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The International Laboratory for Research on Animal Diseases (ILRAD) was established
in 1973 with a global mandate to develop effective control measures for livestock diseases
that seriously limit world food production. ILRAD's research program focuses on African
animal trypanosemiasis and tick-borne diseases, particularly East Coast fever, a virulent
form of theileriosis.
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bv the consultative Group on International Agricultural Research, whose headquarters are
located in the World Bank, Washington, D.C.
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FOREWORD

Animal Diseases (ILRAD) was established in 1973 by

the Consultative Group on International Agricultural
Research (CGIAR), an association of donor agencies with
headquarters in Washington, D.C. ILRAD was given a man-
date to conduct intensive research leading to improved control
of important livestock diseases in developing countries, par-
ticularly in Africa.

The work of the Laboratory focuses on immunological
and related aspects of trypanosomiasis and tick-borne dis-
cases. Throughout the tropics, where the climate is suitable for
parasites and their insect vectors, these infectious protozoan
diseascs of livestock continue to hold back agricultural and
rural development.

ILRAD's strategic research programs on tsetse-trans-
mitted trypanosoniiasis and tick-borne diseases, particularly
the virulent form of theileriosis in Africa known as East Coast
fever, are supported by a third program to assess the social,
economic and environmental impacts of improved livestock
disease control and by a fourth program that promotes cooper-
ative research and technology transfer, conducts training acti-
vities and disseminates information and research resuits.
ILRAD's facilities include a modem complex of research
laboratories and supporting units at Kabete, located on the
outskirts of Nairobi, Kenya, and a cattle-breeding ranch on the
Kapiti Plains, about 70 kilometres southeast of the capital.

THE INTERNATIONAL Laboratory for Research on

Board of Directors with 12 members. This year, Pro-
fessor N.O. Nielsen, from Canada, succeeded Professor
1. Mansson (Sweden) as Board Chair and Di. Florence Cheno-
weth (Liberia) was elected to the Board on the retirement of
Dr. Abdel Kadir (Nigeria). At the end of 1991, ILRAD staff in

THE LABORATORY is governed by an international

GOVERNANCE
AND STAFF
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CHANGES IN A
YEAR OF REVIEWS

Dr. Ross Gray (left), Director
General of ILRAD, and Dr.,
William Pritchard, of the
University of California at
Davis, who is chairing the

Expert Advisory Committee of

the 1991-1992 Winrock study
‘Assessment of Animal Agri-

culture in

Sub-Saharan Africa’.

post comprised 48 senior scientific and administrative person-
nel, 10 long-term visiting scientists, 24 specialized techni-
cians, 59 technical support staff and 289 general support staff.
Turnover in core senior scientific staff was substantial, with
five departures and three new arrivals; six long-term visiting
scientists left in the year and two arrived; four vacancies were
under recruitment at the year’s end. Of a further ten approved
international positions, in this year five were held by visiting
scientists with cxternal salary support and five remained va-
cant due to funding uncertainty.,

ILRAD congratulates Professor I. Ménsson on his ap-
pointment as Commander of the Royal Norwegian Order of
Merit in May and Dr. Ivan Morrison, a longstanding ILRAD
scientist now at the Compton Institute for Animal Healib
(UK), on being awarded this year the first Wellcc.ne Trust
Medal for Veterinary Research and the Keith Sinclair Prize,
Seven ILRAD associated research fellows completed their
studies and were awarded doctorate degrees during the year,
Drs. Vinand Nantulya and Jim Lenahan left ILRAD having
each given more than ten years of much-appreciated service
to the institute.

ILRAD-commissioned external management review
was conducted in February. The review team recom-
mended some changes in general management and a major
strengthening of research management, which it proposed Le
conducted on a project basis. These recommendations were
accepted. Positions for a Deputy Directoi General and an
Information and Planning Officer were introduced. Heads of
Programs reporting to the Director General were given full
responsibility for managing ILRAD's four principal pro-
grams. The institute's former operational system, whereby
scientists acted as Laboratory Coordinators, was replaced by
vesearch associates taking on the technical responsibilities of
Unit Superintendents and reporting to a Laboratory Manager.
To obtain broad input into the development of future
research strategies, major reviews of program activities were
conducted and many strategy meetings held during the year,
From these discussions, scientific staff developed project pro-
posals and presented these to their colleagues and the Direc-
tors during the institute’s annual Internal Review in October.
Projects for future research were chosen according to revised
research objectives, likely budgetary constraints, ILRAD’s
comparative advantages, the resources available, project man-
ageability, and possibilities for collaborative links. Individuals
were then chosen to lead the projects,
These changes, and the processes that effected them, have
prompted better communicatjon among staff members and

THIS WAS AN IMPORTANT year for ILRAD. First, an



have brought about greater accountability in use of staff, time
and materials. As the new research system settles down and
adjustments are made, these changes are expected to lead to
more effective research programs and greater scientific pro-
ductivity.

Another reason for the importance of 1991 is that this year
brings to a close ILRAD's third quinquennium. Throughout
the year, objectives and directions were reconsidered and plans
developed for the coming quinquennium, in line with a rolling
five-year system of strategic research adjustments. Part of this
activity included preparations made for ILRAD’s third major
external review organized by the Technical Advisory Commit-
tee on behalf of the CGIAR. Preliminary visits to the Labora-
tory from the Chairman and members of the review team were
made late in the year, with the main phase of the review to
occur in March and April 1992.

The preparations made for this review included are-evalu-
ation and redrafting of the Laboratory's Long-Term Plan, the
hosting of two international workshops 1o solicit external
scientific expertise and opinion regarding future research
needs and prioritics in the areas of bovine genome mapping
and trypanotolerance (held in April) and improved contiol of
the tick-borne diseases araplasmosis, babesiosis and cow-
driosis (May). (A third planning workshop, on Theileria anni-
Jata. was held late in 1990.) In addition, a team of five scientific
consultants commissioned by the Laboratory reviewed
ILRAD's achievements and future plans for research on the
epidemiology of trypanosomiasis and East Coast fever.
Throughout the year, staff wrote papers and compiled do-
cumentation on the achicvements and impacts of ILRAD’s
research programs. The investment in these additional review-
related activities, including time spent away from the bench
this year, should be well repaid in terms of clear and well-fo-
cused prograins for the Laboratory in the next quinquennium.

he documents prepared in this review year served o

highlight the glooal relevance of much of ILRAD’s

work. The basic research conducted at ILRAD on the
African forms of trypanosomiasis and tick-borne diseases have
consistently over the ycars produced information and diagrios-
tic materials of immediate utility and benefit to scientists
conducting research on related forms of these diseases that
occur in other regions. The Laboratory’s longstanding inves-
tigations of the immune system of ruminants have generated
an expertise in this area as considerable as it is uncommon.
Serological reagents, including many monoclonal antibodies
produced at ILRAD, are dispatcied worldwide to further the
research of scientists working to protect many different kir:ds
of demestic livestock against disease. In a collaborative effort

FOREWORD

ILRAD'S GLOBAL
RESEARCH IMPACT
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THE NEED FOR
BETTER CONTROL
OF TROPICAL LIVE.
STOCK DISEASES

Stone carving from an Egyptian
tomb depicting cattle of Africa’s
ancient, humpless, Bos taurus
breed. Note that the cow’'s calf
is tethered to her foreleg during
milking, a method stil] practised
today by African smallholder
farmers (Cairo Museum),

to map the bovine genoms and locate the genes that
control disease resistance and other desirable productivity
traits, ILRAD s developing and tailoring state-of-the-art tech.
nologies to speed up the process of identifying bovine genetic
‘markers’, For this international project, ILRAD is also pro-
ducing a valuable resource herd of closely related families of
cattle whose DNA is being analysed in advanced laboratories
from Texas to Queensland, The techniques the Laboratory is
developing for immunizing animals with genetically altered
organisms and the adjuvants it js preparing to boost the effec-
tiveness of the novel vaccines have a wide potential applica-
tion. Finally, ILRAD is a pioneer in use of geographical
information Systems—computer programs designed to man-
ipulate and analyse large amounts of spatial data—to deter-
mine the epidemiology of a livestock disease in an area,
country or region of the developing world and to assess the
likely results of implementiry control measures against it.

MAIJOR STUDY was conducted this year to assess
Athe future of anima agriculture in sub-Sahara Africa,
(A report of the study, conducted by Winrock Interna-
tional, USA, will be published in early 1992,) Topping the lists
of animal health constraints on livestock productivity that
cmerged from these deliberations are ILRAD’s target dis-
€ases: tsetse-transmitted trypanosomiasis and tick-borne
theileriosis, anaplasmosis, babesiosis and cowdriosis. These
diseases clearly remain major factors in inhibiting the integra-
tion of livestock into Africa’s agricultural production systems,
Efforts to control trypanosomiasis and tick-borne diseases
continue to occupy scientists of national agricultural research
systems throughout Africa and otner regions as evidenced by
the proceedings of ‘The 2]t Meeting of the International
Scientific Council on Trypanosomiasis Research and Con-
trol’, held in Yamoussoukro, Cote d’Ivoire, in October, under
the auspices of the Organisation of African Unity (OAU), and
a workshop on *Ticks and Tick-Borne Disease Control’ held
in September in Kampala, Uganda, and sponsored by the
OAU, ILRAD and the Food and Agriculture Organisation of
the United Nations (FAQ).

Disease control activities continue to cost farmers, gov-
“mments and aid agencies large sums of money annually in
livestock productivity losses and deaths, The major reasons
for this are continuing persister.ce and expansion of the dis-
tribution of tsetse fljes and trypanosomiasis, outbreaks of
non-tsetse-transmitted trypaitosomiasis, development of
drug-resistant parasites, and the inadequacy of cattle-dinping
regimes to control the tick vectors of theileriosis, anaplas-
mosis, babesiosis and cowdriosis,



Domestic livestock are a particularly importar' resource
in the development of sustainable agricultural | oduction
systems on small-scale farms in developing countries. To help
farmers make full potential use of livestock, ILRAD’s re-
search programs aim to develop improved disease control
methods based on prophylactic vaccination. This approach to
maximizing livestock productivity is demonstrably safe, cost
effective, reliable, environmentallv sound and sustainable
over the luing term. Rescarch attention is also given at ILRAD
to extending the usefulness of the few chemotherapeutic drugs
now available for preventing or treating trypanosoniiasis and
to widening the use of indigenous breeds of African livestock
that are innately resistant to trypanosomiasis.

The main text of this annual report is not intended to be
an exhaustive account of all the research, training and infor-
mation activities carried out at ILRAD in 1991 but rather to
explain in lay terms the major advances made in the year
towards solving critical rescarch problems in tick-borne dis-
case and trypanosomiasis research and the major outputs of
the year's work. For further information, readers arc directed
to ILRAD's 1991 Highlights and 1991 Annual Scientific Re-
port, published earlier in the year. The following summarizes
some of this year’s rescarch achicvements.

1991 to support regional and national disease-control

projects, particularly those in Kenya, Zambia, Zanzibar
(Tonzania) and Zimbabwe. ILRAD assisted staff running
these projects by employing an array of advanced laboratory
tests to define und characterize parasites obtained from their
field sites, by providing the projects with reagents for the
accurate di.-gnosis of tick-borne diseases, and, in conjunction
with ILRAD’s Socioeconomics Program, by developing and
using epidemiological models to help project leaders deter-
mine which livestock populations are most at risk from tick-
borne diseases. ILRAD staff also contribuied to international
meetings and workshops held throughout tne year to assess
the current global distribution, control methods and economic
importance of tick-borne diseases, to update scientists on the
latest findings in research on the biology of the causative
organisms, and to ensure the optimization of research efforts
for the production of new diagnostics and vaccines.

The ILRAD program has continued to develop and refine
antibody-based ELISA systems and DNA probes for prccise
identification of tick-borne disease organisms. In consultation
with laboratories in Australia, the USA and Latin America,
antigenic molecules of Babesia parasites and Anaplasma mar-
ginale nave been identified for the development of more
specific tests for distinguishing these organisms.

THE THEILERIOSIS Research Prograim continued in

FOREWORD

THEILERIOSIS
RESEARCH PROGRAM

East Coast fever is a viru-
lent and often fatal form of
theileriosis. The disease is
caused by the parasite
Theileria parva, which is
transmitted to livestock by
ticks. ILRAD estimates that
24 of the 63 million cattle in
eastern, central and south-
emn Africa are at risk of in-
fection with T. parva.
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TRYPANOSOMIASIS
RESEARCH PROGRAM

L
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Animal trypanosomiasis is
found in over a third of the
African continent. Of a total
population of some 160 mil-
lion cattle in Africa, about
45 million are located in
areas infested with the tse-
tse fly, the main transmitter
of trypanosomiasis.

The tsetse belt occurs across
Africa’s humid and sub-
humid regions, the very
ecological areas of the con-
tinent with the greatest
potential for farming and
ranching. It is estimated that
control of this disease
would make it possible to
raise a further 120 million
cattle in this region without
additional environmental
stress.

ANNUAL REPORT

Experiments conducted in 1991 have shown that genetic
recombination occurs among six stocks of T, parva parasites
obtained from different regions of Africa and cuusing different
disease syndromes. This demonstration was made feasible by
the earlier completion at ILRAD of a physical map of the T.
parva genome and allocation of antigens and other marker
genes to specific chromosomes of the parasite. The prevalence
of such genetic exchange in the field, and consequent reassort-
ment of antigenic molecules of the parasite, has important
implications for those de. eloping improved vaccines against
East Coast fever.

Those working in the program on development of such a
vaccine were encouraged by results of this year’s research.
These offer further evidence that inoculation of cattle with a
recombinant form of an antigen located on the surface of the
T. parva parasite (p67), which has been produced in bacteria
in large quantities using genetic engineering techniques, has
in most cases protected the cattle against subsequent challenge
with a lethal dose of parasites.

veleped highly sensitive tests (monoclonal-antibody-

based ELISAs) for distinguishing trypanosome
species. The reliability of these tests, which detect antigenic
molecules of the parasites, in diagnosing livestock infections
was validated this year by researchers in cight laboratories in
Africa whose work was sponsored by FAO and the Interna-
tional Atomic Energy Agency (Vienna). The tests were made
available to scientists in Asia and Latin America. The utility
of these tests in diagnosing human trypanosomiasis (sleeping
sickness) is now being determined in trials conducted with the
World Health Organization (Geneva).

Other ELISA systems were developed in the year in
collaboration with the University of Glasgow for detection of
a commonly used trypanocidal drug in samples taken from
infected animals. The improved ability to detect both parasites
and levels of trypanocides in livestock will enable disease
control workers rapidly to identify parasite drug resistance in
future epidemiological surveys.

Trypanosome genes that are expressed difizrently in dif-
ferent life cycle stages of the parasite were identified in 1991 ,
including a gene that controls the parasite’s division cycle.
Techniques for the transfer, or transfection, of foreign or
mutated DNA into trypanosomes were established by the
program this year. These transfection techniques are being
used to identify the genes that enable Irypanosomes to survive
drug treatment and the genes that control the organism'’s
infectivity.

Vork conducted in 1991 showed that trypanotolerant

THE TRYPANOSOMIASIS Research Program has de-



cattle, which are innately resistant to trypanosomiasis, make
effective immune responses (humoral and cellular) to a para-
site enzvme, a cysteine protease, and that macrophages from
infected trypanotolerant cattle release greater quantities of
cytokines, a chiemical messenger of the immune system, than
macrophages from infected animals that are susceptible to
{ry panosomiasis.

The Trypanosomiasis Program recently undertook re-
search aimed at understanding the genetic basis of this resist-
ance to trypanosomiasis. In 1991 the program made major
contributions to worldwide efforts to imap the bovine genome.
A workshop held at ILRAD in May on this subject brought
together scieniists from advanced laboratories in Australia,
Canada, France, Ireland, Isracl, Switzerland, the UK and the
USA as well as scientists from the International Livestock
Centre for Africa (ILCA, Addis Ababa). The discussiuns and
proceedings of the workshop have alerted the bovine gene
mapping community to the importance of using the linkage
map being developed to locate tie trypanotolerance trait(s)
and to coordinate efforts towards this goal.

LRAD'S SOCIOECONOMICE program continued in

1991 to develop methodologies for evaluating the efficacy

of various control measures for tick-borne diseases and to
refine computer-based models being developed to help deci-
sion-makers determine which livestock-keeping communities
in the endemic regions of eastern, central and southern Africa
will be best served by the introduction of immunization
against East Coast fever. The models incorporate geographic
information systems and data cn farming systems and house-
hold economics as well as on livestock production and dis-
eases. The models are being developed with assistance from
staff of the International Centre of Insect Physiology and
Ecology (Nairobi), ILCA and the Kenya Agricultural Re-
search Institute. A smallholder farm model built to predict the
economic impacts of implementing various livestock disease
control methods in given areas, developed in collaboration
with Texas A & M University, was completed this year; its
accuracy is now being assessed.

ILRAD participated in a workshop held in 1991 on ‘In-
creased Sustainable Agricultural Productivity in Africa
through the Use of Intelligent Geographic Information Sys-
tems with the Consultative Group for International Agricultu-
ral Research'. The workshop was sponsored jointly by

FOREWORD
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Research at ILRAD is gear-
ed towards developing vac-
cines that will lastingly pro-
tect livestock from theiler-
josis and trypanosomiasis.

Immunization has proved
the most cost-effective way
of controlling infectious
diseases. Because vaccina-
tion is based un natural pro-
cesses, it is also the most
sustainable disease control
measure.

Vaccine development, how-
ever, requires considerable
technical expertise. For this
reason, much of ILRAD’s
research involves state-of-
the-art biotechnology.

SOCIOECONOMICS
RESEARCH PROGRAM

SUSTAINABLE AGRICULTURE

ILRAD., the Rockefeller Foundation and the United Nations
Environment Program (Nairobi). It was attended by members
of CGIAR centres with progranis in Africa and by experts
from programs and institutions within and without the United
Nations system. The meeting helped to determine common

Managing resources for agricul-
ture to satisfy changing human
needs while conserving natural
resources and maintaining or
cnhancing the quality of the
environment,



FTLRAD 1991 ANNUAL REPORT

OUTREACH
PROGRAM

VISITORS

interests in the development, analysis and maintenance of
biological and abiotic databases, development of data extra-
polation systems, and development of simulation and expert
systems models for advancing research and control of crop
and livestock diseases.

scientists and technicians, most of them from African

institutes, with individual training at the Laboratory for
periods of one week to six months. A total of 21 laboratory
technicians attended ILRAD courses this year on use of ad-
vanced techniques for diagnosing trypanosomiasis and tick-
borne diseases in livestock. II.RAD also provided lecturers
and financial support for participants of courses organized
Jointly with other international agencies that were held during
1991 in Rurkina Faso (in French), in Céte d'Ivoire and in
Uganda. Thirty graduate students, most of them from Africa
and supported by ILRAD fellowships, undertook research
work at ILRAD in 1991 leading to graduate degrees. In
addition, ILRAD provided three senior African scientists with
fellowships to conduct post-doctoral studies at ILRAD.

The heart of any program of basic research lies in the
publication of its results in internationally recognized and
refereed scientific journals. ILRAD's publication output this
year retained its high standards in quality and numbers: 61 of
99 total publications published appeared in refereed scientific
Jjournals and 57 papers were presented at international meet-
ings. As can be judged by the nature of these publications,
ILRAD’s research findings are of direct relevance not only to
scientists conducting strategic research on specific animal
diseases and their control but also to those conducting basic
research in a wide variety of biological disciplines. (A bibli-
ographic list of the year’s publications appears at the end of
this annual report).

ILRAD‘S OUTREACH PROGRAM in 1991 provided 36

severe restrictions in food production imposed by try-

panosomiasis and tick-borne diseases attracts visits to
the Laboratory by professionals who have made outstanding
contributions in their fields. Among the distinguished guests
who paid ILRAD visits in 199] were the following: His
Excellency Salim Ahmed Salim, Secretary General of the
Organization of African Unity (Addis Ababa); Dr. Charles R.
Cantor, Director of the Hui..an Genome Centre at the Univer-
sity of California at Berkeley; Dr. Alain Provost and Dr.
Georges Tacher, heads of the Institut d’Elevage et de Méde-
cine Vétérinaire des Pays Tropicaux (France) (Dr. Tacher this
year succeeded Dr. Provost as Director General); Dr. William

THE IMPORTANCE OF ILRAD's work to alleviate the



R. Pritchard, ILRAD Board Chair Emeritus (USA); Prof.
F.E.G. Cox, eminent parasitologist of Kings College, London;
Dr. E.P. Cunningham, Chief of FAO's Animal Production and
Health Division and Dr. Paul McKosker, also of FAOQ (ltaly);
Dr. Marilyn Scott, Director of the Institute of Parasitology at
McGill University (Canada); Dr. Martin Kyomo, Director of
the Southern Africa Centre for Cooperation in Agricultural
Research (Botswana); Dr. Svein Kvaloy, Secretary General of
the Norwegian Veterinary Association; Prof. Horchner, of the
Free University of Berlin; Dr. Fowden Maxwell, of Texas A
& M University; and Dr. Robert Howells, of the Wellcome
Trust (UK).

ILRAD was also honoured to receive visits from the
following senior representatives of ILRAD's donor organiza-
tions: Dr. Geoffrey Hawtin, Director of Agriculture at the
International Development Research Centre (Canada); Dr.
Cecs de Haan and Dr. John Peberdy, specialists in livestock
production at the World Bank (USA); Dr. Robert Bertram,

FOREWORD

His Excellency Dr. Salim
Ahmed Salim (right), Secretary
General of the Organization of
African Unity (Addis Ababa),
was one of many distinguished
visitors at ILRAD in 1991.

Dr. Salim was briefed by Dr.
Subhash Morzaria, a senior
scientist at ILRAD, on progiess
the Laboratory is making in
research to develop a novel,
broadly effective vaccine
against East Coast fever.
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The Honourable J. Nyagah,
Kenya Minister for Livestock
Development, on a tour of
ILRAD's laboratories in 1991,

Research Advisor in the United States Agency for Interna-
tional Development; Dr. Paul Egger, Head of Agricultural
Service at the Swiss Development Corporation and Humani-
tarian Aid; Drs. Klaus Winkel and Ebbe Schioler, Heads of the
Research Section at the Danish International Development
Agency; Prof. L. Holm-Nielsen, of the Royai Danish Agricul-
tural University; and Dr. Stein W, Bie, Director of the Nor-
wegian Center for International Agricultural Development.

Many important persons involved in the work of the
CGIAR visited ILRAD this year, including members of the
Technical Advisory Committee of the CGIAR and Directors,
Trustees and members of external review teams of four other
centres belonging to the CGIAR: ILCA, the International
Potato Center (Peru), the International Service for National
Agricultural Research (Netherlands) and the International
Plant Genetic Resources Institute (Italy).

Important local visitors included the Honourable J.
Nyagah, Minister for Livestock Development, Mr. Simeon
Lesrima, Permanent Secretary, Dr. A.M. Mutai, Director of
Livestock Production, and Dr. J.P.O. Wamukoya, Director of
Veterinary Services, all of the Ministry of Livestock Develop-
ment; the Honcurable G. Aluoch, Assistant Minister for Re-
search, Science and Technology; Dr. M.S. Abdallah, Chair-
man of the Board of the Kenya Medical Research Institute; Dr.
J. Omuse, Director of the Kenya Trypanosomiasis Research
Institute; and Dr. Walter Masiga, Director of the Inter-African
Bureau for Animal Pesources of the Organisation of African
Unity. ILRAD also welcomed visits from the following mem-
bers of the diplomatic corps who represent donor nations: Mr.
Peter Eigen, Chief of Mission at the Worid Bank; Dr. John
Westley, Chief of Mission of the United States Agency for
Intemational Development, and Mr. Fred C. Fischer, Director
of USAID’s Regionai Economic Services Office for Eastemn
and Southern Afriza; Mr. Masaru Morimoto, Chief of Mission
of the Japanese International Cooperation Agency; His Excel-
lency Dr. Christian Fellens, Ambassador of Belgium; and the
High Commissioners of Britain, His Excellency Sir Roger and
Lady Tomkys; Canada, His Excellency Lawrence A.H. Smith;
and Uganda, His Excellency Joseph Tomusange.

Y present the follnwing report on the activities and achieve-
ments of ILRAD in 1991 for your attention as a record of the
Laboratory’s progress towards the goals of improved control of
livestock diseases and improved livestock productivity,

K/ 1/( . ,?7/‘7/

A.R. Gray
Director General
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domestic livestock. The organisms that cause these

diseases are protozoan parasites belonging fo the genus
Theileria. Two species of this genus, Theileria parva and
Theileria annulata, cause clinical disease in catue that se-
verely impedes dairy and beef farming and its improvement
in countries in Africa, the Middle East and much of Asia.

The most economically important species in Africa is
Theileria parva. This parasite causes East Coast fever (also
known as Corridor discase and January disease) in eastern,
central aud southern Africa. Most cattle that are susceptible to
the disease die from infection if not treated. Of the 63 million
cattle raised in this region, over 24 million are at risk from East
Coast fever.

The brown ear tick, Rhipicephalus appendiculatus, is the
organism that transmits Theileria parva parasites between
cattle as the tick feeds. This tick also takes up parasites from
infected African Cape buffalo and passes them on to domestic
cattle. Like several other wild species that are hosts to Theile-
ria parasites, buffalo normally show no signs of clinical dis-
ease while infected.

Most domestic cattle, on the other hand, cannot tolerate
infection with T. parva. The cattle most severely affected are
highly productive taurine (Bos raurus) breeds from Europe,
animals crossbred with these, and genetically improved in-
digenous Zebu (Bos indicus) cattle moved from areas free of
East Coast fever into endemic areas. Farmers are often unable
to crossbreed their relati- ely small indizenous animals with
more productive cattle because the latter are highly susceptible
to tick-borne disea es. Among indigenous cattle where the
disease is endemically stab'e, up to 50% of the calves exposed
to T. parva die; in areas where the disease is endemically
unstable, such as in livestock herds first introduced to the

THEILERIOSES are dehilitating, often fatal, diseases of

Previous Page Blaok

(Opposite) Reported distribu-
tion of the protozoan parasite
Theileria parva. This parasite
causes disease in cattle in
eleven countries of eastern,
central and southern Affica.

(Antibodies to T. parva are still
found in animal hosts in South

Africa and Swaziland, but the
di~~~~e has been fully under
cnntrol in those countries for
many years.)
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A male brown ear tick. While
talking a blood meal from cattle,
ticks infected with Theileria
parva transmit these parasites
to the animals, causing
theileriosis, commonly known
as East Coast fever, January
disease and Corridor disease.

Cattle being dipped on a ranch
in Kenya to keep them free of
ticks. This is the most common
tick control method used in
Africa, but problems encoun-
tered in maintaining dips and
spray races and the high costs
of importing acaricides are
forcing many governments

10 investigate other methods
for controling ticks and the
diseases they spread,

parasite, 80-100% of animals of all age groups may die.
ILRAD scientists have estimated that East Coast feverin 1989
killed 1.1 million head of cattle and caused US $168 million
in losses.

East Coast fever is controlled principally by immersing
cattle in or spraying them with Jcaricides, chemical com-
pounds that keep the animals free of ticks for periods of days
to weeks. This control regime, however, has several shortcom-
ings. Acaricides are costly and must be bought witi hard
currency, a scarce commodity in most developing countries.
In areas heavily infested with ticks, cattle herds are walked to
acaricide dips or spray races as often as twice a week for
treatment; this frequency erodes the land, pollutes the envi-
ronment with toxic residues and may be accelerating the
development of tick resistance to the acaricides. In addition,
proper acaricide treatment is difficult to administer in rural
areas where there is little expertise in maintaining cattle dips
and spray races, where water is often in short supply and where
illegal cattle movements or civil unrest may periodically
occur. Moreover, because cattle regularly treated with aca-
ricides are not exposed to 7, parva, they develop no immunity
and thus have no protection against tick-borne parasites if
acaricide treatment is interrupted or stopped altogether.

Curative drugs are relatively new tools for theileriosis
control. For chemotherapy to be effective, the disease must be
diagnosed accurately and early so that treatment can be given
at the start of clinical disease. But early diagnosis of East Coast
fever is difficult because the disease becomes clinically appar-
ent only when it has reached an advanced stage.

Forall of these reasons, alternative and im proved methods
of controlling East Coast fever are urgently needed.

The life cycle of the single-celled T. parva parasite is
complex. In both the tick vector and the mammalian host, the
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parasite develops through a series of different stages. When
feeding on an infected animal, the R. appendiculatus tick may
ingest parasites of a form known as piroplasms, which infect
bovine red blood cells. In the gut of the tick, the piroplasms
undergo differentiation to sexual forms that fuse to form
zygotes, which then differentiate into kinete forms. Thekinetes
migrate to the tick’s salivary glands, where they differentiate
into sporozoite forms. As the tick prepares to take a blood meal,
these sporozoites are injected into the cattle along with tick
saliva. In the animal host, the sporozoites attach to and enter
lymphocytes, a type of white blood cell of the bovine immune
system. Within two to three days of invading the lymphocytes,
the sporozoites develop into forins called schizonts. The in-
fected lymphocytes grow larger and begin to divide. As each
lymphocyte divides, the schizont inside it also divides, ensur-
ing infection of each of the two daughter cells produced by the
lymphocyte.

In this manner, the lymphocytes that were initially para-

This electron micrograph shows
a sporozoite form of the parasite
.. ! ‘ Theileria parva (top cell) attach-
sitized expand rapidly and spread throughout the lymphoid  jpg i(self{:) the Outf,’, membrane
system of the animal, giving rise to widespread destruction of  of a white blood cell of cattle,

cells of the host animal. In untreated, susceptible cattle, this ~ which the parasite will infect

usually results in an overwhelming infection of the lymphoid by invading the cell.

system and death within three to four weeks of infection.

In the later stages of infection, some of the schizonts
differentiate into merozoite forms. Upon rupture of the lym-
phocytes, the merozoites are released into the bloodstream,
where they invade red blooa cells. In the red cells, the parasites
change into piroplasms, which are able to infect ticks, and this
completes the life cycle of T. parva.

thereafter immune to East Coast fever. This has indi- AND BIOLOGY

cated the possibility of controlling the disease by im-
munizing livestock against the parasite, and, indeed, an im-
munization method using live parasites has existed for many
years. Protection against challenge with a stock of T parva can
be induced in cattle by infecting them with the sporozoite form
of the parasite while simultaneously treating the cattle with a
tetracycline antibiotic drug to lessen the severity of the infec-
tion. After receiving this ‘infection-and-treatment’ immuniza-
tion, cattle are protected against subsequent infection with that
parasite stock.

This immunization method remains problematical, how-
ever, for several reasons, one of the most important being
‘antigenic diversity: different T. parva stocks occur in the field
and these have different antigens—the specific molecules of
the parasite that are recognized as foreign by the immune
system of a mammalian host. Immunity produced in an animal
against one stock of the parasite thus may not protect the

Vl"HOSE CATTLE that survive infection with T. parvaare ~ £PIGEMIOLOGY
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Sporozoite forms of the parasite
are transmitted from the tick to
the bovine host in tick saliva as

the infected tick feeds on an anj-

mal. In the animal host, the spo-
rozoites attach to and enter lym-
phocytes, a type of white blood
cell of the bovine immune sys-
tem, where the sporozoites de-
velop into forms called
schizonts, The infected
lymphocytes grow larger and
begin to divide. As each
enlarged lymphocyte divides,
the schizont inside also divides,
ensuring infection of each of
two daughter cells produced.
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The life cycle of Theileria parva

The infected lymphocytes ex-
pand rapidly and spread through-
out the lymphoid system of the
animal, giving rise to wide-
spread destruction of host cells.
Some of the schizonts deveiop
into merozoite forms, which are
released from the lymphocytes
into the bloodstream, where
they invade red blood cells (ery-
throcytes). In the red cells, the
parasites develop into forms
called piroplasms, which are
able to infect ticks. As ticks feed
on animals infected with the
parasite, they ingest red blood
cells containing the piroplasms.

Once inside the tick gut, the
parasites differentiate into male
and female gamonts, which
fuse to form zygotes. The zy-
gotes differentiate into kinetes,
which move to the salivary
gland and enter a particular ceil
type. Here the parasites form
sporoblasts, each of which
gives rise to 30,000 to 50,000
sporozoites, a parasite form
able to infect animals. The spor-
ozoites are introduced into a
mammalian host along with
tick saliva when the tick feeds.
This initiates a new cycle of
parasite development.




animal against challenge with another. To develop a broadly
effective vaccine against East Coast fever, scientists must first
determine the antigenic composition and prevalence of T.
parva stocks obtained from given areas. This information is
being compiled in epidemiological and biological studies at
ILRAD, which complement other major areas in the Theile-
riosis Research Program directed at developing immunization
strategies against the sporozoite and schizont forms of the
parasite.

often indistinguishable when viewed under a light
microscope. Success in protecting cattle in a given
area against East Coast fever by administering the infection-
and-treatment method depends on accurately identifying the
parasite stocks that predominate in that area. Furthermore, by
determining what T. parva strains occur in what areas and how
often the parasites infect their tick and mammalian hosts,
epidemiologists are gaining a better understanding of how
East Coast fever is spread and in what areas livestock are at
risk. For these reasons, ILRAD scientists have spent consid-
erable time over the last several years developing increasingly
sophisticatec laboratory procedures for identifying parasites.
The traditional—and highly reliable—way of identifying
a parasite stock or stocks that might provide wide immunity
to East Coast fever is by conducting a cross-immunity test.
Cattle are immunized by the infection-and-treatment method
using one stock of T. parva and subsequently challenged with
different stocks to discover which stocks break through, and
thus which stocks are immunologically distinct. These cross-
immunity tests are reliable but expensive and time-consum-
ing. Scientists are thercfore working to develop in vitro tests
that can be used to establish immunological types of T. parve.
Monoclonal antibodies raised against different Theileria
parasites can be used to identify Theileria species. The binding
(positive) or 1 on-binding (negative) of whole parasites or
parasite components to a monoclonal antibody creates a
‘monoclonal antibody profile’. ILRAD has developed a panel
of 11 monoclonal antibodies to distinguish 7. parva stocks
from each other. Although the profiles obtained using this
panel demonstrate antigenic diversity and are a useful way of
characterizing stocks, the positive and negative reactions ob-
tained with the panel cannot yet be correlated with cross-pro-
tection. That is to say, use of this method fails to disclose
whether infection of anime's with one parasite stock will
protect the animals against another stock or other stocks,
and—if so—which one(s).
Whereas monoclonal antibody profiles distinguish physi-
cal differences among T. parva stocks, use of new molecular

D IFFERENT SPECIES AND STOCKS of Theileria are

THEILERIOSIS

IDENTIFYING
THEILERIA PARVA
PARASITES

GENES

The chemical units of heredity
that, when expressed, determine
an organism’s traits.

MONOCLONAL ANTIBODY

A population of identical anti-
body molecules produced by a
single B lymphocyte that can be
made against any protein and
can be used as a probe to lo-
cate and purify the protein to
study its structure and function.

DNA PROBE

A molecule of DNA
(deoxyribonucleic acid), any-
where from 15 to thousands of
nucleotides long, used to detect
the occurrence of a corres-
ponding sequence of DNA

(or RNA, ribonucleic acid) ina
mixture of nucleic acids
obtained from cells.

DNA probes have proved a
valuable tool for distinguishing
species, strains and stocks of
pathogenic protozoan parasites
that may be difficult or im-
possible to distinguish morpho-
logically or serologically.
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Understanding the genetic
variation that occurs in par-
asite populations is particu-
larly important to epidemi-
ologists and disease contro]
workers.

|
Populations of a species |
may look alike but exhibjt |
marked differences in such |
important factors as host ’
preferences, infectivity, vi- |
rulence and susceptibilityto |
drugs. |

Closely related species can
be distinguished from each
other using molecular tech-
niques because each organ-
ism is a ‘living fossil’ and
contains, in the sequence of
nucleotides of its DNA, its i
own evolutionary record. A |
sequence unique to a par- i
ticular parasite wil pre-
cisely identify it

]

Diagram of the nucleic acid
hybridization process used at
ILRAD. Single-stranded DNA
from an organism of interest is
allowed to attach itself 1o a
membrane. A single-stranded
DNA probe binds to its immobi -
lized complementary strand.
This binding can be detected by
labelling the probes with radio-
isotopes or with non-radioactive
reporter molecules, such as the
biotin-s(rcpmvidin-cnzyme
complex shown here.
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biology techniques is enabling scientists to synthesize DNA
molecules and to clone DNA sequences for use as ‘molecular
probes’ with which they can identify genomic differences
among parasite stocks as well. Severa years of molecular
biology research at ILRAD on the genetic material of T, parva
led scientists to identify fragments of DNA each of which is
characteristic of a single T. parva stock. Havi.ug determined
the nucleic acid sequences of these fragments, the scientists
then made synthetic DNA probes called oligonucleotides——
single strands of the double-stranded parasite DNA frag-
ment—each of which combines, or hybridizes, only with
genetic material obtained from the selected stock of T parva,
Using the new DNA probes, ILRAD scientists are able to
characterize parasite samples with unequalle¢ precision,
Theileria species are distinguished using small subunit ribo-
somal oligonucleotides; parasites within I" parva are differen-
tiated using Southern blot analysis and cloned probes.

Use of the polymerase chain reaction technique continued
in 1991 to improve the nucleic acid probes being mude at
ILRAD for epidemiological work. The polymerase chain re-
action is a technicue for copying a defined stretch of DNA in
the laboratory with readily available reagents. Because the
number of copies increases exponentially, billions of copies
can be made in a few hours. By nsing appropriate primers, the
polymerase chain reaction can amplify a variable sequence of
DNA located between two conserved regions in the parasite
genome so that this sequence may be characterized. ILRAD
scientists used the polymerase chain reaction in several ways
during the yearto identify genomic differences ainong Theile-
ria species and stocks,

In 1991, oligonucleotides derived from T. parva repetitive
DNA sequences were developed and used to differentiate the
T. parva Muguga and T: parva Uganda stocks on a positive/ne-
gative basis. These oligonucleotides have been used to screen
sporozoite DNA amplified using the polymerase chain reac-
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tion for potential recombinants between the two stocks. An
oligonucleotide has also been developed that differentiates on
a positive/negative basis DNA from the T. parva Marikebuni
stock, which is being used in immunization trials in Kenya,
from five other T. parvu stocks.

Use of the T, parva ribosomal DNA probes to characterize
parasitc populations was evaluated during the year. Probing
parasite DNA digested with the enzyme Ec.RI witha T. parva
small subunit ribosomal RNA genc splits 7. parva stocks into
two groups. Probing parasite DNA digested with Accl and
Pvull enzymes reveals the existence of finer groupings among
the stocks. A cloned telomeric DNA sequence was further
characterized during the year and found to recognize seven or
cight DNA fragments, several of which vary in size among T.
parva stocks. Data obtaincd by probing elements o! the Mu-
guga and Uganda stocks with this telomeric probe were crucial
in establishing the recombinant nature of parasites isolated
from an animal that had been experimentally co-infected with
these two stocks.

By determining the sequences of small subunit ribosomal
RNA genes from different Theileria species, ILRAD scientists
have discovered regions of the genetic material that are spe-
cific for each parasite species. Synthetic oligonucleotides
derived from these regions were made to identify the Theileria
species parva, mutans, taurotragi, annulata, buffeli (Marula)
and an unknown Theileria species obtained from buftalo The
T. buffeli (Marula) parasite was isolated by scientists at the
Kenya Agriculiural Research Institute and identified using
reagents provided by scientists from the National Institute of
Animal Health, Japan. The oligonucleotides have been used
1o differentiate these species in a positive/negative manner by
probing either ribosomal DNA amplified from whole genomic
DNA using the polymerase chain reaction or parasite riboso-
mal RINA in schizont-infected lymphocytes. The probes were
also used to detect 7. parva and T. taurotragi ribosomal RNA
in infected tick salivary glands.

Single clones have been generated from each of six se-
lected stocks of T. parva: Muguga, Marikebuni, Mariakani,
Uganda, Boleni and buffalo-derived 7014. The clones were
characterized using monoclonal antibodies, DNA probes and
pulsed-ficld gel electrophoresis. Each clone has a monoclonal
antibody profile similar to that of its parent stock, although the
DNA probes show some differences. The clones are now being
further characterized in vivo. For immunological charac-
terization, cattle are infected with a cloned parasite, allowed
to recover, and then challenged with the clone’s parent stock.
If the immunized cattle are susceptible to a clone’s parent
stock, it is probable that the clone is not a major pathogenic or
immunogenic component of the stock.

THEILERIOSIS

FLOW OF GENETIC
INFORMATION

Genetic information is stored
and replicated as DNA, inter-
preted by RNA and ultimately
expressed as proteins.

The ‘genetic code’ is the
relation between the

sequence of the four kinds

of bases in DNA and RNA and
the sequence of the twenty
kinds of amino acids in proteins.

The genetic code is beautiful in
its simplicity and is nearly
universal, that is, messenger
RNA molecules are translated
correctly into the same amino
acid sequences by cells of very
different species.

GENOME

The total genetic constitution of
an organism. The DNA content
of even a bacterial cell is very
large; the much larger genome
of a mammalian cell carries
about three billion base pairs of
information, most of which is
arrayed along its chromosomal
DNA.

The base sequences are

arranged in discrete compart-
ments of information: the indi-
vidual genes. There are be-
tween 20,000 and 100,000 genes
in the genome of a mammal;
each one is responsible for
specifying the structure of a
particular gene product,

usually a protein.
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DEVELOPING
IMPROVED TESTS 70O

DIAGNOSE INFECTIONS

THE BIOLOGY OF
THEILERIA PARVA

The sizes of the genomes
of various animal groups,
From The Epidemiotogy of
Theileriosis in Africa

by R.A.l. Norval, B.D. Perry
and A.S. Young, London:
Academic Press, 1991,

opment of a range of tests based on enzyme-linked

immunosorbent assays (ELISAs) for use in diagnosing
infections with tick-borne disease pathogens. Antigen-capture
ELISAs were developed for diagnosing infections with Theil-
eria mutans, Anaplasma marginale and Babesia bigemina,
These assays were evaluated using both laboratory and field
sera from cattle, Antibody-detection ELISAs were also de-
veloped for diagnosing infection with these parasites. Several
sporozoite and schizont antigens of T. parva are being evalu-
ated for development of a diagnostic antibody ELISA.,

The techniques for growing B higemina and Babesia
bovis in laboratory cultures were transferred to ILRAD in
1991 by a visiting scientist from the Tick Fever Research
Laboratory in Brisbane, Australia. A crude lysate-based
ELISA for detecting antibodies to B. bovis in infected animals
was also developed in the year.

The development of a battery of standardized ELISAs for
tick-borne diseases will greatly assist epidemiological studies
and disease surveillance in tropical countries. Use of the
assays will also assist ILRAD staff in defining disease chal-
lenge environments before testing novel vaccines in the field.

FURTHER PROGRESS was made in 1991 in the devel-

MAJOR ACHIEVEMENT at ILRADin 199] was the
completion of a physical map of the total genetic
material of a stock of T parva made using Sfi | linking
clones. This is the first complete restriction map made of the
genome of a protozoan parasite. A range of techniques com-
prising modern molecular biology and genetic manipulation
were used in the mapping exercise. The project involved visits
and collaboration between scientists at ILRAD and the
University of California at Berkeley’s Human Genome Center
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at the Lawrence Berkeley Laboratory. The American scientists
gave assistance and advice on use of state-of-the-art pulsed-
field gel clectrophoresis, a technique used to separate large
DNA molecules according to size.

The results of this investigation show that T. parva has
one of the smallest genomes known among nucleated (euka-
ryotic) cells and the smallest sporozoan genome reported to
date. The four chromosomes of the genome comprise about
10 million base pairs, which is approximately twice the size
of the common bacterium Escherichia coli.

The map locates all the genes isolated from T. parva to
date. Several of these are of major significance because evi-
dence suggests that they provoke the generation of protective
immune responses in cattle, and thus may form the basis of an
improved *subunit’ vaccine against East Coast fever, which is
based on antigenic components of the parasite rather than on
live parasites (see below)

The map of the T. parva genome will be used in techniques
to monitor at the molecular Icvel the occurrence of genetic
recombination in the life cycle of T. parva, which may help to
generate the wide variety of parasite strains found in the field.
Preliminary results obtained this year suggest that sexual
recombination does occur, confirming much earlier morpho-
logical evidence of a sexual cycle in the parasite. Knowledge
of the basis of this diversity will help researchers to develop
an improved vaccine against East Coast fever that will work
broadly and effectively against all the strains.

TAFF MEMBERS conducting epidemiology studies in
the theileriosis program continued to work with Africa’s
regional and national tick-borne disease control pro-
grams in determining the prevalence of East Coast fever in
their countries, in establishing and conducting immunization

THEILERIOSIS

The restriction map of the
T. parva genome, which was
completed at ILRAD in 1991.

EPIDEMIOLOGY
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Global research on the para-
sites that cause tick-borne
diseases is conducted with
three main objectives:

¢ to develop improved rea-
gents to detect and identify
diseasc-causing organisms
in infected animals for epi-
demiological studies
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The infection-and-treatment
method of immunizing livestock
against East Coast fever. This
method, using live parasites,

has been refined over the years
by scientists at ILR D and

the Kenya Agricultural
Research Institute.

ANNUAL REPORT

programs based on the infection-and-treatment method and in
training personnel to apply the method. ILRAD also provided
national laboratories with reagents to characterize parasite
types and to ciagnose East Coast fever and other important
tick-borne diseases, :he latter caused by Anaplasma, Babesia
and Cowdria parasites.

ILRAD’s support has concentrated particularly on Pemba
and Unguja islands of Zanzibar (Tanzania), on Zambia and on
Zimbabwe, where good progress was made in iniplemerting
the infection-and-treatment method of immunization against
theileriosis. Genetically improved smallholder cattle un Zan-
zibar were immunized in a program designed by the Zanzibari
Government and implemented Jointly with donor-funded pro-
Jects. A Zanzibari staff meniber of this project was trained at
ILRAD and in Zimbabwe (the latter with support from the
International Development Research Centre, Canada) in
methods for assessing the social and economic impacts of
implementing East Coast fever immunization.

In Zambia, members of a Belgian-funded project with
support from the government veterinary services have im-
munized over 50,000 indigenous cattle in an epidemic area
using a locally isolated <tock of T, parva in the infection-and-
treatment method. Detailed epidemiological studies are being
carried out. ILRAD scientists are supporting the project by
characterizing the major T. parva parasites isolated in the area
where the immunization trials are taking place.

In Zimbabwe, members of a project conducted jointly by
the government and the Feod and Agriculture Organization of
the United Nations have completed a successfu! field inimuni-
zation trial using a parasite isolate obtained from Zimbabwe,
The isolate is being tested for its efficacy as a national immu-
nizing stock for cattle-derived challenge. Isolates have also
been produced from buffalo-derived parasites to pravide an
immunizing stock to complement the cattle-derived parasite
should the government decide to use infection-and-treatment
immunization as a disease control measure, Over 40 cell lines
have been sent to ILRAD, where researchers are producing
monoclonal antibody profiles of the parasite isolatcs and
analysing the isolates using DNA probe techniques. ILRAD
scientists have shown that the T, parva parasites derived from
cattle in Zimbabwe are relatively homogeneous compared to
those obtained in other parts of Africa. This suggests that the
cattle-derived immunizing stock will be effective in protecting
cattle against theileriosis throughout the country.

To help the institute formulate strategies for its research
on tick-borne diseases in the coming decade, ILRAD con-
vened a workshop in May on recent developments in research
on anaplasmosis, babesiosis and cowdriosis. An estimated 975
million cattle worldwide are exposed to these three major



tick-horne diseases as well as to theileriosis. Cooperation
among researchers working in advanced laboratories in Af-
rica, Australia, Europe and the United States on better control
of tick-borne diseases was strengthened at the workshop,
during which arrangements were made for the exchange of
promising diagnostic materials. This interchange will help
speed up rescarch progress, particularly the validation of new
diagnostic tests to improve control of tick-borne diseases in
the short term. The groundwork was also laid for future
research collaborations.

In September, ILRAD scientists jointly with staff from the
Organization of African Unity/Inter-African Bureau for Ani-
mal Resources and the Food and Agriculture Organization
coriducted the tourili in a series of workshops on control of
ticks and tick-borne diseases. The workshop, held in Kampala,
Uganda, was attended by representatives from 11 countries
and many donor agencies. Cominittees were formed that are
coordinating training courses for the region and defining
standards for tick-borne disease vaccines.

HE MAJOR DISADVANTAGE of the infection-and-

treatment method—the only immunization method

now available for East Coast fever—is its reliance on
live parasites. These must be cryopreserved to remain infec-
tive and cattle immunized with the live parasites must be
simultancously treated with drugs 1o reduce the severity of
discase. In addition, there is a risk that immunized cattle may
remain carriers of infection. A subunit vaccine based on para-
site antigens would therefore be a great improvement over the
current live vaccines. Two forms of 7. parva are of particular
interest to ILRAD in this regard. The first are sporozoites,
transmitted to cattle by the bite of infected ticks and thus the
first form of the parasite encountered by an animal’s immune
system. The second are schizonts, which develop from sporo-
zoites soon after the latter enter the host’s whute blood cells.
ILRAD rescarchers have identified two proteins displayed on
the surface of thesc forms that could be the bases of improved
vaccines.

FT..ETWOT. parva surface antigens ILRAD scien-

tists found to be likely candidates for vaccine material,

one, designated p67 because its molecular mass is
about 67 kilodaltons, occurs only on the surface of sporo-
zoites. This molecule has been found in all stocks of T. parva
tested. It has been shov'n to induce antibodies in cattle that
neutralize the ability of sporozoites to infect lymphocytes in
vilro.

THEILERIOSIS

THEILERIA
ANTIGENS

IMMUNIZATION
AGAINST THE
SPOROZOITE FORM
OF THE PARASITE
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This figure gives a broad
outline of ILRAD’s use of
genetic engineering to produce
large quantities of a protein
molecule identified at ILRAD
that appears on the surface of
Theileria parva parasites.

This molecule, termed p67,
shows promise as a base for a
vaccine to protect livestock
against East Coast fever,

In 1989, ILRAD workers cloned the gene coding for p67
and filed a patent in the USA covering its potential use for
vaccination against East Coast fever. In collaboration with
researchers at SmithKline Beecham (Philadelphia), ILRAD
produced large quantities of p67 using recombinant DNA
technology. The recombinant protein has been shown to confer
protewdon in almost 70% of animals immunized with it.

The antigen was further characterized in 1991. Oligonu-
cleotide primers were synthesized to amplify the p67 gene
from different stocks of the parasite using the polymerase
chain reaction. The products obtained in the amplification
process were cloned into plasmid vectors and subjected to
DNA sequence analysis. Four stocks of T parva have been
analysed. Preliminary results suggest that the p67 gene is
remarkably conserved among parasite stocks in both nucleo-
tide and amino acid sequences. These results are encouraging
to those working on the development of an anti-sporozoite
vaccine Lecause they suggest that the immunity engendered
by p67 will cross-protect among different parasite stocks.

The gene coding for the
maojor surface protein of the
sporozoite form of the Theile-
ria parva porasite, a 67-kilo-
datton molecule termed pé47,
is inserted in a vector

plasmid, which produces
many copies of the pé67 gene.

parasite pé7 gene

E.coll __,
bacterium

vector plasmid bacteriol DNA

That plasmid cannot drive
synthesis of p67 in Escherichio
coli, so the cloned p67 para-
site gene Is transferred to an
‘expression’ vector plasmid,
which is designed to direct
synthesis of pé7 in E. coli
under appropriate conditions.

parasite pé7 gene

E. coli
bacterlum @
‘expression’

vector plasmid bacteriol DNA

Recombinant bacteria
‘expressing’ the parasite p67
gene can be grown in small
flasks for use in laboratory ex-
periments or in fermenters for
- bulk production.
flosk fermenter

The bacterial-produced p67
k ,\ parasite protein is isolated
\ from bacterial lysates and
used in cattle immunization
j experiments to investigate
{ the efficacy of this protein to
* induce ‘protective’ immune
cottle iImmuntzation expetiments responses in cattle.




HE OTHER T. parva protein identified at ILRAD that

will be explored for its potential as a vaccine or diag-

nostic antigen appears on both sporozoites and intracel-
lular schizonts. The antigen is called the polymorphic immu-
nodominant molecule, or PIM. The polymorphic nature of the
molecule is reflected in a variation in its appaient size among
different stocks of T. parva. The molecule is immunodominant
because it is the major—and sometimes the only-—schizont
antigen recognized by serum taken from immune cattle. In
addition, it is the predominant antigen recognized by mono-
clonal antibodies raised against the schizont.

Efforts this year concentrated on isolating the gene that
codes for this antigen. Expression libraries were generated and
probed with monoclonal antibodies. Identification of the gene
will allow further characterization of the immunological sig-
nificance of PIM.

‘The schizont is the pathogenic stage of T. parva; as
mentioned. it is this form that parasitizes host lymphocytes
and causes them to p.oliferate excessively, which leads to the
development of disease. The death or recovery of an animal
depends greatly on its ability to control the rapidly dividing
infec ed lymphocytes. Several features of immunity to T.
parve. infection suggest that protective host responses
mounted against challenge are directed largely at the schizont
stage of the parasite. Over the past decade, scientists at ILRAD
have determined that these responses are likely to be mediated
by a population of whize blood cells known as T lymphocytes.
Identifying the components of the parasite that induce these
responses is a major area of research at the institute.

ILRAD scientists have determined that the main ‘effector’
in cell-mediated immune responses against T. parva is likely to
be a subpopulation of T lymphocytes known as cytotoxic T
lymphocytes. Parasite-specific cytotoxic T lymphocytes cultured
in vitro are capable of killing schizont-infected lymphocytes.

Results of an experiment conducted in 1990 provided
evidence that cytotoxic T lymphocytes help protect immune
cattle challenged with T. parva by killing schizont-infected
cells. ILRAD’s research in this area in 1991 focused on
identifying the parasite molecules that serve as targets for both
cytotoxic T cells and another subpopulation of T lymphocyies
known as helper T cells. Scientists identified a 24-kilodalton
parasite antigen that is recognized by immune helper T cells.
Experiments are being conducted to decode the N-terminal
sequence of this antigen with a view to designing oligonucle-
otide probes for screening parasite DNA libraries. Again, by
identifying the gene for this protein, ILRAD scientists will be
able to assess its immunological importance.

The traditional way to isolute a gene that encodes an
antigen is to construct a gene library in which all the DNA

THEILERIOSIS

IMMUNIZATION AGAINST
THE SCHIZONT FORM
OF THE PARASITE

RECOMBINANT

DNA TECHNOLOGY
‘Recombinant DNA basically is
a tool that allows one to

isolate, modify and move genes
from one organism to another,
usua'y into a “simple micro-
organism” such as a bacterium
or a yeast cell. This tool
facilitates the evaluation of

the structure and function of
genes. This technology has
been used to produce large
amounts of gene products such
as human insulin . . . and virus
inhibiting interferons.’

— Lekh R. Batra, ‘A Glossary of Rec-
ombinant DNA Technology and
Genetic Engineering’, in Public
Perceptions of Biotechnology, ed. LR,
Batra and W. Klassen, Bethesda,
Maryland: Agricultural Rescarch
Institute, 1987.
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A bovine lymphocyte. These
cells are infected by Theileria
parva schizonts. The parasite

takes over the reproductive
machinery of t! se cells for its
own benefit, The lymphocyte is
influenced by the parasite to
divide at frequent intervals.
With each division, two
parasite-infected daughter

cells are produced.

White blood cells of the
mammalian immune system
appear in this electron micro-
graph. The large macrophage-
like antigen presenting cells
(APC) scavenge and dearade
foreign matter and present the
foreign molecules on their
surtace to T lymphocytes (T).

There are two main kinds of
T lymphocytes. Helper T cells
secrete chemical messengers
that help to fight the ir fection,
Cytotoxic T cells directly
attack and kil: cells of the
host animal that have become
infected with parasites.
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expressed by an organism is cloned into plasmid DNA, which
is then introduced into bacteria for expression of the gene
product. Inarecently developed variation of this approach, the
gene library is transfected directly into mammalian cells. In
1991, scientists at ILRAD and the University Hospital in
Utrecht (Netherlands) successfully employe 1 this modified
procedure and the expression COS cell system to isolate a gene
that encodes an antigen produced by T. parva schizonts.

The scientists constructed a library of genes expressed by
schizonts in plasmids specifically designed to express foreign
genes in COS cells. These cells are derived from kidney cells
of the African green monkey that have been infected with a
mutant form of a simian virus (SV40) so as to produce large
amounts of a large tumour antigen of SV40, When appropriate
plasmids are introduced into COS ce'ls, the tumour antigen
causes the plasmids to replicate a nigh copy number. Any
foreign gene that has been inserted into the plasmids is thus
expressed at very high levels.

COS cells were transfected with the gene library and
probed with antibodies that bind specifically to the T. parva
schizont antigen. Using an enzyme-based detection system,
researchers identified the COS cells containing thie relevant
plasmids, recovered the recombinant plasmids from the COS
cells and isolated the gene encoding the schizont antigen. This
gene is now being used to characterize the parasite antigen.
The scientists working on this project particularly want to
know if this T. parva antigen is recognized by cytotoxic T
lymphocytes as well as by antibodies in immune cattle.




HE SUCCESS of a vaccine against East Coast fever

will depend on an effective means of delivering it to the

bovine immune system. The aim of ILRAD’s vaccine
development research is to exploit the immunogenic and
protective propertics of candidate vaccine antigens. This pro-
gram arca includes studies to determine t"e inductive require-
ments of the hovine inimune response and research on the
development of antigen delivery systems.

ILRAD's approach to the development of new vaccines
includes detailed studies of the bovine immune system. Infor-
mation from these studies provides a rational basis for vaccine
development. The protective immune response that has been
identified and examined in most detail is the cell-mediated
response to schizont-infected lymphocytes. These studies
have contributed much to an understanding of the bovine
immune response. Major areas of rescarch on bovine immu-
nology in 1991 were further characterizations of subpopula-
tions of white blood cells (leucocytes), antigen-presenting
cells. the T-cell receptors located on the surface of T lympho-
cytes, and glycoproteins known as MHC molecules.

N 1990, two cattle immunized at ILRAD with the recom-

binant p67 surface antigen were shown 10 be protected

against challenge with homologous sporozoit=s. In experi-
ments in 1991, 13 of 21 cattle immunized with the recombi-
nant antigen were protected against homologous sporozoite
challenge with 7. parva Muguga and 6 of 11 cattle were
protected against challenge with the heterologous parasite
stock 7. parva Marikebuni. The latter result provides further
evidence that the ability of p67-specific monoclonal anti-
bodies to cross-neutralize among stocks of T parva is reflected
in the ability of cattle immunized with the antigen to resist
challenge with heterologous stocks.

The fuctors responsible for the varied responses to
challenge among the immunized cattle are unclear. It seems
likely. however, that those animals that did not respond to
challenge were able to neutralize the sporozoite challenge
sufficiently to prevent establishment of the schizont stage
of the parasite. The animals that responded mildly and
severely to infection, on the other hand, appeared to neu-
tralize the sporozoites only partially or not at all. Thus,
clinical signs of discase in the animals apnear to reflect the
degree to which the parasites arc neutralized, the quantity
of sporozoites that escape neutralization and the speed with
which the animals cell-mediated responses are mobilized
against schizont-infected cells. Indeed, no parasite estab-
lishment was detected in non-responder animals, even when
their responses to parasite challenge were analysed using
the polymerase chain reaction technigue. The levels of

THEILERTOSIS

VACCINE
DEVELOPMENT

IMMUNIZATION
TRIALS

One of the Boran animals at
ILRAD that was inoculated
with a p67 surface molecule of
the Theileria parva parasite and
subsequently remained healthy
when experimentally infected
with a dose of the parasite that
is normally fatal for thesc cattle.
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VECTOR
Literally, a ‘carrier’. The term
is applied both to insects that

carry disease-causing organisms

w
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and to plasmids or viruses that
can carry genes across a cell
all barrier into a recivient cell,
where the foreign DNA is
expressed as proteins.

PARASITE ANTIGEN
DELIVERY SYSTEMS

CELL-MEDIATED
IMMUNE RESPONSES
OF CATTLE

antigen-specific serum antibodies were similar in quantity
and neutralizing ability in all the immunized animals and
therefore did not appear to correlate with protection.

The vaccination strategy being developed at ILRAD
using the p67 molecule does not depend on complete elimina-
tion of sporozoite challenge, but rather on a limited estab-
lishment of schizont parasitasis that will stimulate the gener-
ation of cell-mediated responses against schizont-infected
cells. (The infection-and-treatment method of immunization
is essentially based on this principle and has established its
validity.) The success of a p67-based vaccination strategy is
therefore likely to require a quantitative assessment of tick-
transmitted chalienge in the field and its reproduction under
experimental conditions. This will enable scientists to dater-
mine the magnitude of neutralizing immune responses needed
to limit parasite establishment sufficiently to allow the induc-
tion of cell-me-iated responses.

SUCCESSFUL VACCINE must deliver parasite

antigens to the immune system of the animal host in

such a way as to stimulate protective immune re-
sponses. Delivery vehicles based on recombinant organisms
have several advantages over conventional antigen delivery
systems. Recombinant vaccinia viruses have been shown in
several experimental systems to give rise to potent antibody
and cytotoxic T-cell responses. A recombinant vaccinia virus
Wwas constructed in 1989 that incorporates the gene encoding
the p67 sporozoite antigen of T. parva. In 1990, the virus was
shown te produce neutralizing responses in rabbits, guinea
pigs and cattle. In 1991, - .combinant vaccinia viruses conti-
nued to be evaluated as an antigen-delivery system for cattle.
Experimental results sk.owed that neither the virulence of the
parent virus of the recombinant nor the virus dose significantly
affected the outcome of immunizations,

LYMPHOCYTES recognize antigens only when these

have been degraded by an antigen-presenting cell into

peptide fragments, which are then transported to the
cell surface. The parasite fragment is displayed on the surface
in a binding cleft of a protein molecule of the major histocom-
patibility complex (MHC) (so-called because the protein js
encoded by a family of genes known as the major histocom-
patibility complex). Cytotoxic T cells recognize foreign
antigens that appear in the structural groove of class I MHC
invlecuies on antigen-presenting cells, Helper T cells, in con-
trast, recognize antigens that are expressed on the cell surface
in association with class Il MHC molecules,



Antigen receptors on the surface of T cells recognize the
combination of antigenic peptide and host MHC molccule.
Cytotoxic T cells from an immune animal identify and kill
only infected cells carrying MHC molecules identical to its
own. This phenomenon is known as MHC restriction. Parasite
antigens appear to associate preferentially with certain MHC
molecules, suggesting that the MHC type of an animal may
influence the specificity of its cytotoxic T-cell response to the
parasite. The efficiency with which immune responses are
induced is believed to correspond to the affinity of processed
peptide for available MHC molecules.

The central role played by MHC molecules in T-cell
recognition makes characterization of these molecules in
cattle a priority of ILRAD scientists. In experiments con-
ducted in 1990, several non-related MHC-homozygous cattle
that differed in class | MHC phenotype responded similarly to
immunization with the native p67 antigen of T. parva. These
results suggested that MHC pherotypes do not influence
responses of cattle to entire protein antigens. To determine
whether MHC-related factors affect the capacity of cattle to
react to peptide fragments of parasite antigens, the responses
of these cattle to synthetic peptides derived from p67 and from
trypanosome VSG were measured. Only certain cattle in the
group responded to the peptides. Although it remains unclear
whether these observations related directly to MHC mole-
cules, it was concluded that MHC factors are unlikely to
compromise the efficacy of a vaccine based on entire antigen.

In summary, the apparent importance of cytotoxic T lym-
phocyte responses to recovery and protection of cattle from
infection with T. parva is crucial to the development of novel
vaccination strategies. The task that lies ahead is clearly the
identification of parasite antigens that provoke these re-
sponses. In view of the complexity of the cytotoxic T lympho-
cyte recognition event, it is likely that this will require the
production of parasite antigens within the cytoplasm of cells
bearing appropriate MHC molecules, and the screening of
these cells with parasite-specific cytotoxic T lymphocytes.
Once < itable antigens have been identified, it will be neces-
sary to define antigen delivery systems capable of expressing
the antigens within the cells of the vaccinated animal in ways
that will induce cytotoxic T lymphocyte responses. Effective
delivery systems based on recombinant organisms that are
able to grow within the cytoplasm of cells of the host animal
are already available.

The genes encoding several promising antigens have now
been cloned. Their availability will allow ILRAD scientists to
generate large quantities of recombinant antigen for use in
immunization trials, and—if these are successful—in the de-
velopment of a prototype subunit vaccine against T. parva.

THEILERIOSIS

Four particles of a recombinant

vaccinia virus negatively
stained. These virus particles
incorporate the gene that
encodes the Theileria parva
p67 antigen.
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TRYPANOSOMIASIS

of Africa. It is arguably the most important livestock

disease on the continent. Like East Coast fever, trypan-
osomiasis is caused by infection with a protozoan parasite. In
Africa, the single-celled trypanosomes are typically trans-
mitted to domestic and wild animals, as well as to people, by
tsetse flies as they feed on mammalian blood. The wide
occurrence of this disease in people and their livestock con-
tinues to retard agricultural and economic development on the
continent.

The tsetse fly (genus Glossina) vector of trypanosomiasis
occurs only in Africa. Tsetse flies transmit two species of
trypanosomes—Irypanosoma brucei rhodesiense and Try-
panosoma brucei gambiense—that cause trypanosomiasis in
people, commonly known as sleeping sickness. The fly also
transmits four parasite species—Trypanosoma brucei brucei,
Trypanosoma congolense, Trypanosoma simiae and Trypan-
osoma vivax—that cause serious forms of trypanosorm.iasis in
cattle, sheep, goats, pigs and horses.

In parts of Africa and Asia, camels also suffer from
trypanosomiasis. The came! disease is most commonly caused
by Trypanosoma evansi, a species transmitted by biting flies
other than tsetse. In large areas of Asia and South America, T.
evansi poses a threat to other livestock as well, especially
cattle, domestic buffalo and pigs. Trypanosoma vivax, al-
though usually transmitted by the tsetse fly in Africa, also
exists in the absence of this vector in the Caribbean and South
America. Non-tsetse-transmitted trypanosomiasis is a poten-
tial threat to livestock in many parts of the world.

Tsetse flies occur in 36 countries and 10 million square
kilometres of Africa. The risk of trypanosomiasis in much of
this area precludes farmers from keeping cattle and small

TRYPANOSOMIASIS occurs across more than a third

(Opposite) Light micrograph of
trypanosomes, protozoan para-
sites that cause animal trypano-
somiasis, in mammalian blood.
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A tsetse fly feeding on an
artificial membrane at ILRAD.
Africa is the only continent in
which this fly—recognized by
a long proboscis and the habit
of resting with its wings
folded scissor-like over

its back-—occurs.

The tsetse fly inhabits over a
third of the continent, where it
exposes some 30% of Africa’s
150 million cattle to the risk of

infection with trypanosomes,
These parasites give rise to the

debilitating and frequently fatal
discase trypanosomiasis.
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ruminants. This fact largely accounts for Africa’s low live-
stock productivity: the animal protein produced per hectare on
the continent is only one-seventieth of that produced in Eu-
rope. The impact of trypanosomiasis is even greater than these
figures suggest because many of the areas inhabited by tsetse
flies are potentially the most agriculturally productive in Af-
rica. Thirty percent of Africa’s cattle population, estimated to
be 160 million, as well as comparable numbers of small
ruminants, are at risk from the disease. Annual losses in meat
production alone are estimated at US $5 billion. This econ-
omic deprivation is exacerbated by losses in milk yields,
tractive power, waste products that provide natural fertilizer
and fuel, and secondary products such as hides. In addition,
50 million people are exposed to the risk of contracting human
trypanosomiasis.

The trypanosome parasites that cause disease in live-
stock and people also infect some wildlife species, which
serve as a source, or reservoir, of infection for flies, which
then infect domestic animals and people. Many kinds of
wild animals tolerate infection with trypanosomes with no
apparent ill effects. In humans and most domestic livestock,
however, such a harmless relationship with the parasite has
not evolved and the pathogenic effects of infection are
sevi e,

For several days following infection with Irypanosomes,
animals show no signs of disease. One to two weeks later,
susceptible animals develop intermittent fever and anaemia.
In most endemic areas of Africa, cattle are bitten repeatedly
by tsetse flies and are infected with different kinds of trypan-
osomes. Most livestock must forage daily for food and walk
long distances for water. Under these stressful conditions,
infected animals often continue to deteriorate for months
before dying.

The life cycle of the trypanosome, like that of the Theile-
ria parasite, is complex. In both the tsetse fly vector and the
mammalian host, trypanosomes undergo a series of transfor-
mations into different forms. The tsetse fly ingests trypano-
somes when it feeds on an animal infected by the parasite. In
the fly, the parasites differentiate into several forms, culminat-
ing in the metacyclic form, which is able to infect mammalian
hosts. When the infected fly next feeds, these metacyclic
trypanosomes are injected into the skin of the host along with
tsetse saliva. In the animal, the parasites differentiate into a
form specially adapted to live in mammalian blood. These
bloodstream parasites multiply by binary fission and enter the
animal’s lymphatic and blood circulation. As flies feed on
animals infected with the parasite, the flies may take up blood
containing trypanosomes, thus completing the parasite’s life
cycle.



IDELY DIFFERENT METHODS are used to con-

trol trypanosomiasis: administration of drugs to

treat or prevent the disease, reduction of the fly
populations that transmit the parasites and thus spread the
disease, and keeping indigenous livestock breeds that resist
the discase. Each of these methods is useful; indeed, without
them, many livestock keepers would be out of business. None,
however, is ideal and no single method or combination of
methods is sufficiently efficacious and cost-effective to sus-
tain small-scale livestock raising in much of the tsetse belt,
which effectively seals off one-third of the continent otherwise
suitable for grazing and mixed livestock/crop farming.

Drug treatment. Drug treatment is the most widely used
means of controlling trypanosomiasis. The drugs available are
- _ctive but also relatively expensive. It is neither practical
nor financially possible for most small farmers repeatedly to
treat an animal that repeatedly becomes infected with trypan-
osomes. Morcover, widespread use of the few drug com-
pounds developed for trypanosomiasis has led to increasing
parasite resistance to the drugs and there are no signs that new
and improved drugs for the animal disease will be produced
in the near future.

Cattle
n Tretes

TRYPANOSOMIASIS

CURRENT
CONTROL METHODS

The tsetse fly and the disease-
causing trypanosome parasites
it carries make 10 million
square kilometres of Africa—an
area as large as the continental
USA—inhospitable for live-
stock. The tsetse belt occurs in
Africa’s humid an¢ subhumid re-
gions and these are :be 20 logi-
cal areas with the g 4. oten-
tial for farming and 1anc.a1sig on
the continent. No:c that lidtle
overlap exists between Atrica’s
cattle-production and tsetse-
infested areas except in

regions of West and Central
Africa where a few indigenous
cattle breeds exist that are resis-
tant to trypanosomiasis. Tsetse-
infested areas are expanding in
many parts of Africa.




The life cycle of
Trypanosoma bruce.

Infection begins when trypano-
somes are injected into the
blood of a mammal by a tsetse
fly as it feeds on the animal, In
the animal host, slender forms
of the parasites multiply by bi-
nary fission until large parasite
numbers build up in the blood,
The trypanosomes then trans-
form first into intermediate
forms and then into stumpy
forms, the latter being able

to infect tsetse flies.

Stumpy forms of the parasites
are ingested by a tsetse fly as it
feeds on an infected animal. In

the midgut of the tsetse fly, pro-
cyclic forms arise and undergo
division, after which the para-
sites enter the proventriculus
and later the salivary glands of
the fly, where they become epi-
mastigote forms and undergo
further division. Finally, metacy-
clic forms arise in the salivary
glands. Metacyclics are able to
infect mammals, and the life
cycle is repeated,

The mitochondrion is inactive
in the slender forms, begins to
become active in the stumpy
forms and is fully active in
forms that occur in the tsetse
fly. Parasite forms that live in
the mammalian bloodstream
(slender, intermediate and
stumpy) have a glycoprotein
surface ceai. This coat disap-
pears in the procyclic forms that
arise: in the midgut of the tsetse
fly and is later reformed in the
meiacyclic forms in the tsetse
salivary glands,

(After Vickerman, 1979 )

TRYPANOSOMIASIS

Vector control. Three methods are used to control popu-
lations of the tsetse vector. Infested areas may be sprayed with
low levels of modern insecticides to kill the flies, but applica-
tion of such compounds over large areas is discouraged be-
cause of the pollution this causes the environment. Habitat
hospitable to tsetse may be destroyed to rid areas of flies, but
the felling of trees and clearance of bush is an unacceptable
waste of diminishing natural resources, Most promising is the
reduction of fly populations using tsetse targets and traps
strategically placed in fly habitats, These targets and traps have
been greatly improved over the last several years, and in some
areas their deployment has reduced fly populations to toler-
ably low levels. To date, however, this control method has
been demonstrated to work only in some types of areas and
only for some species of fly.

Disease-resistant livestock, The third method used to
control trypanosomiasis is to keep cattle of a few ancient
African bresds, such as the West African N’Dama (Bos
faurus), which are innately able to tolerate infection with
trypanosomes. The genetic ability to resist the pathogenic
effects of infection is called ‘trypanotolerance’. (Livestock
that are susceptible to trypanosomiasis are known as ‘trypan-
osusceptible’ or, in this report, ‘susceptible’.)

i

Tsetse fly

Mammal

=

Metacyclic forms
are injected into /
the skin cf a
mammalian host

Epimasti?ote /
t

forms multiply

in the G/
salivary glands
7/
Procyclic forms
niitiply in the gut

Lon
slender
forms multiply
asexually by
binary fision

t shof;
stumpy forms
, 9/ do not divide

Bloodstream forms
are taken up
by the tsetse fly
as it feeds
on the infected animal




TRYPANOSOMIASIS

Mechanisms to resist the disease may have evolved in
wild animals and trypanotolerant cattle due to their long
exposure to the parasite; the latter were probably introduced
1o the continent 7,000 years ago. The other, more common,
breeds of cattle in Africa are relative newcomers. The wide-
spread humped Zebu (Bos indicus) cattle, which are suscep-
tible 1o trypanosomiasis, appeared in Africa in large nuinbers
only about 1,300 years ago. Highly productive, genetically
improved European (Bos taurus) cattle were introduced in this
century; consequently, these *grade’ cattle are extremely sus-
ceptible to trypanosomiasis.
Use of trypanotolerant ivestock is perhaps the most at-
tractive of the control methods available and has made live-
stock rearing possitle in tsetse-infested areas, but this method
also has its drawbacks. First, the degree of discase resistance
in an animal is not absolute; levels of trypanotolerance are
rcdu.cgd in animals under stress, pz}rticulurly t.hose_ with POOT  The humpless N'Dama are an
nutrition, a common condition of livestock raised in Africa’s  ancient African cattle breed,
marginal farming areas. Second, although meat productionof ~ having arrived on the continent
trypanotolerant livestock compares favourably with that of ~ about 7,000 years ago. It is prob-
other breeds. the amount of milk trypanotolerant cattle pro- able that the N'Dama’s innate

< relative . , i ability to resist trypanosomiasis
duce is relatively low. Furthermore, trypanotolerant animals . J1ved during the long associ-

raised in traditional farming systems are typically small and  gtjon between these cuttle and
are therefore not ideal for draught work. Finally, and most  trypanosome parasites.
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ANTIGENIC
VARIATION IN
TRYPANOSOMES

Diagram illustrating the process
of antigenic variation, which
enables trypanosomes to survive
attack by the immune system of
an animal host.

36

ANNUAL REPORT

importantly, few such animals are available. In spite of their
importance in tsetse-infected areas where other livestock can-
not survive, trypanotolerant cartle constitute only 5% of the
cattle raised in countries where tsetse flies occur. Numbers of
these cattle are increasing, but slowly: merely to double the
number of N'Dama cattle existing today, for example, wil}
take 15 years at present breeding rates.

trypanosomes conducted at ILRAD and other research
institutes over several years have established that try-
panosome populations avoid elimination by the mammalian
immune system by employing a vemarkable defence mechan-
ism known as *antigenic variation’, Most animal hosts make
immune responses to the first wave of invading trypanosomes
by producing antibodies against antigenic protein molecules
displayed on the surface of the parasites. The antibodies bind
to these antigens, and this initiates a series of immune evcuis
that eventually causes rupture (lysis) and deth of the parasites,
However, before all the parasites can be eliminated, trypan-
osomes bearing a new surface molecule appear. While the
immune system begins to produce antibodies against the new
antigen, the second wave of trypanosomes multiplies rapidly,
and before all parasites in the second wave can be destroyed,
parasites appear displaying yet another molecular surface, and
so the process continues, the parasite population always keeping
a step ahead of the host’s immune system. Unable to keep pace,
the animal’s immune system becomes exhausted. The animal
becomes anaemic, loses weight and stops breeding and produc-
ing milk. After lingering for months, nearly useless, it dies.
Trypanosomes are able to express many kinds of surface
proteins, known as *variable surface glycoproteins’, or VSGs.
The VSGs are a major cell product of the parasite, accounting
for 10% of all the proteins it synthesizes. (Some 300 to 1,000
trypanosome genes are estimated to encode VS8Gs.) Each of
the many different strains of trypanosomes. displays a particu-

As a rnew VSG becomus dominant in a lrypanosome population, the

amount of antibody ( YY ) that spec:lically recognizes thal VSG

P ESULTS OF CELL and molecular biology studies of
N\

'Ncreases and raduces the numbers of trypanosomas with that VSG

ISt wave of parasitasmia Jrd wave of parasitaemia

| =
!

2nd wave of parasitasma

I L Trypanosomes bearing one kind of VSG {44 ) protferale, creating a wave ol
i parasitasmia. This population is reduced by antibody Trypanosomes beanng an-
i Tselso fiy other kind of VSG then create ancther wave of parasitaomia
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i trypanosomas
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Time after bite by tsetse fly




lar set of VSGs. Further complicating the matter, genetic
recombination among trypanosome populations may occur in
the field, increasing the potential for antigenic diversity. It
therefore appears unlikely that a conventional vaccine, which
primes an animal’s immune system against just one or a few
antigeus, will be broadly effective if based on the trypano-
some's variant surface proteins. With this in mind, ILRAD
scientists are investigating other novel vaccine strategies for
controlling the discase.

ISEASE CONTROL WORKERS and scientists need

improved techniques for diagnosing trypanosomiasis

that are not only accurate and reliable, but also suffi-
ciently simple, robust and inexpensive for wide use in the
field. Better diagnosis of trypanosomiasis would greatly im-
1 ove treatment of individual animals, and better detection of
i.fections in both mammalian hosts and tsetse vectors would
help researchers to define the disease problem more precisely
(several discases manifest themselves in ways similar 1o try-
panosomiasis and the latter may run a subclinical course), 1o
better understand the epidemiology of trypanosomiasis (the
behaviour of the disease in livestock populations) and to
monitor and compare the impacts of implementing different
trypanosomiasis control programs.

The first phase of a continent-wide evaluation of an
ILRAD diagnostic test—the antigen-detection enzyme-
linked immunosorbent assay, or ‘ELISA’ for short—was
completed in 1991 and the resu'ts considered at a workshop
held in Yamoussoukro, Cote J’lvoire, in May. Using the
antigen-detection ELISA, parasite components in blood
samples are identified by the binding of monoclonal anti-
bodies. Participanis at the Yamoussoukro meeting judged
the ELISA to be censitive and reliable in detecting the three

TRYPANOSOMIAS

DIAGNOSIS AND
EPIDEMIOLOGY

ILRAD's ELISA kit (antigen-

1S

trapping enzyme-linked immu-
nosorbent assay) used to detect

and identify trypanosomes in

infected animal hosts. ILRAD

has developed tests for all the
species of trypanosomes that
cause disease in livestock as
well as parasites that cause
human sleeping sickness. Fiel

d

evaluations of the assays were

conducted with support from
FAO and the International
Atomic Energy Agency
(Vienna).

37



FERAD 1991 ANNUAL

L

Em

=

= @

E >

¥ 8

V| O

[ 1R ]

5| &

u-m—_
o] gl ©

E’E’g’,‘%

@l 8l 3

L e ]

-—d
]

H
i -

@ n
Oo_q

N OO,

oy
A Y
/

o
'

ILRAD'’s probe panel used to
detect trypanosome parasites.
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major tsetse-transmitted trypannsome species that infect
livestock as well as in detecting T, evansi infections in
camels and pigs. In some areas where tsetse and trypano-
somes were thought not to occur, trypanosome infections
were detected with the ELISA. When sera were examined
in these instances, aniibodies to trypanosomes were also
found, demonstrating both the usefulness of test and present
shortcomings in epidemivlogical information.

A polyclonal serum to the antigen recognized by the
monoclonal antibody used in the antigen-trapping ELISA for
T. congolense was used to screen an expression library and
several cDNA (copy DNA) clones were obtained. Following
cloning of part of the gene encoding the T. vivax diagnostic
antigen, the antigen was expressed in a bacterial system and
the recombinant product found to be recognized by the appro-
priate monoclonal antibodies. The expressed products of these
cloned ‘diagnostic’ genes will be used to provide standards
(control antigens) for the antigen-trapping ELISA and the
genes themselves will be examined for their usefulness as
diagnostic tools at the DNA level.

probes has been developed at ILRAD and used to
detect and characterize trypanosome samples col-
lected from experimental infections of tsetse flies and
laboratory animals as well as from animals in the
field. Rather than detecting the antigenic products of
trypanosome genes, as the ELISA does, these probes
detect the genes themselves. DN A probes are superior
to the other available diagnostic tools in terms of
specificity, sensitivity and sase of use when large
numbers of samples need to be examined.

Most DNA probes are tagged with radioiso-
topes so that their hybridization with genetic material
obtained from parasites can be visualized. This re-
liance on radioisotope labelling remains the greatest
disadvantage of the technique. Because of the ha-
zards, short shelf-lives and high costs and operational
difficulties involved in use of radioisotopes, alterna-
tive ways of labelling DNA probes are now being
explored. ILRAD staff aim to develop probes that are
both safer than the radiolabelled probes now widely
| used in advanced laboratories and easier to use in the
. field.

|

} A panel of species- and subspecies-specific DNA
|

|

t




RUG TREATMENT for trypanosomiasis relies on

three closely related compounds that have been

widely used for more than 30 years: isometa-
midium, homidium and diminazene. Properly administered,
these drugs have effectively controlled the disease, but
parasite resistance to the compounds is increasing. In re-
search aimed ai maintaining the long-term efficacy of the
compounds now in use, ILRAD scientists are looking for
genetic markers of drug resistance in the parasites that could
be used to inspect large numbers of parasite samples from
cattle to determine quickly and easily if drug resistance is
a problem in an area.

With scientists from the Kenya Trypanosomiasis Re-
search Institute, ILRAD staff in 1991 developed an assay to
detect drug resistance in T. vivax bloodstream form parasites.
A colorimetric test to measure drug sensitivity in T. congolense
bloodstream forms was alsodeveloped at ILRAD. Jointly with
staff of the University of Glasgow, ILRAD scientists this year
advanced work on an antibody-based ELISA to measure levels
of isometamidium in mammalian blood.

Monoclonal antibodies raised against isometamidium
will be used in cell biology studies to compare how the drug
is taken up and compartmentalized in drug-sensitive and drug-
resistant trypanosomes. Techniques to identify the parasite
molecule with which isometamidium interacts were estab-
lished this year in collaboration with a scientist from the Israel
Institute of Technology (Haifa). With these techniques in place
and the availability of resistant parasites raised at the Labora-
tory in simple culture systems, ILRAD is in a strong position
to pursue physiological and membrane studies of drug uptake.
The information obtained in these studies will lay the ground-
work for devising better ways to use the drugs in the field and
for developing treatment strategies that militate against the
generation of drug-resistant parasite strains.

EVERAL TRYPANOSOME MOLECULES that can be

examined for their potential to protect cattle from try-

panosomiasis were isolated and characterized in 1991.
Some of these antigens were revealed in studies of the endo-
cytic system of trypanosomes, the process by which the para-
sites take up nutrients; others were discovered in empirical
approaches taken to identify antigens. The gene for one of the
most promising of the antigens, an enzyme (cysteine protease)
of T. congolense associated with resistance to trypanosomiasis
in cattle, has now been cloned.

TRYPANOSOMIASIS

DRUG RES!ISTANC :
IN TRYPANOSOMES

Two images produced of th:
same three trypanosomes after
incubation for 20 hrs with isome-
tamidium. The arrows point to
areas of fluorescence, which indi-
cate where the drug has concen-
trated in the parasites. Note that
two of the parasites are in the
process of dividing.

THRYPANOSOME
ANTIGENS
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MOLECULAR GENETICS
OF TRYPANOSOMES
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Netwerks of coiled DNA that
occur in a kinetoplast structure,
outside the nucleus, of the
trypanosome parasite.

M.ost DNA occurs in the cell
nucieus of organisins. Along the
threadlike length of DNA, the
sequence of nucleotides carries
the genetic code, which directs
the formation of an entire
organism and governs its
biological functions.

The discrete functional units
of DNA—the genes—direct
protein synthesis.

HOST IMMUNE
RESPONSES TO
INFECTION
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N IMPORTANT GOAL of members of ILRAD's

trypanosomiasis program is to improve understanding

of the genetic basis of processes critical to the survival
and development of the trypanosome. Of particular interest is
the identification of genetic functions that could be interfered
with and the identification of trypanosome genes and their
protein products that are directly involved in drug resistance
in parasites, degrees of immunity induced by parasite antigens,
degrees of virulence in parasites and the development of
disease in cattle.

Making use of technical breakthroughs in molecular biol-
ogy, ILRAD scientists continued to refine techniologies
needed to insert foreign genes into trypanosomes and to ident-
ify which organisms internalize the exogenous genetic ma-
terial. By transfecting total DNA from a virulent parasite,
ILRAD staff in 1991 restored virulence to forms of T. lrucei
previously attenuated in vitro. Studies are now being con-
ducted to identify the regior: of the genome responsible for the
change in the transfected parasites. Results of these studies
will help to identify the genes responsible for parasite vi-
rulence and to determine the nature of one of the main factors
governing parasite growth.

Research is conducted at ILRAD on trypanosome genes
that, because they are active only in certain stages of the
parasite’s life cycle, may control processes of differentiation
and adaptation to mammalian or insect hosts. Genetic se-
quences normally associated with expressed RNA (ribonu-
cleic acid) and a transposable genetic element widely dis-
tributed in the trypanosome genome were used to amplify
DNA of different life cycle stages to identify differentially
expressed parts of the genome.

Studies were also conducted in 1991 to identify genes and
gene products involved in trypanosome cell division. Four
classes of cell division cycle genes are being investigated and
culture systems that synchronize the division of T. congolense
are being developed. ILRAD scientists are collaborating in
this work with scientists from the universities of Glasgow,
Oxford and Brussels who are working on homologous genes
in other kinetoplastids.

EARNING MORE ABOUT the complex interactions

between hosts and parasites and their relationship to the

development of disease will help scientists better un-
derstand how cattle generate immune responses to trypano-
somes. This information may lead to the development of
methods to manipulate those responses in ways that will block
or inhibit parasite proliferation.



Studies were continued in 1991 of the responses to infec-
tion made by bovine B cells, which produce antibodies to
trypanosomes, and T cells, which effect and regulate various
immune mechanisms, including aspects of antibody produc-
tion. Studies of macrophages were also continued. These cells
ingest and destroy parasites of different kinds, and, like T cells,
are involved in the regulation of bovine immune responses.

Past work at ILRAD has shown that antibodies directed
against the surface of trypancsomes are able to neutralize
parasites carrying the particular antigen used to induce them.
Current research in this area is conducted into factors that
induce antibody responses and the roles in immunity played
by accessory cells and soluble factors. With increasing know-
ledge and availability of *invariant’ antigens, which comprise
all the molecules of the parasite other than its variant surface
glycoproteins, it may be possible to generate antibody re-
sponses that protect livestock against challenge with a broad
range of trypanosome strains.

ILRAD has produced 50 trypanotolerant N'Dama cattle
that now span three generations. ILRAD’s original N'Dama
were obtained as embryos from Gambian cows in 1983 and
implanted in foster mothers of an East African Zebu breed
called Boran. The institute thus has a unique opportunity to
study under controlled circumstances the immune responses
of the N'Dama to infection with trypanosomes and to define

TRYPANOSOMIASIS

A Boran bull. The Boran is an
East African type of Zebu cattle.

Thoracic-humped cattle were
introduced into Africa through
Egypt ir. the fourth century B.C.
Generally known as Zebu
throughout the continent, these
cattle now comprise most of
Africa’s indigenous cattle,
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(Top) Results of a complement
lysis assay demonstrated that
when infected with trypano-
somes, the trypanotolerant
N'Dama cattle produce higher
detectable levels of specific
antibodies to trypanosome
VSG antigens than the
susceptible Boran,

(Bottom) Results of an ELISA
demonstrated that both caitle
breeds generate IgM class of

antibodies o trypancsome
VSGs, but that the N'Dama
produce higher detectable
levels of this antibody

than the Boran.
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the mechanisms that enable these animals to remain healthy
while infected. A major area of ILRAD's research is a com-
parison of the responses 1o infection made by the trypanotoler-
ant N'Dama and the susceptible Boran.

Previous results of this research have shown that the
N"Dama produce higher levels of detectable antibodies during
infection and are also able to control infection better than their
susceptible Zebu counterparts. This suggests that the immune
system of trypanotolerant cattle may play arole in the superior
ability of these cattle to control trypanosoiniasis,

Recent work shows that the N’Dama produce higher
detectable levels of predominantly IgM antibodies against
parasite VSG than the Boran. In both Boran and N'Dama,
levels of CD5" B cells increase dramatically following infec-
tion and levels of total IgM also increase. The Boran produce
higher levels of antibodies that react with irrelevant antigens
than the N'Dama. Antibodies of the IgM isotype against
invariant antigens are detectable in both breeds, but later in
infection, more mature IgG1 as well as IgM antibodies are
detectable in the N'Dama.

The generation and maintenance of antibody responses
usually requires the help of «T cells. To compare T-cell re-
sponses of susceptible and trypanotolerant animals to trypan-
osome infection, T-cell subpopulations were prepared from
peripheral blood obtained from Boran and N'Dama cattle
undergoing primary infection with T. congolense. In the
presence of parasite antigens, both Boran and N’Dama CD8
(cytotoxic) and, subsequently, WC1 (gamma/delta) T-cell
populations proliferated. Proliferations of these T cells were
more marked, however, among N'Dama than Boran cells. No
T-cell responses were observed in either breed to appropriate
VSG and there were low or absent responses of CD4 (helper)
T cells in both breeds.

A striking feature of trypanosome infection in susceptible
cattle is anaemia. Destruction of red blood cells is accelerated
well above normal levels in infected animals. Past ILRAD
work has shown that the ability to maintain normal levels of
red blood cells during trypanosome challenge is a feature of
trypanotolerant animals and that this trait is highly heritable.
Elegant histological and electron microscopical studies indi-
cate that macrophages are involved in the development of
anaemia by phagocytosing (engulfing) red blood cells and
other cell types, which contributes to the anaemia. Signifi-
cantly, these studies have shown that the maciophages of
infected Boran cattle are more destructive than those of in-
fected N’Dama cattle. On the other hand, macrophages pre-
pared from blood of N'Dama in the early stages of T. con-
golense infection release several times more co-stimulatory
cytokines (IL1/IL6) in vitro than macrophages from Boran



cattle. Cytokines, such as tumor necrosis factor, gamma inter-
feron and interleukins (abbreviated IL), are chemical mes-
sengers released by macrophages that have been activated by
the presence of antigen.

These experimental results clearly show that macro-
phages are activated in both breeds of cattle when infected by
trypanosomes but the functions of these activated scavenger
cells differ between the breeds. It is not known how these
different functions are induced, nor which trypanosome
antigens directly or widirectly trigger macrophages to suppress
immune responses, to engulf red blood cells and to produce
cytokines. Answers to these questions are being sought be-
cause activities of the mononuclear phagocytic system appear
to be pivotal in determining whether an animal will develop
or resist disease.

Cytokines are essential components of immune re-
sponses, the making of blood cells and other physiological
processes. They are normally active over short distances.
Indeed, evidence suggests that cells can target release of
cytokines directly onto other nearby cells. Abnormal levels of
certain cytokines are thought to contribute to some discases,
and it is believed that some cytokines, such as IL1, IL6, tumour
necrosis factor-alpha and gamma-interferon, may be involved
in the pathogenesis of trypanosomiasis. To find out if this is
so, ILRAD scientists must compare the production of these
cytokines in healthy and infected cattle and in trypanotolerant
and susceptible animals. However, because these molecules
generaltly are active only over short distances, can be absorbed
rapidly by cells expressing their receptors and can be inhibited
by a variety of serum proteins, they are difficult to detect in
seraand plasma. An ILRAD group is therefore developing two
methods for measuring cytokines at the cellular level. Onc
assay uses monoclonal antibodies, saponin-permeabilized
cells and the fluorescence-activated cell sorter to measure
intracellular pools; the other assay uses the in situ hybridiza-
tion technique to measure cytokine messenger RNA. Buvine
GM-CSF, IL1, IL2, IL4 and gamma interferon probes are
already available in the Laboratory. A probe for tumour ne-
crosis factor-alpha is being made.

In other comparative immunological experiments con-
ducted in 1991, four N'Dama and four Boran were infected
with an unusual stock of T. vivax known to cause a particularly
acute haemorrhagic discase in susceptible cattle. No dif-
ferences were observed between the two breeds in the levels
of parasitacmia or the pattern of recognition or type of anti-
body elicited. Members of both groups became anaemic. One
of the N'Dama was treated when its packed cell volume fell
to 13%. This experiment cffectively demonstrated that the
N'Dama, rather than being resistart to the pathogenic affects

TRYPANOSOMIASIS

Light micrograph of a large
macrophage from the bone mar-
row of a calf infected with
Trypanosoma vivax. Mauure and
immature red blood cells have
been engulfed by the macro-
phage. A single trypanosome
lies adjacent to the macrophage.

IMMUNOLOGY

“The life of every organism is
constantly threatcned by other
organisms—this is the nature of
the living world. In response,
each species has evolved protec-
tive mechanisms, varying from
camouflage colors, to poisons,
to etfective running muscles.
From their continual battle with
microorganisms, vertebrates
have evolved an elaborate set of
protective measures called,
collectively, tt ¢ immune system.

*The word immunc (Latin im-
munis, meaning “‘exempt”) im-
plies freedom from a burden: an
animal that is immune to a spe-
cific infecting agent will remain
frec of infection by that agent.
The study of the immune
system constitutes the
discipline of immunology.

— J. Darnell, H. Lodish and D.
Baltimore, Molecular Cell Biology,
2nd ed., New York: Scientific Ameri-
can Books, 1990, p. 1003.
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GENETICS OF HOST
RESISTANCE TO
TRYPANOSOMIASIS

of infection with all trypanosomes, are as susceptible as the
Boran to infection with this uncommonly haemorrhagic T.
vivax stock from the coastal region of Kenya. This finding
supports the view that trypanotolerance depends on the suc-
cessful control of parasite populations. How trypanosome
antigens are recognized by the immune system, how immune
responses are induced and how the host genotype affects
responses to infection are not yet known. The answers to these
questions may be found in further studies of T, vivax infections
in N'Dama cattle.

HAT GENETIC RESISTANCE to Irypanosomiasis

exists in some cattle breeds is clear. As is also clear from

the above discussion, however, neither the significance
of immune mechanisms—such as the specific antibody, T-cell
and cytekine responses made by infected N'Dama cattle—nor
the genetic control of those mechanisms and of other poten-
tially important non-immune mechanisms is yet understood.
A direct way to investigate the nature of trypanotolerance is
to follow its inheritance in families of cattle for the purpose
of, first, finding characteristics—or ‘markers’—that are in-
herited with the disease-resistance trait and second, finding the
gene or genes that control it. The breeding herd of trypano-
tolerant N'Dama available at ILRAD and the institute’s unique
ability to assess the responses of these cattle to parasite chal-
lenge under highly controlled and experimental coaditions
make such a genetic marker and mapping project feasible.

ILRAD's bovine genome project was begun in 1990. The
first two steps were to produce large families of cattle that
segregate the trypanotolerance trait and to begin to identify
some of the estimated 200 markers evenly spaced along the
60 chromosomes of cattle that will be needed to identify
genetic markers associated with disease resistance. When
developed, such marke:s will be a useful tool for breeders
working to increase the nunbers of trypanotolerant livestock
and for researchers attempting to identify populations of ani-
mals to be targetted for germplasm  conservation. Perhaps
most importantly, the markers will also serve as starting points
in a search of the bovine genome for the genes that control the
trypanotolerance trait,

To produce the cattle needed for the mapping project,
bulls from ILRAD’s core herd of 10 trypanotolerant N'Dama
were crossed with susceptible Boran cows in an accelerated
breeding program that made use of embryo transfer expertise
developed at ILRAD over the last several years. The cows
were induced to produce more ova than normal. The ova were
fertilized by artificial insemination and the embryos implanted
in foster Boran mothers for gestation,

Two first-generation full-sibling families of N'Dama-



Boran crossbred animals were produced in 1991. Each family
consists of more than 30 calves. Thirty-eight of this first filial
(F1) generation and ten Boran control animals were challenged
with T, congolense clone 1180 injected through the bite of
infected tsetse flies. Three of the thirty-cight Fis required
treatment, compared with six of the ten Boran. The indications
are that trypanotolerance is a typical quantitative trait.

Cross-breeding of the Fis will begin in February 1992; the
first group of second filial generation calves will be born in
November 1992, Responses of the F2 generation to challenge
with 7. congolense, including packed cell volume levels, para-
sitosis and serological responses, will be recorded. The animals
will be phenotyped for aspects of trvpanotolerance and geno-
typed with DNA markers as these are identitied at ILRAD and
other advanced laboratories collaborating in this work.

To produce the genetic markers needed for the mapping
project, ILRAD scientists are exploiting microsatellites—
simple DNA nucleotide sequences that occur with a high
frequency in the mammalian genome. Oncee identified, short,
single-stranded synthetic DNA molecules that hvbridize spe-
cifically with chromosome regions flanking the microsatel-

lites are synthesized. These “oligonucleotides™ serve as

primers in the polymerase chain reaction to produce labelled
copies of the microsatellite regions. The length polymorphism

TRYPANOSOMIASIS

The first Boran-N’Dama cross-
bred calves produced at ILRAD
using embryo-transfer technol-
vgy were born on ILRAD’s
Kapiti Ranch in 1990. By the
end of 1991, 86 Boran-N'Dama
crosses had been produced.

Large families of these cattle
are needed for a new research
project to locate the genes re-
sponsible for trypanotolerance,
an ability of N'Dama and
other livestock breeds
indigenous in Africa to remain
productive while infected

with trypanosomes.
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DNA SEQUENCING

Determining the precise order,
or sequence, of the nucleotides
that make up a gene once the
gene has been located on one of
several chromosomes.

“The nucleotides are arranged in
a precise order like bzads on a
necklace. . . . One way to under-
stand the difference between
[genetic] mapping and sequenc-
ing is to think of a giant library.
Mapping is like noting the titles
and the order of all the books
on the shelves; sequencing is
reading the books.'

— Bruce M. Alberts, *Making a Map
of the Human Chromosomes’, in
Headline News, Science Views, =d.
David Jarmul, Washington, D.C.:
National Academy Press, 1991,

CONCLUSION
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of the copies can then be determined by reducing polyacryla-
mide gel electi aphoresis to give markers at known sites within
the genome.

Applying this approach, ILRAD scientists identified nine
sequence-tagged sites in 1991 for the bovine linkage map.
Such work is labour-intensive, both in identifying markers and
their locations and in determining the distribution of markers
throughout the genome. However, the development of this
linkage map of the bovine genome is a collaborative enterprise
and the work involved in marker development is being shared
among geneticists at ILRAD, the Commonwealth Scientific,
Industrial and Research Organisation (Australia), the Hebrew
University of Jerusalem and Texas A & M University (USA).

Furthermore, a breakthrough technology first reported in
1991 is speeding up and cutting the costs of the search for
markers. The method is known as ‘bulk segregant analysis’
and employs random amplified polymorphic DNA markers,
known by biologists as RAPDs. Used by themselves, RAPDs
give imprecise information because cach marker sample is
associated with many pieces of DNA. However, by pooling
and analysing all the DNA from: the most resistant cattle in one
test, and all the DNA from the least resistant cattle in another,
markers linked to trypanotolerance are likely to stand out.

to fulfil two broad objectives. The first is to meet increas-

ingly pressing requirements for immediate improvements
in methods now used to control trypanosomiasis. This is being
accomplished in two ways: by gaining a more complete un-
derstanding of the epidemiology of trypanosomiasis, through
development of improved tests for detecting infection and
identifying parasites, and by improving and making better use
of current control methods, particularly the employment of
druy, therapy and trypanotolerant livestock.

The second objective of the program is to translate long-
term research into practical and sustainable trypanosomiasis
coutrol. Research is being conducted towards the development
of four novel control methods. (1) Identification of molecular
mechanisms—parasite components or physical or chemica|
processes—that could be manipulated with new Irypanocidal
agents todisrupt parasite development or to make the parasites
more vulnerable to the defences of the mammalian host. (2)
Development of new therapeutics, other than trypanocides, on
which to base treatment and disease management. (3) Identi-
fication of trypanosome antigens that, by inducing protective
immune responses in cattle, are potential material on whizh to
base vaccines. (4) Improvement of the responses of suscep-
tible cattle to trypanosome infection through a better under-
standing of the innate resistance to trypanosomiasis displayed

ILRAD‘S TRYPANOSOMIASIS PROGRAM is working



by trypanotolerant cattle. This research invo'ves finding
genetic markers that can be used to pick out animals highly
resistant to trypanosomiasis for use in livestock breeding
programs and to locate the gene or genes that control the
trypanotolerance trait(s).

Any future methods developed to increase livestock re-
sistance to trypanosomiasis and to decrease the pathogenic
effects of infection v-ould greatly alleviate the animal trypan-
osomiasis problem in Africa and in addition would help ad-
vance research of human trypanosomiasis and other trypano-
some-caused discases that occur in the tropics. Host resistance
to the parasites might be increased in several ways. Vaccina-
tion to generate effective immune responses in livestock
would, in addition to being of incstimable value in itself,
constitute a major biological advance. An understanding of
how trypanosome infection produces disease would lead to
more effective treatment and would help further the develop-
ment of livestock types able to resist the harmful effzcts of
infection. An understanding of trypanotolerance would facili-
tate better use of trypanotolerant animals and, through genetic
manipulations, might allow the transfer of trypanotolerant
trait(s) to cattle breeds that, although susceptible to trypano-
somiasis, possess other desirable characteristics.

TRYPANOSOMIASIS

An N'Dama and a Boran
embryo were implanted at the
same time into this recipient
Boran cow, which subsequently
produced these ‘haemopoietic
chimaeric’ twins. The N'Darna
calf, on the left, after sharing a
placenta with its Boran twin in
foetal life, has developed an es-
sentially Boran bone marrow.

ILRAD scientists will challenge
twins such as these with trypan-
osomes to determine which if
any trypanotolerance traits have
been transferred from the
N’'Dama to the Boran.

*Chimaeric’: from chimaera, a
mythological creature with the
head of a lion, the body of a
goat, and the tail of a serpent.
‘... Athing of immortal make,
not human, lion-fronted and
snake behind, a goat in the
middle .. ..’

— lliad (6. 179)
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SOCIOECONOMICS

ILRAD’s disease research programs by investigating

the factors that govern the successful applicativii of
improved livestock discase control, particularly through im-
munization, and the likely social, economic and environmental
impacts of improved animal health. ILRAD’s Socioeconoraics
Program, started in 1988, has focused its studies on East Coast
fever in Africa and is now widening its scope to include
investigations of African animal trypanosomiasis.

ﬁ MULTIDISCIPLINARY TEAM of scientists supports

developed a methodology for conducting quantitative

studics whose results will help to identify communities and
cattle populations that would benefit most from the introduction
of improved methods to control tick-borne diseases. In collabor-
ation with scientists from the Kenya Agricultural Research In-
stitute (KARI), the ILRAD staff applied these methods in studies
conducted at two sites in Kenya, one in Kaloleni Division, Kilifi
District, on the Kenya coast, and one in Uasin Gishu District, in
the western highlands of the country. The staff also collaborated
with researchers in Zimbabwe to study the effect of alternative
disease control tactics in that country.

Epidemiological justification for implementing East
Coast fever immunization at the Kenya study sites was ob-
tained by conducting three basic studies. First, cattle in the
target areas were surveyed to determine the prevalence of
antibodies to Theileria parva; prevalence rates indicate levels
of immunity that have developed in a population. The animals
in this survey were chosen from strata according to their age,
their type or breed, the type of grazing system in use, the size

S CIENTISTS IN ILRAD's Socioeconomics Program have

{Opposite) The distribution of

reported outbreaks of theil-
eriosis in Zimbabwe from

1979 to 1989 overlayed on the
natural regions of the country.
The map was made at [LRAD

using a computer-based geo-
graphic information system.

EPIDEMIOLOGY
OF LIVESTOCK
DISEASE CONTROL
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Crossbred dairy cows in
Kenya’s highlands
(Uasin Gishu District).
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of the herd and the agro-ecological zone of the target area.
Prevalence rates specific for each strata were calculated with
confidence intervals and comparisons were made among the
strata. Low rates of antibody prevalence—which suggest that
much of a cattle population is at risk of East Coast fever—were
found in most strata of Uasin Gishu, in the genetically im-
proved cattle in Kaloleni and in the Zebu cattle inhabiting low
rainfall areas of Kaloleni.

The second component of ILRAD's epidemiological
methodology was a study made to determine the best age at
which to immunize cattle against East Coast fever. This study
was carried out in groups of sentinel calves released at bi-
monthly intervals over one year in the coastal study site. The
time to infection with 7. parva ranged from 12 to 98 days, 88%
of the calves developed East Coast fever and, in spite of
treatment being administered. the case-fatality rate was 66%.

The third component of this methodology was a one-year
longitundinal study of herds kept under different management
systems. Among a group of 130 dairy cattle kept on 28 farms
in the Kenya coastal study area, 22% contracted East Coast
fever, with 73% of these cases occurring in calves; 22% of the
130 cattle died in total, 78% of these fatalities being due to
East Coast fever.

The results of these collaborative studies suggest that im-
munization of crossbred dairy cattle in the wetter regions of
Kenyu's coastal lowlands is warranted and that immunization
of Zebu calves in the drier coastal lowland areas may be econ-
omically justificd as well. There appears to be a broader target
population for immunization in the Kenya highlands study area.
Farm-level economic studies will be made to assess the relative
costs and benefits of vaccinating cattle in these areas.




SOCIOECONOMICS

HE ABILITY TO IMPROVE livestock disease control ~ 'DENTIFYING ° A RGET
in an area depends as much on a good understanding of GROUPS OF FARMERS
. X FOR IMPLEMENTATION
the human environment as it does on accurate agro-€co- ¢ | |yEsT0OCK
logical and biological assessments. Farmers make disease  |sEAst GONTROL
control and other livestock management decisions based on
the goals of the household, the resources available and the
prerequisites of other enterprises on the farm. Experiences
over the last several decades among those developing im-
proved agricultural technologies and transferring these to
farmers through extension ne'works demonstrate that deci-
sion-making in farming communities is complex and—due to
differences in the scale and priorities of production un the
farms—highly variable.
By analysing the links between farmers and the livestock
disease control systein operating in their area researchers gain
a better understanding of the different socioeconomic contexts
of livestock disease and its control. The links between African
small-scale farm management systems and local disease con-
trol infrastructures are poorly understood. Since 1989, IL-
RAD's Socioeconomics Program has collaborated with KARI
and the International Livestock Centre for Africa (ILCA) to
examine those links through use of a farming systems research
strategy, an approach traditionally used to improve crop pro-
ducticn. The ILRAD/KARI/ILCA team is developing profiles
of the circumstances in which small farmers operate (farm
income, human and livestock nutritional states, livestock dis-
ease prevalence, etc.) by characterizing farms and conducting
diagnostic surveys. The data obtained are being used to ident-
ify the most appropriate farm groups in which to introduce
improved discase control technologies.
To help target cattle populations for pilot immunization
against East Coast fever, ILRAD scientists characterized
farms in the Kilifi and Uasin Gishu study areas. In Kilifi,
livestock production systems were classified according to
agro-ecological zone, cattle type and grazing system. In the
first two phases of farm characterization exercises being car-
ried out in Uasin Gishu, farm size rather than agro-ecological
zone and cattle type was found to be important in determining
the choice of farming systems.

OTH FARM- AND HERD-LEVEL computer models ~ECONOMIC IMPACT
have been developed by staff of ILRAD’s Socioecon- OF IMPROVED
omics Program to improve the accuracy of estimates DISEASE CONTAOL

of the economic impacts of livestock diseases and their con-

trol. Data to validate the farm-level model have been collected

jointly by ILRAD, KARI and ILCA scientists from the study

area at the Kenya coast (Kaloleni Division, Kilifi District).

These data were also used to assess the economic benefits uf

immunizing cattle in that area against East Coast fever.
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Members of ILRAD’s Socio-
economics Program consult
with staff from the International
Livestock Centre for Africa and
the Kenya Agricultural Research
Institute and with farmers and
extension workers in a collabor-
ative rescarch project being
conducted to gain a better
understanding of the cattle
populations to be targetted for
immunization against East
Coast fever in Kaloleni
Division, Kilifi District,

on the coust of Kenya.

Most small-scale farmers in ]
developing conntries do not
own or have access to mo-
I torized vehicles. Thus, on
smail farms in many pants of
the continent where both
crops and livestock are
grown, cattle are the only
means of power—other
than human labour—for
pulling ploughs to prepare
land for cultivation and for
wansporting farm produce
to market. It is clear that the
draught animal will remain
I the main source of traction
i and power for agricultural
| operations in the develo-
- ping world for a long time
o cone,

Caule continue to play a
central role in many tradi-
P tionad farming systems for
other reasons as well, They
| are an important source of
I protein, mostly in the form
tof milk, for rural families,
| their manure helps to main-
i tin and enhance soil fer-

tility, and sales of cattl.. and

¢ cattle products are a main

: source of income. Indeed, in

' most African cultures, the
number of cattle and other

| livestock a person owns di-

! rectly indicates his or her l

[‘ wealth, J

REPORT

The data illustrate how much and in how many ways
livestock contribute to the economy of African smallholders.
On average, livestock of all types made up 70% of farm
investment and 40% of farm-generated income, although
these figures varied widely among agro-ecological zones,
cattle types and grazing systems used. Cattle enterprise in the
study area at the Kenya coast generated a mean annual gross
profit of US $210 per cow in herds of taurine crossbreds and
$84 per cow in Zebu herds. In taurine crosses, milk accounted
for 74% cf the economic output, animal disposal for 25%. In
Zebu herds, milk accounted for 30% of the output, animal
disposal 67%.

The farm model was developed in collaboration with
scientists at Texas A & M University. it simulates annual farm
production and onsumption, It uses time increments of one
year and runs for 10 years. Each year starts with the debts and
assets accumulated by the end of the previous year. A proto-
type of the model and an accompanying database management
system were tested and refined with. uata obtained from se-



lected farmers in the coastal and highland study areas as well
as through discussions of preliminary results with these
farmers. In addition to generating indicators of economic
viability, such as net present values, benefit-cost ratios and
internal rates of return, the model also calculates indicators of
household nutritional sufficiency and quality.

The herd model takes into account herd size and structure,
the estimated impact of a disease in terms of incidence, case-
morbidity and case-fatality, and the effects of a given control
method on the disease, on cattle productivity and on net
income. Cther indicators of financial impact such as marginal
benefits, benefit-cost ratios and rates of return on capital can
be caiculated from :he results of running the model for a
particular area. The model is deterministic and runs for a study
period of one year. It can be used to evaluate and compare
different disease control strategies.

The herd model has been used to make preliminary esti-
mates of the economic losses caused by East Coast fever and
the ex-ante economics of its control using the infection-and-
treatment method of immunization. These estimates veere
made for the region of 11 African countries where theilcriosis
caused by T. parva occurs, as well as for the country of Uganda
and for Kenya’s Kaloleni Division in Coast Province. When
applied to the endemic region of eastern, central and southemn
Africa, total losses due to theileriosis in 1989 were estimated
to be US $168 million. This figure includes an estimated
mortality of 1.1 million cattle. An analysis of the economics
of applying the infection-and-treatment immunization method
in the region showed high economic returns, with benefit-cost
ratios in the range of 9:1 to 17:1.

changes in income levels with changes in people’s

welfare. Non-economic measures of the impacts of
development, however, may be more pertinent indicators of a
community’s well-being. Measures of diet and nutrition, for
example, are clearly linked both to food production and to
health in rural households. But whereas the effects of cash
cropping on household nutrition are often given due attention,
the nutritional effects of changing livestock production sys-
tems have only recently begun to be examined.

In 1991, the ILRAD socioeconomics group began to inves-
tigate ways of incorporating into their program assessments of
the nutritional as well as economic status of the livestock
farmers their work is addressing. They developed a framework
that determined the links between interventions in livestock
management and household nutrition, identified methods for
measuring nutritional impact and applied these in research at
their study areas at the coast and iu the highlands of Kenya.

DEVELOPMENT AGENCIES commonly equate

SOrIOECONOMICS

Calculated economic losses in
1989 due to Theileria parva
infections in cattle in eleven
African cu antries. The total
economic loss was estimated
to be US $168 million,
(Figures are in US millions.)

Milk loss 47%
78232

Beel loss 12%
20607

Resoarch &

Acaricide cost 20%
33008

Traciion loss 13%
21308

Treatmont cost 5%
6114

NUTRITIONAL IMPACT
OF IMPROVED
DISEASE CONTROL
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In 1991, the ILRAD
Socioeconomics Program
assessed the nutritional

as well as economic status
of small-scale farmers
and their families.

GEOGRAPH!IC
INFORMATION
SYSTEMS

REPORT

A pilot survey of links between farm characteristics and
food consumption patterns was conducted during the year
among a sample of 72 houscholds in Uasin Gishu District,
Kenya. Large-scale farmers (those owning more than 100
acres) on average produced 18 times as much milk as small-
scale farmers (with under 10 acres) and reserved for household
use 4.5 times as much milk as small-scale farmers. The aver-
age daily incomes derived from milk sales ranged from
KShs.10.15 on small farms to KShs.344.40 on large farms.
Household milk consumption per consumer unit per day dif-
fered significantly between houscholds on large (22 litres),
medium (1.6 litres) and small farms (1 litre).

OMPUTER-BASED geographic information Sys-

tems, designed to store, manipulate, analyse and dis-

play spatial data, have been tailored by ILRAD
workers to help them predict the impact of livestock discase
control in Africa. Program members are now using three
geographic information systems: GRASS, a raster-based Sys-
tem running on SUN Graphics Workstations under the UNIX
operating system, ARC/INFO, a vector-based system running
on two IBM personal computers and a workstation, and
IDRISI, a raster-based system running on an IBM personal
computer. (Climatic surfaces represented by grids of data are
best processed using a raster-based system; areas represented
with discrete boundaries, such as farms, are best processed
with a vector-based system.)

Spatial databases are being developed at the continental
(Africa), regional (eastern Africa), country (Zimbabwe), dis-
trict (Uasin Gishu, Kenya) and divisional (Kaloleni, Kenya)
levels that will enable Program staff to integrate data on the


http:KShs.344.40
http:KShs.10.15

impacts of controlling animal discases. To supplement exist-
ing databases, staff in 1991 digitized the best available data on
continent-wide distributions of wildlife hosts. such as water-
buck and eland, and added reported distributions of the tick
vector, Amblyomma variegatum.

In collaboration with staff from KARI and ILCA, much
information was added to the regional and Kenya divisional
geographical information system databases in 1991, including
data on agro-ccological zones and transportation networks,
and results of cattle censuses, serological surveys and dairy
marketing studies. The country-level geographic information
system for Zimbabwe being developed with the Zimbabwe
Department of Veterinary Services now comprises an exten-
sive database of over 60 layers of information. High-resolu-
tion satellite data are being compiled for the whole country for
the purpose of evaluating the suitability of various habitats for
tick survival. Zimbabwean experts are mapping the distribu-
tions of the wildlife hosts of various vector-borne livestock
diseases for inclusion in the database.

SOCIOECONOMICS

African data displayed using
ARC/INFO, a geographic infor-
mation system.

ILRAD’s Sucioeconomics
Program is tailoring computer-
based geographic information
systems and building mathe-
matical models to help predict
the impacts of improved live-
stock discase control.

Geographic information sys-
tems help researchers to analyse
and compare spatial data of the
many variables that impinge on
livestock production and
disease control. The mathema-
tical models being developed
will give decision makers conti-
nent-wide support in determin-
ing the most appropriate disease
control and production poiicies
to implement in given areas.

In recent years, ILRAD scien-
tists have collaborated in mod-
elling the dynamics of East
Coast fever with scientists from
the universities of London and
Strathclyde in the UK as well as
the Australian National Univer-
sity and the Commonwealth
Scientific, Industrial and Re-
search Organisation in Australia.

ILRAD is also collaborating
with Texas A & M University
(USA) in developing farm-level
models of the economic and nu-
tritional impacts of better con-
trol of East Coast fever.

With scientists at Imperial
College, London, a model has
been developed to investigate
the transmission dynamics of T.
parva infection by R. appendicu-
latus ticks to cattle; use of this
model led to development of a
method for estimating the rate
at which cattle are infected by
T. parva for the endemically
stable states.
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MODELS TO ASSESS
THE IMPACT OF
DISEASES AND
THEIR CONTROL

‘We now stand at a crossroads
in theileriosis, and indeed in
tick-borne disease, control,
With new, more broadly immu-
nogenic and safer vaccines

on the horizon, it should be
possible to adopt a totally new
perspective on theileriosis
control within a few years.’

The quote above and draw-

ing below are taken from

The Lpidemiolcgy of Theileriosis
in Africa, a book written by two
ILRAD scientists, B.D. Perry and
A.S. Young, and a former ILRAD
staff member, R.4.1. Norval, now
working at the University of Flor-
ida. The drawing is also by an
ILRAD scientist, D.J. McKeever.
The book was published in 1991
by Academic Press (UK), 481 pp.

]

[ e

REPORT

HE VARIETY and complexity of the epidemiology of

vector-borne diseases in Africa and the variety of live-

stock production systems in use on the continent
necessitate development of mathematical models to formalize
and synthesize the large amounts of empirical information
needed to make rational decisions regarding livestock disease
control. Given a sound understanding of the epidemiology of
East Coast fever and other tick-borne diseases, models of these
diseases will provide scientists, policymakers and disease
control workers with powerful tools with which to examine
and compare the merits of intervention strategies and policies.

Those assessing the impact of implementing a livestock
disease control strategy must know the distribution of that
disease. Disease reporting systems in Africa, however, can
rarely provide data that are sufficiently detailed and accurate
for this purpose. Fortunately, the distribution and abundance
of the vectors of disease-causing parasites can serve as a
valuable substitute for the distribution of vector-borne dis-
eases. ILRAD’s Socioeconomics Program staff has access to
two models of vector distribution and two models of theile-
riosis occurrence and has collaborated with staff of the Naj-
robi-based United Nations Environment Program in develo-
ping appropriate databases for these models.

A study was begun in 1991 10 validate predictions of the
distribution in Africa of the tick vector of T. parva, Rhipice-
phalus appendiculatus, made usin g a climate-matching model
called CLIMEX on a high-resolution (5-minute) interpolated
climate database for Zimbabwe. CLIMEX calculates an eco-
climatic suitability index for the tick on a scale of 0 to 100 so
that the suitability of any particula: area for R. appendiculatus
can be accurately predicted. The distribution of the values of
this index were compared with (1) reported tick and disease
occurrence data, (2) natural regions (a rainfall-driven classifi-
cation of agro-ecological zones) and (3) land-use categories,
such as commercial, private or communal. Good correlations
were found between the presence of an eco-climatic index
value of 1 or greater and the recorded occurrence of R. appen-
diculatus. Correlations with theileriosis outbreaks were less
precise, but were improved if known buffalo-associated out-
breaks in the drier areas of the country in which the tick
Rhipicephalus zambeziensis is reported to occur were ex-
cluded from the analysis.



LRAD'S OUTREACH ACTIVITIES fall under the De-

partment of Cooperative Programs, Training and Informa-

tion. The broad aim of ILRAD’s cooperative activities is
two-fold: (1) to advance our understanding of the nature of
important tropical livestock diseases by employing biological,
socioeconomic and environmental data, materials and exper-
tise from the couatries in which the diseases occur and (2) to
enlarge the human and technical resources available for agri-
cultural research and disease control in those countries.

In 1991, staff of this department and senior scientists from
ILRAD’s research programs paid visits to national agricultural
research organizations in 11 African countries for the purpose
of promoting collaborative research with ILRAD. Members
of the missions consulted with national staff on research areas,
personnel and institutions that would benefit from collabora-
tion with ILRAD. A formal agreement was established this
year with Sokoine University of Agriculture (Tanzania). This
link will strengthen collaborative research between the two
institutions on trypanosomiasis and theileriosis as well as on
the socioeconomic changes that improved control of these
diseases will bring about in livestock-keeping communities
and their natural environments.

As discussed throughout this annual report, the many
collaborative projects undertaken in 1991 fell in such diverse
research areas as epidemiology, diagnosis, chemotherapy,
drug resistance and the social, economic and environmental
impacts of improved disease control. The collaborative pro-
jects served both as a channel for the transfer of technologies
and as a means of accelerating research progress at ILRAD
and the collaborating institutions.

ILRAD:s cooperative research activities are supported by
high-quality service facilities, including the institute’s spe-

COOPERATIVE
PROGRAMS

Major collaborative research at
ILRAD includes the following.

e The African Trypanotolerant Live-
stock Network (Nairobi) and national
agricultural research institutes in
Céte d'lvoire, Ethiopia, Gabon, Gam-
bia, Kenya, Senegal and Zaire on as-
pects of genetic resistance to trypan-
osomiasis in cattie breeds.

o The Centre for Tropical Veterinary
Medicine (UK), the Food and Agri-
culture Organization, the Interna-
tional Ator.iic Energy Agency (Vien-
na) and national agricultural research
institutes in Egypt, Gambia, Ghana,
Kenya, Mali, Senegal, Sudan, Tanza-
nia, Zambia and Zimbabwe in evalu-
ation of an ILRAD assay for diagnos-
ing trypanosome infections.

s The Kenya Agricultural Research
Institute (KARI) and the govern-
ments of Tanzania (Zanzibar), Zam-
bia and Zimbabwe in characlerizing
parasite stocks for use in immunizing
cattle against theileriosis.

¢ KARI, ILCA and Zimbabwe in sc-
cioeconomic studies made to deter-
mine the most appropriate strategies
for controlling theileriosis.

« The Kenya Trypanosomiasis Re-
search Institute on sludies of drug re-
sistance in trypanosomes.

¢ The Intzrational Centre of Insect
Physiology and Ecology (Nairobi) on
development of DNA probes to detect
trypanosome infections in tsetse flies.
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TRAINING

Alladin Kairo, a Kenyan
Research Fellow at ILRAD
studying the molecular
biology of the trypanosome
parasite for a Ph.D. degree.

cialized library and its electron microscopy, vector, laboratory
animal, graphic arts and biostatistics units. Cooperative re-
search is also backstopped by a wide variety of training in the
form of on-going reviews, lectures, seminars, meetings, work-
shops, conferences, individual instruction and special group
courses that are held on all aspects of ILRAD's research, from
bovine immune responses to recombinant organisms to bio-
safety standards to ethnoveterinary studies.

HANGES ARE OCCURRING on millions of small-

holder farms in Africa and other regions of the develo-

ping world due to a necessity to increase food produc-
tion while conserving land and water resources. Many farmers
are attempting to accomplish this dual task by integrating crop
and livestock farming and by intensifying their livestock
production. Guiding farmers, exiension workers and veterina-
rians in how to manage these new farming systems will require
a cadre of highly committed, trained and scientific personnel.
It is the principal aim of ILRAD's Training Unit to help
develop that human infrastructure.

In 1991, 36 scientists and senior laboratory technicians
came to ILRAD for periods of one week 1o six months to
receive individual training in techniques or areas specified
by their research institute or disase control project. Three
group courses with a total of 21 participants were held
during the year on use of advanced techniques for diagnos-
ing trypanosomiasis and tick-borne diseases. In addition,
financial support was given to many researchers and disease
control workers to attend courses run jointly by ILRAD and
other international agencies in 1991 in Burkina Faso, Cote
d’Ivoire and Uganda.

Thirty-one students—most of them from Africa and sup-
ported by ILRAD fellowships—conducted research at ILRAD
during all or part of 1991 towards Ph.D. and M.Sc. degrees.
Seven of these rescarch fellows were awarded doctorate de-
grees this year. ILRAD provided three additional fellowships
to senior African scientists to do post-doctoral research at the
institute,

ILRAD hosted two scientific workshops in 1991: ‘Bovine
Genome Mapping and Trypanotolerance’, held in April, and
‘Recent Developments in the Research and Control of Ana-
plasmosis, Babesiosis and Cowdriosis’, held in May. Dis-
cussions at these workshops served both to update ILRAD
staff on current research in these arens that is relevant to the
institute and to inform scientists working in developed coun-
tries about the current state of livestock disease control and
research in Africa,

ILRAD also helped to run three other workshops con-
ducted in 1991: jointly with the Rockefeller Foundation and



|

COOPERATIVE PROGRAMS,

the United Nations Environment Program, a workshop titled
‘Increased Sustainable Agricultural Productivity in Africa
through Use of Intelligent Geographic Information Systems’
was held in Nairobi in January; with the Organisation of
African Unity (OAU) and the Food and Agriculture Organiz-
ation of the United Nations (FAO), a workshop on ‘Ticks and
Tick-Borne Disease Control” was held in Kampala, Uganda,
in September; and with FAO and the World Health Organiza-
tion, ILRAD supported the OAU *21st Meeting of the Inter-
national Scientific Council for Trypanosomiasis Research and
Control” and helped to run a training seminar held before thie
meeting in Yamoussoukro, Céte d'Ivoire, in October.

. Country TT RF SRF PDF
 From developing countries
Benin 1
- Cameroon 2 1
© Chad 1
Ethiopia 1 1
Gambia 1
"~ Ghana 1
India 1 1
Kenya 17 15 1 1
- Madagascar 1
. Malawi 2
. Nigeria 1 3
© Senegal 1
| Somalia 1
* Tanzania 3 2
" Togo 1
. Ugunda 1
¢ Zaire 2
. Zambia 3 1
From developed countries
- Belgium 1
. Canada 1 1 ,
France 2 1
Italy 1 |
. Netherlands 1
Spain 1
- UK 30
USA l I
Totals 35 32 3 1

TRAINING

AND INFORMATION

Individual training at ILRAD
in 1991; number of participants
in different types of training by
country of origin. Nearly 10%
of ILRAD’s budget is spent
each year on training and
related outreach activities.

TT = technical training

RF = Research Fellows

SRF = Senior Research Fellows
PDF = Post-Doctoral Fellows

“There is no evidence that any
country or race is better than any
other in scientific teachability:
there is a good dea! of evidence
that all are much alike. Tradition
and technical background seem to
count for surprisingly little. . ..

*It is technically possible to carry
out the scientific revolution in
India, Africa, South-east Asia,
Latin America, the Middle East,
within fifty years. . . . Since the
gap between the rich countries
and the poor can be removed, it
will be. If we are short-sighted,
inept, incapable either of good-
will or enlightened self-interest,
then it may be removed to the
accompaniment of war and star-
vation: but removed it will be.
The questions are, how, and by
whom.’

— C.P. Snow, The Two Culiures and
the Scientific Revolution, Rede Lec-
ture, 1959, Cambridge: Cambridge
University Press, 1960, pp. 42—44.
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clients of the institute and agricultural policymakers,

INFORMATION THE GOAL OF ILRAD’s Information Unit is to keep

Research topics covered in
the four 1991 issues of
ILRAD Reports:

¢ ILRAD’s use of recombi-
nant DNA technology to
improve identification of
tick-borne and trypano-
somal parasites.

® The role cytotoxic T cells
play in protecting livestock
against East Coast fever.

* The mechanisms by
which cattle acquire im-
munity to trypanosomiasis,
* Current findings in re-
search on 7. annulata.

* Dysfunction of the pitui-
tary gland in apimals in-
fected with trypanosomes.
* Current research and con-
trol of the tick-borne dis-
cases anaplasmosis, babe-
siosis and cowdriosis,

* ILRAD's estirnations of
the losses due to theile-
riosis and the benefits of
immunizing livestock
against it.

 Recent progress in re-
search on a vaccine against
East Coast fever.

* The carrier sta‘e in cattle
infected with 7. zarva.

* ILRAD's use of the poly-
merase chain reaction to
synthesize large amounts of
DNA for use in superior di-
agnostic tests and in experi-
ments designed te gain a
better understanding of the
molecular mechanisms of
trypanosomiasis and tick-
borne diseases

* Id_ntification of a trypan-
osome enzyme that prove a
useful antigen in develop-
ment of novel control meth-
ods for trypanosomiasis,
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donor agencies, the media and the general public in-
formed about progress ILRAD is making in its aim to improve
the welfare of people in developing cou:itries by improving
their control of livestock diseases. Through its publication
series, the unit also helps to transfer the products of this
research to ILRAD's stakeholders, particularly to scientists in
national agricultural research systems in developing countries.

The unit publishes an ILRAD Annual Report, an annual
ILRAD Highlights and a quartetiy scientific newsletter,
ILRAD Reports, in French as well as English, and, in English
only, an ILRAD Annual Scientific Report, an annual list of
scientific publications produced by staff, one or two proceed-
ings of international scientific meetings held at ILRAD, an
annual Program and Budget document and a wecekly Internal
Newsletter distributed to all staff members and to the Board
of Directors. All publications are written, cdited, designed and
electronically laid out to camera-ready stage in-house using a
personal computer and laser printer. Translation and typeset-
ting of French publications is contracted to a biomedical
translation company in the USA.

The annual report, annual highlights and quarterly news-
letter are intended for a wide range of readers, with emphasis
on scientists and policymakers in national agricultural re-
search systems. ILRAD's annual scientific report comprises
abstracts disclosing the aims and results of each research
project conducted at the Laboratory durin g the year. This book
and the annual list of staff publications are intended for scien-
tists and highly technical staff working in areas related to
ILRAD?’s research programs as well as for new ILRAD staff.

Proceedings of the institute's international workshops are
also intended mainly for a scientific readership. In 199],
ILRAD published summaries of papers presented at its May
workshop on Bovine Genome Mapping and Trypanotoler-
ance. This volume, edited by Alan Teale, who heads the
ILRAD Trypanosomiasis Research Program, comprises re-
ports from bovine gene mapping laboratories around the world
and groups concerned directly with trypanotolerance research,
Included are a summary of a final roundtable discussion and
recommendations for the development of bovine genome
mapping and the production and use of trypanotolerance re-
source material.

A new publication series was begun in 1991 to keep
ILRAD’s donors and stakeholders abreast of progress the
Laboratory is making in developing bettci control of trypan-
osomiasis and tick-borne diseases. These JLRAD Research
Updates are brief and nontechnical. Three issues were pro-
duced in 1991: ‘Promising Results in Research on a Vaccine



COOPERATIVE PROGRAMS, TRAINING AND INFORMATION

against East Coast Fever’ (August), ‘Integration of Global
Research on Tick-Borne Diseases’ (October) and ‘New Tests
to Diagnose Trypanosomiasis’ (December).

Highlighting other public awareness activities of the unit
this year was pariicipation in an ‘International Centres Day’
held in November at the International Centre for Research in
Agroforestry (ICRAF). This all-day event was organized to
celebrate ICRAF's recent entry into the Consultative Group
on Intemational Agricultural Research (CGIAR, Washington,
D.C.) and to promote the work of international and national
agricultural research programs in eastern Africa. Seven
CGIAR institutes, the United Nations Environment Program
(Nairobi) and two Kenyan agricultural research institutes took
part. Over 500 invited guests from Kenyan government min-
istries, universities and research institutes, as well as donor
representatives and media personnel, attended the celebra-
tions, which included colourful exhibits in marquees, scien-
tific demonstrations, short talks by the Directors General of
ILRAD and ICRAF and scientists, and a catered lunch con-
sisting of dishes made with the mandate agricultural products
of the participating CGIAR centres.

scientific literature, most of it in the form of journals

and books, to meet the information needs of starf mem-
bers, visiting scientists and participants in the institute’s train-
ing program. The emphasis of the collection is on the livestock
diseases ILRAD focuses on, African animal trypanosomiasis
and tick-borne diseases, as well as veterinary medicine and the
biochemistry, chemotherapy, cytology, epidemiology, gene-
tics, immunology, molecular and cell biology and pathology
of these diseases and their causative parasites.

Journals form the main part of the Library’s collection. In
1991, the Library subscribed to 250 specialized scientific
journals, 25 monographic serials and 12 indexing or abstract-
ing journals. The weckly Current Contents database is re-
ceived on diskette as well as in printed form. A total of 267
books were purchased this year, bringing the total book stock
to about 3,700 volumes. A Weekly Alert newsletter is produced
and distributed to staff and other local libraries to highlight
important new accessions in the Library.

The Library also introduced access to several interna-
tiona! agricultural and biomedical databases stored electroni-
cally on CD-ROMs (compact disks-read only memory). These
include Biological Abstracts, CAB International Abstracts,
MEDLINE, Science Citation Index and SESAME. A local
area computer network launched in the institute towards the
end of the year made it possible for ILRAD scientists to begin
conducting their own literature searches using office personal

THE ILRAD LIBRARY acquires and disseminates

LIBRARY
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UNIVERSAL
BIBLIOGRAPHIC
CONTROL

*With recent advances in
technology, electronic data-
bases come close to realiz-
ing the age-old ideal of a
Universal Catalogue of
Scientific Knowledge.
Floppy diskettes. compact
disks, and other storage and
retrieval media yet to be de-
veloped are revolutionizing
information discovery.
These technologies are ac-
wally demaocratizing infor-
mation—they bring to the
individual's desktop com-
puter the vast archive of
published knowledge, and
the ability to navigate effec-
tively through it.’

— Eugene Garfield, *Syste-
matic Serendipity and Univer-
sal Information Access', CBE
Views, Vol. 15, No. 4, 1992, p.
81.
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computers. Library staff gave a seminar this year to demon-
strate how to use newly installed information technology,
especially CD-ROMs, and how to access telecommunications
services.

Because the Library’s extensive, up-to-date and highly
specialized journal collection is unique in Kenva, the Library
extends its services to staff from a variety of other local
research institutes and from government departments and
universities. In 1991, the Library acquired over 700 reprints
requested by researchers, made over 17,000 photocopies of
Jjournal articles for ILRAD staff and undertook over 160
literature searches for users. Staff helped strengthen the infor-
mation services of national agricultural research systems
through exchange of publications and interlibrary loans and
by providing short-term practical training to ten library stu-
dents from Kenyan universities and research institutes.

This yeur the Library borrowed 502 publications from
libraries belonging to a cooperative research library network
in Nairobi, loaned out 603 publications and donated over 800
copies of journals and over 1,000 books to the network. More
than half the 160 literature searches undertaken during the year
were conducted for external users from Kenya, Nigeria, Tan-
zania and Zambia. ILRAD also supplied over 1,000 reprints
or photocopies of scientific papers to scientists from all over
the world, notably from India, the USA and countries of
suv-Saharan Africa.

Veterinary _ .°
immunology . -

N .an
* immunopathology

,
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tsetse flies for research on trypanosome parasites. Trypano-

somes normally pass through several stages of their life cycle
in the tsetse fly. Although it is possible to maintain trypanosomes
invitro and to infect laboratory animals and livestock by injecting
parasites into the animals, trypanosomes maintained and trans-
mitted artificially differ from those transmitted naturally through
the bite of an infected tsetse fly. Thus, a great deal of the
trypanosomiasis research conducted at ILRAD requires trypan-
osomes that have developed in tsetse flies.

Five tsetse breedirgz colonic were maintained at ILRAD
in 1991. These were Glossina morsitans ceniralis, which
originated from mainland Tanzania; G. palpalis gambiensis
from Burkina Faso; and G. pallidipes, G. brevipalpis and G.
longipennis, all from Kenya. These species represent the three
taxonomic groups of tsetse—monrsitans, palpalis and fusca.

All the colonies were maintained at 25 °C and fed five
days a week on the ears of rabbits. G. m. centralis and G.
longipennis were kept at 70% relative humidity, the other
species at 80%. These colonies provided all the tsetse required
for trypanosomiasis research at ILRAD in the year. The unit
in addition supplied tsetse puparia to several research groups
in Kenya and abroad.

As well as maintaining tsetse colonies, staff members of
the unit conduct research on tsetse flies as vectors of African
trypanosomiasis. Studies were undertaken in 1991 to compare
the susceptibility of different tsetse populations to infection
with trypanosomes. Two colonies of G. pallidipes were estab-
lished using pupae deposited as larvae by wild female flies
caughtintwoareas of Kenya: Shimba Hills, in Coast Province,
and Nguruman, in Rift Valley Province. Both colonies were
sufficiently productive for comparisons to be made of their

ILRAD'S TSETSE UNIT develops and maintains colonies of

TSETSE UNIT

ooy ,
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Mr. Jack Kabata, a technologist
in ILRAD’s Tsetse Unit, with
tsetse flies in wire cages.
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TICK UNIT

‘Proof that ticks were vee-
tors of piroplasms was
forthcoming almost one
hundred years ago from
studies of T. Snuth and FLL.
Kilborne 12 1893 on Texas
cattle fever.

“Smith identified Piro-
plasma (Babesia) bigemina
as the causative organism of
this discase while Kilborne,
in clegant studies using ex-
perimental paddocks, dem-
onstrated that Boophilus an-
nudatus was the tick vector,
This was the first time that
an arthropod was shown to
be a vector of disease. . . .

*C.P. Lounsbury (1904) was
the first person 10 identify
the vector of Theileria
parva as the brown ear tick,
Rhipicephalus appendicu-
latus.’

— B.D. Perry, A.S. Young (Head
of ILRAD's Tick UnityandR.A.1L.

Norval, The Epideniology of

Theileriosis in Africa. London:
Academic Press, 1991, p. 131,
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vector competence for T. congolense stocks. Tsetse flies from
Nguruman were found to be significantly more susceptible
than those from Shimba Hills to T. congolense stocks isolated
from G. pallidipes from the two areas of Kenya. This result
has important implications for those conducting research on
the epidemiology trypanosomiasis.

HE TICK UNIT supplies scientists with ticks and tick
salivary glands infected with the sporozcite form of
Theileria parva. Theileria sporozoites can bz obtained
only by passage of the parasites between tick vectors and
mammalian hosts. Nymphal ticks pick up the parasites from
feeding on cattle infected with Theileria parva (Muguga)
stabilate. After the adult ticks moult, they are fed for four days
on rabbits and then dissected to harvest the infected salivary
glands. Infection rates are determined for each batch of ticks.

Rhipicephalus appendiculatus is the most important tick
species in East Africa, where it is the principal vector of T.
parva. Stocks of this species maintained at ILRAD include
those from Muguga, Kenyo; Ol Pejeta, Kenya; Mclwaine,
Zimbabwe; Chipata, Zambia; and Entebbe, Uganda. Colonies
of other tick species maintained at ILRAD include other
Rhipicephalus species—R. evertsi, R. pulchellus and R. zam-
beziensis—as well as Amblyomma variegatum and Am-
blyomma gemma, vectors of Cowdria ruminantium, which
causes heartwater; Boophilus decoloratus, vector of Babesia
and Anaplasma, which cause redwater and gall sickness,
respectively; and two relatively benign Theileria species, T.
mutans and T. velifera.

A major research effort of the Tick Unit is to determine
the factors that influence infection rates in ticks so as to
maximize infection levels. A large database on tick infection
rates has been assembled at ILRAD over the last four years.
The data concern stabilate dose (T. parva Muguga 3087),
disease response in cattle, infection rates in tick stocks, dexa-
methasone treatment of cattle, manipulation of the tick fzeding
site and modification of the temperature of the room where the
ticks feed on cattle. ILRAD staff are collalorating with scien-
tists from the University of Strathclyde on developing
m.cthods for interrogating the database.

Other studies were started in 1991 to examine the dy-
namics of cellular immune responses in the area of attachment
of T. parva-infected and -uninfected R. appendiculatus in the
lymph draining site. Histological studies show the layering of
cement sccreted by the tick to secure itself for feeding and the
cellular infiltration of the area below the tick proboscis. Elec-
tromicrographic studies show the gradual release of single
sporozoites from infected salivary glanc. “ells. Inmunological
studies indicate that dermal dendritic cells are prominent in
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the infiltration during the first four days of feeding. Results of
these studies will provide information on the nature of immune
cell infiltration that may influence the success of infection.

next to ILRAD's laboratories, at Kabete, held about 5()
head of cattle, 400 goats and 20 sheep during 1991 that
were allocated for research projects at ILRAD. In addition to the
experimental cattle, 361 calves were brouaht to the farm when a
few days old to be raised under tick- and tsetse-free conditions.

ILRAD's ranch, Kapiti Plains Estate, located about 70 km
from Nairobi, carried an average of 2,800 head of cattle in 1991
and supplied 469 cattle to the ILRAD Farm and sold 607 cattle
to local farmers and butchers. Animal health on both the ILRAD
Farm and Kapiti Ranch was generally good. Altogether during
the year, 1,061 calves were bom on the ranch {roin a breca g
herd of 1,151 cows, making a calving rate of 92.1%

ILRAD's Large Animal Unit has continued to refine the use
of embryo transfer techniques. Staff members have tested and
standardized methods for synchronizing the ovulation of Boran
donor and recipient cows, for stimulating superovulation in
Poran donors, for assessing the suitability of recipients and for
handling and splitting embryos before implanting them in reci-
pient cows. The program continued todo well throughout 1991,
with 60 calves produced by embryo transter, which included 21
pure Boran and six sets of identical Boran twins.

Embryo transfer is also being performed in N'Dama
cattle, which come from West Africa, to produce N'Dama
animals for experimental use in ILRAD's trypanosomiasis
research program. Seven pure N'Dama calves were born in
1991, bringing ILRAD’s total N'Dama production to 50.
N'Dama and Boran hacmopoetic chimeras can be produced
by implanting one N'Dama embryo and onc Boran embryo
into the same recipient mother and allowing them to develop
as twins. One set of chimaeric twins was born this year. The
chimeras will be challenged with trypanosome parasites to
investigate the transfer of trypanotolerance traits from the
N'Dama to the Boran and the transfer of trypanosensitivity
from the Boran to the N'Dama.

In 1989, ILRAD began a project to map the bovine
genome. Large families of N"Dama/Boran crossbred cattle are
needed for this project. Each family is produced at the Kapiti
Ranch by superovulating a particular Boran cow several times
a year and inseminating the cow with semen from the same
N’Dama bull until 30 crossbred Boran/N'Dama calves are
produced. Two families were completed in 1991; these con-
sisted of 36 and 29 calves. Production of a further two families
is in progress; by the end of 1991, these numbered 12and 9
calves or confirmed pregnancies.

THE LARGE animal facilities on the ILRAD Farm, located

RESEARCH SUPPORT

LARGE ANIMAL
PRODUCTION

(Above) Seven-day old bovine

embryos. (Below) Calves
produced at ILRAD using
embryo transfer techniques.
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LABORATORY ANIMAL
PRODUCTION

Mr. Bob King, Head of ILRAD's
Laboratory Animal Production.

BIOSTATISTICS AND
COMPUTING SERVICES
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research and training programs with a regular supply of

mice, rats and rabbits. In 1991, ILRAD was self-suffi-
cient in the production of all of these laboratory animals. The
Unit also maintains a small colony of guinea pigs, which are
occasionally required for experimental work. All laboratory
animals are housed and maintained according to international
animal welfare conventions.

Colonies of two inbred mouse strain—BALB/c and
C3H/He—were maintained. The C3H/He mice are used pri-
marily for studies on host resistance to trypanosomiasis. The
BALB/c mice and a colony of BALB/c x Swiss F| mice are
maintained for the preduction of monoclonal antibodies. Ran-
dom-bred Swiss mice are increasingly used for all other re-
search work because they are more productive and grow faster
than the inbred strains. The Beige x SCID strain is maintained
for use in transfection experiments. The unit also maintains a
colony of random-bred rats originating from the Sprague
Dawley strain primarily for the production of trypanosomes.
Rabbits are used mainly to produce antisera and to support the
tsetse and tick colonies.

The total numbers of mice, rats and rabbits used atILRAD
in 1991 were 37,015, 11,818 and 1,253, respectively. In addi-
tion to supplying all the laboratory animals required by
ILRAD scientists, the breeding unit provided a total of 1,265
mice, 280 rats and 4 rabbits to six other research organizations
in Kenya.

THE LABORATORY Animal Unit provides ILRADs

provides support and services to ILRAD's scientific and

administrative staff. Scientists from Strathclyde Univer-
sity (UK) continued to provide support and expertise in stat-
istics and mathematical modelling.

Several additional personal computers and peripherals
were purchased in 1991, bringing the total number of micro-
computers distributed throughout the institute to over 90. A
local area network was installed during the year, which links
most of the institute’s computer users through an internal
electronic mail service and enables them to access various
commercial scientific databases.

ILRAD subscribes to CGNET, an international electronic
mai! service linking the CGIAR institutes. This service also
gives ILRAD access to mar:y other international electronic
networks, such as BITNET (which comprises research in-
stitutes and universities around the world) and British Telecom
Gold (British business). Electronic mail service was improved
this year with the introduction in Kenya of KENPAC, a
Kenyan public packet data network,

ILRAD‘s BIOSTATISTICS and Computing Services Unit
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Laboratory Technician
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E. Authié
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L.L. Logan-Henfrey
Scientist
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M. Sileghem
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J. Naessens
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A. Andrianarivo
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Research Associate

J. Magondu
Reseurch Associate

J. Newson
Research Associate

K.A. Taylor
Research Associate

A. Boulangé
Research Fellow

B. Buza
Research Fellow

D.C.W. Russo
Research Fellow

V. Taiwo
Research Fellow
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Laboratory Technician

F. Mucheru
Laboratory Technician

B.G. Muchiri
Labhoratory Technician

F Muiya
Laboratory Technician

D.K. Muteti
Laboratory Technician

J. Nthale
Laboratory Technician

M.O. Gpollo
Laboratory Technician

R. Saya
Laboratory Technician

K. Tikolo
Laboratory Technician



LLABS PARASITOLOGY
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T.T. Dolan

Theileriosis Program Head
A.J. Musoke
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Leader: Antigens
S.B. Morzaria

Theileriosis Program Area

Leader: Epidemiology
R. Bishop

Scientit
T. Imada

Visiting Svientist
S. Williamson

Visiting Scientist
Y. Yagi

Visiting Scientist
C. Nkonge

Research Associate
R.A. Skilton

Research Associate
P.R. Spooner

Research Associate
E.N. Kimbita

Research Fellow
B. Mushi

Research Fellow
J.N. Gachanja

Laboratory Technician
L. Gichuru

Labhoratory Technician
L.K. Juma

Laboratory Technician
J. Kiaric

Laboratory Technicien
D.O. Lugo

Laboratory Technician
T. Ndolo

Laboratory Technician
R. Njamunggeh

Laboratory Technician
S. Njuguna

Laboratory Technician
B. Sohanpal

Laboratory Technician
S. Wanyonyi

Labhoratory Technician

R RNAC

SENIOR STAFF

LAB 6 CELLULAR
IMMUNOLOGY AND
PATHOLOGY

D.J. McKeever
Theileriosis Program Area
Leader: Vaccine Developent

P.G. Toye
Scientist

E.A. Innes
Post-Doctoral Fellow

M.G. Juarrero
Post-Doctoral Fellow

E.L.N. Taracha

Post-Doctoral Fellow

A. Bensaid
Visiting Scientist

R. Kennedy
Research Assaciate

G. Lamb '
Research Associate

N.D. MacHugh
Research Associate

A. Diaite
Research Fellow

P. Malu
Research Fellow

H. Pereira
Research Fellow

E.O. Awino
Laboratory Technician

S.A. Kaushal
L ahoratory Technician

J.K. Mburu
Lahoratory Technician

F, Mbwika
Laboratory Technician

D.N. Ngugi
Laborarory Technician

J.K. Nyanjui
Laboratory Technician

M. Waithaka
Labhoratory Technician
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LLAB7 PARASITOLOGY LLAB8 EPIDEMIOLOGY TSETSE LABORATORY

AND EPIDEMIOLOGY OF AND SOCIOECONOMICS

TRYPANOLOMIASIS S.K. Moloo

B.D. Perry Unit Head

A.). Teale Epidemiology and Socio- N.N. Gitire
Trypanosomiasis Program economics Program Head Laboratory Technician
Head J.J. Curry F. Kaaria

V.M. Nantulya Scientist Laboratory Technician
Senior Scientist A.W. Mukhebi J. Kabata

S.J. Kemp Scientist Laboratory Technician
Scientist R. Huss- Ashmore N. Kuria

R. Masake Visiting Scientist Laboratory Technician
Scientist R.L. Kruska C. Lugonzo

L. Brezinsky Research Associate Laboratory Technician
Post-Dactoral Fellow H. Ochanda 1. Okumu

M. Eisler Research Fellow Labhoratory Technician
Visiting Scientist

R. Suzuki

Visiting Scientist
J.M. Katende
Rescarch Associate
S.G.A. Leak
Research Associate
K. Bosompen
Research Fellow
A. Jaye
Research Fellow
D. Kihurani
Rescarch Fellow
R. Waihenya
Research Fellow
E. Waithanji
Research Fellow
H. Gathuo
Laboratory Technician
J. Makau
Lahoratory Technician
J. Mwakaya
Lahoratory Technician

J.E. Ngatti ELECTRON MICROSCOPY TICN LABORATORY
Laboratory Technician
J.T. Njuguna M.K. Shaw A.S. Young
Laboratory Technician Unit Head Unit Head
M. Omenya C. Wells F.N. Mwakima
Laboratory Technician Research Associate Research Associate
J.A. Sore L.G. Tilney M. Baya
Laboratory Technician Visiting Scientist Laboratory Technician
J.M. Wambugu S. Mwaura
Laboratory Technician Laboratory Technician

G. Njihia

Laboratory Technician
P. Theuri

Laboratory Technician
M. Waithaka

Laboratory Technician
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C. Hinson
Laboratory Manager

EXPERIMENTAL
ANIMAL UNITS

R.C. King
Unit Head
J.D. t.ennedy
Scientist/Veterinarian
S.J. Kimani
Farm Manager/Kabete
P.K. Ng'eno
Ranch Manager!
Kapiti Plains Estate

BIOSTATISTICS AND
COMPUTING SERVICES
UNIT

J.R. Scott
Research Associate

COOPERATIVE PROGRAMS,

TRAINING AND
INFORMATION
DEPARTMENT

vl. Touré
Department Head

J.K. Lenahan
Training and Outreach
Officer

SENIOR STAFF

S. MacMillan
Science Writer
W. Umbima
Librarian
D. Elsworth
Scientific Photog-apher!
Graphic Arts Supervisor
K.N. Nguli
Assistant Trainiug Officer
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DISEASES
PROJECT

J.G. Grootenhuis
Senior Scientist
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FINANCIAL STATEMENTS

Centified Public Accountants Rattansi Educational Trust Building Telephone 221244
Koinange Street Telecopier (254-2)335937
PO Box 41968 Telex 22140 CHUNGA
Nairoti Kenya Cables PRICEWATER

Price Waterhouse ”

RE?ORT TO THE DIRECTORS OF THE INTERNATIONAL
LABORATORY FOR RESEARCH ON ANIMAL DISEASES (ILRAD)

We have reviewed the abridged financial statements set out in Tables A1 to A4,
which contair information extracted from the accounting records of ILRAD for
the years endec 31 December 1990 and 1991.

We confirm that the inforn.ation set out in the abridged financial statements is
censistent with that contained in the audited financial statements for the years
eiued 31 December 1990 and 1991, on which we expressed an unqualified
opinion,

ﬂw oAlerpe-Le

PRICE WATERHOUSE
Certified Public Accountants 22 July 1992
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FINANCIAL STATEMENTS

Table A1. Summary costs by program and activity (US$ thousands)

1991 1990
PSTS OF OPERA'IT!QNS
Research
Parasitology—Trypanosomiasis 734 579
Biochemistry 767 784
Cell Biology 564 562
Immunobiology 638 607
Parasitology—Theileriosis 752 667
v Pathology 465 435
Immunoparasitology 854 758
Tsetse Laboratory 235 249
Tick Laboratory 203 115
Electron Microscopy 162 110
Epidemiology and Socioeconomics 439 382
International Trypanotolerance Centre, Gambia — 146
Research subtotals 5,313 5,394
Research Support
Office of Director of Research 706 823
Far Animal Production 509 556
Laboratory Animal Production 156 148
Radioisotope and Central Core Services 433 520
Research Support subtotals 1,804 2,047
Training and Conferences 1,267 1,206
Library and Information Services 642 555
Administration
Board of Directors 152 150
Office of the Director General 599 488
Finance 379 an
Personnel 120 154
Purchasing 509 532
Administration subtotals 1,759 1,695
General Operations
Engineering 863 880
Transport 187 176
Services 342 333
Food and Housing (18) 38
Stores 55 57
General Operations subtotals 1,429 1,484
TOTAL OPERATIONS BEFORE DEPRECIATION 12,714 12,381
DEPRECIATION 1,157 1,169
TOTAL OPERATIONS AFTER DEPRECIATION 13,871 13,550
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Table A2. Summary of core operatng funds from donors (US$ thousands)

1991 1990
= e -
4+ UNRESTRICTED ANDYRESTHICIT )
e “PUND$ FROM DONOHs
Unrestricted Funds from Donors
World Bank 2,524 2,800
Unitec States Agency iur International

Development 1,900 1,985
United Kingdom 1,322 1,086
Canadian Internationa! Development*

Agency 964 900
Germany 872 728
Switzerland 792 688
Sweden 536 470
Netherlands 49 410
Japan 473 434
Norway 305 302
Belgium 293 280
Finland 278 248
African Development Bank 250 250
France 197 192
Denmark 174 152
ltaly 80 86
India 25 25
Unrestricted Funds from Donors subtotals 11,476 11,036

Restricted Funds from Donors
United Nations Development Programme 899 797
Italy 350 250
Belgium 293 250
Rockefeller Foundation 175 334
Japan 150 150
European Economic Community for the ITC, Gambia — 146
Australia 77 117
Restricted Funds from Donors subtotals 1,944 2,144

TOTAL UNRESTRICTED AND RESTRICTED

FUNDS FROM DONORS 13,420 13,180
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FINANCIAL STATEMENTS

Table A3, Summary of sources and application of funds (US$ thousands)

1991 1990
. SOURCES OF FUNDS.
Core Operating Funds
Unrestricted Funds from Donors 11,476 11,036
Restricted Funds from Donors 1,944 2,144
Earned Income Applied in the Year 359 516
Exchange Gain on Donations 100 414
Unexpended Balance from Previous Year 500 398
TOTAL SOURCES 14,379 14,508
APPLICATIONS, OF FUNDS,
Core Operations before Depreciation 12,714 12,381
Capital Expenditure 236 1,257
Transfer to Working Funds —_ 270
Transier to Capital Replacement Fund 976 100
Unexpended Balance Carried Forward 453 500
TOTAL APPLICATIONS 14,379 14,508
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Table A4. Balance sheet as al 31 December 1991 (US$ thousands)

1991 1990
sl
Fixed Assets
Land and Buildings 7,961 8,293
Research Equipment 1,894 2,755
Other Assets 1,228 978
Subsidiary Company
Investment 1,786 1,786
Long-Term Loan 30 30
Fixed Assets subtotal 12,899 13,842
Revolving Fund Assets 100 100
Net Current Assets 4,534 3.605
TOTAL ASSETS EMPLOYED 17,533 17,547
* FUND BALANCES
Capital Fund . 12,899 13,842
Working Capital 2,813 2,813
Unrestricted Core Surplus 453 500
Revolving Fund 100 100
Capital Replacement Fund 1,268 292
TOTAL FUNDS 17,533 17,547

Note: 1920 figures have been revised to account for a newly introduced depreciation policy.
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