 million." 

3. The donation seen ftom OCP 

Says Colin Ginger of OCP, who was involved 
closely in the negotiations: "We got to this crunch 
when it was almost time for registration in 1987 and 
we were still arguing about price. Their original price 
was going to be $3 a tablet, which then meant $6 a 
treatment. We said that was still far too expensive. So 
they said well, what is cheap to WHO? Would $1 be 
cheap? We said well, $1 is what is spent on health per 
head of population over one year by an African 
country. So what would be cheap? We said 10 cents. 
So of course by that time we were talking ridiculous 
numbers, so they thought it would be best to give it 
away. You make a donation and get the credit for 
that, and the real crux of it was that they didn't know 
how to distribute in Africa and they didn't know how 
to monitor in Africa, whereas TDR and OCP could 
cover that. 

"When you look at it, they probably got a pretty 
good bargain. The drug came to us free of charge, 
but all the monitoring and all the post-marketing 
surveillance was done by OCP and TDR. Every
body's happy." 

4. The TDR Steering Committee story 

TDR's Steering Committees on filariasis were 
chaired by several key figures during the past 20 years 
- Len Goodwin, Eric Ottesen, Jeff Williams and 
Bruce Green -who made major contributions to the 
field. Eric Ottesen, now with CTD, chaired the 
committee from 1982-85 while working at the US 
National Institutes of Health. He has these recollec
tions: 

"Tom Klei, a veterinary filariologist who had held 
grants from TDR but not on chemotherapy, did 
early work on 0. cervicalis in horses. We had devel
oped a comprehensive drug screening system - mice, 
then cats, then dogs, then in cattle ( 0. gibsoni in 
Australia) or in monkeys, primarily looking for a 
macrofilaricide. TDR was supporting the screens 
and was taking whatever compound looked interest
ing and putting it in. So we made a TDR screen for 



onchocerciasis of a Merck veterinary anti-helmintic 
compound - ivermectin. 

"Merck first recognised from the data in the TDR 
screen that the small effect might be meaningful: 
Merck's Bill Campbell and Mohammed Aziz noticed 
it. They said: 'It does have some activity - It is 
suggestive enough that we want to test it further'. 

"When WHO was approached on this, it did not 
want immediately to do 
human trials with the 
drug. WHO is on the su
per-conservative side for 
research studies and it was 
very worried about this 
one - dosing humans 
with animal drugs and so 
on. And there already was 
a microfilaricide - DEC 
- which caused side ef
fects as a result of killing 
the microfilariae quickly; 
there was little reason to 
suppose the same would 
not happen with 
ivermectin; and the main 
control need was thought 
to be a macrofilaricide to 
stop transmission with 
one treatment. 
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tiniest levels and at the higher doses they did find 
effectiveness of the drug against microfilariae and 
still no appreciable side-effects. So they wrote a letter 
to The Lancet (published 24 July 1982) stating that 
on 32 patients: 'Microfilariae were greatly reduced in 
all subjects after single oral doses of 30-50 micrograms 
per kilo, and were eliminated completely in six of the 
eight subjects who received the 50 micrograms per 

kilo dose. All subjects tol
erated the drug well.' The 
paper concluded with the 
prediction: 'Ivermectin 
may prove to be a major 
advance in the treatment 
and/or eradication of one 
of the major parasitic dis
eases of our time.' As a 
result, Laurence Altman 
wrote enthusiastically 
about the drug in The New 
York Times. 

"The concern among 
some people here was that 
the New York Times article 
would undermine the 
commitment to develop
ing a macrofilaricide. 

"But the drug com
pany was still keen, and 
did some initial studies 
on its own. Merck went 
to Senegal where Aziz had 
worked previously when 
he worked for WHO and 
where there were some 
patients with onchocer

Skin disease: a serious and neglected consequence of 
onchocerciasis. 

"Merck already had the 
drug registered for use in 
animals and did much of 
the pre-clinical toxicity 
studies in animals with
out TDR. There were al
most no Phase I trials -
they went straight into 
testing it on people with 
very low levels of infec-

ciasis hospitalised in Dakar. They had good facilities 
and a good French physician parasitologist in 
Lariviere. 

"One of the concerns about ivermectin was the 
potential toxicity to the central nervous system. So 
initially Aziz and Lariviere - and Aziz especially- sat 
up all night long with their first patient, to whom 
they gave a tenth of a microgram per kilo, looking for 
any adverse effects, which they were ready to jump 
on with supportive care. 

"Now, of course, we know it is an extraordinarily 
safe drug" says Ottesen "but at that time there was 
tremendous anxiety about potential problems with 
it. So they moved their dosing through from the 

tion. 
"Phase II trials were carried out in Senegal, France, 

Ghana, Liberia and Mali, supported by Merck. The 
latter two received funding from the Onchocerciasis 
Chemotherapy Project (OCT) of the OCP, which 
had been set up to increase efforts to search for a 
macrofilaricide. The important assessment of four 
single doses of ivermectin (Annals of Tropical Medi
cine and Parasitology, vol 79 no 1 pp 63-78; 1985) 
was carried out by Awadzi and others in Ghana. 

"Phase III trials were initiated by Merck in Liberia 
in 1985, and then in Ghana and Cote d'Ivoire, 
supported by OCT. The TDR Steering Committee 
was closely involved in monitoring these human 
trials." __ 93 
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After TDR supported the trial in Copeman's cow 
model of onchocerciasis in 1978, which showed that 
ivermectin was an effective microfilaricide, the Pro
gramme concentrated its efforts on seeking a 
macrofilaricide - an important exercise but as subse
quent events showed, a very difficult one. The Pro
gramme's next grant in ivermectin was in 1987 - for 
the Liberian trials for a large-scale Phase IV commu
nity-based treatment programme. 

"These trials were rapidly extended into 
Cameroon, Malawi, Nigeria and Guatemala, and we 
proved the drug so safe that WHO was able to 
announce in 1989 that it could be distributed 'with 
minimal supervision'. We even found it could help 
some early eye lesions to repair themselves" says 
Ottesen. 

"The Mectizan Donation Programme came in 
after registration in late 1987 and began receiving 
applications to treat populations with this still re
stricted drug. It has never been available for human 
use on the open market." 

Eliminating river blindness from all Africa 

Based on ivermectin, a plan has been launched to 
eliminate onchocerciasis as a public health problem 
- throughout Africa, and in particular in regions 
outside those where the disease has already been 
successfully controlled by the OCP. The means: the 
establishment, within ten years, of self-sustainable 
community-based ivermectin treatment throughout 
the endemic areas in Africa, together with limited 
vector control in selected foci. 

The plan has been formulated by TDR, the 
Onchocerciasis Programme in West Africa (OCP), 
the World Bank, with the Mectizan Expert Commit
tee, and the Non-Governmental Developmental 
Organization Coordination Group for lvermectin 
Distribution ofWHO's Programme for the Preven
tion of Blindness (PBL) - run by Yankum Dadzie. 

Sixteen countries are involved and US$100 mil
lion needs to be raised for the ten-year project. 

Rapid epidemiologjcal mapping 
A key technique of the Pan-African Control Pro

gramme will be "rapid epidemiological mapping of 
onchocerciasis" (REMO) developed by TDR as one 
of the first activities of its Applied Field Research 
component. 

REMO makes it possible to assess quickly and 
cheaply where the communities at high risk of on
chocerciasis are located. Hans Remme, Manager of 

94 __ Applied Field Research at TDR, says: "Once we 

developed the techniques, both mapping and assess
ment were immediately used in Nigeria. The whole 
country was assessed in less than eight months by 
UNICEF and the Nigerian Control Programme. We 
have also nearly mapped Cameroon with the help of 
other organisations. 

"How does it work? First we divide the country 
into zones. Each zone has a river basin. Then for each 
zone we try to make an assessment of the oncho 
situation we would expect. 

"You cannot do this on an administrative basis; 
you have to do it on the basis of river basins. You 
need a group of three people to divide the country 
into zones - an epidemiologist, an entomologist and 
a geographer. You avoid, for example, depopulated, 
mountainous and infertile areas. 

"First we take what we expect to be the most high
risk villages" says Remme "and we survey them. We 
go out to a sample of one or two per cent of the 
villages and do a rapid assessment of the level of 
oncho. We look at 50 adults and feel for nodules - an 
assessment method previously proven specific and 
sensitive byTDR-veryquickly. The problem is only 
getting people together, but if you get a message 
ahead you can do it in an hour. We extrapolate from 
our sample of the villages to the whole area. If they 
are negative, we assume that the whole area is dear. 
But if the sample is positive, we need a feeling for the 
distribution and we do surveys in a second sample of 
villages further away." 

Discovery of the importance of skin disease 
TDR's Social and Economic Research compo

nent has pioneered studies of communities' real feel
ings and concerns about the tropical diseases - and 
one of its most significant results, by Uche Amazigo 
in Nigeria, demonstrates the extreme concern felt by 
many communities not just for blindness but for the 
terrible skin problems caused by onchocercal infec
tions. This work was picked up by the currentTDR 
onchocerciasis task force, which has estimated that 
8.6 million infected people live in areas where blind
ness may be rare, but severe skin disease is common. 

TDR examined and interviewed people in Tanza
nia, Uganda, Cameroon, Ghana and four sites in 
Nigeria, in both affected and unaffected villages. 
Some 5 500 people over five years old were examined 
in the study villages and 1 500 in the control villages. 
Nodules were found in 40% of those examined in 
the infected villages and onchocerciasis skin lesions 
in 28%. In interviews, villagers were particularly 
upset by the severe itching, but also by the associated 



IVERMECTIN IN ANIMALS: THE PRIVATE 
MARKET THAT PAYS A PUBLIC BILL 

According to Merck documentation, by 1986 
ivermectin had been registered for animal health 
use in 47 countries. By 1988, it had been used 
world-wide to treat both ectoparasites (ticks, mites 
and lice) and endoparasites (nematodes) in ap
proximately 320 million cattle, 151 million sheep, 
21 million horses and 5.7 million pigs. Virtually 
every horse in the USA gets it, and it is almost 
impossible to find 0. cervicali any more. 

insomnia and fatigue. The appearance of the depig
mentation and nodules and the stigma they carry 
also clearly caused much distress. 

More than half the population of affected areas 
turned out to be suffering from troublesome itching, 
which leads to scratching, often with stones, twigs or 
knives and results in bleeding wounds, sores and 
pain. It is exacerbated by sunlight. 

Affected people are stereotyped as weak, emotion
ally dull and cold, and as unable to perform their 
duties, let alone feed themselves. They are consid
ered dangerous and dirty and are avoided for fear 
that they might pass on their disease to others. 
People would not elect them to positions of leader
ship because affected individuals are believed to think 
less of themselves, lack self-confidence and might 
embarrass the people they would represent. 

Non-affected people saw the problem even more 
starkly than those who had been forced to devise 
coping mechanisms for the disease. 

Eight out of ten people interviewed perceive on
chocerciasis as a serious matter of concern to them. 
Nine out of ten hold the hope that modern medical 
treatment can help them, but many have been disap
pointed by the lack of medicines at the clinics avail
able to them. Four in ten experience some financial 
strain from their skin condition and say the illness 
affects their productivity. 

Community-based ivermectin delivery 
TDR is also studying the best methods of deliver

ing ivermectin - studies of paramount importance in 
Africa where drug supplies are often poor or uncon
trolled, and where pregnant women and absent farm
ers or workers are often missed by "vertical" delivery 
teams. And if successful methods are found, they 
may be applied to other drugs. 
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A further problem for ivermectin is that it must be 
given for many years, so it is best to involve the ~ 
overburdened health services as little as possible. :Ji:~ ' 
One study for ivermectin delivery outside the health 
system began in two sites of Nigeria, and in Ghana, 
Mali, Cameroon and Uganda in late 1994. The 
study is comparing two approaches to community 
delivery and self-treatment. In the first group, se-
lected villagers are given supplies of ivermectin for 
the whole village, and taught about how and to 
whom and when the drug should be given. In the 
second group, they are simply told about onchocer-
ciasis and are asked how they would like to organize 
delivery of ivermectin. 

To be sure that such delivery methods work in 
practice, "we are developing rapid monitoring of the 
delivery, preferably independently of the health serv
ice" Hans Remme explains. "We've tried two ap
proaches. One, just writing a letter to a schoolteacher, 
asking whether any people have been around re
cently distributing a drug. The second method was 
using the enumerators of the Ministry of Finance, 
who keep track of the cost of living, to draw a small 
survey of five households. You give them a very 
simple form. They ask everybody in the households 
whether they have been treated and if they know 
what they have been given. 

"It turned out that the teacher provides informa
tion too vague to be of much use. We got not much 
more than: "Yes - people came" and "No - people 
did not come." We got no information on coverage. 
The second option seems to work, but the results 
were not conclusive enough. The study compares the 
records of the control programme with the records of 
the enumerators. But the enumerators reported more 
ivermectin than is supposed to have been delivered 
and nobody knows who is right. We are doing a 
follow-up study." 

Progress on lymphatic filariasis 

Soap and water 
But the world of filariasis does not begin and end 

with ivermectin. There have also been other impor
tant developments. 

Outstanding in lymphatic filariasis has been re
cent evidence from Gerusa Dreyer and her colleagues 
in Recife which suggests that bacterial and fungal 
superinfections may be an important cause of el
ephantiasis - and led to therapeutic strategies based 
on washing with soap and water, along with the local 
application of antibiotic and antifungal agents. The __ 95 
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results appear to be dramatic, with extraordinary 
resolution of the elephantiasis and lymphoedematous 
changes thought previously to be irreversible. 

Trials supported by TD R to define the relative 
effectiveness of local care, topical antibacterial and 
antifungal agents, long-term systemic antibiotics, 
and long-term systemic antifilarial agents (DEC or 
ivermectin) on the progression of the lesions are 
currently under way. Similar success in lesion im
provement with topical application of the benz
opyrene compound coumarin (in addition to local 
care of the affected limb) has also been recently been 
reported. 

lvermectin and DEC against lymphatic 
filariasis 

Treatment and control strategies of lymphatic 
filariasis may also be transformed thanks to a number 
of multi-centre studies in Brazil, China, Haiti, India, 
Indonesia, Malaysia, Papua New Guinea, Sri Lanka 
and Tahiti, supported by TOR in collaboration with 
Merck, says C. P. Ramachandran. 

DEC and ivermectin are primarily microfilaricidal 
drugs, though it is clear that for DEC (and possibly 
for ivermectin) there is some macrofilaricidal activity 
as well. Moreover, even if these drugs had only 
microfilaricidal effects, success should still be antici
pated in control programmes where they are used, 
both because clearance of microfilariae from the 
blood helps to reduce transmission of infection, and 
because reduced transmission and decreased levels of 
microfilaremia in a communiry have long been rec
ognised to have a positive clinical effect on infected 
subjects. 

"DEC has been around for so long that we have 
been stuck with an inappropriate and unpopular 
regimen of 6 or 12-day courses" says Ramachandran. 
"TOR used it as a control in studies of single dose 
ivermectin. But DEC worked almost as well! Either 
of them will clear about 90% of the microfilariae. If 
you take them both on the same day, the combina
tion clears more than 99%. Fewer than half a per 
cent are there afrer a year." 

As Ramachandran says: "The first single-dose 
work was actually done a long time ago, but TOR 
supported the most recent trials which in the most 
rigorous fashion confirmed that single-dose DEC 
was as good as other people have been saying for 
years, but not getting the same attention." 

lvermectin has not been registered for use against 
lymphatic filariasis. Its patent runs out in 1997 and 

96 __ other manufacturers may be free to register it for this 

use after that date. Its effectiveness as a single dose 
has been evaluated in individual patients. In one 
study, a dose of 400 microgrammes/kg decreased 
microfilarial densities by 86-99% for 12-24 months 
post-treatment in both types of lymphatic filariasis. 

The combination of DEC and ivermectin appears 
to be even more effective than either drug alone, 
with decreases of microfilarial density of 99% one 
year, and 96% two years after treatment. Further
more, the dose used was only 20 microgrammes/kg 
of ivermectin with 6 mg/kg DEC. Ongoing TOR 
trials in French Polynesia and in Pondicherry, India 
are showing 98% reductions one year after treat
ment. 

DEC-fortified salt (with DEC concentrations 
ranging from 0.1 %-0.6%) can be used for both 
cooking and flavouring since DEC is very stable. 
Consumed for 12 months, in one study it decreased 
microfilarial prevalence by 70-100% in both 
Bancroftian and Brugian filariasis, says 
Ramachandran, who has long championed its wider 
introduction. DEC-salt has been used throughout 
China and Taiwan with great success and to some 
extent in India. DEC-salt is commercially available, 
but at currently double the cost of normal salt, it may 
not for the time being reach more than 10-20% of 
the population. 

Prevalence of W. bancrofti microfilaremia has been 
shown to decrease by 97% after four months of 
DEC-salt usage, with densities falling by more than 
99%. 

"One study in south India gave DEC-salt for four 
years, says Ramachandran. It stopped in 1986. It got 
rid of the infection entirely. The villagers have been 
checked every year since. In that study DEC seemed 
to kill the adult worm as well as the microfilariae." 

Systemic reactions to DEC and ivermectin are 
primarily host inflammatory responses to parasite 
antigens liberated by the rapid death of microfilariae. 
Such reactions are almost unavoidable, but can be 
reasonably well tolerated. 

However, without question the regimen causing 
fewest adverse reactions is DEC-fortified salt usage, 
from which most individuals suffer no side-effects at 
all. 

TOR funded a review of the literature on DEC
salt published in the American journal of Tropical 
Medicine and Hygiene (vol 50 no 6 pp 655-662; 
1994) by Helen Gelband. It opened by quoting 
Frank Hawking (the father of the renowned physi
cist, Stephen Hawking), writing in 1979: "DEC is 
the most important compound for the treatment of 



filarial infections" and added "What Hawking wrote 
in 1979, 32 years after the first synthesis of DEC, 
remains true in 1993." It concluded: "DEC-medi
cated salt is a safe, effective control measure for 
lymphatic filariasis. With good population coverage, 
it can stop transmission and control clinical disease 
in endemic communities; in some situations, the 
infection can be eradicated with this technique. How
ever, it is not being applied anywhere in the world at 
the present time." 

Diagnostics 
Diagnosis of active bancroftian infections is diffi

cult, as blood must be taken after midnight - when 
the microfilariae circulate in largest numbers. Thus 
the development of two different assays of circulat
ing antigen, which may be detected in the daytime, 
may prove an important improvement. Both tests 
detect microfilaremic infections and amicrofilaremic, 
cryptic infections; one assay, developed outside TD R, 
has already been commercialised, and the other· 
is currently being developed commercially in co
ordination with TOR. 

In onchocerciasis, cocktails of recombinant 
0. volvulus antigens eliciting species-specific anti
body responses in individuals have been developed 
with TD R support following an extensive series of 
multi-centre screening trials. These can detect infec
tions early in the prepatent phase, thus offering 
control programmes a tool for early detection of 
reinvasion of cleared areas. These recombinant anti
gen cocktails have been configured into ELISA anti
body diagnostic tests and are currently being field 
tested. 

For control purposes it is also important to be able 
to detect field infection in vectors as rapidly and as 
accurately as possible. Thus, the recently developed 
species-specific DNA probes for 0. volvulus, B. malayi 
and W. bancrofti promise an important contribution. 
All three probes have been tested successfully in both 
the laboratory and field, and are currently being 
evaluated with TOR support as tools to replace 
conventional approaches to measure parasite trans
mission in endemic countries. 

An important test to distinguish blinding from 
non-blinding and animal onchocerciasis is also now 
in operational use. Several lines of evidence had 
suggested that different strains of the 0. volvulus 
parasite exist in the rain forest and savanna - and 
that blinding onchocerciasis is most severe in the 
savanna regions. This led to the hypothesis that there 
is a particular 0. volvulus strain associated with 

/ 
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ocular pathology. To test this hypothesis, parasites 
from villages in which severe and mild onchocercia-~ 
sis were endemic were classified, and with two strain- ~, 
specific DNA probes developed with support from 
TOR by Tom Unnasch to distinguish them. A strong 
correlation was found between disease severity and 
probe recognition. 

In addition to the human strains of 0. volvulus, 
there are several other onchocerca species from cattle 
that share the same blackfly vector, and the test also 
distinguishes the blinding form of the parasite from 
these. The test is now in full operational use in OCP 
to determine what parasites are being transmitted in 
the areas which are thought to be cleared - to deter
mine whether spraying should begin again, and limit 
unnecessary and costly intervention. 

Visualizing the disease 
Another advance has been the recent develop

ment - by Gerusa Dreyer in Recife - of ultrasonog
raphy to localise for the first time the live adult 
worms of W. bancrofti in the human host by non
invasive techniques. These adult worms, once iden
tified, can be recovered by simple surgery, providing 
a unique source of adult worms for research. 

Understanding of the lymphatic functional ab
normalities, lymphoedema, and elephantiasis associ
ated with lymphatic filarial infections has also been 
dramatically transformed by the development of 
lymphoscintigraphy, and Dreyer's ultrasonography. 
Both have been used to assess lymphatic function in 
patients with filariasis. Lymphoscintigraphy, involv
ing a radio-labelled colloid to trace the lymphatic 
system, has shown that even patients with very early 
filariases have very abnormal and progressively 
worsening lymphatics; and ultrasonography has 
permitted for the first time localization of the adult 
worms in vivo, and visualization of their unsuspected 
continuous rapid wriggling, which Dreyer describes 
as a "dance". 

Most microfilaremic individuals show loss ofblood 
or protein in the urine, reflecting low-grade damage 
to the kidneys. This appears to be generally reversible 
after treatment. 

But lymphoscintigraphy also showed that almost 
all the infected but asymptomatic individuals had 
marked, abnormal, dilated lymphatics with dramati
cally abnormal patterns of lymph flow. It has thus 
become dear that early infections are by no means 
benign, and that patients should be treated as early as 
possible to prevent or limit irreversible damage to 
the lymphatic system. __ 97 
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Macrofilaricides - for lymphatic filariasis and Geigy as compound CGP 6140. It is taken in six 
onchocerciasis doses (twice a day over three days). It is therefore not 

Colin Ginger of OCP, presently Manager of the classified as useable in the field by the OCP, although 
OCP/TDR project for macrofilaricide development some in TOR think it is field-useable. It has been 
(MACRO FIL), the successor to OCT, explains that trialled by Ciba Geigy in Guatemala and Ecuador, 
to treat the adult worms packed into a nodule, or and in Mali and Ghana by OCT - in about 3 OOO 
nested in the lymphatic system, is like trying to treat patients in all. 
a cancer: it is difficult to get sufficient but tolerable Amocarzine causes some side-effects. Dizziness 
concentrations of a drug to the right site. In its early can occur around the third day, but the course must 
years TD R made an .... ,,,..,,,,.-- be used for three days, since 
enormous effort to find a course of only two days 
and screen potential tends not to kill the worms. 
compounds - at least 7 The drug affects the cen-
500 - in its search for a tral nervous system: dizzi-
new adulticide, and to ness and Romberg positive 
develop better animal signs occur. It has been 
models, with one major used for nearly ten years 
discovery: amocarzine, now in experimental clini-
now in development by cal trials without any se-
TD R. But DEC and vere clinical problems. 
ivermectin also seem to However, Ciba Geigy 
have some effects them- have given up trying to get 
selves on the adult amocarzine registered, and 

DEC-fortified salt: the drug survives cooking. has handed over all files worms. 
Evidence that DEC can kill adult worms in lym

phatic filariasis is both indirect (long-term absence 
of microfilariae from the blood post-treatment, clear
ance of the parasite antigen from the blood) and 
direct (development of inflammatory nodules con
taining dead parasites post-treatment, observed ces
sation of activity of adult worms by ultrasound 
techniques). However, it is clear that not all adult 
worms are killed by a single dose. 

Though primarily a microfilaricide, ivermectin is 
thought to have some additional effect in reducing 
reproduction in the adult Onchocercaworm. Micro
filaria counts in later years have been found to be 
30% lower than mathematical modelling would sug
gest had there been no effect on the adult worms. 

Some recent studies also suggest that ivermectin 
has similar levels of macrofilaricidal activity to DEC 
in bancroftian parasites; but other studies suggest a 
complete absence of macrofilaricidal activity. 

The only other drug with proven activity against 
adult worms currently being field tested is amocarzine, 
a compound that is both appreciably more toxic 
than ivermectin and more difficult to administer. 
But it has the potential to kill both the adult and 
microfilarial stages of the parasite after a 3-day course 
- making it imperative to continue further evalua
tion of this drug's usefulness. 

Amocarzine was originally developed by Ciba 

and any remaining development work to the OCP/ 
TOR MACRO FIL project. "They carried on giving 
us help over four or five years when they were 
officially out of the business", says Ginger. "Now 
we're taking it back to Ghana and other endemic 
countries for further trials." 

A benzimidazole was developed as UMF 078, by 
the University of Michigan. TDR was involved in 
the discovery, manufacture and pre-clinical studies. 
Benzimidazoles have a history of being frequently 
mutagenic and teratogenic if made bioavailable, so 
they cannot be given to pregnant women. UMF 078 
is currently at the preclinical stage of development. 

Outside the Programme, Smith Kline Beecham 
has evaluated albendazole in patients with 
microfilaremic loaiasis. While its effect on micro
filarial clearance was minimal (no post-treatment 
reactions similar to those following DEC and 
ivermectin were seen), there was suggestive evidence 
that the adult stage of the parasite was killed, as a 
gradual attrition of blood microfilariae, presumably 
reflecting the natural death, was seen. 

"However albendazole is not effective against on
chocerciasis. It probably has some effect on 
bancroftian filariasis. TDR is supporting studies on 
it now. It is currently the anti-nematode drug of 
choice because it kills everything, including 
hookworms" explains Eric Ottesen. 



6. Lymphatic Filariasis and Onchocerciasis 

Highlights of filariasis research 1993-94 

Applied field research 
Lymphatic filariasis: 
• Estimates of the number of people affected have 

dramatically increased, as a result of the discovery 
of "hidden pathology", in the form of lymphatic 
and renal abnormalities, in otherwise asymptomatic 
patients. New estimates of the burden in Africa 
suggests that continent may have more cases than 
India. 

• In Brazil and elsewhere, bacterial and fungal 
superinfections of tissues compromised by 
lymphatic disfunction were identified as largely 
responsible for inducing local inflammation 
(adenolymphangitis) and eventual elephantiasis. 

•Asa result, a therapeutic strategy was developed in 
Brazil, based on intensive local hygiene along with 
the topical application of antifungals and antibiotics. 
This therapy yielded dramatic results, and is now 
being subjected by TDR to multicentre controlled 
field trials. 

Onchocerciasis: 
• The first steps were made towards the creation of 

a pan-African programme for onchocerciasis control 
outside the OCP region, and TDR was requested to 
prepare the technical basis for this Programme. 

• Rapid Epidemiological Mapping of Onchocerciasis 
(REMO) was developed and applied to map Nigeria 
for zones of high endemicity, where large-scale 
ivermectin treatment is required. REMO will also be 
used to map the disease in 11 other African 
countries. 

• Early estimates demonstrated that onchocerciasis 
is a much larger problem outside the area of the 
OCP than had been appreciated. 

• Skin disease was confirmed to be one of the leading 
health and social problems of communities affected 
by onchocerciasis. More than 6 million people 
suffer from severe and unrelenting itching, which is 
often unbearable. Reactive skin lesions are an 
important cause of stigma and seriously affect 
people's self-esteem. 

• Systems were under test for community self-

treatment with ivermectin. These systems will 
increase the availability of the drug to women 
(who are not treated when pregnant), and promise 
much greater sustainability of ivermectin delivery. 

• Systems for monitoring ivermectin treatment, using 
schoolteachers or other state employees outside 
the health sector, were also under trial. 

Product development 
Lymphatic filariasis: 
Drugs 
• A single dose of DEC (6 mg/kg or less) was shown 

to be equivalent to a full 12-day "standard course". 

• lvermectin single doses (400 microgrammes/kg) 
were shown to be as effective as single-dose DEC in 
reducing microfilaremia by more than 90%, even 
two years after administration. Earlier results which 
showed ivermectin to be slightly less effective used 
lower doses. 

• A combination of 400 microgrammes/kg ivermectin 
and 6 mg/kg DEC reduced microfilaremia by more 
than 99%, even a year after treatment. 

• Reactions to both drugs were essentially similar. 

• Trials of ivermectin against B. malayi showed much 
less severe reactions than provoked by DEC. 

• An Indian company was assisted in the development 
and marketing of DEC-fortified salt, which is now 
recognized as an important control tool. 

Diagnostics 
• Two different assays for circulating antigens of W. 

bancrofti were developed as a potential means to 
replace night-time blood-sampling for 
microfilaremia. 

• DNA probes specific for B. malayi and W. bancrofti 
were developed and field tested. 

Vector control 
• Multicentre trials in Brazil, Cameroon, India, Sri 

Lanka and Tanzania have demonstrated the 
effectiveness of Bacillus sphaericus as a biological 
control agent against the Cu/ex quinquefasciatus 
vector of Bancroftian filariasis. 

/ 
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Highlights of filariasis research 1993-94 (cont.) 

Onchocerciasis: 
Drugs: 
• By the end of 1994, ivermectin had been delivered 

to 8 million people, of whom some had received 

four annual doses. A total of 25 million doses had 

been distributed. 

• The files on amocarzine, a potential macrofilaricide, 

were handed in totality to the MACROFIL project 

of TDR and OCP by the manufacturer, Ciba Geigy, 

for further development. 

Vector control 
• DNA probes for use on infected blackflies to 

distinguish blinding from non-blinding 0. volvulus, 
and from animal Onchocerca, entered routine 

operational use as a decision-making tool in vector 

control. 

Strategic research 
lymphatic filariasis: 
Pathology 
• In Brazil, using ultrasonography, adult W. bancrofti 

worms were imaged in the scrotal lymphatics of 

almost three-quarters of men with asymptomatic 

microfilaremia. The parasites wriggle vigorously, 

performing what has been described as a "filarial 

dance". 

• In addition, the lymphatic vessels were shown to 

be dilated for several centimetres on either side of 

the "dancing" worms. 

• The worms once localized by ultrasonography 

could be removed by simple surgery - making a 

parasite which had previously been unavailable for 

study now subject to scrutiny by the entire range 
of morphological, functional, biochemical, 

immunological and molecular biological 

techniques. 

• Lymphoscintigraphy demonstrated the existence 

of profound lymphatic abnormalities even in 

individuals who are microfilaremic, but otherwise 

appear entirely asymptomatic. The lymphatics in 

such people are markedly dilated with many 

collateral channels, and, unexpectedly, lymph flow 

is seen to be more rapid than in the lymphatics of 

normal individuals. 

• In patients with elephantiasis, however, 

lymphoscintigraphy demonstrated static lymph, 

with vessel dilation, tortuosity, dermal backflow 

and obstruction. 

Molecular biology and immunology 
• The development of filarial gene libraries began to 

have an enormous impact on filarial research, 

allowing the direct isolation of important genes, 

and the identification of homologies with better 

studied organisms (such as Caenorhabditis elegans). 

• The immune response of an individual to filarial 

antigens was shown to be correlated to the 

microfilaremic status of the mother during 

pregnancy - those born of microfilaremic mothers 

being much less capable of responding to 

microfilaremic antigens than those born of 

amicrofilaremic mothers, even 17 years after birth. 

• Outside TDR, cytokine responses to filarial antigens 

in microfilaremic, but otherwise asymptomatic, 

individuals were shown to be skewed to the Th2 

(anti-inflammatory, high IL-4, IL-5, IL-10) type. 

• lvermectin produces only slight Mazzotti reactions 

in onchocerciasis, and in Brugian filariasis, but about 

the same as DEC in Bancroftian filariasis. The 

cytokines IL-6, IL-1 and TNF have been identified as 

being the likely mediators of this reaction. Since the 

effect of these cytokines is known to have specific 

inhibitors, the observation may open the way to 

reduce adverse reactions in Bancroftian filariasis. 

Onchocerciasis: 
• The mechanisms and genes by which the heavily 

researched, free-living nematode Caenorhabditis 
e/egans develops resistance to ivermectin - which 

binds to the chemosensory amphid of the worm -

were identified, and homologous systems were 

being sought in 0. volvulus. 



7. 
Leprosy 

A woman in India with facial paralysis caused by leprosy. 

L eprosy is a chronic communicable disease 
caused by the bacillus Mycobacterium leprae, 
closely related to the M. tuberculosis bacillus 

that causes tuberculosis. Both diseases are believed to 
be transmitted through bacteria-laden droplets from 
the nose and throat, and have been treated with the 
same or related drugs. In both cases, treatment has 
been lengthy; compliance has been a problem; and 
the development of drug resistance has threatened 
control. However, the two organisms have very dif
ferent targets - leprosy affecting mostly the skin and 
peripheral nerves, and tuberculosis mostly the lungs. 
And whereas strains of M tuberculosis have devel
oped a multi-resistance to most known drugs, mer
cifully leprosy is being very effectively controlled 
with a two- or three-drug combination. 

Leprosy presents a great variety of forms depend
ing on the individual immune response to the infec
tion, and its duration. Most infections appear to 
remain symptomless. The two ends of the disease 
spectrum are lepromatous leprosy, in which the 

cell-mediated immunity to leprosy is absent (though 
present for infections with other agents), and 
M. leprae bacilli multiply uncontrolled, leading 
eventually to damage to mucous membranes, the 
eyes and to peripheral nerves, and ultimately to 
deformity; and tuberculoid leprosy, in which the 
immune system has control of the infection, few 
bacteria can be found, and the symptoms are mild, 
often taking the form of desensitized, pale and sharply 
defined skin patches. Tuberculoid leprosy is usually 
self-limiting, but can sometimes lead to peripheral 
nerve damage. Lepromatous cases are thought to be 
the main source of transmission of the disease. 

For practical choices in control programmes be
tween different drug regimens for a patient, cases are 
generally divided into two broad groups: 
paucibacillary cases, which broadly coincide with 
cases of tuberculoid leprosy, and multi bacillary cases, 
which broadly coincide with cases of lepromatous 
leprosy. But much finer divisions and distinctions 
are also possible. __ 101 
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Problems & solutions 
Problems in 197 4 

The problems to be faced in 1974, when the first 
pre-TD R leprosy research committees were formed, 
were the long - often lifelong - treatments required 
with the cheap and readily available drug, dapsone, 
and the increasing reports of bacterial resistance 
developing during treatment (so-called "secondary" 
resistance). Another problem with the same practical 
effect as resistance, but technically distinct, was the 
persistence of drug-sensitive bacilli - presumably 
hidden in some protective tissue - even after treat
ment was complete. According to TDR's Position 
Papers on Major Tropical Diseases (TOR, 1976) "re
sistance to dapsone would undoubtedly lead to a 
most difficult situation in the future if suitable com
binations of drugs were not available. The problem 
of microbial persistence will also have to be solved." 

A highly potent alternative drug was known -
rifampicin, widely used for tuberculosis - but it was 
expensive. And there were other fears: " ... the most 
important being the development of an immune 
reaction to rifampicin when intermittent doses are 
given and the rapid development of resistance to this 
drug". However in 197 4 "trials with rifampicin have 
been planned in India and Mali, and the results are 
eagerly awaited" said the Position Papers on Leprosy 
(TDRT/74.4). 

Another issue was the control of reactions to 
treatment - in particular erythema nodosum 
leprosum (ENL), a little-understood acute condi
tion marked by the appearance of red nodules on the 
skin and accompanied by high temperature and 
general malaise. It could be controlled by thalido
mide - but as this is teratogenic it could not be used 
in women of childbearing age, on the presumption 
that they might be pregnant. Corticosteroids could 
also be used with good effect, but must be given 
under supervision. 

Results of immunization with the only relevant 
vaccine, ECG (using Bacillus Calmette Guerin), were 
"discordant". According to the 197 6 Position Papers 
"claims of 80% protection in one trial in Uganda 
were not confirmed by WHO trials using the same 
brand of vaccine in Burma, where a temporary, low 
level of protection reaching a peak of 39% in the 
fifth year and falling to about 10% in subsequent 
years, was recorded". A third trial in Papua New 
Guinea had given results of 50% protection. 

In 197 4, the annual incidence of all forms of 
102 __ leprosy in some hyperendemic areas was estimated to 

be 40-60 per 10 OOO people, and some 11-12 million 
cases of leprosy were believed to exist worldwide 
"with little fluctuation over the past 10-15 years". It 
was estimated that some 3-4 million people were 
disabled by leprosy, and that 40% of cases would 
develop some kind of deformity affecting limbs and 
face, eyes and nose (Position Papers on Leprosy TD RT I 
74.4). 

Solutions in 1995 
The introduction of multidrug therapy (MDT), 

using combinations of dapsone, clofazimine and 
rifampicin, as recommended by the WHO Study 
Group on the Chemotherapy of Leprosy for Control 
Programmes (WHO Technical Report Series, No. 
675, 1982), and its delivery by national control 
programmes, supported by WHO and non-govern
mental organizations (NGOs) worldwide, has led to 
a dramatic decline in leprosy prevalence to 2.4 mil
lion cases - around a fifth of that estimated in 197 4, 
and a reduction of 21 % with respect to 1993, and 
56% compared with 1991. 

With MDT, it is estimated that some six million 
patients have been cured. In 1991, the WHO World 
Health Assembly adopted a resolution to reduce the 
number of leprosy cases, country by country, to 
below one per 10 OOO people by the year 2000. And 
an international conference on the elimination of 
leprosy held in 1994 in Hanoi, Viet Nam, reaffirmed 
the commitment of governments, international agen
cies and NGOs to achieving this goal. And during 
that conference, the WHO Director General an
nounced the creation of a special ''Action Programme 
for the Elimination of Leprosy". 

Remaining problems 
In 1994, WHO's Leprosy Elimination Programme 

orientation document estimated the remaining lep
rosy burden to be : 

• 2.4 million estimated cases 

• 1.6 million cases registered for treatment 

• 1.0 million cases currently on MDT 

• 0.6 million new cases detected each year (inci
dence) 

• 2-3 million estimated disabled 

• 79 endemic countries, of which 25 account for 
93% of cases 

Geographically, more than 50% of the registered 
cases - some 1 million - are in India, where the 
estimated prevalence is some 8 per 10 OOO. Next 



come the Americas (where Brazil, which was late to 
accept MDT, has most cases) with 0.27 million 
registered cases, and a prevalence of 3 .6 per 10 OOO; 
and Africa, with 0.15 million registered cases and a 
prevalence of 2.8 per 10 OOO. 

The target, believed achievable, is to reduce all 
these prevalences to 1 per 10 OOO or less within the 
next five years. 

However the numbers of new cases detected per 
year in each country are not declining as fast as 
prevalence, indicating either that transmission is tak
ing place before cases are detected and treated, or 
that control is approaching a hard core of untreated 
and transmitting cases in areas and communities 
difficult to reach, and in individuals who have diffi
culty obtaining care for social or educational reasons. 

The global elimination strategy recognizes that 
specific, local measures must be adopted to solve 
these problems. At the same time, the development 
of generic, gender-sensitive health communication 
techniques and still faster drug therapies, under de
velopment by TOR, may contribute to their solu
tion. 

But as far as those who suffer are concerned, the 
biggest remaining problem may be immunopatho
logical reactional states, often leading to nerve dam
age, and subsequent deformity. Such damage can go 
on after the infection is finished - sometimes for 
years afterwards, due to the immune responses to the 
antigens that are present. Steroids to treat these 
reactions are expensive and can be used only on a 
limited basis. Thalidomide is an extremely useful 
drug for controlling some of the immunological 
reactions. But because of its teratogenicity it cannot 
given to women of childbearing age, and must be 
given under strict medical supervision by referral 
centres; and all must be warned of the consequences 
of taking the drug in pregnancy. 

TDR's contributions 1975-1995 

Initial goals 
The first meeting of the lmmunotherapy of Lep

rosy (IMMLEP) project group, which was aiming 
towards a vaccine and better diagnostics, was held in 
Geneva from 4-8 November 1974 - and predated 
the official establishment of TOR. The THELEP 
task force, which aimed to improve the chemo
therapy ofleprosy, first met 18 months later - on 28-
30 April 1976, just after the establishment of the 
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Programme. On these two exercises, many of the 
foundations and principles of TOR were laid. 

An important breakthrough in leprosy research 
had taken place in 1971, when the bacillus was first 
grown in quantity - by Kirchheimer and Storrs in 
armadillos - and the prospect had arisen of isolating 
and killing enough bacilli for a vaccine, and certainly 
enough for research. And the cooperative spirit that 
was to characterise TD R arose immediately, as the 
two scientists immediately offered to make the ma
terial available to all who could make good use of it. 
Work by Dick Rees in London in thymectomized 
mice in 1967, Tore Godal and others in clinical 
leprosy in Ethiopia in the early 1970s, and subse
quently with people such as Barry Bloom in New 
York, and Jacinto Convit in Venezuela had also 
begun to unravel the specific and complex immunol
ogy of the disease. There were thus hopes of an 
avalanche of new results and approaches to leprosy. 

The first meeting of IMMLEP was already con
sidering component vaccines: "a pure, specific anti
gen of M leprae would be of inestimable value as a 
diagnostic and epidemiological tool, as an immuno
logical reagent for incorporation into a vaccine, and 
as a therapeutic weapon". Already in 197 4 IMMLEP 
reported "the job of separating the many irrelevant 
antigens of M. leprae from those of diagnostic, 
immunoprophylactic and therapeutic importance has 
begun; and from it has come an early indication of 
what it means to have unprecedented amounts of 
M leprae with which to plan a concerted attack on 
this ancient disease"(IMM/74.3). 

The goals were heady. Nothing could be prom
ised, but the hopes were high - not only a potential 
vaccine, but also "the prospect of analysing with new 
found precision the nature of the defect in leproma
tous leprosy, or devising a rational means of control
ling the damage done to nerves in tuberculoid leprosy, 
are striking examples of the less obvious advantages 
that deeper immunological insight will bring to the 
management of this disease." 

But tough targets were set: "Requirements for a 
vaccine must include protection against the low
resistant [lepromatous] forms of leprosy, or, should 
this not be possible for immunological reasons, a 
constant high protective level of more than 70% 
against the tuberculoid forms". And according to 
TD R's 197 6 Position Papers "if killed M leprae gave 
a negative result, the conclusion would be that a 
killed organism or antigen would not be satisfactory 
and therefore the only possible vaccine against lep-
rosy would be a live one." __ 103 
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THELEP's first meeting in 1976 recalled that the 
development of the mouse footpad test by Sheperd 
in 1960 - through which a mouse, inoculated in the 
footpad with a few viable leprosy bacilli, could 
detectably multiply them in six months, allowing a 
slow but effective method to test the effectiveness of 
different drugs in killing the bacilli - had already 
revealed a list of potential antileprosy drugs other 
than dapsone. 

It was expected that a selection of these would 
have to be used in combination, to reduce the oppor
tunity for resistance to 
develop. And as with 
IMMLEP, hopes were 
high: "There is reason ... 
to believe that pro
grammes of truly effec
tive chemotherapy of 
lepromatous leprosy will 
have important human, 
social and economic con
sequences, not only by 
limiting the disability of 
the individual, but also 
by making the control of 
leprosy possible" con
cluded the planning 
meeting for the THELEP 
task force. Four drugs had 
shown effect in the 
mouse footpad and also 
in limited controlled 
clinical trials: dapsone, 
acedapsone, clofazimine, 
and rifampicin. 

observed in diseased human tissue should even today 
be impossible to cultivate in vitro"(Position Papers on 
Leprosy TDRT /7 4.4). 

Progress 
So what happened? TDR mapped and measured 

dapsone resistance worldwide, and initiated clinical 
trials in Mali and India of new drug combinations, 
which contributed, in 1982, - before the trials were 
complete - to a landmark WHO Study Group rec
ommendation of multidrug therapy (MDT). No 

killed leprosy vaccine is 
available with any dra
matic level of efficacy -
although trials are still 
underway. But MDT, us
ing the existing drugs, has 
been shown to work bril
liantly; and there are pros
pects of a new drug, 
ofloxacin, reducing treat
ment times for tubercu
loid forms of the disease 
to weeks or even days. 

Mapping dapsone 
resistance 

Leprosy research 

THELEP thus recom
mended field research "to 
find ways of using the 
existing effective drugs 

A leprosy sufferer in Malawi before .... 

spawned TDR. Barry 
Bloom of the Albert Ein
stein College of Medicine, 
New York, was closely in
volved from the beginning. 
By 197 4 "there'd been in
creasing numbers of re
ports, for the first time in 
a very long time, of resist
ance to dapsone - the life
long treatment for leprosy 

that will prevent both the emergence of drug-resist
ant M. leprae and relapse with drug-susceptible or
ganisms while, at the same time, shortening the 
duration of treatment required so as to decrease costs 
and increase patient compliance"; and laboratory 
research "designed to produce new, more effective 
drugs". 

It was also thought that to go beyond the mouse 
footpad test would be important for a wide search 
for new drugs. "Mass in vitro cultivation of M leprae 
seems to be a necessary step for final and decisive 
progress in the control of leprosy. It is perhaps a 
vexatious trick of history that the first bacillus ever 

then. It cost only US$5 per year per patient, which 
was hard to beat. But it looked as if there'd be a great 
explosion of drug resistance. My guess - in retro
spect - is that what we actually saw was an ascertain
ment bias. It's difficult to test for resistance. You have 
to take snips of tissue, and put it in the footpad of a 
mouse, give half the mice dapsone and wait six 
months; it's imprecise and exceedingly burdensome; 
a number of studies were set up and as they looked, 
they found. The ascertainment bias implied that the 
more you looked the more you found, not that it 
necessarily represented a staggering increase. I think 
both were true. The search for dapsone resistance 
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accelerated the pressure to do something. A group of aegis of WHO - and with the prospect of secure 
experts was convened in 1981 that knew about drug funding. This in turn stimulated the development of 
treatment, particularly for tuberculosis; and they better treatment regimens for application in the field 
knew what the best drugs for leprosy were in the - MDT - through the 1981 WHO Study Group. At 
animal models, although they were more expensive; that meeting, says Noordeen, "researchers were con-
and in a most extraordinary meeting they made a standy challenged by leprosy programme managers, 
recommendation, which was published in 1982, for who had a deep understanding of the ground reali-
treatment with three drugs. It was a recommenda- ties, to come up with truly practical regimens. And 
tion from WHO, on the basis of no definitive data, they did". 
to use a combination which numerically offered only As it turned out the product was not a vaccine, 
a one in a million million million probability of but multidrug therapy - but the whole ethos in 
resistance- because you'd leprosy control changed 
need multiple mutations because of its early 
to beat it. Trials of the promise. 
combinations were al- Bloom comments: "We 
ready underway, but lep- would have liked to have 
rosy is a slow disease, and had a vaccine. Nothing 
they weren't complete... would have given me more 

"The decision was pleasure. Jacques Grosset, 
heavily criticised, particu- who was the chairman of 
larly in the endemic THELEP, has always said 
countries, as being arbi- that the people who have 
trary. .. But the concept been dealing with drug tri-
was right, the expertise als have been enormously 
was right, and the prod- supportive of the science, 
uct has been spectacularly given how little we've de-
successful... livered that is practically 

"TDR came in be- useful; and the sense is that 
cause much of the evi- while we didn't provide 
dence the committee had products, we provided the 
to go on, the geography hope that this disease 
of dapsone resistance, wasn't going to be totally 
and what was known forgotten ... that scientists 
about the drug combina- really thought this was an 
tion, was derived from area you could do some-
TDR scientists. thing for ... 

According to S. K. Dick Rees, who retired 
Noordeen (Director of from the National lnsti-
the WHO Action Pro- ... and after multidrug therapy (MDT). tute for Medical Research, 
gramme for the Elimination of Leprosy), the mere London in 1993, was a member ofTHELEP 1976-
promise of a leprosy vaccine, in which Bloom was 83, and ofIMMLEP 1974-92. He taught Tore Goda! 
personally involved, in 197 4, gave a completely new leprosy as a post-doctoral researcher. 
momentum to leprosy work; the feeling arose that at He recalls that the main leprosy bacillus, 
last something dramatic could be done for disease - Mycobacterium leprae, has never been grown in vitro 
that you can do more than care for the disabled, - and that this remains a major block to experimen
which is what most of the leprosy non-governmental tal research. And Rees explains "until the 1960s 
organizations (NGOs) were doing at the time, or nobody had succeeded in growing it in animals for 
treat for a lifetime. experimental work either. 

And research itself was stimulated by the very act "In 1960 Charles Sheperd, working at the US 
of putting together a Steering Committee which Centers for Disease Control (CDC) in Atlanta, suc
pulled the sometimes warring leprosy researchers ceeded in growing M. leprae in the footpads of mice. 
together, behind a single project, under the ethical He came to see me and I was able to confirm his __ 105 
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results, working in London. This enabled basic re
search to go ahead. 

"Then in 1968 Eleanor Stores, a US biologist, 
stood up at a meeting and suggested they try growing 
M leprae in armadillos. Leprosy grows in cooler sites 
and armadillos have a cooler body than man. And in 
1971, M. leprae was successfully grown in the arma
dillo." 

Rees was the first to import armadillos to the UK, 
with some money from the British Leprosy Associa
tion in 1972-73. With his biologist, Philip Draper, 
he isolated M leprae from them. 

The contribution ofTDR in producing volumes 
of M leprae for research is not to be underestimated, 
Rees says. People were called together in 197 4 by the 
early founders of TD R - because with the armadillo 
work it did at last look as though leprosy research 
could go ahead. 

"We could get a different order of magnitude [of 
bacilli] from the armadillo" said Rees. The main 
hope of the time was to grow the bacillus sufficiently 
to make a leprosy vaccine, although clearly the devel
opment of improved chemotherapy also became more 
likely. 

Some 40-50% ofIMMLEP's early leprosy budget 
went towards how to get the best yields in a purified 
form without damaging leprosy bacilli, Rees recalls. 
And in November 197 4 a large chunk went to Rees 
and Draper at the National Institute to do this work. 

IMMLEP decided it would need a lot of armadil
los. It supported keeping about 400 in four centres 
in the USA and the UK. Armadillos will not breed in 
captivity, and have to be captured regularly to main
tain stocks. 

"The infection takes a year before it starts mani
festing itself" Rees said. 

"Armadillos were kept for only two years: they 
were very infected by then. We monitored them 
carefully since they tended to die overnight for rea
sons we don't understand. 

"I was put in charge of the IMMLEP leprosy bank 
- I was the bank manager!" says Rees. "It was the 
entire property of TDR and they funded it solely. 
They even bought our deep freezers. It was a huge 
entity. Tissues came to our bank from all over the 
world. We kept computerised details and supplied 
the world with whatever it wanted. 

Draper produced various protocols for producing 
the bacilli, of which the one early in 1979 was the 
best. "It was passed to Wellcome [ the pharmaceutical 
company] who produced the organisms for us from 
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killed them by irradiating the tissues, but Wellcome 
had to deal with some alive for metabolic studies. We 
also produced a skin test antigen and handed that 
over to Wellcome. 

"Eventually we had infinite amounts of DNA. We 
still have a huge bank of tissues unused." 

"TDR altered the whole field and nearly every 
aspect of research in leprosy. Leprosy has not done 
too badly. TDR was also very important in working 
out how best to do multicentre trials - that is typical 
ofWHO's special contribution. 

Paul Fine of the London School of Hygiene & 
Tropical Medicine, who was also involved early on in 
the TDR leprosy programme explains: 

"TD R changed leprosy control. It has encouraged 
the MDT regimens. It has made a tremendous con
tribution. It has led to the possibility of eradication. 
TOR provided the framework for the encourage
ment of leprosy research. It brought together scien
tists in leprosy as they had never come together 
before. The story ofTD R's involvement with leprosy 
predatesTDR, when Godal met Bloom in 1972-73. 
Versions of how TDR started abound. Perhaps the 
best is that the question arose as to who would raise 
the armadillos. IMMLEP grew out of that, and with 
Godal as its chairman, TDR was engineered out of 
that. 

"As a result the understanding of the pathogenesis 
of leprosy is vastly ahead of where it was - and the 
disease is poised for elimination. TOR coordinated 
existing leprosy research, and extended it greatly." 

It also spawned a lineage of scientists: "IMMLEP 
supported key people. The whole field of molecular 
biology in tropical diseases began with that work. 
Barry Bloom, Douglas Young and Richard Young 
were all IMMLEP supported and from IMMLEP 
Steering Committees. 

Rees recalls that "THELEP was the first to show 
that some patients who relapsed really had resistant 
strains. After many studies and surveys it was clear 
that new patients were being infected with resistant 
orgamsms. 

''At a big Study Group on Chemotherapy for 
Leprosy Control Programmes meeting in 1981 WHO 
decided to go towards multidrug therapy. THELEP 
wanted to do a number of trials in man. It organized 
huge trials in India and Mali, testing regimens con
taining rifampicin. Our mice were used to test for 
the absence of live bacilli." 

The existence of resistance to dapsone was first 
proved in the mouse footpad in 1964. In 1966, Pettit 
et al. estimated that the prevalence of dapsone 



resistance among 5 OOO cases at risk in the Sungei 
Buloh Leprosarium in Malaysia was about 1 per 1 
OOO. This was probably an underestimate. In a later 
study Pearson found the prevalence rate in the same 
centre to be 2 per 1 OOO, with an incidence rate of 
about 0.1 % per year. But at this rate of incidence, 
dapsone resistance did not appear to be an important 
problem. 

Subsequently, in 1973, 
the prevalence of second
ary resistance- treatment 
failure - among the same 
patients was estimated to 
be about 25 per 1 OOO, 
confirming that lower
dosage dapsone therapy 
had predisposed the pa
tients to the subsequent 
development of dapsone 
resistance. 

1. Leprosy 

Multidrug therapy - the big decision 
The epoch-making WHO Study Group, meeting 

in November 1981(WHO Technical Report Series, 
No. 675, 1982) recommended multidrug therapy 
with dapsone, rifampicin and clofazimine. 

The Study Group concluded: "Since new lepro
matous leprosy patients may have primary dapsone 

In 1975, the same cen
tre reported 100 patients 
with proved dapsone re

Patients in India waiting for medical examination and 
distribution of multidrug therapy (MDT) pills 

resistance, and patients 
previously treated with 
dapsone monotherapy 
who have previously re
sponded well to treatment 
may harbour dapsone-re
sistant M. leprae, and since 
dapsone plus only one ad
ditional drug can increase 
the risk of multiple resist
ance, it is recommended 
that at least two additional 
drugs should be combined 
with dapsone. Also, one 
of the two additional drugs 
should always be rifam

at a village leprosy clinic. 

sistance; by 1980, the number of footpad-proved 
cases at the centre had risen to 166. In 1981, it was 
estimated that the prevalence of dapsone resistance 
for all of Malaysia was as high as 10% of all surviving 
treated multibacillary cases. 

Pearson and his colleagues reported from Ethio
pia that among 1 500 multibacillary patients, 295 
were known to have relapsed. Fifty-one of 53 strains 
of M leprae tested in mice were found to be dapsone
resistant, estimated prevalence of about 190 per 
1 OOO. During each year of the study (1973-77), 
about 50 new cases of relapse were seen with prima 
facie evidence of dapsone-resistant leprosy, yielding 
prevalence estimates of 100 per 1 OOO in Costa Rica, 
and 37 per 1 OOO in Israel. 

This was the situation at the time a WHO Expert 
Committee on Leprosy met in 1976. Dapsone resist
ance was proved in the mouse footpad in India by 
Taylor et al in 1976, in an area that had enjoyed 
well-delivered dapsone monotherapy since 1963. 

By 1981, as a result of TDR observations, the 
number of countries with dapsone resistance was 
known to be over 25. 

As Noordeen, who began work in leprosy in Ma
dras in the late 1950s, explains: "that dapsone resist
ance really existed as an important and worldwide 
problem was known only after TDR's studies using 
a common protocol to measure dapsone resistance in 
different places." 

picin because of its great potency. 
"It is recommended that a single supervised dose 

of rifampicin be given once every month. Evidence 
indicates that dofazimine may also be effective when 
given on a monthly basis. However, significant added 
benefit may be anticipated by supplementing super
vised monthly doses of clofazimine with daily self
administered treatment with the same drug, 
particularly for patients with dapsone-resistant 
leprosy; the dangers of unsupervised clofazimine 
treatment are very much smaller than those of unsu
pervised treatment with rifampicin." 

As Grosset recalls: "At that time it was absolutely 
clear that it was impossible to treat patients by using 
a single drug - it was leading to a disaster. It was also 
clear that we did not know at all if MDT would be 
sufficient to cure the patient. We were convinced 
that using the three drugs would prevent resistance, 
but we had no clear evidence on the length of time. 
We had to use our scientific common sense. To
gether we picked the right time - between ourselves 
we say we were geniuses - lucky ones - it took us 
three, four, five days - a long battle putting together 
the evidence. A very hard working meeting. I was 
willing to add a fourth drug - but it was a bit toxic 
- I remember it all well. 

"I would be shocked ifTDR is not at least partly 
credited with developing MDT. But of course we 
could not care less ifit was TDR, CTD or WHO - -- 107 
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for us it was the control ofleprosy. TOR was behind 
it and encouraged it." 

And subsequently, TOR was closely involved in 
following up the treatments for side effects and 
relapses in selected centres, and in efforts to improve 
the regimens and find new and faster-acting drugs. 
By the middle of 1994, through the vigorous efforts 
of the WHO leprosy programme, more than 5.6 
million people had been cured ofleprosy with MDT, 
with a cumulative risk of relapse ofless than 1 % over 
a nine year period. 

In 1993, eleven years after publication of the 
historic decision to recommend MDT, WHO held a 
second Study Group on the Chemotherapy of Lep
rosy, to review whether the decision had been cor
rect, and if anything needed to be changed (WHO 
Technical Report Series, No. 847, 1994). The Group 
concluded dramatically: 

• The efficacy of MDT can be confirmed in: curing 
leprosy, preventing relapse, preventing drug resist
ance, having low levels of toxicity, reducing ENL 
reactions, demonstrating that persisters (long-last
ing but drug-sensitive M. leprae) were no problem; 
and in having overall impact in disease control. 

• MDT is so reliable, that control operations can 
be improved by stopping routine active post
MDT surveillance of patients. 

New drugs 

Ofloxacin 

With TOR funding, Grosser demonstrated be
tween 1984-88 that ofloxacin, a quinolone, was 
completely bactericidal against M lepraein the mouse 
footpad - and at levels that could be maintained in 
humans by administering it at a dosage of 400 mg 
daily. 

The target of ofloxacin is the enzyme DNA gyrase 
which controls the supercoiling of DNA in the cell. 
The potential attraction of its use in leprosy is speed 
of action, which could allow the MDT treatment 
period to be reduced from two years to even weeks or 
days. 

The quinolones are derived from pyridone car
boxylic acid and nalidixic acid. Their activity is 
greatly enhanced and broadened by introducing a 
fluorine atom at the sixth position of the quinolone 
ring. Some are also active against M. tuberculosis and 
other cultivable bacteria. 

Clinical trials with the related molecule perfloxacin 
108 __ at Adzope, in the Ivory Coast, showed that the 

morphological index fell to zero within eight weeks 
of treatment. A short-term clinical trial in Adzope of 
17 patients of perfloxacin and ofloxacin showed 
definite clinical improvement after 22 doses fol
lowed by MDT. A trial at Cebu in The Philippines of 
22 patients using the same protocol produced simi
lar results. But both trials showed greater clinical 
improvement in patients who received ofloxacin. 

A single dose demonstrated less bactericidal activ
ity than a single dose of rifampicin, but 22 doses 
were found to be capable of killing 99.99% of the 
viable M leprae. It is well absorbed, reaching a peak 
serum concentration of 2.9 microgrammes/ml after 
two hours, and has a half-life of seven hours. It is 
excreted mainly unchanged by the kidneys. Side
e ffects include nausea, diarrhoea and other 
gastrointestinal complaints, and a variety of central 
nervous system complaints including insomnia, head
aches, dizziness, nervousness and hallucinations. But 
serious problems are infrequent and only occasion
ally require discontinuing the drug. It is not indi
cated for lactating women or children as it can affect 
growing cartilage. 

Macro/ides 

The macrolides form another potential addition 
to the armoury. Several members of this group, 
including erythromycin, have been evaluated but 
only clarithromycin shows significant promise at 
this time. Mouse footpad studies have demonstrated 
the potent bactericidal activity of the drug but it is 
clearly less bactericidal than rifampicin. At a dose of 
500 mg daily in leprosy patients, 99% of bacilli are 
killed in 28 days and 99.9% by 56 days. 

Clarithromycin is readily absorbed from the 
gastrointestinal tract and converted to its active 
metabolite, 14-0H clarithromycin. Peak serum con
centration is obtained 1-4 hours after a 500 mg dose 
and is approximately one microgram/ml with an 
elimination half-life averaging 6-7 hours; 38% of 
excretion is via the kidneys and 40% in the faeces. 
Tissue concentrations are higher than those in se
rum. 

The drug acts by inhibition of bacterial protein 
synthesis by linking to the 50 S ribosomal sub-unit, 
thereby preventing elongation of the protein chain. 
As a group the macrolides are relatively non-toxic. 
Gastrointestinal irritation, nausea, vomiting and di
arrhoea are the most common problems but they 
usually do not necessitate discontinuation of the 
drug. 



7. Leprosy 

Highlights of leprosy research 1993-94 

Applied field research 
• A study of the impact of leprosy on women in 

Bombay showed that women tend to neglect the 
disease longer than men. Nearly half failed to 
detect the tell-tale skin patches of early leprosy 
until they gave birth, and their bodies were exposed 
to birth attendants. 

• The same study indicated that women were more 
likely than men to be physically isolated. Women 
were forced more than men to sit alone, eat alone, 
sleep alone, work alone and to avoid touching 
other people. There most difficult adjustment was 
to be forced not to touch or care for children. "It 
was touch, more than anything, that women longed 
for, and the loss of this intimate female right 
symbolized isolation and rejection" reported the 
researcher, Seemantinee Khot. 

Product development 
• Randomized, controlled clinical trials began in eight 

centres in 15 countries to evaluate the efficacy, 
acceptability and feasibility of ofloxacin-containing 

Tetracyclines 

Another potential drug, minocycline, is the only 
member of the tetracycline group of antibiotics which 
demonstrates significant activity against M leprae. 
This may be because of its lipophilic properties 
which allow it to penetrate cell walls. The standard 
dose is 100 mg daily which gives a blood level of 2 to 
4 microgrammes/ml, well above the apparent mini
mum inhibitory concentration (MIC) for M leprae 
of 0.2 microgrammes/ml. It is bactericidal for 
M. leprae to a somewhat greater degree than 
clarithromycin but much less so than rifampicin. It 
was very effective clinically when tried as 
monotherapy in eight patients but two months' 
therapy were required before all footpad inocula
tions became negative. 

Like the other tetracyclines, it inhibits protein 
synthesis via a reversible binding at the 30 S ribos
omal sub-unit, thereby blocking the binding of 
aminoacyl transfer RNA to the messenger RNA 
ribosomal complex. It is well absorbed, with a half
life of 11-23 hours. Side-effects include discolora
tion of infants' or children's teeth, occasional 

regimens in both multibacillary and paucibacillary 
patients. 

• Multicentre trials began of single-dose treatments 
for single-lesion paucibacillary cases. 

• A peptide-based diagnostic test was developed in 
Mexico to measure exposure to M. /eprae in low
endemic situations. 

• Trials continued of leprosy vaccines in Malawi and 
India. 

Strategic research 
• The analysis of the organization of the M. /eprae 

genome was completed using an ordered cosmid 
library. 

• Cytokine expression, antigen recognition and the 
T-cell repertoire were further elucidated in different 
forms of leprosy. 

• A standard protocol was established for the use of 
the polymerase chain reaction (PCR) to identify 
M. feprae in clinical samples. 

pigmentation of the skin and mucous membranes, 
various gastrointestinal complaints and central nerv
ous system toxicity, including dizziness and unsteadi
ness. Its frequent prolonged use for the treatment of 
acne, however, indicates low toxicity. 

Diagnostics 
TDR-supported research has also pursued im

proved diagnostics - most recently by the applica
tion of the polymerase chain reaction (PCR) to 
amplify tiny amounts of leprosy DNA in a sample. 
This technique is being developed as a tool for the 
determination of the viability of organisms, measur
ing drug resistance. The technique is not yet simple 
enough for field use, but one very successful TDR
initiated trial confirmed its usefulness in detecting 
small quantities of M leprae in clinical samples 
under laboratory conditions. 

To reach the goal of elimination of leprosy as a 
public health problem by the year 2000 it is impor
tant to provide control programmes with a tool to 
monitor transmission of the disease - and the avail-
ability of a skin test reagent like the tuberculin __ 109 
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(Mantoux) test for tuberculosis would represent a 
significant advance. TDR has pursued several 
M. leprae-derived antigenic preparations through in 
vitro and animal trials, and is preparing a selection as 
candidate agents for use in human clinical trials. 

Immunopathogenesis 
TDR's immunopathological research in leprosy 

has attempted to answer two fundamental questions: 
first, what factors determine the outcome of infec
tion (whether a patient develops tuberculoid or lep
romatous leprosy); and second, what is the 
immunological basis for the reactional states, which 
can cause so much distress? 

Recent research has indicated- as in several other 
TDR diseases - that the outcome of infection may 
be governed by selective activation of different T-cell 
populations, the Th-1 and Th-2 subsets, which stimu
late different groups of cytokines. There are indica
tions from in vitro studies that the leprosy-specific 
immunological non-responsiveness in lepromatous 
leprosy can be at least partly repaired by the addition 
ofIL-12, a Th-1 cytokine. 

And the reactional states of leprosy - episodes of 
exaggerated immune response, characterized by in
flammation and important tissue damage - are ac
companied by an overproduction of certain cytokines 
such as tumour necrosis factor (TNF) or IL-6. Such 
cytokines are therefore being targeted for preventive 
or therapeutic immune intervention. 

And what happened to the vaccine? 
Although the BCG tuberculosis vaccine has some 

effect against leprosy, attempts to find a specific 
leprosy vaccine have not yet met with proven suc
cess, at levels that are very useful in practice. There 
were many hopes that the bacilli grown in armadillos 
might produce a useful vaccine. 

As Noordeen explains: "The first TDR research 
was on a vaccine because chemotherapy was not 
working. This created a lot of interest in leprosy. 
Chemotherapy took over later on. But TDR's contri
bution in creating an interest in leprosy came through 
the vaccine. 

"I don't want to commit myself on the future of 
the vaccine. It may turn out that in ten years from 
now we will have a wonderful vaccine that will be 
very useful in certain situations. 

In a TOR-supported trial in Venezuela, a com
parison of a combined vaccine of killed M. kprae 
plus BCG with BCG alone, did not demonstrate 

110 ___ conclusive results. 

A second trial in Malawi using a combined BCG 
plus killed M. leprae bacilli, started in early 1986. 
Results are expected in July 1995. Paul Fine, the 
coordinator of the Malawi trial, warns that: "Vaccines 
against mycobacterial diseases are fickle and strange. 
They seem to have different effects on different 
populations." 

Another trial by the Indian Council of Medical 
Research (ICMR) in southern India, which - with 
TDR's help - compares TDR's vaccine with another 
vaccine made in India, and BCG, started two years 
ago. Paul Fine points out: "The trials will also give a 
new perspective on BCG. More people in the world 
have received BCG than any other vaccine. Within a 
few years we will have some understanding of the 
effect of this. The IMMLEP trials are among the 
major contributors to this scientific effort." 

There is, however, a big question mark as to how 
useful the vaccines will be. With now only 2.4 mil
lion people estimated infected, what sort of popula
tion do you vaccinate? 

As Grosset says: "It seems to me that 20 years ago 
all of us were convinced that the most realistic ap
proach to the control ofleprosy would be to develop 
a vaccine against leprosy - at that time there was no 
dear hope of developing a new scheme of chemo
therapy. 

"That was why IMMLEP was created and every
thing necessary was done for that - everything. Only 
TDR has made it possible to test the first vaccine in 
the field. The bad news is that all these efforts were 
directly unproductive - a new vaccine has been a 
failure - but it was extraordinarily productive indi
rectly. It has produced a marvellous impact in mo
lecular biology. For me, the benefits of that failure 
overcome the failure itself. 

Even so, Grosset thinks work should stop on the 
vaccine now "taking into account that we have no 
dear antigens with demonstrated protective activity. 
We would have to invest further in a new vaccine at 
least as much as has been done in the past, with no 
certain chance of success. 

"Even if we did succeed, then we have to ask to 
whom are we going to give the vaccine? A new 
recombinant vaccine would be very costly. Because 
of the extraordinary progress in the chemotherapy of 
leprosy, if I was a bank manager - this time I mean 
of a real bank - I would not put money into the 
development of a vaccine. If it works well in Malawi 
we will be in trouble - we won't know what to do 
next. But we must not decide now - we must wait for 
the Malawi and for the India results." 



7. Leprosy 

WHY SEQUENCE GENOMES? 

TDR began in 1990 to map and sequence 
the entire genome - the collection of genes - of 
M. leprae, as it was already clear that such a map 
and sequence could aid the development of new 
diagnostic, therapeutic and preventive tools for 
leprosy. 

More recently, the Programme has either ini
tiated projects, or joined existing projects, to 
map and sequence the key parasites of all the 
TDR diseases. One may ask, why? What advan
tage is it to know the details of the "book of life", 
the instruction set, of the parasites? In fact, ge
nome sequencing is not just an academic exercise 
- as becomes clear from the knowledge already 
gained from the well-advanced M. leprae project 
in TDR. 

So what happened with M. leprae? First, an 
integrated strategy was devised to map its com
plete DNA, involving three steps: 
• fragmenting the genome, cloning the frag

ments into a "cosmid library" and putting the 
fragments in order; 

• mapping genes in the library; 
• sequencing the fragments and the genes they 

contain. 
Then, under TDR coordination, research insti

tutions in many countries were engaged to col
laborate in this effort, including the lnstitut 
Pasteur, Paris, the Collaborative Research com
pany, Boston, the US National Institutes of Health, 
and the National Institute for Medical Research 
in London. 

Cloning into a cosmid library 
The genome of M. leprae consists of one big 

and probably circular chromosome - which is far 
too large to allow direct cloning and subsequent 
genetic analysis. Therefore, the genome was frag
mented, and collections of the fragments were 
established and "cloned" (essentially copied) into 
appropriate vectors. 

(In molecular biology, a vector is a genomic 
device, such as a loop of DNA called a plasmid, 
into which some piece of DNA of interest can be 
copied. Such a vector can then be used to infect, 
or "transfect", a fast-growing laboratory bacte
rium such as Escherichia coli. When the transfected 

bacterium multiplies, copies of all its DNA are 
made - including copies of the DNA of interest.) 

In fact for M. leprae a vector system was cho
sen that allows the cloning of very large frag
ments of M. /eprae DNA: the so-called "cosmid" 
vectors. 

Different fragments of the genome were 
transfected as cosmids into different E. coli. The 
resulting collection of different cosmid-f. coli 
combinations formed a "cosmid library" of 
M. leprae. 

Ordering the library 
However such a library is a jumble of pieces. In 

order to identify the relative position of each 
cosmid fragment on the M. leprae chromosome, a 
"fingerprinting" technique was been used to or
der the cosmids. This involved molecular genetic 
matching techniques to detect regions common 
to several clones and subsequent assembly of 
cosmids - just on the principle of making lines of 
dominoes - into so-called "contigs" or blocks of 
contiguous (continuous) DNA sequences. 

However not all the DNA could be aligned in 
this fashion. So far M. leprae cosmids can be 
linked up into four separate contigs, suggesting 
(since the chromosome is probably circular) that 
there are four gaps in the cosmid collection, 
probably due to unclonable sequences. 

As depicted in the illustration (A, p 113), the 
four M. /eprae contigs are each defined by a set of 
overlapping cosmids. By adding the sizes of the 
four contigs one can estimate - assuming the 
gaps between contigs to be very small - that the 
chromosome has a size of about 2.8 Megabases. 
(Three bases make one codon; one codon is trans
lated into one amino acid; and proteins, the ma
chinery of the cell, are sequences of amino acids 
corresponding to the sequence of codons on the 
DNA. Roughly speaking, one gene corresponds 
to one protein.) 

Sequencing and gene mapping: the 
first book of M. leprae 

To obtain further insight into the structure, 
function and organization of the M. leprae chro
mosome, systematic genome sequencing of the 
M. leprae cosmids was initiated. If the cosmid 

-- 111 
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WHY SEQUENCE GENOMES? (CONT.) 

library is a library, then each cosmid is a book; 
and its DNA sequence (the series of bases, codons, 
genes) forms its letters, words and chapters. 

But a genome is not all readable; untranslated 
DNA stretches, which can be very long, are inter
spersed between genes. So to avoid unnecessary 
effort, selective criteria were applied to identify 
the expressed genes in the book. 

First, the search was limited to "open reading 
frames" - defined by the distance between a 
"start expression" and a "stop expresion" codon 
- which were at least 80 codons long (corre
sponding to 240 bases of DNA}. (Shorter sections 
were not likely to code for useful proteins, and 
thus to have arisen from "start" and "stop" codons 
that had simply arisen from noise. Second, a 
statistical constraint was applied: given a candi
date gene, the codons employed should conform 
to patterns found in previously known M. leprae 
genes. (For example, each species makes particu
lar choices of alternative codons for particular 
amino acids, resulting in a typical codon fre
quency pattern.) 

In this way 12 candidate genes were found in 
the first cosmid "book", deduced from the se
quence of cosmid 81790, as depicted in the illus
tration (B, next page). 

Tapping the world's databases 
So what did these genes do? Here, finally, the 

power of sequencing truly comes into its own. 
Since life uses very similar structures in similar 
circumstances, largely as a result of shared evolu
tion, similar sequences imply similar functions. 

And since molecular biologists worldwide have 
been studying the genes and genomes of a mul
titude of organisms, some in exquisite detail, and 
storing this information on computers on 
databases made available, for example, through 
Internet, a knowledge of the genome of a TDR 
parasite can be translated almost directly into prac
tical biological knowledge. 

Thus the functions of 11 of the 12 genes in M. 

leprae's first book were established by compari
son of their sequences with those of all of the 
genes and proteins present in the world's bio
logical databases. 

So it was discovered that several of the genes 
present on cosmid B 1790 encode for members of 
protein families whose presence in mycobacteria 
had not been suspected previously. One of those, 
the end gene, probably codes for an enzyme 
which repairs DNA damaged by free radicals. 
Since such free radicals abound in macrophages, 
one of the niches of M. leprae, the end gene 
product may well be important for mycobacterial 
survival. 

Furthermore, four known or potential drug 
targets were found on cosmid 81790, which rep
resents only about 1.3% of the genetic material 
of M. leprae. The rpoB gene, for example, is the 
target for rifampicin, the drug that forms the 
backbone of the WHO multidrug therapy for lep
rosy. Sequence comparisons between rifampicin 
sensitive and resistant strains of M. leprae have 
led to the discovery of three rpoB gene regions, 
point-mutations of which confer resistance to 
rifampicin. One of theses regions of rpoB is de
picted in the illustration (C,next page), with ar
rows indicating the exact sites where rifampicin 
resistance mutations have been found. 

Applying the knowledge 
By the end of 1994, about 60% of the M. leprae 

genome sequence had been completed. As ob
served in all comparable genome projects so far, 
the sequence data from the Leprosy Genome 
Project have found immediate application 
amongst the leprosy research community. 
Amongst a host of data related to the basic micro
biology and genetics of mycobacteria several find
ings point to a future role as tools for disease 
control and prevention: 
• the development of a polymerase chain reac

tion (PCR) test for the detection of M. leprae in 
human biopsy material, based on a M. leprae
specific repetitive genome sequence (RLEP); 

• the characterization of mutations which lead 
to antibiotic resistance, opening the road to 
the development of rapid diagnostic tests; 

• the characterization of many hitherto unknown 
genes, including potential new drug targets 
as well as proteins of immunologic interest 
(vaccine/skin test antigens). 



WHY SEQUENCE GENOMES? (CONT.) 

The application of multidrug therapy is pro
gressing rapidly towards the goal of elimination 
of leprosy as a public health problem by the year 
2000. But as the recent ressurgence of tuberculo
sis has shown, an appropriate scientific research 
programme must be maintained, in order to pro-

vide alternatives for control and prevention of 
leprosy rapidly - should unexpected problems 
with the current control strategy arise (such as a 
development of rifampicin resistance). 

Similar thinking has made such sequencing 
the pivot of strategic research in all TDR diseases. 
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8. 
African Trypanosomiasis 

Cote d'Ivoire: when a woman gets sick the whole family is involved. 

P
ain, suffering and death from sleeping sickness 
threatens more than 5 5 million women, men 
and children in 36 countries of sub-Saharan 

Africa. When untreated this disease eventually gives 
no respite from suffering, day or night, and ends in 
death. If transmission is high the effect is dramatic: 
whole villages are abandoned. But sleeping sickness 
is exclusively a rural disease, smouldering steadily 
except for occasional epidemics, and usually has low 
political visibility. 

Pieter de Raadt, the former head ofWHO's Divi
sion of Control of Tropical Diseases and in charge of 
trypanosomiasis control at WHO when TOR was 
established says: "Officially only 25 OOO people are 
reported infected each year. But the real infection 
rate and mortality could be many times the official 
figure". Surveillance of the disease is limited. Many 
sufferers certainly go undiagnosed and untreated 
and die in the village, and such deaths are hardly ever 
reported. ''And the distribution of the disease is very 
patchy, for reasons we don't understand; some places 
have the tsetse fly that transmits it but no disease." 
Overall, there may be few cases, but "locally it can 

jeopardise a whole community" says de Raadt. 
Trypanosomiasis causes immense mental suffer

ing. There can be mental changes very early in the 
disease - irritability, euphoria, sleep disturbance and 
psychosis. Of the two forms of sleeping sickness, the 
West African "gambiense" form, caused by the 
parasite Trypanosoma brucei gambiense, begins with a 
fever and then develops slowly and insidiously, kill
ing its victim only several years later. The East and 
Southern African "rhodesiense" form is more acute. 
Caused by T b. rhodesiense, severe symptoms begin 
within five to seven days, and death in a few weeks to 
a year. 

The trypanosome is a single-celled, spindle-shaped 
protozoon 15-45mm in length. It moves continu
ously by whipping a single long flagellum and is 
found in the lymph, blood and tissue fluids of in
fected individuals, in numbers as high as several 
million per cubic millimetre. It is transmitted to 
humans through the bite of a tsetse fly of the genus 
Glossina. This vector is found only in Africa, between 
the fifteenth parallels of latitude North and South. 
Flies of the G. palpalisgroup, the principal vectors of __ 115 



gambiense disease, frequent the vegetation along 
water-courses and lakes, forest edges and gallery 
forests; flies of the G. morsitans group, which trans
mit the rhodesiense form of the disease, are savanna 
flies. 

The tsetse fly feeds on the blood of animals and 
humans. Once inoculated into its victim by an in
fected fly, the trypanosomes proliferate and gradu
ally invade all the organs of the host. Most of the 
parasites are destroyed by the host's natural defences, 
but some manage to evade the immune system by 
modifying their surface membrane- a process known 
as antigenic variation. The trypanosome can express 
thousands of variants, multiplying with each new 
surface change. 

In the early stage, the main clinical signs of hu
man trypanosomiasis are high fever, weakness and 
headache, joint pains and pruritus {itching). Gradu
ally, the immune defence mechanisms and the pa
tient's resistance are exhausted. The initial symptoms 
become more pronounced and other manifestations 
such as anaemia, cardiovascular and endocrine disor
ders, abortion, oedema and kidney disorders appear. 

In the late, advanced stage of infection, when the 
parasite invades the central nervous system, the dis
ease takes a dramatic turn. The patient's behaviour 
changes; he or she can no longer concentrate, be
comes indifferent to her environment, loses taste for 
all activities and finally everything exasperates her. 
Sudden and completely unpredictable mood changes 
become increasingly frequent, giving rise to lethargy 
with bouts of aggressiveness. 

The patient is then overcome by such extreme 
torpor that eating, speaking, walking or even open
ing the eyes call for an unsurmountable effort. At 
night she is worn down by insomnia, and during the 
day she is exhausted by periods of sleep-like uncon
sciousness. Finally, wasted and destroyed, the patient 
falls into a deep coma and dies. 

If diagnosed in the early stage of the disease, 
patients can be treated with seven to ten daily intra
muscular injections of pentamidine, or five daily or 
weekly intravenous injections of suramin. Pentami
dine is not recommended for rhodesiense cases be
cause of potential resistance to the drug in some 
areas. In the late stage of infection, the arsenic-based 
drug melarsoprol is usually used, as it will cross the 
blood-brain barrier and attack parasites in the cen
tral nervous system. However, the drug is dissolved 
in tissue-damaging propylene glycol, which must be 
injected intravenously with great care; and in 1 %-

116 __ 5% of cases the drug itself induces fatal arsenical 

reactions. The alternative and safer late-stage drug 
DFMO, or eflornithine, developed with TDR sup
port, is extremely effective in gambiense disease, but 
must be given in great volumes by intravenous drip. 
It is thus expensive and currently used only as a 
second-line drug when melarsoprol fails. TDR is 
working on reducing the dosage and manufacturing 
costs ofDFMO, to make an acceptable alternative to 
melarsoprol in endemic countries. 

Problems & solutions 

Problems in 1975 
"Current control measures do not usually eradi

cate the disease" said TDR's opening review of the 
problem (Position Papers on Research in Major Tropi
cal Diseases, TDR, 1976). "Moreover, they are costly 
and cumbersome. With the available tools, control is 
a continuing effort, producing suppression rather 
than eradication. The experience of the last 50 years 
has been that where control efforts are interrupted, 
for example due to political or economic circum
stances, or out of complacency, a flare-up of the 
disease will sooner or later occur". A then recent 
example was a resurgence in Zaire in the early 1960s, 
when after six years of interruption of surveillance, 
prevalence had risen from 0.01 % to around 20% in 
some areas. 

The development of new tools was considered "a 
matter of urgency, not only as a means to eradicate 
the disease, but to provide measures which are more 
effective and can be more widely applied than those 
presently available". 

A TDR consultation on the application of new 
control measures held in Brazzaville in 1980 judged 
the then generally low endemicity to be the result of 
continuous medical surveillance, treatment and tsetse 
control, implemented over the previous 50 years. 
Currently "most of the sleeping sickness surveillance 
and vector control operations are performed by 
national health services" the meeting reported "which, 
despite many pressing health problems, continue to 
give priority to trypanosomiasis control. They suc
ceed in maintaining regular surveillance in endemic 
areas in the face of high costs (estimated at a total 
yearly investment of US$5 million) and despite the 
permanent deployment of large numbers of health 
personnel and vehicles." 

In 1980 "the present situation, however, gives rise 
to increasing concern, since according to estimates 
made during the present consultation the number of 
people at risk is approximately 45 million, of which 



[only] 6 million are under regular surveillance". Thus 
the problem was underaddressed by about a factor of 
seven. 

Solutions in 1995 
Field research, in part supported by TDR, dem

onstrated the dramatic effectiveness of traps and 
screens to attract and destroy the tsetse fly vectors of 
the disease. For the West African disease, TDR also 
helped develop a simpler field diagnostic test, the 
Card Agglutination Test (CATT), and contributed 
to the development of a new drug - DFMO or 
"eflornithine" - the first for sleeping sickness for 40 
years, so effective it was dubbed the "resurrection 
drug". 

There has also been a great success in the contain
ment and halting of an epidemic of the disease in 
Busoga in south-east Uganda, which followed the 
social disruption of the country, and with changes in 
agricultural practices, in the 1970s. At its peak, an 
estimated 10 OOO people 
were dying each year 
within one small region; 
but in the late 1970s and 
the 1980s a highly moti
vated intervention, using 
efficient case identifica
tion, treatment, and the 
widespread deployment 
of tsetse traps brought the 
epidemic under tight 
control. 
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dollars - several years' rural income - to save a life, a 
course of treatment with the drug is very expensive 
for an African disease. And when TDR invited 15 
African governments to submit requests to donors to 
request funds for the drug, only one did so. Thus 
TDR is seeking all means to reduce the costs of 
treatment. 

Furthermore, there are as yet no new drugs for 
rhodesiense disease. The CATT diagnostic test is 
available for gambiense disease but little used. Traps 
have suffered a similar fate - outside epidemics. And 
the manufacturer of the principal late-stage drug, 
melarsoprol, is reportedly thinking of halting pro
duction. 

"Also people have forgotten the potential danger 
of an epidemic" says de Raadt. The disease killed an 
estimated 750 OOO people at the beginning of the 
century, raging along the river Zaire ( then the Congo) 
and the northern shores of Lake Victoria, after 
the European "scramble for Africa" of the 1890s 

had caused so much 
disturbance. 

That experience lead to 
effective control in 20th 
century colonial times, 
when political and eco
nomic interests would 
have it so. Each year, the 
bush would be cleared 

In an ideal world, the 
control strategy for the 
disease is clear: identify 
and treat all cases, and 

A mass of tsetse flies removed from an odour-baited trap. 

! around affected villages, 
~ and cases detected and 
i treated. Now, where the 
~ interests are gone, care has 

gone too. Tsetse fly traps can be an extremely effective method of 
reducing the tsetse menace. In 1995, everywhere 

where the surveillance is 
keep vector densities down with screens and traps. 
There should be mobile medical surveillance by 
specialized staff using the most effective diagnostic 
tools (serology and parasitology) available. Patients 
should be sent to specific referral centres for determi
nation of the stage of the disease and treatment, and 
for post-therapeutic follow-up. This would be sup
plemented by medical surveillance from fixed posts, 
such as dispensaries, health centres or hospitals, where 
blood samples would be taken and analyzed. And in 
all foci of the disease, there would be vector control 
using screens and traps. 

Remaining problems 
DFMO has been shown to be an excellent medi

cal cure for gambiense cases. But at a few hundred 

insufficient, the disease is rising again. A new area of 
transmission has arisen in Uganda which used to be 
free. Zaire "has become a time-bomb" says de Raadt. 
"It was the best surveyed country in Africa until six 
years ago. But lack of surveillance since - purely as 
the result of a political problem - has resulted in a 
great intensification of the disease". In some villages 
reportedly 70% of people are infected - amounting 
to a real medical emergency. 

There is thus in 1995 immense urgency to deal 
properly with this disease. And now even TDR is 
under pressure to reduce further its shrinking com
mitment. 

The countries currently most seriously affected by 
gambiense sleeping sickness are: Angola, Cameroon, 
Central African Republic, Chad, Congo, Sudan, __ 117 
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Uganda and Zaire. Of these, the worst problems 
affect Zaire, then Angola and Sudan, affected by war; 
and then the Congo, a country also facing constant 
disturbance. The rhodesiense disease most affects 
Tanzania, followed by Malawi, Mozambique and 
Uganda. The disease is also endemic in Zambia and 
Ethiopia, but little is known about its prevalence in 
those countries. Since 1991, WHO's Division of 
Control of Tropical Diseases (CTD) has been pro
posing a 10-country control plan which would cost 
around US$32 million to implement over five years 
- but it has attracted few donors, complains Pierre 
Cattand, who is responsible for the plan. 

However, as with some other diseases - notably 
river blindness and leprosy - there may at least be a 
ray of hope in the NGO community. Sleeping sick
ness is such a dramatically terrible disease, NGOs 
can sometimes find funds to play a role in support
ing its control. Thus CTD and TOR have forged a 
link with the Zairian Fond Medical Tropical 
(FOMETRO), which has had a long involvement 
with trypanosomiasis in Zaire, and placed an order 
for 10 OOO vials of DFMO with the manufacturer, 
Marion Merrell Dow. Half of this was delivered to 
Zaire, and the remainder is available for sale through 
WHO to endemic countries. Other voluntary do
nors are being invited to contribute to the produc
tion and supply of the drug to affected countries. 

Sleeping sickness thus makes an extraordinary 
example among TD R diseases. It should be a shining 
light: here the conscience of science could play its 
true role - a disease absolutely of the poorest of the 
poor, confined to Africa, and caused by a parasite 
which has proved a fascinating subject for research. 
But basic science has discovered little useful; and the 
products of more applied research, while consider
able, have been hidden by the fog that surrounds so 
many ofTDR's problems: in the final analysis, no
one who has the power to act, acts; and those few 
who do act, have little power. 

TDR's remaining problem is thus to use its few 
funds to create such tools, or understanding, that 
will have an effect on a disease where the commit
ment is low or absent. This is a tall order. In the end 
that must mean either tools so dramatic and cheap 
that no politician can ignore them; or tools and 
knowledge that the communities affected can make, 
discover and use themselves. 

David Molyneux, a member ofTDR's Scientific 
and Technical Advisory Committee (STAC), Direc
tor of the Liverpool School of Tropical Medicine, 

118 __ and an expert on African trypanosomiasis, has these 

recommendations: "If I were head ofTDR, I would 
stop all the basic science in the disease and move it all 
into applied field research to see how we would 
maximize the available rools. I would look at the 
drug combination opportunities - at finding new 
ways of making the drugs and vector control more 
available to the communities. We must look at a 
different approach to financing control through sur
veillance and treatment. TD R must move away from 
the bench: the amount of money TOR can spend 
will not buy the basic research, which anyway is 
heavily funded by others." 

Others, however, believe that while most basic 
research on trypanosomiasis is indeed being funded 
outside TOR, the Programme's small contribution 
provides leverage to direct the research towards goals 
that can be applied in the field. And according to one 
commentator "if TOR had not supported basic re
search on polyamine metabolism, DFMO would 
probably not have been discovered to be effective in 
trypanosomiasis." 

TDR's contributions 1975-1995 

Initial goals 
At the outset of TOR, the Position Papers pro

posed research for African trypanosomiasis in : 
• chemotherapy: 

- by screening compounds: "it would be neces
sary to screen some 10 OOO compounds to 
obtain two which were promising, and these 
themselves would have only a 10% chance of 
successful development"; 

- or by rational drug design, which would re
quire research in cell structure, molecular bi
ology, biochemistry and pharmacology; 

• pathology: fewer than 25 autopsies had been 
reported in the literature, making it difficult to 
understand the evolution of the disease; 

• immunology, towards improved serodiagnostic 
tests and investigation of the feasibility of 
vaccines, and understanding immunopathology; 

• epidemiology, to provide the basis for the evalu
ation of new control methods. 

Progress 
According to Molyneux, TDR's main contribu

tion has been to show that the extensive use of tsetse 
traps works, and to evaluate the new drug DFMO. 
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TOR also helped to improve both parasitological 
and serological diagnostics, provided a better under
standing of the epidemiology of the disease, and 
through early support of autopsies in fatal cases 
improved understanding of the nature of the disease 
itself and of reactions to treatment. 

The trypanosomes have also proved endlessly fas
cinating to scientists, whether supported by TOR or 
not. The parasites rap
idly change their coat 
proteins to avoid the 
immune system, and 
possess several unique 
features of genomic or
ganization and process
ing to fascinate molecular 
biologists. Yet none of 
this research has pro
duced a new drug, or a 
vaccine. So how did 
TOR get its products? 

Drugs 

firmed meningo-encephalitis and carditis and a par
ticular type of reactive encephalopathy in these cases 
as a direct result of melarsoprol toxicity. The obser
vation was concordant with studies involving or
ganic arsenicals in uninfected dogs. The work also 
demonstrated that hypoxic brain damage makes an 
important contribution to fatal outcome. This was 
an important observation, which suggested that 

anticonvulsants should fig
ure prominently in the 
treatment of the disease. 

But the greatest success 
in drug development since 
1975 was one of the seven 
leads: DFMO, a commer
cial compound developed 
elsewhere for cancer, had 
been found to work against 
sleeping sickness. 

The development of 
DEMO 

In 1978 it was 
estimated that to find 
two compounds active 
against the disease in 
ten years would cost 
US$1.3 million, and 
require the screening of 
10 OOO compounds. 
Screening on this scale 
was not undertaken. But 
a centre for primary 
screening in rodents was 
established at the Uni
versity of Glasgow, UK, 
and a centre for second
ary screening in primates 
at the Kenyan Trypano
somiasis Research Insti

Felix Doua, assisted by nurse Sam Rene, takes a sample of 
spinal fluid from a patient at the clinical research centre, 

Daloa. To distinguish early- from late-stage sleeping sickness, 
trypanosomes must be detected in samples of cerebrospinal 

fluid which is removed by lumbar puncture. 

But DFMO was first 
discovered for sleeping 
sickness through basic sci
ence. By 1981, TDR was 
supporting Cyrus Bacchi 
in New York studying 
metabolic pathways in 
trypanosomes. He first 
demonstrated in mice that 
DFMO was effective 
against the enzyme orni
thine decarboxylase, a key 
enzyme in the multiplica
tion of trypanosomes. But 
TOR reported "since the 
doses ofDFMO are neces
sarily very large, a search 
for more suitable analogues 
is in progress." The 

tute (KETRI) in Mugaga. By 1990, when the search 
for drugs was taken over by I-CHEM (see Box, 
Chapter 10), some 150 compounds had been screened 
and seven leads identified, including DFMO. 

TOR also studied the existing drugs against sleep
ing sickness. In collaboration with the Institute of 
Neurological Studies in the University of Glasgow, 
UK, TDR sponsored autopsies of sleeping sickness 
patients who had died after treatment with 
melarsoprol. Study of neuropathological material 
provided by the Daloa clinic in Cote d'Ivoire con-

monofluorinated analogue MFMO proved five times 
more potent in mice, but later had to be abandoned 
because of toxicity. 

"The company Marion Merrell Dow originally 
developed DFMO (eflornithine) as a cancer com
pound" says Peter Reeve, manager ofTDR's product 
development unit. "It interferes with polyamine syn
thesis in the cells. It turned out to be useful in 
research and in animal studies, but of little use 
against cancer in the clinic. It had a second revival in 
the developed world for AIDS-related pneumocystis -- 119 
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infections, but again turned out not to be much use 
clinically." 

DFMO was picked up outside TOR by Simon 
Van Nieuwenhove and colleagues - who in 1985 
published results on the use of DFMO in gambiense 
patients in southern Sudan, where resistance to 
arsenicals was becoming a problem ( Transactions of 
the Royal Society of Tropical Medicine & Hygiene vol 
79 pp 692-8; 1985). Two of the authors of this paper 
were members of Merrell Dow Research Institutes. 
Among their patients 18 had late-stage disease in
volving the CNS, 16 of whom were refractory to 
arsenical treatment. Monotherapywith oral DFMO 
of 400mg/kg/ day for five to six weeks led to disap
pearance of parasites from cerebrospinal fluid and 
the reversal of clinical signs. 

TDR's next role, Peter Reeve explains, was to 
collaborate with Marion Merrell Dow in the Phase 
III trials in Africa for the registration of the drug. 
The Programme funded a large trial between 1987 
and 1991 in Daloa, and in the Congo and Zaire. 
Results were reported on 711 patients treated up to 
March 1991 (International Scientific Council for 
Trypanosomiasis Research and Control, Publication 
No. 116, page 158). Some 675 late-stage cases, 428 
of whom were arsenical resistant, had been treated 
for several weeks, intravenously, orally, or both. Of 
676 evaluable patients 670 (99%) responded to 
therapy; 49 patients (7%) died during or shortly 
following DFMO. Of 618 cases that could be fol
lowed, 38 ( 6%) relapsed, 28 of these within a year of 
treatment. The best results were obtained with the 
intravenous therapy. The most common side effects 
were anaemia (340 cases), diarrhoea (276), leucope
nia (193), and hair loss (61), usually reversible after 
stopping the therapy. 

DFMO blocks the proliferation of the 
trypanosomes, and gives time for the immune sys
tem to act. D FM O is not effective against rhodesiense, 
for reasons that are not well understood, but it works 
well in gambiense. The drug was registered for sleep
ing sickness by the US Food and Drug Administra
tion in 1990. It was the first new drug for sleeping 
sickness for 40 years. 

DFMO has been called the "resurrection drug" 
because people get better so quickly, apparently from 
being near death. But as David Molyneux bluntly 
puts it: "It's OK to have a resurrection drug- OK if 
people can afford it and health services can use it. 
The basic cost of treatment per patient is around 
US$500 dollars - US$280 for the drug, and the 

120 __ balance for the intravenous fluid, the drip apparatus, 

and the hospitalization. By contrast melarsoprol costs 
about US$60 for nine injections. 

"The idea now is that it should be produced more 
cheaply in India'' says Molyneux. It is not a compli
cated structure." The manufacturer, Marion Merrell 
Dow, regards DFMO as profitable only if it were an 
anti-cancer agent or as an AIDS drug. Since it has 
failed in these respects, the company is not interested 
in producing it - and certainly not in producing it 
more cheaply for less developed countries, even 
though the company does have sales of its other 
products there. 

The company is, however, good enough to make 
DFMO for TOR and CTD. It would like WHO to 
hold the supplies of it. As Maynard Johnson of the 
company's legal department puts it: "We would have 
given up manufacturing it if it had not been discov
ered to be useful for trypanosomiasis. It is campaign 
manufacturing- a large quantity at infrequent inter
vals, not a continuous process." 

"It is not dear whether it would work out as a 
commercial product because the people who need it 
can't afford it. One of the starting materials is manu
factured in Japan and is quite expensive. Hiroshi 
Nakajima, Director-General of WHO, Felix Kuzoe, 
manager of African trypanosomiasis at TD R, and R. 
Malcolm Barbour - a former senior vice-president of 
the company- tried to get the costs down a few years 
back, but they were only partially successful" says 
Johnson. 

"DFMO is an odd product. It's only approved use 
in the USA is for trypanosomiasis, and there are 
virtually no cases in the USA. We are trying to find 
a licensee for it - and to look at other uses. The 
patents on it - which anyway are for the developed 
countries - USA, Canada, Japan, and Europe - start 
to expire around the year 2000. The company has no 
patents on it in India." 

"It has been the understanding" says Johnson 
"that we would license WHO free of charge to make 
DFMO. We have been trying to get the Memoran
dum of Understanding and the Licence Agreement 
finalised - at present both organisations have been 
working as if it is in operation." 

Pieter de Raadt recalls "we did try together -
myself and the Director ofTDR, Tore Godal- to get 
the price down. But I lost interest - the cost looked 
hopeless. I am still hoping for a similar molecule that 
does not have this disadvantage. Moreover using a 
drip is impossible in eight out of ten field hospitals 
- they don't have the skills ... In the event this drug 
will be for tourists and rich Africans and for the rare 
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occasion when a patient who is resistant 
melarsoprol can be sent to a proper hospital". 

to concentrated the odour from these oxen into a point 
source. Flies came to this odour source "like a never
ending swarm of bees", according to one report, and 
catches were estimated in kilograms rather than by 
number. Key components of the attractant were 
identified as carbon dioxide, acetone and octenol. 
And there were other traps too - such as the screens 
of Langridge and Moloo based on the principles of 

Meanwhile, however, TDR is more optimistic: 
the Programme is trialling short (seven-day) treat
ments; and funding the Indian Institute of Chemical 
Technology (IICT), Hyderabad, to establish its own 
half-cost synthesis route, If both are successful this 
could reduce the drug costs by a factor of four. 

How the traps came to be 
TD R played an important international coordi

nating role in developing simple traps for attracting 
and killing the tsetse fly 
vectors of the disease over 
a wide area, and helped 
to test and confirm them 
on a wide scale. 

Harris's design of 1930. 
At a meeting of the TDR Daloa Clinical Research 

Centre forTrypanosomiasis, Cote d'Ivoire, in Febru
ary 1981, it was reported that placing 600 biconical 

"Challier-Laveissiere" traps 
along 62km of one river 
gallery forest ( one every 
100 metres) had reduced 
the apparent density of the 
vector (basically the catch
ing rate) of G. tachinoides 
by 99.9%. Screens gave 
similar results. 

~ At the second meeting 
~ ofTDR's Scientific Work
j ing Group, which met in 
~ Arusha, Tanzania, in 

French scientists had 
revived the principle of 
using traps to control the 
disease, and then British 
scientists had taken up 
the idea in Zimbabwe 
(then Rhodesia). The 
earliest traps of all were 
sticky panels which plan
tation workers on the is
land of Principe carried 
on their backs, first to 
collect flies for ento

The Card Agglutination Test for Trypanosomiasis (CATT) being= October the same year, 
used in a village by a visiting medical team. Improved even better results were 

serodiagnostic tests such as this allow a large number of d "Th b · · al 
people to be screened for gambiense sleeping sickness reporte : e tcomc 

infection in a relatively short time. traps whtch have proved a 

mologists - and then, when they were found actually 
to reduce the numbers of flies, to reduce the chance 
of being bitten. Harris in Zululand in 1930 was 
catching 100-200 G. pallipides a day with a trap of 
his design, and had hopes of controlling disease 
transmission. Swynnerton followed with an inten
sive trapping campaign in Tanzania. 

Traps were developed empirically by entomolo
gists through many stages and types. At one time 
they took the form of a big wooden framework 
covered with dark material, to make it look like a 
rhino or a wart-hog. Then in 1973 Challier and 
Laveissiere in Bobo Dialoaso in Burkina Faso (then 
Upper Volta) published details of their "biconical" 
traps. Later they found that colour was important, 
and that blue attracted most flies. 

With thoughts of controlling the related animal 
disease, N'gana, there had also been work with at
tractants such as the natural odour of calves and oxen 
by Vale in Zimbabwe (then Rhodesia), and carbon 
dioxide in the Congo and Rhodesia. Vale used un
derground pits containing 12 tons oflive oxen and 

valuable tool for studying 
the ecology of Glossina [have been] developed to 
control the river species by impregnation with a 
synthetic pyrethroid" the meeting report stated. "This 
led to a 100% reduction [in catching rate] of 
G. palpalisand a 98.6% reduction [in catching rate] 
of G. tachinoides. Five months after placing 136 traps 
in l 3km of riverine forest gallery on the river Leraba, 
running between Cote d'Ivoire and Burkina Faso, 
tsetse were only caught at the extreme limits of the 
experimental area. It was concluded that flies could 
be eliminated completely if the traps were used as 
barriers around a zone". 

So TDR convened an "informal" meeting in 
Brazzaville in March 1982 to bring all the trap 
experts together, Francophone and Anglophone, to 
compare results, and consider plans for pilot control 
project. Further development of the traps and large 
trials were recommended in representative foci, each 
with different problems and opportunities. 

By 1987, TDRcould report on successful trials in 
the Congo of a monoconical, insecticide impreg
nated trap based on the original Challier-Laveissiere -- 121 
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design: "no tsetse flies were observed over a 
six-month period following its use in some villages in 
the Couloir and Niari disease foci". In the Lefini 
disease focus in the Congo the seropositivity preva
lence rate fell from 8.5% to 1.7% within a few 
months of the installation of 1 OOO traps in six 
villages. Also in the Congo, pyramidal traps devel
oped by Lancien and Gouteux with support from 
the French development research agency ORSTOM, 
and TDR, were found equally effective - even with
out insecticide. The flies fell into a jar of water at the 
top of the trap and were drowned. These traps cost 
around US$6 to construct. And in Cote d'Ivoire, 
over 15 OOO insecticide impregnated screens placed 
by farmers in strategic sites over an 83 sq km area 
reduced the tsetse population by 98% within a month, 
at a cost of US$550 per sq km. 

The first and dramatic large-scale application of 
any of these traps against sleeping sickness has been 
in Uganda, where with support from CTD, the 
French Government and the European Union, 
Lancien deployed over 10 OOO pyramidal traps - and 
together with action surveillance and treatment halted 
an epidemic. 

However, says Cattand, the traps are expensive to 

set up and maintain - requiring an almost military 
level of organization. "To cover 25 OOO people, 5 OOO 
families must be educated in their use. The traps will 
last no more than six months, and must be con
stantly monitored and replaced- even when they are 
collecting few flies, and motivation has fallen." 

Diagnosis 
In its early manifestations, African trypanosomia

sis - particularly the West African form - can resem
ble other febrile diseases such as malaria. The East 
African form develops so rapidly, however, that ex
cept in the very early stages it is relatively easily 
distinguishable without sophisticated diagnostics: 
within seven or eight days the patient is suffering 
severe headaches, and has developed a sore or "chan
cre" at the site of the bite. 

So TDR held a meeting in 1981 at the lnstitut de 
medecine tropicale, Antwerp, to plan the work needed 
to improve the possibilities of stable, sensitive diag
nosis of the West African disease under field condi
tions. Such diagnostics, the meeting decided, "should 
make use of stable antigens and small blood samples 
from the finger. The manipulations should be simple 
and should not require sophisticated equipment; the 
results should be clear cut and obtained in a short 
. " ttme. 

It was noted that a card agglutination test for 
trypanosomiasis (CATT) had been developed at Ant
werp and was close to being ready for field trials. An 
indirect haemagglutination assay (IHA) was also 
thought to bear comparison, and field trials were 
planned for these two, against a more sophisticated 
but less practical immunofluorescent assay (IFAT) as 
a reference. 

The field comparisons with other tests made 
CATT the front runner - it even proved better than 
IFAT, and a single CATT test was expected to cost no 
more that US$0.25. The test made use of a suspen
sion of fixed and stained trypanosomes as an antigen. 
It was an old approach, but lyophilization, possible 
by 1980, had improved stability and made field 
application possible. The test could be carried out on 
a commercially available plasticized card - or other 
suitable surface - by mixing a drop of whole blood, 
or some serum of the patient and a drop of reconsti
tuted antigen, and could be read with the naked eye 
after five minutes of gentle shaking. 

TDR also helped evaluate sensitive parasitological 
diagnostic tests - such as the mini anion exchange 
centrifugation technique (MAECT), and the quan
titative huffy coat (QBC) test, which has proven to 
be the most sensitive of all. 

Daloa 

In 1979 a TDR review body questioned why a 
detailed study of transmission in Burkina Faso, in
herited from a pre-existing WHO/UNDP project to 
investigate tsetse control through helicopter spray
ing, and the field use of diagnostics and drugs, had 
been absorbing 55% of all TDR African trypano
somiasis funds. In 1981, the project was reported to 
have identified domestic pigs and dogs to be poten
tial reservoirs for T. b. gambiense, as well as wild kob, 
hartebeest and bushbuck, and measured the disper
sal of tsetses over distances of at least 22km. Pigs had 
turned out to be a more important host of the vector, 
G. palpalis, than man, with fly densities 12-100 fold 
higher in villages with pigs than those without. 

But by 1981 funds for the project were cut, and a 
third of the funds previously spent on it were trans
ferred to establish a clinical research centre in Daloa, 
Cote d'Ivoire. Daloa was equipped to provide im
munological and biological data that could not easily 
be obtained elsewhere. It rapidly evolved into a 
100% African staff institution. Daloa made a great 
contribution in the comparative trials of DFMO 
and other drugs which led to the registration of 
DFMO. But TDR's funding problems has led to 
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Highlights of African trypanosomiasis research 1993-94 

Applied field research 
• Investigations began on early detection of 

epidemics through community surveillance. 

• Plans were made to determine high risk areas for 

African trypanosomiasis, using satellite images, 

Geographic Information Systems and field data. 

The initial focus was on foci in Cote d'Ivoire. If 

results are significant, this approach could be 

extended to the entire forest zone, where 

surveillance systems are urgently needed. 

Product development 

• The preliminary results of a comparative study of 
14-day and 7-day treatments with DFMO have 

shown that the new, shorter treatment regimen is 

effective in treating late stage gambiense sleeping 

sickness. A two-year follow up of patients is in 

progress to check for relapses. 

• Plans for an alternative method of synthesis of 

DFMO, which could potentially reduce production 
costs by half, are being developed by the Indian 

Institute of Chemical Technology (IICT), 

Hyderabad. 

• The Card Indirect Agglutination Test for 

Trypanosomiasis (CIATT), using monoclonal 

antibodies rather than the fixed trypanosomes of 
CATT, has entered small-scale production in 

Nairobi, and is under test in four countries. 

Preliminary results show high seropositivity with 

relatively low parasitological positivity. A thorough 

curtailment ofTDR support for the centre, and now 
the unit has been handed over entirely to Cote 
d'Ivoire. Molyneux regrets the decision. 

Basic research 
TDR also supported much basic research in Afri

can trypanosomiais, which has deepened understand
ing of the disease. For example, rickettsia-like 
organisms (RLOs) were found to be common in the 
ovaries and midgut of certain tsetse species (notably 
G. palpalis palpalis), and under laboratory condi-

parasitological follow up of serologically positive 

patients is in progress. 

Strategic research 
• Trypanosome lymphocyte triggering factor (TLTF), a 

molecule which binds to CD8+ T-cells and triggers 

the production of gamma interferon, which is a 

growth factor for T. brucei, has been purified and 

amino acid sequenced. A mRNA sequence which 

encodes a unique protein has been obtained and 
attempts are being made to overexpress the molecule 

in f. coli, so that the biological activities can be 
determined. 

• Combinations of DFMO with either suramin or 

melarsen oxide were found to be effective against 

acute laboratory model infections of T. b. rhodesiense 
using clinical isolates known to be resistant to any of 

these drugs singly. It has been suggested that 
combinations of DFMO and suramin should be 

examined clinically for arsenical refractory patients 

of rhodesiense sleeping sickness. 

• The rapid efficacy of DFMO in arousing comatose 

gambiense sleeping sickness patients earned it the 

name "resurrection drug". This rapid response 

suggests that it may be doing more than halting the 

growth of trypanosomes. Preliminary data from 

studies in the mouse have indicated that DFMO 
decreases both astrocyte activation and immuno

inflammatory cell numbers. There is a growing 

evidence which appears to suggest that DFMO may 

act through its effect on astrocytes. 

tions these were associated with T. b. brucei animal 
infections. The organisms may thus be markers for 
infection of flies with this animal parasite, rather 
than the human form, potentially helping to explain 
the extreme patchiness of disease distribution. And 
understanding of the nature of the CNS stage of the 
disease has improved, with the demonstration of its 
association with elevated levels of prostaglandin 2 
(PGD2) and other imbalances in cytokines through
out the neuraxis, and thus hinting at potential alter
native forms of treatment. 

-- 123 
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9. 
Chagas Disease 

Romaiia's sign (opthalmo-ganglionic complex), a common sign of acute Chagas disease. 

Chagas disease exists only on the American 
continent, and extends from Mexico to 
Argentina. According to the World Devel

opment Report 1993, Investing in Health, the disease 
causes the loss of 2 7 40 OOO disability-adjusted life 
years (DALYs) annually- putting the global burden 
of Chagas disease in third place after malaria and 
schistosomiasis among TOR diseases. Some 100 
million people - a quarter of all the inhabitants of 
Latin America - are at risk of contracting the disease. 
An estimated 16-18 million people are infected. 

The disease usually begins as an acute infection in 
childhood, which may last up to two months, fol
lowed by a slow, chronic inflammatory process, which 
in around a quarter of those infected damages the 
autonomous nervous tissues of the heart, a condition 
which in turn may cause heart failure and premature 
death in mid-life. In 6% of infections, the autono
mous nervous system of the intestines is affected, 
leading to disperistalsis and dilation ("megacolon" 
and "mega-oesophagus"). In 3% the peripheral nerv
ous system is involved. 

No treatment is available for the chronic forms of 
the disease. Nifurtimox, a nitrofuran derivative, and 
benznidazole, a nitroimidazole, are oral drugs used 
in acute cases, but their efficacy varies considerably 
from place to place, perhaps due to variation in 
parasite strains. The drugs must be taken daily for 
long periods. Both drugs can produce unpleasant 
side-effects, primarily nausea, vomiting and allergic 
reactions. 

Chagas disease is caused by infection with the 
parasite Trypanosoma cruzi, and transmitted by 
Triatomine"kissing" bugs associated with poor hous
ing and living conditions, such as homes with dirt 
floors, thatched roofs, and cracks and crevices in 
walls; or through blood transfusions infected with 
the parasite; or at birth from infected mothers to 
their babies. 

The triatomines feed at night and, attracted by 
exhaled carbon dioxide, drop to the beds of sleepers 
to feed on exposed skin, often on the face near the 
mouth. The parasites are not transmitted through 
the insect's bite, however. They are deposited on the __ 125 
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victim's skin with the insect faeces. When the victim 
scratches the insect bite, the parasite is inadvertently 
aided to penetrate the skin and enter the blood
stream. 

In Argentina, Brazil, Bolivia, Chile, Paraguay and 
Uruguay the disease is transmitted by Triatoma 
infestans, which is largely restricted to the dwelling. 
The prevalence of infections in these countries ac
counts for some 70% of the total cases on the conti
nent, and can be effectively eliminated by appropriate 
applications of insecticide in the dwellings. 

In the northern part of South America and in 
Central America, the disease is transmitted by spe
cies of Triatomine that live in the forest as well as the 
home - and hence is more difficult to eliminate. 

Control of blood banks is also crucial. In most 
Latin American cities, the prevalence of T. cruzi 
infected blood is much higher than that of hepatitis 
or HIV (human immunodeficiency virus) infection. 
Methods to screen or treat infected blood in blood 
banks are compulsory by law in Argentina, Bolivia, 
Brazil, Colombia, Honduras, Uruguay and Venezuela. 

Problems & solutions 

Problems in 1975 
TDR's opening documentation (Position Papers 

on Research in Major Tropical Diseases, TD R, 197 6) re
corded that "until recently, no drug was available for 
the treatment of Chagas disease. Two compounds, 
nifurtimox and a 
nitroimidazole deriva-

Chagas disease is increasing. There is an increasing 
risk that the disease may spread to urban areas, since 
triatomine bugs are often carried along with the 
possessions of rural migrants to the cities, where they 
establish themselves in poor city housing." 

Solutions in 1995 
The greatest development in Chagas disease con

trol since 1975 has been the launching in 1991 of the 
"Southern Cone Initiative" to eliminate the trans
mission of the disease in six countries, in part using 
methods and tools developed with TDR support. 

At a landmark meeting in Brasilia in 1991, the 
Ministers of Health of Argentina, Bolivia, Brazil, 
Chile, Paraguay and Uruguay declared that "Chagas 
disease was discovered at the beginning of this cen
tury in 1909, and we hope to eliminate it at the end 
of this century". And proving their commitment, the 
ministers allocated over US$90 OOO OOO of health 
ministry funds for vector control and US$6 million 
for blood screening over the period 1992-1994. 

The two principal targets for the year 2000 set by 
the Southern Cone Initiative are: 

• to interrupt vectorial transmission of T. cruzi, 
through the use of vector control tools such as 
residual insecticides, insecticidal paints and 
fumigant canisters, housing improvements and 
health education, within a wider context of 
sustained development of the rural and peri
urban areas; 

tive, have recently been 
introduced. However, 
there is controversy over 
their cure rates and safety. 
Both compounds require 
administration in two-to
three-month courses and 
the drugs are therefore 
quite unsuitable for wide
spread use by health de
livery services in rural 
areas .... 

Figure 1. Interruption of transmission 
Argentina: incidence and treated houses 1983-1993 

"Little progress has 
been made in the control 
or prevention of Chagas 
disease in most of the af
fected areas. With fast
growing populations, it 
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W•g~ DU,~, [ w J • • to screen all blood donors for T. cruzi antibodies, 
as part of a wider effort to introduce universal 
screening of donated blood for HIV, hepatitis 
and T. cruzi. 

Control programmes in four of the six countries 
in the Southern Cone are already well-advanced 
towards their targets: 

Argentina: Triatomine 
house infestation rates 
fell 75% from 1982-
1993 in 13 of the 15 
endemic provinces, and 
the annual incidence of 
seropositivity in 18-year
olds fell from 4.8% in 
1983 to 1.2% in 1993 
(see Figure 1). Interrup
tion of transmission is 
expected in 1998. 

Furthermore outside the Southern Cone coun-
tries, in Central America and in the Andean coun
tries - Colombia, Peru, Ecuador and Venezuela -
where Triatomine control is ineffective, control strat
egies are focused only on screening of transfusions in 
blood banks and housing improvement. New strat
egies need to be developed and tested for cost-effec

~ 
0 

tiveness and acceptability 
in these regions - such as 
the use of protective cur
tains, or cementing floors 
and protecting roof spaces. 

The operational costs of 
existing methods are also 
too high for some coun
tries, and the need to 
evelop cheaper and more 
effective methods of 
ontrolling Chagas disease 
remains. Nevertheless the 

Brazil: In 1975, 711 
municipalities were in
fested with T. infestans, 
in 1993 there were only 
98 infested municipali

~ socioeconomic impact of 
§ leaving the disease uncon
~ trolled is also very high. In 

A home being fumigated. A fumigant can has been opened 
indoors. Brazil, records indicate that 

some 30% of infected peo
ple develop severe cardiac and digestive lesions such 
as cardiac arrhythmias (75 OOO individuals), 
megaoesophagous (45 OOO cases) and megacolon 
(30 OOO) per year. If all these people were to be 
treated with pacemaker implantations and corrective 
surgery (average US$5 OOO) the bill would amount 
to approximately US$ 750 million per year. 

ties, a reduction of 87%(see Figure 2). Similarly, in 
1982 6.5% of blood donations in Brazil were in
fected with T. cruzi; but in 1992 only 1 % were 
infected. Interruption of transmission is expected in 
1998. 

Chile: Triatomine house infestation rates fell 90% 
from 1982-1993 in all endemic regions, and the 
annual incidence of seropositivity in under- l 5s de
creased in the highly endemic "Region IV" fell from 
20.3% in 1986 to 4.2% in 1992(see Figure 3). 
Interruption of transmission is expected in 1996. 

Uruguay: Triatomine house infestation rates fell 
98% from 1982-1993 in all endemic areas, and the 
annual incidence of seropositivity in under 12s de
creased from 2.4% in 1985 to 0.2% in 1993. Inter
ruption of transmission is expected in 1995 (see 
Figure 4). 

In large parts of the Southern Cone countries, 
programmes have thus already entered a post-elimi
nation surveillance phase - monitoring of house 
infestation and, where necessary, focal spraying. 

Remaining problems 
Despite improvements in vector control and in 

blood bank screening there is still no fully effective 
treatment, neither for chronically infected patients, 
nor for the initial acute cases. 

TDR's contributions 1975-1995 

Initial goals 
TDR's Scientific Working Group on Chagas dis

ease set to work in 1979. TDR aimed to: develop 
new drugs; improve and increase the use of existing 
drugs; improve methods to eliminate the parasite 
from blood banks; find inhibitors of immunopa
thology; improve diagnostics; improve vector con
trol methods and insecticides; and to improve 
epidemiological understanding of the disease, by 
quantifying the relationships among vector, host, 
parasite, and man, as they affect prevalence, trans
mission levels, vector densities and symptoms. 

To achieve these goals it was recognized that 
training would be needed, to standardize method
ologies and provide comparable results from diag
nostics and control measures. -- 127 
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TDR's main initial contribution was to support 
and coordinate pre-existing research on the disease 
in Latin America - it was after all discovered in 1909 
by a Brazilian, Carlos Chagas - and particularly to 
help prepare improved and comparable diagnostic 
techniques. These were then used to measure more 
accurately the extent of the problem. By 1995, TDR 
had also contributed to improvements in vector 
control methods, helped to develop simple tech
niques to detect infection in blood supplies, and to 
improve methods of disinfecting blood. 

TDR had a good base on which to build. Coun
tries such as Argentina, Brazil, Chile, Colombia and 
Venezuela had already built up Chagas research fa
cilities and skills. TDR played a crucial role in fi
nancing and coordinating research - and in linking 
the research to scientifically more advanced coun
tries elsewhere. Some regional organisations such as 
the European Union and bilateral agencies such as 
IDRC (Canada) and SAREC (Sweden) also played a 
vital role in funding Chagas disease research. 

According to Alvaro Moncayo, Manager of the 
TDR Task Force on Operations Research on Chagas 
disease, "the Programme has been instrumental in 
developing and coordinating a strong network of 
national institutions, working closely with govern
ment control programmes. This has allowed the 
support of epidemiological, serological and control
oriented research under common protocols, and per
mitted evaluation of the 

resources mobilized. Scientists were working very 
stubbornly and independently before. 

In particular "TDR clarified the whole situation 
of serology. In the beginning discrepancies were enor
mous - but in the end the laboratories worked well 
together". TDR also supported a lot of biochemical 
investigations - but "very little came out of it for 
control of the disease, though it was good work" says 
de Raadt. 

Prevalence studies 
One ofTDR's most important contributions was 

to provide the means to map Chagas' disease and to 
quantify its prevalence. TDR brought together a 
meeting of experts in Brasilia in 1979 and helped 
design a simple, common epidemiological method
ology to be used throughout Latin America. Health 
workers were to take a blood drop from a finger
prick, set it on tissue paper and send it for testing 
centrally by an agreed serological method. 

The population to be sampled were to differ 
according to context: in some cases they were to be 
a random fraction of the whole population of the 
country; other surveys were to be confined only to 
endemic areas. Prevalence surveys were also to be 
made of Triatomine house infestation. TDR funded 
16 further projects to promote these agreements, so 
that clinical and epidemiological data from different 
areas should be comparable. The Programme thus 

impact of interventions 
and comparison of results 
in the different coun-

Figure 2. Interruption of transmission 
Brazil: infested municipalities 1975-1992 

. " tnes. 
Pieter de Raadt, 

former head of the WHO 
Programme of Control of 
Tropical diseases (CTD), 
says: "The science of 
Chagas disease is much 
better developed in the 
endemic countries as a 
result of TDR's contri
bution. Brazil and Argen
tina both have an 
excelle_nt scientific system 
for the disease now. 
TDR's contribution has 
been to coordinate at in-
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Chile: endemic regions 1982-1993 

tion - compared with six 
months for traditional 
insecticide sprays. One 
application of paints kept 
85% of the homes free 
of Triatomines - com
pared with 60% for two 
applications of the usual 
house spraying method 
over the period. The 
costs for each house were 
approximately US$30 
for the paints, but dou
ble that for the tradi-
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created a new uniformity in concepts, in the inter
pretation of results, in determining of cut-off points, 
and in the standardization of techniques. 

Ministries of health adopted these techniques, 
and for the first time in the history of Chagas disease 
research, it became possible to estimate its preva
lence accurately and comparatively. Such figures, 
and the details of the studies, have provided a funda
mental baseline for planning, and methods for con
tinuous evaluation, on the national level. 

Canisters and paints 
TDR has supported the development of two tools 

for triatomine control: fumigant canisters for use by 
householders, and insecticidal paints using a latex 
base - which retain their insecticidal activity longer 
than traditional sprays - for use by spray teams. 
These tools have been marketed successfully in their 
countries of origin - Argentina and Brazil. 

For example, a four-year control programme 
among 600 homes and 3 OOO individuals in the 
Santiago del Estero province of Argentina relied on 
fumigant canisters. The incidence of seropositivity 
in infants aged one dropped from 5.5% to zero. In 
the 1-4 age group the decrease was even more nota
ble - from 12.4% to zero. The whole cost of the 
intervention was estimated at US$4.70 a house, five 
times lower than the traditional government control 
programme. 

A field project with the paints in central Brazil 
involved 4 800 houses and 30 OOO people. The paint 
was still insecticidally active 24 months after applica-

Zerba and his group in 
Argentina with TOR 
funding of approxi

mately US$25 OOO a year since 1980. They are 
currently manufactured by SINTYAL in Argentina 
using a pyrethroid insecticide. The cans were re
leased onto the market in 1990, at a price ofUS$0.80. 
People place the cans in the bedrooms - where the 
Triatomines like to live as they can get a blood meal 
easily while a person is asleep - set light to a wick and 
insecticide fumes are released. Some 200 OOO cans 
were purchased by the Argentinian government for 
use through the control programme in 1993, and 
again in 1994. The canisters are best used as a 
supplement to spraying - to maintain the effect of 
insecticide in a house. 

Insecticidal paints began when TOR established a 
collaboration with Alfredo Oliveira-Filho and his 
group in the Biology Department of the Federal 
University of Rio de Janeiro, Brazil. His unit on 
natural botanical products was developing new ma
trices for holding the molecules of insecticide so that 
it degraded less quickly. It discovered that latex beads 
were effective. The Programme funded this work to 
the tune of US$20 OOO a year since 1980, paying for 
materials and reagents and for a technician. The 
product was released onto the market in 1991 by 
IHARABRAS in Sao Paulo. It has been used in 
several Brazilian provinces, notably in the peri-domi
cile annexes of 50 OOO houses in Ceara province, 
where the measure has not only decreased opera
tional costs but also increased vector control efficacy. 

TOR supported an extended trial of a mixture of 
insecticidal activities in Argentina, Chile, Honduras 
and Paraguay, following common protocols to allow __ 129 
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comparison of the results. 
These studies showed 
that the paints had re
duced rates of house re
infestation bytriatomines 
by a factor of two to three 
compared with conven
tional insecticide spray
ing, with the exception 
of Argentina, where the 
advantage was only a fac
tor of 1.5. Overall, re
sults so far indicate that 
the lowest re-infestation 
rates result from a combi
nation of paints with 
traditional pyrethroid 
insecticides. 

Figure 4. Interruption of transmission 
Uruguay: endemic departments 1983-1992 
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The extent of applica
tion of these tools now 
depends on the operational choices of government 
public health programmes, and on individual home 
owners' willingness to buy them on the open market. 

Triatomine detection boxes 

This product provides a cheap means of detecting 
Triatomine infestation in a house. The principle is 
simple: the bugs leave eggs or faecal traces in corru
gated paper furrows in a box which hangs on the 
wall, disguised behind a pretty picture. Household
ers understand that when they find traces on the 
paper, they must take the box to a community health 
worker or the health post - and ask that their houses 
be sprayed again. The box reduces control costs, 
because it avoids the need for regular house-to-house 
surveys by technical field personnel. 

TOR supported the development and testing of 
the boxes with a grant of US$40 OOO a year from 
1988-1993 to Elsa Segura and her group in the 
Fatala Chaben Institute in Buenos Aires. Some 
750 OOO boxes were bought by the Ministry of 
Health in Argentina in 1993 and again in 1994. The 
boxes are commercially produced by a manufacturer 
in Buenos Aires. 

Kits for testing the blood banks 
The rural/urban migration movements that oc

curred in Latin America in the 1970s and 1980s 
changed the traditional epidemiological pattern of 
Chagas disease. Once a rural condition only, it at
tained a new dimension as an urban infection, trans
mitted by blood transfusions. 

Geographically, the prevalence of infected blood 
in blood banks in a few cities in measurements taken 
between 1960 and 1989 varied greatly, between 2.9% 
in Sao Paulo, Brazil (1982), and 51 % in Santa Cruz, 
Bolivia (1990). Generally, the prevalence of T. cruzi 
in blood banks is far higher than that of hepatitis B 
or HIV infection. In Santiago, Chile, for instance, 
the prevalence of T. cruzi in blood banks was meas
ured to be 3.7%, whereas that of hepatitis was 0.4% 
( ten times lower) and HIV 0.01 % ( 400 times lower). 

However, blood is precious, so the need to avoid 
false positive results - and consequent rejection of 
good blood - is of utmost importance; and false 
negative results are also critical, to avoid the transfu
sion of infected blood. So the test reagents must be 
rigorously validated under different epidemiological 
and clinical conditions to ensure the utmost 
repeatability and predictability. 

Here basic science came into its own - as the 
characterization of T. cruzi antigens and genes, to
gether with the availability of monoclonal antibodies 
and the polymerase chain reaction (PCR), which can 
detect minute amounts of parasite DNA, provided 
new means to diagnose infection. 

Beginning in 1986, TOR supported investiga
tions to assess several different antigens - both 
T. cruzi recombinant proteins and purified antigens 
- as diagnostic reagents. In a double-blind trial, 
eleven antigens performed well, and were progressed 
towards the development of two blood screening 
kits, at a cost of about US$25 OOO a year for each 
one. Both kits were released on to the market in 
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1993. The "Fatala Kit" developed at the Fatala Chaben The Programme has funded studies carried out by 
Institute in Buenos Aires, tests for T. cruzi antibodies Helio Moraes de Sousa in Uberaba, Brazil which 
in the blood with the antigens Ag-PS and Ag-4, showed that the effect of gentian violet is amplified 
produced by DNA recombination. Another diag- by addition of sodium ascorbate, allowing the reduc-
nostic kit, "Bio Chagas" developed by Carlos Frasch tion of the concentration needed and the degree of 
and his group at the "Fundacion Campomar" and skin coloration. However the use of this long-stand-
produced by Gador ing product remains lim-
Laboratories - also in ited to highly endemic 
Buenos Aires - uses an- areas in Central Brazil. 
other combination of 
recombinant defined an- Drugs 
tigens. In this test, in- In 1979, a TOR meet-
fected sera produce a blue ing considered how to 

precipitate on a strip af- speed up drug research for 
ter less than one hour of Chagas disease. Since there 
incubation, so it can be were insufficient means for 
easily used at peripheral large-scale empirical drug 
health services. In 1994, screening - as was the case 
arrangements were also for several other TD R dis-
being made in Brazil for eases - it was decided to 
the production of a simi- keep random screening at 
lar screening kit which a low level and to concen-
uses cytoplasmic repeti- trate on rational drug 
tive and flagellar repeti- design. 
tive antigens. This implied beginning 

A PCR procedure is with the basic biochemis-
also being developed and try and molecular biology 
validated by Carlos of the parasite. But it was 
Morel and his group at recognized that "no an-
"FIOCRUZ" in Rio de tiparasitic drug has yet 
Janeiro for detecting low been developed on a com-
parasitemia in chronic pletely rational basis and 
patients as the standard the time involved could 
xenodiagnosis technique Insecticidal paint being applied inside a house. well be long". And it was 
-which involves placing hoped that industry would 
40 uninfected triatomines on the skin for an hour to pay for most of the empirical screening. 
bite the patient, and then dissecting the guts of the Targets were defined more closely in an expert 
bugs several days later to search for multiplied para- meeting in Washington, D.C., in 1981 to define 
sites - is not sensitive enough. protocols for drug trials. "The ideal drug" the meet-

ing reported "would achieve parasitological cure of 
Cleansing the blood: gentian violet both acute and chronic cases from all parts of Latin 

Gentian or "crystal" violet, was first described in America. It would be effective by the oral and, for 
1953 as able to kill T. cruzi in whole blood. The cases of mega-oesophagus, the parenteral route; be 
agent is added at a concentration of 125mg/ SOOml effective in one or a small number of daily doses; and 
of blood, and the mixture allowed to stand at 4°C be affordable by those who suffer from the disease. 
for 24 hours. Toxicity studies have been performed At the doses used, it would be free of serious side
and the method appears to be without major side- effects (including those that are only transient) and 
effects. Its main disadvantage is the colouring of the of teratogenicity. It would not require patients to be 
blood by the dye, and the subsequent (reversible) hospitalized, and drug resistance would not develop 
staining of the patient's tissues. As a result, many rapidly". 
physicians do not like routinely to use blood treated One of the most promising compounds, allopuri-
with the compound. nol, cheap and already registered for gout, has been __ 131 
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Highlights of Chagas disease research 1993-94 
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Applied field research 
• Insecticidal paints were shown to be highly cost

effective, as a result of remaining active for 24 
months, in ongoing large-scale field studies on 
different combinations of vector control methods, 
such as insecticidal paints, fumigant canisters and 
traditional insecticide spraying carried out in 
Argentina, Chile, Honduras and Paraguay. 

• Studies of the prevalence of T. cruzi in blood banks 
in Colombia, Nicaragua and Peru were used to 
make accurate estimates of distribution of Chagas 
disease endemic areas in these countries. Control 
programmes were designed and launched using 
these data. 

• Research on congenital transmission in Argentina 
indicated very low levels of knowledge among 
women, and considerable scope for the improved 
detection of the disease in infants. 

• Towards methods for rapid assessment of the 
impact of control programmes, the minimum 
numbers of children under five years old that 
would be needed for serological tests in different 
endemic regions has been determined. 

Product development 
Drugs 
• Two new inhibitors of T. cruzi sterol biosynthesis, 

R-85768 and D-0870, were found to be active in 
vitro against the parasite. 

• In a multicentre study in Cordoba (Argentina), 
Santa Cruz (Bolivia) and Goias (Brazil), allopurinol 
was found to be of no parasiticidal effect against 
asymptomatic cases of the indeterminate form of 
Chagas disease. 

Blood disinfection 
• Earlier work has shown that the amounts of crystal 

violet needed to disinfect T. cruzi-infected blood 
intended for transfusions can be reduced by 
incubating the blood with crystal violet and sodium 
ascorbate under a common light source :.. in 
principle making the procedure more acceptable 
to patients, as normal amounts of crystal violet 
stain the patient's skin and mucosae. During the 

biennium, the method was successfully trialled in a 
highly endemic area of central Brazil, and is now 
being extended to other endemic areas, including 
Bolivia. 

Diagnostics 
• A new immunoenzymatic screening test using the 

T. cruzi SAPA antigen and produced commercially 
in Argentina showed high sensitivity and specificity 
in field studies. The test is simple and rapid to use 
under field conditions. 

• Clinical and epidemiological validation in Brazil of a 
PCR-based diagnostic test to identify T. cruzi 
organisms in sera of chronic patients showed that 
the test had much higher sensitivity than the 
traditional xenodiagnosis. 

Strategic research 
• It has long been hypothesised that Chagas disease 

may involve the triggering of an auto-immune 
reaction. During the biennium, strategic research 
aimed at elucidating exactly how infection causes 
lesions of the heart and digestive autonomic nervous 
system made a number of significant advances: 

- A 160-kDa protein on the surface of the parasite 
(antigen Fl -160) that antigenically mimics a 48-
kDa protein found in mammalian axonal and 
myenteric plexus cells, was characterized by 
cloning and expression of parasite DNA encoding 
Fl-160. 

- Recombinant peptides from various regions of 
the Fl -160 gene were expressed and used to 
compete with affinity-purified polyclonal anti-Fl -
160 antibodies binding to nerve. A recombinant 
48-amino-acid peptide derived from expression 
of selected base pairs of the DNA sequence 
completely inhibited anti-Fl -160 binding to nerve. 
Recombinant peptides expressed from DNA 
lacking this selected region did not inhibit anti
Fl -160 binding to nerve. 

• Trans-sialidase and neuraminidase enzymatic 
activities have been detected on the surface 
membrane of trypomastigotes of T. cruzi, and both 
have been implicated in the parasite's invasion of 
host cells. 
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Highlights of Chagas disease research 1993-94 (cont.) 

• Trans-sialidase was demonstrated to be the same 
protein previously described as a major parasite 
antigen of the acute period of infection - the SAPA 
antigen - which catalyses the transfer of sialic acid 
from the host to the parasite (trans-sialidase). 

• The gene coding for the trans-sialidase was 
identified and shown to be the same as that 

investigated and although it appeared to show 
trypanocidal action at daily doses of 600mg given for 
30-60 days, those findings could not be replicated in 
a multicentre follow-up study. The trial, planned for 
Argentina, Brazil and Bolivia, was stopped as there 
were relapses of parasitemia after three months. 

From 1990, drug development for Chagas disease 
was taken over byTDR's multidisease chemotherapy 
initiative I-CHEM (see Box, Chapter 9). But by 
1995, despite intensive research and many leads, 
nothing had came close to the requirements for 
Chagas disease set in 1981, and the health system is 
still left only with the original and unsatisfactory 
drugs, nifurtimox and benznidazole. Moreover, there 
is a consensus that patients in the chronic stage of the 
disease, with overt lesions, do not benefit from 
trypanocidal treatment. Symptomatic treatment ap
pears to be all that can be offered. 

"lliccines 

There are two alternatives for a possible vaccine 
for Chagas disease: to attack the parasite and to 
control pathology. As with drugs, it might be hoped 
that simply reducing the high levels of parasitemia in 
the acute phase might decrease the severity or fre
quency of the later chronic pathology. But equally, 
one potential danger with vaccines would be the 
possibility of precipitating disease in infected per
sons, if disease is the result of autoimmunity. For this 
reason it is important to understand the pathogenesis 
of chronic lesions. This has been investigated by the 
use of animal models and molecular analysis of para
site-host antigens, but the nature of pathology re
mains unclear. 

TOR has supported research to identify protec
tive antigens in animal models of the disease. An 
Argentinian group reported the action of a 19-

encoding for the SAPA antigen. It has been shown 
to control more than 80% of the neuraminidase 
and the trans-sialidase activities of the parasite. 

• A major cysteine protease (cruzipain) present on 
the surface of the parasite has also been studied by 
electron microscopy to assess its role in T. cruzi
macrophage interaction. 

aminoacid peptide which increased immunity. Other 
antigenic proteins have the ability to induce partial 
protection against the disease in rats. Affinity-puri
fied antigens mixed into a saponin derivative in
duced strong antibody reaction and protected all 
immunized rats against lethal doses of infection. 

Since useful targets might come from advances in 
the study of parasite cell penetration, TOR has also 
supported research which led to the definition of 
specific acute stage antigens, such as the SAPA anti
gen, which catalyses the transfer of sialic acid from 
the host to the parasite. The deposition of sialic acid 
on the parasite is necessary for the parasite to pen
etrate the host cell. 

What causes pathology? 
By 1995, understanding of the clinical pathology 

of Chagas disease had been advanced. A number of 
well-controlled studies carried out outside TOR have 
clarified the clinical evolution of the cardiac form of 
the disease, but many mysteries still remained. 

Basic research funded by TOR aimed at the eluci
dation of pathogenic mechanisms of chronic lesions 
involving damage of the heart and digestive auto
nomic nervous system. Some experimental data in
volving molecular mimicry supported the hypothesis 
of autoimmunity in the pathogenesis of chronic 
cardiac and digestive irreversible lesions. T. cruzi 
antigens that share epitopes with mammalian tissues 
may drive autoreactive B-cell or T-cell clones to 
proliferate and cause autoimmune pathogenesis. 

Outside TDR, a seven-year study in a Brazilian 
community showed that the incidence of cardiac 
lesions developed soon after infection, and mostly 
before reaching 20 years of age. Cardiac lesions were 
highest in seropositive 10-14 year olds. All the results 
indicate that seropositive persons have a much higher __ 133 
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rate of developing myocardial lesions compared to 
seronegative persons. 

134 --

In another prospective study it was found that 
mortality rates per I OOO person-years for seroposi
tive persons with right branch bundle block (a com
mon cardiac effect of Chagas disease) was 33.5, 

and with ventricular extrasistoles (another such 
effect) it was 39.2; with the two conditions com
bined it was 116.3 per I OOO person-years. In the 
seronegative group, who have normal electrocardio
grams, the mortality rate was one tenth of this, at 
3.9 per I OOO person-years. 
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Leishmaniasis 

A young Peruvian boy with facial cutaneous leishmaniasis that has been complicated by 
bacterial infection. 

T he leishmaniases form a whole group of 
parasitic tropical diseases spread by the 
bites of many different species of sandfly, 

which in turn pass on Leishmania parasites of many 
different species, producing at least five distinct dis
eases with differing symptoms: 

Cutaneous leishmaniasis appears as a number of 
small lumps beneath a patch of skin at the site of the 
bite, which develop into a large sore. Without 
treatment, the lesions caused by Leishmania major 
last for a few months, while those caused by other 
Leishmania species can last several years. However 
cutaneous leishmaniasis is usually self-limiting, and 
confers a degree of immunity to subsequent 
leishmaniasis infections. 

Diffese cutaneous leishmaniasis is rare, but more 
serious, complication which occurs when the im
mune system fails to react effectively to infection - as 
in lepromatous leprosy. Lesions cover a large part of 
the body, never heal without treatment, and the 
great majority of cases relapse - even if treated. 

Mucocutaneous leishmaniasis begins with a skin 
ulcer but, sometimes many years later, spreads to the 

mucous membranes of the nose, mouth and 
pharynx, destroying tissue and producing horrifying 
damage. 

Visceralleishmaniasis (kala azar), the most serious 
form, manifests itself as fever, weight loss, emacia
tion, and enlarged spleen and liver. It is often accom
panied by other diseases - tuberculosis, pneumonia, 
diarrhoea - and has a very high mortality unless 
treated; even with treatment mortality can be from 
5-15%, and even higher if treatment is delayed. 

Post-kala-azar dermal leishmaniasis takes the form 
of cutaneous nodules, sometimes lasting several years, 
which develop in some treated visceral leishmaniasis 
patients one or two years after infection. 

The leishmaniases are caused by some twenty 
different kinds of the protozoan parasite Leishmania 
which invade the host's macrophages. Most forms 
are "zoonotic' - they are normally passed on from 
animals, and limited to areas where the animals live. 
Dogs, rats and other rodents, foxes, jackals, wolves, 
raccoons, sloths and marsupials have all been found 
to carry the parasites. But some forms are 
"anthroponotic' - infecting only people - leading to __ 135 
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the possibility of epidemics and spread through mi
gration. In all cases the disease is transmitted by the 
bites of a sandfly. This vector is a group of more than 
50 species and sub-species ofinsect; largely Lutzomyia 
in the Americas, and Phlebotomus elsewhere. 

Treatment is usually limited to compounds of 
antimony, given by repeated injections, which often 
produce side-effects. The response of different Leish
mania species parasite to the drugs varies, and -
without laboratory analysis - in each case of the 
disease it is uncertain which parasite is involved. 

NEW WORLD AND OLD WORLD 

The loose terms "Old World" and "New World" 
are often applied to the leishmaniases. They mean 
just what they say: "Old World leishmaniasis" means 
those forms of the disease found in Europe, Africa 
and Asia, caused by one group of parasites; "New 
World leishmaniasis" refers to the forms prevalent 
in the Americas, caused by a different group. 

Problems & solutions 

Problems in 1975 
The many names for the leishmaniases demon

strate their wide geographic spread - in 1975 as in 
1995. Oriental Sore, Baghdad Boil, Delhi Sore, 
Aleppo Button, Bouton d'Orient are all local names 
for cutaneous leishmaniasis in the Old World; so, in 
the New World, are Chiclero's Ulcer or Bay Sore, 
Pian bois and Forest Yaws and Uta. Kala-azar, Ponos, 
or Dum-dum Fever are visceral leishmaniasis, which 
occurs mainly in the Indian sub-continent and Af
rica, with smaller foci in Latin America, particularly 
in Brazil and Paraguay. 

The data on the leishmaniases in 1975 were scanty. 
No estimates were available of the numbers of people 
affected by the diseases. Cutaneous leishmaniasis 
was thought to be spreading in Africa. India had 
estimated in the 1950s that it was facing 77 OOO new 
cases of visceral leishmaniases each year. In the old 
USSR (mostly in the south) 40-50% of people over 
50 years old were thought to have been infected. In 
Central and Latin America there was increasing cu
taneous and mucocutaneous leishmaniasis in forest 
workers. Worldwide, it was thought that "several 
millions" were affected and many more at risk. 

The great variety of the diseases and their ecology 
136 -- made control difficult; in the patient, the disease was 

generally diagnosed by biopsies of spleen, liver or 
bone marrow, and treated with injectable drugs based 
on antimony. 

Solutions in 1995 
Treatment schedules for the antimonial drugs have 

been trialled, improved - and increased. An impor
tant diagnostic test, the direct agglutination test 
(DAT), has been developed. A new delivery system 
for the effective but toxic drug amphotericin B, in 
which the drug is linked to lipids - which fuse with 
macrophages, delivering the drug directly to its tar
get - has reduced the amounts of drug required, and 
created an effective new tool for treatment of visceral 
leishmaniasis. But it remains very expensive, in the 
hundreds to thousands of dollars, and so unless the 
price can be reduced will be a tool only for the rich. 
Vaccines based on killed L. major have entered 
Phase III trials, but results will not be available 
before 1996. 

Meanwhile, in 1994, WHO's Division of Control 
ofTropical Diseases (CTD) was investigating the use 
of insecticide impregnated bednets - in trial byTDR 
to control childhood malaria mortality in Africa - as 
a potential alternative for vector control in two cuta
neous leishmaniasis foci (in Iran and Syria), and in 
Bangladesh, Nepal and Sudan for visceral leishma
niasis. The Division was also testing the use oflong
lasting insecticidal paints, as developed with TDR 
support for the vectors of Chagas disease, to control 
sandflies in the home in Bihar State in India and in 
north-eastern Brazil. A joint WHO Eastern Medi
terranean Regional Office/TD Rf CTD "small grants 
programme" with the Ministries of Health in Jordan 
and Tunisia had demonstrated in Tunisia that deep 
ploughing of the burrows of the principal rodent 
reservoir in the area - Psammomys obesus - and 
destroying the salt-loving chenopods (plants which 
are the rodent's obligatory food), can reduce the 
incidence of the disease. 

Remaining problems 
Of 88 countries affected, all but 16 are develop

ing. They include the world's poorest. Since the joint 
early efforts ofTDR and CTD to map the disease, 
better reporting - though still very unreliable -
suggests there could be some 12 million infected 
people in the world, and 350 million at risk, of 
whom some 1.5 to 2 million will be infected each 
year. Some 90% of the visceral leishmaniasis cases are 
reported from two regions - a wide zone in north
east India, Bangladesh and southern Nepal, and 
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Sudan; and 90% of the cutaneous cases are found in 
Afghanistan, Iran, Saudi Arabia and Syria in the Old 
World, and Brazil and Peru in the New World. 

The disease is spread
ing in certain areas. In 
the Sudan, it was recog
nized around the turn of 
the century, but remained 
localized for 40 years. 
Now it is widespread. In 
some areas of the coun
try, according to Farrokh 
Modabber, manager of 
leishmaniasis research at 
TD R, who surveyed a 
camp of displaced peo
ple near Bentiu, Western 
Upper Nile, in 1994 
"tribes were reduced by 
half due to deaths from 
the disease." Smoulder
ing epidemics of visceral 
leishmaniasis in the ln
dia/Bangladesh/N epal 
focus are thought to be 
killing 75 OOO people a 
year. 

Largely, the problem of the leishmaniases remains 
unsolved. "In the 1970s the methods available for 
the control and treatment of this group of diseases 

were, as they are now, 
grossly inadequate" said a 
1987TDRreport.ATDR 
leaflet for applicants for 
research grants, published 
in 1994, described the 
problem like this: "The 
diversity of the epidemi
ology of the different 
forms of the disease makes 
it impossible to control 
leishmaniasis with a sin
gle approach or tool, ex
cept perhaps a vaccine ... 
After development of a 
vaccine the most urgent 
research need is to develop 
safer, more effective and 
more affordable drugs. 
Vector control, when fea
sible, combined with early 
diagnosis and treatment 
with antimonials is ex
tremely costly and com
plicated but remains the 

~ only available control 
g tool for anthroponotic 
i [human-reservoir] visceral 
~ leishmaniasis and anthro

Apart from rising fig
ures as the disease is bet
ter reported, there is also 
a clear and disturbing real 
increase in the number 
of people falling victim. 
The disease nearly van
ished from India in the 

A child in Bolivia with distended abdomen and m"""u""'"sc-le _ _, "' ponotic cutaneous leish-
.. " mamas1s. wasting, consequences of visceral leishmaniasis. 

1960s, as sandflies were reduced as a side-effect of 
DDT spraying in the effort to eradicate malaria. 
Now the spraying has been much reduced, the flies 
and the disease are returning. 

Economic development itself is also increasing 
exposure. Extracting timber, mining, widening areas 
under cultivation, building roads in Amazonia ( where 
a case ofleishmaniasis for every kilometre was quoted 
as one cost) and the widespread increase in economic 
migration and social disruption increase the num
bers exposed to the vector sandflies - many of which 
are found in forest or other uncultivated areas. War 
and in some areas military training in forests or 
deserts is associated with the disease. There is also a 
risk of the urbanization of these principally rural 
diseases, particularly where AIDS and leishmaniasis 
overlap. 

TDR's contributions 1975-1995 

Initial goals 
At the outset there was some doubt whether leish

maniasis should be included among TDR's diseases. 
Was it such a severe, widespread public health prob
lem? It was not a reportable disease, and data were 
lacking. 

But leishmaniasis had several advantages for re
search. As Modabber explains: "It was such a good 
model to study host-parasite relationships .. .it is easy 
to grow the parasite in the form in which it lives in 
the vector, the promastigote form, as well as one 
found in vertebrate hosts - the amastigote form. And 
there are many animal models, such as the mouse, -- 137 
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guinea pig, hamster, monkey and dog, unlike, say, 
the filariases." Moreover, the parasite invaded 
macrophages, as other TDR parasites were known to 
do, notably Trypanosoma cruzi, the cause of Chagas' 
disease, and Mycobacterium leprae, the cause of lep
rosy. 

TDR was thus expected to: 
• Establish global survey systems to determine the 

true incidence of the various forms of the dis
ease. 

• Weigh the contribution research on leishmania
sis could make to Chagas disease and leprosy. 

• Study the biochemistry and taxonomy of the 
parasite. 

• Develop diagnostic tests suitable for use in the 
field, which would also be of use in epidemiol
ogy. 

• Investigate the immune reaction to cutaneous 
leishmaniasis with a view to development of a 
vaccme. 

• Study vectors and animal reservoirs. 

• Develop better drugs. 
• Investigate the mode of action of current drugs. 

Progress 
Research in leishmaniasis was stimulated to an 

extraordinary degree by TDR's efforts, and by the 
late 1980s more than a third of all articles being 
published on Leishmania and leishmaniasis acknowl
edged TDR support; TDR had emerged literally as 
the leading research coordinator in the field. But the 
initial task was more practical - to determine how 
much and what kinds of leishmaniasis there were in 
the world. 

Measuring the probkm 
To measure the problem, small grants of a few 

thousand dollars each for research in places where 
the disease was known began to build up a picture of 
the numbers affected, the parasites, the vectors, the 
animal or human reservoirs, the climates and other 
conditions favouring the disease. 

It was soon clear that leishmaniasis was a serious, 
widespread disease. And not only was it largely a 
disease of remote areas where diagnosis and report
ing were difficult, but many governments had not 
yet made it compulsorily reportable. 

Between 1975-1980, says Modabber, effort was 
put "into requesting governments to realize this was 
an important disease and should be reported." That 

138 __ global effort byTDR and WHO was successful: "By 

about 1982-84 I'd say there were more than 40 
governments which had leishmaniasis on their list of 
reportable diseases." 

Clarifying complexity 
The TD R studies also began to reveal that the 

various parasites, the Leishmaniaspecies (whose clas
sification is still not completely resolved), had differ
ent epidemiologies, different vectors, different 
reservoir hosts. Geographical distribution, preva
lence and factors influencing the disease were mapped, 
reservoir hosts and vectors identified, methods for 
identification of Leishmania and centres for this 
work established, and new disease foci discovered. 

The importance of identifying Leishmania more 
precisely was first felt in the 1980s, when the diver
sity of leishmaniasis epidemiology was becoming 
apparent. To promote isolation and characterization, 
TD R organized training workshops and developed a 
reference strain library. All the available data were 
collected, and with the help of Leishmania Refer
ences Laboratories in Jerusalem, London and 
Montpellier, and a consensus of opinion from ex
perts in the field, 17 reference strains for different 
species were designated and distributed to national 
centres in Brazil, Colombia, Kenya and Peru, and to 
the American Type Culture Collection (ATTC) -
which makes them available worldwide. 

From the early 1980s, projects were supported to 
produce monoclonal antibodies against Leishmania 
as a tool for easy identification, and for studies on 
antigenic analysis and purification for vaccine devel
opment or diagnostic tests. In 1990, following a call 
for the submission of monoclonals, over 110 
monoclonal antibodies were donated by laboratories 
around the world. These were coded - to avoid any 
suspicion of bias - and submitted to four laborato
ries to select the best (most specific, reactive, and 
stable) of the antibodies for use in identifying 
Leishmania. 

A total of 15 monoclonals was selected, and the 
codes opened. Further tests reduced the list to a 
group which were then produced in a lyophilized 
form for use in a test kit. The cell lines were also 
collected and are deposited at the ATCC for world
wide distribution, and will be provided to centres 
involved in clinical trials, and to others requiring 
parasite identification. The monoclonals have a par
ticular advantage for routine characterization - as it 
is not always necessary to isolate and multiply the 
parasites in vitro. Such multiplication is needed for 
isoenzyme electrophoresis. 
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In this way TD R discovered that the same parasite 

could cause different forms of disease in different 
people - visceral infection in children and cutaneous 
in adults, for example. Further complicating the 
picture was the discovery that in some cases different 
parasites caused the same disease. The leishmaniases 
were yet more complicated than had been imagined. 

Drugs 
The great variety in the parasites has proved sig

nificant for the assessment of the effectiveness of 

tee in 1984, and adopted by the producers as the 
dose indicated on the packaging. Several trials were 
also supported to compare the two existing antimo
nial drugs - which demonstrated that they had very 
similar efficacy but rather different prices. 

"Other studies were on the basic biochemistry of 
the parasite, which led to the observation that Leish
mania cannot make their own nucleic acids; they 
have to salvage nucleic acid sub-units from their 
host. So structures that resemble nucleic acid sub
units (nucleoside analogues) were tried to see if they 

would inhibit the growth 
because they would be in
corporated in the nucleic 
acid but would not be 
functional." 

Allopurinol riboside 
was one such molecule 
which was shown to be 
effective - but the cost of 

drugs. For example, in 
1993 drug trials in Gua
temala, the oral azoles 
proved more effective 
than the traditional anti
monial injections against 
cutaneous leishmaniasis 
caused by L. mexicana; 
but offered little advan
tage in treating cases 
caused by L. braziliensis. 
Antimonials, however, 
were better treatment for 
L. braziliensisthan for the 
disease caused by L. 
mexicana. It was another 

::.: synthesis and develop
~ ment would be high. 
~ However the related mol
g ecule allopurinol, which 
m upon breakdown in the Cryopreservation of Leishmania parasites in Nairobi, where 

1 850 different isolates are preserved. body yields allopurinol ri
boside, and had been used 

for years as an inexpensive treatment for gout, was 
selected for further clinical trials against cutaneous 
leishmaniasis. This is an example that fundamental 
studies can yield information of real practical use in 
a relatively short time. 

reminder of the importance of identifying which of 
the many Leishmania parasites is responsible for an 
illness. 

TDR has supported clinical trials of registered 
drugs such as itraconazole, ketoconazole, allopuri
nol, and aminosidine, and the drug candidate com
pound allopurinol riboside. All had some degree of 
efficacy - but none were 100% effective. 

The traditional antimonial drugs were also 
retrialled, to determine the best dosage and fre
quency of treatment for visceral leishmaniasis, and 
found the previous recommended quantities could 
safely be doubled, especially in children - the most 
likely victims - who were shown to be able to accept 
higher doses than adults. It was also found that the 
drug quickly disappears from the body, so a course of 
injections could safely be continuous rather than 
interrupted. 

"That doubled the cost - to about US$140 - of 
the initial treatment of each visceral leishmaniasis 
patient, but reduced the overall public health cost in 
the long run because the number of relapses, and the 
chances of developing resistant parasites, were re
duced considerably" Modabber recalls. The higher 
dose was recommended by a WHO Expert Commit-

A double-blind randomized placebo-controlled 
trial is now going on in Colombia in collaboration 
with Burroughs Wellcome, with final results due in 
1995. Even if effective in only 50% of the patients, 
it would offer a clear advantage and cost saving over 
present drugs. It is available orally (the others must 
be injected) and might be combined with other oral 
drugs. It is also very cheap and out of patent, so it 
could conceivably be produced in endemic coun
tries. 

Not every line of research can be successful. TDR 
put a lot of time (though not a lot of money) into an 
ointment containing an antibiotic (aminosidine) 
which proved not to be highly effective as for clinical 
cure of cutaneous leishmaniasis, although it did re
duce parasite load at the site of the lesion. 

Amphotericin B, a highly toxic drug against leish
maniasis (a second-line drug if antimonials will not 
work) has been produced in a much less toxic lipid
associated form, LAAMB (or AmBisome) for treat- -- 139 



140 --

THE INTEGRATED CHEMOTHERAPY PROJECT - GEARING UP THE ATTACK 

In 1990 TDR established a trans-disease "inte
grated chemotherapy" project known as "1-
CHEM", to combine and increase efforts in drug 
discovery for three related groups of parasite -
those that cause leishmaniasis, African trypano
somiasis and Chagas disease. 

In the report of its founding meeting, the 
meeting chairman, John Riley, who has long ex
perience of private-sector drug development for 
the parasitic diseases, wrote: "Detailed study of 
the biochemistry of the haemoflagellates has been 
under way for more than 60 years; in many stud
ies lip service has been paid to the notion of 
biochemical knowledge being the way to rational 
design of new therapeutic agents. In the event 
we are still dependent to a large extent on drugs 
discovered in the early part of this century by 
little more than empirical means". 

Riley considered that 1-CHEM's most impor
tant contribution would be to identify drug leads 
and ensure their "urgent progression"; and to 
prioritize areas of basic research which in the 
mid-term are most likely to lead to new drugs. 

"The first of these aims was realized without 
too much difficulty, but [the second] was more of 
a problem" Riley wrote. As he had said bluntly in 
the meeting itself, there are two groups of re
searcher: "biochemists interested in their mol
ecule, not in the whole parasite, and let alone the 
disease; and those with the disease and the Third 
World at heart". The job of I-CHEM would be to 
turn the first into the second and make progress. 
I-CHEM would look synoptically at the parasites 
to find common targets, and search the existing 
stocks of chemical companies for likely groups of 
weapons. 

1-CHEM's recommendations for immediate ac
tion were: 
• Two rigorously designed and well-controlled 

trials should be undertaken of allopurinol 
against Chagas disease. 

• Over 400 patients with West African sleeping 
sickness had been treated with DFMO over a 
nine year period "and results in the majority 
of cases have been remarkable". But the pro
gramme needed boosting to see if the six
week treatment schedule could be reduced to 

two weeks, and if the large quantities of drug 
could be reduced by the use of combinations 
with other drugs, in particular MDL 73,811. 
"The hope is that Merrell Dow will do the pre
clinical development work and toxicology re
quired on MDL 73,811." 

• Antifungal azoles, which interfere with ergos
terol biosynthesis in fungi and protozoa, has 
shown activity in animal models of Chagas 
disease and leishmaniasis, and should be pur
sued. Three orally active azoles were already 
licensed: ketoconazole, itraconazole and 
fluconazole, and "should be investigated ex
perimentally and clinically as a matter of some 
urgency". 

• Amphotericin B had been limited by its acute 
side effects and long-term nephrotoxicity -
but is a commonly used treatment for serious 
systemic fungal infections. But "in a number of 
clinical situations in Europe and the USA" it 
had been demonstrated that effectiveness 
could be retained, toxicity reduced, and much 
larger doses of the drug administered, if it was 
formulated in microscopic liposomal capsules. 
Commercial liposomal formulations would 
probably be available in the near future, and 
"when this occurs, the utility of such formula
tions in the treatment of leishmaniasis should 
be investigated with some urgency". 

• Consider certain existing lead compounds very 
. closely, "and if their prospects of becoming 

useful drugs seem doubtful, abandon any fur
ther work on them". 

• Areas of attack in the mid-term, the 1990 re
port said, shoutd be: thymidylate synthetase/ 
dihydrofolate reductase; phospholipids; inhibi
tors of antigenic variation; trypanothione; in
tracellular pH regulation and tricyclic 
antidepressants; microtubules; and inhibitors 
of DNA polymerase. "This list of priority areas 
allows solicitation of compounds from indus
try and elsewhere" the report said. Priority 
should be given to trypanothione and 
microtubules. 
I-CHEM together with the TDR Product Devel

opment Unit (PDU) established screening centres 
with the London School of Hygiene and Tropical 
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THE INTEGRATED CHEMOTHERAPY PROJECT - GEARING UP THE ATTACK (CONT.) 

Medicine, the Janssen Foundation in Belgium, 
and the Swiss Tropical Institute, which each 
screen some 3-400 compounds a year against 
the three diseases, in mice and hamsters and 
in vitro. 

The number of compounds may seem small 
but "it's a highly enriched screen" says Peter 
Reeve, manager of the PDU. "We encourage 
companies to give us compounds which are 
very near trial, in trial, or already registered, for 
some other indication. We know what likely 
classes of compounds to look for because of our 
knowledge of the parasites." 

"A most important factor to look at is a 
potential compound's pharmacological proper
ties" says Reeve. "Is it toxic? How bioavailable is 

ment of fungal infections in AIDS patients (see Box 
The integrated chemotherapy project). It showed very 
good results in trials in Europe against visceral leish
maniasis associated with HIV infection. TDRhelped 
with some clinical trials and with attempts to reduce 
the dose, the number of injections required- and the 
price. Cost is the main problem with this drug. 
However, there are indications that Indian compa
nies may be able to make a similar product at a 
fraction of the present price. 

Vaccines 
While searching for a drug, it was also important 

to seek a vaccine with which to strengthen the body's 
own defences and prevent the disease. This seemed 
to many researchers a more likely way to defeat 
leishmaniasis, for they had before them evidence 
that cutaneous leishmaniasis produces a strong pro
tective immune response. And they had the example 
of the centuries-old practice of "leishmanization", a 
primitive form of immunization used in the Otto
man Empire and still going on in at least three 
countries until recently. 

The process was to scratch a leishmaniasis sore 
with a needle, and then scratch someone who had 
not had the disease with the same needle, on some 
cosmetically unimportant part of the body, to trans
fer the pus. This produced a local lesion usually 

it? Must it be injected or can it be taken orally? Is 
it metabolized by the liver? Are its metabolic 
products toxic? Does it reach peak blood values 
that will kill the parasites? If the compound is far 
advanced in development, many of these key is
sues will have been addressed." 

MDL 73,811 fell by the wayside, but by 1994 
1-CHEM's most practical developments have been: 
• The registration of lipid associated amphoter

icin B (LAAMB) against visceral leishmaniasis. 
• The identification of four new lysopho

spholipids, developed by different companies 
as cancer therapies, which act selectively ac
tive against the membranes of cancer cells -
and of Leishmania. At least one of these should 
be in field trial by the end of 1995. 

lasting up to a year, after which the patient would be 
immune. 

In the old USSR, those individuals who had to go 
to the highly endemic areas were given live virulent 
L. major promastigotes grown in culture, on their 
arms, three or four months before travel; after that, 
it was felt they would not get new lesions elsewhere, 
or if they did they would be very small, and heal 
quickly. In Israel it was done especially for soldiers in 
the desert areas - which are highly infested with 
reservoir host animals. In Iran during the Iran-Iraq 
war, leishmanization was given to more than two 
million people over several years. In all these coun
tries, cultured parasites were used. 

However this is not a recommended method of 
vaccination and has been abandoned because not 
everyone who receives the inoculation this way heals 
within a year. Follow-up studies in Iran indicated 
that 2-3% would have a lesion for over a year, and 
half those would not heal after many years - and 
would need treatment. 

TDR started considering a programme on vac
cine development in 1984. By that stage, experimen
tal studies in different inbred strains of mice had 
indicated that the injection of killed organisms could 
either produce protection- if injected intravenously 
or intraperitoneally - or worsen disease if injected 
subcutaneously. __ 141 
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On the other hand early vaccine trials in humans, 
in which individuals were injected with Leishmania 
antigens subcutaneously or intramuscularly, had not 
shown a similar exacerbation of disease following 
natural infection. 

After much deliberation and review of literature 
and discussion with various groups outside TDR 
involved in human trials (with leishmanization, irra
diated parasite or other killed organisms), TDR de
cided to hold a milestone meeting on leishmaniasis 
vaccine development - to which all groups with 
clinical experience with immunization, and many 
leading experimental immunologists working on 
leishmaniasis, were represented. 

At that time Wilson Mayrink and his group in 
Brazil had just finished their second large trial (the 
first one in 1981, and the second in 1983). There 
was also some information available from Jacinto 
Convit and his group in Venezuela of immuno
therapy using killed Leishmania plus BCG. Although 
the definitive studies were published later, the un
published data were encouraging. Collectively, the 
data confirmed the early results that there was no 
worsened disease in individuals who had received 
killed leishmanial antigen, and were subsequently 
naturally infected. 

So TD R concluded that this topic deserved atten
tion. But it was a bold move, considering the domi
nance of experimental immunologists who feared 
that vaccination could worsen human disease. 

It was clear that the first step would be to examine 
the safety of the vaccine by Mayrink and colleagues 
in Brazil, and to follow the individuals who had 
received the vaccine before attempting any new vac
cine trials. Although the latest vaccine trials of 
Mayrink and his group were jeopardized by factors 
beyond their control (in the first study the individu
als, army cadets, received yellow fever vaccination 
soon after being vaccinated with killed Leishmania; 
and in the second study, the incidence of the disease 
in control and vaccinated groups were too low for 
proper evaluation of the efficacy), the trials provided 
very important information, a relatively large number 
of individuals who had been vaccinated (over 2 OOO), 
and others who could be reached for follow-up ex
amination regarding the safety of the vaccine. 

The first project on human vaccine studies sup
ported by TDR went to Mayrink to follow the 
individuals who had been vaccinated and to do a 
thorough immunological and clinical examination, 
thereby adding to the volume of safety studies that 

142 __ his group had done before. 

Another factor also influenced TDR. At the time 
of the key meeting in 1985, Iran was involved in a 
mass leishmanization programme, as it was in the 
midst of the Iran-Iraq war, and its troops faced the 
danger of leishmaniasis in the war zone. So the idea 
arose to test the efficacy of killed vaccine in those 
individuals who were destined to receive 
leishmanization. Hence, leishmanization could be 
used as a challenge to measure the protective efficacy 
of any vaccine. 

Needless to say that by the time all the logistics of 
doing clinical trials with killed vaccine produced 
under Good Manufacturing Practices (GMP) and 
tested in Phase-I-II (safety and immunogenicity
dose finding) were solved before an efficacy trial 
(Phase III) could be done, the leishmanization pro
gramme had been stopped as Iran and Iraq made 
peace. So in fact the "challenge by leishmanization'' 
vaccine trial never became a project of TDR. 

One important finding in Mayrink's trials was 
that only those individuals who convert to skin-test 
positive after vaccination had some degree of protec
tion, whereas those who were vaccinated and did not 
convert their skin-test reactivity, did not show any 
protection as compared to the placebo control group. 
Based on that observation, skin testing before and 
after vaccination has become one parameter in Phase 
II trials. (However, this does not imply that skin-test 
positivity is always correlated with protection; but it 
may indicate that the protective immune response 
induced by vaccination may be associated with skin 
test reactivity to leishmanial antigen.) 

From 1985 to 1995 all efforts have been focused 
on producing a vaccine that would be better suited 
for human experimentation, and to proceeding with 
Phase 1-11 trials to define the best dose and schedule 
of vaccination. Meanwhile TDR has been planning 
field efficacy trials which would yield statistically 
significant results with high confidence limit. 

This required cloning the five different organisms 
which were in Mayrink's original vaccine, and test
ing them individually to see the variation in their 
antigenicity toward human T cells in vitro, selection 
of the clone parasites, and preparation of the vaccine 
under GMP in licensed premises. Because the vac
cine is very ill-defined (promastigotes are grown in 
culture, washed and killed by different methods), it 
is very difficult to standardize and because the 
immunogenic components of the vaccine are un
known, it is impossible to measure reproducibility. 
As there is no valid potency test, except perhaps in 
primates which could not be used routinely, the use 
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of this crude vaccine has been criticized, and the 
methods for standardization leave a lot to be desired. 

Nevertheless the accomplishments in Brazil have 
been significant. A pentavalent vaccine which was 
originally used by Mayrink and colleagues and pro
duced in his laboratories, has now been simplified to 
a single well character
ized L. amazonensis 
strain. The methodology 
for the preparation of that 
vaccine according to 

Mayrink's protocols has 
been transferred to 
BIO BRAS, a company li
censed to produce 
biologicals by the US 
Food and Drug Admin
istration (FDA), and con
ditions established to 
produce this experimen
tal vaccine under GMP. 
The Phase 1-11 clinical tri
als with two injections of 
this vaccine without 
adjuvant have just been 
completed. Further doses 
and schedules are re
quired before efficacy tri
als can be undertaken. 

small number of volunteers (five to ten in a group). 
Following two months of observing a series of clini
cal laboratory tests and measuring some immuno
logical parameters, the next group was injected with 
a higher dose. The dose-finding studies were com
pleted with the collaboration of the Bahar Medical 

Laboratories, the Center 
for Research and Training 
in Skin Diseases and Lep
rosy, the Ministry of 
Health, and the Pasteur 
Institute of Iran. 

In the process of these 
studies it was noticed that 
the killed leishmanial 
preparation was highly un
stable, and even at -70° C 
where the vaccines were 
kept, proteolytic activity 
could be detected. This 
lead to a search for a 
method of stabilization of 
the vaccine. The most re
cent vaccine preparation 
which will be tested for its 
efficacy is one in which 

However, since prepa
ration for a Phase III trial 

Leishmaniasis vaccine clinical trial in Iran - reaction of 
volunteer number 29 on day 14. 

! Leishmania promastigotes 
~ are killed by autoclaving. 
~ This is the method used 
?;; by Convit for preparation 

of the Venezuelan vaccine. 
Autoclaved Leishmania can take many months 

or years, TOR has initiated workshops to design 
multicentre trial for the Mayrink monovalent vac
cine produced by BIO BRAS in several Latin Ameri
can countries. In the meantime, the immunotherapy 
studies of Convit and colleagues led to large-scale 
efficacy trials in Venezuela supported in part by the 
US National Institutes of Health (NIH), the Gov
ernment of Venezuela and TDR. Over a two-year 
period about 16 OOO individuals have been vacci
nated in Sanare State, Venezuela in a randomized 
double-blind control manner, and the results are 
expected sometime in 1996-97. 

In Iran, L. major, the same strain that was used for 
leishmanization of over two million people was used 
to produce a vaccine under GMP at the Razi Insti
tute, a government institution responsible for the 
production of several human vaccines. 

The Phase 1-11 studies were initiated in Iran in 
1991 when increasing doses of leishmanial antigen 
mixed with different doses of ECG were given to 

antigens do not seem to have proteolytic activity and 
are stable. 

Finally, in December 1994, nine years after the 
first meeting on vaccine development in TOR, 
autoclaved L. major plus ECG went for efficacy trial 
as a single dose against zoonotic cutaneous leishma
niasis and anthroponotic leishmaniasis in Iran. 
The same vaccine is being tested in Pakistan (against 
L. major), and in the Sudan epidemic (against 
L. donovam) on a compassionate basis, as the pres
ence of many cross-reacting and in some cases cross
protective antigens in the two species, plus some 
preliminary evidence of possible cross-protection by 
L. major infection against L. donavani in Sudan, 
offered hope of protection. 

The only reason it was possible to proceed with 
human studies was the fact that the vaccine is very 
similar to leishmanin, the skin test antigen made of 
killed Leishmania which has been used in humans 
for many decades as an aid for diagnosis and in large -- 143 
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Highlights of leishmaniasis research 1993-94 

Applied field research 
• Investigator initiated projects began on: 

- transmission dynamics of visceral leishmaniasis 
in Bihar, India. 

- the epidemiology of visceral leishmaniasis in 
north-west Ethiopia, which is being repopulated, 
was an old focus of the disease, and is close to 
the existing Gedaref focus in Sudan. 

- risk factors in cutaneous and mucocutaneous 
leishmaniasis in Bolivia. 

- social, economic and cultural factors in the 
transmission of mucocutaneous leishmaniasis in 
migrants into endemic areas of Peru. 

- gender differences in the impact of cutaneous 
leishmaniasis in Tunisia. 

-women's role in prevention of leishmaniasis 
through improved protection of domestic dogs. 

- the life history of infection of the marsupial sloth 
host, Didelphis marsupialis, with L. chagasi, a 
cause of visceral leishmaniasis in Colombia. 

Product development 
Vaccines: 
• Studies on first generation vaccines (killed 

Leishmania with or without BCG) proceeded in 
several countries. 

- In Venezuela, over 16 OOO people have been 
enrolled in a randomized, double-blind, placebo
controlled trial of L. mexicana with BCG and 
L. braziliensis with BCG. Results are expected 
in 1996. 

- In Brazil a single strain - L. amazonensis - was 
used to produce a killed vaccine under 
Good Manufacturing Practices (GMP) by 
BIOBRAS. Phase 1-11 studies were initiated in 1994. 
Field-efficacy trials are planned to be initiated in 
1995-1996. 

- In Iran, dose-finding studies continued up to the 
highest practical concentration of killed L. major 
with BCG which could be injected intradermally, 
which was reached in 1994. The side effects 
observed (itching, lesion, and an occasional 
lymphadenopathy) are all associated with BCG 
and not with the vaccine alone. However, the 
magnitude of the immunological responses 

measured 45 days after the vaccination was far 
below the responses of individuals who had 
leishmaniasis before and have either been treated 
or were self-cured and presumably immune. 

- Using the above vaccine, multicentre clinical trials 
were designed in Pakistan and Iran against 
cutaneous leishmaniasis of zoonotic (L. major) and 
anthroponotic (L. tropica) types. 

- The same vaccine is to be used in Sudan against 
visceral leishmaniasis on a compassionate basis, 
following the completion of an initial Phase 1/11 
trial. This latter trial has been motivated by the 
preliminary observation that individuals with 
previous cutaneous leishmaniasis who migrated 
into visceral leishmaniasis endemic zone may have 
a higher rate of protection than the indigenous 
population not exposed to cutaneous 
leishmaniasis. 

• In 1993 it was shown that a cytokine (IL-12) injected 
together with soluble leishmanial antigens will 
greatly enhance the protective immune response in 
mice. Addition of IL-12 to vaccines as an adjuvant 
will be pursued in 1995 in a primate model. 

• The development of gene-targeting techniques 
(outside TDR) by Stephen Beverley and colleagues, 
Boston, has revolutionized leishmaniasis research, 
as it provides a powerful tool to study the importance 
of a given gene which can be removed selectively. 
With TDR support, Beverley and his group have 
produced a modified L. major with the DHFR/TS 
gene deleted. The growth of this organism depends 
on the availability of thymidine within the medium, 
as it is incapable of synthesizing it. This "DHFR/TS 
knockout" L. major has been shown to produce a 
limited infection in mice-which induces a protective 
immune response. The initial knockout strain had 
neomycin resistant gene (neo-R) which was used 
for selection purposes. More recently, Beverley has 
devised a technique for removal of the neo-R gene, 
making the organism safe for further studies. 
Preclinical development work with this knockout 
organism is being planned. 

• TDR has adopted the policy of not using single 
recombinant antigen as a vaccine. It is believed that 
for a complex organism, such as Leishmania, a 
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Highlights of leishmaniasis research 1993-94 (cont.) 
cocktail of different antigens rather than one should 
be considered as a vaccine. At present a large 
number of recombinant molecules have been 
identified by various laboratories, with or without 
the support of TDR. Our future plan includes 
bringing together scientists with different 
recombinant molecules to set up criteria for 
selection of potential vaccine molecules, and to 
compose a cocktail recombinant vaccine for further 
preclinical and clinical development. 

• In addition the use of recombinant organisms 
(Mycobacteria, Salmonella, Vaccinia) carrying 
various leishmanial genes with potential for 
vaccination is being actively pursued. It is clear 
that with the limited resources all these candidate 
vaccines cannot be developed by TDR alone. It is 
felt that the time is right to select amongst the 
various possibilities those candidate vaccines which 
should be developed with TDR su'pport. 

• Outside TDR, Wilson Mayrink and colleagues in 
Belo Horizonte, Brazil, have shown in preliminary 
experiments in Brazil that inoculation of killed 
Leishmania plus BCG in ten dogs protected nine of 
them, against otherwise lethal challenge with L. 
chagasi. A large field trial is envisaged in the State 
of Minas Gerais, Brazil. 

Drugs: 
• Lipid associated amphotericin B (LAAMB) was 

registered (as "AmBisome") against visceral 
leishmaniasis, based on trials against L. infantum in 
AIDS patients. Studies on its activity against L. 
donovani are under way. 

• In 1993 the efficacy of itraconazole and 
ketoconazole was tested in Guatemala. Results 
showed that, as compared to the recommended 
treatment with antimonials, the oral azoles were 
more effective against cutaneous leishmaniasis 
caused by L. mexicana than those caused by L. 
braziliensis; conversely antimonials were more 
effective against L. braziliensis than against L. 
mexicana. It is, therefore, crucial to identify the 
causative agent in any chemotherapeutic or vaccine 
trial. 

• Using an ointment containing 15% of paromo-

mycin (aminosidine) and 10% urea in a white 
paraffin base it was shown in a multicentre, double
blind, randomized placebo-controlled trial against 
cutaneous leishmaniasis caused by L. major, that 
15-day application significantly reduced the parasite 
load of the lesion at the end of the treatment as 
compared to the placebo. However, there was little 
or no difference on the clinical outcome between 
placebo and medication one or three months after 
treatment, compared to a placebo containing only 
white paraffin. 

• In a second study, a randomized, double-blind trial 
compared two-week versus four-week treatment of 
the ointment, it was shown that the four-week 
treatment of paromomycin reduced the parasite 
load significantly on day 28 (end of treatment), as 
compared to two-week treatment measured. Again, 
there was no significant difference in the clinical 
cure of the two groups. These studies were extended 
into 1994. 

• A double blind, randomized, placebo-controlled 
clinical trial of allopurinol, placebo versus injectable 
antimonial which was initiated in 1992 proceeded 
into 1994, as a result of increasing the sample size 
which was indicated by an interim analysis. This 
study- to be completed in 1995 -will include a one 
year follow-up of patients. 

• Four new leads for leishmaniasis have emerged 
from TDR "integrated chemotherapy" screens 
against leishmaniasis, Chagas disease and African 
trypanosomiasis. 

Strategic research 
• Transfection (genetic engineering) of Leishmania 

species was developed into a practical tool to add 
and delete genes. For example, the question "would 
cysteine protease be a good drug target?" has now 
been answered by deleting the relevant gene to see 
how the organism copes. It apparently would not; 
the deletion resulted in no detectable phenotypic 
change. 

• BCG was engineered to incorporate a leishmanial 
gene (gp-63). The construct produced some degree 
of protection in mice. Addition of other genes is 
likely to be necessary to increase protection. 

-- 145 
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• Salmonella typhimurium was also engineered to 
express gp-63. As Salmonella species infect the 
gut, this is a conceivable route to a potential oral 

scale epidemiological studies to assess previous expo
sure to leishmanial infection. 

Although every attempt is made to standardize 
the condition of growth, harvesting, washing, 
autoclaving, and so on, the standardization of the 
final product poses a major challenge because of the 
complexity of the composition and lack of knowl
edge of the immunogenic components. Neverthe
less, Modabber expressed confidence that the 
variations beyond control or detection will not im
pose a major problem in the immunological re
sponses that are produced by this whole complex 
mixture. This is because firstly, there are many 
antigenic components that have been identified which 
are protective in animal models if presented cor
rectly; and secondly, and more importantly, it has 
been shown that the same antigenic mixture (killed 
Leishmania) which can induce an exacerbating reac
tion in mice, will produce a protective immune 
response if presented with agents which lead to a 
particular type of immune response (Th- I type). 
Hence, the recent studies by Scott and colleagues 
have shown that leishmanial antigens plus IL-12 can 
produce protection against leishmaniasis in mice, 
even when given subcutaneously-while without 
IL-12, it would lead to exacerbation. In human 
studies BCG is used as an adjuvant which enhances 
gamma interferon production to leishmanial anti
gen, an indication of the Th- I type stimulation. 

Time will tell, but if this vaccine can protect 
against leishmaniasis, a major step toward control 
can be expected. TD R and endemic countries have 
been the only major force in this global endeavour. 

New leishmanins 
Wellcome, the original producer of leishmanin -

the diagnostic skin-test agent based on killed Leish
mania - stopped production in the early 1980s, and 
researchers found themselves without an important 
reagent. Many laboratories started preparing their 
own, and many others wrote to TOR for help. 

Uniform and reliable supplies were needed for 
146 -- vaccine trials, in order to test consistently for an 

vaccine. The construct was shown to colonize in 
the intestinal flora of dog, and is being tested as a 
vaccine against L. infantum infection in dogs. 

immune response after vaccination, and TOR in
vited applications from institutions capable of pre
paring a reagent on a moderate scale. As a result three 
different leishmanins, based on different organisms 
in different parts of the world, were prepared and 
tested: one based on L. amazonensis in the University 
of Minas Gerais, Belo Horizonte, Brazil (though 
production was later transferred to the BIOBRAS 
company); one based on L. infantum in Italy; and 
one based on L. major by the Pasteur Institute, 
Tehran. The reactivities of the latter two proved very 
similar in different foci in Africa and Asia, and to 
favour a developing country TD R selected the Tehran 
product for all vaccine studies and as a reference 
reagent. It has now been distributed widely for 
epidemiological studies. 

Diagnosing the diseases 
In the 1970s there were no quick and easy meth

ods of diagnosis. In cutaneous or mucocutaneous 
leishmaniasis, it was possible to put material from 
lesions under a microscope; in itself not easy away 
from hospital or laboratory. But for the most serious, 
visceral leishmaniasis, it was necessary to take spleen, 
liver or bone-marrow samples from the patient - and 
it still is, for definitive diagnosis. 

TOR decided to focus attention on more practi
cal diagnostic tests, such as DAT - the Direct Agglu
tination Test, in which clumping of cells provides an 
easily-visible indication - and ELISA, in which an 
enzyme-produced colour-change can be used to 
measure the concentration of parasites. 

DAT was a cheap and simple method which had 
been developed in the early 1980s in Amsterdam by 
El Harith to detect acute visceral leishmaniasis, but 
batches of the necessary antigen were variable. When 
the variation was reduced, problems of antigen sta
bility arose. A multicentre trial with a centralized 
supply laboratory in Belgium was set up to overcome 
that problem, and to evaluate the test so that it could 
be recommended to replace biopsy diagnosis. Anti
gens for the improved DAT are now produced in 
Bangladesh, India, Iran, Kenya and other countries. 



11. 
Biological Control of Vectors 

The future of biological control? The identification of a gene that makes a mosquito's eyes 
white is one of the first steps towards an artifical package of "jumping genes" that could 

stop the insects transmitting malaria. 

T DR was established after the attempted 
eradication of malaria - largely through the 
use of chemical pesticides - in the 1950s and 

1960s had been abandoned, and it was recommended 
that the Programme should participate in the search 
for alternative vector control strategies, such as inte
grated vector control. This combines all appropriate 
control techniques (chemical, environmental, bio
logical and physical in an orderly and coordinated 
manner), can combat insect vectors and diseases 
with positive ecological, economic and sociological 
consequences. 

TDR finally decided to fill a perceived gap in the 
development of biological methods for vector con
trol, which were hoped to be ecologically safer than 
chemical pesticides, and to be more adaptable for use 
in economically weak tropical countries. 

The goal was to exploit organisms that are natural 
enemies (pathogens, parasites and predators) of vec
tors so as to regulate vector populations growth. 
Biocontrol was not expected to be a panacea, but to 
offer improved methods to supplement other, envi
ronmental, physical and chemical techniques, the 

mixture varying according to species, the disease, 
and local ecological and geographical conditions. 

A scientific Steering Committee on the Biological 
Control of Vectors (BCV) was thus established, and 
three research objectives were set: 

• the isolation and identification of new biological 
control agents; 

• the evaluation and improvement of agents al
ready known to be promising; 

• the practical development of agents shown to be 
effective and safe. 

A scheme was drawn up for screening candidate 
biocontrol agents and evaluating them for their effi
cacy, mammalian safety and environmental impact. 
With TDR support, many organisms were then 
investigated as potential agents for vector control, 
including viruses, fungi, bacteria, protozoa, nema
todes, invertebrate predators, and fish. 

However, most of these agents were shown to be 
of little practical use, largely because they are diffi
cult to grow in large quantities. Only a few have 
reached operational use or are undergoing extensive ___ 147 
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field trials. Among these is Bacillus thuringiensis 
H-14, in the development of which TOR played an 
early and key role. 

Bacillus thuringiensis 
Until 1976, all varieties of B. thuringiensis used in 

agriculture had shown poor larvicidal activity against 
vectors of human disease. In that year, a strain highly 
pathogenic for mosquitos was discovered in Israel. 
Within five years this strain -known as "B.t. H-14' 
- was developed for use in the field against mosqui
tos and blackflies. 

TOR supported research on the standardization 
of bioassays and mammalian safety tests, coordi
nated field research and become a central source of 
information on this strain. Many B.t. H-14 
formulations were evaluated in several countries 
against scores of vector species. Several were found to 
be effective for short periods against the larvae of 
many species of Aedes, Anopheles and Cu/ex mosqui
tos, and Simulium blackflies. No evidence was found 
that B. t. H-14 harms aquatic organisms sharing the 
breeding sites of these vectors or has an adverse effect 
on the environment. 

In collaboration with several government agen
cies, industrial firms and WHO programmes, BCV 
supported a wide variety of basic and applied re
search projects that culminated in the development, 
registration and operational use of several commer
cial preparations of B.t. H-14. One preparation has 
been widely used by the Onchocerciasis Control 
Programme in West Africa (OCP) for controlling 
blackflies. 

The use of B.t. H-14is credited with delaying the 
development of blackfly resistance to chemical con
trol agents in the OCP area: it had been developed 
for blackfly control from a very early stage, and 
suitable formulations were available when blackfly 
resistance to the insecticide temephos first appeared 
in 1980. B.t. H-14has also been used as a mosquito 
larvicide in several mosquito abatement districts 
in the United States, Europe and some tropical 
countries. 

Although effective, specific, biodegradable and 
possessing a long shelf life, B. t. H-14 does have 
drawbacks. Since it does not recycle in the environ
ment at levels high enough to provide significant 
residual activity, it has a short duration of toxic 
action - usually 24 to 48 hours - and must therefore 
be applied at frequent intervals. Moreover, current 
spore-forming B.t. H-14 formulations sink in water 
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mosquito larvae that feed only near the water sur
face. More suitable formulations and more potent 
strains are being studied, strains without spores are 
being sought and the possibility of improving exist
ing strains by genetic manipulation is being investi
gated. 

Bacillus sphaericus 
Another spore-forming bacterium, B. sphaericus, 

a common species found in a variety of soils and 
aquatic habitats, is an effective mosquito (but not 
blackfly) larvicide. More than 50 strains have been 
isolated from a variety of mosquito habitats in many 
areas and the more virulent isolates have been exten
sively studied, mostly with TOR support. The most 
potent strain currently known, B. sphaericus 2362, 
was discovered in the course of a TOR-funded project 
in Nigeria. 

A particularly attractive feature of this organism is 
its potential to persist and recycle in field conditions, 
especially in polluted water (insecticidal activity has 
been reported to last for 80-90 days in sewage and 
30-50 days in fresh water). It also has a good safety 
record and apparently does not affect nontarget in
vertebrates and vertebrates. In general, Anopheles, 
Cu/ex and Mansonia larvae are more susceptible to 
B. sphaericus than are those of Aedes mosquitos. 
There are exceptions within each genus, and field 
evaluation of B. sphaericus against Anopheles mosqui
tos is not yet complete. So far, the data indicate that 
some species of Anopheles (A. minimus, A. sundaicus, 
A. sinensis, A. stephensi, A. subpictus, A. albimanus) 
may be controlled with application rates of 1-2 kg/ 
ha. However, available formulations have limited 
residual effect, as the toxins quickly settle out of the 
feeding zone of Anopheles larvae, precluding their use 
against malaria vectors in tropical countries. 

After successful small-scale testing - with TOR 
support - against several vector species in many 
countries, B. sphaericus now promises to become an 
effective and ecologically safe larvicide suitable for 
the control of Cu/ex mosquitos, vectors oflymphatic 
filariasis. The bacterium has passed all necessary 
safety tests and was registered in 1990 by commercial 
companies for use in the USA and Europe. 

The level of susceptibility of Cu/ex larvae to 
B. sphaericus is very high, being of the same order as 
for currently used synthetic chemical larvicides. Ini
tial control was obtained with rates as low as 0.1 kg/ 
ha in clear water, two to three times this rate being 
needed in polluted water. Increasing the dosage con
trolled the vector population for longer periods - up 



to two or three months - in some studies. Large-scale 
field operational trials of B. sphaericus formulations 
have been performed against Culex mosquitos in 
lymphatic filariasis endemic territories in Brazil, Tan
zania, Cameroon, Cote 
d'Ivoire, India and Sri 
Lanka. Significant reduc
tion of vector population 
has been achieved and 
maintained for up to 
three months. In some 
cases a decrease of mi
crofilaremia rates have 
been noted. The epide
miological impact of this 
method of vector con
trol on the prevention of 
lymphatic filariasis mor
bidity is now under 
evaluation. 

11. Biological Control o/Vectors 

lead to the elucidation of the structure of the protein 
and its mode of action in mosquito larvae. Such 
work has already been done by several research groups 
supported by TD Ras well as outside the Programme. 

The insecticidal pro
teins are metabolites pro
duced during the early 
sporulation phase of the 
bacteria, deposited as a 
parasporal inclusion in 
B. thuringiensis H-14, and 
in structures of the sporu
lation cells in B. sphaericus. 
The proteins were deter
mined and the activities 
of the four major polypep
tide components of the 
B. thuringiensis H-14 in
clusion (28, 68, 125 and 
135 kDa) were measured 
against major target in
sects. Polypeptides of 42, 

:,: 51, 110and125kDawere 
g found in B. sphaericus, the 
~ first two of which now 
i appear to be the most 
~ effective. 

Several TDR-sup
ported projects on the 
local production of 
B. thuringiensis H-14 and 
B. sphaericus have been 
successfully completed in 
India, Thailand, Cuba, 
the Philippines and 
China. The results show 
that if locally available 
materials are used as 

The polypeptides of 
these 

Spraying a latrine in Maroua. Bacillus sphaericus is being used 
in an experiment on the control of Cu/ex mosquitos, which can 
be vectors of lymphatic filariasis. The insects breed in stagnant organisms are 

protoxins, which must be 
activated by gut juice 

proteases in the target insect. The activated toxins are 
stable against further proteolytic breakdown, and 
attach to the gut epithelia, where they produce very 
similar or even identical histopathological changes 
in both B. thuringiensis H-14 and B. sphaericus. 
However, knowledge of the DNA sequences coding 
for the protoxins has allowed the identification of 
the precise parts of the protoxins that are removed by 
the activation process, and it has emerged that toxins 
of the two bacteria show no relationship either in 
their DNA sequences or immunologically. 

water in latrines, drains and ditches. 

fermentation media, production can be practicable 
and cost-effective. Special attention is now being 
given to the development of slower-release, longer
lasting formulations, targeted to the appropriate strata 
in the water where the vector larvae feed. Guidelines 
for production of B. thuringiensis H-14 and 
B. sphaericus were published by TDR in 1990; the 
report summarizes the results of many years of study 
and provides information necessary to researchers in 
developing countries. 

Genetic manipulation with 
insecticidal bacteria 

Rapid progress has been made in the genetic 
investigation of B. thuringiensis and B. sphaericus. 
The genes responsible for the production of the 
insecticidal proteins have been located, isolated and 
transferred to other bacteria, such as Escherichia coli 
and B. subtilis. The genes for the insecticidal proteins 
of B. thuringiensis have been sequenced, which should 

The actions of the toxins are very different: 
B. thuringiensis H-14 toxin acts within minutes, 
whereas symptoms caused by B. sphaericus toxin may 
become visible only after several hours. But to in
crease the potency of either, it will be very important 
to increase their persistence in the breeding zone of 
vector larvae. This could be achieved by introducing 
the toxin genes, alone or as a combination, into an 
organism able to survive and replicate in the feeding 
zone of larvae better than the present biological -- 149 
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control agents. However, the modified organisms 
must be shown to be environmentally safe. 

Several research groups supported by TOR, as 
well as groups outside the Programme, have been 
working towards such goals. For example, B. sphaericus 
toxin genes have been cloned and expressed in blue
green alga Anacystis nidulans. The expression level is 
relatively high and the amount is sufficient to rapidly 
kill mosquito larvae. The B. thuringiensis H-14 genes 
encoding the 135kDa protein have also been ex
pressed in different cyanobacteria (Agmenellum, 
Synecoccus, Anacytisis). TOR is also currently sup
porting work on the incorporation of the insecticidal 
components of both B. thuringiensis H-14 and 
B. sphaericus within a single, ecologically acceptable 
bacterium or protozoan. Such genetic manipulation 
could result in the creation of a new organism with 
a wider spectrum of activity, higher toxic potential 
and improved persistency in mosquito breeding 
habitats. 

Genetic manipulation offers the big advantage of 
dealing with well-defined genes which carry precise 
information for polypeptide production. However, 
the use of organisms with recombinant DNA as 
experimental biological control agents amounts to 
the "deliberate release" of such organisms, on which 
most developed countries have issued strict guide
lines. Complete risk-benefit analyses will be required 
before recombinant DNA organisms with the toxins 
or B. thuringiensis H-14 or B. sphaericus are tested in 
the field. 

Search for novel micro-organisms 
The process of search, identification and screen

ing of new biocontrol agents was conducted by 
BCV's network of collaborative laboratories in 
Mexico, Colombia, Brazil, Ghana, Cameroon, In
dia, Thailand, Malaysia and China. The research 
capacity of this network was strengthened with TOR 
support. In future, the search for new biocontrol 
agents will continue from these well-equipped labo
ratories which will be responsible for the screening of 
specimens in their geographical regions. To provide 
guidelines for researchers in tropical countries, a 
manual for the search and screening of new biologi
cal agents was published by TOR in 1991. 

Among thousands of organisms studied in labori
ous trials, several new strains of B. thuringiensis H-14 
and B. sphaericuswere isolated which could not only 
be possible new candidates for vector control, but 
also valuable alternatives for genetic manipulation, 
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pears. A new and previously unknown pathogen, 
Clostridium bifermentans, was also isolated and stud
ied. It produces toxic substances which differ from 
Bacillus toxins but are highly active against mosquito 
and blackfly larvae, yet harmless to other water or
ganisms, or to snails, fish or mammals. Different 
species of Streptomyces and Tolypocladium fungi which 
are toxic to Oncomelania snails and mosquito larvae, 
as well as B. brevis against Bulinus snails, were found 
by TOR-supported researchers in China, Ghana and 
Czechoslovakia, and are now under examination. 

Development of other promising agents 
for biological control of vectors 

Fish 

Larvivorous fish have been used for mosquito 
control since the turn of the century - and in some 
developing countries they are the only biological 
agents available for this purpose. However some
times the introduction of Gambusia, the best-known 
larvivorous fish, led to the destruction of native fish 
and their habitats. It is therefore no longer dissemi
nated in water systems where it is not indigenous, 
and BCV has generally focused on the evaluation of 
larvivorous fish in areas in which they are indig
enous. 

In many South-East Asian and Western Pacific 
countries larvivorous fish are being widely distrib
uted in open drains and sewers to control Culex 
quinquefasciatus mosquito vectors of filariasis, and 
anopheline mosquito vectors of malaria. The 
larvivorous fish Oreochromis spilurus spilurus has been 
found to be effective in controlling the breeding of 
A. arabiensis mosquitos in man-made underground 
water basins in several areas of Somalia. Aphanius 
dispar and a few other indigenous species were suc
cessfully used against anopheline and culicine mos
quitos in water storage containers and basins in 
Ethiopia. 

The possibility of local communities participat
ing in the mass-rearing, transportation and distribu
tion of larvivorous fish has been investigated. 

Some edible fish species, such as the common or 
grass carps and gourami may contribute to the con
trol of vectors in rice fields and small village ponds. 
In addition to mosquito control, the food fish pro
vides significant economic return as a rich source of 
protein, making the method more attractive to local 
communities. The use of fish for vector control, 
however, could lead to a conflict of interests, since 



the chemical insecticides used to control rice pests 
are harmful to fish. Cooperation is clearly needed 
between agricultural and vector control specialists. 

Fungi 

Several species of fungi have been shown to infect 
and kill mosquito larvae. TDRhas supported studies 
on three main genera: Coelomomyces, Lagenidium 
and Culicinomyces. However, production difficulties, 
low infectivity rates, complicated life cycles and strong 
dependences on environmental factors seem to pre
clude the wide use of these fungi for vector control. 
Only one of them, Lagenidium giganteum, has been 
developed with TDR support to the stage of field 
testing in India and the USA. Because of its ability to 
recycle - to reproduce for several generations in the 
environment - and because it can be produced by 
fermentation, this fungus shows promise for use in 
the control of mosquitos associated with flood water 
and rice paddies. 

Coelomomyces, a Chytridiomycetes or water-mould 
fungus, is an obligate mosquito parasite. Once estab
lished in a habitat, it often recycles for several years, 
producing a moderate-to-high level of mosquito larva 
control. Its complicated life cycle, however, which 
requires an alternate (crustacean) host, makes mass 
production difficult. Among the Fungi lmperfecti, 
Culicinomyces cfa_vosporus has shown larvicidal activ
ity in vitro against a broad range of mosquito species. 
Although not difficult to mass-produce by surface 
culture on simple artificial media, large quantities of 
this fungus are required for effective larva control. 
Furthermore, its infectivity in the environment is 
too short-lived for large-scale use. In order to en
hance the infectivity and biocontrol potential of this 
and other Fungi lmperfecti, notably Tolypoc/a,dium 
and Metarhizium species, research is being conducted 
on strain selection methods and on the development 
of new cultivation media. 

Nematodes 
Of the many nematode species tested for mos

quito control, only mermithid groups have shown 
promise. Some are highly specific to certain vector 
mosquito species and well adapted to their life cycles. 
They also produce a high level of infection and have 
satisfactory reproductive potential. In field experi
ments, Romanomermis culicivorax, R. jingdeensis and 
R. iyengari were found to recycle for one to three 
years and to appreciably reduce anopheline larval 
densities and malaria prevalence in local human 
populations. 

11. Biological Control of Vectors 

Being obligatory parasites, mermithids can be 
produced only in vivo and therefore do not lend 
themselves readily to commercial production. Nev
ertheless, a mass-production method has been devel
oped and should make it possible to produce these 
agents locally in areas where they could be consid
ered for inclusion in integrated mosquito control 
programmes in countries such as Cuba, India and 
China. 

Viruses and protozoa 
Viral infections caused by Polyhedral, 

Densonuclear and lrido viruses have been recorded 
in Dipteran insects - but they proved to be of minor 
importance, in part because of the many problems 
involved in the mass production, storage and field 
application of viruses, and in part because of difficul
ties in using viruses against vectors breeding in water. 
Nevertheless, BCV-supported research demonstrated 
that certain non-lethal viruses could significantly 
reduce the longevity and fecundity of sandflies and 
some other insects. Several entomopathogenic vi
ruses have been screened against disease vectors but 
none has been found very effective. 

Insect-infecting protozoa were also investigated. 
Such protozoa generally enter insect bodies with 
food, and can either multiply and infect the host or 
pass through the gut and be voided in the faeces. 
Many are insect symbionts, and do not cause disease 
or mortality. Most important among the protozoa 
are some microsporidia species which enter insect 
tissue, produce spores, and cause fatal infections in 
the host. However, after many years of studies, it was 
shown that even when they are applied in large 
quantities against natural populations, rnicrosporidia 
do not recycle and have little potential for mosquito 
control. It is unlikely, therefore, that they will be 
developed in the foreseeable future as microbial in
secticides for the control of mosquitos or blackflies. 
Nevertheless, adult mosquitos and sandflies infected 
with microsporidia have been reported to show di
minished fecundity and diminished vectorial capac
ity for malaria and leishmaniasis, findings that 
certainly call for further study. 

Invertebrate predators 

The introduction of invertebrate predators into 
mosquito breeding sites can significantly reduce 
mosquito densities, but their usefulness and cost
effectiveness have yet to be demonstrated. 
Toxorhynchites, a species of large non-biting mos-
quito that feeds on the larvae of other mosquitos, has __ 151 
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Highlights of BCV research 1993-94 

Molecular entomology 
• Research on dominant and semidominant markers 

for the identification of transgenic mosquitos led 
to the discovery and cloning of several genes 
responsible for rough eye, red, mosaic and white 
eye phenotypes of A. gambiae, as well as genes 
conferring organophosphate resistance. 

• Excellent genetic and physical mapping methods 
have now been developed for A. gambiae. High 
resolution molecular mapping approached the 
identification of regions of mosquito chromosomes 
which encode parasite refractory loci. 

• Several laboratories began work on the 
identification of candidate germ line transformation 
vectors. Promising results were obtained with 
transposable elements (mariner, hobo, hermes etc) 
which appear to be functional in mosquitos. Some 
progress was made on the analysis and 
transformation of insect symbionts and viruses for 
the introduction of antiparasitic genes into 
mosquitos. (If these and related elements exhibit 
mobility in mosquitos, it will represent an important 
development for the construction of transgenic 
anophelines.) 

• Theoretical computer models and laboratory 
experiments confirmed the hypothesis that novel 
genes loaded onto transposable elements could 
spread in mosquito populations. Field studies of 
genetic structure of the natural anopheline 
populations were initiated on malaria endemic 
territories, utilizing modern molecular techniques. 
These studies will provide new information on 
vector dynamics and on the potential problems 
and impact of releasing transgenic mosquitos into 
the environment. 

been investigated in the South Pacific and appears to 
have potential against bancroftian filariasis vectors 
that breed in poorly accessible habitats, such as tree 
holes, leaf axils and small containers. A method has 
been developed for breeding this species in the labo
ratory and "mass-release" experiments, in which 
Toxorhynchites colonies are established in nature, 

152 -- demonstrate a high level of mosquito control. How-

• New data were obtained on the mosquito's cellular 
and humoral defence mechanisms against 
pathogens and parasites. Mosquito homologues 
to cecropins, attacins, defencines and other 
antibacterial peptides were studied, as well as the 
process of encapsulation and melanization of 
invading parasites by refractory strains of mosquitos. 
It was shown that encapsulation trait depends on 
one or very few mosquito genes. A simple model 
for laboratory tests was developed on the base of 
negatively charged sephadex beads. 

• Significant progress was made to establish the 
functionality of specific mosquito gene promoters. 
The blood meal inducible, gut-specific promoters 
derived from the A. gambiae trypsin genes were 
shown to induce expression of reporter genes in 
Drosophila gut cells, as well as in transfected excised 
mosquito gut cells and in mosquito cultured cells. 
(There is every possibility of linking this promoter 
to anti-malarial genes in the near future to assess 
the effect on transmission.) 

Pathogenic bacteria 
• Large scale field trials of B. sphaericus formulations 

showed that the biologicals could be successfully 
used for long-lasting control of Cu/ex mosquitos. In 
some cases a significant reduction of microfilaremia 
rate was achieved. The relevant projects were 
transferred for continuation to the Filariasis Task 
Force for proper epidemiological evaluation. 

• Biochemical and genetic studies on characterization 
of toxic determinants of insecticidal bacteria 
provided a possibility for genetic engineering of 
more potent organisms for vector control and for 
their adaptation for anopheline mosquito control. 

ever, the flight range of these mosquitos is limited 
and there is some public concern about the release of 
large numbers of oversize mosquitos. 

Competitor snails 
Control of the snail intermediate hosts of 

schistosomes is an important component of schisto
somiasis control. The only available chemical 



molluscicide, niclosamide, is effective but too costly 
for use in many endemic countries. TOR has there
fore promoted the search for suitable biological agents, 
especially competitor snails. Although the microbial 
infecting agents, parasites and predators of snails so 
far investigated have not shown great potential, sev
eral competitor species of snails were successful in 
certain types of transmission sites. Heliosoma, Marisa, 
Melanoides and Thiara snails, for example, have sig
nificantly reduced populations of Biomphalaria and 
Bulinus schistosome hosts in southern Africa and 
Latin America. The epidemiological effectiveness of 
these agents has not yet been evaluated. 

Molecular entomology 
Recent biotechnological advances in the area of 

the host-parasite relationships and vector genetics 
suggest the possibility of revolutionary methods for 
malaria control. The ultimate goal of this research 
would be the genetic modification of anopheline 
vectors in order to disrupt the parasite cycle. There 
are many problems to overcome and the time needed 
to achieve this goal will be at least 10 - 20 years. 
However, the intermediate steps of this research may 
themselves generate useful tools for the field ento
mologist or malariologist. 

Theoretically, the steps necessary for the engi
neering and release of a refractory (non-malaria com
petent) mosquito involve the solution of various 
laboratory and field problems such as: 

• understanding the molecular basis of vectorial 
resistance to the malaria parasite; 

• the development of genetic and molecular tools 
for engineering a mosquito resistant to malaria; 

• understanding mosquito population dynamics, 
in order to be able to apply this new method 
effectively in the field. 

11. Biological Control of Vectors 

The MacArthur Foundation in the US initiated 
this work, and TDR joined the research, along with 
the Wellcome Trust, in 1991. In 1992 BCV initiated 
its first projects on these topics. At the outset, the 
object was to stimulate scientists from basic research 
laboratories to transfer their knowledge from well
studied insect models (such as Drosophila, Bombyx, 
Manduca) to Anopheles mosquitos. BCV in particu
lar has been encouraging fruitful collaboration of 
laboratories in the North and in the South - with 
support from TDR's Research Capability Strength
ening component. In its early stages, such North
South collaboration may link basic research and 
application. 

To strengthen such collaboration, courses and 
workshops on application of modern high technol
ogy methods of biochemistry, immunology and ge
netics have been organized for the scientists from 
developing countries. They will also participate in 
the implementation of on-going projects in develop
ing countries. 

BCV, now represented by the Molecular Ento
mology Committee in TDR's Strategic Research 
Component, supported 32 projects in 1994 relevant 
to malaria control through genetic manipulation of 
mosquito vectors. The success of this strategy will 
depend on progress in three main areas: 

• the biochemistry of malaria parasite-vector rela
tions and identification of parasite inhibiting 
genes; 

• the development of techniques for genetic trans
formation of mosquitos; 

• the development of the mechanisms for driving 
these genes into natural Anopheles populations. 

The early results of this work are indicated in the 
Box Highlights of BCV research 1993-94. 
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12. 
Social and Economic Research 

Breaking down the barriers: young Yanomami children in Amazonia awaiting 
distribution of medication. TDR has supported studies on improving relations between 

health centres and the people they serve. 

F or many years, the social sciences - the so
called "soft" sciences - have found it difficult 
to win the kind of credibility among the medi

cal profession that "hard" biology and biochemistry 
have done; and the case of tropical diseases is no 
exception. Moreover the social scientist in tropical 
diseases faces a particular complication: his or her 
laboratory is the field. There are no in vitro experi
ments in the social studies of tropical diseases. Stud
ies must be done amongst some of the poorest and 
least cared for communities on Earth; in extremely 
varied conditions; and in countries where there is 
often little research infrastructure, even less social 
science, and still less inclination for researchers to 
return to the "field", from which they may well have 
escaped to a comfortable urban life. 

Furthermore, like any heterogeneous academic 
group, social scientists are keen to defend the 
singularities and methodologies of their several sepa
rate disciplines, and indeed have seen this methodo
logical pride" as a defence against attack from the 
"hard" sciences. But field problems are not so easily 
divided: they respect no discipline, not even those of 

the "hard" sciences. So not only has TDR's Social 
and Economic Research steering committee (SER) -
founded in 1979 - had to fight disciplinary pride 
and classical biomedical prejudice, it has also had to 
manage field research from the outset in what is 
arguably the most difficult of all scientific projects in 
the Programme. 

But SER succeeded in these enormous challenges. 
And as a result, over its first 16 years SER has created 
essentially three things: 

• from its early work, a descriptive foundation which 
has helped to highlight key social and economic 
issues in the tropical diseases; 

• later, and building on that foundation, several 
generic conclusions of direct importance for tropi
cal disease control; 

• and most recently, new research mechanisms, 
which are helping to ensure the establishment of 
what the first Secretary of SER, Patricia 
Rosenfield, has described as "transdisciplinary" 
research projects, combining social and biomedi
cal scientists in working towards common 
objectives. __ 155 
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Historically, SER was conceived by an "Initial 
Planning and Consultation'' (IPC) on social and 
economic research, which took place in Geneva in 
December 1977, under the chairmanship of the 
Chief Health Economist of the World Bank, 
F. Golladay. The objective: to establish precisely 
what kinds of research would be important to 
disease control, and what kinds of SER were actually 
feasible. 

It was a diverse group: members represented dis
ciplines from tropical medicine, public health, epi
demiology, anthropology, economics, entomology, 
operations research, management sciences, agricul
ture, environmental engineering, to ecology and 
health education. 

But, curiously, as a result the singularity and 
separateness of the different social science disciplines 
was emphasised. According to the report of the IPC 
"the 'socioeconomic aspects' of the vector-borne, 
parasitic diseases encompass a wide range of topics 
and disciplines. It is essential to recognize, however, 
that each social science discipline brings a distinct 
perspective and approach to research ... it is as mean
ingful to suggest that 'we should get a social scientist 
to look at this health project' as it is to propose that 
'we should get a natural scientist to look at this 
development project"'. 

There was concern about how to get high-quality, 
discipline-specific social scientists to work with TD R. 
"First rate social scientists will be reluctant to com
mit themselves over the long term required for tech
nically sound socioeconomic results to emerge" the 
IPC reported "unless they have some base which 
enables them to communicate within their disci
plines as well as to receive recognition for their 
efforts". 

Thus it was felt that though a broad SER Steering 
Committee might be set up, once it reached an 
appropriate size it should be subdivided according to 
discipline. And although such subdivisions never 
actually took place, the fact that at the outset it was 
thought necessary, with hindsight was an indication 
of some of the professionalistic attitudes that would 
later face the Committee. The social sciences were 
beginning almost fresh in the tropical diseases -
there was no tradition, no community, there were no 
results. Could in fact watertight, discipline focused 
work - however academically respectable - lead to 
practical results in a short enough time? 

The IPC drew up strong rules for the first "tech
nical groundwork'' studies that were to lead to the 

156 __ establishment of SER. There were to be three criteria 

in selecting projects. The first was the practical effect 
of obtaining an answer to the question addressed: 
how much difference would that make to disease 
control and how many people might benefit? This 
criterion was called "importance". But it was felt that 
"several dearly important questions regarding deci
sion-making on resource allocation by the higher 
government officials were too sensitive politically or 
too unlikely to lead to changes to be feasible for 
research". The second criterion was speed - how 
quickly could results be obtained? And the third 
criterion was the likely relevance of a result to the rest 
of TDR's programme. 

Following this lead, a "Preparatory Scientific 
Working Group" (Pre-SWG) on SER met in Febru
ary 1979, and recommended research proposals be 
invited in: 

• under social researcl:r. perception and awareness 
of disease, human behaviour and disease trans
mission, and community participation in dis
ease control; 

• under economic and management researcl:r. cost
effectiveness of control measures, manpower 
analyses, and delivery of disease control; 

• under social and economic conditions affecting 
tropical disease control, two broad sub-topics were 
noted. The first encompassed topics such as the 
definition of indicators to use in assessing the 
feasibility of disease control, and the role of 
social and economic conditions in the design of 
disease control programmes. The second included 
studies of the effect on disease transmission of 
development activities or population movements. 

The studies that followed lead to a whole series of 
results on the social and economic aspects of the 
diseases, some of the most striking of which are 
included in the Social and Economic Research Reports 
(numbering 14 to 1995), which began in 1988. 

Early description ... 
An example of some of SER's earliest studies was 

one of the first interdisciplinary studies of the social 
aspects of filariasis - conducted in a peninsular prov
ince in the central Philippines by Aida Lu and others 
between April 1981 and February 1982. The study 
was published by SER as its first report: Filariasis: a 
study of the knowledge, attitudes and practices of the 
people ofSorgoson, The Philippines (1988). 

A survey by the Filariasis Control Unit of the 
Ministry of Health in the late 1960s had measured 
filariasis prevalences of from 5-12% in Sorgoson, but 



little was known about its importance to the com
munity. Nevertheless its economic effects were 
thought to be considerable, as the disease was trans
mitted mainly by Aedes poicillus, which breed through
out the year in the axils of regionally important 
economic crops - the banana and the abaca (Manilla 
hemp). 

The project focused on three "barangays" (ad
ministrative units of some 100-200 households) in 
the coastal town of Magallanes. According to the 
report, people here had developed, through many 
years of exposure to filariasis and the stories of elders, 
a system of beliefs and practices surrounding the 
disease which- though not consistent with scientific 
beliefs - was consistent and logical in itself. All the 
existing terms for the disease described the principal 
observable symptoms - which were enlarged scro
tum in males (called "bungao") and enlarged labia in 
females ("buwa"). The same symptoms created by 
other causes (such as hernia) were given the same 
name. 

Buwa was considered to result from promiscuity, 
and carried a social stigma, leading women to hide 
the disease until late in the infection. People with 
bungao were often ridiculed, but not ostracised. 
Bungao was thought to be occupational: the result of 
entry into cold water after heavy work, and the 
carrying of heavy loads. And indeed most filariasis 
cases observed were of male adults who worked as 
loaders or farmers. Shelter for labourers was often 
built within abaca and banana plantations, but very 
few people linked the disease to the mosquitos preva
lent there. Knowledge of the filarial parasite itself 
was virtually nil. 

Corresponding to the local theory, bungao was 
thought to be prevented by avoiding getting wet 
when tired, and avoiding carrying heavy loads, and 
buwa by fidelity. For neither buwa nor bungao was 
the use of mosquito nets considered logical. The 
early feverish symptoms of filariasis were not attrib
uted to bungao or buwa, but to other diseases. 
Consequently, there seemed to be little need to sub
mit to blood examination - particularly the incon
venient night-time examination for filariasis. Surgery 
and medication were thought to be the best treat
ments, but few could afford either. Some resorted to 
cheap folk surgery and combinations of traditional 
and some modern medication. Few were aware of 
the existence of a filariasis control programme in 
Magallanes, and even fewer had consulted it. 

The researchers concluded the report of their 
study with a 24-point recommendation for major 
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improvements in health education and communica
tion on filariasis in the region, of which the major 
themes were: a focus on fathers, as they were both the 
most affected and could educate their own children; 
increased involvement of community members at 
every level; training of health centre staff to under
stand the problems and respect the beliefs of the 
communities they tended; better linkage of the ver
tical filariasis control programme with local health 
centre staff; and intersectoral collaboration between 
health, education and agricultural services. 

... to later impact 
Ten years later, SER had learned some important 

lessons. Such studies were highly illuminating - but 
they were also highly localized, and in terms of 
control the results became largely a "wish-list" of 
interventions which in the cut and thrust of practical 
politics, interests and finance were unlikely to be 
implemented. So how to increase the chance of 
impact? Another example in filariasis will illustrate 
what SER had learned. 

Several governments in highly endemic areas had 
indicated to TDR that before they would commit 
scarce health resources to filariasis control and treat
ment, they would need to know precisely what was 
the social and economic burden of the disease. So 
building on experiences like the Sorgoson study, and 
case studies oflymphatic filariasis in rural India, East 
Africa, and Ghana which had indicated a high preva
lence of infection and disease combined with a lack 
of effective control programmes, in 1991 SER held 
a "Protocol Development Workshop", designed to 
create means to measure the economic, social and 
epidemiological impact of lymphatic filariasis. 

As a first step, letters of intent were solicited from 
teams of social, economic, clinical and epidemio
logical researchers in endemic countries. A group of 
consultants and TDR staff met to review the letters 
of intent, and to devise a general strategy which 
could provide a common protocol for multicentre 
studies of the prevalence of chronic disease, the 
incidence and duration of acute attacks, and the 
social and economic consequences of both. This 
basic protocol, in which each phase of the research is 
interdependent with the others, was then used as a 
guide by the individual research teams. Six were 
finally selected for funding by TD R to develop their 
proposals and move on to actual studies in four 
endemic countries. 

Results of this work were not complete by the 
time of publication of the present report, but prom- ___ 157 



TDR Twelfth Programme Report 

ise new information not only on stigma, social and 
economic burdens, but also important epidemio
logical information - such as the incidence and 
duration of acute attacks. 

The form of these studies also indicates the recent 
approach of SER: careful guidance from the Secre
tariat; large-scale, comparable multi-centre studies; a 
multidisciplinary approach; and a clear goal in con
trol of a disease - in this case to provide a solid, 
global basis for advocacy for effective control of 
lymphatic filariasis. 

Another filariasis project also indicates how social 
and economic research is being integrated with other 
work in TOR. The past Filariasis Steering Commit
tee recommended that following Gerusa Dreyer's 
findings in Recife, Brazil that soap and water plus 
perhaps some antibiotic ointment can lead to regres
sion of elephantiasis (see Chapter 5), field trials of 
the method should be made in other settings. SER 
successfully argued that this work should include a 
social acceptability component and an economic 
component, to determine how sustainable is it to use 
the method, to identify who can use it, and to ask 
whether people are actually willing to take control of 
the treatment themselves and organize self-help 
groups. This contribution should make the studies 
much more useful than simple trials of effectiveness. 

Some generic results 
Other recent SER conclusions in malaria, schisto

somiasis, onchocerciasis, leprosy and Chagas disease 
serve to illustrate the significant contributions that 
TDR's social science research has made and can 
make to disease control - both in the study area and 
beyond, underlining the possibility of widely 
applicable, "generic' conclusions from social and 
economic research. 

In malaria, for example, an SER project studied 
the large-scale village volunteer programme in Thai
land. Some 46% of volunteers proved to be tradi
tional healers, who detected more cases than other 
volunteers, were generally more trusted by their pa
tients, provided more malaria services to the com
munity, and were less likely to drop out than other 
volunteers. Such people were therefore to be encour
aged, though the study also indicated problems that 
could be solved with appropriate supervision and 
training: for example, folk-healers sometimes charged 
for their malaria services and occasionally adminis
tered dangerous drugs. Clearly the potential for the 
use of traditional healers may be extended beyond 
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In urinary schistosomiasis, a study sponsored by 
SER in seven African countries confirmed the results 
of an earlier study in Tanzania of the usefulness of a 
simple questionnaire in determining the diagnostic 
accuracy of community perceptions of the disease. 
The questionnaires - designed for schoolchildren, 
and for teachers and other leading community mem
bers - were delivered through the national educa
tional system and validated by urine tests conducted 
first by the research team, and in later studies by the 
teachers themselves. The results demonstrated that 
the questionnaires predicted very accurately- and at 
very low cost - which communities did not suffer 
severely from the disease, allowing countries to ad
minister any control measures more efficiently. This 
study has resulted in TDR's preparation and promo
tion, in collaboration with WHO's Division of Con
trol ofTropical Diseases (CTD), of a handbook for 
health ministries on the use of the technique, and 
more generally in a now expanding programme of 
the wider involvement of schoolchildren and the 
school system in tropical disease control. 

An SER-supported multidisciplinary study of the 
impact of onchocerciasis on women in Nigeria effec
tively launched two major initiatives. It demon
strated that apart from blindness, skin disease caused 
by onchocerciasis was dreaded - and particularly by 
young women, both as an impediment to marriage 
and as an important cause of divorce. The study lead 
on to SER's involvement with the Nigerian On
chocerciasis Control Programme, and the establish
ment of a joint "Onchocerciasis Operational Research 
Committee", which in turn has led to the recently 
proposed pan-African onchocerciasis control pro
gramme, in which the control of onchodermatitis is 
a central plank. 

The Nigeria study also gave impetus to TDR's 
commitment ro investigating the particular impacts 
of tropical diseases on women. As part of that, a 
study of the impact of leprosy on women in 
Maharashtra, India, revealed important possibly ge
neric issues for leprosy control: that women with 
leprosy were cast out of their homes much more than 
men, and suffered greater stigma and trauma. Most 
were not even accepted back into their parents' homes, 
and ended up in an institution or a slum area, where 
they had to begin a new life. The study also revealed 
the importance of family support in ensuring detec
tion and reporting of the early "skin-patch" signs of 
leprosy, and hence the need for greater attention to 
the family in leprosy health education programmes. 

In Chagas disease, a study in Venezuela showed 
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that communities could help to design and imple- followed by transport costs, while the cost of the 
ment a system for improving the poor housing con- spray itself was minimal. The cost-effectiveness of 
ditions which foster the triatomine vectors of the spraying should thus be calculated differently m 
disease. People were most motivated when local rural and urban areas. 
materials were used, assistance was given to rebuild 
or improve their own houses, and a system of credit Seeking "transdisciplinary" research 
was provided. Loans were systematically repaid, and Another major development in SER has been its 
people were satisfied with their dwellings because recent pragmatic approach to conducting social sci
they themselves had been involved at every stage of ence research in the field. SER's objective has been to 
the renovation process. ensure that social scientists work together with bio-

Another SER study in Chagas disease, in Rosario, medical and other scientists, and with control per
Argentina, which had been believed to be free of the sonnel, in truly "transdisciplinary" projects rather 
disease, showed up a high (18%) prevalence of infec- than in isolation. But the means to reach this objec
tion in blood donors. The study, conducted in an tive have had to be pragmatic - in the face of the 
area of high in-migration, shortage of key skills, such 
suggested that blood as the lack of education of 
banks were erratic both biomedical scientists in 
in checking blood for in- social science techniques, 
fection and in informing the lack of education of 
donors of the results, if social scientists in tropical 
positive. At the same diseases, and the lack of 
time, there were social in- social scientists in disease 
centives for donors to endemic countries. 
continue to give blood, In these efforts SER 
because people who did has tried many different 
so were regarded by their methods, attempting 
community as strong and simultaneously to build 
healthy, resulting in a the capacity for trans-
feeling of pride and soli- A focus group interview with community health workers in disciplinary research (in 
clarity among the donors. Bhubaneshwar, Orissa State, India. conjunction with TDR's 
And in other cases, do- Research Capability 
nors were employees or poor labourers who were Strengthening component) and to obtain practical 
obliged to give blood by their patrons. Accordingly, results. 
the researchers noted that in the absence of proper For example, a small grants programmes on social 
testing, registration and follow-up, the same people and economic aspects of tropical diseases was initi
were likely to be frequent donors whether they were ated in Latin America in 1989; and another launched 
infected or not. in Africa in 1993 to respond to the specific needs of 

SER has also placed considerable emphasis on Anglophone and Francophone countries. The "small 
developing economics research, with studies includ- grants" concept is to provide a selected local group 
ing measurement of the cost of all components of of expert coordinators - a local "Small Grants 
malaria control in Thailand, to the impact of Schis- Steering Committee" - with a sum of the order of 
tosoma haematobium on agricultural production in US$100 OOO to distribute among some 20 local 
Nigeria, to the comparative effectiveness of tradi- projects annually. It is hoped that researchers se
tional house spraying versus insecticidal paints and lected for such small projects will "learn by doing", 
canisters in certain Latin American countries (in and that the more enthusiastic and successful ones 
collaboration with the Chagas disease Steering Com- will eventually apply directly to TOR - or other 
mittee). For example, a careful study was undertaken donors - to extend their research. In Latin America, 
in Argentina of the component costs of traditional the scheme has attracted younger and more women 
house spraying for Chagas Disease control. The study scholars, and researchers not already part of larger 
showed that the cost of spraying each house in a rural biomedical institutions, thus providing a new injec
area far exceeded the cost in urban areas. Labour tion of fresh talent and independent thinking to the 
costs accounted for between 70-80% of total costs, work. Other small grants, with similar objectives, ___ 159 
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have included training- as in TDR's work in opera
tional research with the Nigerian Onchocerciasis 
Control Programme. 

Three kinds of training "workshop" have also 
been tried- on methodology (for example on the use 
of "qualitative methods" in Tanzania), on general 
protocol development (with t~am~ of researchers 
from different disciplines and with different research 
objectives), and on multi-centre protocol develop
ment (where all focus on a particular problem - as 
for the investigation of the impact of filariasis de
scribed above). 

Another approach has been to develop research in 
direct collaboration with a particular control pro
gramme - for example the work begun by SER with 
the Nigerian Onchocerciasis Control Programme 
described earlier, which led on to the proposal for a 
new, pan-African onchocerciasis control p~ogram~e. 

Similarly, SER was requested by the Chmese Mm
istry of Public Health to assist with the d~velopm:nt, 
selection and monitoring of research aimed at im
proving the effectiveness and reducing the _cos~s ?f 
schistosomiasis control in China. The work 1s snll m 
progress, but already there have been practical results 
- incorporated into the national programme - dem
onstrating, for example, that locally produced ~la
ment meshes are cheap and effective for collectmg 
cercariae from infected waters, and much more cost
effective than the usual methods of measuring the 
infectiviry of waters using sentinel mice. 

Carol Vlassoff, who succeeded Patricia Rosenfield 
as Secretary of SER, has described these new ~e~~a
nisms fully in the paper "Evaluatin~ _age:'1cy m1~1a
tives: Building social science capability m trop1eal 
disease research", co-authored with Lenore 
Manderson - one of TDR's most committed SER 
advisors - of the University of Queensland, Aus
tralia, in Acta Tropica vol 57, pp 103-122 (1994). 
Overall, the author's conclusions were that: 

• "small grants" are a cost-effective way to intro
duce social scientists to a particular field of study 
and/or research methods; 

• workshops that combine training and project 
development with a reasonable promise of subse
quent fonding have been highly effective; 

• workshops with a clear research focus have been 
more successful than more general ones; 

• workshops encourage transdisciplinary re~earch, 
creating the basis for ongoing partnerships be
tween biomedical and social scientists; 

• goal-oriented workshops help initiate research 
to meet control programme needs, and have 
the potential for maintaining the links between 
researchers and disease control personnel. 

Combined with the development of projects 
side-by-side with control programmes, these ex
tremely interactive, "hands-on" methods for en
couraging social and economic research _in_ t?e TD R 
diseases have come a long way from the mmal TD R 
approach of waiting passively for applications: and 
supporting those considered to be academically 
first class. It has been a complex process of evolu
tion. But in TDR's 16 years of social and economic 
research, SER may well have led TDR's way to
wards the pro-active, driving role it is now taking 
across the board of the Programme's research. 

And in the process, the SER steering committee 
has in fact dissolved itself; its whole approach and 
philosophy are now being integrated throughout 
TDR's research, particularly through the Pro
gramme's Applied Field Research (AFR~ co~po
nent. For example, cost-effectiveness studies will be 
continued under the auspices of the Filariasis Field 
Trials, Malaria Mosquito Nets and Healthy School
Aged Children Task Forces; ways o_f ensuring ap
propriate tropical disease control m the face of 
changes in financing systems will be explored 
through the Health Care Financing Task Force; 
and the development of novel approaches to health 
communication will be undertaken through the 
Gender and the School-Aged Children Task Forces. 

Other activities begun by the SER Steering Com
mittee will also be finalized through the AFR, 
including the manual on the use of questionnai~es 
for community diagnosis of urinary schistosom1a
sis, and the Small Grants scheme for social science 
in tropical diseases in Africa. The developmen~ and 
documentation of social science methods will be 
continued through guides such as the Focus Group 
Manual (see Box Highlights of Research 1993-94) 
and a planned Malaria Manual, to assist resea~chers 
in the use of social science techniques, and timely 
SER Project Reports will be continue to ?e pro
duced to disseminate results of useful studies. 
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Highlights of social and economic research 1993-94 

• SER has made considerable use of "focus groups" 
- previously a market research tool - as a cheap, 
fast and efficient means to collect the whole variety 
of ideas on a subject (such as stigma in filariasis) in 
a community. Focus groups do not determine how 
many people have each idea, but do rapidly reveal 
the range. Based on its experience with the method 
in 1993, TDR published A Manual for the Use of 
Focus Groups, jointly with the International Nutrition 
Foundation for Developing Countries (INFDC). The 
manual has been widely used not just by tropical 
disease researchers - but also by other health and 
even non-health programmes. The manual is to be 
published in Spanish & French editions. 

• The interview analysis techniques known as the 
"qualitative analysis of textual data", previously 
used only in English, were tested and proven in 
French and Spanish. Social research in developing 
countries can lead to massive amounts of textual 
information in the form of semi-structured 
interviews, which can be difficult for researchers to 
analyse completely and objectively. SER 
demonstrated that the "qualitative analysis" 
methodology works not only in multiple languages, 
but also in developing country settings. 

• Qualitative methods workshop in Tanzania: 20 
social and medical scientists were trained in 
"qualitative methods" research, and in pilot studies 
during the training collected information useful to 
the district health authorities - demonstrating the 
ability to collect practical data and train at the 
same time. A report on the methods and on the 
findings was produced. 

• A manual describing a rapid assessment technique 
for understanding the social implications of malaria 
in an area was developed and field tested in five 
countries in 1994. The methods reveal knowledge, 
perceptions and health-seeking behaviour. 

• A study on gender in leprosy revealed that women 
with the disease were more likely to be cast out of 
their homes than men, indicating the need for 
special emphasis on the care of women in leprosy 
health education. The study also showed that 
among people who go to clinics, the availability of 
multidrug therapy reduces the gap between the 

first appearance of skin patches (an early sign of 
leprosy) and attendance for treatment. 

• In Kenya, a study highlighted a common assumption 
among mothers that the convulsions of cerebral 
malaria were spiritual events, and therefore to be 
cured by spiritualists. Fever is attributed to different 
causes. Mothers were happy to seek modern 
medicines for the fever, but not for the convulsions. 
Further work confirmed this finding in many other 
areas, such as in Tanzania, Sierra Leone and Nigeria. 

• In economics, as part of the joint research with the 
Nigerian Onchocerciasis Control Programme, a 
series of cost-effectiveness studies of alternative 
ways of organizing control were financed. Multi
site studies showed that door-to-door distribution 
of ivermectin improved overall coverage to only a 
very small extent compared to more centralized 
forms of distribution. Similarly, personalized health 
education resulted in only a very small improvement 
in coverage compared to community-based 
communication strategies. But the more intensive 
forms of delivery and health education greatly 
increased costs. On the basis of this information, 
the control programme judged that the small 
increases in effectiveness engendered by very 
intensive distribution and communication strategies 
did not justify the large increases in cost. Similar 
studies, examining the cost-effectiveness of different 
types of praziquantel delivery strategies, are being 
undertaken in collaboration with the Chinese 
Schistosomiasis Control Programme and the World 
Bank. 

• A series of studies examining the impact of changes 
in financing systems and mechanisms on the ability 
to control tropical diseases were begun, and are 
being continued in the AFR. Early results suggest 
that the introduction of user charges in revolving 
drug schemes might change provider behaviour in 
inappropriate ways - for example, by encouraging 
greater use of chloroquine injections rather than 
the use of oral therapies in some circumstances 
against malaria. 

• Health communication strategies have developed 
into a critical part of social and economic research. 
A review funded in 1994 showed that although 
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Highlights of social and economic research 1993-94 (cont.) 

many different types of strategies are used in the 

field, very little analysis of the effect of such 

strategies has been undertaken. A number of studies 

of innovative communication strategies were 

developed. In addition, a major initiative has been 

to develop an "ideas book" giving examples of 

how teachers in poor, underfunded schools can 

introduce health education issues into their 

curricula. 

• A review of all TDR studies of treatment-seeking 
behaviour, revealed that in 54% of studies more 

than half the people used self-medication as the 

first line of treatment for malarial fever. In many 

cases a high proportion of people eventually sought 

treatment at official health services, but only as the 

second or third resort. People have assumed that 

self-medication and delays in seeking care are 

related to adverse outcomes, but there is no 

convincing scientific evidence of this, and more 

research is needed. 

• In Mali, a study in a fishing community near the 

Selingue dam found that 81 % of supposed malaria 

episodes engendered cash expenditure on 

consultations, medication, laboratory tests and 

transport (the remaining 19% probably being 

treated with plants picked around the villages). 

Around 37% of these expenditures were on self 

medication, and only 8% on traditional medicine, 

although some payment for traditional medicines 

was in kind rather than cash. The average cash 

expenditure per episode of a suspected malaria 

attack was just over 400 CFA (US$1.40 at late 

1993 exchange rates) - lower than the 700 CFA 

(US$2.40 at those rates) spent on a typical episode 

of all types of illness taken as a whole. Interestingly, 

of total health expenditures for all-cause morbidity, 

28% of expenditures were on self medication (fewer 

than for malaria), and 14% on traditional medicines 

(more than for malaria). 

• In several studies, the matter of who makes the 

decisions about which child gets what care varied -

even in the same family. Men generally made 

decisions where money is involved, but females 

had more flexibility over female children and 

themselves. In northern Ghana, the head of each 

40-person compound has the final say- if a child is 

sick they have to wait for permission to take them 

out. If the head of compound is not there they must 

wait. 

• Management of research: training in single-focus 

workshops, based on multi-centre projects with a 

likelihood of funding was found to be much more 

successful than multi-focus workshops to which 

individuals bring separate, individual proposals. 

• Earlier SER results on the use of questionnaires for 

the community diagnosis of urinary schistosomiasis 

have been incorporated into a manual aimed at 

ministries of health, existing control programmes, 

and NGOs, demonstrating the utility of the method 

and explaining how it may be employed. In 

Tanzania, the method reduced the cost of detecting 

a single case from around US$2 (using mobile 

diagnostic teams) to US$0.07. 



13. 
Twenry Years Is Not Enough 

In a malaria ward in Cameroon. 

O ne of TDR's greatest strengths is that it is 
at foundation a scientific programme -
engaging in the process of science, creating 

what the British physicist John Ziman once 
described as "public knowledge": publically verifi
able facts and tools. And the foundation of this 
scientific process - the basis of the sociology of 
science - is the constructive and critical process of 
peer review. TDR has made thorough use of this 
process, to ensure that its knowledge and products 
are indeed "public". It is impossible to do justice to 
the enormous amount of scientific, technical and 
policy review which has been given to almost every 
detail ofTDR operations since its outset. Since 1975 
some 1 OOO individual scientists and disease special
ists have devoted their time and expertise to this 
review, with at any one time around 150 individual 
experts being members ofTDR's Steering Commit
tees and other review bodies. 

Crowning these scientific review processes since 
1979 has been the Scientific and Technical Advisory 

Committee (STAC), whose role is to review the 
scientific work of the Programme and to recommend 
to the Joint Coordinating Board (JCB) the scientific 
priorities in the Programme's budget. In turn, JCB is 
the top management body representing donors, en
demic country governments and the three co-spon
soring agencies of TDR - the United Nations 
Development Programme, the World Bank, and the 
World Health Organization. TDR is also reviewed 
periodically by the Executive Board and World Health 
Assembly of the WHO. 

All levels of review demonstrate tremendous dedi
cation and thorough analysis amongst the reviewers, 
and profound concern for the larger issues at stake. 
And it is JCB delegates, in particular, who must go 
back to their masters and attempt to raise the money 
- against many other practical and political calls on 
cash - that the Programme needs. 

But it is in the STAC reports that one hears the 
voice of the scientists who are the foundation of the 
Programme. The current Chairperson ofSTAC (from -- 163 
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1 January 1990 to 31 December 1995) is Barry 
Bloom - the renowned molecular immunologist, 
Professor and Chairman, Department of Microbiol
ogy and Immunology, Albert Einstein College of 
Medicine of Yeshiva University, New York. Bloom 
has been associated with the Programme since 1974, 
when he Chaired the first meeting of the Immunol
ogy of Leprosy Steering Committee -which, during 
TDR's planning period, blazed a trail for the Pro
gramme's formal establishment a year later. Repre
senting those scientists who 
have devoted their time to 

That was attributable to TDR's ability to attract the 
interest of cutting-edge scientists. When the human 
genome project began, no pathogen genomes were 
included in the major programme. But one of the 
first genomes of any pathogen to be DNA sequenced 
under that programme, was that of Mycobacterium 
leprae. That to was due to TDR. 

By bringing quality science to tropical diseases, 
perhaps TDR's longest lasting impact has been to 
make it an acceptable and credible scientific disci

pline, where bright young 
people who want really dif

steering and strengthening 
TDR, he has spent - in to
tal - around a year of his 
professional life in service 
to the Programme. Robert 
Walgate, TDR Communi
cations Officer, spoke to 
Bloom during one of his 
regular visits to Geneva. 

'1 would make the simplest of argu-ments. 
ficult and challenging 
problems no longer lose, 
but actually gain scientific 
standing and credibility. The time has been too short. 

I think it is a general truth that Walgate: And of course 
TDR has not been the only 
player ... scientists overestimate their 

contribution in the short term 
Bloom: No indeed. I want 
to make clear that I believe 
that the principal use of 
TD R funds is to leverage 
larger resources from other 
sources for research and 

Walgate: So all in all 
what do you think has 
TDR contributed? 

and underestimate their contribution 

Bloom: There was a flour
ishing of scientific interest 
in parasitic and tropical dis-

. h l " zn t. e ong term .... 

eases that developed around 
1975 that was very much stimulated byTDR. Since 
then, much has been learned, many people in disease 
endemic countries have received training and sup
port, and significant advances have been made. 

Walgate: What has TDR contributed to the science 
of these diseases? 

Bloom: I don't think that's the right question. It is 
not my view that TDR is engaged primarily in basic 
science or funded to add to basic scientific knowl
edge. We do strategic science, which is the applica
tion of basic knowledge and tools from basic science 
applied to very disease-specific problems. 

TDR's major contribution is to have brought 
much of the absolute best, cutting edge science to 
tropical diseases, to a field that could not have been 
further behind most other areas of biomedical re
search in 1975. For example, when the first 
recombinant vectors for expressing foreign proteins 
by recombinant DNA technology in Escherichia coli 
were developed, some of the first genes cloned into 
that system, which has been used for over a decade by 

164 __ everybody, were DNAs from the malaria parasite. 

control. We are criticized 
often for claiming too 
much credit for TDR. I 

want to acknowledge the joint support and coopera
tion TDR scientists have received from many other 
sources. And I hope TDR has helped to make the 
case that it was worth investing in tropical disease 
research. 

Walgate: But what were the results of all that? 
Scientifically, the problem of tropical disease has 
proved extremely difficult. It still seems that a 
rational molecular approach to the diseases, with 
rational drugs and rational vaccines is still far off. .. 

Bloom: Right. But if you ask what are the param
eters that determine progress in science, clearly they 
include opportunities, random discoveries and the 
ability to relate advances in one area to another, such 
as tropical diseases. You cannot make discoveries 
where there is simply not enough support or man or 
woman hours dedicated to doing science in the area 
of tropical diseases. 

One needs a certain critical mass of ideas and 
a density of experiments for which there is a 
relatively fixed probability that breakthroughs and 
discoveries will emerge. The number of good minds 



working on a problem clearly affects the probability 
of success. 

Walgate: In other words, how big the dart board is ... 

Bloom: And we started with one of the smallest dart 
boards that I know 0£ 

It is true that we have not solved a single one of 
these diseases through breakthroughs in basic sci
ence carried out by TDR. But I would point out to 
you that even for diseases of the rich world, with the 
enormous global support on 
rational drug design in in-

13. Twenty Years Is Not Enough 

for example one of the world's great cancer epidemi
ologists and one of the world's great crystallographers 
- alongside people from the pharmaceutical and 
vaccine industries, as well as world experts in tropical 
diseases. It is an extraordinary degree of talent, expe
rience and expertise that is brought to each STAC 
meeting. 

But what has been most interesting is that the 
voting has been remarkably unpredictable from the 
specific interest and expertise of its members. I re

member a quite heated 
debate in the discussion of 

dustrialized countries, 
which is vastly resource de
pendent and uses very ex
pensive high technology, not 
a single drug for any condi
tion shown to be effective 
has yet derived from rational 
drug design. 

': .. but basic scientists have always reallocating resources from 
strategic science to prod
uct development and ap
plied field research, where 
a field person and an epi
demiologist argued pas
sionately that the tools 
were not good enough to 

come through for us in this century 

and serve medicine and health 

extraordinarily well .... " 

Nevertheless, TDR has 
made major contributions 
to the control of at least three 
of the tropical diseases - leprosy, onchocerciasis and 
Chagas disease - by doing what we do best in strate
gic work, picking up tools that had been worked out 
or discovered elsewhere, applying them and demon
strating their effectiveness in the field: multidrug 
therapy in leprosy, ivermectin in onchocerciasis, and 
insecticidal paints and fumigant canisters in Chagas 
disease. Each has made significant impacts in reduc
ing the disease burden. 

Walgate: What about STAC itself Do you think it 
has done a good job? 

Bloom: Let me deal first with the concern that I hear 
all the time ... particularly from the scientific com
munity. TDR is perceived as having switched from 
being heavily invested in strategic sciences - labora
tory sciences - to a broad investment in both labora
tory and applied field research. These decisions were 
taken at STAC with line-by-line votes on each budget 
item and each disease entity and activity. The general 
perception from the outside would be that labora
tory people mostly vote for the laboratory sciences, 
that the field people on STAC would vote for the 
field research, and that the outcome would be deter
mined by the composition of STAC. During my 
tenure on STAC, the committee included people 
responsible for disease control programs in develop
ing countries, scientists doing important work unre
lated to tropical diseases, but with great expertise -

take that much money 
from strategic research and 
put it into field work, and 

that he as a field person, preferred to put the money 
into strategic science for another four or five years. In 
contrast, many of the laboratory scientists felt to the 
contrary, that if we did not show that we could test 
the tools that had been developed through TDR's 
strategic science, there would be a disincentive, and 
some scepticism, not just in TDR but elsewhere, that 
we could produce and introduce new products. Some 
of the laboratory people were passionate for getting 
those testing mechanisms established and the field 
activity strengthened - exactly the opposite of what 
many might have predicted from personal interest. 
The people of STAC are selected by their breath of 
experience and vision, and in general vote on the 
strength of the arguments, and not simply in the 
interest of their own discipline. I have found that 
continually inspiring. STAC workers have invariably 
voted for what they perceive to be in the long-term 
best interests of this program and the people suffer
ing from these diseases. I do not think one can ask 
more than that. 

Walgate: The 1970s, when TDR was established, 
was the time of recombinant DNA and the biotech
nology boom - all sorts of opportunities were thought 
to be around the corner - but it has proved to be a 
bit more difficult to get the payojf .. 

Bloom: I would make the simplest of arguments. 
The time has been too short. I think it is a general __ 165 
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truth that scientists overestimate their contribution 
in the short term and underestimate their contribu
tion in the long term. These are complex and diffi
cult problems. Parasites evolved through millions of 
years of evolution, and it is a long slow process to 
develop useful interventions. But basic scientists have 
always come through for us in this century and serve 
medicine and health extraordinarily well. 

Walgate: The hope hiding behind the foundation of 
TDR in 1975 was to produce vaccines for parasitic 
diseases ... and it has not proved to be easy. 

Bloom: That is true not just for TOR nor just for 
parasitic vaccines, which again must be the most 
complex that anyone could 
hope to design, except per-

time frame - 20 years, and now we have to say the 
problem is much larger, it is a 40 year problem - a 
60 year problem - we do not know ... and the donor 
pressure for results is causing TDR, without more 
fonding, to have to shift out into much more practi
cal things, such as applied field research; and the 
support TDR can give for basic science is shrinking. I 
am afraid that one argument might be that TDR has 
to shut down its basic sciences too soon ... 

Bloom: I actually do not agree with your diagnosis. 
My own discussions with people involved in the 
founding of TDR, like Ade Lucas and Sune 
Bergstrom, would suggest that the initial commit
ment to establish TOR was a recognition that there 

was simply no significant 
major international re

haps for an AIDS vaccine. 
At the end of the 1950s all 
the easy vaccines had been 
made. Simply killing a bac
terium or a parasite, is un
likely to work, and we will 
have to understand more 
and do better. There have 
been only two new licensed 
vaccines (hepatitis B and 
Hemophilus influenza B) in 
the last ten years. There 
were vast amounts of in
dustrial support, and both 
are incredibly simple 
vaccines compared to what 

'1 think that one of the things 
search effort to deal with 
the forgotten and neglected 
tropical diseases, that af
fected or put at risk three
q uarters of the world's 
population living in devel
oping countries. I do not 
believe the expectation was 
that by putting together a 
program of research and 
training they could count 
on many drugs and 
vaccines in 10-20 years. 

that TDR has done brilliantly 

is to bring people together ... 

to ask 'What are the gaps? 

What is not being done? 

And within our limited resources 

to fill the gaps. "' Yes the intent of the Pro
gramme is to develop use
ful interventions, drugs, 
vaccines and epidemiologiwould be needed for para-

sites. In the case of malaria, many of us believe that 
the problem is not making one vaccine, but making 
three vaccines. The challenge is to protect against 
infection with the sporozoite form, to protect against 
disease with a vaccine against the blood form, and to 
protect against transmission. Progress has been made 
on all fronts. The finding that Manuel Patarroyo's 
SPf66 malaria vaccine using synthetic antigens could 
give 31 % protection in trials supported by TOR in 
Tanzania is very encouraging. It should make it 
possible to immunize against this disease, and it is a 
terrific start. But we have to do better than 31 %, 
hopefully up to 60-80% effectiveness, and I see no 
reason why that should not be possible. But I think 
it is unlikely to come much before the end of this 
decade, at best. 

Walgate: But TDR was sold to the donors at the 
166 -- beginning as producing results in a relatively limited 

cal understanding of how to avoid risks. But one has 
to make a strategic plan. There is no international 
program that goes on forever. If the founders had 
come up with a plan for a 30-year program for a 
malaria vaccine, there would have not been a single 
penny in the TDR programme. 

And the switch from mainly basic science to equal 
parts of basic science, product development, and 
applied field research was not imposed by the do
nors. It was imposed largely by the perception of the 
scientists - and the Secretariat - that we had accom
plished part of a goal, that is to bring science to the 
diseases where there had been very little science 
before. The problem was that products now had to 
be developed from that science. We appreciated that 
the need for strategic science was initially filled by 
TOR and over these two decades, was increasingly 
supported by other sources and funding agencies -
although still inadequately considering the burden 



of disease. We had in fact made it acceptable for 
young and good scientists to work on these problems 
and seek support wherever possible. 

Walgate: So basically that ship was launched. .. 

Bloom: TD R was at the forefront of the science, we 
helped to launch that. I would love to see national 
resources spent to a much greater degree on basic 
science of tropical and parasitic diseases. 

But TOR has sought to identify where there were 
new gaps. I think that one of the things that TD R has 
done brilliantly is to bring people together both 
focusing on specific diseases and through STAC, to 
ask "What are the gaps? What is not being done? 
And within our limited re-
sources to fill the gaps". 

13. Twenty Years ls Not Enough 

TOR has access that is not readily achievable by 
national research programs. 

And I found it gratifying that the decision to 
reallocate resources from the sciences to product 
development and applied field research was made 
with a spirit of real sacrifice by laboratory scientists 
who had much to lose personally by those decisions, 
but as members of STAC genuinely believed it was in 
the greater good of the programme to take reduc
tions in budget to allow these important new activi
ties of TOR to develop. But I do believe that the 
strategic science has given scientific credibility to the 
program, and believe it must not be further reduced. 

I cannot say that the rebudgeting of strategic 
scientific funds for the 
other TOR activities has 

''My concern is that if resources 
The reallocation of 

resources to enable TOR to 
work with industry, to 
develop products derived 
from the previous strategic 
research has been impor
tant in developing products 
that are used or under trial 
for possible use and control 
programs in areas where 

been without a palpable 
effect on the number of 
projects we can fund. We 

get more restricted, there will be fewer funds have tried to avoid the ten-
dency to have a balanced 

available to support research and laboratories portfolio in each of the 

in the disease endemic countries ... " 
steering committees that 
might select for safe re-

industry itself had few 
incentives. 

TOR was also probably the first major force in 
social and economic research of tropical diseases, 
and that, in the applied field research program, has 
now been extended to testing products as well as 
carrying out research in the field. TOR recognized 
that its comparative advantage is its access to field 
areas in disease endemic countries all over the globe. 
Because we are working under the aegis of WHO, 

search or short term gains. 
My view is that we must 

continue to support risky 
science, frontier science, 

imaginative and bold approaches that might pay off 
but with a high probability of failure. My concern is 
that if resources get more restricted, there will be 
fewer funds available to support research and labora
tories in the disease endemic countries, which truly 
need encouraging and development. That's where 
the long-term future of tropical disease research 
must lie. 
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