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FOREWORD

Knowledge of the causes and cures of disease is power: the power to improve
and save human lives. Sadly, in many areas of ill-health our knowledge is far
from complete. The support of research to fill in these areas of ignorance, and
the development of tools to increase our power over disease, are fundamental
goals of WHO. The major parasitic tropical diseases, and leprosy, are in great
need of such research and development. This is why the goals of the UNDP/World
Bank/WHO Special Programme for Research and Training in Tropical Diseases
(TDR) - the research and development of new and improved tools for the con-
trol of major tropical diseases, and the strengthening of the research capabilities
of endemic countries - are important to this Organization.

Research in tropical diseases has already led to new drugs, such as mefloquine
and artemisinin derivatives for malaria, ivermectin for onchocerciasis, praziquan-
tel for schistosomiasis, and eflornithine for African trypanosomiasis. It has creat-
ed improved therapeutic procedures, such as multidrug therapy for leprosy, and
vector control methods such as those of Bacillus thuringiensis against blackfly,
insecticidal paints and fumigant cans against the triatomine vectors of Chagas
disease, simple traps for tsetse, and impregnated bednets against mosquitos.

Much of the competence for developing products of this kind is found in the
private sector - the pharmaceutical industry. Thus I am encouraging expanded
and innovative approaches to collaboration between the private and public sec-
tors in order to accelerate the further development of new tools in tropical diseases.

While the development of technology is important, it is in itself rarely suffi-
cient. Implementation requires a new tool to be integrated into a health system
that takes due note of resource availability, political realities and environmental
conditions. In this context I welcome TDR’s increased emphasis on operational
research, which addresses these issues and aims at inserting the new technologies
most effectively into a common infrastructure. This also requires increased col-
laboration between TDR and other parts of the Organization concerned with
infrastructure development. A significant first step in this regard has been the
forging of closer ties with the disease control programmes in WHO, now
regrouped as the Division of Control of Tropical Diseases.

TDR’s work thus increasingly forms an important part of the overall aims not
only of WHO, but also of its co-sponsors, the United Nations Development
Programme and the World Bank. I take pleasure in thus introducing the follow-
ing report of TDR’s activities in 1989 and 1990, and wish the Programme con-
tinued success.

d

Hiroshi Nakajima
Director-General
World Health Organization




1. Introduction
Seize the day!

During the last three decades, the idea of
“‘development”” has moved from idealism, through
necessity, to strategies for survival. In the 1960s
everything seemed possible: man landed on the
Moon, and everyone could be rich. This was the
spirit of Marcuse’s concept of ‘‘utopia lost’’.
However, this optimism did not last long. By the
end of the decade the Club of Rome had identi-
fied its ‘‘limits to growth’’. We became aware that
mankind faced major constraints: on population,
on the availability of food and energy, and on the
tolerance of the environment to human interven-
tion. We retained belief in continuous growth, but
reaching it became a greater challenge. The spirit
of the 1980s, with its many economic setbacks, was
accurately reflected in the Brandt Commission’s
idea of a “‘common crisis’’, and in the Brundtland
Commission’s view of a ‘‘common future’’, which
emphasized current concerns about sustainability
and global ecology. As we enter the 1990s we seem
to know more about the sustainability of the
problems than that of the solutions, but we are
freer of dogma: freer to choose pragmatic strate-
gies; freer to be selective.

TDR is about meeting basic human needs: about
development. In this report, we cover our activi-
ties during the last two years of the third develop-
ment decade. In line with the changing concepts
of development, we have been taking a selective ap-
proach to disease control, aiming to develop mini-
mum interventions to control the most severe side-
effects of disease. Selectivity also permeates TDR’s
basic work, from the identification of approaches
in vector control that distinguish more clearly be-
tween the pest and the environment in order to
minimize ecological side-effects, to selective anti-
parasite interventions in the vector or human host.
This kind of selectivity is based on an increasingly
detailed understanding of the relationships among
parasite, host, vector and environment.

The parasite’s perspective

Parasites probably evolved from ancestors liv-
ing free in nature, and are among the oldest living
organisms on Earth. This may explain why some
of the hottest new leads for drugs against leish-
maniasis turn out to be herbicides: the organisms

diverged from plants and animals so long ago that
they share features with plants that are no longer
possessed by the animal kingdom. This may also
explain another peculiarity of the trypanosomatids
— RNA editing — as a very old phenomenon that
apparently has been deleted from most other spe-
cies during evolution.

But why do parasites cause disease? We do not
know! And is disease essential for their survival?
Maybe not. Take leprosy and malaria for exam-
ple: the most severely affected lepromatous lepro-
sy patients — who are most important in the
transmission cycle — initially have very few
symptoms of disease. Similarly, high densities of
malaria parasites may be found in children and
pregnant women, virtually without symptoms.

There are three leading hypotheses that may
explain the existence of disease, as opposed to mere
infection:

¢ Virulent parasites may have a competitive advan-
tage, that is, by proliferating in the host they may
complete their life cycle more effectively than non-
pathogenic ones. This may be the case for Shigella
and Salmonella which can invade the gut
epithelium and thereby have a survival advantage.
In the case of malaria, the cyto-adherence of
infected red cells to blood vessel walls may be
important for the life cycle of the malaria parasite
and, as a side-effect, may be an important factor
in the pathogenesis of cerebral malaria.

¢ Disease may often be caused by parasite antigens
creating ‘‘hypersensitivity reactions’’, which may
be necessary to induce immune suppression. This
concept could be relevant to a proportion of
leprosy patients who downgrade to lepromatous
leprosy from a hypersensitive state, but it cannot
explain the cyto-adherence of malarial red cells.

¢ Disease may occur above all at the interface be-
tween immune and non-immune populations. This
hypothesis is based on the observation that a
parasite and its host population in the long run
must reach an equilibrium: the parasites must be
able to propagate themselves, but the toll on the
host must not be too great, otherwise the parasite
will suffer. In most cases this equilibrium appears
to be achieved by the development of immunity in
a majority of the population, with a small, sensi-
tive minority propagating the parasite. However,



TDR Tenth Programme Report

this minority need not be a fixed group of people.
For example, it may form the early childhood years
of the whole population; or a period of infectivi-
ty, as in measles, before immune reactions and the
symptoms of the disease appear. Disease may oc-
cur at the interface of the minority state of sensi-
tivity and the majority state of immunity, when
people are developing their immunity and moving
from one category to the other. The rash in
measles, nerve damage in leprosy and cerebral
malaria in children may all be symptoms of this
type.

The key question must then be: can we dissociate
disease from the propagation of the parasite? Much
current work in basic research, as well as in disease
control, is based on the assumption that we can do
this, thus reducing disease without the need to
totally eliminate the parasite.

In order to be able to pursue such a strategy
fully, we need to know more about how parasites
produce disease. In this regard, we have much to
learn from the study of other, simpler infectious
organisms which are relatively easy to cultivate and
to manipulate genetically — such as the bacteria
Salmonella and Shigella.

The analogy between such bacteria and the more
complex parasites has been amply demonstrated by
the mechanisms used for attachment and penetra-
tion into cells and tissues. The common feature is
the multiplicity of surface molecules involved. This
is obviously a critical phase which may require
different types of ‘“biochemical’’ anchors both on
the parasite side as well as on the host cell to elicit
a synchronized, complex biochemical response. In
addition, multiple ligand-ligand interactions may
have evolved in these attachment systems to evade
blocking by antibodies.

In bacteria, a second emerging feature is that not
only attachment ligands but also factors required
for the propagation of the parasite within the host
cell and tissues — the so called virulence factors
— are to a great extent synthesized exactly when
required. This feat of timing is achieved by subor-
dinating their genes to activation by environmen-
tal sensors such as temperature, oxygen and
calcium concentration, all of which help the
bacterium to sense when it is in the right location
for host invasion.

Little is yet known about virulence factors in
parasites, but there is good reason to expect
progress. One problem has been the lack of
methods for selective genetic manipulations of
parasites, which are fundamental for uncovering
such factors. However, great progress has been
made during the last year, particularly in
Leishmania and Trypanosoma, in which it is now
possible to do homologous recombination and

selective gene disruption: in other words, recessive
genetics. Thus, the stage is now set for fundamen-
tal studies relating to the pathogenesis of parasites.
However, the parasites may, as higher cells
(eukaryotes), turn out to be even more sophisticat-
ed than bacteria, because many of them migrate
through the tissues via specific routes. We already
know that they may carry receptors for cell
associated or soluble host factors.

A third characteristic feature in bacteria is that
genes for virulence factors — as well as for drug
resistance — are often found on mobile genetic ele-
ments such as plasmids, transposons and/or bac-
teriophages. But how are such genes organized in
parasites, and what mechanisms exist for genetic
exchange? These questions are still puzzling. Even
sexual recombination may be a rare ¢vent in some
of the unicellular parasites.

However, interesting features are emerging about
how the parasite may ‘‘seduce’’ the host. Cerebral
malaria, one of the most severe forms of malaria,
is caused by the invasion of infected red cells and
malaria parasites into the brain. The clogging of
brain capillaries by infected red cells may be an im-
portant pathogenic mechanism. Such infected red
cells clump and stick to the endothelial cells
through various molecules and epitopes — such as
ICAM-1, CD36 and thrombospondin — on the cell
surface. These are the same molecules used by
leukocytes when they migrate through the capillary
wall. It is therefore not surprising that they are
assisted by interleukins — active molecules secreted
by leukocytes — such as IL-1 and tumor necrosis
factor (TNF). The latter appears to play an impor-
tant role in the pathogenesis of cerebral malaria,
perhaps due to its effect on the adhesins on the en-
dothelial cells, enhancing clogging. Clinical studies
are now in progress to assess whether anti-TNF
antibodies will have an effect on cerebral malaria.

Studies on protective immune mechanisms have
suggested for some time that parasites may be able
to elicit responses that promote rather than inhibit
their survival. With some parasites, more defini-
tive information is now available. For example, in
models of lymphatic filariasis, a jird (a type of
rodent) can be immunized with irradiated parasites
from the mosquito vector. However, if the jird is
already infected with adult worms, the vaccine pro-
vides no protection. Thus, patent infection appears
in this case to prevent an appropriate immune
response from developing. The molecular mechan-
isms responsible for this have still to be elucidated.

In leishmaniasis, the nature of the immune
response is known in greater detail. It turns out
that, in susceptible animals, the parasite turns on
a subset of T cells — the so-called Th2 cells —




which produce 1L-4; while in resistant animals pro-
tection involves Thl cells and the production of
gamma-interferon. While similar patterns are now
emerging from studies in schistosomiasis, as well
as filariasis, the reasons for the response in those
diseases remain unclear. One possibility is that the
parasites have developed mechanisms for preferen-
tially turning on Th2 cells. This is now becoming
a hot topic in basic immunology, and will no doubt
have important implications for vaccine
development.

A key question now is whether there is a link
between the conservation or variability of the
epitope, and the blocking or protective nature of
the corresponding immune reponse. The link
between particular, highly conserved antigens, and
particular immune responses has been clearly
demonstrated in leprosy, where parasite stress
proteins selectively stimulate 8 T cells and utilize
a small subset of the T-cell receptor repertoire.
Here, however, it is uncertain whether this response
supports or blocks immunity.

The host’s perspective

An understanding of how parasites produce
disease, and how they escape from immune attack,
clearly has great implications for vaccine develop-
ment. The identification of parasite molecules
directly involved in producing pathology provides
opportunities for the design of vaccines which
selectively interfere with disease-causing processes.
Perhaps more significant, however, is that while
the 1980s focused very much on identifying the
right antigens, the findings referred to above raise
the problem of eliciting the right type of immune
response. No doubt this will be a major item on
the agenda for the 1990s.

Studies in malaria have proved relevant to this
concept. Children in the Gambia show considera-
ble age-related changes in lymphocyte stimulation
assays (measures of immune response), depending
on the epitopes used for stimulation. The trend ap-
pears to be that conserved epitopes elicit a strong
response in young children, while variable epitopes
stimulate responses that develop in older children,
along with immunity to infection. A similar situa-
tion may exist in nematode infections. Epitope
mapping remains to be done, but the initial im-
mune responses appear to be either irrelevant or
blocking, while a later response — which develops
more slowly — correlates with immunity. It would
also bear investigation whether Leishmania para-
sites also possess conserved epitopes, perhaps even
cross-reactive with the host, which selectively
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stimulate Th2 cells which block immunity in
animals (as described above).

This is why TDR steering committees are strug-
gling with the dilemma of whether to proceed with
the current vaccine candidates or whether to invest
in more basic research. Such research would eluci-
date further the nature of the immune responses
to parasites — including the characterization of T-
cell receptor usage — and identify new antigens and
relevant parts of those that have already been
identified. Moreover, the breakthrough in
molecular genetics over the last two years which
allows homologous recombination — the replace-
ment of genes with foreign or modified alternatives
— means that we can now seriously start to enter-
tain the development of live vaccines attenuated by
selective gene disruption techniques.

At TDR, we do not have sufficient resources to
work on current candidates, and to investigate new
avenues, to the extent we would like. Moreover,
existing experimental models for testing vaccines
may have limited relevance to man. Thus, we have
resolved to pursue as rapidly as possible a few key
vaccine candidates to the level of human studies,
while continuing to invest in basic research at a
steady level.

Attacking the vector

Research on insecticides faced both new con-
straints and new opportunities in the 1980s. On the
one hand, environmental concerns tightened the
requirements for government approval of new
products, putting additional strains on their
development, while on the other hand, the use of
genetic engineering — for example, to make crop
plants resistant to insects — began to yield results
of practical significance.

By putting its resources into biological control
agents, TDR’s approach is well adapted to these
developments. The extensive use of Bacillus
thuringiensis in the Onchocerciasis Control
Programme (OCP) has demonstrated that it is
ecologically superior to conventional insecticides.
In addition, resistance appears to be slow in
developing. Apart from continuing to screen new
insect pathogens, TDR is now putting increased
emphasis on targeting toxins from already identi-
fied control agents, to key vectors such as malaria
mosquitos, through genetic engineering methods.

During the biennium, a new and important step
has been taken in line with this ecological and prag-
matic approach: to launch a global programme
with the MacArthur Foundation on what has been
coined ‘‘molecular entomology’’.
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Table 1 Product highlights

The first two columns of this table indicate potential manufactured products for disease diagnosis, treatment or con-
trol to which TDR contributed during the 1989-90 biennium. Unlike the product tables of previous reports, 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 evalu-
ation 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 evaluation 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,
and if their development was supported by TDR in part or in whole during the 1989-90 biennium or earlier. Products
which were newly in use in the biennium are marked ® in this column.

In general, ® indicates products and potential products whose category has changed since the last programme report.

Some products or potential products appear in more than one category, indicating that different aspects or applica-
tions of the product are at different stages of research and development.

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

Product

MALARIA

Drugs

Artemisinin and derivatives X
Chloroquine resistance reversers ®
Halofantrine
Mefloquine and mefioquine combinations
Proguanil and proguanil combinations
Tumor necrosis factor antagonists for severe malaria

Vaccines
Plasmodium falciparum asexual blood-stage vaccine
P. falciparum. sporozoite vaccine
P. vivax sporozoite vaccine
P. falciparum transmission blocking vaccine

Diagnostics
DNA and RNA probes to monitor drug resistance

Microtest kit for measuring P. falciparum sensitivity
to antimalarial drugs

Field tests for measuring antimalarial drugs in biological fluids
DNA probes for detection of P. falciparum and P. vivax in blood
Vector Control

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

Insecticide-impregnated bednets

Other

Portable incubator
SCHISTOSOMIASIS

Drugs

Praziquantel drug combinations for multidrug therapy

Vaccines
Recombinant DNA schistosomiasis vaccine

Diagnostics
Morbidity assessment by ultrasonography
Diagnostic urine filtration technique
Immuno diagnostic assays
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Table 1 (continued)

In preclinical  In clinical or In disease

Product development field trial control use

FILARIASIS

Drugs

Ivermectin for onchocerciasis X —
lvermectin for IYmphatic filariasis x

CGl 18041 for onchocerciasis/lymphatic filariasis
CGP 6140 for onchocerciasis b

UMF 078 for onchocerciasis/filariasis ®

Diagnostics

DNA Probes for Brugia malayi infective larvae ®—
DNA Probes for Onchocerca volvulus ®

Monoclonal antibody for Brugia malayi ®—

Antigen assays for routine serodiagnosis of onchocerciasis
and lymphatic filariasis ®

DNA probes for detection of microfilaria in blood ®
AFRICAN TRYPANOSOMIASIS
Drugs
Eflornithine ®
Eflornithine combination therapy ®
Diagnostics
Antigen-ELISA ®
Card Agglutination test for trypanosomiasis (CATT) X —
Procyclic agglutination test for trypanosomiasis (PATT) ®
Miniature anion-exchange centrifugation technique X —

®

Vector Control

Insecticide impregnated screens ®—

Monoconical insecticide-impregnated traps ®—

Pyramidal tsetse fly trap X X —
CHAGAS DISEASE

Drugs

Allopurinol for chronic Chagas ®

Diagnostics

Agglutination test for blood bank screening X —

Serodiagnostic tests using synthetic peptides X

Vector Control

Fumigant canister X —

Insecticidal paints X —

Triatomine detection box x —

Crystal violet/sodium ascorbate to kill parasites

in infected blood in blood banks ®

LEISHMANIASIS

Drugs

New regimen for antimony compounds X —

Allopurinol combination therapy

Gamma-interferon + antimony compounds

Amidazoles

Paromomycin ointment

Antitubulin compounds ® 5

® X X X
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Table 1 (continued)

Product

In preclinical
development

In clinical or
field trial

In disease
control use

Vaccines
Killed leishmania vaccine, New World

®

Killed leishmania vaccine, Old World .

®

Recombinant vaccine for New World (Leishmania mexicana)
Recombinant vaccine for Old World leishmaniasis

®

®

Diagnostics

Direct agglutinatioﬁ test (DAT)
DNA PCR probes for diagnosis

Dot-ELISA

Standard leishmania skin test antigen

Other

Blood meal analysis kit
LEPROSY
Drugs

Clarithromycin
Combined drug regimen for PB leprosy - WHO/MDT

Combined drug regimens for MB leprosy - WHO/MDT

Fluoroquinolones

Minocycline

Oxfloxacin/rifampicin combination
Vaccines

Heat killed Mycobacterium leprae vaccine
Recombinant/sub-unit M. leprae vaccines

Diagnostics

PCR to detect small numbers (<100} M. leprae organisms
Monoclonal antibody diagnostics

Native/recombinant and synthetic antigens for diagnostics
BIOLOGICAL CONTROL OF VECTORS (BCV)
Vector Control

Bacillus brevis
B. sphaericus

B. thuringiensis H-14
Clostridium bifermentans

Competitive snails

Lagenidium giganteum

Larvivorous fish

Novel vector control organism by genetic manipulation




