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Chagas disease
Insects reappearing in houses after insecticide treat-

ment can be from either domestic or sylvactic origin.
Domestic populations can be differentiated from sylvatic
ones, with indoor populations exhibiting reduced genetic
variability, making them less likely to develop insecticide
resistance. This has major significance with regard to vec-
tor control.  The genetic origins of populations of Rhodnius
prolixus were examined using Randomly Amplified Poly-
morphic DNA (RAPD) and Polymerase Chain Reaction
(PCR) techniques. In this study all insects reinvading
houses were found to be from the domestic population.

From  the  vector  control  per-
spective, it is important  to be
able to identify the presence of

Rhodnius prolixus inside a rural house
as being an infestation originating
either from domiciliated or from wild
populations. This could be of great
significance with respect to insecticide
treatment.This insect, the main vector
of Chagas disease in Colombia, is not
strictly domiciliated, being also found
in the natural habitat and peridomestic
environment from where it can invade
houses in rural endemic areas.
Using the Randomly Amplified Polymor-
phic DNA (RAPD) technique it was
possible to identify a distinct genetic
composition of each of two vector
populations,  domestic and sylvatic.
The domiciliated population was com-
posed of insects captured inside houses,
where different adult stages, eggs and
faeces were found, indicating the per-
manence of the insect in this habitat.
The sylvatic population comprised
insects collected from palm trees
located 3-100m around the dwellings.
The RAPD findings were corroborated
using amplification of ribosomal DNA
genes (rDNA) in both populations.
Amplification of rDNA using the
Polymerase Chain Reaction (PCR)
technique confirmed differences and al-
lowed identification of each group. The
rDNA amplifications were further con-
firmed by sequencing the ribosomal
region of a domiciliated insect and
matching to a ribosomal gene.
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To determine the origin of insects re-
infesting a house, the rDNA technique
was applied to insects captured in
houses that had been previously
sprayed with insecticide. It was found
that all the captured insects originated
from the domestic population.
There were visible, consistent differ-
ences in electrophoretic RAPD pat-
terns between the two insect popu-
lations, which might provide evidence
of reproductive isolation and discon-
tinuity between the populations.
Genetic distances were calculated and
phenograms with different numbers of
markers were constructed using pair
group analysis. The genetic distances
analysis clearly showed the distinct
origin of the two populations.
The rate of migration was 0.6 insects
per generation, not enough to main-
tain the genetic homogeneity between
popu-lations, confirming that there is
a very low, if any, genetic flow between
them. Moreover, the sylvatic popula-
tion showed higher intrapopulation
variability.  The domestic population of
insects featured a reduced genetic vari-
ability, which implies that selection for
new attributes - such as the develop-
ment of resistance to insecticides - will
be less likely. ■
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Training
Arthropod vectors transmit diseases to hundreds of

millions of people each year, causing millions of deaths.
The morbidity and socioeconomic losses associated with
these diseases are overwhelming and, in many instances,
increasing.  The resurgence of some diseases and failure
to control others have a variety of causal factors, includ-
ing the lack of trained scientists in vector-borne diseases.
The Biology of Disease Vectors course was established to
try and rectify this shortage of skilled scientists working
to control vector-borne diseases.

Since its inception in 1991, the
training course on the Biology
of Disease Vectors (BDV) has

been supported annually by TDR in
partnership with, and under the
leadership of, the MacArthur Net-
work on the Biology of Parasite
Vectors. The Howard Hughes Medical
Institute has also become a co-
sponsor.
The BDV course trains highest quality
students in molecular, genetic and
quantitative approaches to the study
of disease-transmitting insects. The
course’s main objectives are to 1) train
a new generation of vector biologists
and provide current medical ento-
mologists with a foundation of mod-
ern molecular techniques; 2) recruit
molecular biologists from other re-
search areas into the field of vector
biology; 3) establish a global network
of scientists to facilitate collaborative
investigations and to enhance progress
in the field.
Initially, the course was taught at the
Colorado State University in the USA.
More recently, it has been hosted in a
variety of international venues (Greece,
Mali, Brazil and the Czech Republic)
to provide easier access for students
from regions where vector-borne dis-
eases are endemic.
The course is advertised internation-
ally and attracts hundreds of applicants
each year, of which approximately 35
outstanding students are selected.  The
students come from around the globe,
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including a significant number from
countries where vector-transmitted
diseases are a major problem.  Students
are typically advanced Ph.D. students,
postdoctoral fellows, and established
investigators aiming to increase their
skills in vector biology or redirecting
their careers from other areas.  Some
40% of participants are women. As a
rule, 20 world-renowned scientists
from leading institutions are chosen to
give the lectures and supervise the
laboratory work.
The BDV course has been an extraor-
dinary success. Small class size and glo-
bal expert teachers provide an unpar-
alleled learning and networking expe-
rience. International collaborations are
established and continue to grow.
Course evaluations have been over-
whelmingly positive.  Recommendation
from former students and faculty is the
primary driving force for new applica-
tions. Graduates from the early
courses are already emerging as lead-
ers in field of vector borne diseases,
and a number of them have been cho-
sen to teach in more recent courses.
The BDV course is helping to train a
new generation of vector biologists,
who are already playing leading roles
in improving the health of millions of
people. ■
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Onchocerciasis
 A multi-country study of aspects of the sustainability

of Community-Directed Treatment with Ivermectin
(ComDT) found that interaction between villagers and
health staff was generally poor, but improved following
the introduction of ComDT.  Improving ComDT via
Stakeholders’ Meetings involving health workers and vil-
lage representatives had no effect on treatment cover-
age but did reinforce the ComDT process.  Acting on the
findings, Ministries of Health in several of the APOC coun-
tries are exploring the use of enhanced approaches to
ComDT in their national control programmes.

The  process  of  Community-
Directed  Treatment  with  the
drug ivermectin (ComDT) has

been adopted for onchocerciasis
control in Africa. Despite its effective-
ness, questions remained about
community and health system interac-
tions and sustainability. A multi-country
study addressed these questions and,
in Oyo State, Nigeria, baseline data
showed that interaction between
villagers and health staff was poor to
non-existent, especially in scattered
farming hamlets where residents are
most at risk. Based on these findings,
researchers compared normal ComDT
and an ‘enhanced’ version, which
involved Stakeholders’ Meetings (SHM)
where village representatives, health
workers and community-based or-
ganizations (CBO) discussed and
plannned ComDT implementation.
SHM participants debated issues such
as selection of and support for
Community-Directed Distributors
(CDD), community mobilisation, pro-
vision of drugs to treat minor side-
effects of treatment, recording and
reporting processes and to review
progress and solve problems.
Two rounds of ivermectin distribution
were undertaken. Overall treatment
coverage did not differ between the
two forms of ComDT. However, the
enhancement process resulted in more
community involvement in decision
making, selection of more female CDD,
more assistance for the CDD with his/
her regular work, better awareness of
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the benefits of ivermectin, more en-
couragement for potential refusers to
take ivermectin, and villagers held a
more positive view of health workers
after the intervention - although both
groups believed the behaviour of health
workers and interaction had improved.
Health workers in the enhanced arm
undertook more ComDT activities.
Less demand was made by enhanced
villages upon government to provide
incentives for distributors and commu-
nity members were more likely to have
met to discuss the programme’s future.
As the stakeholder meetings which
cost approximately US$115, provided
an ideal opportunity for health work-
ers and villagers to interact on an equal
footing and to solve implementation
problems, the investment appears to
be worthwhile, and NGOs/CBOs
should be found to help cover these
costs annually.
Health workers displayed good
facilitative and communication skills
and a strong commitment to the work.
Villagers were willing to participate in
the programme, support their CDDs
and plan for the future.  These are posi-
tive indicators for sustainability.The
main unknown is the willingness and
ability of local governments to support
the programme in the long term. ■
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Chagas disease
Trans-sialidases and mucins, two major surface antigen

families of Trypanosoma cruzi, have been successfully ana-
lysed and described. Gene identification, sequencing and
identification of the possible function of some surface
antigens, leading to definition of different domains within
molecules and function of the host-parasite relationship
was carried out. This work forms the basis for rational
design of inhibitors as potential chemotherapeutic agents.
Recombinant antigens were further used for design of a
diagnostic kit to detect chronic infections and led to a
new highly-sensitive and specific assay.

A Partnership Grant provided
support for research work to
describe and analyze the two

major surface antigen families of
Trypanosoma cruzi. These are the
trans-sialidases, which include the
enzymes able to transfer sialic acid
from sialylated host glycoconjugates
to parasite surface molecules, and the
mucins, the main acceptors of sialic
acid on the surface membrane. The
studies included gene identification,
sequencing and possible function of
members of the families and defined
the different domains within mol-
ecules and the function of the host-
parasite relationship. Through col-
laboration with Institute Pasteur, a
crystal structure of T. rangeli sialidase
was obtained and modelled the T. cruzi
trans-sialidase. The comparison pro-
vided an understanding of the mecha-
nism of action of this parasite-specific
enzyme and set the basis for the
rational design of inhibitors. In terms
of diagnosis, the recombinant anti-
gens were used for the design of a kit
to detect chronic infections and
described a new highly sensitive and
specific assay (TIA - Trans-sialidase
Inhibition Assay) based on the
detection of antibodies inhibiting
trans- sialidase.
This Partnership Grant was instrumen-
tal in establishing the Institute for Bio-
technology at the newly established
Universidad Nacional de General San
Martin when, half-way through the
work, the Principal Investigator relo-
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cated his research team from
Fundacion Campomar in Buenos Aires.
Many graduate students were trained
under the grant, with 25 articles pub-
lished in prestigious journals. The grant
also allowed this group to continually
incorporate new techniques and ap-
proaches for their work, including
genomics (greatly improving the pos-
sibilities of identifying new genes and
analysing gene families), protein struc-
ture analysis (important for develop-
ing new chemotherapeutic agents), and
other methods, notably the construc-
tion of cDNA libraries, analysis of
mRNA stability and identification of
RNA binding proteins, and parasite
transfection.  This technology transfer
was a major contribution to the
sustainability of an internationally com-
petitive research laboratory. Dr Frasch
also collaborates with two other TDR-
grant recipients at the Universidad
Nacional de General San Martin: Dr J.
Cazzulo (Proteinases of T. cruzi and
their possible roles in the host/para-
site interaction) and Dr O. Campetella
(Trans-sialidase from T. cruzi: neutraliz-
ing immune response and interaction
with the host-cell ligands). ■
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Lymphatic Filariasis
 A method for the Rapid Assessment of the Geographi-

cal Distribution of Bancroftian Filariasis (RAGFIL) was
developed and field-tested in a 200x250 km area in the
north of Ghana. Following the successful completion of
the study and demonstration of the effectiveness of the
method, RAGFIL has now become the cornerstone for a
standardized, rapid mapping method that is being applied
for mapping lymphatic filariasis throughout Africa, a criti-
cal first step in the new programme to eliminate the
disease.

A recent World Health Assem-
bly Resolution to eliminate lym-
phatic filariasis as a public health

problem brought to the fore the need
for reliable data for the effective plan-
ning of disease control programmes.
Most countries do not have data on
the distribution of lymphatic filariasis
and are therefore not in a position to
initiate control programmes based on
sound baseline knowledge. Research
was therefore undertaken to develop
a method for the Rapid Assessment of
the Geographical Distribution of
Bancroftian Filariasis (RAGFIL). The
method uses a combination of a spa-
tial sampling grid with 50 km between
sampled villages, rapid assessments sur-
veys for prevalence of filarial antigens
or hydrocoeles in the sampled villages,
and spatial analysis to estimate the geo-
graphic distribution of filariasis
throughout the area covered. A rapid
assessment questionnaire was an op-
tional component of the method.
This study employed the method in  a
200x250 km area in the north of
Ghana.The prevalence contours ob-
tained with a 50x50 km sampling grid
were operationally similar to those ob-
tained with a 25x25 km grid. The pre-
dicted prevalence was not statistically
different from the observed prevalence
in 57 independent villages and the
50x50 km grid was deemed adequate
for rapid mapping of filariasis. For the
purpose of filariasis mapping, the anti-
gen test proved to be a better diag-
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nostic test than clinical examination for
hydrocoele. The information provided
by the questionnaire was qualitative
and found note to be of use for esti-
mating endemicity levels.
A regional approach to mapping is rec-
ommended because of the importance
of cross-border foci as demonstrated
by the findings in the north of Ghana.
Application of the method will provide
the minimal information required for
effective planning of treatment pro-
grammes, and will facilitate estimation
of the number of people to be treated.
It will also help improve estimates of
the number of people at risk and af-
fected, and of the burden of disease
due to lymphatic filariasis in Africa. ■
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Malaria
Four peptides with parasiticidal activities against the

malaria parasite Plasmodium berghei have been identified.
The peptides inhibit development of the parasite in the
midgut of the mosquito vector Anopheles albimanus.  The
gene encoding one of the peptides was constructed and
large-scale production of the GST fusion protein was
accomplished. The investigators successfully produced
transgenic Drosophila melanogaster expressing the pep-
tide. This research is an important contribution to basic
knowledge in the development of new tools against ma-
laria transmission.

Transmission of malaria infect-
ion by mosquitos requires
successful gamete fusion and

subsequent sporogonic development
of the parasites following ingestion of
gametocytes in a bloodmeal. Anopheles
mosquitos are the primary vectors of
malaria.
New knowledge on the molecular
basis of vector physiology has broad
potential applications and will be useful
in advancing efforts to clone genes
with phenotypic expression refractory
to sporogenic development of the
malaria parasite. Refractory mosquitos
may help limit malaria transmission in
endemic areas.
This Institution Strengthening Grant
was designed to establish a collabora-
tive research group for molecular biol-
ogy studies of insect vectors, especially
anopheline mosquitos, in Mexico. Inves-
tigators at the Centro de
Investigaciones sobre Enfermedades
Infecciosas, in collaboration with col-
leagues in other institutions in Mexico
and Europe, have identified and char-
acterised a cecropin-like synthetic pep-
tide, Shiva-3, toxic to the sporogonic
development of Plasmodium berghei.
The peptide eliminated P. berghei sexual
stage parasites during the first 8 hours
after blood meal ingestion by An.
albimanus. The synthetic Shiva-3 gene
was constructed and expressed in
transgenic Drosophila melanogaster. The
Shiva-3 transcript was detectable in
both adult and embryo flies.
Other peptides toxic to sporogonic
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development of P. berghei in the mos-
quito have also been identified.  Sapecin
was 10 times more potent than Shiva-
3 and is 3 times less susceptible to
enzymatic degradation in the mosquito
midgut.  Scorpine, a peptide from scor-
pion venom, was 100-fold more active
than Shiva-3. It is being characterised
and will use the expressed gene prod-
uct to determine the 3-dimensional
structure.  Another scorpion venom
peptide, Hadrurin, was shown to be
parasiticidal against asexual stages of
P. berghei for up to 24 hours.
This important new knowledge has po-
tential application in developing strat-
egies for reducing malaria transmission.
Expression of the parasiticidal peptide
in Drosophila is significant,  since it was
recently found that P. gallinaceum, a
close relative of the human malaria
parasite P. falciparum, could develop into
sporozoites infectious to the verte-
brate host in Drosophila. Drosophila may
be a useful surrogate insect for defin-
ing the genetic pathways involved in
both vector competence and strate-
gies for manipulation. ■

PROJECT NO. 930812
Midgut specific promoters for

the expression of insect
cecropin-like peptides for the

generation of transgenic
mosquitos resistant to malaria.

R
es

ea
rc

h 
C

ap
ab

ili
ty

 S
tr

en
gt

he
ni

ng
 (

R
C

S
)

PRINCIPAL INVESTIGATOR

Dr M. H. Rodriguez
Instituto Nacional de Salud

Publica Centro de
Investigaciones sobre

Enfermedades Infecciosas
Cuernavaca, Morelos

MEXICO

e-mail:Mhenry@insp3.insp.mx

26

COLLABORATORS

Dr L. D. Possani
Dr M. E. Zurita

Dr F. de la Cruz Hernandez
Dr F. Kafatos (USA)

References:
Rodriguez, M.C. et. al. (1995)
Effect of a cecropin-like synthetic peptide (Shiva-3)
on the sporogonic development of Plasmodium
berghei. Experimental Parasitology 80, 596-604.

Zurita M. Reynaud E., and Kafatos, F. (1997)
Cloning and characterization of cDNA’s preferen-
tially expressed in the ovary of the mosquito Anoph-
eles gambiae. Insect. Molecular Biology 6: 55-62.



References:

TDR - FINAL REPORT SERIES

Schistosomiasis + Filariasis
Pathology due to some helminth infections results from

modified immune responses in the host. The role of cytokines
in modifying the immune response in schistosomiasis has
been studied in Schistosoma haematobium patients and in
mice infected with S. mansoni. This work looked at immune
response regulation in human intestinal schistosomiasis and
filariasis. This line of research may help identify targets for
therapy or vaccines. The effect of chronic filarial infection on
the response to vaccines used in public health was also in-
vestigated.  This work may clarify why people with helminth
infection appear more susceptible to intracellular infections.

With respect to schistosomia-
sis, investigators looked at the
role of interferon gamma (IFN-

γ) and the interleukins (IL). It had been
shown, in urinary schistosomiasis in
humans and intestinal schistosomiasis
in mice, that  a type I immune response
with increased IFN-γ predominates in
early infection, but the type of immune
response changes as egg production
and tissue reaction begins. Decrease
in IFN-γ as infection progresses is
accompanied by an increase in IL-10
and granuloma formation. Results
confirmed these findings in human
intestinal schistosomiasis. In-vitro
assays showed that when inflamma-
tory cells collected at various stages of
infection are stimulated by egg or
adult worm antigens, antigen-specific
cytokine responses predominate in
the acute infection stage.  Blocking of
IL-10 using monoclonal antibodies
found presence of IFN-γ in chronic
infection but at reduced levels. The
role of other cytokines in the immune
response to schistosomiasis are being
examined with respect to treatment.
Studies of filarial infection, using
cytokines and stage-specific parasite
molecules were carried out and the
effect of treatment and pathogenic
mechanisms elucidated. As in schisto-
somiasis, the type of immune response
(Th1 or Th2) and cytokines expressed
depends on the stage of infection.
People with microfilaria had elevated
levels of IL-10, but could not express
Th1 cytokines like IFN-γ. Patients with

TDR FUNDING: US$ 440 000 (1994-99)

DECEMBER 2000

UNDP/World Bank/WHO
Special Programme for
Research and Training in

Tropical Diseases

Contact:
Tel: (+41) 22-791-3725
Fax: (+41) 22-791-4854

e-mail: tdr@who.int
www.who.int/tdr

Information source:
Dr L. Chitsulo

e-mail: chitsulol@who.int

chronic infection, identified by lym-
phatic obstruction, can express both
Th1and Th2 responses. Individuals ex-
posed but apparently resistant to in-
fection only mount a Th1 response.  A
series of experiments on the role of
cytokines indicated the presence of mi-
crofilaria or parasite antigen favoured
expression of IL-10 and the down-
regulation of a Th1 response or IFN-γ.
Comparisons of inflammatory cells
from the blood with those from lymph
nodes showed that types of immune
responses were different and site
specific.
Treatment of microfilariaemic people
with diethylcarbamazine (DEC) was
followed up at the clinical, cellular and
cytokine levels. Treatment induced a
serum sickness-like reaction, with ac-
tivation of eosinophils, and an increase
in IFN-γ and IL-5 up to 14-days post
treatment followed by a decline in lev-
els. As IFN-γ declined, IL-10 levels in-
creased. Studies of the determinants
of immune responsiveness, such as ge-
netic factors and reaction to vaccina-
tion are ongoing.
This work contributes to the elucida-
tion of the immune response and its
regulation, as well as development of
disease due to helminth infection.
Cytokines involved in the immune re-
sponse to helminth infection may be
targets for therapy and vaccines to pre-
vent morbidity.  Studies on the response
of filarial patients to vaccination may
show how helminth infections may act
to alter the immune response. ■

PROJECT NO 930815
Immunoregulation and

pathological consequences
in major helminth
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Onchocercose
 Une étude multicentrique menée par TDR a prouvé la

faisabilité, l’effectivité et la plus grande performance du
traitement sous directives communautaires (TIDC), dans
lutte contre l’onchocercose. Menée au Mali, cette étude
montre que si la pérennité du TIDC est assurée par une
plus grande implication des communautés, du système de
santé, des autorités locales, assurant ainsi une meilleure ap-
propriation du dispositif, certaines de ses performances sont
tributaires de la mise en œuvre de stratégies d’intervention
renforcée mais surtout des expériences antérieures des
communautés en matière d’activités à base communautaire.

L’étude a été menée au Mali
dans  quatre  cercles. Deux
cercles ont fait l’objet de

l’introduction renforcée alors qu’au-
cune intervention spécifique n’a été
faite dans les deux autres.
Pendant la phase d’intervention, le per-
sonnel sanitaire, les communautés ont
été plus impliqués dans la mise
en œuvre du TIDC: tenue d’ateliers
intercommunautaires, sensibilisation
dans les villages, dans les deux cercles
de l’intervention renforcée. Les atéliers
ont réunis les agents de santé, les dé-
légués des communautés, des associa-
tions et des ONGs travaillant dans les
communautés. Les chercheurs étaient
des observateurs. Les participants
avaient pour tâche d’aller rendre
compte des décisions prises dans le
cadre des solutions aux problèmes
identifiés lors des atéliers intercom-
munautaires.
L’évaluation a été faite de manière qua-
litative et quantitative dans les deux
zones.
L’intervention a eu un impact sur les
agents de santé qui ont eu une
meilleure attitude vis-à-vis du TIDC et
de l’implication communautaire.
Grâce  à l’intervention, les communau-
tés, dans la plupart des cas, ont pris
des mesures et ont trouvé des solu-
tions aux problèmes rencontrés dans
la mise en œuvre du TIDC. Aussi les
associations communautaires, les chefs
de villages, les distibuteurs d’iver-
mectine ont assumé des responsabili-
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tés variées allant jusqu’à la prise en
charge des coûts reccurrents du trai-
tement.
Si l’intervention a eu un impact consi-
dérable sur le processus et qu’elle a
abouti à une plus grande respon-
sabilisation des communautés, certains
facteurs ont fait que cet impact a été
limité en ce qui concerne par exemple
la couverture du traitement: 67,8%
dans la zone d’intervention renforcée
contre 79,6% dans la zone regulière.
Paradoxalement, la couverture du trai-
tement a été  plus élevée dans la zone
où aucune intervention n’a été menée
que dans la zone d’intervention ren-
forcée. Mais quelques facteurs sont
responsables de cette situation: la pé-
riode du traitement, le mode de trai-
tement qui a été plus à domicile dans
la zone d’intervention non renforcée,
la structure de la population avec plus
de personnes éligibles dans la zone
regulière, le non traitment de tous les
absents surtout dans la zone d’inter-
vention renforcée, la plus grande ex-
périence en activités communautaires
dans la zone d’intervention non ren-
forcée. ■
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Malaria
 Appropriate treatment of children in the early stages

of malaria can prevent progression to severe disease and
save lives.  A home management system in Burkina Faso
involved the pre-packaging and selling of antimalarial
drugs via trained village volunteers. In the four age groups
tested, progression to severe malaria varied between
3-7.1% in children who received packaged drugs compared
with 8.1-18.2% in the control group. In both groups, pro-
gression rates were highest in children aged 7-11 months,
and lowest in children aged 4-6 years. Overall, reduction
of progression in users of pre-packaged drugs was 53.6%.

A  research  team  in  Burkina
Faso designed a strategy for the
prompt and adequate home

treatment of malaria that included re-
training of health staff of the local health
unit, information/sensitisation meetings
and training sessions for all villages, and
pre-packaged antimalarial drugs made
available to homes through trained vil-
lage volunteers. The drugs were pro-
vided in 4 different colour-coded packs
for different age groups, (0-6, 7-11, 12-
35 and 36-69 months) following the na-
tional treatment guidelines. Each pack
contained a full course of treatment,
and a label with pictoral instructions
on how to administer the drugs. The
village volunteer sold the packs at a
price agreed with the local health man-
agement team, calculated to cover the
purchase cost of the drugs and a 10%
incentive margin for the volunteer.
The aim was to increase access to
treatment, to improve compliance with
recommended dosages and to reduce
progression of malaria to complicated
forms of the disease, thus reducing the
incidence of severe malaria. The impact
of the strategy was assessed through
case-control epidemiological methods
Some 375 villages participated in the
study and at least one volunteer was
trained in each village. Of the children
that were treated by the village volun-
teers, 56% complied with the treatment
over the correct duration.
The rate of progression from uncom-
plicated malaria (“memalé”) towards
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complicated malaria (“benoyaba”) was
lower in children who were treated
with pre-packaged antimalarials (5.1%)
compared to those who were not
treated with these drugs (11.0%) (OR
0.44, 95% CI 0.33-0.58, P < 0.001).  The
overall reduction of progression to-
wards severe disease among users of
pre-packaged treatment was 53.6%.
In the four age groups, the progres-
sion rate to severe malaria varied
between 3-7.1% in children who re-
ceived pre-packaged drugs, and from
8.1-18.2% in the control group. In both
groups, the highest progression rate
was noted in children aged 7-11
months, and the lowest in children aged
4-6 years.
These results show the feasibility and
some degree of effectiveness in the
study site. The challenge now is to
demonstrate the feasibility, sustain-
ability,  cost and effectiveness over time
of this home treatment strategy on a
much larger scale.
Home treatment of suspected malaria
leads to a marked reduction in malaria
morbidity and mortality.  WHO has
recommended the strategy as the
most effective single measure for re-
ducing malaria mortality, especially in
children. ■
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Malaria
 This drug discovery research project led to the identi-

fication of the crystal structure of β-haematin. There is
considerable interest in malaria pigment (haemozoin) and
haem aggregates in general, due to the observation that
the quinoline-based antimalarials inhibit haem detoxifi-
cation mechanisms and thus the formation of haemozoin.
The new detailed structural information will help to elu-
cidate the mechanisms of action of known antimalarials
such as chloroquine and, most importantly, will aid in the
design and early evaluation of new antimalarial drugs.

The  spread  of  resistance  to
chloroquine and the absence of
a suitable replacement created

an urgent need to understand the bio-
chemistry behind the drug’s action.
One hypothesis is that chloroquine
inhibits haem aggregation in ring or
early-stage malaria trophozoites. One
to two weeks after infection with plas-
modia, merozoites are released from
the liver and rapidly infect erythro-
cytes. During this trophozoite stage,
haemoglobin is catabolised to deliver
amino acids for de novo protein syn-
thesis and β-haematin is formed to
avoid build up and release of free haem.
Synthetic phase β-haematin is identi-
cal to the malaria pigment (haemozoin),
the haem-aggregated by-product of
malarial trophozoites.  In this study, the
research team solved the crystal struc-
ture of β-haematin. The structure re-
vealed that the molecules are linked
into dimers through reciprocal iron-
carboxylate bonds to one of the pro-
pionic side chains of each porphyrin,
and the dimers form chains linked by
hydrogen bonds in the crystal. This
structural knowledge has implications
for understanding the action of current
antimalarial drugs and for designing
new therapeutic agents. One hypoth-
esis based on the findings is that pig-
ment formation may occur pair-wise,
with either self-assembling pairs, or
protein-mediated pairs, being aggre-
gated. Thus, it is possible that chloro-
quine interferes with the dimerization
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process, so preventing the formation
of highly aggregated haemozoin in the
form of completely insoluble β-haema-
tin. The corollary is that the haem ag-
gregate formed in the presence of
chloroquine may have greater solubil-
ity and/or higher toxicity to the para-
site.
With the structure known, it is possi-
ble to get answers to a variety of ques-
tions, such as at what stage and how is
the ferrous haem oxidised to the fer-
ric state and what is the biochemical
basis for the reported immunosup-
pressive activity of haemozoin? The an-
swers to these and other questions will
lead to a deeper understanding of how
quinoline-based antimalarials work and,
most importantly, to suggest how
more effective antimalarial drugs might
be designed. ■
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Schistosomiasis
 Infection with schistosomes leads to chronic ill health

and is a major health risk in central China, most of sub-
Saharan Africa and some countries in Latin America. Evi-
dence has been accumulating that artemether, a deriva-
tive of artemisinin, has prophylactic effects against Schis-
tosoma japonicum and S. mansoni infections. This study
showed that artemether is also very effective against S.
haematobium.  Since these three schistosome species are
responsible for the majority of infections worldwide,
artemether could have a major impact on the control of
schistosomiasis.

Schistosomiasis control using
praziquantel  chemotherapy  is
highly effective in reducing mor-

bidity but does not prevent reinfection.
This reduces the efficacy of the drug
in high transmission areas, prompting
efforts to find alternate compounds,
the most promising of which is the
drug artemether.
Artemether, a methoxy derivative of
artemisinin, has a good safety profile
and is already in use as an antimalarial.
Earlier studies, partly funded by TDR,
demonstrated that the drug interferes
with maturation, killing larval stages of
Schistosoma japonicum and S. mansoni.
Further studies to investigate the pre-
ventive effect of artemether against S.
haematobium were initiated at the
Swiss Tropical Institute (STI) in Basel
and then completed at the Institute of
Parasitic Diseases, Chinese Academy of
Preventative Medicine, in Shanghai.
The preventive effect of oral
artemether on S. haematobium was
evaluated in hamsters with single or
multiple infections. In hamsters with
single infections, high total and female
worm reduction rates were seen when
the first dose of artemether (300mg/
kg) was administered either 14, 21,
or 28 days after infection, followed by
repeated 3-5 doses every 2-3 weeks.
When repeat dosing was given once
every 4 weeks (total of 2-3 doses), only
the group that received the first dose
on day 21 showed high total and fe-
male worm reduction rates (95%).
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Hamsters infected with S. haematobium
cercariae 3 times interspersed by 4-5
days and then treated beginning on day
14, 21, or 28 after the first infection,
followed by therapy once every 2, 3, 4,
or 5 weeks, showed total (and female)
worm reduction rates of 90-99%.
The livers of treated animals looked
normal compared with non-infected
animals. Livers of non-treated infected
animals were dark reddish, due to the
deposition of worm pigments, and
many eggs were evident.  Artemether
showed moderate effect on adult
S. haematobium, with around 25%
worm reduction rate with a single
dose of 300 mg/kg and 75-89% with
300 mg/kg on two consecutive days.
The results demonstrated that
artemether given at least once every
4 weeks had a preventative effect
against S. haematobium in hamsters,
thus providing a basis for testing the
preventive effect in a human popula-
tion in a highly endemic area. ■
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Chagas disease
 Fine epitope mapping provided elucidation of the

nature of the stimulus that gives rise to anti-Trypanosoma
cruzi ribosomal P protein antibody responses and conse-
quent pathological sequel in chronic Chagas Heart Dis-
ease (cChHD). Antibodies produced primarily to the
T. cruzi ribosomal P proteins are shown to react with the
second extracellular loops of heart membrane G protein
coupled receptors. The functional antibody reactivities
demonstrated are shown as potential novel markers for
ventricular arrythmia and sinus node dysfunction in
Chagas disease.

Chronic Chagas heart disease
(cChHD)  is  the  most  frequent
and severe clinical consequence

of infection with Trypanosoma cruzi.  Pa-
tients with overt cChHD present a
strong humoral response against the
C-terminal end of the low molecular
weight ribosomal P proteins of T. cruzi,
which has more than 90% homology
with the C-terminal region of human
ribosomal P proteins, the target of
anti-P auto antibodies in Systemic
Lupus Erythomatosis (SLE). Chronic
T. cruzi infection did not induce the typi-
cal autoimmune anti-P antibody re-
sponse found in SLE patients. cChHD
anti-P antibodies have a marked pref-
erence for parasite proteins and react
far less strongly with human P proteins.
The major antigenic determinant and
cross-reactive epitope of the low mo-
lecular weight ribosomal P proteins in
Chagas disease appear located in the
R13 C-terminal amino acid sequence.
The specificity of antibodies against the
C-terminal ends of the ribosomal P1-
P2 and P0 proteins, and peptides rep-
resenting the second extracellular
loops of the ß1 adrenergic receptor
and the muscarinic M2 receptor,
showed that the acidic residues play a
key role in their antigenicity. The C-
terminal region of the TcP2 ß protein,
peptide R13 was important in genera-
tion of antibodies with functional ac-
tivity in cChHD.  The E residue in po-
sition 3 and the D residues in posi-
tions 4 and 6 are crucial as both de-
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fined an EDXD antigenic motif similar
to the antigenic sequence EDXE
present in the 2d extracellular loop of
the muscarinic M2 receptor, and to the
ESDE epitope in the extracellular loop
of the ß1 adrenergic receptor. This im-
plies that parasite ribosomes are di-
rectly exposed to immunological sys-
tems in cChHD IgG fractions from
cChHD patients and showed a strong
correlation between anti-ß1 adrener-
gic receptor antibodies and ventricu-
lar arrhythmias, as well as between anti-
M2 antibodies and sinus node dysfunc-
tion in cChHD.
Anti-P reaction appeared to be a sign
of cChHD, as sera from patients with
malaria or leishmaniasis do not recog-
nize the R13 peptide. Moreover, anti-
P antibodies are not detected in sera
from patients infected by T. brucei, a
parasite that contains ribosomal P pro-
teins with the same C-terminal end as
P proteins in T. cruzi, nor in acute
Chagas patients or in sera from pa-
tients with digestive forms of Chagas
disease. These types of functional anti-
body reactivities provide the basis of
pathogenesis of cChHD conduction
defects, which can be exploited as a
potential predictor of heart disease
manifestation. ■
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Malaria
 A recently described merozoite surface protein, MSP-

5, has shown considerable promise as an asexual stage
vaccine candidate. Sequence analysis of the gene encod-
ing MSP-5 from several laboratory and field isolates has
shown it to be nearly invariant between Plasmodium
falciparum parasites. Initial problems with recombinant
expression of MSP-5 were overcome by resynthesizing
portions of the coding regions using Escherischia coli pre-
ferred codons. Rabbit antisera generated against
recombinant MSP-5 was strongly inhibitory to P. falciparum
growth in culture, more so than anti-parasite antisera.

Various merozoite surface
proteins are among the lead-
ing candidates for a vaccine

against the asexual stage (blood-
stage) of  Plasmodium. MSP-5 (mero-
zoite surface protein 5) is a 40 kDa,
glycosylphosphatidyl inositol (GPI)
anchored surface protein with a sin-
gle epidermal growth factor (EGF)
domain and has general structural
similarities to MSP-4, another prom-
ising vaccine candidate.  DNA se-
quence analysis of the MSP-5 gene
from both laboratory and field iso-
lates has shown a surprising lack of
sequence variation.
Expression of MSP-5 in Escherischia coli
was improved by replacing portions of
MSP-5 coding sequence with synthetic
sequences encoding E. coli-preferred
codons. Polyclonal rabbit antisera has
been raised against the full-length
recombinant P. falciparum MSP-5 and
MSP-4 as well as smaller domains of
these molecules. The anti MSP-5 and
MSP-4 antisera were added to grow-
ing cultures of P. falciparum in an assay
for their ability to inhibit parasite
growth.  Results showed significant (80-
90%) inhibition with anti-full-length
MSP-5 antibodies and less inhibition
with antibodies raised against MSP-5
protein fragments. Full-length MSP-4
antibodies also showed some  inhibi-
tion , but antibodies to the fragments
of MSP-4 did not inhibit.
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The results obtained with anti-MSP-5
antibodies are very encouraging and
the investigators suggest that this an-
tigen is ready to proceed to primate
trials.  This is particularly so, as studies
in mice show that immunization with
the homologue of MSP5 can produce
impressive levels of protection against
challenge by lethal strains of malaria. In-
process work includes production of
monoclonal antibodies to MSP-5 and
crystallization of the MSP-5 protein for
structural studies.
Research under way includes
production of monoclonal antibodies
to MSP-5 and crystallization of the MSP-
5 protein for structural studies. ■
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Malaria
 Parasite glycosylosphatidylinositols (GPI), post-transla-

tional modifications present on many parasite surface pro-
teins, were shown to be the dominant malarial toxin re-
sponsible for several pathological processes associated with
severe malaria. This work developed GPI as an anti-
disease vaccine candidate and anti-GPI monoclonal anti-
bodies as immu-notherapeutics for severe malaria. Under-
standing of the immune response to GPIs has  been fur-
thered, in particular the effects of GPI on TH1/TH2 differ-
entiation and the regulation of  T lymphocyte function.

This  work  has  demonstrated
that  the  main  malaria  toxin is
the glycosylphosphatidylinositol

(GPI) component of membrane pro-
teins from Plasmodium. GPI activates
macrophages and the vascular en-
dothelium, inducing TNF, IL-1, NO, and
ICAM expression, resulting in much of
the severe pathogenesis associated
with malaria. The chemical composi-
tion of GPI has been determined and
purified material from parasites has
been obtained.  A collaboration with
Dr Fraser-Reid of Duke University has
produced chemically synthesized GPI.
The two main aspects of this research
are the development of GPI as a vac-
cine candidate (or anti-GPI antibodies
as a therapeutic) and the characteri-
sation of the immune response to GPI.
Monoclonal antibodies to GPI com-
pletely blocked induction of TNF from
macrophages by crude extracts of Plas-
modium. Immunization of mice with
detoxified P. falciparum GPI prevented
experimental cerebral malaria, and pas-
sive transfer of monoclonal antibod-
ies raised against P. falciparum GPI pre-
vented cerebral malaria in a murine
malaria model. Parasite growth rates
were unaffected by the antibodies.
These data provide proof-of-principle
that neutralizing antibodies to GPI can
prevent severe malarial pathology. It
has also been shown that antagonists
to GPI signalling (antagonists of pro-
tein threonine kinase, protein kinase-
C, or NF-KB) block toxin action in
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vitro and rescue mice from cerebral
malaria syndrome.
The work describes a unique immune
response to GPI. In contrast to
recombinant protein vaccines, which
are processed and presented in an
MHC-dependent manner, GPI-associ-
ated antigens cause CD1-restricted
IgG formation, independent of MHC
restriction.
A very high frequency of reactivity to
GPI (proposed to be a regulator of
TH1 vs. TH2 T cell responses) can be
shown and work is currently under
way investigating ways to exploit the
immune response to GPI-associated
proteins.
The two researchers have both ob-
tained significant funding for further
development of anti-GPI antibodies
and vaccine approaches from the US
National Institutes of Health. This
project is a good example of one
of TDR’s comparative advantages –
using “seed money” to provide lever-
age in attracting further funds. ■
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Technology Transfer
 Pfs25, developed by the US National Institutes of

Health and the Hong Kong Institute of Biotechnology, is
an antigen that has shown significant potential as a trans-
mission blocking vaccine in animal models. This technol-
ogy transfer project developed capacity for the scale-up
and production of clinical grade recombinant protein an-
tigens to be evaluated in Phase I/II clinical trials. Trans-
mission blocking vaccines represent a different approach
to malaria control.  Although not directly protecting indi-
viduals, they offer great potential in halting transmission
of the parasite.

Antibodies to the transmission-
blocking   vaccine   candidate,
Pfs25, have been shown to

block development of Plasmodium
falciparum parasites in the mosquito gut
in an in vitro membrane-feeding assay.
With this encouraging pre-clinical data,
the antigen produced as a recombinant
protein in Saccharomyces cerevisiae
(TBV25) has been manufactured un-
der Good Manufacturing Practice
(GMP) conditions at the Hong Kong
Institute of Biotechnology (HKIB).
Lack of institutions able or interested
to scale-up and provide pilot scale pro-
duction of clinical grade materials for
initial Phase I/II trials of promising can-
didate vaccines for parasitic diseases
has constituted a bottleneck to date.
This collaboration, promoted and sup-
ported by TDR, has allowed the HKIB
to develop into a fully GMP-compliant
manufacturing facility for microbially-
expressed biopharmaceuticals (it
meets both US Food & Drug Adminis-
tration (FDA) standards and the Aus-
tralian Code of Good Manufacturing
Practices). The Institute now has its
own Quality Control (QC) laborato-
ries and has established QC specifica-
tions for cell banking and bulk antigen
production of TBV25.
HKIB has completed the process de-
velopment for large-scale GMP manu-
facturing of TBV25, including the crea-
tion of a Master Cell Bank and a Mas-
ter Cell Working Bank for the host
strain. Three GMP production runs
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have been completed and HKIB has
provided the NIH with 380mg of pu-
rified bulk antigen for Phase I/II clini-
cal trials.  This work resulted in the
submission of a Drug Master File for
TBV25 in March 1998 and an IND sub-
mission is under final revision.  A Phase
I clinical trial is scheduled in Hong
Kong.
TDR has supported a significant
amount of training to help HKIB at-
tain its GMP manufacturing capabilities.
This includes the upgrading of the bio-
processing unit, training of HKIB staff
at the NIH, GMP management train-
ing, and several GMP and process vali-
dation workshops for HKIB staff.
HKIB has gone on to give GMP courses
and workshops in Hong Kong and
China.  This project was an excellent
example of TDR’s leverage – TDR’s
support was able to help HKIB attract
US$ 4.9 million in additional funding
from the Hong Kong Innovation
and Technology Commission, a sum 13
times the initial investment. ■
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Portfolio 2
This collection of Final Reports illustrates significant

scientific progress arising from TDR-supported research
projects during 2000-2001. It is the second volume in a regu-
lar series.  The reports contained in Portfolio 1, covering
the period 1998/99, are as follows:

disease project

• Chagas disease No. 960295

• Quality of Care No. 961008 and 960754

• Malaria No. 960448

• Malaria No. 950625

• Malaria No. 960431 and 960387

• Malaria No. 950559

• Filariasis No. 950549, 950550 and 950551

• African Trypanosomiasis No. 960720, 960721 and 960722

• Health Sector Reform No. 960698

• Schistosomiasis No. 940897

• Malaria No. 930817

• Schistosomiasis No. 920479

• Malaria No. 950195

• Leprosy No. 960147

• Malaria No. 950476

• Chagas disease No. 950279

• African Trypanosomiasis No. 960557 and 970468

• Malaria No. 940434 and 960603

• Malaria No. 960617

• African Trypanosomiasis No. 980785

To obtain copies of Portfolio 1, Portfolio 2 or individual
reports, please visit the TDR website www.who.int/tdr
or contact the TDR Communication Centre (for contact
details see back cover).
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The Special Programme for Research and Training      

in Tropical Diseases (TDR) is an independent global 

programme of scientific collaboration.  Established in 1975 

and co-sponsored by the United Nations Development 

Programme (UNDP), the World Bank and the World 

Health Organization (WHO), it aims to help combat          

10 major tropical diseases: African trypanosomiasis,  

Chagas disease, Dengue, Leishmaniasis, Leprosy, Lymphatic 

filariasis, Malaria, Onchocerciasis, Schistosomiasis and 

Tuberculosis.

Objectives

i) Research & Development: to develop safe, acceptable  

and affordable methods of prevention, diagnosis, treatment 

and control of  target diseases.

ii) Training & Strengthening: to strengthen the capability    

of developing disease-endemic countries to undertake     

the research required to realize new disease control 

technologies.

TDR operates as a knowledge management organization. It 

does not work alone, but selects, guides, funds, encourages 

and develops research done by others. In this way, TDR 

acts as a 'global facilitator' of both research and training, 

creating and working within a series of networks. Great 

emphasis is placed on forming partnerships with a variety of 

organizations around the world, including research 

institutions, industry and non-governmental organizations.
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Special Programme for
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Contact:
WHO/TDR

Avenue Appia 20
CH-1211 Geneva 27

Switzerland
Tel: (+41-22) 791-3725
Fax: (+41-22) 791-4854

E-mail: tdr@who.int

Web: www.who.int/tdr
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