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Foreword

This report describes in detail the main projects and achievements of TDR during the
1999-2000 biennium. Projects described illustrate the diversity of approaches — whether involv-
ing the tools of molecular biology or the use of insecticide-treated nets — needed to match the com-
plexity of the difficult diseases that fall within TDR’s mandate. Apart from its value as a record of
significant technical work, the report also shows how the Programme, by assessing needs, setting
goals, and measuring progress in reaching them, helps stimulate the global scientific community
and direct its work towards globally-agreed priorities. These include specific research areas, identi-
fied by TDR and its partners, that hold the greatest promise of yielding badly needed practical
tools. Equally important is the Programme’s ability to attract the confidence and support of a
range of additional partners, including donors.

Despite this support, lack of adequate resources acts as a brake on TDR’s activities, just as the
Programme’s target diseases act as a brake on the socioeconomic development of affected popu-
lations. In this connection, the March 2001 resource mobilization meeting, hosted in Paris by
the World Bank, marked a major event in the Programme’s history. The first of its kind, the meet-
ing provided a unique opportunity to review TDR’s significant past achievements, to consider
urgent priorities for current and future work that builds on these achievements, and to address
the resource implications.

In a recent Standing Committee meeting, representatives of the co-sponsors of TDR had an
opportunity to review an advance copy of this report and to express their views on its contents.
In the discussions that followed, my colleagues on the Standing Committee noted their satisfac-
tion with the extent to which TDR has revised its working methods and is developing strategies
for sharpening its focus. Especially appreciated was TDR’s responsiveness to the changing practi-
cal needs of end-users, including those working in countries at the front-line of prevention and
control.

With its committed staff, efficient operating systems, focused agenda, and diversified partner-
ships and networks, TDR is well-positioned to harness the power of biomedical research in ways
that help alleviate the suffering of the many poor and disadvantaged communities where tropical
diseases take their greatest toll. In view of mounting evidence of the socioeconomic impact of
these diseases, the recent expansion to include implementation research, as documented in this
report, is another welcome sign of the Programme’s ability to meet the challenge posed by these
diseases on every possible front.

W2
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TDR: a Knowledge Management
and Network Organization

At the dawn of the 3™ millennium, the world is quite different from 25 years ago, when TDR
was created. Scientific and technological advances, as well as economic, political, social, cultural
and environmental changes, have dramatically modified the global landscape. We live today in
an Internet village, supported by powerful information and communication technologies. Biology
has become ‘big science’, with its own Manhattan project — the sequencing of the human genome.
Dolly, the sheep clone, has illustrated the power and challenges of the biotechnological revolution
and the implications it will have for the future of humankind. The Berlin wall, symbol of a world
split between military superpowers, has given place to a globalized economy.

The 20™ century also brought about a global transformation in human health, unmatched
in history, with overall improvements in health and human development. But over one billion
people entered the 21* century without having benefited from the health and human develop-
ment revolution, their lives scarred by a ruthless disease categorized under code Z59.5 in WHO’s
International Classification of Diseases: Extreme Poverty.!

DISEASES OF THE POOR: WHAT DID TDR DO OVER
25 YEARS?

The evolution of TDR

In May 1974, Resolution WHAZ27.52 of the World Health Assembly created TDR to address
the need for new and improved tools for disease control, and for strengthening the research capabil-
ity of the disease endemic countries so that they would become active actors in this endeavour.*

Operating in the changing environment of the last 25 years, TDR had to evolve to efficiently
fulfil its mandate. In this dynamic process of constant change and adaptation, TDR’s top govern-
ing body (the Joint Coordinating Board, JCB), top scientific body (the Scientific and Technical
Advisory Committee, STAC) and the three External Reviews commissioned by the JCB, played a
crucial role in the stewardship of the Special Programme. The External Reviews, in particular, have
been the basis for every major reform of TDR, pushing the Programme into different phases of its
own ‘life cycle’.

TDR’s 1st phase -’historic/heroic’

The Programme was initially shaped as a funding agency in the area of biomedical research
and training, structured on a disease-by-disease basis. The then current idea was that the poten-
tial impact of scientific discoveries on disease control would be obvious and therefore would
attract the interest of the private sector, which would assure their development into real prod-
ucts. This conception of what we now know to
be a very complex development pipeline trans-
lated into a simple organizational structure for the
Programme: four areas of work, two of them being
the major functional areas (Fig 1) with activities
organized by disease and operated through steer-
ing committees.**

During this ‘historic/heroic phase’, TDR strug-
gled with the lack of interest in tropical diseases
research shown by more advanced laboratories in

Research
and Development

(“Area II")

Figure 1. The structure of TDR during the ‘historic/heroic’ phase I

INTRODUCTION

WHA28.70, WHA28.71,
EB57.R20, WHA29.71,
EB59.R31, WHA30.42,
WHAS33(13), EB71.R10,
EB77.R4, EB85.R13,
WHA43.18.

“ The other two areas were
related to management: Area
I: Technical and Administrative
Bodies. Area IV: Programme
Management.

the North, and with the scarcity of institutions
and trained human resources in disease endemic
countries. Notwithstanding these immense
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challenges, already during this first phase, important new tools were generated and put into use
for disease control (Table I). In spite of its predominantly biomedical orientation, early on in its
history, in 1974, TDR established a Social and Economic Research (SER) unit for leading the sci-
entific agenda in social science research related to tropical infectious diseases. SER significantly
contributed to a better understanding of how social, cultural and economic factors affect disease

Phase I: Historic/Heroic

1982: Combination drug regimens for
pauci- and multi-bacillary leprosy or
multidrug therapy (MDT)

1981-1984: Bacillus thuringiensis for
blackfly control

1985: Tse-tse traps for control of epi-
demics of African trypanosomiasis

1987: Ivermectin for treatment of
onchocerciasis

Phase II: Growth by Trial and Error

1990: Eflornithine for treatment of
African trypanosomiasis

1993: Single-dose diethylcarbamazine
(DEC) for treatment of lymphatic
filariasis

1993: Rapid epidemiological mapping
of onchocerciasis (REMO)

1993: Integrated management of child-
hood illness

control measures and what can be done to overcome them.

Table I -Selected products of TDR and its partners during TDR’s three historical phases*

Phase III: Reaching Maturity

1999: Rapid mapping of filariasis

1999: Albendazole combinations for
treament of lymphatic filariasis

2000: Artemotil registered for treat-
ment of malaria

In the pipeline

*  Miltefosine oral for treatment of

visceral leishmaniasis

Chlorproguanil-dapsone oral for

treatment of malaria
Artesunate rectal for treatment of
malaria

1994: Praziquantel combinations for
treatment of schistosomiasis

1995: Community directed treatment
(ComDT) of onchocerciasis and
lymphatic filariasis

1996: Insecticide treated bednets for
prevention of malaria

TDR’s 2nd phase —‘growth by trial and error’

It soon became clear that the paradigm that had shaped the initial Programme’s structure and
modus operandi — academic research leading to products —was an oversimplification. The Ist External
Review? called attention to the fact that:

* Industry did not show interest in shifting its priorities and activities towards the area of tropi-
cal diseases (a phenomenon now well known and denominated ‘market failure’).

* In most cases the new knowledge generated remained ‘on the shelves’ — i.e. in scientific and
academic publications — and did not have per se the power to drive or catalyse the remaining
steps of the development pipeline.

* The new products needed to be evaluated in the field in disease endemic countries, and TDR
was not giving sufficient priority to field research.

In a first attempt to address these concerns, the steering committees broadened their scope in
order to cover all aspects of research within each disease, from basic to operational. However, the
Znd External Review? recognized that the needs of product development were still not being met. In
1990, a product development unit was introduced to oversee product development by the steering
committees, and to manage a special product development initiative.

It soon became apparent that these incremental changes would not suffice. Steering commit-
tees, although a proven mechanism for the peer review of academic research proposals, were not
a substitute for the private sector and could not manage the development pipeline alone. The
exhaustion of the historic paradigm led TDR into the second phase of its history, which was
described as ‘growth by trial and error™ In 1994, the Programme had its structure radically
changed from a disease basis to a functional area basis. The initial two areas of work gave
origin to four areas: Strategic Research (STR), Product Research and Development (PRD),
Applied Field Research (AFR) and Research Capability Strengthening (RCS). The relation-
ships among the first three areas were pictured as shown in Fig 2.4

This structure proved to be a real improvement, driving the Programme towards a more active
role in product development. During this second phase, TDR delivered new and improved tools

* A comprehensive list of prod-
ucts and corresponding TDR
partners in their development
has been published (also avail-
able at http://www.who.int/tdr/
morel.pdf).
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for disease control (Table I). It is worth noting, however, that RCS does not appear in figure 2
(drawn in 1992) in spite of the fact that TDR’s policy on capability strengthening passed through
broad phases and major policy changes.®

Figure 2. The structure of TDR during Phase II —‘growth by trial and error
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TDR’s 3rd phase <reaching maturity’

Although the Special Programme maintained its leadership and productivity, the shift from
‘disease orientation’ towards ‘functional area orientation” brought unforeseen consequences, iden-
tified by the 3rd External Review.” The following comments and recommendations from this review
played a crucial role in shaping TDR’s 3rd phase:

* The disease components of the Programme were losing visibility and their role in priority set-
ting was decreasing.

* The interaction between TDR and disease control activities needed fundamental restructuring
and strengthening,

* TDR’s organizational structure should address both components — diseases and functions.
TDR should become a matrix organization.

* TDR should adopt a differentiated approach for capability strengthening, focusing on the least
developed countries, particularly those facing a high disease burden.

In the same year that the 3rd External Review issued its report and recommendations, WHO’s
new Director-General, Dr Gro Harlem Brundtland, started a reform process that profoundly
changed the Organization. Of particular importance to TDR were:

a) Adoption by WHO of a new corporate strategy,® which emphasizes the role of knowledge,
evidence-base and research in improving health.

b) Location of TDR in the cluster of communicable diseases (CDS), facilitating a closer interac-
tion among the Special Programme, the regular departments involved in disease surveillance
and control, Roll Back Malaria and Stop TB.

WHO’s new corporate strategy and reform process were recognized by TDR as a golden oppor-
tunity. To enable the Special Programme to operate in this new environment and efficiently
address the health challenges at the start of a new millennium, the issues raised by the 3rd External
Review were used to shape the Strategy 2000-2005,” formally approved by the JCB in June 2000.

The new strategy recognizes TDR as a ‘knowledge management network organization’ in
health research and capacity building* The Programme’s major driving force was seen to reside
in its operational capability — the ability to bring together a large number of partners and catalyse
processes to solve public health problems, and to build research capacity in the disease endemic
countries. The new strategy introduced several major changes to the Programme:

* TDR became a real matrix-management organization. In addition to the team coordinators of the
four functional areas, management also became the responsibility of disease research coordinators.

* TDR became more involved in research directly related to disease control. Its mandate was

INTRODUCTION

* For our purposes we define a
knowledge management organi-
zation as an organization with
the infrastructure to serve as
both a repository of knowledge
and a facilitator for the creation
of new knowledge, in forms that
are easily usable, customized
or suited to varying individual,
institutional and national needs,
and which allow the distribu-
tion of that knowledge to mem-
bers of the organization and
all external audiences, as and
when needed and when the
recipients are ready to accept,
adapt and employ that informa-
tion to help protect and improve
global health.
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expanded to go beyond obtaining ‘proof of principle’ that a new tool works.” Under this new
paradigm, TDR will work in a seamless linkage with control programmes and national govern-
ments in the area of ‘implementation research’ — the research needed to answer specific ques-
tions arising when an intervention is introduced by health systems.

* Research capability strengthening will invest 60% of its resources on integrated, high-priority
R&D projects/programmes (‘RCS-plus packages’), shaped, managed and evaluated in close col-
laboration with the other three TDR functional areas. The remaining 40% of RCS resources

will be used to strategically fund work in the

Figure 3. The structure of TDR in Phase III —‘reaching maturity’ least developed, high burden countries.

» TDR’s workplan, budget and management will

Director be implemented adopting an output rather than

input approach to planning, centred around

‘results/expected products’, instead of the current

functional area, organigram-based approach.
This new phase of TDR (‘reaching maturity’ —

Fig. 3), although relatively recent, has also seen

important developments taking place (Table 1).

Strategy
Management Team

PPM

Has TDR been cost-effective?

From 1974 to 2000, TDR received US$600
million (exactly US$ 607 312 922) from its con-
tributors. A widely quoted 1993 study by the
PPM: Programme Planning and RCS: Research Capacity Strengthening Boston ConSUItlng Group estimated that each

Management STR: Basic and Strategic Research new drug that reaches the market needs US$500
PRO: 'Bfi”&ﬁiﬁmh and 1DE: i:f;[:;”et;‘t’;‘h?):’f{le"s‘:fc';f and million dollars of investment in R&D, a figure
which includes the costs of failures — products
that do not make it; others estimate a lower cost,
of around US$300 million.5**

An independent analysis of TDR’s action in product development noted that:

“...TDR helped develop 24 tropical disease drug products from 1974 to 1995; 14 were still in trials in
1995, and 10 were in clinical use ... TDR worked with private industry to develop most of these agents...”
[Michael R. Reich’]

In order to be able to accomplish these results, TDR established strong collaborations
with the private sector,'”!" becoming a lead organization in promoting ‘PPPs’ — public-private
partnerships.01214 s

A more careful economic analysis of the cost-effectiveness of TDR will be conducted in the
future. However, the above-mentioned evaluation, in just one functional area (product R&D) of
. : TDR activities, indicates that the Special Programme can indeed be regarded as an efficient, cost-

The 2nd External Review recom- .. .
L A effective investment — even had all the funds been used exclusively for product development and
participate in and fund field research not for any other activities (capacity strengthening, strategic R&D, field research).

necessary to demonstrate the utility
of new disease control tools in disease

endemic countries and to identify

the optimal initial approaches for DISEASES 0 F TH E POO R: WHAT CAN TD R DO
its application.........The responsibil-

ity for application of new disease IN TH E FUTU RE ?

control tools rests with national

governments through disease control

programmes and primary health The Challenges ahead
care services; WHO technical units
should provide assistance to national TDR has a formidable challenge ahead. Progress has been considerable in a number of TDR

governments in introducing and
applying disease control tools”.

** Quoted by B. Agnew.®

diseases such as leprosy, Chagas disease, onchocerciasis and filariasis,"” and the overall contribu-
tion of TDR has been extensively documented in the External Reviews and other publications.!'®
s . The health situation, however, has deteriorated in other areas due to the emergence of new dis-
TDR played a key role in . . . ] ; ] ;
the creation, establishment and eases (e.g. HIV/AIDS), spread of drug resistance (e.g. in malaria), socioeconomic deterioration,' and
implementation of the Global resurgence of old scourges such as tuberculosis and dengue, which were added to the TDR disease
Forum for Health Research portfolio in 1999. To keep up with the challenges, the mandate of TDR has evolved from being very
ﬁ;ﬁ?éﬁgﬁﬁﬁ%ﬁn d simple and focused exclusively on biomedical research, to its present format, which addresses all
the Global Alliance for TB Drug stages of the development pipeline — strategic research, product development, product registration,
Development (GATB). ‘proof-of-principle’ trials, and participation in the implementation of new tools by health systems.
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The new opportunities

From all viewpoints, there are new opportunities on the horizon underlying the development
of new interventions:

* From the ‘offer’ or ‘push’ viewpoint, there are new scientific and technological advances result-
ing from the ‘biotechnological revolution’ (e.g. genomics, proteomics), and new information
and communication technologies.'”'8

* From the ‘demand’ or ‘pull’ viewpoint, there is a growing consciousness that health is not only
a consequence of development and prosperity, but also actually plays a role in the promotion of
these issues;'? and there is growing awareness of the crucial role that social, behavioural, politi-
cal, economic and health system factors play in the persistence and re-emergence of infectious
tropical diseases.

These new opportunities have spearheaded renewed political commitment at the highest level
(GS8, European Union), while powerful new players in health research have emerged (e.g. the
Bill and Melinda Gates Foundation), allowing increased support for an ever-growing number of
health initiatives (e.g. International Aids Vaccine Initiative, IAVI; Medicines for Malaria Venture,
MMYV; Global Alliance for TB Drug Development, GATB; Malaria Vaccine Initiative, MVI;
Global Alliance for Vaccines and Immunization, GAVI).

In response to these new opportunities, as well as to WHO’s new corporate strategy, TDR re-
emphasized its commitment to social science research, including research on the impact of health
sector reforms on equity, gender-sensitive interventions, and recently, research on the impact of social
and economic inequalities and globalization on the persistence and re-emergence of tropical diseases.

TDR’s comparative advantages

As pointed out in the Strategy 2000-2005, the Special Programme is well prepared to seize
these new opportunities and remain a key player in coping with the health challenges, particularly
those affecting poor and marginalized populations, because:

* TDR has unmatched experience, know-how and operational capability in its area of work as
a consequence of constant evolution through ‘experimentation and adaptation” during its 25
years of existence.

* As anetwork organization, TDR can tap into the expertise of a very large number of partners
in the North and South, in the public and private sectors — governments, academia, industry,
NGOs, communities.

* The Programme’s scientific independence, global perspective, quality and leadership in a
number of areas play an important role in setting the global health research agenda.

* TDR is considered a trusted broker, able to organize, initiate and monitor large-scale field
trials, being at the forefront in training scientists and strengthening institutions in the fields of
ethics®* and good laboratory practice.?*

* Addressing all aspects of the development pipeline, the Programme is able to collaborate and
partner a range of initiatives in specific, different areas of the R&D process. This allows TDR
to play, and be asked to play, the unique role of ‘transmission belt’ between partners:” TDR’s
actions span basic research — including in the social, economic and behavioural sciences — prod-
uct development, field trials, implementation research, and capacity building,

THE 15th PROGRAMME REPORT

How it is organized

This 15" Programme Report addresses the 1999-2000 biennium, which, as described above,

* th
was an unusual one. WHO reform, addition of tuberculosis and dengue to the TDR portfolio, Lzt vivardianiaisiii

Declaration of Helsinki has

adoption of WHO corporate strategy, adoption of the TDR Strategy 2000-2005, proliferation of considerable implications for

public-private partnerships — were among the key issues that were addressed in this period. medical research in developing
Far from slowing down TDR’s productivity, this new environment became a strong stimulus countries.

for change, reform and growth: ** As an example, TDR was

* The synergy between the WHO and TDR strategies — both of which underscore the impor- SEguEsies o pliy a excling e

O ; . . in establishing the international
tance of the role of research and knowledge in improving health — created an enabling environ- network to sequence the genome

ment for the Special Programme. of Anopheles gambiae.**
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* The broadening of the TDR disease portfolio to include TB and dengue, and of the TDR research
areas to include social, economic and behavioural sciences, on the one hand, and the location of
TDR in the Communicable Diseases cluster of WHO, on the other hand, provided the grounds
for the ‘fundamental restructuring’ as requested by the 3rd External Review. The result is a much
closer, growing and constructive collaboration between R&D and disease control components.

* TDR was able to keep up the momentum in stimulating PPPs,'!2132¢ a5 per its historical role,
and played a key role in the shaping and implementation of two important new initiatives —
MMV and GATB.

As an outcome of the new strategy, this report is structured according to the expected results
in the seven areas of work of TDR:

A. New basic knowledge: New basic knowledge about biomedical, social, economic, health system
and behavioural determinants, and other factors of importance for effective prevention and
control of infectious diseases, generated and accessible at national and international levels.

B. New and improved tools: New and improved tools devised for prevention and control of infec-
tious diseases, e.g. drugs, vaccines, diagnostics, epidemiological tools, environmental tools.

C. New and improved methods: New and improved intervention methods developed and vali-
dated for applying existing and new tools at clinical and community levels.

D. New and improved strategies: New and improved policies for large-scale implementation of
existing and new prevention and control strategies framed and validated; guidance for applica-
tion in national control settings accessible.

E. Partnerships and capacity building: Partnerships established and adequate support provided
for building up capacity for research and product development in disease endemic countries.

F. Technical information: Adequate technical information, research guidelines and instruments,
and advice accessible to partners and users in countries.

G. Resources for research: Resources for research, product development, and capacity building
efficiently mobilized and managed.

Why a new reporting format?

Areas A to D can be seen as steps in the process of product development (the so-called ‘R&D
pipeline’), from the early discovery phase to the large-scale implementation of the resulting new
interventions by health systems in disease endemic countries.

Areas E and F represent TDR’s knowledge management architecture” and the needs it will
address, such as:

* Building and strengthening the community and network of ‘knowledge worlers’.

* Managing knowledge generation, storage and dissemination.

* Conducting analytical work relevant to priority setting.

* Assuring the flow of knowledge.

Area G aims to mobilize and manage adequate resources for both the R&D pipeline and the
knowledge management requirements of the Programme.

More than just providing a different reporting format, this new framework is at the heart of
TDR’s new strategy:

* Differential investments across the R&D pipeline: Infectious diseases can be considered to be
at different stages of their ‘life cycle’. Some are being eliminated or eradicated due to the avail-
ability of cost-effective interventions and control strategies; others are re-emerging or continue
to impose an unacceptable burden in large areas of the world and require new or better tools.
R&D priorities, resources and efforts should therefore reflect: a) the burden of the disease; b)
the availability of cost-effective interventions; c) the knowledge base needed for future develop-
ments. Diseases undergoing elimination or eradication need more investments in research to
improve, refine and better implement control tools and policies (areas C and D), whereas, for
other diseases, the acquisition of new knowledge and development of new or better tools (areas
A and B) should be priorities.

* Relevance of knowledge management: evidence-based priority setting is becoming more and
more important for keeping the Programme’s focus, guiding future investments, and strength-
ening TDR’s role in the setting of the global R&D agenda in tropical diseases. In addition,
investments in TDR’s own operational capability have been defined as critical for successful
implementation of the new strategy.

The ‘Expected Results’ framework is therefore a multi-purpose endeavour. On the one hand
it fulfils the need to inform and report to our partners — as in the case of this 15th Programme
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Report. On the other hand, it represents a major tool for planning, managing, monitoring and
evaluating the activities of the Special Programme, now being reshaped as a knowledge manage-
ment and networlk organization under the new strategy. TDR’s operational capability, defined as its
driving force in the new strategy, requires renewed efforts in conducting the analytical work needed
to keep the Programme at the forefront of the complex and changing area of health R&D.

A bird’s eye view of TDR activities in the 1999-2000 biennium

It is not an easy task to select representative results attained by TDR-funded projects in the last
biennium. This section does not aim to be a summary of what was accomplished, nor to list the
‘top ten” accomplishments. Its purpose is to illustrate the new results-oriented approach adopted
by the new TDR Strategy.

A. New basic knowledge

* The long sought after breakthrough in the area of molecular entomology — stable transfor-
mation of Anopheles — was obtained by Catteruccia et al*® and represents the first milestone
in TDR’s 1991 workplan.?” This opens the way to the next goal: obtaining a laboratory strain
of Anopheles gambiae unable to harbour and transmit Plasmodium parasites.

* The identification of the molecular mechanisms by which the leprosy bacillus invades
peripheral nerve cells is an example of how new basic knowledge is needed to understand dis-
ease pathogenesis. TDR’s Final Report 14 (May 1999) describes the elegant work of Fischetti
and collaborators,” shedding light on the molecular basis of Mycobacterium leprae neurotro-
pism.

B. New and improved tools

* The registration of artemotil shows that drug development is a long-term process. TDR
started a partnership to develop this drug in 1991 — almost ten years elapsed between the
project start-up and formal registration approval by Dutch regulatory authorities.

* InTDR, the term ‘tools’ does not apply only to physical products such as drugs and vaccines.
The second example under this heading is of a quite different nature — it is an epidemiologi-
cal tool called ‘RAGFIL, or Rapid Assessment of the Geographic Distribution of Filariasis.?
The main elements of RAGFIL — the subject of Final Report 25 — will be used for mapping
filariasis in Africa.

C. New and improved methods

* Simple and imaginative interventions can be very effective: iron supplementation and inter-
mittent chemoprophylaxis, administered as components of the EPI vaccination schedule,
can effectively prevent severe malaria in young children.*3!

* Reaching the home and the community more effectively with antimalarial treatment can
make a difference: more than 50% reduction in progression towards severe disease, and 40%
reduction in under-five mortality, are some achievements of improving home management
of children with severe malaria (Final Report 29).

D. New and improved strategies

* A multicountry study completed during the biennium showed that a combined community/
health services system of community directed treatment of lymphatic filariasis in Africa
resulted in improved treatment coverage. Community directed treatment (ComDT) was
therefore recommended as the drug delivery strategy for lymphatic filariasis elimination in
Africa.®

* Molecular biology is being applied in the characterization of wild and domiciliated popula-
tions of insect vectors of Chagas disease. From the control programme’s perspective, it is
necessary to know the origin of the vectors present in rural houses. Final Report 21 shows
how this approach is being used to fine-tune the control strategy under implementation in
Andean countries.

E. Partnerships and capacity building

* PPPs to foster new drug development against neglected diseases made the headlines a
number of times during the biennium. TDR was a major player in the planning and imple-
mentation of MMV and GATB, both now operating as independent, not-for-profit organi-
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zations. Another strategy was adopted by TDR to stimulate the participation of major
Japanese pharmaceutical companies in the discovery of new drugs: instead of creating a
new organization, a partnership was formed among 12 Japanese companies, the Kitasako
Institute and the Japanese Ministry of Health and Welfare to screen the companies’ chemi-
cal libraries for antimalarials.

* The Multilateral Initiative on Malaria in Africa (MIM) is an international partnership to
foster scientific research against malaria. Under this initiative, TDR set up the MIM/TDR
Research Capacity Strengthening Task Force at the end of 1997. MIM/TDR became a major
driving force in malaria research and capacity building in Africa during the biennium.

F. Technical information

* TDR launched its 3rd generation website in 1999, and the results have been most reward-
ing. In December 2000, the last month of the biennium, the website received approximately
70 000 pageviews — almost twice as many as in 1999. As TDR now positions itself as a
knowledge management and network organization, further development of the website into
a fully interactive tool is a high priority.

* But information and knowledge do not flow only through cyberspace: ‘old style’, hard copy
paper publications are also absolutely required — and our production in the biennium has
been remarkable. Books, meeting and project reports, guidelines, conference proceedings,
laboratory and field manuals (including those describing ‘good practices’ — GLP, GCP —stand-
ard operating procedures), as well as formal publications in peer-reviewed journals are, and
will continue to be, crucial components of ‘knowledge repositories” and knowledge flow.

G. Resources for research

* All this work would not be possible without our core partners, who assure that TDR receives
resources compatible with its mandate and responsibilities. As shown in the list of our con-
tributors (pages 88-89), TDR continues to be supported by a broad base of donors — particu-
larly by a faithful core group, who share with us the vision that health research is essential
to cope with the burden that neglected diseases impose on poor and marginalized popula-
tions.

* The addition of two new diseases to our portfolio in 1999 was a ‘high risk” manoeuvre. We
knew that finding the corresponding additional resources in the extremely competitive envi-
ronment of today would be an immense challenge. However, there are both sound evidence
and good signs that we are navigating in the right direction. For one thing, new partners have
already joined forces with us, supporting our new strategy and mandate; and for another,
the growing recognition of the role of health in development brings new hope and sets an
optimistic scenario for the future.

I hope you will enjoy reading this report and agree that the 1999-2000 biennium represented

avery good ‘vintage’ for TDR.

Carlos M. Morel — Director, TDR
Geneva, May 2001

References

1. World Health Organization. Health: A precious asset (accelerating follow-up to the World Summit for
Social Development. Proposals by the World Health Organization). World Health Organization, 2000,
WHO/HSD/HID/00.1.

2. Bell DE et al. Report of the External Review Committee — Special Programme for Research and Training in Tropical
Diseases. TDR, 1982, TDR/JCB(5)/82.6.

3. Otero E et al. Report of the Second External Review Committee — Special Programme for Research an Training in
Tropical Diseases. TDR, 1988, TDR/JCB(11)/88.6.

4. Godal T. TDR towards the year 2000: Strategic considerations (working document for discussion at JCB-16,
June 1993). TDR, 1992, TDR/PTR-SCI/92.3 Rev.4.

5. Wigzell H et al. Third External Review of the UNDP/World Bank/WHO Special Programme for Research and

Training in Tropical Diseases (TDR) — Final Report. TDR, 1998, TDR/JCB(21)98.5, 1-133.

Brundtland GH. A corporate strategy for the WHO Secretariat. Report by the Director-General. World Health



o8B

10.

11.
12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

3L

32.

33.
34.

Organization, Executive Board 105th Session, 1999, EB105/3, 1-5.

UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR).
TDR Strategy (2000-2005). TDR, 2000, TDR/GEN/SP/00.1/Rev. 1.

Agnew B. When Pharma merges, R&D is the dowry. Science, 2000, 287:1952-1953.

Reich MR. The global drug gap. Science, 2000, 287:1979-1981.

Lucas A. Public-private partnerships: Illustrative examples. Workshop on public-private partnerships in public
health, Harvard School of Public Health, April 7-8, 2000. TDR, 2000, TDR/BP/00.1.

Morel C.M. Reaching maturity — 25 years of the TDR. Parasitology today, 2000, 16:522-528.

Buse K, Walt G. Global public-private partnerships: part I —a new development in health? Bulletin of the
World Health Organization, 2000, 78:549-561.

Buse I, Walt G. Global public-private partnerships: part Il —what are the health issues for global govern-
ance? Bulletin of the World Health Organization, 2000, 78:699-709.

Reich MR. Public-private partnerships for public health. Nature medicine, 2000, 6:617-620.
UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR)
Chagas disease, leprosy, lymphatic filariasis, onchocerciasis: Prospects for elimination. TDR, 1997, TDR/Gen/97.1.
UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR)
Snippets of achievement — The past illuminating the future. TDR, 2001, TDR/GEN/01.1:1.

Schoonbaert D. Tropical medicine, the Internet and current trends in biomedical communication.
Annals of tropical medicine and parasitology, 2000, 94:661-674.

Ward JP et al. Communication and information technology in medical education. Lancet, 2001,
357:792-796.

World Health Organization. Health — A key to prosperity: success stories in developing countries. World Health
Organization, 2000, WHO/CDS/2000.4.

UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases
(TDR). Operational guidelines for ethics committees that review biomedical research. TDR, 2000, TDR/PRD/
ETHICS/2000.1.

UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR).
Good Laboratory Practice (GLP) Training Manual (trainer), TDR, 2001, TDR/PRD/GLP/O1.1A.
UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR).
Good Laboratory Practice (GLP) Training Manual (trainee), TDR, 2001, TDR/PRD/GLP/01.1B.
UNDP/World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR).
Standard operating procedures for clinical investigators. TDR, 1999, TDR/TDP/SOP/99.1.

Godal T. Fighting the parasites of poverty: public research, private industry and tropical diseases. Science,
1994, 264:1864-1867.

Borghoff UM, Pareschi R. Information technology for knowledge management. Springer-Verlag, 1998.
Catteruccia F et al. Stable germline transformation of Anopheles stephensi, a mosquito vector of human
malaria. Nature, 2000, 405:959-962.

Anon. Report of the meeting Prospects for malaria control by genetic manipulation of its vectors. World Health
Organization/TDR, 1991, TDR/BCV/MAL-ENT/91.3.

Rambukkana A et al. Role of alpha-dystroglycan as a Schwann cell receptor for Mycobacterium leprae.
Science, 1998, 282:2076-2079.

Gyapong J, Remme H. The use of grid sampling methodology for rapid assessment of the distribution of
Bancroftian filariasis. Transactions of the Royal Society of Tropical Medicine and Hygiene, 2001 (in press).
Menendez C et al. Randomised placebo-controlled trial of iron supplementation and malaria chemo-
prophylaxis for prevention of severe anaemia and malaria in Tanzanian infants. Lancet, 1997, 350:
844-850.

Schellenberg D et al. Intermittent treatment for malaria and anaemia control at time of routine vaccina-
tions in Tanzanian infants: a randomised, placebo-controlled trial. Lancet, 2001, 357:1471-1477.
D’Alessandro U, Boelaert M. The 5th Amendment of the Declaration of Helsinki: implications for
medical research in developing countries. Tropical medicine and international health, 2001, 6:245-247.
Balter M. Gene sequencers target malaria mosquito. Science, 1999, 285:508-509.

Gyapong M, Gyapong JO, Owusu-Banahene G. Community-directed treatment: the way forward to
eliminating lymphatic filariasis as a public health problem in Ghana. Annals of tropical medicine and para-
sitology, 2001, 95(1):77-86.

INTRODUCTION



FIFTEENTH
PROGRAMME REPORT

L59~5% 6

New Basic Knowledge

ew basic knowledge about the biological, social, economic, health
systems, and behavioural determinants of ill health is essential
por improving and making more efpective tools jor the control of
inpectious diseases. In stimulating the generation op, and making accessible,
new basic knowledge, TDR works at national and international levels. Success
indicators include the number of new, significant and relevant scientipic

advances that are applied to neglected tropical diseases.
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Fluorescing mosquito larvae: genetic manipulation opens up a wide variety of new possibilities for disease control
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Innovative research in the biomedical and social sciences, leading to new interventions for
tropical diseases, is encouraged through TDR’s Basic and Strategic Research (STR) component.
The idea that powerful tools will facilitate long-lasting interventions is behind this area of work,
in which advances and leads that will move science in new and productive directions are identi-
fied. However, the targets and objectives of STR are long-term and the research is often a lengthy
process that can take decades rather than years. It includes research on pathologic mechanisms
and on social and economic factors of disease, development of research models, and identification
of drug, diagnostic and vaccine targets.

Significant changes in TDR’s way of working in its STR area
were introduced during the biennium. Firstly, the separate steering Box 1. Genomes on the Web
committees on pathogenesis and genome were combined into one
—the Steering Committee on Pathogenesis and Applied Genomics. Malaria (Plasmodium) Genome Project
This is a reflection of the advances in science — great leaps in http://www.wehi.edu.au//MalDB-www/who.html
knowledge in recent years mean that the post-genomics revolution  The WHO/UNDP/World Bank Schistosoma Genome
is now well under way. The focus is no longer only on ‘sequencing’  Natwork
genomes, i.e. on deciphering the order of bases along the length HEps) e AR hostedNsites achisto)
of deoxyribonucleic acid (DNA), but, based on this information, The Filarial Genome Network_
on identifying and understanding the roles of genes and proteins ) .
in each type of organism and on putting this information to use http:/./hehos:bto.ed.ac.uk/mbx/fgn/ﬁlgen.html
in developing new treatments and other means of disease control The Leishmania Genome Network

(see Box 1 for list of genome websites). For this reason, work on http://www.ebi.ac.uk/parasites/leish.html
genome and pathogenesis is now seen as a continuum, allowing  The Trypanosoma cruzi Genome Project
the exploration of new technologies, e.g. genomics, proteomics, http://www.dbbm.fiocruz.br/genome/tcruzi/tcruzi.html
bioinformatics and high-throughput screening, to open new ways  The Trypansoma brucei Genome Project
for accelerated discovery of new drugs, vaccines and diagnostics. http://parsunil.path.cam.ac.uk
The second major change introduced in STR during the bien- MycDB: Mycobacterium
nium was to include social, economic and behavioural research, http://www.biochem.kth.se/MycDB.html Anopheles
under a new Steering Committee on Strategic Social, Economic Database AnoDB

and Behavioural Research (SEB). SEB is located in STR to empha-
size the importance of the basic social sciences for identifying
needs and opportunities for improved prevention and control of
TDR diseases.

The above steering committees represent two of three major thrusts of TDR/STR. The third area
is molecular entomology. Important progress has been made in this area during the biennium.

Research on immunology of leprosy was a separate area managed in collaboration with the
World Health Organization’s (WHO’s) Department of Vaccines and Biologicals through the
Immunology of Mycobacteria Steering Committee (IMMYC) since 1994. IMMYC was disbanded
in late 2000 in order to promote a broader approach to leprosy research across the spectrum of
TDR activities, and all the relevant TDR committees are now open to leprosy research proposals.

http://konops.imbb.forth.gr/AnoDB/

NEW, SIGNIFICANT AND RELEVANT SCIENTIFIC ADVANCES

Pathogenesis and applied genomics

When a disease is acute, it is rapidly overcome and very few pathological changes develop in its
wake. However, when an infectious disease is chronic, the pathology is much

more serious; it arises when the immune system is caught between the need TDR research is helping to

to prevent further invasion by an organism and the need to effect a response clarify some of the pathologic
to any similar organisms already present in the body. Parasites, in contrast mechanisms involved in the
to the great majority of other infectious agents, commonly strike a balance etiology and progression of
with their hosts and continue to re-infect them. This situation forces the different diseases, including
host’s immune system to display a bewildering variety of responses in terms the genetic background, and

of effector cells, antibodies and messenger/signalling molecules. Our under-
standing of the development of pathology and resistance in most of the
parasitic diseases is incomplete, although a consolidated picture of interplay
between opposing immunological mechanisms is beginning to emerge.

is contributing to the
identification of potential
drug and vaccine targets.
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Each of the TDR target diseases displays its own
unique profile of acute and chronic inflammatory
responses based on the influence of various effector
cells and isotypical antibody stimulated by the invad-
ing organism. Typically, malaria is associated with the
destruction of red blood cells; lymphatic filariasis with
the deformities of elephantiasis; leishmaniasis with an
array of different pathologies depending on whether
the skin, mucous membranes or internal organs are
involved; schistosomiasis with pathology of the liver
or urogenital organs; African trypanosomiasis with
lesions of the central nervous system; onchocerciasis
with blindness and skin lesions; Chagas disease with
the heart and/or intestines; and leprosy with lesions of
the peripheral nerve trunks, resulting in damage to the
skin and distressing deformities. Research is supported
with the aim of finding ways and means to modulate
these responses in a way that reduces the pathological
response without jeopardizing the body’s immunologi-
cal defence system.

The pathology associated with Plasmodium
falciparum malaria is, in particular, due to adherence of
infected red blood cells in the brain, metabolic distur-
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DNA gel analysis. Researcher examines an bances, and organ dysfunction.
agarose gel containing DNA fragments using Research into the mechanism underlying adherence
ultraviolet light. of red blood cells to the lining of the blood vessels

(endothelium) in the brain indicates that the parasite
ligand PEEMPI may be key. The multi-adhesive nature of this molecule enables binding to at least
six different receptors in the host. The role of another adhesive molecule, the thrombospondin-
related adhesive protein (TRAP), in parasite invasion of epithelial cells of the host’s liver (hepa-
tocytes), has been studied in P. berghei mutants carrying different variants of the gene encoding
TRAP. Production of mutations of the A-domain of TRAP has made it possible to study the
mechanism and results indicate that it might be possible to reduce parasite invasion through inter-
fering with the interaction between TRAP and its receptor on the host’s hepatocytes.

A different line of research in pathogenesis of cerebral malaria has shown that immunoglobulin
E (IgE) levels are elevated in these patients, suggesting that this antibody may be playing a role.
This claim is supported by the finding that IgE forms part of immune complexes which induce
CD23-mediated production of tumour necrosis factor (TNF), a chemical messenger in the body’s
immune system (cytokine), in monocytes in vitro.

In the area of drug development, efforts to express and recombine P. falciparum dihydrofolate
reductase (DHFR) and thymidylate synthase (TS) for rapid drug screening assays have been suc-
cessful, but stabilization of the bifunctional DHFR-TS is needed to avoid spontaneous aggrega-
tion. In addition, a pathway involved in the DNA repair process has been shown to be exclusive for
P. falciparum and different from in the mammalian host. This is a long-patch base excision pathway
involved in repair of apurinic/apyrimidinic sites in DNA.

The role of individual Pxs25 malaria genes in colonization of the Anopheles mosquito has been
evaluated. These genes have been shown to drastically reduce the capacity of the parasite to com-
plete its life cycle in the mosquito host. However, complete elimination of transmission in this
experimental system has not yet been achieved.

In the area of vaccine development, several potent inhibitors of the surface protease responsible
for secondary processing of P. falciparum merozoite surface protein (MSP-1) have been synthesized.
Efforts continue to find P. falciparum choline kinase and choline phosphotransferase variants which
are sufficiently different from those of human cells to permit exploitation as vaccine targets.

TUBERCULOSIS: Tuberculosis (TB) researchers now have access to the Steering Committee on
Pathogenesis and Applied Genomics which meets annually. The first grant in TB was awarded in
September 2000 for the identification of genomic sequences potentially useful in the development
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of new diagnostic tests. In the future, it is expected
that grants will be awarded for use of genomic infor-
mation to identify and describe targets for the devel-
opment of new drugs and vaccines.

In filarial nematodes, a
new approach to validating potential drug targets
is being developed using the model nematode
Caenorhabditis elegans. Initially, expression of genes
encoding putative drug targets is suppressed using the
newly-developed technique of ribonucleic acid inter-
ference (RNAI), in which nematodes are exposed to
double-stranded RNA encoding a fragment of the
gene whose expression is to be silenced. The result-
ing worms are then examined to determine whether
viability, fertility or growth are adversely affected. If
they are, and the phenotype is considered suitable, mutants with permanent loss of function are
obtained for further analysis and development of drug screens.

The RNAi approach was used to evaluate the suitability of enzymes catalysing the metabolism
of the sugar trehalose, which is thought to be important in the formation of the cuticle or outer
surface of the worms. So far however, no simple changes in characteristics have been noted for
any of the genes silenced individually, i.e. none of the genes has been found to be essential and
therefore suitable as a drug target.

Scientists working to unravel the genome of Brugia malayi have succeeded in sequencing
2000 new expressed sequence tags (ESTs) from subtracted libraries and the genomic materials
have been conserved. In addition, laboratory staff in endemic countries have been trained in
bioinformatics.

BCG vaccine electrophoresis under ultraviolet light.

LEISHMANIASIS: In a move of major importance for our understanding of the biology of cell/
parasite interaction in leishmaniasis, investigators were able to block macrophage infection by
the Leishmania amastigote stage through use of monoclonal antibodies to proteophosphoglycan,
a constituent of the parasite’s surface. It was further demonstrated that amastigotes can readily
infect dendritic cells which are involved in the initiation of immune responses and are known to
be crucial to the development of an effective immune response against Leishmania.

SCHISTOSOMIASIS: The role of antigen-specific (idiotype) sites of antibodies in the develop-
ment and regulation of pathology due to schistosome infection can now be addressed by means
of a newly-developed experimental schistosomiasis model. Using this model, it was observed that
cross-reactive idiotype present in the sera of experimentally infected mice is of the IgG2a subclass
and responsible for the proliferation of CD4 cells (white blood cells bearing the glycoprotein CD4
on their surface). It appears that this antibody subclass in mice is important in inducing Thl
type responses, i.e. cell-mediated immunity, which may be crucial for resistance, at least to certain
antigens.

Further studies of the role of the schistosome TNF-a. receptor in the reproductive biology of
schistosomes indicates that levels of TNF-o in the serum increase in relation to egg production
and granuloma formation (growths which form around the eggs as a result of immune reaction).
The roles of cytokines in host pathology are being evaluated by studying the responses in ‘knock-
out’ animals, in which the genes for key signalling molecules have been removed. So far these have
given some divergent results suggesting that TNF can even be protective against cachexia (general
wasting away). Granuloma formation also seems to be influenced by STAT-6 (a signal transducer
and activator of transcription), ICAM-1 (an intercellular adhesion molecule) and LEA-1 (a leuco-
cyte functional antigen).

Research on the relation between chemokine receptors and clinical forms of schistosomiasis
has shown that distinct cell populations in the blood produce specific cytokines in different clini-
cal situations, e.g. granulocytes produce the Thl interleukin (IL-) cytokines IL-4 and IL-12, while
monocytes are an important source of IL-10 in acute schistosomiasis. Monocytes also produce
produce TNF-o. in the chronic form of the disease. CD4+ lymphocytes produce IL-4 and IL-10
while the latter cytokine is also produced by CD8+ lymphocytes in intestinal schistosomiasis.
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In the area of genome studies, the sequence and gene order of the mitochondrial genomes
of all the schistosome species infective for humans have been completed. This information
makes it possible to compare gene composition, gene arrangement, codon usage, structure of
ribosomal ribonucleic acids (tRNAs) and transfer (t)RNAs, and to provide information on non-
coding sequences including intra- and inter-specific variation in schistosomes, opening the way
for entirely new research directions. In addition, EST clones from the various stages of Schistosoma
mansoni and S. japonicum have been generated and supplied by the Genome Network laboratories.
Although the ultimate goal of generating the whole genome map is still far away, there has been
good progress in ongoing work on the production of a low-resolution map for chromosome 3 of
S. mansoni and the generation of an EST cluster map.

AFRICAN TRYPANOSOMIASIS: An experimental model of African sleeping sickness has been
developed using intestinal loops. The infection has been shown to cause marked intestinal
damage with increased leakage and elevation of endotoxins closely correlated with nitric oxide
and alterations in the levels of the cytokines TNF-o, IL-1b, IL-6, interferon-gamma (INF-y) in the
circulation. Further, the study of metabolic pathways in the parasites has indicated that inorganic
polyphosphates play a role in completion of the life cycle and growth of trypanosome popula-
tions. For example, there is a build-up of these compounds in the lag phase of Trypanosoma brucei.
Progress has also been made in proteomic analysis of the proteins involved in the differentiation
of T" brucei from blood stream procyclic forms.

In the area of genome research, approximately 2000 plasmids with inserts larger than 500 base
pairs had been sequenced before the beginning of 2001, and more than half of these were shown
to have no homology to ESTs present in public databases (i.e. they show no similarity to genes
from other organisms). In addition, great strides have been made towards completing a physical
map of the T brucei genome. A physical library is ready, and several high-density filters have been
prepared and distributed to the scientific community.

ONCHOCERCIASIS: Recent results indicate that the first step towards the development of blind-
ness is due to certain Onchocerca volvulus proteins which are implicated in the growth of new blood
vessels in the eye. Identifying these proteins was a breakthrough, but much research remains to
be done, e.g. it appears that the proteins are neither immunogens nor mitogens, thus ruling out
an immunological explanation. In addition, the role of eosinophil eotaxin (a type of cytokine) in
diethylcarbamazine (DEC)-induced skin lesions has been confirmed.

Genetic research on O. volvulus has shown there to be intra- and inter-strain variation in poly-
morphic microsatellite loci between savannah and forest strains of the parasite, suggesting that
different genetic constitutions are associated with the different clinical manifestations.

CHAGAS DISEASE: In research on Chagas disease, a common pattern of cardiomiocyte G pro-
tein-coupled receptors and Trypanosoma cruzi ribosomal P proteins has been found. This antigenic
determinant (P proteins), identified and mapped using synthetic peptides, strongly suggests that
immunological cross-reaction is the culprit in the commonly seen heart-related pathogenesis in
Chagas disease. Further, glycosylphosphatidylinositols (GPIs) that function as anchors for mucins
appear to be hundreds of times more active in trypomastigotes (stages in the life cycle that occur
in the mammalian host) than GPIs isolated from epimastigates (forms that occur in the insect
host). These anchors appear to stimulate phosphorylation of three distinct mitogen activated pro-
tein (MAP)-kinase macrophage cascades, two of which are responsible for TNF—o induction and
the third responsible for nitric oxide production. In a different line of research, the 3-dimensional
structure of " rangeli sialidase has been obtained and there has been progress on the T. cruzi
counterpart. Mutagenic studies, based on crystallographic data, have revealed that only very few
amino acids confer trans-sialidase activity to a sialidase scaffold. Single or double point muta-
tions in or near the active site were able to abolish or maintain trans-sialidase and simultaneously
increase the sialidase effect. As it has been shown that T cruzi trans-sialidase is implicated in the
invasion of mammalian cells, elucidating its mechanism of action is relevant for rational drug
design against this parasite.

Calreticulin, an important chaperone for glycoprotein folding, has been shown to be impor-
tant, possibly essential, for T cruzi viability. Research using experimental infection in mice has
confirmed that the genetic make-up of the host and the parasite clone used for infection play an
important role in tissue tropism (i.e. which tissues the parasites invade).
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LEPROSY: A high point of recent leprosy research has been to identify the molecular basis of the
Mycobacterium leprae attraction to nerve tissue (neurotropism). M. leprae needs to invade peripheral
nerve cells in order to survive, replicate and establish infection; during this process it causes sig-
nificant damage to peripheral nerves, leaving patients with disabilities and deformities. Receptors
on particular host cells act as initial targets with which the leprosy bacillus interacts. Attachment
of the bacillus is either direct, between bacterial ‘adhesin’ and host cell receptor, or indirect,
through absorption onto the bacterial surface of a bridging molecule of host cell origin. The initial
and crucial step in the disease process is the attachment of M. leprae to the basal lamina that sur-
rounds the Schwann cell-nerve axon unit. A TDR-sponsored study has shown that the G domain
of the alpha2 chain of endoneurial laminin (filling material between cells) is crucial to the inva-
sion of peripheral nerves by M. leprae. Furthermore, the receptor on the Schwann cell that binds
to the laminin alpha2-G receptor has been identified as alpha-dystroglycan, and a candidate pro-
tein receptor on the surface of M. leprae that binds to this same laminin receptor has also been
identified. This work makes a profound contribution to our understanding of the pathogenesis of
leprosy and may have important implications for the design of interventions to control leprosy-
induced nerve damage.'?

Sequencing of the genome of M. leprae was initiated and catalysed by TDR, even though the
majority of funds for the activity came from outside. TDR’s initial investment in 1989° proved a
stimulus to in-depth analysis and genome sequencing by an international network of laboratories
such that, by the end of 2000, sequencing was completed. The complete sequence, generated
from a combination of cosmid and whole-genome shotgun sequencing, is 3 268 203 base-pairs in
length. Less than half the genome contains functional genes (1604 protein-coding genes identi-
fied), but pseudogenes (with intact counterparts in M. tuberculosis) abound. Gene deletion and
decay have eliminated many important metabolic activities, and may be the explanation for
the extremely slow growth of M. leprac and its refractoriness to cultivation in vitro. Both the
sequence and annotation have been deposited in the public databases with the accession number
AL450380.*

Sequence data are being used in TDR-sponsored research to develop a diagnostic skin test
capable of determining whether or not an individual has been exposed to M. leprae. The test is
expected to help in understanding the transmission of leprosy and its epidemiology. M. leprae-
specific peptides should have unique amino acid sequences, or significant sequence dissimilarity
from other mycobacteria. Peptides 15 amino acids in length were synthesized from 33 genes or
open reading frames. They were tested against cell preparations from tuberculoid leprosy patients
from Brazil, Ethiopia, Pakistan and Nepal, with UK blood donors serving as non-exposed/non-
infected controls. Peptides which induced potentially specific responses in leprosy patients but not
in UK controls, as well as peptides that were cross-reactive (present both in patients and controls),
were identified. A difference of five amino acids from the equivalent M. tuberculosis sequence did
not, by itself, identify peptides that were M. leprac specific, a finding which suggests that many
of these peptides may have homologues in environmental mycobacteria. Nevertheless, a number
of peptides have been identified that provide greater than 90% specificity and 19-47% sensitivity
for diagnosis. These peptides, as well as new candidate peptides identified in the course of the
leprosy sequencing project, will undergo further testing. Such peptides would have great potential
as T-cell reagents, formulated either as skin test reagents or as antigens for testing in vitro, with
which to monitor exposure to M. leprac within communities.

Molecular entomology

The vision of the malaria-transmitting mosquito as a harmless insect that doesn’t transmit the
disease is becoming more tangible year by year. In the last two years, significant progress has been
made in this area of TDR’s work. The ultimate aim is, through manipulation of mosquito genes, to
replace the natural vectors of malaria in the wild with populations of anopheline mosquitos that
are unable to support development of malaria parasites. The mosquitos would live in their normal
environment but be unable to transmit malaria. This work began in 1991, when 36 specialists
were brought together by TDR, the Wellcome Trust and the MacArthur Foundation to discuss
the most promising lines of research in this new approach to mosquito control. It was estimated
that the task would take 10-15 years to complete. Three main areas of research were recognized.

One area is to identify genes in the mosquito which prevent development of the parasite — even
a mosquito that transmits malaria is able to kill off many parasites. The second line of research
is to develop methods for inserting genes into the mosquito genome. At first, model genes are

NEW
BASIC KNOWLEDGE

! Rambukkana A et al. Role
of alpha-dystroglycan as a
Schwann cell receptor for

Mycobacterium leprae. Science,
1998, 282:2076-2079.

2 Leprosy. TDR Final Report Series
no. 14, May 1999.

3 to Stewart Cole, Pasteur
Institute, Paris.

*Cole ST et al. Massive gene
decay in the leprosy bacillus.
Nature, 2001, 409: 1007-1011.
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inserted — such as green fluorescent protein, which makes a transformed mosquito easy to distin-
guish. But the aim is to insert genes selected from the ongoing projects on gene identification,
and this has begun. The third line of research, and potentially the most problematical, not only
because of the technology required, but also because of ethical, safety and regulatory issues, is to
drive the selected genes into wild mosquito populations. Work in this area covers the genetics and
dynamics of malaria-transmitting mosquito populations, and mosquito behaviour. For example,
we need to know why a mosquito might prefer to feed on humans rather than animals, what
natural chemicals it responds to in its life, and ultimately which genes are involved and might be
used to change the mosquito’s behaviour by inserting into its genome — changing it into an insect
that doesn’t like to feed on humans, for example. Developments along these three lines of research
in 1999-2000 are outlined below. They mostly concern Anopheles gambiae, the main malaria vector
in Africa.

Issues of ethics, risk perception, assessment, communication, choice of sites and plans for
deploying a genetically engineered mosquito, and the socioeconomic issues associated with such
an undertaking, are being addressed through a joint initiative under formulation by the TDR
committees of Molecular Entomology, and Social, Economic and Behavioural Research.

Analysing the mosquito genome and identifying genes
A variety of activities contribute to the analysis of a genome. These include sequencing the
mosquito genome and mapping together the fragments of genome information as they arise.
In 1999-2000, TDR supported a pilot gene discovery project based on

A large number of mosquito genes have EST analysis of high quality complementary DNA (cDNA) libraries from
already been identified and, in a new tissues critical to the interaction of the malaria parasite with the mosquito
international effort, genes of Anopheles vector. More than 6000 ESTs have been cloned and analysed, leading to
gambiae are being sequenced directly the discovery of a large number of genes. Integrated genetic and physical
using the ‘shotgun’ approach. Two public maps compiled through in situ hybridization of several hundred bacterial
databases on Anopheles species are artificial chromosomes (BACs) to polytene chromosomes and a high resolu-

tion microsatellite map of A. gambiae have been completed. This will permit
intensive analysis of regions of the genome associated with malaria related
genotypes and coordination of complete genome sequencing efforts.
Building on the above, an international network of partners was formed (see list) and a global
effort in sequencing the A. gambiae genome matured through the biennium. It was formally launched
in March 2001. The project will build on the initial genomics research carried out at some of the
participating institutions, and draw on the strengths of the different partners. TDR will play a
coordinating role. Research capacity strengthening of malaria endemic country laboratories in con-
temporary genomics techniques is a priority of the network. It is expected that complete sequencing
of a laboratory strain of A. gambiae will be available by the end of 2001. The approach being taken
is to search for genes directly using the ‘shotgun’ approach, then to map the physical location of the
genes on the chromosomes, from which their DNA sequences can be ascertained.” ©

established.

Sequencing the Anopheles gambiae genome

Current funding partners Current research partners
e TDR e Institut Pasteur (France)
® National Institutes of Health, USA  European Molecular Biology Laboratory (EMBL)

® French Government e University of Notre Dame (USA)
e Multilateral Initiative on Malaria  ® French National Sequencing Centre (Genoscope,
® European Commission France)

e (Celera Genomics (USA)

e European Bioinformatics Institute (Ensembl/EBI, UK)
e Institute for Genomic Research (TIGR, USA)

e Institute of Molecular Biology and Biotechnology

5 Balter M. Gene sequencers target (IMBB, Greece)
‘2‘;3513‘;2)38”5‘859‘:1““0 Science, 1999, * Organization for Nucleotide Sequencing and Analysis

(ONSA network, Sao Paulo, Brazil)

° Balter M. Sequencing set for
;| 2 ® leading mosquito researchers around the world

dreaded mosquito. Science, 2001,
291:2289-2291.
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To accommodate the data emerging
from the network, a new public database
devoted to the genome of A. gambiac was
established — AnoBase. As well as sequence
information, this database will include full
information about the role and function of
genes as it becomes available. Another data-
base, the Anopheles database AnoDB (see
box 1), was started by TDR in 1996. This
database contains data on the biology and
genetics of anopheline mosquitos. During
1999-2000, it was enhanced with new soft-
2 ware (AceDB) and underwent some restruc-
= turing.

Knowledge of the total genomic infor-
mation of the three organisms that partici-
pate in the malaria transmission cycle (the
parasite, the human, the mosquito) could open up unprecedented opportunities for understand-
ing and blocking disease transmission, and will lead to the discovery of targets against which new
drugs and vaccines can be produced.

Anopheles gambiae — a new genomic database established.

Discovering mosquito genes which stop the parasite developing

As a malaria parasite moves through the mosquito, it has to cross several barriers. These
include the epithelia of the midgut and the salivary glands, where mosquito defences can stop the
parasite’s development. Another barrier is provided by the mosquito’s immune
system. TDR is supporting studies to gain insight into molecules which pre-
vent the parasite from invading the midgut and salivary gland epithelia, and
into molecules which allow the parasite to survive these barriers and com-
plete its life cycle.

Activation of parasite gametes begins in the midgut, soon after a mosquito
has taken a blood meal from a malaria infected person. More details of game-

The focus is on gaining insight into
parasite-mosquito interactions at three
main barriers in the mosquito — the
midgut, the immune system, and the
salivary glands. Nineteen immune genes,

tocyte activation factors have been obtained, and cell surface molecules and possibly involved in warding off the
their roles in mosquito-parasite interactions have been identified. The locali- malaria parasite, have already been
zation of peptides that act as signals for the malaria parasite in the midgut is identified. Lines of midgut cells and
being investigated, and a new high-quality cDNA library has been generated, immune response cells have been
containing genes expected to be expressed in the adult female midgut. A new generated for further research.

cell type — Ross cells —was discovered in the midgut epithelium of mosquitos.
These cells are preferentially invaded by the parasite’s ookinete stages when
they cross the midgut epithelium.”?

Attention is also being paid to the mosquito’s immune system. In some strains of mosquito,
the immune response is so strong that the malaria parasites are killed, but normally the parasites
manage to survive in small numbers. Immune reactions have been demonstrated at the molecular
level in the midgut and salivary gland epithelia, in haemocytes, and in the fat body (the insect
equivalent of the liver). A pilot study using cultured mosquito immune cells identified 30 puta-
tive genes, of which 19 are thought likely to be involved in the mosquito immune system and " Malaria. TDR Final Report serics,
possibly in blocking development of the malaria parasite. Another study focused on identifying . no. 13, Oth’ber 19?9'
genes which determine the susceptibility of A. gambiae to pathogens. Molecular variation in the %}l‘;s}:i;‘;:rj“; %ﬂl::;“,:niz fl;in_
defensin gene was analysed, defensin being a protein that is active against pathogens. Very high tially invadgs vesicularrzﬁTPase-
genetic variation was found within a number of mosquito populations — 76 distinct sequences of expressing cells in Aedes acgypti
the defensin gene were found altogether. Extensive analysis is necessary to understand the role midgut. Proceedings of the National
and control of this gene. Academy of Sciences, USA, 1998,

. . . . . 95(7):3385-3389.
Knowledge of how the malaria parasite interacts with the various organs and the immune 5 Zeiler H, Nawrocki JP.

system in the mosquito may lead to development of novel strategies for blocking disease transmis- Shahabuddin M. Plasmodium
sion. But because it is difficult to obtain material from mosquitos, TDR supports the development gallinaceum ookinetes adhere spe-
of mosquito cell lines, which are safe to work with and much easier to use than actual mosquitos. cifically to the Aedes acgypti

Cell lines of mosquito midgut and immune cells have been generated — midguts of early 4th, and midgut epithelium by interac-
tion with a carbohydrate ligand.

perhaps 3rd, larval stages (where most multiplication occurs) were found to be the most successful Journal of experimental biology,
for this. Cultures of mosquito cells active in immune response have also been developed which, 1999, 202(pt5):485-495.
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when exposed to an infectious agent e.g. a bacterium, respond by switching on specific genes,
ultimately resulting in the synthesis of specific proteins to fight the infection. It was from these
cells that the 30 putative genes mentioned above were isolated.

Novel immune response genes, and several specific transcriptionally co-regulated gene clusters
elucidating new aspects of vector mosquito antimicrobial and antimalarial responses, have been
discovered through cDNA microarray analysis. Further definition and dissection of the regulatory
pathways and effectors involved in restricting malaria parasite development in the mosquito will
be facilitated by global expression profiling of A. gambiac immune responses.

The malaria parasite can only be transmitted to a person after it has invaded the mosquito
salivary glands. One study supported by TDR is looking at the control of genes in the salivary
glands, at identifying sections of DNA which act as control or ‘promoter’ regions for genes, switch-
ing them on and off as directed. The first salivary gland specific gene to be isolated from A. gam-
biae was a putative apyrase gene (apyrase helps prevent coagulation of blood). In another study,
a peptide was isolated which strongly inhibits the sporozoite stage of the malaria parasite from
entering the salivary glands and midgut. This provides a potential tool — it represents a potential
gene that could be inserted into the mosquito genome.

Development of genetic and molecular tools for inserting selected genes into the
mosquito genome

In this area of work, a landmark event announced in June 2000 was the insertion of a gene
into Anopheles stephensi, a major malaria vector on the Indian subcontinent.'® This was the first
stable germline transformation of an Anopheles species. In this instance, the

Systems have been described model gene for green fluorescent protein (GFP) was inserted, making the

for inserting genes into transformed mosquitos glow green when excited by ultraviolet light. At a
Anopheles stephensi and later stage, the GFP gene might be replaced by genes which inhibit parasite
A. gambiae. development. Work has already begun on one particular gene family —

the Anopheles trypsin gene family, which consists of at least seven genes

tightly clustered in a single locus. Trypsin is involved in blood feeding, and
all the genes are expressed in the gut of
female mosquitos (male mosquitos don’t
feed on blood). Researchers have been able
to insert a promoter for the trypsin gene
into the germline of A. stephensi.

In this work, a transposon — a small
mobile piece of DNA which inserts ran-
domly into chromosomes — known as
Minos was used to help transfer the gene
into the A. stephensi genome. Preliminary
results from work on A. gambiae indicate
that another transposable element, known
as piggyBac, can be used to transform this
species of Anopheles. In the first instance of
insertion into the A. gambiae genome, the
gene for GFP was again used as the model
gene.

These studies have now demonstrated
the feasibility of transposable element-
based systems for transformation of mos-
quitos. It is likely that more and more
laboratories will be able to apply the power  Microinjection of a single cell, a technique introducing foreign
of transgenesis in the investigation of the increased amounts of DNA into the cell nucleus.

molecular biology of vectors.

AT1IV1d/A¥V¥EI1 0L0Hd 3INIIIS

Development of methods to spread selected genes in wild mosquito populations

" Catterucia F. et al, Stable germ- Steady progress has also been made in this area of work during 1999-2000. In order to develop
htnehtrafleormam,’i‘ OfAt"”p h’;ks methods and strategies to spread selected genes through wild mosquito populations, we need to
Stephenst, a mosquito vector O .. . . . .
huI:nan malariz Nature, 2000, understand how genetic information flows between mosquito populations i.e. how related they are
405:959-962. to each other, and what influences mosquito behaviour.



NEW

r
f,T @ _& :-_{ﬂ @ BASIC KNOWLEDGE

An ongoing study is looking at gene propagation between different populations of mosquitos.
Results indicate that there is little genetic variation among populations of A. gambiae and A. ara-
biensis — in other words, few subpopulations are found across the continent of Africa. However,
the Rift Valley of eastern Africa was seen to act as an ecological barrier to gene
flow, separating genetically distinct eastern coastal populations of A. gambiae Amongst other things, studies have shown
from populations west of the Rift Valley which stre.tch as far as West .Afrl?a. Anopheles gambiae populations in Africa

Data collected in another study suggest that this lack of genetic diversity to be closely related to each other. with
may be accounted for by the amount of gene dissemination among wild mos- . ‘y . .. ‘

. . . little genetic variation across the whole
quito populations. Significant levels of gene flow were found to occur between :
different molecular forms of A. gambiae, as revealed by DNA analysis of sperm Sl
from the reproductive systems of female mosquitos. A diagnostic tool, under
development to differentiate between chromosomal forms of A. gambiae and
determine whether there is gene movement between them, showed the amount of genetic diversity to
be drastically reduced in laboratory colonies as compared to a field colony. These results were based
on microsatellite (highly variable pieces of DNA) polymorphism at nine loci on chromosome 3 in the
different colonies of mosquitos.

Populations of mosquitos build up very rapidly after onset of the rainy season — more rapidly
than can be explained by the mosquito reproduction rate. Preliminary results in Western Kenya
indicated that anopheline eggs are capable of surviving long periods of dry season before hatching
into larvae after onset of the rainy season (in contrast to conventional wisdom that anopheline
eggs hatch shortly after they are laid). This study on effective population size and gene flow in A.
gambiae is looking to predict the occurrence and abundance of major malaria mosquitos.

The data produced in all these and similar studies will be useful, in due course, for identify-
ing sites where transformed mosquitos might be released under the TDR molecular entomology
programme. But before appropriate strategies to spread new genes among field populations can be
designed, baseline information on mosquito behaviour and life history in the field is also needed.
Research in this area includes a study of mosquito egg laying behaviour. This work has validated
the hypothesis that sites selected by A. gambiae for egg laying are associated with certain species of
bacteria and with microbial metabolites, which gravid female mosquitos respond to. Another line
of ongoing TDR research is to characterize odorant binding proteins (OBPs) involved in mosquito
recognition of human odours.

Thus this work helps us to understand gene flow in mosquito populations and to predict how
malaria resistance genes will spread. Selected genes will have to be driven into wild populations
of mosquitos. Possible driving forces have been described, e.g. transposable elements, which have
the ability to spread through natural populations. Another potential gene driving mechanism is
the ‘cytoplasmic incompatibility’ induced in mosquitos by infection with the symbiont Wolbachia;
identification of genes and genome sequencing of two Wolbachia strains has begun.

The hypothesis that genetic manipulation of vectorial competence could be used to control the
transmission of many vector-borne pathogens has stimulated much research in insect immunity,
control of gene expression, transgenic technology, ecology, and prophylaxis of tropical diseases.

Gene transfer technology offers a powerful tool to investigate the role of insect molecules involved " Recommendations of a Scientific

in parasite-host cell interactions and opens up a wide range of applications with which to explore Working Group on Strategic Social,
genomic data for disease control. Economic and Behavioural Research.

Report of a meeting, 31 May-2
9 1 9 1 June 2000, Switzerland.
Strategic social, economic and behavioural research e RSER
The first meeting of the newly established Steering Committee on Strategic Social, Economic SWG/00.1 available on request

and Behavioural (SEB) Research was held in Geneva in September 2000, when a vision was devel- from TDR, and also to down-

load from: www.who.int/tdr/

oped for the next five years and a detailed workplan constructed for the coming two years. This publications/publications/sebhtm

committee was created following recommendations from the Joint Coordinating Board (JCB) in
June 1999, and was preceded by a Scientific Working Group (SWG) of experts
from a range of social, economic and policy sciences who met in Geneva, June
2000, to set the overall direction for SEB." The first call for grant applications
was issued in October 2000.

Over the next few years, SEB will focus on gaining better understanding

The focus of the new Steering Committee
on Strategic Social, Economic and
Behavioural Research is on the complex

of how globalization and changing social, political and civil structures affect relationship between poverty, inequality,
people’s access to health care and occurrence of TDR diseases — whether and infectious disease persistence and
the diseases persist, resurge, or re-emerge. An important aspect of the emergence.

Committee’s work will be to support capacity building.
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From the beginning, TDR has placed considerable emphasis on the social and economic aspects
of tropical infectious diseases and their control. From 1979-1994, social science research was
supported through the Steering Committee on Social and Economic Research (SER), and, after
1994, through the Applied Field Research (now Intervention Development and Implementation
Research) team. SEB is located within the STR area to reflect a focus on basic, rather than applied,
social, economic and behavioural research issues of trans-disease and global importance.

The focus of SEB reflects the growing interest in the complex relationship between poverty and
health. On a worldwide scale, infectious and parasitic diseases disproportionately affect popula-
tions living in poverty. Social, political and economic inequalities are central to the persistence
and spread of these diseases, and the performance of health systems in protecting vulnerable
populations from the impact of these diseases often falls far short of what is needed. Over the
next several years, the SEB Steering Committee will examine these issues within the context of
globalization, the changing role of the state, and the emerging role of non-state actors (the private
sector, non-governmental organizations and civil society).

Gender issues

The Intervention Development and Implementation Research (IDE) Task Force on Gender
Sensitive Interventions (GSI) was created in 1998, with the overall aim to develop a conceptual
framework and practical guidelines for incorporating gender considerations into tropical disease
control programmes and services. To accomplish this, GSI sought to support
studies that:

* develop and test methods for identifying potential gender inequities in the
way tropical disease control programmes and services are designed, delivered,
received and evaluated.

Research on gender issues
is ongoing in a number of
the TDR diseases. The aim is

to ensure gender equity in ¢ develop and evaluate interventions that incorporate a gender perspective in
the prevention and control of (ropical discase control.
infectious diseases. However, with the creation of the new SEB Steering Committee, it was

decided that gender research would benefit from the broader perspective on

equity in health care taken by SEB. Therefore, the gender portfolio will be contin-

ued under the auspices of SEB, which will seek to develop a more comprehensive research agenda
on gender equity in the prevention and control of neglected infectious diseases.

Ongoing work includes a study in Ghana to develop and pilot a district-level participatory
planning process to identify and address gender issues in malaria control; a study in Myanmar
to develop gender-sensitive approaches to reducing ocular disabilities in leprosy patients; a study
in Brazil to identify gender specific barriers to leprosy detection and treatment; a study of the

dWNYI/YAL/0HM

Lymphatic filariasis women’s support group.
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feasibility of women’s support groups for lymphatic filariasis; two studies on schistosomiasis of the
reproductive tract; and a four-country study of gender specific barriers to TB control. This latter
work was initiated by the WHO Global Tuberculosis (TB) programme and continues in TDR. It
is an investigation into the effects of sex and gender on the performance of TB control services in
Malawi, Colombia, Bangladesh, and India. Country level worlk began following a protocol devel-
opment workshop in Geneva in December 2000.

Results and experiences from these studies will contribute to the development of general guide-
lines for identifying and addressing gender specific needs, barriers and opportunities in infectious
disease control.

Health sector reform

Following the report of the Ad Hoc Committee on Health Research Relating to Future
Intervention Options,'” TDR managed, outside its normal activities, a research portfolio entitled
Comparative Studies on Health Sector Reform. Some of the stakeholders in the then accelerating
number of health sector reforms in countries were concerned about the effects
of these reforms. With support from the Norwegian Government and in col- Research shows that health sector reforms
laboration with the International Clearinghouse for Health System Reform often have unintended and undesirable
Initiatives ICHSRI) in Mexico, 54 individual studies were initiated in three eﬁects, e.g. increased inequity in access
rounds (1996, 1997, 1998). On establishment of the Steering Committee on to services, primarily due to problems in
SEB in 2000, finalization of the work was integrated into this committee.

During 1999 and 2000, the studies from the first two rounds were com-
pleted and results are being prepared for publication — eight are to be pub-
lished in an international peer reviewed journal. Most of the 1998 studies,
which all address equity, have also been completed. These studies will be supported technically
during 2001 and the results made internationally available.

Results from the studies show that health sector reforms do indeed have many unintended and
undesirable side-effects, e.g. shifting provider behaviours towards less cost-effective procedures
and prescription practices, and increased inequity in access to services. While the intentions of
the reforms were good, the problems lay in implementation, lack of monitoring, and lack of timely
and adequate corrective measures when things start to go wrong,

The first three rounds of studies did not specifically focus on issues related to tropical diseases,
but during 2000, a call for proposals was announced under the heading Health Sector Reform
and Tropical Diseases 2000. The overarching aim is to study the opportunities and threats to
the control of tropical diseases posed by ongoing health sector reforms. All the TDR diseases
disproportionately affect poor and marginalized people, those who are often adversely affected by
the approaches to reform as shown in the first rounds of reform studies. Two of the diseases, TB
and malaria, are high on the international agenda, while the other eight diseases tend to be more
neglected, although four (lymphatic filariasis, onchocerciasis, Chagas disease, leprosy) are targeted
for elimination. Sixteen proposals were selected for funding and will be provided with technical
support during 2001/2002 to develop appropriate methods and conduct the studies.

implementation and monitoring.

12 Investing in health research and
development: report of the Ad
Hoc Committee on Health Research
Relating to Future Intervention
Options. World Health
Organization 1996, document
no. TDR/Gen/96.1 (available

from TDR on request).
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New and Improved Tools

iscovery and development o new drugs, vaccines and diagnostics jor
the TDR target diseases, under Product Research and Development,
i3 an area that has expanded in recent years. New and improved
tools por use in injectious disease prevention and control — drugs, vaccines,
diagnostics, epidemiological tools, environmental tools — are being developed.

The progress indicators include new candidates (drugs, vaccines, diagnostics)

ready to enter the development pipeline; new candidates in development;
new and/or improved tools (drugs. vacecines, diagnostics) resulting in regula-
tory approval; and new and/or improved epidemiological tools developed por

use in control ofy neglected tropical diseases.
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NEW CANDIDATES READY TO ENTER INTO DEVELOPMENT

Drug discovery research

The major changes in Drug Discovery Research in 1999 and 2000 were the updating and
restructuring of the screening operations; the progression of candidates for treatment of some
target diseases into initial pharmacokinetic studies and, in some cases, further development; an
increased emphasis on natural product research; and the preparations to include tuberculosis and
possibly dengue in the drug discovery portfolio.

Under the new screening system, compounds submitted for integrated
screening are first tested in a single laboratory for activity in vitro against
a range of different parasites. If a compound is active, it is sent for more
detailed analysis to one or more laboratories that are specialized in indi-
vidual parasitic diseases. This has resulted in increased throughput and effi-
ciency of the screening operations.

In the natural products area, several projects investigating the activity of
purified antimalarial or anti-leishmanial compounds, or semi-synthetic ana-
logues, are being funded (see below). As part of a broader effort to enhance
research capability strengthening in disease endemic countries, a meeting
on Natural Products for Treatment of Tropical Diseases was organized in
August 2000, to address issues of common interest for both traditional and
pharmaceutical medicine disciplines and to seek ways in which effective, safe
and cheap natural products may be more easily developed.

In malaria drug discovery research, the principal current development
candidates are synthetic antimalarial peroxides, several of which have been analysed in detail
in pharmacokinetic studies. Further development work on one series of peroxides is now being
funded by the Medicines for Malaria Venture (MMYV). In the future, it is foreseen that other
promising malaria projects which have been nurtured in TDR might also be taken up by MMV.
Work on two other peroxide series has produced molecules with improved physical and pharma-
cokinetic properties, as discussed at a TDR-organized meeting on these candidates in September
2000. Selected molecules from one series are being characterized further. Additional research on
identified molecular targets or relevant biochemical pathways (defined kinase families, dihydro-
folate reductase, shikimate pathway, choline uptake and metabolism) continues to be supported,
and analogues of manzamine and dioncophylline, natural products with interesting antimalarial
activity, are being characterized. At the screening level, an important step forward was the suc-
cessful launch of the JPMW — a partnership between 12 Japanese pharmaceutical companies, the
Japanese Ministry of Health and Welfare, and TDR/WHO - in October 1999. Under this agree-
ment, it is planned to screen some 12 000 compounds and natural product extracts for antima-
larial activity over a five-year period. Some compounds with good activity in vitro and reasonable
activity in animal models have been identified and characterized, and, in most cases, analogues
of these compounds are being tested or will soon be available for testing.

For onchocerciasis and lymphatic filariasis, moxidectin was established as the leading candi-
date for further development. At the discovery level, new approaches to target validation and lead
discovery have been introduced. Research using gene knockout and RNA inhibition approaches
to target validation is being funded, as are two molecular target screens that were set up follow-
ing a TDR-organized meeting in 1998 on Molecular Targets for Filariasis. The traditional screen-
ing on whole organisms has been reorganized and now incorporates initial in vitro studies on
cultured parasites. A meeting on Wolbachia bacteria as possible targets for anti-onchocercal drugs"
2 (December 1999) led to the testing of a series of antibiotics, some of which show promising anti-
onchocercal activity and are being investigated further. Work on possible mechanisms of resist-
ance to ivermectin led to the establishment of a programme to develop diagnostic tools for the
detection of drug resistant onchocerciasis.

The standard current treatments for visceral leishmaniasis, and also treatment with miltefo-
sine (an oral treatment under development for visceral leishmaniasis), require multiple adminis-
trations of the drug and correspondingly long treatment courses. A natural product with good
anti-leishmanial activity after a single injection in animal models, PX 6518, is being progressed
through pharmacokinetic and toxicological studies, and would significantly shorten treatment
times if successful. Other projects being funded at the basic research level include studies of

schistosomiasis.

Several promising drug
candidates have progressed
to further development. There
is increased emphasis on
natural products and
increased efficiency of drug
screening operations. There
are new development
candidates for vaccines for
malaria, leishmaniasis and

NEW AND IMPROVED
TOOLS

! Taylor MJ] et al. Wolbachia bac-
teria of filarial nematodes: a
target for control? Parasitology
today, 2000, 16:179-180.

2 Lazdins J, Kron M. New molecu-
lar targets for filariasis drug dis-
covery. Parasitology today, 1999,
15:305-306.
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pyrophosphate metabolism as a possible drug target in Leishmania,
and mechanisms of parasite resistance to arsenical anti-leishmanial
drugs.

The search for new molecules with activity against African
trypanosomiasis continued. As was discussed at a TDR-funded meet-
ing on ‘New drugs for kinetoplastid diseases’ (Heidelberg, 1999),
there is a lack of validated targets and corresponding leads for devel-
oping drugs against the trypanosomiases and leishmaniases. It has
been especially difficult to identify molecules that combine good
activity, lack of toxicity, and ability to cross the blood-brain barrier,
all necessary attributes of a drug that is to be effective against sleep-
ing sickness caused by chronic infection with African trypanosomes.
Two series of active molecules were investigated in chronic infec-
tion models in some detail. A development candidate from the most
promising series (amidine derivatives) is now being progressed at the
preclinical level with additional financial support from the Gates
Foundation. Additional TDR-funded work includes the identifica-
tion of new leads based on their ability to inhibit trypanothione
reductase, one of the few validated trypanosomal target molecules.

New molecules continued to be screened for activity in animal
models of Chagas disease, with interest focused on possible treat-
ments for the chronic form of the disease. Some anti-fungal azoles
showed good activity in animal models of infection, and one of
these, posaconazole (SCH 56592),% is currently considered an excel-
lent candidate for progression into human clinical trials.

dWNY¥I/¥AL/OHM

Harvesting Maesa balansae,

the source of PX6518, which Tuberculosis and dengue were recently introduced into the TDR
has good anti-leishmanial disease portfolio. The Drug Discovery Research unit is now fund-
activity. ing some initial TB screening work, and, in partnership with the

Global Alliance for TB Drug Research and Development, has plans
to expand this to the screening of more selected libraries, including natural product-based ones.
TDR also commissioned a consultant report to assess if chemotherapy is a viable option for
dengue, or whether the initial research should focus more on diagnostics or vaccines (successful
treatment for dengue haemorrhagic fever is likely to be very dependent on rapid, accurate diagno-
sis of the disease).

Vaccine discovery research

Significant progress was made during 1999-2000 in the area of vaccine discovery research,
leading to new development candidates for vaccines for malaria, leishmaniasis, and schistosomia-
sis. Supported were:

* Research projects on pre-erythrocytic and asexual blood stage antigens for Plasmodium falci-
parum and P. vivax malaria, based on recombinant proteins, synthetic peptides and deoxyribo-
nucleic acid (DNA) plasmids.

* Long-term research projects on transmission-blocking vaccines, aimed at preventing the suc-

513 bl AR cessful development of the malaria parasite in its mosquito host. Although t.he.development
ihe iremle detvatie SO and eventual deployment of transmission-blocking vaccines is feasible, there is little commer-
56592 (posaconazole) against cial interest in these vaccines and development is proceeding slowly. The need to develop safe
dirappnesityenit s of (e and effective transmission-blocking vaccine candidates to the stage of ‘proof of principle’ in

rotozoan parasite Trypanosoma 9 o 9 9 o . . . .
];Schizo hypar;mm ) ﬂuzi{f: - order to induce industrial commitment to vaccine production was identified as being urgent by

nocompetent and immuno- an international group of experts at a meeting, sponsored by the World Health Organization
suppressed murine hosts. (WHO)/TDR, Roll Back Malaria (RBM), the Gates Malaria Vaccine Initiative (MVI), and
cutbiigelldasiisanidiantiae the US National Institutes of Health (NIAID and Fogarty International Centre), in December

apy, 2000, 44:150-155.

19994
* Malaria transmission blocking e Studies aimed at identifvi . d g bi ] g
e A tudies aimed at identifying promising second generation recombinant pro‘tem ?imtlgens gs can-
Document no. TDR/ didates for an effective leishmania vaccine — especially needed for combating visceral leishma-
RBM/MAL/VAC/2000.1 avail- niasis.

able from TDR on request, * Research and evaluation in large animals (sheep, pigs, cattle, water buffalo) of promising can-
and also to download from:

wwwawho.int/tdr/publications/ didate antigens and adjuvants for a vaccine against schistosomiasis japonicum, a disease found
publications/malaria_tbv.htm in China and the Philippines. If successful at reducing the S. japonicum reservoir in veterinary
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use, the same candidate vaccine antigens would be evaluated for use as a vaccine in humans.

Vaccine research and development for tuberculosis and dengue is currently being addressed
by the Health Technology and Pharmaceuticals cluster (Vaccine Development Unit) of WHO.
Progress in TDR’s contributions to new vaccines for TB and dengue will be carried out under the
umbrella of the new Initiative for Vaccine Research (IVR) within WHO. TDR, as part of this
IVR initiative, organized the second bi-annual meeting on Novel Adjuvants Currently in Clinical
Testing at the Fondation Mérieux, France. This meeting provides an excellent opportunity for
research scientists and pharmaceutical companies to exchange information and evaluate progress
in this rapidly evolving field.

Diagnostic discovery research

Ivermectin resistance has developed in parasites (worms) of
veterinary importance and there is a fear this may happen with
Onchocerca volyulus. For this reason, TDR has established a prod-
uct development team to develop a sensitive polymerase chain
reaction (PCR)-based assay for detecting ivermectin resistance
in O. volvulus.

The team is focusing on genetic evaluation of material
from adult O. volvulus recovered from nodules obtained from
naive patients or patients treated with ivermectin at the
Onchocerciasis Clinical Research Centre in Hohoe, Ghana.
A genomic library of O. volvulus has been constructed and
restriction fragment length polymorphism (RFLP) analysis per-
formed on seven relevant genes, certain of which appear to be
selected. In another approach, based on genetic analysis of can-
didate ivermectin resistance genes from Haemonchus contortus/H.
placei crosses, several genes have similarly been excluded.

To expand this work, arrangements have been made with
the Onchocerciasis Control Programme of West Africa to pro-
vide the investigators with O. volvulus material from areas with
different exposures to ivermectin. A method is being developed
for immobilizing DNA on filter paper and subsequently utiliz-
ing it for two to three rounds of multiplex PCR from a single
O. volyulus microfilarial larva (L3 stage) under the conditions of g oo g DNA sequencing of the
higher humidity likely to be encountered in the field. nematode worm, Onchocerca

volvulus.

NEW CANDIDATES IN DEVELOPMENT

Drug development

Rectal artesunate Partners:

e Scanpharm

Survival of a severe malaria patient depends on the speed of obtaining chemotherapy. To sur- e Knoll

vive, such a patient must access a health facility where injectable treatment can be given immedi- o Scherer
ately and safely. If no treatment is given, the disease is fatal. A drug to replace injectable treatment o Novartis
would capture the population at highest risk of death from malaria at a point in the evolution of
the disease that provides the greatest potential for reducing the risk of complications and death.
There is, at present, no drug that meets these requirements. Such a compound

would need to be quickly bioavailable, of high efficacy and safety, and of Antimalarials under development include
stable formulation for the tropical areas where malaria is transmitted. Once one for emergency treatment of acute
the patient is able to reach an equipped health facility, a more precise diag- disease where a patient is unable to

nosis can be made and follow-up treatment administered as required.
TDR is completing submission of a regulatory dossier for rectal artesu-
nate to the US Food and Drug Administration, the UK Medicines Control

access injectable treatment, one for
intermittent use during pregnancy, and
four for treatment of uncomplicated
falciparum malaria.
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Agency, and the Swiss Inter Cantonal Office for the Control of Medicines, for registration of the
drug under a new indication for malaria: emergency treatment of acute disease where a patient
is unable to take drugs by mouth and unable to access injectable treatment. WHO is the appli-
cant for registration and the dossier is currently under review by the three agencies. Stability and
bioequivalence data, to be submitted in May 2001, will complete the dossier for registration of the
product. Plans for how best to launch the product in malaria endemic countries are being prepared
jointly by TDR and Roll Back Malaria.

Malarone

Acute malaria in pregnancy is associated with higher than normal mortality and increased risk
of spontaneous abortion, especially in non-immune mothers. In semi-immune individuals, it is
associated with low birth weight, the most important risk factor for infant mortality. Although
women of childbearing age living in endemic areas acquire partial immunity to malaria, which
protects them against the acute disease, this protection is lost or lowered during pregnancy due
to the immuno-suppression that follows conception. To protect pregnant women against malaria
complications, the most effective treatment with the lowest possible risk of clinical failure is rec-
ommended.

There are increasing reports of chloroquine (CQ) and sulphadoxine-pyrimethamine (SP)
resistant falciparum malaria from most parts of Africa. In south-east Asian countries, particularly
Thailand, CQ and SP are now almost ineffective and their use is limited. Thus there is an urgent
need to search for alternative drugs that can be used in areas where there is chloroquine resistance
and substantial SP resistance, or in situations where SP is contraindicated. It was the increasing
resistance to SP, currently promoted for intermittent treatment during pregnancy, that gave rise
to the original idea for developing Malarone as a treatment in pregnancy.

Malarone is a fixed-dose combination of 250mg atovaquone and 100mg proguanil hydrochlo-
ride per tablet, and is considered a possible alternative to CQ and SP. The drug is now available in
more than 30 countries (including the United States, Canada, countries in Europe, Africa, Asia,
the Middle East, Latin America) for the treatment of acute, uncomplicated falciparum malaria.
Clinical studies have demonstrated excellent safety and tolerance compared to other standard
antimalarial regimens such as mefloquine and quinine/tetracycline. While in excess of 200 000
courses of atovaquone/proguanil have been prescribed worldwide, only 122 adverse events have
been reported in post-marketing surveillance, suggesting that the drug is well tolerated. However,
although Malarone has been shown to be safe in children and adult malaria patients, its safety in
pregnancy has not yet been established.

In planning for a Phase IV clinical trial in pregnant women, the toxicological profiles of
atovaquone and proguanil, in particular the reproductive toxicology, were reviewed by an inde-
pendent panel of expert consultants. The panel concluded that the available safety data, which
address the two drugs — atovaquone and proguanil — separately, are adequate to support investiga-
tions into the potential use of Malarone for the treatment and prevention of malaria in pregnancy.

However, physiological changes during pregnancy such as delayed gastric emptying, decreased
motility of the gastrointestinal tract, increased volume of fluid, and increased proteins, may induce
significant change in drug pharmacokinetics, particularly as in the case of atovaquone, which has
high plasma protein binding capacity (greater than 99%). In addition, drug metabolism can sig-
nificantly change during pregnancy. With no pharmacokinetic data of atovaquone in pregnant
women yet available, conducting a pharmacokinetic study in pregnant patients will provide first-
hand information on the pharmacokinetics, efficacy and safety of Malarone prior to the conduct
of large-scale trials. However, such a study in this population requires extreme caution.

The primary objective of the study is to investigate the pharmacokinetics of Malarone in
pregnancy, allowing for possible racial and geographical variations. The trial is being conducted at
two independent sites, one in Zambia (sub-Saharan Africa) and the other in Thailand (south-east
Asia), with the purpose of gathering preliminary information for future larger trials of Malarone
in acute uncomplicated malaria in pregnant women. The following studies are proposed:

1. Pharmacokinetic study on symptomatic patients (small group)
2. Symptomatic treatment (large group)
3. Intermittent treatment (large group)

The ideal treatment should be very effective, with the lowest possible risk of adverse effects and
the highest probability of killing all asexual stages in the blood and placenta.
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Pyronaridine/artesunate

An oral fixed ratio combination product containing pyronaridine and artesunate is being
developed for the treatment of uncomplicated malaria in Africa and Asia. This combination is
seen as a safe, effective, and relatively low-cost replacement for the oral antimalarials commonly
used for treatment of uncomplicated malaria, but to which resistance has developed in certain
areas. Current data indicate that pyronaridine, when used as a single agent, is effective in cases
of chloroquine resistance and is satisfactorily tolerated. But the addition of artesunate to pyron-
aridine will create an even better treatment for falciparum malaria because it is likely that the
artemisinin derivative will: decrease fever and parasite clearance time when compared to the use
of pyronaridine as a single agent; prevent the development of resistance; and possibly lower the
rate of malaria transmission. There is already good evidence from three small Chinese clinical
trials that the addition of an artemisinin derivative to pyronaridine is safe, very effective and
well tolerated. Shin Poong Pharmaceutical Co. Ltd. and TDR, via a memorandum of understand-
ing agreement, have already initiated jointly funded preclinical toxicology studies with the two
compounds, and plan to study use of the combination in humans beginning in early 2002.

Chlorproguanil/dapsone

The chlorproguanil/dapsone development project, for the treatment of uncomplicated falci-
parum malaria in Africa, is nearing completion. Large, blinded, comparative, multicentre Phase
I clinical trials, designed to determine the safety and efficacy of a three-day regimen of
chlorproguanil/dapsone, were completed in early 2001 and the data are now being analysed.
Submission of the regulatory dossier to the UK Medicines Control Agency and African national
regulatory agencies will begin in September/October of 2001. Chlorproguanil/dapsone is active
against African SP-resistant falciparum strains and has a much shorter plasma half-life than SP,
so a low propensity to select resistant parasites. It is seen as an alternative or replacement for SP.
Chlorproguanil/dapsone will be made available to the public sector of African countries at a pref-
erential price of <US$0.50 per adult treatment course. In March 2001, WHO, TDR, Roll Back
Malaria, WHO/Essential Drugs and Medicines, the WHO Regional Office for Africa, and the
University of Liverpool, inaugurated a Chlorproguanil/dapsone Access Group which will explore
mechanisms by which chlorproguanil/dapsone can be equitably accessed by African populations
and review evidence gathered to assist national control programmes in making policy decisions
concerning their use of chlorproguanil/dapsone.

Chlorproguanil/dapsone/artesunate

Studies using a fixed ratio combination of chlorproguanil/dapsone with artesunate (under
the acronym CDA) for the treatment of uncomplicated falciparum malaria in Africa have
recently been initiated. Chlorproguanil/dapsone combination is seen as safe, effective, and low
cost (see above), while the potent compound artesunate is a semi-synthetic derivative of artem-
isinin, derived from a Chinese plant. The advantages of adding an artemisinin derivative to
chlorproguanil/dapsone are three fold: faster fever and parasite clearance times; reduced rate of
development of resistance; and possibly decreased malaria transmission due to the gametocidal
effects of artesunate. Preclinical toxicology citing studies are under way and the team anticipates
that CDA will be used in humans in the third quarter of 2001.

Fosmidomycin

As a phosphonic acid derivative, fosmidomycin represents a novel class of antimalarials which
work through inhibiting the I-deoxy-D-xylulose 5-phosphate (DOXP) pathway. Hence, activity
against multidrug-resistant strains of P. falciparum may be anticipated. Previously investigated as
an antibacterial agent in the 1980s, early promise of the drug for treatment of uncomplicated
urinary tract infections was countered by the relative lack of activity against recurrent infections.
Nevertheless, the drug was well tolerated even at high doses.

More recently, Jomaa et al have identified activity in experimental models of malaria and
against the target parasite in vitro.” In collaboration with Jomaa Pharmaka, TDR has contributed
to the design of a proof of principle study in which the response to a seven-day therapeutic regi-

NEW AND IMPROVED
TOOLS

Partner:

® Shin Poong
Pharmaceutical Co.
Ltd.

Partners:

e UK Department for
International
Development

e GlaxoSmithKline

® University of
Liverpool

® WHO Roll Back

Malaria

Partners:

o GlaxoSmithKline

® UK Department for
International
Development

e University of
Liverpool

Partner:
e Jomaa Pharmaka

> Jomaa et al. Inhibitors of the
nonmevalonate pathway of iso-
prenoid biosynthesis as anti-
malarial drugs. 1999. Science
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men will be evaluated in 30 subjects with acute uncomplicated falciparum malaria enrolled at
centres in Gabon, Tanzania and Thailand, commencing in January 2001.

It is expected that the results from this study, on which future strategies will be determined,
will be available in June 2001.

TUBERCULOSIS

Streamlining the development and registration of new drugs

Throughout 2000, TDR worked with the Rockefeller Foundation and other agencies to establish
the Global Alliance for TB Drug Development, launched by the Director-General of WHO in
Bangkok, October 2000.° The goal of the Alliance is to bring to registration, by 2010, at least one
new agent for tuberculosis (TB) which will make treatment of TB substantially shorter, will be effec-

tive against multidrug resistant TB, and/or will be effective in the treatment of

Four-drug fixed-dose anti-TB latent TB infection.

combinations should be the first product TDR initiated dialogue with national regulatory agencies (NRAs) in order
to achieve regulatory approval under a to standardize guidelines for the registration of new chemical entities effective
standardized regulatory policy framework = against TB and of the new four-drug fixed-dose combinations. A meeting of
for new anti-TB agents currently under NRAs was convened with industry representatives in September 2000 at which

NRA representatives agreed to the proposed guidelines and to lobby for their
formal adoption by their respective agencies.
An analysis of the compounds in early development as anti-I'B agents within
the public domain was carried out by TDR and revised by a meeting of experts in December 2000.
The resulting document will provide essential data on the most promising compounds in the discov-
ery, preclinical and clinical phases of development.

Funds have been sought to expand TDR’s existing screening activities to include TB. TDR is in
discussion with Aventis, the manufacturer of rifapentine, for joint development of rifapentine to the
point of determining its proper role in TB control in low income countries. The possibility of partner-
ships with manufacturers of the most useful looking fluoroquinolones, especially Bayer Ltd for moxi-
floxacin, will be explored, while dialogue with Chiron on the nitroimidazopyrans will continue.

development.

Activities for streamlining registration of four-drug fixed-dose anti-TB combinations

The development and regulatory approval of new drugs for the treatment of TB is one of the
cornerstones of effective TB control and a process of paramount importance to each country for
protecting the health of its citizens. But it is a time-consuming process and current regulations are
a disincentive to industry. Therefore, TDR and the International Federation of Pharmaceutical
Manufacturers Associations (IFPMA) are leading measures to streamline the process of devel-
oping and registering new chemical entities and four-drug fixed-ratio combinations — as recom-
mended through the WHO essential drug list — for TB. The development of a standardized
regulatory policy framework was discussed at a TDR sponsored meeting in September 2000, to
which representatives from developed and developing country national regulatory agencies, other
government agencies, the pharmaceutical industry, and academic establishments, were invited.

It is TDR’s intention to: (i) develop a single harmonized guideline to guide all actors (industry,
international regulators, public health institutions, individual scientists) in the development of

6 Dr Carlos Morel, Director, TDR, new anti-I'B agents; (ii) enhance the efficiency and speed of registering new anti-I'B agents; (iii)
was elected Chairman of the incorporate ‘state-of-the-art’ science, e.g. surrogate markers, in the clinical development of new TB
Board of the Alliance during drugs; and (iv) develop a single international harmonized approach for the registration of fixed-

2000, and Dr Win Gutteridge,

Coordi dose combinations of four anti-TB drugs. The national regulatory authorities of 22 high burden
oordinator of TDR Product ) ) ) . e
Research and Development, was TB endemic countries and all members of the International Committee on Harmonisation (ICH)
appointed to the Scientific will provide input to proposed guidelines on regulatory harmonization which, it is hoped, will be
Al milise, finalized by the end of 2003.

ONCHOCERCIASIS and

. . Two types of drug are described for treatment of onchocerciasis and lym-
Studies are ongoing on the use of hati o
phatic filariasis:

albendazole in combination with ¢ microfilaricides, which kill immature worms.

ivermectin, DEC or levamisole for the ¢ macrofilaricides, which kill adult worms.

treatment of onchocerciasis, lymphatic Existing microfilaricides are effective, but there is no suitable macrofila-
filariasis and geohelminths, while trialsin  ricide currently available. Because treatment with microfilaricides must be
animals have shown moxidectin to be a

potential macrofilaricide.
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maintained for a number of years, in fact for the length of life of the adult worm in the human host
(more than 10 years in the case of onchocerciasis), a suitable, safe and effective macrofilaricide
would allow more impact to be made on controlling filarial diseases than is currently possible
using microfilaricidal treatment.

Albendazole combinations

TDR, through its network of clinical researchers, is supporting studies to evaluate albendazole
in combination with either ivermectin or levamisole as potential macrofilaricidal treatment for
O. volvulus patients, and albendazole co-administered with either ivermectin or diethylcar-
bamazine (DEC) for treatment of lymphatic filariasis patients.

The studies in onchocerciasis patients are being conducted at the Onchocerciasis Clinical
Research Center in Hohoe, Ghana. The effects of sin-
gle-dose co-administration of ivermectin (Mectizan)
with albendazole, of albendazole with levamisole, or
of ivermectin with levamisole, are being evaluated, the
primary end points being safety, pharmacokinetics and
effect on microfilaria and macrofilaria. Preliminary
results suggest that, although safe, none of the com-
binations is more effective on adult worms than iver-
mectin alone. Also, so far, no pharmacokinetic drug
interactions have been detected.

The studies in lymphatic filariasis patients are being
conducted in light of the WHO/SmithKlineBeecham
(now GlaxoSmithKline)/Merck recommendations on
use of co-administration of albendazole with ivermec-
tin or DEC for elimination of lymphatic filariasis.
Three studies are in progress:

* On the Island of Pemba, Tanzania, a randomized,
double blind study in 1000 subjects is under way to
compare single-dose ivermectin + albendazole with sin-
gle-dose ivermectin alone. This study will define: a)
unacceptable adverse drug reactions occurring within
7 days of treatment; b) the proportion of microfilaria
positive subjects that, one year after treatment, remain
microfilaria negative — the primary endpoints being 80%
reduction in prevalence for ivermectin alone and 90%
reduction in prevalence for albendazole + ivermectin.
Levamisol trial in Ghana As secondary end-points, the study will assess: a) preva-

lence of microfilaremic subjects 3 and 6 months after
treatment, and reduction in microfilaremia 3 and 6 months after treatment; b) the cure rate (propor-
tion of patients with clearance of eggs from stools) of Trichuris trichiura (human whipworm) infections
21 days after treatment, and reduction in the T trichiura egg count 21 days after treatment compared
to before treatment; ) cure of other soil transmitted helminths. The results are expected during the
3rd quarter 2002.

dWNY¥I/4AL/OHM

* In Alleppey, India, a study in lymphatic filariasis infected vs. uninfected individuals is under way to
evaluate the pharmackokinetic profiles of albendazole and DEC when administered as single drugs or
when co-administered as in lymphatic filariasis elimination programmes. Besides assessing safety and
laboratory parameters, this study will, for the first time, determine if there is any adverse pharmacoki-
netic drug interaction. Determination of drug plasma levels will be carried out at the University of
Iowa, US. Results of the study are expected to be available during the 4™ quarter of 2001.

*In Wardha, India, a study in 1347 subjects is ongoing to assess the safety, tolerability, effi-
cacy and population pharmacokinetics of DEC co-administered with albendazole as compared
to DEC administered alone. The primary end-points will be information on the number of
patients without microfilaraemia at 3, 6 and 12 months after treatment, and on the clinical
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signs and symptoms and adverse events in the two arms of the study. The results are expected to
be available during the 4" quarter 2002.

LEISHMANIASIS

Miltefosine

Miltefosine, an anticancer drug that TDR and ASTA Medica (now Zentaris) have been devel-
oping for visceral leishmaniasis, could be the first oral treatment to become available for this
disease (see TDR Programme Report, 1997-1998). During the biennium, Phase II (dose-finding)

and Phase III (efficacy confirmation) trials in adult patients were successfully

Miltefosine promises to be the first completed. In mid-2001, the drug will be submitted for registration in India
oral treatment for visceral leishmaniasis. and Germany for use in patients aged over 12 years. As well, a Phase II trial in
Dose-finding and efficacy confirmation children was completed, and a Phase III trial in children has begun (expected

to finish end of October 2001), an indication which could later be added to
the criteria for use. A Phase IV (post registration, in a real field situation)
trial has been planned for India, Nepal and Bangladesh, which will feed into
the control programme. This Phase IV trial will be supported by the WHO
Regional Office for South-East Asia and the Government of India.

trials have been completed and the drug
will shortly be submitted for registration.

Paromomycin

Further development of this compound is currently on hold due to lack of funding, but it is
hoped it can be re-activated during the 2002/3 biennium.

SCHISTOSOMIASIS

Artemether

Chemotherapy using praziquantel has been the cornerstone of schistosomiasis control for more
than 20 years. As yet, there is no proof for the emergence of drug resistance, but rapid re-infection
is a problem. Artemether, a drug developed for malaria, has been found to

The malaria drug artemether interfere with the development of adult schistosome worms after infection,

promises to be useful as an and would conceivably stop morbidity, which is induced by granulomatous
adjunct to the elimination of effects against eggs not excreted from the host. However, long-term use of
schistosomiasis as a public artemether would not be financially feasible and it is advised not to use it on
health problem. a large scale in malarious areas because of the risk of drug resistance. On the

other hand, there are large malaria-free areas in China, South America and

North Africa where artemether could be useful as an adjunct to elimination
of schistosomiasis as a public health problem. TDR is currently involved in field studies to resolve
these questions.

AFRICAN TRYPANOSOMIASIS

Each of the drugs currently in use for African trypanosomiasis has its drawbaclks. Pentamidine
and suramin, used only for early-stage disease, both have adverse side effects. Of the two drugs
used for late-stage disease, melarsoprol has serious adverse effects which leads to fatal outcome in
1-5% of patients, while eflornithine, which treats only the gambiense form of the disease, has been

out of production. No oral treatment exists.

Companies are donating ke A project to discover novel compounds with activity against late-stage disease,

P g key proj p ty ag 8

drugs for sleeping sickness using animal models and supported at the Shanghai Institute of Pharmaceutical
9. ping , g ppo g

funds for drug development, Industry, has been terminated following the lead compound’s (SIPI 1029) failure to

and funds for disease cure late-stage infection in the vervet monkey model of African trypanosomiasis at

Kenya Trypanosomiasis Research Institute (KETRI), Nairobi. For the same reason,
another lead compound — the diamidine CGP 40215 —has been dropped from the
development portfolio.

management and control.
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Eflornithine

Eflornithine was discovered in 1980 by Dr Cyrus Bacchi through a TDR-supported study on
polyamine metabolism in trypanosomes. Known as the ‘resurrection drug’ because of its spec-
tacular effect on comatose patients in late-stage gambiense sleeping sickness, eflornithine is well
tolerated in patients. However, there are two problems with its availability: first, it has been out of
production since 1995, and second, it is expensive.

In 1999, the remaining available stocks of the drug were donated for treatment of sleeping
sickness by Hoechst Marion Roussel (now Aventis). These stocks are projected to last until June
2001. Also, in December 1999, this company granted WHO the production rights for eflornithine
in order that a third party manufacturer could be found. Some eight pharmaceutical companies
were identified by WHO and Médecins sans Frontieres (MSF) as potential manufacturers. In
November 2000, WHO and MSF approached Bristol-Myers Squibb (BMS), USA (which, with
Gillette, has recently introduced Vaniga™, an eflornithine cream marketed for reducing growth
of facial hair in women), for help in finding a source of bulk material that could be formulated
into injectable form before the available stocks run out in June 2001. Subsequently, in February
2001, BMS announced that it would donate 60 000 doses of eflornithine annually for three years,
starting in June 2001, for use in treatment of sleeping sickness. However, this development was
overtaken in May 2001 by an agreement signed between WHO and Aventis, by which Aventis
will donate US$25 million to support WHO's activities in the field of African trypanosomiasis for
a five year period. The donation comprises: a donation of three key drugs, pentamidine, melarso-
prol and eflornithine, and funds for disease management and control and research. Out of the
Aventis annual donation of US$5 million, US$750 000 will go to TDR as a designated fund
for drug development, focusing on oral eflornithine, development of a new route of synthesis for
eflornithine, and development of existing molecules for future treatment. BMS has agreed to fund
production of the bulk material for 60 000 doses of eflornithine for the first year and also to
provide 140kg of oral eflornithine for Phase III clinical trials.

Several approaches to reducing the cost of eflornithine have been considered by TDR in the
past. One approach was to look at synthesizing eflornithine by a new route, but this was put on
hold due to lack of funds. It will now be reactivated. Another approach was to compare 14-day
treatment with 7-day treatment, as reported in the TDR Programme Report for 1997-1998, which
showed the 7-day regimen to be significantly less effective than the 14-day regimen for new cases
although, for relapsed patients, the 7-day treatment is as effective as the 14-day treatment and can
be recommended.” Another approach being followed is based on use of an oral formulation of the
drug, which would not only be much less expensive than the iv. formulation, but also much easier
to administer. Pharmacokinetic studies on oral eflornithine, in which two oral doses are being
compared for efficacy and safety, are in progress in Cote d’Ivoire. If the results are satisfactory,
Phase III multicentre clinical trials will start in 2002, according to good clinical practice (GCP).

Another approach to improving availability concerns the use of drug combinations There is
experimental evidence for synergism between eflornithine and melarsoprol, and clinical trials
involving combinations of these two drugs could be envisaged.

Vaccine development

Significant progress has been made over the last biennium with respect to the development
and clinical evaluation of promising candidate vaccines for malaria, and
specifically, vaccines for P. falciparum malaria, the cause of over one mil-
lion deaths annually, mainly in children under five in Africa. In general
during the biennium, TDR played a catalytic and facilitative role in the
various vaccine development programmes described below. The vaccine
candidates target different antigens from different stages in the life cycle
of the malaria parasite.

Pre-erythrocytic vaccine candidates

These are designed to prevent the parasite’s infective sporozoite stage from entering or develop-
ing within liver cells of an individual bitten by an infected mosquito.

A variety of malaria vaccine
candidates are under
development; one has reached
Phase III efficacy trials.

7 Pepin et al. Short-course
eflornithine in Gambian
trypanosomiasis: a multicentre
randomized controlled trial.
WHO Bulletin, 2000, 78
(11):1284-1295.
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(S-102 plus Montanide ISA 102

The circumsporozoite protein (CS), comprised of a central repeat region and two flanking
domains, has been well characterized in murine malaria models and human malarias. CS-102 is a
102 amino acid synthetic peptide segment of the C-terminal region of the P. falciparum CS protein
(amino acids 282-383) shown to be highly immunogenic in mice and monkeys. A homologous
peptide from P. berghei conferred protection against sporozoite challenge in mice, and preclinical
studies using sera and lymphocytes from Africans living in malaria endemic areas demonstrated
that B, CD4+ and CD8+ epitopes (particular sites on antigens to which particular antibodies
bind) are recognized in the 102 amino acid sequence. An initial Phase I trial conducted in
Lausanne, Switzerland, has provided promising results for safety and immunogenicity and,
when sufficient good manufacturing practice (GMP) grade peptide becomes available, additional
Phasel/II trials are planned for Europe prior to evaluating the vaccine candidate in Africa.

RTS,S plus SBAS2

RTS,S is a leading vaccine candidate comprised of the P. falciparum circumsporozoite coat pro-
tein co-expressed with hepatitis B coat protein particles and formulated with a novel adjuvant
SBAS2. This promising version of a pre-erythrocytic malaria vaccine has evolved from extensive
preclinical and clinical studies over the years, conducted in collaboration with the Walter Reed
Army Institute in Washington, DC, and the Armed Forces Research Institute of Medical Sciences
(AFRIMS) in Bangkok, Thailand. Initial Phase I/II clinical studies with a mosquito challenge
showed over 80% protection; however, the duration of this protection appears to be limited to
several months only. Subsequent Phase II field studies conducted in The Gambia have confirmed
these findings in semi-immune adult volunteers. TDR’s input to date has consisted mainly of
provision of independent monitoring and review of the project. Currently plans are under way to
conduct de-escalation studies in children in The Gambia, using lyophilized RTS,S antigen mixed
with the SBAS2 adjuvant at the time of injection. The Malaria Vaccine Initiative has recently
agreed to provide major financial support to GlaxoSmithKline (GSK) Biologicals for taking this
project forward.

Asexual blood stage vaccine candidates

Vaccines which target these stages of the malaria parasite prevent it from entering or develop-
ing in red blood cells.

AMA-1 plus Montanide ISA 720

The merozoite apical membrane antigen (AMA-1) represents a leading asexual blood stage vac-
cine under development in Australia and Papua New Guinea with TDR support. In extensive
preclinical studies, AMA-1 has been shown to provide partial protection in rodent and monkey
malaria models and to produce high titres of growth inhibitory antibodies when tested in vitro.
The current P. falciparum version under development by TDR is a recombinant protein expressed
in E. coli and formulated with the adjuvant Montanide ISA 720. An initial Phase I study in
Brisbane, Australia, demonstrated safety but low immunogenicity, likely due to loss of potency.
The current focus is on the reproducible production of adequate amounts of GMP clinical grade
material for additional Phase I/II trials in Australia and Papua New Guinea.

Combination B plus Montanide ISA 720

Combination B consists of a mixture of three P. falciparum merozoite and ring stage-derived
recombinant protein antigens (MSP-1/MSP-2/RESA) formulated with Montanide ISA 720 as
adjuvant. Clinical studies successfully completed to date include Phase I and Phase II studies in
Brisbane, Australia, and Phase I/II studies in Papua New Guinea in children 5-10 years old. A
significant reduction in parasite densities was observed in a recent Papua New Guinea Phase II
field study, with a 47% efficacy against the 3D7 allele of MSP-2, suggesting that MSP-2 was an
active component of the vaccine. The current focus is on production of sufficient quantities of
clinical grade materials to conduct Phase III efficacy studies. TDR’s input to date has consisted
mainly of provision of independent monitoring and review of the project.
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EBA 175 plus adjuvant TBD

Partners:
e International Centre

Erythrocyte Binding Antigen-175 (EBA-175) is a sialic acid binding protein from P. falciparum for Genetic
that serves as a ligand for the parasite to bind to the red blood cell with subsequent junction Engineering and
formation leading to invasion. TDR is supporting the development of Region II, a functional bind- Biotechnology
ing domain of EBA-175. Rabbit antibodies raised against the pure, functionally active PfF2 region (ICGEB) New Delhi
IT antigen have been shown to block the binding of erythrocytes and to inhibit parasite growth in o ENTREMED

erythrocyte cultures in vitro. The methods used to produce the recombinant protein in E. coli are
currently being scaled up at the International Centre for Genetic Engineering and Biotechnology
(ICGEB), New Delhi, India, for use in the production of clinical grade PfF2 for use in Phase
I trials. Monkey studies aimed at the identification of a suitable adjuvant for formulation with
EBA-175 are under way in collaboration with the Malaria Vaccine Institute in Cali, Colombia.

MSP-1-19 plus alum

Partners:

e [nstitut Pasteur,
Paris

e European Union

e Swiss Serum Vaccine
Institute

The major merozoite surface protein-1 (MSP-1) represents the leading asexual blood stage vac-
cine candidate to date. The 200 kDa MSP-1 precursor undergoes proteolytic processing to yield
a series of peptides including a membrane-bound 42 kDa C-terminal moiety. This MSP-1.42
fragment is further cleaved to yield the MSP-1.19 candidate antigen. Several of these MSP-1 can-
didate antigens have been shown to provide protection in various murine and monkey malaria
model systems, and multiple versions of the MSP-1.19 antigen are under development globally. A
homologous version of the P. cynomolgi MSP-1.19, together with CFA as adjuvant, provided solid
protection in the naturally occuring malaria model in TDR-sponsored Toque monkey studies
conducted in Sri Lanka. TDR is currently supporting development by the Institut Pasteur of a
MSP-1.19 C-terminal version of the P. falciparum antigen expressed in baculovirus and initially
formulated with alum as adjuvant.

MSP-1.42 plus QS-21 Partners:
o University of Hawaii
As mentioned above, the merozoite-derived MSP-1 is a leading asexual blood stage candidate o AQUILA/
antigen and up to 12 different versions of candidate recombinant proteins expressed in E. coli, ANTIGENICS

yeast, baculovirus and transgenic mouse milk, as well as synthetic peptides, are under develop-
ment globally. TDR is currently funding the development of a synthetic gene version of the
P, falciparum MSP-1.42 molecule using insect cell codon composition and not containing a hexa-his
tag. A conventional purification scheme has been worked out for the baculovirus-expressed pro-
tein, with a satisfactory recovery of purified protein exhibiting the required folding and functional
activity. Two novel adjuvants (QS-21 and Montanide ISA 51) have provided promising protec-
tion results when tested in challenge studies in Aotus monkey experiments conducted in Hawaii.
Current activities are focused on the scale up and production of clinical grade MSP-1.42 to be
used in Phase I trials in the USA.

e National Institutes
of Health, USA

LEISHMANIASIS

The first trial of a vaccine against visceral leishmaniasis in humans was com- X . .
pleted.® The trial was conducted by scientists of the Institute of Endemic Rest{lts of' theﬁrs":tnal oj_: a.vaccme .
Diseases, University of Khartoum, Sudan, supported by TDR and assisted by against visceral leishmaniasis showed it
Meédecins sans Frontieres-Holland, using a vaccine composed of autoclaved to be associated with a lower incidence
Leishmania major promastigotes (Fesharki et al at Razi Vaccine and Serum of disease.
Institute, Iran) mixed with a low dose of bacillus Calmette-Guérin (BCG) (as
adjuvant), which was compared with BCG alone. The presence of extensive
cross-reactivity between different species of Leishmania was the rationale behind this trial of a vac-
cine, made from L. major; which had proved almost 100% effective in langur monkeys against L.

.. . 8 Khalil EA et al. Autoclaved
donovani infection.”

Leishmania major vaccine for

The trial was carried out in the Sudan where visceral leishmaniasis is a major cause of morbidity prevention of visceral leishma-
and mortality (a prevalence of 80-130 per 1000 in the study area). Here, as in many other endemic niasis: a randomised, double-
. . . . blind, BCG-controlled trial in
countries, the development of a safe, effective and cheap vaccine would be a long-term solution for

. . . .. . . o . Sudan. Lancet, 2000, 356(9241):
controlling visceral leishmaniasis. Drug treatment does exist, but is prohibitively expensive, not easy 1565-9.

to administer, not always available, and resistance to it develops rapidly. Vector control is also a pos- 9 Dube et al. Vicing, 2001 (in
sibility, but requires infrastructure that is not available. press).
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10 Velez ID et al. Safety and
immunogenicity of a killed
Leishmania (L.) amazonensis vac-
cine against cutaneous leish-
maniasis in Colombia: a
randomized controlled trial.
Transactions of the Royal Society
of Tropical Medicine and Hygiene,
2000, 94: 698-703.

Sudan: leishmaniasis vaccine trial.

In the double-blind study, no evidence was found that two injections of Leishmania + BCG
offered significant protective immunity against visceral leishmaniasis compared with BCG alone.
However, the Leishmania + BCG vaccine did induce significantly higher rates of leishmanin skin
test (LST) conversion (30%, vs. 7% by BCG alone) at 42 days, which was associated with a sig-
nificantly lower incidence of disease — responders had a 43% lower incidence of leishmaniasis as
compared to LST non-responders (7.2% vs. 12.7%, p<.003). Similar results, i.e. lower incidence of
disease in LST converted than non-converted individuals, have been obtained in other studies. As
BCG alone might have some protective activity against leishmaniasis, as seen in the therapeutic
trials of Convit et al in Venezuela, the real prophylactic effect of the vaccine, compared to no vac-
cine (and not to BCG as in this trial), might be higher. In this trial, BCG was used for ease of
keeping the trial blind.

To improve the immunogenicity of killed Leishmania vaccines, different adjuvants used in
humans are being sought. Safety and efficacy trials of alum-precipated Leishmania + BCG have
begun in the Sudan. Preliminary results showed that a single injection produces a dramatic
immune response — a strong LST conversion — in every recipient (better than three injections
without alum). Multiple doses of L. major + BCG vaccine did not prove to be more effective than a
single injection in preventing cutaneous leishmaniasis, so development of this vaccine is not being
pursued without the addition of alum. Following a successful comparative safety and immuno-
genicity trial of different formulations of Mayrink’s vaccine (killed L. amazonensis, produced by
Biobras, Brazil), with or without adjuvant,' a trial of three injections without adjuvant has begun
in Colombia (Velez ID, Universidad de Antioquia, Medellin).

A dozen or so recombinant antigens were recently evaluated as potential second generation
vaccine candidates in independent testing coordinated by TDR and conducted in two laborato-
ries in Brazil and Denmark. Unfortunately the results were inconclusive, as not all the control
preparations were active. Several second generation vaccines (synthetic peptides and multi-fusion
recombinant proteins) are being developed outside TDR, and efforts are being made to create a
collaborative programme for these activities, ideally through a consortium which will coordinate
the definition, testing and advanced development of promising candidate antigens.

SCHISTOSOMIASIS

There has been some progress in the field of schistosome vaccine development, both in strategic
research on the basic immunological mechanisms and in practical field work. In searching for a
vaccine, reduction of reinfection without stimulation of the egg-associated granuloma reaction
is sought, rather than complete immunity. In this case, transmission would likely not be fully
interrupted and natural infection could be counted on to boost vaccine-induced protection. Since
schistosomes do not replicate in the human host, even a partially effective vaccine would have a
role in control, while the combination of chemotherapy followed by vaccination promises to be
an effective intervention with long-term effect. There is evidence that people living in endemic



areas naturally acquire immunity against schistosomiasis, supporting the notion that it should be

possible to protect by vaccination against infection and morbidity.

Currently TDR is monitoring two Phase II human field trials, in Senegal and Niger, on a S.
haematobium glutathione-S-transferase (GST) vaccine candidate developed in France. Results are

expected in 2003.

The Schistosomiasis Vaccine Development Programme (SVDP), based in
Egypt and supported by USAID, is planning to scale up GMP production
and carry out human field trials with an invertebrate muscular protein para-
myosin. Another vaccine candidate, a synthetic peptide construct containing
multiple antigen epitopes (MAP) of the schistosome triose phosphatase iso-
merase (TPI), is also being supported but has not reached the same level of
development. Sml4, a fatty acid-binding S. mansoni antigen, is a Brazilian vac-
cine candidate which has also reached the scale-up stage. This is of particular
interest since it shares protective epitopes with Fasciola, another zoonotic liver
fluke which infects humans. All these activities are being followed by TDR.

TDR is also sponsoring developmental vaccine work with regard to S. japonicum which, apart
from limited foci in Laos and Indonesia, is only found in China and the Philippines. Several anti-
gens are at the stage of clinical testing in cattle, pigs and water buffalo, experimental hosts which
might reflect the situation in man. A veterinary product could have a positive transmission-

blocking effect for human populations.

Diagnostics development

TUBERCULOSIS

Successful implementation of the WHO strategy for tuberculosis control (DOTS) depends
upon the detection and treatment of infectious TB cases. The inability to

do this quickly and with certainty is one of the primary impediments to
improved disease control. Sputum microscopy, the primary diagnostic tool
available in most areas of the world, is cumbersome, insensitive, and gives
no information about antimicrobial resistance. The poor performance of TB
diagnostic tests leaves large numbers of patients undetected, erodes faith in
public health services, impedes the expansion of DOTS, increases morbidity,
and allows continued transmission of disease. The pandemic of human immu-
nodeficiency virus (HIV) has made this difficult situation much worse.

Rapid, simple, inexpensive and sensitive TB diagnostic tests are urgently needed for (in
order of priority) case detection, drug susceptibility deter-
mination, and identification of latent infection. Recently,
impressive technical advances, including simplified immu-
noassay formats, superior reagent preparations, improved
understanding of mycobacterial biology, and availability of
the complete M. tuberculosis genome sequence, have bright-
ened the prospect for diagnostic product development for
TB. Harvesting this technical progress to create new
diagnostic tools appropriate for low-income settings is
the mandate of the TB Diagnostic Initiative. This TDR
Initiative has been working with a network of partners in
industry, academic research, non-governmental organiza-
tions, and public health to facilitate the development, test-
ing, approval, and use of improved diagnostic tools to assist

in TB control efforts.

e Phage replication.
* Antibody detection.
* Novel culture methods.
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The TB sputum test is cumbersome and * Antigen detection.
insensitive. * Physicochemical detection.

A range of tests are now under development including:
* Nucleic acid amplification and hybridization.

¢ Cellular immune response detection.

NEW AND IMPROVED
TOOLS

Trials in humans of S. haematobium
and S. mansoni vaccine candidates are
ongoing or about to begin, while several
candidate antigens for an S. japonicum
vaccine have reached the stage of clinical
testing in animals.

The TB diagnostics initiative was
established to stimulate and facilitate
industry to develop a rapid and simple
serologic test for tuberculosis. A range of
tests are currently under development.
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These tools are being developed primarily by large and small biotechnology companies, often
with close academic collaboration. The role of TDR has been to facilitate commercial development
by removing intellectual, technical and logistic barriers to TB diagnostic R&D.

SCHISTOSOMIASIS

The greatest problem related to schistosomiasis is the development of morbidity, which is a slow
process that varies between individual patients. Most people have only minor signs of infection
but as many as 20 million are seriously ill. TDR has contributed to the development of a standard-
ized procedure for gauging pathology due to schistosomiasis using ultrasound. This technique can
be used for all types of morbidity including female genital schistosomiasis which is an important,
yet neglected, feature of the disease. TDR has taken the lead in promoting research on forms of

schistosomiasis after transmission has ceased because, even if the disease is

Ultrasound provides direct evidence of eradicated, morbidity from it will continue. For example, in spite of eradication

of the disease in Japan more than 25 years ago, there are still many patients in
the country with morbidity due to schistosomiasis.

Ultrasonography has become an invaluable extension of the clinical inves-
tigation of patients with schistosomiasis as it provides direct evidence of the
pathological changes associated with the infection. The manual published by
TDR in 2000" was developed through various draft stages separated by expe-

rience in use of the technique. It is expected that a final meeting will be needed
to finalize work on the manual, which began in Cairo in 1990. This final meeting, tentatively
planned for 2002, will focus on schistosomiasis (caused by S. japonicum) in the Far East but will
allow adjustments to be made with respect to examination of patients with S. mansoni and S.
haematobium infections, if necessary.

the pathological changes associated with
schistosomiasis. An updated practical
guide to use of the technique has been
produced.

dWNYI/YaL/OHM

Ultrasound can be a valuable tool in investigations of schistosomiasis
patients.

W Ultrasound in schistosomiasis: A
practical guide to the standardized
use of ultrasonography for assessment
of schistosomiasis-related morbidity.

Document no. TDR/STR/

SCH/00.1 available from TDR

on request and to download

at:www.who.int/tdr/publications/
publications/ultrasound.htm
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NEW AND IMPROVED TOOLS RECEIVING REGULATORY
APPROVAL

Artemotil treatment

Artemotil has been under development by TDR and partners since 1991. During the biennium,
clinical development of the compound was completed and the final parts of the clinical dossier were
submitted to the Dutch regulatory authorities. On 22 May 2000, the Dutch registration authori-
ties approved two artemotil products (in sesame oil) for the treatment of severe P. falciparum malaria
by intramuscular injection.

Artemotil (previously known as B-arteether, see Figure 1) is a semi-synthetic derivative of
artemisinin, a compound first isolated by Chinese scientists from the plant Artemisia annua in
1972, since when a number of derivatives have been developed and registered and have entered use
in a variety of countries. Artemotil is the ethyl ether of dihydroartemisinin and is active against all
blood schizont stages of P. falciparum, including the very early ring forms. It is the first artemisinin
derivative to be registered as a single entity according to European standards, and is indicated for
patients with severe malaria. Until now the only possibility for treat-
ment of severe malaria, according to European standards, was through
intravenous quinine, which currently remains the drug of choice in
most parts of the world, despite its sometimes serious adverse effects.

Clinical studies in patients with severe malaria were carried out
first in adults, and later in children who could not be treated with
oral medication, or who had critical cerebral malaria, in Africa and
Thailand. Administration is by intramuscular injection over three
days and is restricted to hospitals. No serious or inconvenient side-
effects were reported during clinical trials. The drug represents an
excellent alternative to quinine, over which it has clear advantages:
it causes a swifter decrease in parasite numbers; is simpler to apply;
has far fewer undesirable side-effects. Artemotil also has advantages in
cases where the patient is not able to retain food (and thus cannot be
treated with oral medication).

Now that artemotil is registered in the Netherlands, a programme
to extend regulatory approvals to disease endemic countries is to be
initiated. If initial experience is good, the drug could be considered
for inclusion in WHO’s Essential Drugs List, and would then likely be
used widely by malaria control programmes.

Figure 1. The molecular
structure of artemotil

NEW AND IMPROVED EPIDEMIOLOGICAL TOOLS

Rapid assessment procedures for Loa loa

There is a need to identify areas where people have very high loads of Loa loa worms, especially
in areas where loiasis co-exists with onchocerciasis, because of the high risk of serious adverse
reactions to ivermectin treatment in patients with a high intensity of L. loa infection. This infor-
mation is urgently needed to allow planning for mass treatment campaigns with ivermectin for
onchocerciasis in central African countries where L. loa may be endemic.

Partly based on earlier work supported by TDR, the threshold for L. loa
endemicity above which the risk of severe reactions becomes too high for
routine treatment with ivermectin has provisionally been set at 20% preva-
lence of microfilariae (mf), or 5% prevalence of high intensity (more than
8000mf/ml) of L. loa infection. A study under way in Cameroon and Nigeria
will determine whether a rapid assessment procedure for L. loa, based on his-
tory of eye worm or Calabar swelling, will effectively identify villages with
a prevalence above the stipulated level. The study will also help to better quantify the relation-
ship between prevalence and intensity of L. loa infection. History of eye worm (whether worms
moving along the white of the lower part of the eye have ever been experienced) or Calabar swell-

A method to help in planning
for mass treatment
campaigns of onchocerciasis
is under development.

NEW AND IMPROVED
TOOLS

Partners:

® Netherlands Ministry
of Development
Cooperation

o Artecef B.V.

® Walter Reed Army

Institute of Research
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ing (whether swellings under the skin which change position or disappear have ever been experi-
enced) will be gleaned by interviews at both community and individual level.

Rapid mapping methods

The method of Rapid Assessment of the Geographical Distribution of Filariasis (RAGFIL) was
developed by TDR, as reported in the Fourteenth TDR Programme Report (1997-1998). RAGFIL
is based on a 50 km grid sampling technique.”” In the multicountry study completed in 1999
and carried out in Ghana, India, Myanmar and the United Republic of Tanzania, the prevalence
of lymphatic filariasis was estimated by hydrocele examination or antigen testing using the ICT
test (an immunochromatographic whole blood card test). The study showed RAGFIL to be effec-
tive for clarifying the distribution of Bancroftian filariasis and mapping the

A method for rapidly mapping the approximate contours of levels of endemicity, including areas of very low or
distribution of lymphatic filariasis is no risk. The antigen test (ICT) was found to be a better diagnostic test than
being implemented on a large scale to clinical examination for hydrocele by health workers. The results from India

were less clear than in the other countries. RAGFIL was recommended for use

in Africa, with fine-tuning for the first large-scale applications.
In the meantime however, other ideas had emerged about mapping of
filariasis, based on use of the implementation unit — the health administrative
unit within which residents would receive mass treatment. A standard method
for mapping filariasis in Africa has now been agreed upon which combines the strongest elements
of the different ideas, including use of the implementation unit and the spatial sampling and

help in planning mass drug treatment for
elimination purposes.

kY

dWNYI/YAL/OHM

Rapid mapping of onchocerciasis, developed by TDR, was a forerunner to the rapid mapping of lymphatic filariais.

2 Gyapong J, Remme JHF. The analysis approach of RAGFIL. The mapping of filariasis in Africa will be implemented in phases.
use of grid sampling method- The first phase has started in five West African countries and Tanzania. It is coordinated by the
ology for rapid assessment of programme to eliminate lymphatic filariasis at WHO with technical support from TDR. Four

the distribution of Bancroftian g . . . .
it oo G T countries have been mapped, showing a huge lymphatic filariasis focus covering North Ghana and

Society for Tropical Medicine and Togo and nearly all of Burkina Faso. On the basis of these results, national plans for lymphatic
Hygiene (in press). filariasis elimination have now been developed by each of the four countries concerned.
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SCHISTOSOMIASIS: Remote sensing and geographical information

systems(GIS)

In collaboration with other UN agencies, such as the Food and Agriculture Organization

(FAO) and regular budget WHO programmes,
TDR promotes research in the field of epidemiol-
ogy using remote sensing by earth-observing sat-
ellites and geographical information systems to
produce maps showing the real risk for health.
There has been good progress in this area, prom-
ising a rapidly improving database of the risk for
schistosomiasis in the world. At a team residency
in Bellagio, Italy, sponsored by the Rockefeller
Foundation in April 2000, an organizational plan
was conceived to create a global network of col-
laborating health workers and earth scientists
dedicated to the development of computer-based
models that can be used for improved control
programmes for schistosomiasis and other snail-
borne diseases of medical and veterinary impor-
tance. The proceedings are published as a special
issue of Acta tropica.”®

NEW AND IMPROVED
TOOLS

GIS mapping in China

13 A global network on schis-
tosomiasis information systems
and control of snail-borne dis-
eases. Acta tropica. Eds. Bergquist
NR, Malone JB. April 2001, 79

[1]:1-113
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New and Improved Methods

ield trials of methods, new drugs and other tools take place under
TDR’s Intervention Development and Implementation Research (IDE)
area. The expected result jeaturing in this chapter is new and
improved intervention methods jor using existing and new tools in the clinic
and the community. The output and perjormance indicators include the
number o new and improved methods that become valid fjor prevention,
W pully vl
-

diagnosis and treatment o} neglected tropical diseases, and por rehabilita-

tion o populations exposed to these diseases. This chapter outlines those

intervention methods that were validated, or were under validation, during

1999-2000.
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METHODS FOR PREVENTION

Prevention of severe anaemia and deaths associated
with severe anaemia

In areas of intense malaria transmission, a leading cause of severe disease and death in young
children is severe iron deficiency anaemia. Plasmodium falciparum malaria contributes significantly
to the etiology and severity of anaemia — this role is supported by evidence that, in areas of
endemic malaria, the incidence and age pattern of severe anaemia are strongly dependent on the
intensity of malaria transmission. The more intense the transmission, the younger the child at risk
and the higher the risk of death from severe anaemia, malaria or the two conditions together.

A study funded by TDR and others confirmed the role of malaria, in areas of intense transmis-
sion, as the largest contributor to the etiology of severe anaemia in infants, and has also shown
that iron supplementation is safe and effective when given orally and daily during the infant’s first
year of life." In these areas of intense transmission, iron supplementation replenishes the body’s
iron stores and does not increase susceptibility to malaria. Chemoprophylaxis

against malaria, on the other hand, protects against reduction of the body’s Trials are under way to determine

iron stores and lowers the rate of severe anaemia episodes. The policy ques- whether iron supplementation or

tion which has followed from these results is whether the World Health intermittent chemoprophylaxis should be
Organization (WHO) should recommend iron supplementation or intermit- recommended for prevention of severe
tent chemoprophylaxis on a large scale as the most cost effective strategy for anaemia in areas of high malaria

preventing severe anaemia in high transmission areas.

To answer this question, three trials have been funded (in Ghana, Kenya
and Tanzania) to compare the protective efficacy provided by daily iron
supplementation for infants between 2 and 6 months of age through MCH
(Mother and Child Health) or EPI (Expanded Programme on Immunization) services, with the
protective efficacy afforded by intermittent treatment with sulphadoxine-pyrimethamine (SP) for
infants of 2, 3 and 9 months of age through the same delivery mechanism.

The trial in Tanzania has been completed.? The study showed that treatment of infants in a
malaria endemic region with a single dose of SP, as a component of the EPI vaccination schedule,
led to reduction by half of the incidence of severe anaemia in infancy. These findings open up
possibilities for an important new strategy to reduce childhood deaths in malaria endemic regions
of the world. The WHO, United Nations Children’s Fund (UNICEF) and Global Alliance for
Vaccines and Immunization (GAVI) are working in collaboration to prepare for introducing this
treatment into practice in selected African countries. The implementation studies will assess how
generalizable the findings are in practice in areas of different transmission intensity, and will
further investigate the safety (of the drug itself and the effects on EPI antigens) and benefits
(avoidance of severe anaemia and mortality) that would accrue through large-scale implementa-
tion. Prior to large-scale assessment, a number of issues will need to be clarified, such as the
development of an infant dosage form, guaranteed supply of SP, effect of the drug alone in wide
EPI implementation on drug resistance to antifolates (if any), and the risk-benefit of other drugs
(mefloquine, artecom, pyronaridine) compared to SP for this purpose.

transmission.

METHODS FOR DIAGNOSIS

! Menendez C et al. Randomised
placebo-controlled trial of iron

Diagnostic tests for disease mapping and supplementation and malaria
monito ring chemoprophylaxis for preven-

tion of severe anaemia and
malaria in Tanzanian infants.

A replacement diagnostic test for lymphatic filariasis is being sought because the traditional Lancet. 1997 350: 844-850
test is inconvenient and has to be undertaken at night time. For Brugian filariasis, two new diag- 9
. . . . . . ) Schellenberg D et al.
nostic tests — deoxyribonucleic acid (DNA) diagnostics using a T ——
Two diagnostic tests are polymerase chain reaction (PCR) enzyme-linked immunosorb- malaria and anaemia control at
under evaluation for Brugian ent assay (ELISA) or DNA detection strips, and an antibody time of routine vaccinations in

. . g . QS Tanzanian infants: a placebo-
filariasis. test — are being evaluated under field conditions. Validation controlled trial. Lancet, 2001,

will continue until the end of 2001. 357 (9267): 1471-1477
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For Bancroftian filariasis, the immunochromatographic whole blood card test (ICT) has proved to
be a rapid, highly sensitive and specific diagnostic test. Following results from a large-scale multicoun-
try trial (see TDR Programme Report 1997-1998), where the test proved excellent in seven countries
(Fiji, Ghana, Haiti, Kenya, Myanmar, Papua New Guinea, Tanzania) but not in India (where one-
third of the global infected population lives), the test is undergoing re-assessment in India.

METHODS FOR TREATMENT

Treatment for severe malaria

As indicated in the New Tools section of this report, in 2000, TDR submitted a regulatory
dossier for rectal artesunate to the regulatory authorities in the USA, UK and Switzerland. It
is expected that rectal artesunate will be registered for a new indication for malaria: emergency

treatment of acute disease where a patient is unable to take drugs by mouth
Rectal artesunate has been and unable to access injectable treatment. WHO has submitted an applica-
submitted for registration; tion for accelerated registration of the formulation. Under the US Food and
discussions are under way @s  Drug Administration (FDA) regulations (Federal Register Vol 57, No 239),
to how best to take the drug accelerated approval for a drug in a life-threatening disease will, on the basis
into use. of the drug’s effect on an endpoint that suggests clinical benefit, be given
pending completion of studies to establish and define the degree of clinical
benefit to the patient.

Trials to verify and describe the clinical benefit of rectal artesunate are currently under way in
Tanzania, Bangladesh, Ghana, and will soon begin in Nigeria. These trials will also resolve any
remaining uncertainty as to the relation of the surrogate endpoint upon which approval is to be
based to the claimed survival benefit.

The purpose of developing rectal artesunate is to
reduce the mortality from severe malaria and one of its
syndromes, cerebral malaria. It is hoped that the cur-
rent high mortality levels of 5-35% can be reduced to
much lower levels of 0.1-1% through providing early
therapy to halt progression of the disease and buy time
for the patient to reach definitive therapy.

In the expectation that rectal artesunate will be
registered for use in the near future, TDR, Roll Back
Malaria and malaria endemic countries are discussing
how best to take the drug into use in demonstration
projects to resolve anticipated issues such as: the rec-
ommended follow-up treatment to rectal artesunate,
co-packaging of follow-up treatment with rectal artesu-
nate, making the drug available in countries where
the United Nations Children’s Fund (UNICEF) has
a good presence and where it does not, and health
education/information programmes to accompany the
drug’s launch in a country. It is expected that large
demonstration programmes will be funded in three or
four malaria endemic countries in the near future to Artesunate suppositories offer hope for reducing
help resolve these issues and demonstrate the potential mortality.
of the treatment to reduce mortality.

dWNYI/4AL/0HM

Home management

Recognition, and early appropriate treatment, of febrile illness in children is the basis of
malaria control in endemic countries. In Africa, the majority of children with fever are treated
at home, so reaching the home and community more effectively with antimalarial treatment is
likely to have an impact on malaria control. Increasing the availability, and improving the use, of
effective antimalarials for the treatment of suspected malaria at home has the potential to reduce
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the time between onset of symptoms and delivery of treatment, and could result in a reduction in
malaria morbidity and mortality.

Research in this area is under the purview of the TDR Task Force on Malaria Home

Management. Studies are also funded through the Multilateral Initiative on Malaria in Africa
(MIM) and TDR Research Capacity Strengthening (RCS). The focus in

1999-2000 has been in Africa, on the following areas:

the following:

Approaches to providing effective treatment for sick children nearer to the
home than in peripheral health units.

Ways to increase compliance with recommended regimens.

Mechanisms for appropriate referral for severely ill children.

Obtaining evidence of the effectiveness and impact of home treatment on

Investigating appropriate formulations for home treatment (Ghana).

Exploring the role of unit dose blister packaging and appropriate labeling

of antimalarials in improving provider and patient compliance (Ghana,

Nigeria, Uganda, Burkina Faso).

Studying the best ways of delivering blister packs to ensure availability as near to the home as
possible (Ghana, Nigeria, Uganda, Burkina Faso).

Developing and testing methods for providing appropriate information to communities, dis-
tributors of blister packs, home care providers and mothers (Ghana, Nigeria, Uganda, Burkina
Faso).

Investigating ways of organizationally sustaining appropriate home treatment (Ghana).
Identifying and understanding key players in appropriate referral strategies, including investi-
gating the social networks and patterns of referral for children with severe illness, mapping
the location of traditional healers and their catchment areas, and exploring ways to involve
traditional healers in interventions to promote early referral for appropriate treatment of severe
illness in young children (Tanzania).

Assessing the impact, on under-five mortality, of teaching mothers how to give under five-year-
old children early and appropriate treatment with chloroquine (Ethiopia).

Measuring the impact of home treatment with pre-packaged antimalarials on severe disease
(Burkina Faso).

Highlights of achievements during the biennium include the following (see Box I for further

details):

Researchers in Ghana found that adherence to treatment with chloroquine syrup was very poor
— only 42.4% of clients complied, as compared to 91% of clients who received pre-packaged
tablets. About 62% of mothers preferred pre-packaged tablets to syrup.

Researchers in Ghana, Nigeria and Uganda introduced, for the first time ever, blister packages
of antimalarials into community-based treatment outlets.

There was confirmation that fever and convulsions
in children (symptoms of severe malaria) are com-
monly treated by traditional healers, highlighting
the potential role that traditional healers can play in
the referral of severely ill children and the need to
enlist their support in efforts to improve treatment
for severe malaria.

Researchers in Burkina Faso demonstrated the
impact of malaria home treatment on severe disease.
The overall reduction of progression towards severe
disease among users of pre-packaged treatment was
53.6%.

Astudy in Ethiopia showed that a major reduction in
under-five mortality can be achieved in holoendemic
(where prevalence is fairly uniform) malaria areas
through teaching mothers how to promptly provide
under-5-year-old children with antimalarial drugs ~  pepackaged antimatariats are now being
reducing mortality in this age group by 40%. produced in Africa for home use.

More than 50% reduction

in progression towards severe
disease and 40% reduction in
under-five mortality are some
achievements of the different
the malaria burden. practices under trial to

Within these broad areas, multidisciplinary research has concentrated on improve home management of
children with severe malaria.

NEW AND IMPROVED
METHODS

dWNYI/4aL/0HM
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Box 1. MALARIA: case studies in home management

(1) Researchers in Ghana completed a study to
describe and compare the ease of administration
of, and costs and adherence to treatment with,
chloroquine syrup and pre-packaged tablets in chil-
dren under five years. The researchers described
the problem of adherence to treatment with chlo-
roquine syrup in terms of the kind of measure used,
and the frequency and number of days of medi-
cation; determined mothers’ acceptability of pre-
packaged tablets for their children; and compared
the costs to the mother of pre-packaged chloro-
quine tablets and syrup.

The results showed that adherence to treatment
with chloroquine syrup was very poor. Only 42.4%
of 144 clients who received syrup could do as they
were told by the prescriber, compared to 91% of 155
clients who received pre-packaged tablets. A vari-
ety of measures with different volumes were used to
represent a 5ml teaspoon, ranging in capacity from
1ml to 9ml. Of the clients who received syrup, only
19.4% used an accurate 5ml measure (in the form
of a cup or spoon). Others used measures which
were either more or less than 5ml. Some clients used
two different measures with different volumes to
administer the syrup. Adherence to treatment with
pre-packaged chloroquine tablets was about twice
that with the syrup in all cases. A majority of
mothers found the pre-packaged tablets acceptable,
convenient and easy to administer - about 61.9%
preferred pre-packaged tablets to syrup. The cost
of treatment with pre-packaged chloroquine tablets
was about one-fourth that of syrup.

(2) Researchers in Ghana, Nigeria and Uganda
introduced, for the first time ever, blister packages
of antimalarials into community-based treatment
outlets. For children aged less than one year, the
full-course pack consists of three tablets each of
75mg chloroquine base, to be used at one tablet
per day; for children of up to 5-6 years, each tablet
consists of 150mg chloroquine base. Results of the
impact on early access to high-quality antimalarials
and on compliance with the recommended course
of treatment will be available in 2001.

(3) Earlier studies in Tanzania based on verbal
autopsies for cases of childhood mortality in
Bagamoyo District had demonstrated that dege-
dege, a locally defined illness of children charac-
terized by fever and convulsions, was frequently
treated by traditional healers. To investigate this
further, an ethnographic study was carried out in
one village that included in-depth interviews with
14 traditional healers and 3 focus groups with par-
ents. Parents and traditional healers were unani-

mous in their conviction that degedege requires
traditional treatments, at least initially, and that
these treatments are effective. While traditional
healers did refer cases that were not improving to
the district hospital, this frequently didn’t occur
until late in the course of illness, after one or more
stages of traditional treatments. Thus the prog-
nosis is poor for children who are suffering from
severe malaria.

These results indicated the need to enlist the
support of traditional healers in efforts to improve
treatment for severe malaria. A larger study was
then funded in Kongwe District, Tanzania, to exam-
ine the characteristics of social networks and pat-
terns of referral for children with febrile illness
between traditional healers, traditional midwives,
village health workers and shop owners who sell
drugs. It confirmed the potential role that tradi-
tional healers can play in the referral of severely ill
children. While all the practitioners studied com-
monly treated or sold medications for mild malaria,
severe malaria was most commonly treated by herb-
alists and specialists in spiritual possession.

(4) Researchers in Burkina Faso demonstrated
the impact of malaria home treatment on severe
disease. The strategy for prompt and adequate
home treatment in Burkina Faso included: re-train-
ing of health staff of the local health unit; infor-
mation and sensitization meetings and training
sessions for members of study villages; and avail-
ability of pre-packaged antimalarial drugs contain-
ing a full course of treatment to homes through
trained village volunteers. The drugs were pro-
vided in four different colour coded packages for
different age groups following the Burkina Faso
treatment guidelines (0-6 months, 7-11 months,
12-35 months, 36-69 months), each containing a
full course of treatment and labelled with picto-
rial instructions on how to administer the drugs.
The village volunteer sold the drugs at a price pre-
viously agreed with the local health management
team, which had been calculated to allow for full
recovery of the drug’s purchase costs and for a 10%
incentive margin for the volunteer.

The researchers aimed to increase access to
treatment, improve compliance with recommended
dosages, and reduce progression of uncomplicated
malaria to complicated forms of the disease, thus
reducing the incidence of severe malaria. The
impact of the approach was assessed through pur-
posely designed, case-controlled epidemiological
methods.

At least one volunteer was trained in each of
the 375 villages participating in the study. Of the
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children that were treated by village volunteers,
56% complied with the treatment over the correct
duration.

The rate of progression towards complicated
malaria (benoyaba) was lower in children with
uncomplicated malaria (memalé) 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 towards severe dis-
ease among users of pre-packaged treatment was
53.6%. In the four target age groups, the progres-
sion rate to severe malaria varied between 3% and
7.1% in children who received pre-packaged drugs,
and from 8.1% to 18.2% in the control children.
In both groups, the highest progression rate was
noted in children aged 7 to 11 months, and the
lowest in children aged 4 to 6 years.

(5) Researchers in Ethiopia published results of
a two-year study which compared the effect on
under-five mortality, of teaching mothers how to
promptly provide antimalarials to their sick chil-
dren at home, with an existing community health
worker approach.

From 37 tabias (clusters of villages, of total
population 70 506) in two districts with hyperen-
demic to holoendemic malaria, those reported to
have the highest malaria morbidity were selected. A
census was carried out which included a maternity

history to determine under-five mortality. Tabias
were paired according to under-five mortality rates.
One tabia from each pair was allocated by random
number to an intervention group and the other was
allocated to the control group. In the intervention
tabias, mother coordinators were trained to teach
other local mothers to recognize the symptoms of
malaria in their children and to promptly give chlo-
roquine. In both intervention and control tabias,
all births and deaths of under-fives were recorded
monthly.

Over a 12-month period, 190 of 6383 (29.8 per
1000) children under five years died in the inter-
vention tabias compared with 366 of 7294 (50.2 per
1000) in the control tabias. Under-five mortality
was reduced by 40% in the intervention localities
(95% CI from 29.2-50.6; paired t test, p<0.003).
For every third child who died, a structured verbal
autopsy was undertaken to ascribe cause of mor-
tality as being consistent with malaria or possible
malaria, or as not being consistent with malaria.
Of the 190 verbal autopsies, 13 (19%) of 70 in the
intervention tabias were consistent with possible
malaria compared with 68 (57%) of 120 in the con-
trol tabias.

This study showed that a major reduction in
under-five mortality can be achieved in holoen-
demic malaria areas through training local mother
coordinators to teach mothers how to give antima-
larial drugs to children under five.

Three factors have influenced plans for the next steps:

The launch of the Roll Back Malaria initiative with a need for accelerated development of
interventions to meet time-specific targets, especially considering the increasing problem of

resistance to easily available and affordable antimalarials.

The commitment by heads of government in Africa for policy change that will make diagnosis
and treatment of malaria available as far peripherally as possible, including home treatment, in
an effort to make appropriate treatment available and accessible to the poorest groups in the

community (the ‘Abuja declaration’).

A meeting in Kilifi, Kenya, to identify research gaps and set priorities in malaria home man-
agement. Attending were: representatives from universities, institutions and groups likely to
undertake the research; groups actively involved in intervention research; advisors/experts in
areas relevant to home management of malaria; global, regional and country policy decision
makers (from Roll Back Malaria, the WHO Regional Office for Africa, UNICEF).

The main areas of focus have been identified as follows:

Continued development and testing of feasible and sustainable strategies to change the behav-
iour and practices of mothers, households and communities in order to increase the extent of
early, appropriate care for childhood uncomplicated fever episodes.

Taking to ‘district level” existing experiences in strategies for improving home management
for childhood fevers, and measuring their feasibility, effectiveness, cost and impact on the
disease burden.

Development of ways to improve referral practices for severely ill children based on results
of studies showing that children with severe malaria symptoms are invariably taken first to
traditional healers.

Determination of how the introduction of new and alternative types and/or forms of antima-

NEW AND IMPROVED
METHODS



FIFTEENTH

PROGRAMME REPORT % @ﬁ}fﬂ‘) ‘ﬁ

larial drugs can be adapted for providers and users to ensure improvement in home manage-
ment practices for malaria in children under the age of five years.

* Description of home management of malaria in urban contexts in order to identify potential
intervention points and approaches.

* Identification of areas in the process of illness recognition, treatment seeking, referral practices
and treatment of childhood fevers that could serve as the focus for future interventions to
promote improved malaria treatment in the community.

* Research on how to develop strong links with, and support from, the formal health care
system, as home management for malaria cannot stand alone.

Current research to delay drug resistance Dru9 resistance and pOh cies

in malaria is focused on use of an Antimalarial drug resistance is on the increase, particularly in the poten-
tially lethal malaria parasite P. falciparum. In some parts of the world, sul-
phadoxine-pyramethamine has had a useful lifespan of just 5 years, and, in
other areas, notably on the Thai-Myanmar border, P. falciparum is already
resistant to multiple drugs.? The characteristics of a drug that make it vulner-
able to the development of resistance are: a long terminal elimination half-
life, a shallow concentration-effect relationship, and mutations that confer

artemisinin drug in combination with
other antimalarials. Results from large-
scale efficacy and safety trials of
combinations are now under analysis,
while preliminary data for ‘proof of

principle’ trials, to test the hypothesis marked reduction in susceptibility.* There is now circumstantial evidence
that these combinations may delay drug from Thailand that the development of resistance can be delayed by combin-
resistance, are being gathered. ing a well-matched drug pair, i.e. combining one drug that rapidly reduces

parasite biomass with a partner drug that can remove any residual parasites.’

The total effect of artemisinin combinations (which can be simultaneous or

sequential) is to reduce the chance of parasite recrudescence, reduce the within-patient selection
pressure, and prevent transmission.

During 2000, TDR tackled drug resistance via two approaches: (i) development of drugs
which have different or novel modes of action; (ii) examination of combinations of currently avail-
able drugs that have independent modes of action, in particular artemisinin-based combinations.
Compliance and cost are important issues in achieving maximum coverage, itself an essential ele-
ment in achieving the mass effect required to achieve a reduction in resistance and transmission.

The development of new drugs which have different or novel modes of action is covered in
the section of this report on New and Improved Tools. The principal drug in new antimalarial
combinations (pyronaridine/artesunate and chloroproguanil/dapsone/artesunate) is artesunate.
This drug causes a rapid and substantial reduction in the parasite biomass, irrespective of resist-

Chongsuphajaisiddhi T. Drug resist ance to other a}ntimalarialsﬁ'7 Any remaining parasites are then killed off by high concentrations

ant malaria, with special reference to of the companion drugs(s).

Thailand. Southeast Asian journal of In testing the validity of this strategy in the field, three approaches have been used:

tropical medicine and public health, i) Assessment of the efficacy and safety profiles of artesunate (AS) combinations.

[R-aerlo e ii) Demonstration of the validity of combination therapy in reducing drug resistance and poten-
* White NJ. Preventing antimalarial tially reducing transmission.

drug resistance through combi- . " ] . g
natiins. Dmgmistaice updates iii) Assessment of the problems that occur in practice with the introduction of a well matched

3 Looareesuwan S, Harinasuta T,

1998, 1: 3-9. fixed combination drug such as that based on artemether-benflumetol, recently introduced by
5 Nosten F et al. Effects of Novartis, so that any problems can be avoided when new fixed or sequential dose combination
artesunate-mefloquine combina- therapies are introduced.

tion on incidence of Plasmodium
falciparum malaria and meflo-

N Assessment of efficacy and safety of artesunate combinations has been through ran-

Thailand: a prospective study. domized, double-blind, placebo-controlled trials in comparison with monotherapy — either
Lancet, 2000, 356: 297-302. sulphadoxine/pyrimethamine (SP), amodiaquine (AQ), chloroquine, or mefloquine. These stud-
¢ White NJ, Olliaro PL. Strategies ies are intended to provide data to policy makers on the appropriateness of different treatment

for the prevention of antimalarial

options.
drug resistance: rationale for com- P . . Lo .
bireton e k. All trials have used a common protocol and analytical plan, amenable to individual patient
Parasitology today 1996, 12: data meta-analysis, and prepared through an iterative process involving experts and investiga-
399-401. tors. The studies are conducted according to good clinical practice and are monitored by WHO.
" White NJ. Assessment of the phar- Collectively, they represent the largest series of antimalarial drug trials ever conducted, with

macodynamic properties of antima-
larial drugs in vivo. Antimicrobial
agents chemotherapy, 1997, 41:
1413-22.

patients numbering over 4600 enrolled at 11 sites in Africa. Additional studies are being con-
ducted in Latin America. The centres have been selected based on patterns of resistance and
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transmission. Capacity building is a specific component of both study conduct and analysis.
The primary efficacy end points are parasitological cure at day 14 and day 28. Secondary effi-
cacy parameters are parasite and fever clearance, and gametocyte carriage rates. Studies include
molecular genotyping to distinguish between recrudescent infections and reinfections, molecular
characterization of mutations conferring drug resistance, and population pharmacokinetic assess-
ments. One study, comparing SP alone with SP combined with either one day or three days of
AS, has been published.® The results of the other trials are currently being analysed. Provisional
results indicate that AQ is effective in West and Central Africa, but efficacy is declining in East
Africa; the addition of AS results in increased efficacy. AQ+AS is therefore an option for use in
Africa. SP efficacy is high in West Africa but considerably lower in East Africa; and while the addi-
tion of AS results in significantly higher efficacy rates, it is questionable whether AS+SP should
be deployed in parts of East Africa because of the increasingly high failure rates seen there. In
all cases, the addition of AS to either SP or AQ produces a significantly faster decline in parasite
numbers and gametocyte rates.

Preliminary results of the randomized, placebo-controlled studies of artesunate combinations
vs. single-agent therapy — three studies with sulphadoxine/pyrimethamine, three with amodi-
aquine — are shown below:

Outcome Comparison  Summary no. of events  Summary OR (95%(CI)
Radical cure on day 14 AS+SP vs SP 445/485 vs. 404/519 3.05 (2.13, 4.37)
(intent-to-treat analysis) AS+AQ vs AQ 397/428 vs. 356/422 2.37 (1.54, 3.68)
Gametocyte carriage rate on day 7 AS+SP vs SP 75/485 vs. 307/511 0.13 (0.10, 0.18)
(intent-to-treat analysis) AS+AQ vs AQ 29/416 vs. 48/419 0.58 (0.36, 0.93)

AS = artesunate combinations
SP = sulphadoxine/pyrimethamine

AQ = amodiaquine

Testing the hypothesis that use of artemisinin combination therapy may delay resist-
ance to antimalarial drugs and, in some epidemiological settings, have an important role in
inhibiting the transmission of malaria, is now in its initiation stages. The large-scale trials planned
are intended to demonstrate whether the hypothesis is valid through two endpoints: the rate of
resistance and the rate of transmission over time.

The main issues to be addressed in the implementation phases are:

* Feasibility and sustainability of implementation of artemisinin combination therapy.

* Elements of successful implementation.

* Factors related to the development and supply of quality, affordable drugs for combination
therapy (blisters, fixed-dose co-formulation).

* Mechanisms to delay/prevent resistance.

* Mechanisms to reduce transmission.

* Improvements to individual and/or social welfare through combination therapy: policy instru-
ments and financial factors required.

Two implementation studies have started. Concurrently, potential sites have been funded for
the ‘pilot’ phase, collecting baseline data on drug use, treatment-seeking behaviour and drug
expenditure patterns specifically for malaria. Two or more of these sites are likely to be scaled up
to the ‘demonstration’ or ‘proof of principle’ stage. Concomitantly, mathematical models are being
tested for the development and evolution of resistance, and the economic components (cost, cost-
effectiveness, cost-benefit) are being studied.

Assessment of problems that occur in practice is a joint effort of TDR and Roll Back Malaria.

The main issues being addressed are:

» Choice of appropriate combination treatment, based on the results of the clinical trials men-
tioned above; the efficacy and safety of other possible options as well as the current first-line
treatments; and other factors e.g. predicted longevity, cost, likely adherence to, acceptability of,
and development issues concerning the option.

* Elements involved in policy change, including the evidence needed, and better understanding,
of the processes involved at national and regional levels.

* Feasibility and sustainability of large-scale implementation of antimalarial combinations
through the formal and informal health sectors.

NEW AND IMPROVED
METHODS

8 von Seidlein L et al. Efficacy
of artesunate plus pyrimethamine-
sulphadoxine for uncomplicated
malaria in Gambian children: a
double-blind, randomised,
controlled trial. Lancet, 2000,
355(9201): 352-7.
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These and other issues are being dealt with primarily by Roll Back Malaria through consulta-
tion with internal and external experts.

AFRICAN TRYPANOSOMIASIS: Epidemiological impact of treatment

The significance of not finding parasites in people who are serologically positive for sleeping
sickness has been in question for many years. Of the two cohort studies planned to assess the epi-
demiological impact of treatment with pentamidine on serologically positive but parasite negative
individuals, the study in Uganda commenced during the biennium. The study in the Democratic
Republic of the Congo has not yet begun due to political unrest.

LEPROSY: New drug regimens

Since late 1980, three additional antileprosy drugs have been available, namely ofloxacin (a
fluoroquinolone), clarithromycin (a macrolide), and minocycline (a tetracycline), each of which
acts by a different mechanism. Large-scale field trials of these drugs are ongo-
Ongoing trials of new drug regimens ing. The drugs have the potential to increase the effectiveness, and shorten
for leprosy should help shorten the the duration, of leprosy chemotherapy. In addition, the use of new drug regi-
duration of treatment and make needed mens will help avoid the emergence of drug resistance, and may prove useful
alternative therapy available. for patients who cannot, for one reason or another (e.g. contraindication),
take one or more of the drugs that constitute the standard multidrug therapy
(MDT). Important ongoing trials are described below.

Ofloxacin multicentre trial

With support from TDR, a large-scale multicentre field trial was launched by WHO in
1991-1992, to evaluate the efficacy, safety, acceptability and feasibility of ofloxacin-containing
combined regimens in a multicentric, randomized, double-blind, controlled clinical trial in both
multibacillary (MB) and paucibacillary (PB) leprosy patients. One of the test regimens was a com-
bination of rifampicin and ofloxacin given daily for four weeks for both MB and PB leprosy. The
other two test regimens were for MB leprosy only. One was the WHO recommended multidrug
therapy (MDT) for one year, with or without daily supplementation with ofloxacin for the first
four weeks, and the control regimen was the standard WHO recommended MDT regimen for 24
months.

Fifteen centres from eight endemic countries are participating in this trial. The intake of nearly
4000 newly diagnosed leprosy patients was completed in June 1994 and the treatment phase was
completed in December 1996. Patients will be followed up for a period of 5-7 years after comple-
tion of treatment to detect relapses, if any. Final results will be available by mid-2004.

Single-dose ROM trial for paucibacillary leprosy

This trial, in India, is managed by the leprosy programme of WHO through TDR and the
leprosy unit’s joint Therapy of Mycobacterial Diseases Steering Committee. The objective is
to evaluate the therapeutic efficacy of rifampicin, ofloxacin and minocycline (ROM) adminis-
tered as a single dose for the treatment of
all skin smear negative PB cases. The study
is designed as a double-blind, randomized,
controlled trial, with two arms. One group
of patients is administered ROM as a single
dose, with appropriate placebo prepara-
tions (PB MDT placebo) for the remaining
six months. The other group of patients
is administered the standard PB MDT for
six months, with appropriate placebo for
day one (ROM placebo). Efficacy will be
measured in terms of clinical response and
relapses. Total duration of the study will
£ be 54 months (12 months of intake phase,

ROM packs, introduced in 1997, are being tested in a single-
dose treatment for paucibacillary leprosy.
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6 months of treatment and 36 months of post-treatment follow-up). Final results are likely to be
available by the end of 2003.

Monthly administration of ROM for multibacillary and paucibacillary leprosy

The main objective of this trial is to study the efficacy of once-a-month doses of the ROM
regimen in both PB and MB leprosy patients (3 or 6 doses for PB patients, 12 or 24 doses for MB
patients) and in both regular and irregular patients in terms of treatment failure and/or relapse,
to assess the strength of the study regimens. The trial is taking place in Myanmar, Guinea and
Senegal, and is supported by the WHO leprosy programme. Final results will be available by
mid-2007.

Experimental chemotherapy

Recently in the mouse footpad model, three drugs — rifapentine (a rifamycin derivative), moxi-
floxacin (a quinolone derivative), HMR 3647 (a macrolide derivative) — have shown impressive
bactericidal activity. A single dose of a combination of rifapentine, moxifloxacin and minocycline
was more bactericidal than rifampicin alone or ROM combination. This worlk is under support
from TDR.






