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FOREWORD

Animal Diseass (ILRAD) was establishd in 1973 by

the Consultaitve Group on Internation& Agricultural
Researlh (CGIAR), an associatia of dona agencis with
headquartex in Washington D.C. ILRAD was given a
mandaé to condud intengve researh leadirg to improved
contrd of importart livestok disease in developing
countries particularly in Africa.

The work of the Laboratoy focuses on immunological
and related aspecs$ of trypanosomias and tick-borne
diseasesThroughotithetropics wheretheclimateissuitable
for parasite and their insed vectors thes infectious
protozoa disease of livestok continue to hold back
agriculturd and rurd development.

ILRAD s strategt researh prograns on tsetse-transmitted
trypanosomiasi and tick-borne diseasesparticulary the
virulent form of theilerioskin Africa known as Eag Coast
fever, are supporte by athird progran to asses the social,
econome and environmenthimpacs of improved livestock
diseas contrd and by afourth progran tha promotes cooper-
ative researbh and technolog transfe, conducs training acti-
vities and disseminate information and researh results.
ILRAD's facilities include a moden compkx of research
laboratoris and supportirg units at Kabete locatal on the
outskirsof Nairobi, Kenya, ard acattle-breedigrandonthe
Kapiti Plains abou 70 kilometres southeatsof the capital.

THE INTERNATIONAL Laboratoy for Researh on

Board of Directors with 12 members This yea, AND STAFF
Professo N.O. Nielsen from Canada succeeded

Professo |. Manssa (Swedel as Boad Char and Dr.

Floren@ Cheno-weh (Liberia) was electal to the Board on

the retiremen of Dr. Abdd Kadir (Nigeria) At the erd of

THE LABORATORY is governal by an international GcovERNANCE



CHANGES IN A
YEAR OF REVIEWS

Dr. Ross Gray (left), Director
Generaof ILRAD, and Dr.
William Pritchard of the
University of California at
Davis, who is chairing the
Expet Advisory Committee of
the 1991-192 Winrock study
‘Assessmdrof Anima Agriculture
in Sub-SaharaAfrica’.

1991, ILRAD stdf in pog comprisel 48 senia scientfic and
administraitve personnel10 long-tem visiting scientists24
specialize technicians 59 technicé suppot stef and 289
generasuppot stdf. Turnover in core senia scientfic steff
was substantiglwith five departurs ard three new arrivals;
six long-tem visiting scientiss left in the year and two
arrived four vacancis were unde recruitmen at the years
end Of a further ten appoved internation&positions in this
yea five were held by visiting scientiss with externd salary
suppotandfiveremainel vacan duetofunding uncertainy.

ILRAD congratulate Professo I. Manssa on his
appointmehas Commandeof the Royal Norwegian Orde of
Merit in May and Dr. Ivan Morrison alongstandig ILRAD
scienti$ now at the Comptm Institute for Anima Health
(UK), on being awardel this yea the first Wellcome Trust
Medd for Veterinay Researh ard the Keith Sinclar Prize.
Seven ILRAD associatd researh fellows completa their
studies and were awarded doctoraé degree during the yea.
Drs. Vinand Nantulya and Jim Lenaha left ILRAD having
ead given more than ten yeais of much-appreciatkservice
to the institute.

ILRAD-commissiond externd managemenreview

was conductel in Februay. The review team
recommendé sone change in generbh managemenand a
majar strengthenig of researb managementwhich it
propose be conductel on a projed basis These
recommendation were accepted Positiors for a Deputy
Directar Generéa and an Information and Plannirg Officer
wereintroducedHeads of Progransreporting to the Director
Generaweregivenfull responsibiliy for managigILRAD's
four principd programs The institutés former operational
systemwherely scientiss acted as Laboratoy Coordinators,
was replacel by researh associate taking on the technical
responsibilitis of Unit Superintendestand reportirg to a
Laboratoy Manage.

To obtan broad input into the developmett of future
researh strategiesmajar reviews of program acivitieswere
conducte and many stratgy meeting held during the yea.
From the® discussionsscientfic stdf developel project
proposas and presentd the to their colleagus ard the
Directors during the institutés annud Internd Review in
Octobe. Projecsfor futureresearb werechos@&accordimgto
revisal researb objecives likely budgetay constraints,
ILRAD’s comparatve advantagesthe resource available,
projed manageabilit, and possibilities for collaboraive links.
Individuals were then chosea to lead the projects.

Theschangesand the processstha effectad them have
promptel bette communicatio amorg stdf membes and

THI SWASAN IMPORTANT yea for ILRAD. First,an



have brougtt abou greate accountabiliy in use of steff, time
and materials As the new researh systen settles down and
adjustmerd are made thes changs are expectal to lead to
more effective researb prograns and greate scientfic
productvity.

Anothe reasa for theimportaneof 1991 isthat thisyear
brings to aclose ILRAD s third quinquenniumThroughout
theyea, objectvesand directiors werereconsideré ard plans
developel for the coming quinquenniumin linewith arolling
five-yea system of strategt researb adjustmentsPart of this
actvity included preparatios mack for ILRAD s third major
externd review organizel by the Technica Advisory
Committes on behaf of the CGIAR. Preliminay visitsto the
Laboratoy from the Chairman and membes of the review
team were mack late in the yea, with the main pha® of the
review to occu in March ard April 1992.

The preparatios mace for this review included are-evalu-
ation and redraftirg of the LaboratorysLong-Term Plan the
hostirg of two internation& workshoys to solicit external
scientfic expertise and opinion regardirg future research
need and priorities in the area of bovine genone mapping
and trypanotolerane (held in April) arnd improved contrd of
the tick-borre diseass anaplasmosjsbabesios and cow-
driosis (May). (A third plannirg workshop on Theileria
annulatg was held late in 1990) In addition a team of five
scientfic consultans commissiond by the Laboratory
reviewed ILRAD’sachievemensard future plarsfor research
ontheepidemioloy of trypanosomiasiand Eag Coas fever.
Throughou the yea, stdf wrote papes and compiled do-
cumentatio on the achievemens and impacs of ILRAD'’s
researb programsTheinvestmeninthesadditiondreview-
related acivities, including time spert away from the bench
this yea, shoutl be well repad in terrs of clea ard well-fo-
cusel progransfor theLaboratoy inthenext quinquennium.

highlight the globd relevane of much of ILRAD’s

work. The bast researb conducte at ILRAD on the
African formsof trypanosomiasiand tick-bornediseasehave
consistenty over the yeais produceal information and
diagnostt materias of immediat utility and bendit to
scientiss conductirg researb on related forms of these
diseass tha occu in othe regions The Laboratorys
longstandiig inves-tigatiors of the immune systen of
ruminans have generatd an expertie in this area as
consideral® as it is uncommon Serologic reagents,
including many monoclon&antibodies producel at ILRAD,
are dispatchd worldwide to further the researh of scientists
working to prote¢ many different kinds of domestt livestock
agains diseaseln a collaboraive effort to mgp the bovine

The documers preparé in this review yea sewed to

ILRAD'S GLOBAL
RESEARCH IMPACT




THE NEED FOR
BETTER CONTROL
OF TROPICAL LIVE-
STOCK DISEASES

Store carving from an Egyptian
tomb depictirg cattle of Africa’s
ancient humplessBos taurus
breed Note tha the cow’s calf is
tetherel to her foreleg during
milking, amethal still practised
today by African smallholder
farmes (Cairo Museum).

genoneard locaiethegenetha contrd diseagresistance
ard othe desirabé productvity traits, ILRAD is developing
ard tailoring state-of-the-drtechnologis to speel up the
proces of identifying bovine genetc “markers! For this
internation& project ILRAD is also producirg a valuable
resoureherd of closey related familiesof cattewhos DNA
is being analysé in advancel laboratories from Texas to
Queenslandrhetechniqusthe Laboratoy isdeveloping for
immunizing animak with geneticaly alteral organisns and
the adjwansit is preparimg to boog the effecivenes of the
novel vaccine have a wide potentid application Finally,
ILRAD is apionee in use of geographichinformation
systems—computeprograns designe to man-ipulaé and
analy® large amouns of spatid data—b determire the
epidemioloy of a livestok diseasg in an area country or
region of the developing world ard to assesthe likely results
of implementirg contrd measursagainsit.

thefuture of animd agricultuein sub-SahamAfrica.

(A repot of the study, conductel by Winrock
International USA, wil | be publishelin early 1992) Topping
thelistsof animd health constraing on livestod productvity
tha emeaged from the® deliberatios are ILRAD’s target
diseasestsetse-transmittetrypanosomiasi ard tick-borne
theileriosis anaplasmosjdabesios and cowdriosis These
disease clearly reman major factoris in inhibiting the
integration of livestok into Africa’s agriculturd production
systems.

Efforts to contrd trypanosomiasiard tick-borre diseases
continteto occlpy scientiss of nationd agriculturd research
systens throughou Africaand othe regiors as evidencel by
the proceeding of "The 214 Meeting of the International
Scientific Councl on Trypanosomias Researh and
Control’, held in YamoussoukroCéte d'lvoire, in Octobe,
unde the auspice of the Organisatio of African Unity
(OAU), ard aworksh@ on "Ticks ard Tick-Borne Disease
Control held in Septembe in Kampala Uganda and
sponsord by the OAU, ILRA D and the Food ard Agriculture
Organisatia of the United Natiors (FAO).

Diseag contrd actvities continte to cod farmers,
governmens ard aid agencis large surrs of morey annually
inlivesto& productvity lossesand deathsThe majar reasons
for this are continuirg persistene and expansia of the dis-
tribution of tset®fliesand trypanosomiasi®utbrealsof non-
tsetse-transmitigk trypanosomiasisdevelopmen of
drug-resistanparasitesard the inadequay of cattle-dipping
regimes to contrd the tick vectos of theileriosis anaplas-
mosis babesios ard cowdriosis.

A MAJOR STUDY was conducté this yea to assess



Domestc livestok are aparticularly importar resource
in the developmen of sustainat# agriculturd production
systenson small-scagfarnmsin developing countriesTo help
farmes make full potentid use of livestock ILRAD’s
researh prograns aim to develop improved diseag control
method basel on prophylacte vaccination Thisapproab to
maximizing livesto& productvity isdemonstralyl safe cost
effecive, reliable environmentall sourd and sustainable
over thelong term Researh attenticmisalso given at ILRAD
toextendirg theusefulnesof thefew chemotherapeuwtdrugs
now available for preventing or treatirg trypanosomiasiand
to widening the use of indigenows breed of African livestock
that are innatey resistanto trypanosomiasis.

The main text of thisannu&repot isnot intendel to be
an exhausive accoun of all the research training and
information acivitiescarried out at ILRAD in 1991 but rather
toexplaininlay termsthemajor advancesmadeintheyear
towards solving critical researb problens in tick-borne
diseagandtrypanosomiasiresearb and themajor outpusof
the yearswork. For further information reades are directed
to ILRAD’s 1991 Highlights and 1991 Annud Scientfic
Report publishel earlier in the yea. The following
summarize sorme of thisyearsresearb achevements.

1991 to suppot regiona and nationa disease-control

projects particularly thosein Kenya, Zambig Zanzibar
(Tanzania and Zimbabwe ILRAD assistd stef running
thes projecs by empbying an array of advancel laboratory
tess to define ard characterie parasits obtainal from their
field sites by providing the projects with reagens for the
accuraediagnossof tick-borrediseasesand in conjunction
with ILRAD’s Socioeconomig Program by developing and
using epidemiologich modek to help projed leaders
determire which livesto& populatiors are mog at risk from
tick-borne diseasesILRAD stdf also contributeal to
internation& meeting and workshogs held throughou the
yea to assesthecurrert globd distribution, contrd methods
ard econome¢ importane of tick-borre diseasesto update
scientissonthelateg findingsinresearb onthe biology of
the causaitve organisms ard to ensue the optimizatian of
researh efforts for the production of new diagnostis and
vaccines.

ThelLRAD progran has continuel to develop ard refine
antibody-base ELISA systens and DNA probes for precise
identification of tick-bornediseasorganismsln consultation
with laboratorie in Australiag the USA ard Latin America,
antigenc molecules of Babesa parasite and Anaplasma
marginak have beea identified for the developmen of more
specfic tess for distinguishirg thes organisms.

THE THEILERIOSIS Researh Progran continuel in

THEILERIOSIS
RESEARCH PROGRAM

Eag Coas fever is avirulent
and often fatd form of
theileriosis The diseasg is
cause by the parasite
Theileria parva, which is
transmittel to livestok by
ticks. ILRAD estimatsthat
24 of the63 millioncattlein

eastern, central and
southen Africa are at risk
of infection with T. parva.




TRYPANOSOMIASIS
RESEARCH PROGRAM

Animal trypanosomiasi is
found in over athird of the
AfricancontinentOf atotal
populatian of some 160
million cattle in Africa,
abou 45 millionarelocated
in area infestal with the
tsete fly, the main transmitter
of trypanosomiasis.

The tsets belt occurs
acros Africa’s humid and
subhumd regions the very
ecologicad area of the
continert with the greatest
potentid for farming and
ranching It is estimated
tha contrd of this disease
would make it possibk to

raise afurther 120 million

cattlein thisregion without
additiond environmental
stress.

Experimensconductel in 1991 have shown that genetic
recombinatim occuisamoryg six stocks of T. parva parasites
obtainal from differert regiors of Africaand causimg different
diseag syndromesThisdemonstratia was mace feasibk by
the earlier completion at ILRAD of a physicd map of the T.
parva genone ard allocatian of antigers and othe marker
genesto specfic chromosomeof the parasite The prevalence
of sudh genett exchang in the field, and consequent
reassortmenof antigent molecules of the parasite has
importart implicationsfor thosdeveloping improved vaccines
agains Eag Coas fever.

Those working in the progran on developmet of sud a
vaccire were encourage by resuls of this years research.
Thes offer further evidence that inoculatian of cattle with a
recombinabform of an antigen located on the surface of the
T. parva parasie (p67), which has been producel in bacteria
in large quantities using genetc engineerig techniqueshas
in modg case protectel the cattle agains subsequerchallenge
with alethd dose of parasites.

velopal highly sensitve tess (monoclonal-antibody-

basa ELISAs) for distinguishirg trypanosome
species The reliability of thes tests which deted¢ antigenic
molecules of the parasitesin diagnosimg livesto& infections
was validatal this yea by researchexin eight laboratorie in
Africawhoswork was sponsord by FAO ard the International
Atomic Enegy Agercy (Vienna) Thetessweremace available
to scientissin Asiaand Latin America The utility of thetests
in diagnosilg human trypanosomiasi (sleepimg sicknes} is
now being determinéintrialsconducte with the World Health
Organizatim (Gereva).

Othe ELISA systens were developel in the year in
collaboratian with the University of Glasgw for detectian of
acommony usel trypanocid&drug in samples taken from
infectad animals The improved ability to dete¢ both parasites
ard levels of trypanocids in livesto& will enabé disease
contrd workeis rapidly to identify parasie drug resistane in
future epidemiologicasuveys.

Trypanosore genes tha are expressd differently in dif-
feren lif e cycle stage of the parasie were identified in 1991,
including a gere tha controk the parasités division cycle.
Techniqus for the transfe, or transfectionof foreign or
mutatel DNA into trypanosoms were establishd by the
progran this yea. Thes transfectio technique are being
usel to identify the genes that enabk trypanosomsto sunive
drug treatmen and the genes that contrd the organisms
infectivity.

Work conducte in 1991 showed tha trypanotolerant

THE TRYPANOSOMIASIS Researh Progran has de-



cattle which areinnatel resistamto trypanosomiasisnake
effecive immure responsg (humord and cellular) to a
parasie enzyme a cysteire proteaseard tha macrophages
frominfectad trypanotolerahcattlereleag greate quantities
of cytokines achemicd messengeof the immure system,
than macrophagefrom infected animakthat are susceptible
to trypanosomiasis.

The Trypanosomias Progran recenty undertook
researh aimeal at understandig the genett bass of this
resistane to trypanosomiasisin 1991 the progran made
maja contributions to worldwide efforts to map the bovine
genomeA worksh@ held at ILRAD in May on this subject
brough togethe scientiss from advancel laboratorie in
Australia CanadaFrance Ireland Israel Switzerland the
UK ard the USA aswell as scientiss from the International
Livestok Cente for Africa (ILCA, Addis Ababa) The
discussiosand proceedingof theworkshq havealertel the
bovine gere mappirg communiy to the importane of using
the linkage map being developed to locate the
trypanotolerane trait(s) and to coordinaé efforts towards
thisgoal.

1991 to develop methodologis for evaluatiry the efficacy

of variouscontrd measurefor tick-bornediseaseand to
refine compute-basel modek being developed to help deci-
sion-makes determire which livestockkeepirg communities
intheendem¢ regiorsof easterpcentraand southen Africa
will be beg sewed by the introduction of immunization
agains Eag Coag fever. Themodekincorporae geographic
information systensand dataon farming systensand house-
hold economis as well as on livestok production and
diseasesThe modek are being developeal with assistance
from stdf of the Internation& Cente of Inse¢ Physiology
ard Ecology (Nairobi), ILCA and the Kenya Agricultural
Researh Institute A smallholde fatmm modeé built to predict
the econome impacs of implementiry various livestock
diseag contrd method in given areas developeal in
collaboration with Texas A & M University, wascompleted
thisyear, itsaccuray is now being assessed.

ILRAD participatel in a worksh@ held in 1991 on
‘Increasd Sustainald Agriculturd Producivity in Africa
through the Use of Intelligent Geographt Information
Systens with the Consultaive Group for International
Agriculturd Research’ The worksh@ was sponsored
jointly by ILRAD, the Rodkefeller Foundation ard the
United Natiors Environmen Progran (Nairobi). It was
attende by membes of CGIAR centres with prograns in
Africaand by experts from prograns ard institutiors within
ard without the United Nations system The meetirg helped

I LRAD’S SOCIOECONOMIGS progran continuel in

Researbat ILRADisgeared
towardsdevelopirg vaccines
tha will lastingly protect
livestok from theileriosis
ard trypanosomiasis.

Immunization has proved the
mog cost-dfective way of
controlling infectiows diseases.
Becaus vaccinatio is based
on naturéd processest is also
the mog sustainald disease
contrd measure.

Vaccirederelopmenthowever,

requires consideralal technical
expertise For thisreasonmuch
of ILRAD’s researt involves
state-of-the-abiotechnolog.

SOCIOECONOMICS
RESEARCH PROGRAM

SUSTAINABL E AGRICULTURE

Managirg resourcs for agricul-
ture to satisfy changirg human
need while conservimg natural
resource and maintainirg or
enhancig the quality of the
environment.



OUTREACH
PROGRAM

VISITORS

to determire comman interessinthedevelopmentanalysis
and maintenane of biologicd and abiotic databases,
development of data extra-polation systems and
developmein of simulation and expert systens modek for

advancirg researb and contrd of crop and livestock
diseases.

scientiss and techniciansmod of them from African

institutes with individud training at the Laboratoy for
periods of one week to six months A totd of 21 laboratory
techniciais attende ILRAD course this yea on use of
advancel techniqus for diagnosimg trypanosomiasi and
tick-borre diseass in livestock ILRAD also provided
lectures ard financid suppot for participans of courses
organizel jointly with othe internationbagencis tha were
held during 1991 in BurkinaFaso (in French)in Céted’l voire
ard in UgandaThirty gradua¢ studentsmog of them from
Africa ard supporte by ILRAD fellowships undertook
researb work at ILRAD in 1991 leadirg to graduate
degreesIn addition ILRAD provided three senia African
scientisswithfellowshipsto condud post-doctorbstudiesat
ILRAD.

The heat of any progran of bast researh lies in the
publicatian of its resuls in internationaly recognize and
refereel scientfic journals ILRAD s publicatian output this
yea retainal itshigh standardin quality and numbers61 of
99 total publicatiors publishael appeard in refereed
scientfic journalk and 57 papes were presentd at
internationd meetings As can be judged by the natue of
thes publications ILRAD s researh findings are of direct
relevane not only to scientiss conductirg stratege research
on specficanimd diseassand their contrd but also tothose
conductilg bast researh in a wide variety of biological
disciplines (A bibliographt list of the yeals publications
appesas at the end of thisannuéreport).

I LRAD’ SOUTREACH PROGRAM in 1991 provided 36

the severerestrictiorsinfood productia imposel by

trypanosomiasi ard tick-borre diseasse attracts
visits to the Laboratoy by professiona who have made
outstandig contributions in their fields. Among the
distinguishé guesswho paid ILRAD visitsin 1991 werethe
following: His Excellerty Salim Ahmed Salim Secretary
Generdof the Organizatiao of African Unity (AddisAbaba);
Dr. Charles R. Canta, Directa of the Human Genome
Cente at the University of Californiaat Berkeley; Dr. Alain
Provosg and Dr. Geages Tache, head of the Institut
d’Elevage et de Médecire Vétérinaire des Pays Tropicaux
(Francg (Dr. Tache this yea succeedé Dr. Provog as

THE IMPORTANCE OF ILRAD’s work to alleviate



Director General); Dr. William 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 FAO (Italy); Dr. Marilyn Scott, Director of
the Institute of Parasitology at McGill University (Canada); Dr.
Martin Kyomo, Director of the Southern Africa Centre fornis Excellency Dr. Salim Ahmed
Cooperation in Agricultural Research (Botswana); Dr. Sveigalim (right), Secretary General
Kvaloy, Secretary General of the Norwegian Veterinargf the Organization of African
Association; Prof. Horchner, of the Free University of Berlinmr"'[y (('?dd's A.bﬁbg)* was one of
Dr. Fowden Maxwell, of Texa A & M University; and Dr. ILgRID i'ﬁtngul'S ed visitors at
Robert Howells, of the Wellcome Trust (UK). '

ILRAD was also honoured to receive visits from theDr. Salim was briefed by
following senior representatives of ILRAD’s donoDr. Subhash Morzaria, a senior
organizations: Dr. Geoffrey Hawtin, Director of Agriculture afciéntist at ILRAD, on progress

the International Development Research Centre (Canada); Eefr?:ﬂrg%rgv';g]pag'ﬂg\}&

Cees de Haan and Dr. John Peberdy, specialists in livestqgKadly effective vaccine against
production at the World Bank (USA); Dr. Robert BertramEast Coast fever.




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 fq
International Development; Dr. Paul Egger, Head ¢
Agricultural Service at the Swiss Development Corporatic
and Humanitarian Aid; Drs. Klaus Winkel and Ebbe Schiole
Heads of the Research Section at the Danish Internatio
Development Agency; Prof. L. Holm-Nielsen, of the Roye
Danish Agricultural University; and Dr. Stein W. Bie,
Director of the Norwegian Center for Internatione
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 otl
centres belonging to the CGIAR: ILCA, the Internationz
Potato Center (Peru), the International Service for Natior
Agricultural Research (Netherlands) and the Internatior
Plant Genetic Resources Institute (Italy).

Important local visitors included the Honourable J
Nyagah, Minister for Livestock Development, Mr. Simeol
Lesrima, Permanent Secretary, Dr. A.M. Mutai, Director c
Livestock Production, and Dr. J.P.O. Wamukoya, Director ¢
Veterinary Services, all of the Ministry of Livestock
Development; the Honourable G. Aluoch, Assistant Ministt
for Research, Science and Technology; Dr. M.S. Abdalls
Chairman of the Board of the Kenya Medical Researc
Institute; Dr. J. Omuse, Director of the Keny
Trypanosomiasis Research Institute; and Dr. Walter Masi
Director of the Inter-African Bureau for Animal Resources ¢
the Organisation of African Unity. ILRAD also welcomec
visits from the following members of the diplomatic corp:
who represent donor nations: Mr. Peter Eigen, Chief
Mission at the World Bank; Dr. John Westley, Chief o
Mission of the United States Agency for Internatione
Development, and Mr. Fred C. Fischer, Director of USAID’
Regional Economic Services Office for Eastern and Southe
Africa; Mr. Masaru Morimoto, Chief of Mission of the
Japanese International Cooperation Agency; His Exceller
Dr. Christian Fellens, Ambassador of Belgium; and the Hig
Commissioners of Britain, His Excellency Sir Roger an
Lady Tomkys; Canada, His Excellency Lawrence A.H. Smitl
and Uganda, His Excellency Joseph Tomusange.

| present the following report on the activities and achiev
ments of ILRAD in 1991 for your attention as a record of th
Laboratory’s progress towards the goals of improved control
livestock diseases and improved livestock productivity.

A Ly

A.R. Gray
Director General
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THEILERIOSIS

of domestt livestock Theorganisnstha caugthese  tion of the protozoa parasite
diseass are protozoa parasite belongirg to the Thellerda parva Thltstlgarasne
gents Theileria Two specie of thisgenus Theileria parva g?el\J,Zne Cgsuerﬁﬁgloﬁiasigm
ard Theileria annulatg cau® clinical diseagin cattle that centrd ard southen Africa.
severely impedes dairy and bed farming and its (Antibodiesto T. parva are

improvemert in countries in Africa, the Middle Eag and still found in animd hossin
mud of Asia. Souh Africaand Swaziland,

. . L C but the diseas has been fully
The mog economicaly importart species in Africais unde contrd in those countries

Theileria parva This parasie causs Eag Coas fever (also for many years.)
known as Corridar diseas and Januay diseasgin eastern,
centrd and southen Africa. Most cattle that are susceptible
to the diseae die from infection if not treated Of the 63
millio n cattleraisal inthisregion over 24 millionareat risk
from Eag Coas fever.

The brown ea tick, Rhipicephals appendiculatusis
the organisn tha transmis Theileria parva parasites
betwea cattle as the tick feeds This tick also takes up
parasits from infected African Cape buffalo and passes
them on to domestt cattle Like severd othe wild species
tha are hossto Theileria parasitesbuffalo normally show
no sigrs of clinical diseas while infected.

Most domestt cattle on the otha hand cannatolerate
infectionwith T. parva Thecattlemog severely affectal are
highly productvetaurire (Bostaurug breedfrom Europe,
animak crossbrd with these and geneticaly improved
indigenows Zebu (Bosindicug cattle moved from areafree
of Eag Coas fever into endemc areas Farmes are often
unabk to crossbred their relatvely smal indigenous
animak with more productve cattle becaus the latter are
highly susceptib¢ to tick-borne diseases Among
indigenoscattewherethediseagisendemicaly stableup
to 50% of the calves exposel to T. Parva die; in areas
wher the diseas is endemicaly unstable sud asin

THEILERIOSES are debilitating often fatal diseases  (Opposit¢ Reportel distribu-



A male brown ear tick. While
talking a blood meal from cattle,
ticks infected withTheileria

parvatransmit 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

to investigate other methods
for controling ticks and the

diseases they spread.

livestock herds first introduced to the parasite, 80—100%
animals of all age groups may die. ILRAD scientists hav
estimated that East Coast feverin 1989 killed 1.1 million hee
of cattle and caused US $168 million in losses.

East Coast fever is controlled principally by immersing
cattle in or spraying them with acaricides, chemice
compounds that keep the animals free of ticks for periods
days to weeks. This control regime, however, has seve
shortcomings. Acaricides are costly and must be bought wi
hard currency, a scarce commodity in most developir
countries. In areas heavily infested with ticks, cattle herds a
walked to acaricide dips or spray races as often as twice
week for treatment; this frequency erodes the land, pollut
the environment with toxic residues and may be accelerati
the development of tick resistance to the acaricides.
addition, proper acaricide treatment is difficult to administe
in rural areas where there is little expertise in maintainin
cattle dips and spray races, where water is often in she
supply and where illegal cattle movements or civil unrest me
periodically occur. Moreover, because cattle regularly treats
with acaricides are not exposedToparva,they develop no
immunity and thus have no protection against tick-born
parasites if acaricide treatment is interrupted or stoppe
altogether.

Curative drugs are relatively new tools for theileriosi
control. For chemotherapy to be effective, the disease must
diagnosed accurately and early so that treatment can be gi
at the start of clinical disease. But early diagnosis of Ea
Coast fever is difficult because the disease becomes clinica
apparent only when it has reached an advanced stage.

For all of these reasons, alternative and improve
methods of controlling East Coast fever are urgently needed

The life cycle of the single-celled. parvaparasite is
complex. In both the tick vector and the mammalian host, tt




parasie develops throuch aseries of different stagesWhen

feedirg on aninfected animal the R. appendiculatstick may

ingeg parasits of a form known as piroplasmswhich infect

bovire red blood cells In the gut of the tick, the piroplasms
undego differentiation to sexud forms tha fuse to form

zygotes which then differentiak into kinete forms The

kinetes migrak to the tick’s salivary glands where they

differentiakeinto sporozoieforms Asthetick preparstotake

a blood meal thes sporozoits are injectal into the cattle

along with tick salva. In the animd host the sporozoites
attad to and enta lymphacytes atype of white blood cell of

the bovine immunre system Within two to three days of

invading the lymphaocytes the sporozoits develop into forms

called schizonts The infected lymphacytes grow larger and

begh to divide. As eat lymphocyte divides the schizont
inside it also divides ensurimg infection of ead of the two

daughte cells producel by the lymphacyte.

In this manne, the lymphacytes that were initially  thjselectra micrograh shows
parasitizel expand rapidly and spreal throughou the asporozoie form of the parasite
lymphoid systen of the animal giving rise to widespread Theileria parva (top cell) attach-
destructiom of cells of the hos animal In untreated, ingitseff totheoute membrane
susceptib# cattle this usualy resuls in an overwhelming °f @white blood cel of cattle,

; . . - which the parasie will infect
infection <_)fthel_ymph0|d systen ard deah withinthreetofour by invading the cell.
weels of infection.

In the later stage of infection, sorre of the schizonts
differentiake into merozoie forms. Upon rupture of the
lymphocytes, the merozoites are release into the
bloodstreamwhere they invade red blood cells In the red
cells, the parasits chang into piroplasmswhich are able to
infect ticks, and this complete the lif e cycle of T. parva.

thereafte immune to Eag Coag fever. This has AND BIOLOGY

indicated the possibility of controlling the diseas by
immunizing livesto& agains$ the parasite and indeed an
immunization methal using live parasits has existed for
many yearsProtectimagainschallengwith astok of T. parva
can beinducel in cattle by infecting them with the sporozoite
form of the parasie while simultaneous/ treatirg the cattle
with atetracycline antibiotic drug to lessa the severity of the
infection. After receaving this ‘infection-and-treatment’
immunization cattle are protecta again$ subsequent
infection with that parasie stock.

This immunization methal remairs problematical,
however, for severd reasongsone of themodg importart being’
antigencdiversity”: differert T. parva stocksoccu inthefield
ard thes hawe different antigens—tk specfic molecules of
the parasie tha are recognizé as foreign by the immune
systen of amammalia host Immunity producelinananimal
againsg one stok of the parasie thus may not proted the

THOSE CATTLEtha suniveinfectionwithT.parvaare EPIDEMIOLOGY



Sporozoites
are introduced into
a cow
with tick saliva
as the tick feeds

Sporozoites
are released *
from the gland cell

Differentiation to
sporoblast forms

Kinetes H
infect tick
salivary

gland cell

Differentiation
to male and female gametes |

\(@ﬁ S
Oj . u@ and develop
! into piroplasm

Sporozoites enter
bovine lymphocyte cell

Ditferentiation to a
multinucleated body
called a schizont

Differentiation

to Merozoites
which are released
from the lymphocyte

Merozoites enter
red blood cells

in the tick gut,
which fuse
to form zygotes,
which differentiate
into kinetes

Sporozoite forms of the parasite

The life cycle ofTheileria parva

The infected lymphocytes ex-

Once inside the tick gut, the

are transmitted from the tick to pand rapidly and spread through- parasites differentiate into male

the bovine host in tick saliva as
the infected tick feeds on an ani-

mal. In the animal host, the

sporozoites attach to and enter

lymphocytes, a type of white
blood cell of the bovine immune

system, where the sporozoites

develop 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.

out the lymphoid system of the
animal, giving rise to wide-

spread destruction of host cells.
Some of the schizonts develop

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.

and female gamonts, which
fuse to form zygotes. The zy-
gotes differentiate into kinetes,
which move to the salivary
gland and enter a particular cell
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
sporozoites are introduced into
a mammalian host along with
tick saliva when the tick feeds.
This initiates a new cycle of
parasite development.



animd agains challeng with anothe. To develop a broadly
effecivevaccireagains Eas Coas fever, scientissmug first

determire the antigenc composition and prevalen@ of T.

parva stocks obtainel from given areas This information is

being compiled in epidemiologichand biologicd studies at

ILRAD, which complemen othe major area in the
Theilerioss Researh Progran directed at developing
immunization strategis agains the sporozoie and schizont
forms of the parasite.

are often indistinguishale when viewed unde alight

microscope Succes in protectirg cattle in a given
area agains Eag Coas fever by administerirg the infection-
and-treatmethmethal depend on accurate} identifying the
parasie stocksthat predominatin tha area Furthermoreby
determinigwhat T. parvastrairsoccu inwha areaand how
often the parasits infect their tick anrd mammalia hosts,
epidemiologist are gaining a bette understandig of how
Eag Coas fever is sprea ard in wha area livesto& are at
risk. For thee reasons ILRAD scientiss have spent
consideral®@ time over the lag severd yeass developing
increasingy sophisticatd laboratoy procedurs for
identifying parasites.

Thetraditional—aul highly reliable—way of identifying
aparasiestod or stockstha might providewideimmunity to
Eag Coas fever is by conductilg a cross-immuniy test.
Cattle areimmunized by the infection-and-treatmemmethod
using one stod of T. parva ard subsequenyichallenge with
different stocks to disamver which stocks bre through and
thus which stocks areimmunologicaly distinct Thes cross-
immunity test are reliable but expensve and time-
consuming Scientiss are therefoe working to develop in
vitrotesstha can beusal to establi$iimmunologicatypesof
T. parva.

Monoclona antibodies raised againg differert Theileria
parasits can be usel to identify Theileria species The
binding (positve) or non-bindirg (negatve) of whole
parasits or parasie componerg to a monoclona antibody
creates a ‘'monoclon& antibody profile’. ILRAD has
developead apané of 11 monoclonaantibodiesto distinguish
T. parva stocks from ead othea. Although the prdfiles
obtainel using this pané demonstrat antigenc diversity and
are ausefu way of characterizig stocks the posiive and
negaive reactiors obtainel with the pané cannd yet be
correlate with cross-protectionThat is to say, use of this
methal failsto discloewhethe infection of animakwithone
parasiestodk wil | proted theanimakagainsanothe stod or
othe stocks and—f so—whic one(s).

Wherea monoclon& antibody profiles distinguish
physicd differences amorg T. parva stocks use of new

D IFFERENT SPECIES AND STOCKS of Theileria

IDENTIFYING
THEILERIA PARVA
PARASITES

GENES

The chemica units of heredity
that, when expresseddetermine
an organisms traits.

MONOCLONAL ANTIBODY

A population of identicd anti-
body molecules producel by a
single B lymphocyte tha can be
mack agains any protein and
can be usal as aprobke to lo-
cat and purify the protein to
study its structue and function.

DNA PROBE

A molecuk of DNA
(deoxyribonucles acid), any-
where from 15 to thousand of
nucleotide long, usel to detect
the occurrene of a correspond-
ing sequene of DNA

(or RNA, ribonuclet acid) in a
mixture of nucleic acids
obtainal from cells.

DNA probes have proved a
valuabk toal for distinguishing
speciesstrairs and stocks of
pathogerg protozoa parasites
tha may be difficult or im-
possibe to distinguist morpho-
logically or serologicaly.



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 exhibit

marked differences in such
important factors as host
preferences, infectivity, vi-

rulence and susceptibility
to 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 o
nucleotides of its DNA, its
own evolutionary record. A
sequence unique to a par
ticular parasite will pre-
cisely identify it.

Diagram of the nucleic acid

molecular biology techniques is enabling scientists
synthesize DNA molecules and to clone DNA sequences
use as molecular probes’ with which they can identi
genomicdifferences among parasite stocks as well. Seve
years of molecular biology research at ILRAD on the gene
material of T. parvaled scientists to identify fragments o
DNA each of which is characteristic of a singlgparvastock.
Having determined the nucleic acid sequences of th
fragments, the scientists then made synthetic DNA prol
called oligonucleotides—single strands of the doub!
stranded parasite DNA fragment—each of which combin
or hybridizes, only with genetic material obtained from tf
selected stock off. parva. Using the new DNA probes,
ILRAD scientists are able to characterize parasite samy
with unequalled precisiofTheileriaspecies are distinguishe
using small subunit ribosomal oligonucleotides; parasi
within T. parvaare differentiated using Southern blot analys
and cloned probes.

Use of the polymerase chain reaction technique contini
in 1991 to improve the nucleic acid probes being made
ILRAD for epidemiological work. The polymerase chai
reactionis atechnique for copying a defined stretch of DNA
the laboratory with readily available reagents. Because
number of copies increases exponentially, billions of cop
can be made in a few hours. By using appropriate primers,
polymerase chain reaction can amplify a variable sequenc
DNA located between two conserved regions in the para
genome so that this sequence may be characterized. ILF
scientists used the polymerase chain reaction in several v
during the year to identify genomic differences amoil
Theileriaspecies and stocks.

In 1991, oligonucleotides derived fromparvarepetitive
DNA sequences were developed and used to differentiate
T. parva Muguga andT. parva Uganda stocks on &
positive/negative basis. These oligonucleotides have b
used to screen sporozoite DNA amplified using tl
polymerase chain reaction for potential recombinal

~—— DNA (probe)

hybridization process used at
ILRAD. Single-stranded DNA
from an organism of interest is
allowed to attach itself to 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-streptavidin-enzyme
complex shown here.

Coloured product
or light emission

Streptavidin

——Membrane (nylon or nitrocellulose}




between the two stocks. An oligonucleotide has also been-OW OF GENETIC
developed that differentiates on a positive/negative basi®TORMATION
DNA from theT. parvaMarikebuni stock, which is being used S&netic information is stored
o o . . . and replicated as DNA, inter-
in immunization trials in Kenya, from five otheF. parva  preted by RNA and ultimately
stocks. expressed as proteins.

Use of theT. parvaribosomal DNA probes to characterize . _
parasite populations was evaluated during the year. Probin%‘Ie ‘genetic code’is the
parasite DNA digested with the enzyBeoRIwith aT. parva  'clation between the
o . sequence of the four kinds
small subunit ribosomal RNA gene splitsparvastocks into ¢ hases in DNA and RNA and
two groups. Probing parasite DNA digested wAbcl and  the sequence of the twenty
Pvullenzymes reveals the existence of finer groupings amonkjnds of amino acids in proteins.
the stocks. A cloned telomeric DNA sequence was further _ _ o
characterized during the year and found to recognize seven §pe.gen.et.|c code is beautiful in

. . e S simplicity and is nearly

eight DNA fragments, sev_eral of which vary in size amdig | niversal. that is, messenger
parva stocks. Data obtained by probing elements of theRNA molecules are translated
Muguga and Uganda stocks with this telomeric probe wereorrectly into the same amino
crucial in establishing the recombinant nature of parasitedcid sequences by cells of very
isolated from an animal that had been experimentally codifferent species.
infected with these two stocks.

By determining the sequences of small subunit ribosomal
RNA genes from differeniTheileria species, ILRAD
scientists have discovered regions of the genetic material that
are specific for each parasite species. Synthetic
oligonucleotides derived from these regions were made to
identify the Theileria speciesparva, mutans, taurotragi,
annulata, buffel(Marula) and an unknowmheileriaspecies
obtained from buffalo. Thd. buffeli(Marula) parasite was
isolated by scientists at the Kenya Agricultural Research
Institute and identified using reagents provided by scientists
from the National Institute of Animal Health, Japan. The
oligonucleotides have been used to differentiate these species
in a positive/negative manner by probing either ribosomal
DNA amplified from whole genomic DNA using the GENOME
polymerase chain reaction or parasite ribosomal RNA irThe total genetic constitution of
schizont-infected lymphocytes. The probes were also used &n organism. The DNA content

detectT. parvaandT. taurotragiribosomal RNA in infected ~ Of €ven a bacterial cell is very

tick salivary glands large; the much larger genome
: . .of a mammalian cell carries

Single clones have been generated from each of sixhout three billion base pairs of

selected stocks df. parva:Muguga, Marikebuni, Mariakani, information, most of which is
Uganda, Boleni and buffalo-derived 7014. The clones wer@rrayed along its chromosomal
characterized using monoclonal antibodies, DNA probes an8NA-

pulsed-field g_el e!eqtrophoresis._ Each clone has amonoclong| . .se sequences are
antibody profile similar to that of its parent stock, although thegrranged in discrete compart-
DNA probes show some differences. The clones are nowhents of information: the indi-
being further characterizeth vivo. For immunological vidual genes. There are be-
characterization, cattle are infected with a cloned parasité‘r,:"teheé‘ ;gﬁg?noeag‘fdalrgg’rggnoa?e”e
allowed to recover, _and then challenged with the. clonel(%each one is responsible for '
parent stock. If the immunized cattle are susceptible to @pecifying the structure of a
clone’s parent stock, it is probable that the clone is not a majogarticular gene product,
pathogenic or immunogenic component of the stock. usually a protein.



DEVELOPING
IMPROVED TESTS TO
DIAGNOSE INFECTIONS

THE BIOLOGY OF
THEILERIA PARVA

The sizes of the genomes
of various animd groups.
From The Epidemiology of
Theilerioss in Africa
by R.A.l. Norval, B.D. Perry
and A.S. Young London:
Academc Press1991.

developmeinof arange of tessbase onenzyme-lirked

immunosorbenassag (ELISAS) for usin diagnosing
infections with tick-borne diseag pathogens Antigen-
captue ELISAs were developal for diagnosig infections
with Theileria mutans Anaplasma marginake and Babesia
bigemina Thex assagwere evaluatel using both laboratory
ard field sela from cattle Antibody-detectio ELISAs were
also developel for diagnosirg infection with thes parasites.
Severd sporozoieand schizor antigersof T. parva arebeing
evaluatel for developmer of a diagnostt antibods ELISA.

The technique for growing B. bigemira and Babesia
bovis in laboratoy cultures were transferrel to ILRAD in
1991 by a visiting scientis from the Tick Fever Research
Laboratoy in Brisbane Australia A crude lysate-based
ELISA for detectirg antibodiesto B. bovisininfected animals
was also developal in the yea.

Thedevelopmenof a battey of standardizeé ELISAsfor
tick-borrediseasewil | greatl assisepidemiologichstudies
ard diseag suweillance in tropicd countries Use of the
assag will also assi$ ILRAD stdf in defining disease
challeng environmens before testirg novel vaccines in the
field.

FURTHER PROGRES was macdk in 1991 in the

MAJOR ACHIEVEMENT at ILRAD in 1991 was
A the completian of a physica mgp of the totd genetic

materid of astod of T. parvamace using i | linking
clones Thisisthe first complet restriction map mace of the
genone of a protozoa parasite A range of techniques
comprisirg modein molecula biology and genetic
manipulatian were useal in the mappirg exercise The project
involved visitsand collaboratio betwea scientissat ILRAD

Tparva
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Lm @ et The restriction map of the

CHROMOSOWE B 2 e & %8 T. parva genomewhich was
:I completel at ILRAD in 1991.
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and the Universily of California at Berkeley’s Human
Genone Cente at the Lawrence Berkeley Laboratoy. The
Americanscientissgaveassistaneand adviceon useof state-
of-the-at pulsedfield gd electrophoresisatechniqwe useal to
separat large DNA molecules accordimg to size.

The resuls of this investigation show tha T. parva has
one of the smalle$ genoms known amorg nucleated
(eukaryotig cells and the smalle$ sporozoa genome
reportel to date The four chromosoms of the genome
comprigabou 10 million bas pairs whichisapproximately
twice the size of the comma bacterium Escherichia coli.

The map locates all the genes isolated from T. parva to
date Severd of thee are of maja significane because
evidene suggest that they provoke the generation of
protectveimmureresponsgin cattle and thus may form the
bass of an improved “subunit' vaccire againg Eag Coast
fever, which isbasel on antigenc componerg of the parasite
rathe than on live parasits (see below).

The magp of the T. parva genone will be useal in
technigusto monitar at themolecula level theoccurrene of
genetcrecombinatiainthelif ecycleof T. parva which may
help to generae the wide variety of parasie strairs found in
the field. Preliminay resuls obtainel this yea suggesthat
sexud recombinatio does occu, corfirming mud earlier
morphologica evidene of a sexud cycle in the parasite.
Knowledge of the bass of this diversity will help researchers
to develop an improved vaccire againg Eag Coas fever that
will work broadly and effecively agains all the strains.

he theilerioss progran continuel to work with
frica’s regiond and nationd tick-borne disease
contrd progransin determinirg the prevalene of Eag Coast
fever in their countries in establishig and conducting

SAFF MEMBERS conductimgy epidemiolog studiesin  epipeEMIoLOGY



Global research on the
parasites that cause tick
borne diseases is conducte
with three main objectives:

L

 to develop improved rea-
gents to detect and identify
disease-causing organisms
in infected animals for epi-
demiological studies

* to identify molecules
from infecting organisms
forusein “subunit’vaccines
that will replace unsatisfac-
tory live vaccines in current
use

 to develop vaccine tech-
nology for inducing im-
munity against the diseases

~ \/
® L7
/

Tetracycline
e.9. 20ma/kg
oTC

Stabilste

The infection-and-treatment

immunization programs based on the infection-and-treatm
method and in training personnel to apply the method. ILRA
also provided national laboratories with reagents
characterize parasite types and to diagnose East Coast 1
and other important tick-borne diseases, the latter causec
Anaplasma, BabesiandCowdriaparasites.

ILRAD’s support has concentrated particularly on Peml
and Ungujaislands of Zanzibar (Tanzania), on Zambia anc
Zimbabwe, where good progress was made in implement
the infection-and-treatment method of immunization agai
theileriosis. Genetically improved smallholder cattle c
Zanzibar were immunized in a program designed by t
Zanzibari Government and implemented jointly with dono
funded projects. A Zanzibari staff member of this project w
trained at ILRAD and in Zimbabwe (the latter with suppo
from the International Development Research Cent
Canada) in methods for assessing the social and econc
impacts of implementing East Coast fever immunization.

In Zambia, members of a Belgian-funded project wi
support from the government veterinary services he
immunized over 50,000 indigenous cattle in an epidemic a
using a locally isolated stock at parvain the infection-and-
treatment method. Detailed epidemiological studies are be
carried out. ILRAD scientists are supporting the project |
characterizing the majdr. parvaparasites isolated in the are;
where the immunization trials are taking place.

In Zimbabwe, members of a project conducted jointly |
the government and the Food and Agriculture Organizatior
the United Nations have completed a successful fi
immunization trial using a parasite isolate obtained fro
Zimbabwe. The isolate is being tested for its efficacy as
national immunizing stock for cattle-derived challeng
Isolates have also been produced from buffalo-deriv
parasites to provide an immunizing stock to complement 1
cattle-derived parasite should the government decide to
infection-and-treatment immunization as a disease con
measure. Over 40 cell lines have been sent to ILRAD, wh
researchers are producing monoclonal antibody profiles of
parasite isolates and analysing the isolates using DNA prt
techniques. ILRAD scientists have shown that Theparva
parasites derived from cattle in Zimbabwe are relative
homogeneous compared to those obtained in other part
Africa. This suggests that the cattle-derived immunizing stc
will be effective in protecting cattle against theileriosi

method of immunizing livestock throughout the country. . .

against East Coast fever. This To help the institute formulate strategies for its resear
method, using live parasites, on tick-borne diseases in the coming decade, ILRA

has been refined over the years convened a workshop in May on recent developments
by scientists at LRAD and  ragearch on anaplasmosis, babesiosis and cowdriosis.

the lé%?gé%”,ﬁg'&%?el. estimated 975 million cattle worldwide are exposed to the



three maja tick-borre disease as well as to theileriosis.
Cooperatim amorg researches working in advanced
laboratoriesin Africa, Australig Europe and the United States
onbette contrd of tick-borrediseasswasstrengtheneat the
workshop during which arrangemerst were mack for the
exchang of promisirg diagnostt materials Thisinterchange
will help speea up researb progress particularly the
validation of new diagnostt tess to improve contrd of tick-
borrediseassintheshot term Thegroundvork wasalsolaid
for future researh collaborations.

In Septembe ILRA D scientissjointly with steff fromthe
Organizatimm of African Unity/Inter-African Bureau for
Animal Resourceand the Food and Agriculture Organization
conducte the fourth in a series of workshos on contrd of
ticksandtick-borrediseasesrheworkshopheldin Kampala,
Uganda was attende by representates from 11 countries
and many dona agenciesCommittees were formed tha are
coordinatirg training course for the region and defining
standard for tick-borre diseas vaccines.

treatmemn method—tle only immunizatioo method

now available for Eag Coas fever—is its reliane on
liveparasitesTheemugd becryopreseredtoremaninfective
and cattle immunized with the live parasite mug be
simultaneougl treatel with drugs to redue the severity of
diseaseln addition thereis arisk tha immunized cattle may
reman carries of infection A subunit vaccire base on
parasieantigerswould therefoe be agrea improvemert over
the current live vaccines Two forms of T. parva are of
particula interes to ILRAD in this regard The first are
sporozoitestransmittel to cattle by the bite of infected ticks
and thus the first form of the parasie encounteré by an
animals immure system The seconl are schizonts which
develop from sporozoits som after the latter ente the hosts
white blood cells ILRAD researcher have identified two
proteirs displayel on the sufface of thes formstha could be
the base of improved vaccines.

THE MAJOR DISADVANTAGE of the infection-and-

scientiss found to be likely candidate for vaccine

material one designatd p67 becaus its molecular
mas is abou 67 kilodaltons occuss only on the suiface of
sporozoitesThis molecuk has been found in all stocks of T.
parvatested It has bean shown to induce antibodies in cattle
tha neutralizthe ability of sporozoitsto infect lymphocytes
in vitro.

OF THE TWO T. parva suiface antigers ILRAD

THEILERIA
ANTIGENS

IMMUNIZATION
AGAINST THE
SPOROZOITE FORM
OF THE PARASITE



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 parvaparasites.

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 p6
and filed a patent in the USA covering its potential use ft
vaccination against East Coast fever. In collaboration wi
researchers at SmithKline Beecham (Philadelphia), ILRA
produced large quantities of p67 using recombinant DN
technology. The recombinant protein has been shown
confer protection in almost 70% of animals immunized wit
it.

The antigen was further characterized in 199
Oligonucleotide primers were synthesized to amplify the pt
gene from different stocks of the parasite using tf
polymerase chain reaction. The products obtained in t
amplification process were cloned into plasmid vectors al
subjected to DNA sequence analysis. Four stocks pharva
have been analysed. Preliminary results suggest that the
gene is remarkably conserved among parasite stocks in b
nucleotide and amino acid sequences. These results
encouraging to those working on the development of an ar
sporozoite vaccine because they suggest that the immuu
engendered by p67 will cross-protect among different paras
stocks.

parasite pé7 gene The gene coding for the
maijor surface protein of the
sporozoite form of the Theile-
ria parva parasite, a 67-kilo-
dalton molecule termed p67,
is inserted in a vector
plasmid, which produces
many copies of the pé7 gene.

) E coli __,
bacterium

vector plasmid bacterial DNA

parasite pd7 gene That plasmid cannot drive
synthesis of pé7 in Escherichia

coli, so the cloned p67 para-

Ecoli __, site gene is transferred to an
bacterium ‘expression’ vector plasmid,
which is designed to direct
‘expression’, synthesis of pé7.in E. coli
vector plasmid bacterial DNA under appropriate conditions.

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.

The bacterial-produced p67
parasite protein is isolated
from bacterial lysates and
used in cattle immunization
experiments o investigate
the efficacy of this protein to
induce ‘protective’ immune
responses in cattle.

cattle immunization experiments




will be explored for its potentid as a vaccire or

diagnostt antigen appeas on both sporozoits and
intracellula schizonts The antigen is called the
polymorpht immunodominah molecule or PIM. The
polymorpht natueof themolecukisreflectalin avariation
in its apparensize amory differernt stocks of T. parva.The
molecuk isimmunodominahbecausit is the major—and
sometimesthe only—schizom antigen recognize by serum
taken from immure cattle In addition it isthe predominant
antigen recognizel by monoclondantibodies raised against
the schizont.

Effortsthisyea concentratd on isolating the gere that
codes for this antigen Expressia libraries were generated
ard probed with monoclonhantibodiesldentification of the
gerewil | allow further characterizatioof theimmunological
significance of PIM.

The schizon is the pathogertg stage of T. parva; as
mentionedit is this form tha parasitize hog lymphacytes
ard caussthemto proliferaeexcessvely, whichleadstothe
developmen of diseaseThe deah or recovery of an animal
dependgreatly on its ability to contrd the rapidly dividing
infected lymphaocytes Severd features of immunity to T.

THE OTHERT. parvaprotenidentified at ILRAD that

parva infection sugges that protectve hod responses

mountel again$ challeng are directad largely at the
schizont stage of the parasite Over the pad decade,

scientiss at ILRAD have determind tha thes responses

arelikely to bemediatel by apopulation of whiteblood cells
knownasT lymphocytes Identifying the componerg of the
parasie tha induce thes responsg is a maja area of
researh at the institute.

ILRAD scientiss have determine tha the main ‘effector’
incell-mediatedimmureresponsgagains$ T. parvaislikely to
be asubpopulatia of T lymphacytes known as cytotoxic T
lymphacytes Parasite-spefic cytotoxic Tlymphacytescultured
in vitro are capabg of killin g schizont-infectd lymphacytes.

Resuls of an experimer conducté in 1990 provided
evidenethat cytotoxic T lymphocytes help proted immune
cattle challengé with T. parvaby killin g schizont-infected
cells ILRAD's researh in this area in 1991 focusel on
identifying the parasie molecules tha sewe as targes for
both cytotoxic T cells and anothe subpopulatia of T
lymphaocytes known as helpe T cells Scientiss identified a
24-kilodaltan parasie antigen tha isrecognize by immune
helpe T cells. Experimens are being conducte to decode
the N-termind sequene of this antigen with a view to
designimg oligonucleoticd probes for screenig parasite
DNA libraries Again, by identifying the gere for this
protein ILRAD scientiss will be able to asses its
immunologicdimportance.

The traditiond way to isolaie a gere tha encods an
antigenisto constru¢cagere library in which all theDNA

IMMUNIZATION AGAINST
THE SCHIZONT FORM
OF THE PARASITE

RECOMBINANT

DNA TECHNOLOGY
RecombinahDNA basicaly is
atod that allows oneto
isolate modify and move genes
from one organisn to anothe,
usuall into a“simple micro-
organisni sud as abacterium
or ayeas cell. Thistool
facilitates the evaluatian of

the structue and function of
genesThistechnoloy has
bee usal to produe large
amouns of gere producs such
ashumaninsulin . . .and virus
inhibiting interferons

— Lekh R. Batrg ‘A Glossay of
RecombinahDNA Technoloy and
Genett Engineering, in Public
Perceptions of Biotechnologgd L.R.
Batraand W. Klassen Bethesda,
Maryland Agriculturd Research
Institute 1987.



A bovine lymphocyte. These
cells are infected by heileria

parvaschizonts. The parasite

takes over the reproductive
machinery of these 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 degrade
foreign matter and present the
foreign molecules on their
surface to T lymphocytes (T).

There are two main kinds of
T lymphocytes. Helper T cells
secrete chemical messengers
that help to fight the infection.
Cytotoxic T cells directly
attack and kill cells of the
host animal that have become
infected with parasites.

expressed by an organism is cloned into plasmid DNA, whi
is then introduced into bacteria for expression of the ge
product. In arecently developed variation of this approach, |
gene library is transfected directly into mammalian cells.
1991, scientists at ILRAD and the University Hospital i
Utrecht (Netherlands) successfully employed this modifi
procedure and the expression COS cell system to isolal
gene thatencodes an antigen producetl parvaschizonts.

The scientists constructed a library of genes expressec
schizonts in plasmids specifically designed to express fore
genes in COS cells. These cells are derived from kidney c
of the African green monkey that have been infected with
mutant form of a simian virus (SV40) so as to produce lar
amounts of a large tumour antigen of SV40. When appropri
plasmids are introduced into COS cells, the tumour antig
causes the plasmids to replicate at high copy number. /
foreign gene that has been inserted into the plasmids is t
expressed at very high levels.

COS cells were transfected with the gene library a
probed with antibodies that bind specifically to theparva
schizont antigen. Using an enzyme-based detection syst
researchers identified the COS cells containing the relev
plasmids, recovered the recombinant plasmids from the C
cells andisolated the gene encoding the schizont antigen.
gene is now being used to characterize the parasite anti
The scientists working on this project particularly want 1
know if this T. parvaantigen is recognized by cytotoxic T
lymphocytes as well as by antibodies in immune cattle.




depenl on an effecive mears of delivering it to the DEVELOPMENT
bovine immure system The aim of ILRAD’s vaccine

developmen researh is to exploit the immunogent and

protectve properties of candida¢ vaccire antigens This

progran area includes studies to determire the inductve

requiremerg of the bovine immune respone ard researh on

the developmer of antigen delivery systems.

ILRAD'’s approab to the developmet of new vaccines
includes detailal studies of the bovine immune system.
Information from thes studies provides a rationd basék for
vacciredevelopmentTheprotectveimmureresponstha has
been identified and examined in mog detal is the cell-
mediatel respons to schizont-infectd lymphacytes These
studies have contributel mud to an understandig of the
bovine immunre responseMajor area of researh on bovine
immunolog/ in 1991 were further characterizatios of
subpopulatios of white blood cells (leucacytes) antigen-
presentigcells theT-cel receptoslocated onthesuifaceof T
lymphocytes and glycoproteirs known as MHC molecules.

THE SUCCESof avaccireagainsEag Coas feverwill VACCINE

recombinah p67 surface antigen were shown to be TRIALS

protecte agains challeng with homologos sporozoites.
In experimens in 1991 13 of 21 cattle immunized with the
recombinah antigen were protectel again$ homologous
sporozoie challenge with T. parvaMugugaand 6 of 11 cattle
were protectel again$ challeng with the heterologous
parasie stok T. parvaMarikebuni. The latter resut provides
further evidene tha the ability of p67-spedic monoclonal
antibodies to cross-neutraliz amorg stocks of T. parvais
reflectal in the ability of cattleimmunized with the antigen to
resig challeng with heterologos stocks.

The factos responsibé for the varied responsg to
challenge amorg theimmunized cattle are unclea. It seems §
likely, however, that those animak that did not respoml to
challeng were able to neutraliz the sporozoie challenge
sufficiently to prevent establishmetof the schizort stage of
the parasiteTheanimakthat respondd mildly and severely
to infection, on the othe hand appeard to neutraliz the
sporozoitsonly partially or not at all. Thus clinical signsof
diseag in the animak appeato refled the degres to which

I N 1990 two cattle immunized at ILRAD with the IMMUNIZATION

the parasits are neutralizedthe quantit of sporozoitsthat f?_ge: E)t?ﬁaB\?vgi r?ggﬂgtsjé

escaje neutralizatiom and the spe@ with which the animals  with a p67 suface molecuk of
cell-mediatel responss are mobilized again$ schizont- the Theileria parvaparasite
infected cells. Indeed no parasie establishmenwas and subsequenylremained

i R i .. healtly when experimentally
detectel in non-responde animals even when their infocted with ado of the

response to parasie challeng were analysel using the ragie tha isnormaly fatal
polymerag chan reaction technique The levels of for thes cattle.



VECTOR

Literally, a‘carrier’. Theterm
isapplied both to insecs that
carly disease-causinorganisms
and to plasmids or viruses that
can cary genes acros acell
wall barrier into arecipiert cell,
where the foreign DNA is
expressé as proteins.

PARASITE ANTIGEN
DELIVERY SYSTEMS

CELL-MEDIATED
IMMUNE RESPONSES
OF CATTLE

antigen-spedic serum antibodies were similar in quantity
and neutralizirg ability in all the immunized animak and
therefoe did not appeato correlae with protection.

The vaccinatiom straegy being developel at ILRAD
using the p67 molecuk does not depem on complete
elimination of sporozoié challenge but rathe on a limited
establishmeinof schizon parasitoss tha will stimulae the
generatio of cell-mediatel response again$ schizont-
infected cells. (The infection-and-treatmeénmethal of
immunizatian is essentialf basel on this principle and has
establishd its validity.) The succes of a p67-based
vaccination strakegy is therefoe likely to require a
quantitaive assessmerof tick-transmittel challeng in the
fieldanditsreproductio unde experimenthconditions This
will enabk scientiss to determire the magnituce of
neutralizirg immune response neede to limit parasite
establishmen sufficiently to allow the induction of cell-
mediatel responses.

antigers to the immure systen of the animd hog in

sucdh a way as to stimulake protectve immune
responsedelivery vehiclesbasel onrecombinabhorganisms
hawe severd advantage over cornventiond antigen delivery
systemsRecombinahvaccing viruses have been shown in
severd experimenté systens to give rise to potert antibody
ard cytotoxic T-cell responsesA recombinahvaccinavirus
was constructd in 1989 tha incorporats the gere encoding
the p67 sporozoie antigen of T. parva.ln 199Q the viruswas
shown to produ@ neutralizirg responsgin rabbits guinea
pigs and cattle In 1991 recombinah vaccinia viruses
continuel to be evaluatel as an antigen-ddlery systen for
cattle Experimentaresuls showed tha neithe the virulence
of the paren virus of the recombinat nor the virus dose
significantly affected the outcone of immunizations.

ASUCCESSFlu VACCINE mug deliver parasite

have bean degradd by an antigen-presentmcel into

peptice fragments which are then transportd to the
cell surface The parasiefragmertisdisplaye on the surface
in a binding cleft of a proten molecuk of the major
histocompatibiliy compkex (MHC) (so-callel becaus the
protei is encode by afamily of genes known as the major
histocompatibiliy compkx). Cytotoxic T cells recognize
foreign antigersthat appeainthe structurdgrooveof class |
MHC molecules on antigen-presentoncells Helpe T cells,
in contrastrecogniz antigers tha are expressed on the cell
surface in associatia with clas 11 MHC molecules.

T LYMPHOCYTESrecognizantigersonly whenthese



Antigen receptors on the surface of T cells recognize the
combination of antigenic peptide and host MHC molecule.
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
conducted in 1990, several non-related MHC-homozygous
cattle that differed in class | MHC phenotype responded
similarly to immunization with the native p67 antigendf Four particles of a recombinant
parva. These results suggested that MHC phenotypes do n¥ccinia virus negatively
influence responses of cattle to entire protein antigens. I.L?a'”ed' These virus particles

X - incorporate the gene that
determine whether MHC-related factors affect the capacity Qf,,codes thaheileria parva
cattle to react to peptide fragments of parasite antigens, t{®7 antigen.
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 molecules, 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
lymphocyte responses to recovery and protection of cattle
from infection withT. parvais crucial to the development of
novel vaccination strategies. The task that lies ahead is clearly
the identification of parasite antigens that provoke these
responses. In view of the complexity of the cytotoxic T
lymphocyte recognition event, itis 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 suitable antigens have been identified, it will be
necessary 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
development of a prototype subunit vaccine agdingarva.







TRYPANOSOMIASIS

of Africa. Itisarguaby the mog importart livestock  trypanosomesprotozoa para-
sitestha cau® animd trypano-

TRY PANOSOMIASIS occuss acros more than athird ~ (Opposit ¢ Light micrograg of
somiasisin mammalia blood.

diseag on the continent. Like Eag Coag fever,

trypanosomiasi is cause by infection with a protozoan
parasite. In Africa, the single-celle trypanosoms are
typically transmittel to domestt and wild animals aswell as
to people by tsete flies as they feed on mammalia blood.
The wide occurrene of this diseag in peopk ard their
livesto& continues to retad agriculturd and economic
developmeit on the continent.

Thetset®fly (genwsGlossing vecta of trypanosomiasis
occus only in Africa. Tset flies transmi two specie of
trypanosomes-Trypanoso m bruc & rhodesiensad
Trypanosoma brucei gambiens#ia caugtrypanosomiasis
in people commony known as sleepirg sickness The fly
also transmis four parasié species—Frypanosoma brucei
brucei Trypanosora congolenseJrypanosoma simiae and
Trypansamna vivax-tha caugseriosforms of trypanosomiasis
in cattle sheepgoats pigs and horses.

In pars of Africa and Asia, came$ alo suffer from
trypanosomiasis. The camé diseas is mod commonly
causeé by Trypanosoma evansg specis transmittel by
biting fliesothe than tsetse Inlarge area of Asiaand South
America T. evansi pose athred to othe livestok as well,
especial cattle domestt buffalo and pigs Trypanosoma
vivax,althoudh usually transmittel by thetset&fly in Africa,
al existsin the absene of this vecta in the Caribbea and
Souh America Non-tsetse-transmitttrypanosomiasiis a
potentiad thred to livestod in many parts of the world.

Tsete flies occu in 36 countries and 10 million square
kilometres of Africa. Therisk of trypanosomiasiin mud of
thisareaprecluds farmes from keepirg cattleand small



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
disease trypanosomiasis.

ruminants. This fact largely accounts for Africa's loy
livestock productivity: the animal protein produced pt
hectare on the continent is only one-seventieth of tt
produced in Europe. The impact of trypanosomiasis is e\
greater than these figures suggest because many of the ¢
inhabited by tsetse flies are potentially the most agricultura
productive in Africa. Thirty percent of Africa's cattle
population, estimated to be 160 million, as well as compara
numbers of small ruminants, are at risk from the disea
Annual losses in meat production alone are estimated at U
billion. This economic deprivation is exacerbated by losses
milk yields, tractive power, waste products that provic
natural fertilizer and fuel, and secondary products such
hides. In addition, 50 million people are exposed to the risk
contracting human trypanosomiasis.

The trypanosome parasites that cause disease in lives
and people also infect some wildlife species, which serve ¢
source, or reservoir, of infection for flies, which then infe
domestic animals and people. Many kinds of wild anime
tolerate infection with trypanosomes with no apparent
effects. In humans and most domestic livestock, howe\
such a harmless relationship with the parasite has not evol
and the pathogenic effects of infection are severe.

For several days following infection with trypanosome
animals show no signs of disease. One to two weeks la
susceptible animals develop intermittent fever and anaen
In mostendemic areas of Africa, cattle are bitten repeatedly
tsetse flies and are infected with different kinds
trypanosomes. Most livestock must forage daily for food a
walk long distances for water. Under these stress
conditions, infected animals often continue to deteriorate
months before dying.

The life cycle of the trypanosome, like that of th
Theileria parasite, is complex. Inboth the tsetse fly vector a
the mammalian host, trypanosomes undergo a series
transformations into different forms. The tsetse fly inges
trypanosomes when it feeds on an animal infected by
parasite. In the fly, the parasites differentiate into seve
forms, culminating in the metacyclic form, which is able t
infect mammalian hosts. When the infected fly next feec
these metacyclic trypanosomes are injected into the skin of
host along with tsetse saliva. In the animal, the parasi
differentiate into a form specially adapted to live i
mammalian blood. These bloodstream parasites multiply
binary fission and enter the animal's lymphatic and blo
circulation. As flies feed on animals infected with th
parasite, the flies may take up blood containing trypanoson
thus completing the parasite's life cycle.



IDELY DIFFERENT METHODS are usdl to

contrd trypanosomiasidministratio of drugsto

tred or prevent the diseasereduction of the fly
populatiors that transmi the parasite and thus sprea the
diseaseard keepirg indigenos livestok breed tha resist
the disease Ead of thee method isuseful indeed without
them many livesto& keepeswould beout of businessNone,
however, is ided and no single methal or combination of
method is sufficiently efficacious and cost-dfective to
sustan small-scatlivesto raising in much of thetsete belt,
which effecively seak off one-thid of the continent
otherwig suitabk for grazirg and mixed livestock/crop
farming.

Drug treatment Drug treatmenisthe mog widely used
mears of controlling trypanosomiasis The drugs available
are effecive but also relaively expensve. It is neither
practicd nor financialy possibe for mod smal farmers
repeated} totrea ananimd tha repeatedl becomsinfected
withtrypanosomedvoreover, widespred useof thefew drug
compound developal for trypanosomias has led to
increasimy parasie resistane to the drugs and there are no
signstha new and improved drugs for the animd diseas will
be producel in the nea future.

CURRENT
CONTROL METHODS

Thetset® fly and the disease-
causimg trypanosore parasites
it carries make 10 million
squae kilometres of Africa—an
area as large as the continental
USA—inhospitabé for live-
stock Thetset® belt occuisin
Africa’s humid and subhumd re-
gions and thes are the ecologi-
cd area with the greatespoten-
tial for farming and ranchirg on
the continent Note thét little
overlgp exists betweea Africa’s
cattle-productia and tsetse-
infested area& except in

regiors of Weg and Central
Africawhere afew indigenous
cattle breed exist that are resis-
tart to trypanosomiasislsetse-
infested area are expandirg in
many pars of Africa.

% Cattle
- Tselse




The life cycle of
Trypanosoma brucei.

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 gly coprotein
surface coat. This coat disap-
pears in the procyclic forms that
arise in the midgut of the tsetse
fly and is later reformed in the
metacyclic forms in the tsetse

salivary glands.

(After Vickerman, 1979.)

Vector control. Three methods are used to contre
populations of the tsetse vector. Infested areas may be spre
with low levels of modern insecticides to kill the flies, bu
application of such compounds over large areas is discoura
because of the pollution this causes the environment. Hab
hospitable to tsetse may be destroyed to rid areas of flies,
the felling of trees and clearance of bush is an unaccepte
waste of diminishing natural resources. Most promising is t
reduction of fly populations using tsetse targets and tra
strategically placed in fly habitats. These targets and tre
have been greatly improved over the last several years, an
some areas their deployment has reduced fly population:s
tolerably low levels. To date, however, this control methc
has been demonstrated to work only in some types of areas
only for some species of fly.

Disease-resistant livestockThe third method used to
control trypanosomiasis is to keep cattle of a few ancie
African breeds, such as the West African N’'Dar(Bos
taurus), which are innately able to tolerate infection witl
trypanosomes. The genetic ability to resist the pathoge
effects of infection is called ‘trypanotolerance’. (Livestoc
that are susceptible to trypanosomiasis are known
‘trypanosusceptible’ or, in this report, ‘susceptible’.)

Tsetse fly

Mammal

Metacyclic forms

are injected into /
the skin of a

mammalian host

Epimastigote /

forms mu tiply

in the
salivary glands

Procyclic forms
muitiply in the gut

Lon,
slender
forms muitiply
asexually by
binary fision

g Sport
R stumpy forms
=~ do not divide

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

-1




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 to the continent
7,000 years ago. The other, more common, breeds of cattle in
Africa are relative newcomers. The widespread humped Zebu
(Bos indicus)kattle, which are susceptible to trypanosomiasis,
appearedin Africain large numbers only about 1,300 years ago.

Highly productive, genetically improved EuropegBos
taurus) cattle were introduced in this century; consequently,
these ‘grade’ cattle are extremely susceptible to
trypanosomiasis.

Use of trypanotolerant livestock is perhaps the most
attractive of the control methods available and has made
livestock rearing possible in tsetse-infested areas, but this
method also has its drawbacks. First, the degree of disease
resistance in an animal is not absolute; levels of
trypanotolerance are reduced in animals under stre ,

. . L s e humpless N'Dama are an
particularly those with poor nutrition, a common condition of ., iant African cattle breed,
livestock raised in Africa’'s marginal farming areas. Seconfaving arrived on the continent
although meat production of trypanotolerant livestocibout 7,000 years ago. Itjsob-
compares favourably with that of other breeds, the amount &le that the N'Dama®nate
milk trypanotolerant cattle produce is relatively Iow.ab":tyEjodres.'sutrﬁ’p?“osom'as!s
Furthermore, trypanotolerant animals raised in traditiongl’igr\]/%etv\lfég}?th:sg Egtﬁzsgﬁg
farming systems are typically small and are therefore not idegjpanosome parasites.
for draught work. Finally, and most importantly, few such

TP
] !rli!mrv.- it Y




ANTIGENIC
VARIATION IN
TRYPANOSOMES

Diagram illustrating the process
of antigenc variation which
enablestrypanosomsto sunive
attadk by the immune system of
an animd host.

animak are available In spite of their importane in tsetse-
infested areas where othe livestok cannd sunive,
trypanotoleratcattle constitue only 5% of the cattleraiseadin
countriswheretsetefliesoccu. Numbesof theecattleare
increasing but slowly: merely to doubk the numbe of
N’Dama cattle existing today, for example will take 15 years
at presembreedirg rates.

trypanosomeconducte at ILRAD and othe research

institutes over severd yeass have establishd that
trypanosone populatiors avoid elimination by the
mammalia immure systen by empbying a remarkable
defene mechanim known as 'antigent variation: Most
animd hoss make immure responss to the first wave of
invading trypanosoms by producirg antibodies against
antigenc proteh molecule displayel on the surface of the
parasites The antibodies bind to thee antigens ard this
initiates a series of immune event tha eventualy causes
rupture (lysis) and deah of the parasites.

However, before all the parasite can be eliminated,
trypanosomebearirg anew suface molecuk appea While
the immure system begirs to produe antibodies againg the
new antigen the seconl wawe of trypanosoms multiplies
rapidly, ard before all parasits in the secor wave can be
destoyed parasits appeadisplayirg yet anothe molecular
suiface and so the proces continuesthe parasie population
always keepirg a step ahea of the hosts immune system.
Unabk to kegp pace the animals immune systen becomes
exhausted The animd becoms anaemi¢loses weight and
stops breedirg and producirg milk. After lingering for
months nearly uselessit dies.

Trypanosomegare able to expres many kinds of suiface
proteins known as 'variabk suifaae glycoproteins'or VSGs.
TheVSGsare amajar cel produd of the parasiteaccounting
for 10% of all the proteirsit synthesizegSome 300 to 1,000
trypanosore genes are estimate to encoe VSGs) Eadt of
the many different strairs of trypanosoms displays a

RESU_TS OF CELL and molecula biology studies of

As a new VSG becomes dominant in a trypanosome population, the
amount of antibody (Y Y ) that specifically recognizes that V3G
increases and reduces the numbers of trypanosomes with that VSG.

2nd wave of parasitaemia

18t wave of parasitaemia 3rd wave of parasitaemia
- -~ -

- ~
/ 7/
/7 /
Q( ' 3
| A \

I I
] 11 1
* Trypanosomes bearing one kind of VSG (A A ) proliferate, creating a wave of

parasitaemia. This population is reduced by antibody. Trypanosomes bearing an
other kind of VSG then create another wave of parasitaemia.

Tsetse fly
injects
frypanosomes

Time after bite by tsetse fly




particula sé of VSGs Furthe complicatirg the matte,

genetc recombinatio amorg trypanosore populatiors may
occu in the field, increasimg the potentid for antigenic
diversity. It therefoe appeas unlikely tha a conventional
vaccine which primes an animals immure systen against
just oneor afew antigenswil | bebroady effeciveif basel on

thetrypanosome'variart suiface proteins With thisin mind,

ILRAD scientiss are investigatirg othe novel vaccine
strategis for controlling the disease.

DIAGNOSIS AND

improved techniqus for diagnosig trypanosomiasis EPIDEMIOLOGY

D ISEASE CONTROL WORKERS arnd scientiss need

tha are not only accura¢ and reliable but also
sufficiently simple robugt and inexpensve for wideuseinthe
field. Bette diagnoss of trypanosomiasi would greatly
improve treatmemof individud animals ard better detection
of infectiors in both mammalia host and tset® vectors
would help researcherto define the diseag problen more
precisey (severd disease manife$ themseles in ways
similar to trypanosomiasiand the latter may run asubclinical
course) to bette understad the epidemioloy of
trypanosomiasi (the behaviour of the diseas in livestock
population¥ and to monitor and compae the impact of
implementiry differert trypanosomiasicontrd programs.
The first pha® of a continent-wig evaluatian of an
ILRAD diagnostt test—the antigen-detectio enzyme-
linked immunosorben assg, or 'ELISA' for short—was
completel in 1991 and the resuls considerd at a workshop
held in YamoussoukroCote d'lvoire, in May. Using the
antigen-detectio ELISA, parasie componend in blood
sample are identified by the binding of monoclonal
antibodiesParticipans at the Yamoussoulksy meetirg judged
the ELISA to be sensitve ard reliable in detectirg the three

ILRAD’s ELISA kit (antigen-
trappirg enzyme-lirked immu-
nosorbehassay usal to detect
ard identify trypanosomsin
infected animd hosts ILRAD
has developel test for all the
species of trypanosomsthat
caug diseagin livestok as
well as parasits tha cause
human sleepirg sicknessField
evaluatiors of the assag were
conducte with suppot from
FAO ard the International
Atomic Enegy Agercy
(Vienna).



ILRAD’s probe panel used to
detect trypanosome parasites.

major tsetse-transmitted trypanosome species that inf
livestock as well as in detectiniy evansinfections in camels
and pigs. In some areas where tsetse and trypanosomes
thought not to occur, trypanosome infections were detect
with the ELISA. When serawere examined in these instanc
antibodies to trypanosomes were also found, demonstrat
both the usefulness of test and present shortcomings
epidemiological information.

A polyclonal serum to the antigen recognized by th
monoclonal antibody used in the antigen-trapping ELISA ft
T. congolensavas used to screen an expression library al
several cDNA (copy DNA) clones were obtained. Followin:
cloning of part of the gene encoding tfievivaxdiagnostic
antigen, the antigen was expressed in a bacterial system
the recombinant product found to be recognized by tl
appropriate monoclonal antibodies. The expressed prodt
of these cloned 'diagnostic' genes will be used to provi
standards (control antigens) for the antigen-trapping ELIS
and the genes themselves will be examined for the
usefulness as diagnostic tools at the DNA level.



three closey relatedl compound tha have been 'N TRYPANOSOMES
widely used for more than 30 years isometamidium,

homidium ard diminazene Propery administeredthese ﬂ’[,

D RUG TREATMENT for trypanosomiasirelies on DRUG RESISTANCE

drugs have effecively controlled the disease but parasite
resistaneto the compoundisincreasing Inresearh aimed
at maintainirg the long-tem efficacy of the compound now
in use ILRAD scientiss are looking for genetc markes of

drug resistane in the parasits tha could be usel to inspect o ¥
large numbes of parasie sampls from cattle to determine f" i
quickly ard easil if drug resistaneis aproblem in an area. e L:—

With scientiss from the Kenya Trypanosomiasis
ResearhInstitute ILRAD stdf in 1991 developeal anassg to
deted drug resistanein T. vivax bloodstrean form parasites.
A calorimetrc teg to measue drug sensitvity in T.
congolensbloodstreanformswasalso developed at ILRAD.
Jointly with stef of the University of Glasgw, ILRAD
scientiss this yea advancel work on an antibody-based
ELISA to measue levels of isometamidimn in mammalian
blood.

Monoclond antibodies raisel againg isometamidium
will beusa incel biology studiesto compaehow thedrugis
taken up and compartmentaliz&in drug-sensite and drug-
resistam trypanosomes Techniqus to identify the parasite
molecuk with which isometamidiun interacs were
establishd thisyea in collaboratio with ascientis from the
Israd Institute of Technoloy (Haifa). With thesetechniques
in place and the availability of resistahparasitsraised at the
Laboratoy in simple culture systemsILRAD isin astrong
position to purste physiologicd and membrae studies of
drug uptéke. The information obtainel in thes studies will Two images producel of the
lay thegroundvork for devisirg bette waysto usethedrugsin sanethrgetr?/panosomsafter
the field and for developing treatmen strategis tha militate  jncubatian for 20 hrs with isome-

agains$ the generatio of drug-resistanparasie strains. tamidium The arrows point to
area of fluorescencewhich indi-
cake where the drug has concen-
trated in the parasitesNote that
two of the parasits arein the
proces of dividing.

e examinel for their potentid to proted cattle from ANTIGENS
ypanosomiasi were isolated and characterizé in

1991 Soneof these antigers were revealal in studies of the

endaytic systen of trypanosomesghe proces by which the

parasits take up nutrients otheis were discoveread in

empiricd approachstaken to identify antigens The gerefor

one of the mod promisirg of the antigens an enzyme

(cysteire proteasg of T. congolens associatd with

resistanetotrypanosomiasiin cattle hasnow beencloned.

gVERAL TRYPANOSOME MOLECULES tha can TRYPANOSOME
I



MOLECULAR GENETICS
OF TRYPANOSOMES

Networks of coiled DNA that
occu in akinetoplas structure,
outsice the nucleus of the
trypanosore parasite.

Most DNA occussin the cell
nuclets of organismsAlong the
threadlke length of DNA, the
sequene of nucleotide carries
the genetc code which directs
the formation of an entire
organisn and goverrsits
biologicd functions.

The discret functiond units
of DNA—the genes—direct
proten synthesis.

HOST IMMUNE
RESPONSES TO
INFECTION

trypanosomiasiprogram isto improve understanding

of the genetc bask of processscritical to the sunival
and developmen of the trypanosome Of particula interes is
the identification of genetc functions tha could be interfered
with ard the identification of trypanosore gene ard their
protein producstha aredirectly involved in drug resistanein
parasitesdegres of immunity inducel by parasie antigens,
degres of virulence in parasits and the developmen of
diseasin cattle.

Making use of technicd breakthrougk in molecular
biology, ILRAD scientiss continuel to refine technologies
neede to inset foreign genes into trypanosoms and to
identify which organisns internaliz the erogenos genetic
material By transfectigtotd DNA from avirulent parasite,
ILRAD stdf in 1991 restorel virulenae to forms of T. brucei
previousy attenuatd in vitro. Studies are now being
conducte to identify the region of the genone responsite for
thechanginthetransfectd parasitesResuls of thee studies
will helptoidentify thegenesresponsitegfor parasievirulence
and to determire the natue of one of the main factors
governing parasie growth.

Researh is conducte at ILRAD on trypanosora genes
that becaus they are acive only in certan stage of the
parasites lif e cycle, may contrd processs of differentiation
and adaptatio to mammalian or insed hosts Genetic
sequence normally associatd with expressel RNA
(ribonuclet acid) and atransposal@ genetc elemen widely
distributed in the trypanosore genone were usel to amplify
DNA of differert life cycle stage to identify differentially
expressd parts of the genome.

Studieswere also conducte in 1991 to identify genesand
gere producs involved in trypanosore cel division. Four
classs of cell division cycle genes are beirg investigatel and
culture systens tha synchronizthe division of T. congolense
arebeingdeveloped ILRAD scientissarecollaboratimgin this
work with scientiss from the universities of Glasgw, Oxford
ard Brusse$ who are working on homologos genesin other
kinetoplastids.

AN IMPORTANT GOAL of membes of ILRAD's

betwea hossard parasite ard their relationshp to the

developmen of diseag will help scientiss better
understad how cattle genera¢ immune response to
trypanosomesThisinformation may lead to the development
of method to manipulaé thos responsgin ways tha will
block or inhibit parasié proliferation.

I EARNING MORE ABOUT the compkx interactions



Studies were continued in 1991 of the responses to
infection made by bovine B cells, which produce antibodies to
trypanosomes, and T cells, which effect and regulate various
immune mechanisms, including aspects of antibody
production. 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 trypanosomes 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
knowledge 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
responsesthatprotectlives_tock against challenge with abroz;s\dBoran bull. The Boran is an
range of trypanosome strains. East African type of Zebu catt
ILRAD has produced 50 trypanotolerant N’'Dama cattle
that now span three generations. ILRAD's original N'DamaThoracic-humped cattle were
were obtained as embryos from Gambian cows in 1983 anj#troduced into Africa through
implanted in foster mothers of an East African Zebu breedYPt i the fourth centurg.C.
e . . enerally known as Zebu
called Boran. The institute thus has a unique opportunity t@,roughout the continent, thes
study under controlled circumstances the immune responsesttle now comprise most of
of the N'Dama to infection with trypanosomes and to defineAfrica’s indigenous cattle.
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the mechanismshat enabletheseanimalsto remainhealtty
while infected. A major areaof ILRAD?s researchis a
comparisonof the responsedo infection made by the
trypanotoleranN'Damaandthe susceptibléBoran.

Previousresults of this researchhave shovn that the
N'Damaproducehigherlevelsof detectablantibodiesluring
infectionandarealsoableto controlinfectionbetterthantheir
susceptibl@ehu counterpartsThissuggestthattheimmune
systenoftrypanotolerantattlemayplayarolein thesuperior
ability of thesecattleto controltrypanosomiasis.

Recentwork shows that the N'Dama producehigher
detectablelevels of predominantlylgM antibodiesagainst
parasiteVSG thanthe Boran. In both BoranandN'Dama,
levels of CD5" B cells increasedramatically following
infection, andlevels of total IgM alsoincrease. The Boran
producehigherlevels of antibodieghatreactwith irrelevant
antigensthan the N'Dama. Antibodies of the IgM isotype
againstinvariantantigensare detectablén both breeds but
laterin infection,morematureIgG1 aswell aslgM antibodies
aredetectablén theN'Dama.

The generatiorand maintenancef antibodyresponses
usually requiresthe help of T cells. To compareT-cell
responsef susceptibleand trypanotolerantanimals to
trypanosomenfection, T-cell subpopulationsvere prepared
from peripheralblood obtainedfrom Boran and N'Dama
cattleundergoingprimaryinfectionwith T. congolenseln the
presencef parasiteantigenspoth BoranandN'DamaCD8
(cytotoxic) and, subsequentlyWC1 (gamma/delta)T-cell
populationgproliferated. Proliferationsof theseT cellswere
moremarked,however,amongN'DamathanBorancells. No
T-cellresponsewereobsenedin eitherbreedto appropriate
VSG andtherewerelow or absentesponsesf CD4 (helper)
T cellsin bothbreeds.

A strikingfeatureof trypanosoménfectionin susceptible
cattleisanaemiaDestructiorof redbloodcellsis accelerated
well abore normallevelsin infectedanimals. PastILRAD
work hasshowvn thatthe ability to maintainnormallevels of
redblood cellsduringtrypanosomehallengeis a featureof
trypanotoleranainimalsandthatthistrait is highly heritable.
Elegant histological and electron microscopicalstudies
indicatethatmacrophageareinvolvedin thedewelopmenbf
anaemiaby phagogtosing (engulfing) red blood cells and
other cell types, which contributesto the anaemia.
Significantly, thesestudieshave shovn thatthemacrophages
of infectedBoran cattle are more destructve than thoseof
infected N'Damacattle. On the other hand, macrophages
preparedfrom blood of N'Damain the early stagesof T.
congolenseinfection releaseseveral times more co-
stimulatorycytokines(IL1/IL6) in vitro than macrophages



from Boran cattle. Cytokines, such astumor necrosis factor, i
gamma interferon and interleukins (abbreviated IL), are vo %
chemical messengers released by macrophages that have bee
activated by the presence of antigen.

These experimental results clearly show that
macrophages are activated in both breeds of cattle whe
infected by trypanosomes but the functions of these activated §a.
scavenger cells differ between the breeds. Itis notknown how %
these different functions are induced, nor which trypanosome
antigens directly or indirectly trigger macrophages to
suppress immune responses, to engulf red blood cells and to
produce cytokines. Answers to these questions are being
sought because activities of the mononuclear phagocytic
system appear to be pivotal in determining whether an animalight micrograph of a large
will develop or resist disease. macrophage from the bone mar-

Cytokines are essential components of immuné’\" ‘;‘;‘%ggggﬂﬁ\fgﬁ;‘t’ﬁr‘e and
responses, the making of blood cells and other phys_iologic%):ﬁature red blood cells have
processes. They are normally active over short distanceBeen engulfed by the macro-
Indeed, evidence suggests that cells can target release gifage. A single trypanosome
cytokines directly onto other nearby cells. Abnormal levels oflies adjacent to the macrophage.
certain cytokines are thought to contribute to some diseases,
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, becau! e life of every organism is
these molecules gen.erally are active only over ;hort distance, stantly threatened by other
can be absorbed rapidly by cells expressing their receptors anisms—this is the nature of
can be inhibited by a variety of serum proteins, they arene living world. In response,
difficult to detect in sera and plasma. An ILRAD group iseach species has evolved protec:
therefore developing two methods for measuring cytokines 8¥€ mef‘fha”'sr‘?s' varying from
the cellular level. One assay uses monoclonal antibodi Q?;Ctﬁl%erﬁﬁﬁrnsé ﬁups(zfezns'
saponin-permeabilized cells and the fluorescence-activategym their continual battle with
cell sorter to measure intracellular pools; the other assay us@groorganisms, vertebrates
the in situ hybridization technique to measure cytokinehave evolved an elaborate set of
messenger RNA. Bovine GM-CSF, IL1, IL2, IL4 and gammaProtective measures called,
interferon probes are already available in the Laboratory. A°!€ctively, themmune system.
probe for tumour necrosis factor-alpha is being made. ‘The word immune (Latiim-

In other comparative immunological experimentsnunis,meaning “exempt”) im-
conducted in 1991, four N'Dama and four Boran wereplies freedom from a burden: an
infected with an unusual stock @t vivaxknown to cause a animal thatis immune to a spe-
particularly acute haemorrhagic disease in susceptible catt[fégg '(;‘ffiencfggg O%ggnttxvgg el
No differences were observed between the two breeds in the study of the i?/nmuneg '
levels of parasitaemia or the pattern of recognition or type afystem constitutes the
antibody elicited. Members of both groups became anaemidiscipline ofimmunology.

One of the N'Dama was treated when its packed cell volume _
fell to 13%. This experiment effectively demonstrated that thg_ »: Pamell, H. Lodish and D.

, . . . altimore,Molecular Cell Biology,
N'Dama, rathgr than being resistant to the pathoge_nlc effectSq ed.. New York: Scientific Ameri-
of infection with all trypanosomes, are as susceptible as than Books, 1990, p. 1003.

UNOLOGY



GENETICS OF HOST
RESISTANCE TO
TRYPANOSOMIASIS

Boran to infection with this uncommony haemorrhagi T.
vivax stok from the coasthregion of Kenya. This finding
suppors the view that trypanotolerane depend on the
successfucontrd of parasie populations How trypanosome
antigers are recognizé by theimmure systemhow immune
response are inducel ard how the hog genotye affects
responsstoinfectionarenot yet known. Theanswestothese
questiors may be found in further studies of T. vivax
infectiorsin N’'Dama cattle.

exists in sone cattle breed is clea. Asisalw clear

from the above discussion however, neithe the
significane of immune mechanisms—siicas the specfic
antibody, T-cel and cytokine responsg macke by infected
N’Dama cattle—na the genetc contrd of those mechanisms
ard of othe potentially importart non-immure mechanisms
isyet understood A dired way to investigae the natue of
trypanotolerane is to follow its inheritan@ in families of
cattle for the purpog of, first, finding characteristics—or
‘markers’—thd are inherited with the disease-resistaatrait
ard second finding the gere or genes tha contrd it. The
breedirmy hed of trypanotoleranN’'Damaavailableat ILRAD
ard the institutes unique ability to asses the responsg of
the cattle to parasie challeng unde highly controlled and
experimentd conditiors make sud a genetc maker and
mappirg projed feasible.

ILRAD'sbovinegenoneprojed wasbegunin199Q The
first two steps were to produe large families of cattle that
segregae the trypanotolerane trait and to begh to identify
soneof theestimatel 200 markesevenly space alorng the 60
chromosomeof cattle that will be needéd to identify genetic
markesassociatéwith diseasresistanceWhen developed,
sut markes will be ausefd tod for breedes working to
increag the numbes of trypanotolerah livesto& and for
researchesattemptirg toidentify populatiorsof animakto be
targettel for germplasn consevation. Perhag most
importantl, the markeswill also sewve as startirg pointsina
seart of the bovine genone for the genes tha contrd the
trypanotoleranetrait.

To produe the cattle neede for the mappirg project,
bullsfrom ILRAD's core herd of 10 trypanotoleraN’Dama
were crosse with susceptile Boran cows in an accelerated
breediry progran tha mace use of embryo transfe expertise
developeal at ILRAD over the lag severd years The cows
wereinduced to produe@moreovathannormal Theovawere
fertilized by artificial insemination and the embryos
implanted in foste Boran mothes for gestation.

THAT GENETIC RESISTANCE to trypanosomiasis



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 withT. congolenselone 1180 injected through
the bite of infected tsetse flies. Three of the thirty-eigig F
required treatment, compared with six of the ten Boran. The
indications are that trypanotolerance is a typical quantitative
trait.

Cross-breeding of thesB will begin in February 1992; L & 50 - \'Dama cross-
thefirst group of second filial generation calves will be borninyeq calves produced at ILRAC
November 1992. Responses of th@Eneration to challenge using embryo-transfer technol-
with T. congolenseincluding packed cell volume levels, ogy were born on ILRAD’s
parasitosis and aerological responses, will be recorded. THgapiti Ranch in 1990. By the
animals will be phenotyped for aspects of trypanotolerancfpodsgg?%}j’ gge?]or?‘g‘dycggma
and genotyped with DNA markers as these are identified ai P '
ILRAD and other advanced laboratories collaborating in this_arge families of these cattle
work. are needed for a new research

To produce the genetic markers needed for the mappinngeCt to locate the genes re-

; it . ; Hae ai ponsible for trypanotolerance,
project, ILRAD scientists are exploiting microsatellites—simple an ability of N'Dama and

DNA nucleotide sequences thatcur with a high frequency in - giher livestock breeds

the mammalian genome. Once identified, short, singleindigenous in Africa to remain
stranded synthetic DNA molecules that hybridize specificallyproductive while infected
with chromosome regions flanking the microsatellites arewith trypanosomes.




DNA SEQUENCING
Determinirg the precis orde,
or sequenceof the nucleotides
tha make up agere once the
gere has been locateal on one of

severd chromosomes.

‘The nucleotids are arrangé in
aprecieorde likebeadon a
necklace. . . One way to under-
stard the difference between
[geneti¢ mappirg ard sequencing

isto think of a giart library.

Mapping is like noting the titles
and the orde of all the books

on the sheles sequencig is

readirg the books’

— Bruce M. Alberts, ‘Making aMap
of the Human Chromosomes'in
Headlire News, Sciene Views, ed.
David Jarmu] WashingtonD.C.:
Nationd Acadeny Press1991.

CONCLUSION

synthesized The® ‘oligonucleotidessene as primersin the
polymerag chan reaction to produe labelled copies of the
microsatellie regions Thelengh polymorphisn of the copies
can then be determiné by reducirg polyacryl me gel
electrophoresito give markes at known sites within the
genome.

Applying this approach ILRAD scientiss identfied nine
sequence-taggssitesin 1991 for the bovire linkage map Such
work is labou-intensve, both in identifying markes ard their
locatiors and in determinirg the distribution of markers
throughotithegenome However, thedevelopmenof thislinkage
mgp of the bovine genone is a collaboraive enterprig ard the
work involved in maiker developmet is beirg sharel among
geneticist a ILRAD, the Commonwealt Scientfic, Industrial
ard Researke Organisatia (Australia) the Hebiew University of
Jerusalm ard Texas A & M Universily (USA).

Furthermore a breakthroup technolog first reportel in
1991 isspeedig up ard cutting thecoss of the seart for markers.
The methal is known as 'bulk segregam analysisard empbys
randon amplified polymorpht DNA markers known by
biologiss as RAPDS. Usda by themseles RAPDs give
imprecie informatian becaus ead maiker sampé is associated
with many piecesof DNA. However, by pooling ard analysirg all
the DNA fromthemog resistaihcattiein onetest ard all the DNA
from the lead resistan cattle in anothe, markes linked to
trypanotoleraneare likely to stard out.

fulfil two broal objectves The first is to mee increasingly

pressimg requiremerg for immediae improvemens in
method now usel to contrd trypanosomiasis This is being
accomplishd in two ways by gaining a more complete
understandig of the epidemiolog of trypanosomiasjghrough
developmen of improved tess for detectig infection and
identifying parasitesard by improving ard makirg better use of
currert contrd methods particulary the empbymert of drug
thergoy and trypanotoleranlivestock.

The seconl objectve of the program isto translagé long-term
researh into practicd and sustainata trypanosomiasicontrol.
Researl is being conducte towards the developmen of four
novel contrd methods (1) Identification of molecular
mechanisms—parasitcomponerg or physica or chemical
processes—thacould be manipulate with new trypanocidal
agens to disrug parasié developmen or to make the parasites
more vulnerabé to the defence of the mammalia host (2)
Developmen of new therapeuticsothe than trypanocideson
which to bas treatmemn and diseag management(3)
Identification of trypanosoreantigersthat by inducirg protecive
immure responsgin cattle are potentid materia on which to
bas vaccines(4) Improvemert of the responsgof susceptible
catteto trypanosoreinfectionthroudh abette understandig of

I LRAD'S TRY PANOSOMIASIS PROGRAM is working to



the innate resistance to trypanosomiasis displayed b4n N’'Dama and a Boran
trypanotolerant cattle. This research involves finding geneti€mbryo were implanted at the
markers that can be used to pick out animals highly resistant OTaentggvev 'C\fﬁ&'i&%‘gg’ﬁg tly
trypanosomiasis for use in livestock breeding programs and tgoquced these ‘haemopoietic
locate the gene or genes that control the trypanotoleranggimaeric’ twins. The N'Dama
trait(s). calf, on the left, after sharing a

Any future methods developed to increase livestocklacenta with its Boran twin in
resistance to trypanosomiasis and to decrease the pathoge&%tg:]“gil' hgg rg%"gé%%e%;‘r? ow
effects of infection would greatly alleviate the animal y ’
trypanosomiasis problem in Africa and in addition would help|LRAD scientists will challenge
advance research of human trypanosomiasis and oth#wvins such as these with
trypanosome-caused diseases that occur in the tropics. HdgtPanosomes to determine
resistance to the parasites might be increased in several wa: .i'tcshh';\"j‘g%ggﬁ"’t‘g’r}g‘!g;‘?‘gge
Vaccination to generate effective immune responses in livestogiom the N'Dama to the
would, in addition to being of inestimable value in itself, Boran.
constitute a major biological advance. An understanding of how
trypanosome infection produces disease would lead to mor€himaeric’: fromchimaera.a
effective treatment and would help further the development oﬂ‘g;goé?g'fal Crt?]a“éred"‘"t? the
livestock types able to resist the harmful effects of infection. A on, e Doy o1 a

: 1S oat, and the tail of a serpent.

understanding of trypanotolerance would facilitate better use 6f . . A thing of immortal make,
trypanotolerant animals and, through genetic manipulationgot human, lion-fronted and
might allow the transfer of trypanotolerant trait(s) to cattle breed§nake behind, a goat in the
that, although susceptible to trypanosomiasis, possess otHE”?;ed'(é' '179)
desirable characteristics. ’
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SOCIOECONOMICS

suppors ILRAD’s diseas researh prograns by

investigatiry the factos tha govem the successful
application of improved livestok diseas control, particularly
through immunization ard the likely social econom¢ and
environmenthimpacs of improved animd health ILRAD’s
Socioeconomig Program startel in 1988 has focusa its
studies on Eag Coas fever in Africaand is now widening its
scoe to include investigatiors of African animal
trypanosomiasis.

AMULTIDISCIPLINARY TEAM of scientists

evelopal a methodolog for conductig quantitaive
tudies whose resuls will help to identify communities
and cattle populatiors tha would bendit mog from the

glENTISTS IN ILRAD’s SocioeconomigProgran have

introduction of improved methodto contrd tick-borrediseases.

In collaboratim with scientiss from the Kenya Agricultural
Researt Institute (KARI), the ILRAD stdf applied these
method in studies conducte at two sites in Kenya, one in
Kalolen Division, Kili fi District, on the Kenyacoastard onein
Uash Gishu District, in the westen highland of the counts.
The stdf alo collaboratd with researcherin Zimbabwe to
study the effed of alternaive diseas contrd tactics in that
counts.

Epidemiologicé justification for implementirg East
Coag¢ fever immunization at the Kenya study sites was
obtaina by conductirg three bast studiesFirst, cattlein the
targe area were suiveyed to determire the prevalene of
antibodiesto Theileriaparva prevalen@ratesindicaelevels
of immunity tha have developed in apopulation Theanimals
in this suvey were chos@ from straaaccordirg to their age,
their type or breed the type of grazirg systen in use the size

(Opposité The distribution of
reportal outbreals of theil-
erioskin Zimbabwe from
1979 to 1989 overlayel on the
naturd regiors of the country.
The map was mack at ILRAD
using a compute-basel geo-
grapht information system.

EPIDEMIOLOGY
OF LIVESTOCK
DISEASE CONTROL



Crossbred dairy cows in
Kenya's highlands
(Uasin Gishu District).

of the herd and the agro-ecological zone of the target ar
Prevalence rates specific for each strata were calculated \
confidence intervals and comparisons were made among
strata. Low rates of antibody prevalence—which suggest t
much of a cattle population is at risk of East Coa
fever—were found in most strata of Uasin Gishu, in tt
genetically improved cattle in Kaloleni and in the Zebu cat
inhabiting low rainfall areas of Kaloleni.

The second component of ILRAD’s epidemiologice
methodology was a study made to determine the best ag
which to immunize cattle against East Coast fever. This stt
was carried out in groups of sentinel calves released
bimonthly intervals over one year in the coastal study site. T
time to infection withT. parvaranged from 12 to 98 days, 88%
of the calves developed East Coast fever and, in spite
treatment being administered, the case-fatality rate was 66

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

The results of these collaborative studies suggest 1
immunization of crossbred dairy cattle in the wetter regions
Kenya'’s coastal lowlands is warranted and that immunizat
of Zebu calves in the drier coastal lowland areas may
economically justified as well. There appears to be a broa
target population for immunization in the Kenya highlanc
study area. Farm-level economic studies will be made to as:
the relative costs and benefits of vaccinating cattle in the
areas.




inan areadependas mud on agood understandig of

the human environmen as it does on accura¢ agro-
ecologicdand biologicd assessmentbarmes make disease
contrd ard othe livesto& managemetndecisiors basel on
the goak of the householdthe resourcs available and the
prerequisits of othe enterprise on the farm Experiences
over the lag severd decads amorg thos developing
improved agricultura technologis ard transferrirg thes to
farmes throudh extensia netwvorks demonstragthat decision-
making in farming communities is compkx and—dwe to
difference in the scak ard priorities of production on the
farms—highy variable.

By analysimg the links betwea farmes and the livestock
diseagcontrd system operatirgintheir arearesearchergain
a bette understandig of the different socioeconomic
contexts of livestok diseag and its control The links
betweea African small-scaé famm managemensystens and
locd diseas contrd infrastructure are poorly understood.
Since 1989 ILRAD’s Socioeconomis Progran has
collaboratel with KARI ard the Internation& Livestock
Centefor Africa (ILCA) to examire thos links through use
of a farming systens researb straiegy, an approach
traditionally usel to improve crop production The
ILRAD/KARI/ILC A tean is developing prdfiles of the
circumstancein which smal farmes operaé (farm income,
human ard livesto&k nutritiond states livesto& disease
prevalence etc) by characterizig farms and conducting
diagnostt suwveys. The dat obtainel are being useal to
identify the mod appropriaé faim groups in which to
introduce improved diseag contrd technologies.

To help targé cattle populatiors for pilot immunization
again$ Eag Coas fever, ILRAD scientiss characterized
farnms in the Kili fi and Uash Gishu study areas In Kili fi,
livesto& production systens were classfied accordimg to
agro-ecologichzone cattle type and grazirg system In the
first two phase of farm characterizatio exercises being
carried out in Uasih Gishy fam size rathe than agro-
ecologic zore ard cattle type was found to be importart in
determinirg the choice of farming systems.

THEABILIT Y TO IMPROVE livestod diseas control

have been developel by stdf of ILRAD’sSocioeconomics

Progran to improve the accuray of estimats of the
economeimpacsof livestok diseassarnd their control Data
tovalidaethefarm-level modd have beea collected jointly by
ILRAD, KARI and ILCA scientiss from the study area at the
Kenya coas (Kalolen Division, Kili fi District). Thes data
wereal usal to assestheeconome benditsof immunizing
cattkinthat area agains Eag Coas fever.

B OTH FARM- AND HERD-LEVEL compute models

IDENTIFYING TARGET
GROUPS OF FARMERS
FOR IMPLEMENTATION
OF LIVESTOCK
DISEASE CONTROL

ECONOMIC IMPACT
OF IMPROVED
DISEASE CONTROL



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 research 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 coast of Kenya.

Most small-scale farmersin
developing countries do not
own or have access to mo-
torized vehicles. Thus, on
small farms in many parts
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

transporting farm produce
to market. Itis clear that the
draught animal will remain

the main source of traction
and power for agricultural

operations in the develo-
ping world for a long time

to come.

Cattle continue to play a
central role in many tradi-
tional farming systems for
other reasons as well. They
are an important source of
protein, mostly in the form
of milk, for rural families,
their manure helps to main-
tain and enhance soil fer-
tility, and sales of cattle and
cattle products are a main
source of income. Indeed,
in most African cultures,
the number of cattle and
other livestock a person
owns directly indicates his
or her wealth.

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

The farm model was developed in collaboration wi
scientists at Tex@A & M University. It simulates annual farn
production and consumption. It uses time increments of «
year and runs for 10 years. Each year starts with the debts
assets accumulated by the end of the previous year
prototype of the model and an accompanying datab
management system were tested and refined with c



obtainel from selecte farmes in the coasta and highland ~ Calculatel econome losses in
study area as well as throudh discussios of preliminary 198 dueto Theileria parva
resulswith theefarmersin addition to generatig indicators X;‘?Ct'or‘s in cattlein eleven
A . rican countries The total
of econome viability, such as net presetivalues bendit-cost  conomé loss was estimated
ratios and internd rates of return the modé also calculates to be US $163 million.
indicatoss of househdl nutritiond sufficiency and quality. (Figures arein US millions.)

Theherd modé takesinto accoutherd sizeard structure,
the estimatel impad of a diseag in terms of incidence case-
morbidity and casefatality, and the effects of a given control
methal on the disease on cattle productvity and on net
income Othe indicatos of financid impad sucd asmarginal
bendits, bendit-cog ratios and rates of retum on capitd can
be calculatel from the resuls of running the modeé for a
particula areaThemodd isdeterministt and runsfor astudy
periad of one yea. It can be usal to evaluat arnd compare
differert diseag contrd strategies.

The hed modd has been usal to make preliminary
estimats of the econom¢ losses cause by Eag Coas fever
ard the ex-ante economis of its contrd using the infection-
and-treatmetmethal of immunization Thesestimatswere
mack for theregion of 11 African countrieswheretheileriosis
cause by T. parva occurs as well as for the county of
Uganaard for KenyasKaloleni Divisionin Coas Province.
When applied to the endeme region of easterncentra and
southen Africa, totd losses due to theilerioss in 1989 were
estimaté to be US $168 million. This figure includes an
estimatel mortality of 1.1 million cattle An analyss of the
economic of applying the infection-and-treatment
immunization methal in the region showed high economic
returns with bendit-cod ratiosin therange of 9:1t0 17:1.

changs in incone levels with changs in peoplés 0OF IMPROVED
welfare Non-economt measure of the impacs of DISEASE CONTROL
developmenthowever, may be more pertinert indicatoss of a
communitys well-being Measurs of diet and nutrition, for
example are clearly linked both to food production ard to
healt in rurd householdsBut wherea the effects of cash
croppirg on househdl nutrition are often given due attention,
the nutritiond effects of changiry livesto& production
systens have only recenty begun to be examined.
In 1991, the ILRAD socioeconomis group began to
investigae ways of incorporatirg into ther progran assessments
of the nutritiond as well as economgt statts of the livestock
farmestheir work isaddressingThey developed aframework
tha determind the links betwee interventiors in livestock
managemenand househdl nutrition, identified method for
measurig nutritiond impad ard applied the in researh at
ther study area at the coas and in the highland of Kenya.

DEVELOPMENT AGENCIES commony equate NUTRITIONAL IMPACT



In 1991, the ILRAD
SocioeconomisProgram
assesgithe nutritional
aswell as economg status
of small-scaé farmers
and their families.

GEOGRAPHIC
INFORMATION
SYSTEMS

A pilot suivey of links betwea farm characteristisand
food consumptia patterrs was conducté during the year
amorg asampeé of 72 household in Uash Gishu District,
Kenya. Large-scad farmes (thoe owning more than 100
acre$ on average producel 18 times as much milk as small-
scak farmes (with unde 10 acre$ and resewed for
househdl use 4.5 timesas much milk assmall-scat farmers.
The averag daily incomes detived from milk sales ranged
from KShs.10.5 on smal farnms to KShs.344.0 on large
farms Househadl milk consumptio per consume unit per
day differed significantly betwe& household on large (22
litres), medium (1.6 litres) and smal farms (1 litre).

systemsdesigné to store manipulate analys and

display spatid data have been tailored by ILRAD
workers to help them predid the impad of livestok disease
contrd in Africa. Progran membes are now using three
geographi information systems GRASS a raste-based
systen running on SUN Graphics Workstatiors unde the
UNIX operatirg system ARC/INFO, a vecta-basa system
running on two IBM persondcomputes and aworkstation,
and IDRISI, a raste-basel systen running on an IBM
personacompute. (Climatic sufacesrepresenteby grids of
data are beg processé using a raste-basel system areas
representé with discree boundariessud as farms are best
processé with avecta-basel system.)

Spatid databasgare being developal at the continental
(Africa), regiona (easten Africa), county (Zimbabwe),
district (Uash Gishu Kenya) and divisiond (Kaloleni,
Kenya) levelstha will enabé Program stéf to integrae data

COMPUTERBASED geographe¢ information



on the impacts of controlling animal diseases. To supplement

existing databases, staff in 1991 digitized the best available

data on continent-wide distributions of wildlife hosts, such as

waterbuck 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 trican data displaved usi

geographical information system databases in 1991, includin é'cc:ﬂ?\”:%aa Isplayec using :
X - , & geographic infor

data on agro-ecological zones and transportation networkgation system.

and results of cattle censuses, serological surveys and dairy

marketing studies. The country-level geographic informatiodLRAD’s Socioeconomics

system for Zimbabwe being developed with the Zimbabwi rogram is tailoring computer-

. . . ased geographic information
Department of Veterinary Services now comprises ail sems and building mathe-

extensive database of over 60 layers of information. Highmatical models to help predict
resolution satellite data are being compiled for the wholehe impacts of improved live-
country for the purpose of evaluating the suitability of variousstock disease control.

habitats for tick survival. Zimbabwean experts are mappingaBeo raphic information svs.

the distributions of the wildlife hosts of various vector-bornetemsgheﬁ’p researchers to énalyse
livestock diseases for inclusion in the database. 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 policies
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 Orgnisation 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 @f
parvainfection byR. appendicu-
latusticks to cattle; use ahis
model led to development of a
method for estimating the rate
at which cattle are infected by
T. parvafor the endemically
stable states.




MODELS TO ASSESS
THE IMPACT OF
DISEASES AND
THEIR CONTROL

“We now stard at a crossroads
in theileriosis and indeed in
tick-borre diseasecontrol.

With new, more broadly immu-
nogenc ard safe vaccines

on the horizon it shoud be

possibé to adop atotally new
perspedte on theileriosis

contrd within afew years

The quot above and draw-
ing below are taken from
The Epidemioloy of Theileriosis
in Africa, abodk written by two
ILRAD scientistsB.D. Pery and
A.S. Young ard aformer ILRAD
stadf membe, R.A.l. Norval, now
working at the University of Flor-
ida. The drawing is also by an
ILRAD scientist D.JMcKeever.
Thebodk was publishel in 1991 by
Academt Pres (UK), 481 pp.
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vecta-borre diseass in Africa and the variety of

livesto& productian systens in use on the continent
necessitatdevelopmenof mathematicemodebkto formalize
ard synthesie the large amounsg of empiricd information
neede to makerationd decisiorsregardimg livestok disease
control Given asourd understandig of the epidemioloy of
Eag Coas fever and othe tick-borre diseasesmodeb of
thes diseass will provide scientists policymakes and
diseas contrd workers with powerful tools with which to
examineand compaethemeritsof intervention strategisand
policies.

Thos assessigthe impad of implementirg a livestock
diseag contrd straegy mug know the distribution of that
diseaseDiseag reportirg systens in Africa, however, can
rarely provide datthat are sufficiently detailed and accurate
for this purpose Fortunatey, the distribution and abundance
of the vectors of disease-causinparasite can seve as a
valuabk substitue for the distribution of vecta-borne
diseasedLRAD's SocioeconomigProgram stdf hasaccess
to two modek of vecta distribution ard two modek of
theilerioss occurrene ard has collaborate with stéff of the
Nairobi-basd United Nations Environmern Progran in
developing appropria¢ databasefor thee models.

A study was begunin 1991 to validat predictiors of the
distributionin Africaof thetick vecta of T. parva Rhipicephalus
appendiculatusmace using a climate-matchig mode called
CLIMEX on a high-resolutio (5-minutg interpolatel climate
databasfor Zimbabwe CLIMEX calculate an eco-climatic
suitability index for thetick on ascak of 0 to 100 so tha the
suitability of any particula areafor R. appendiculata can be
accurategl predicted The distribution of the values of this
index were compare with (1) reportal tick and disease
occurrene datg (2) naturd regiors (a rainfall-driven
classfication of agro-ecologichzone$ ard (3) land-use
categoriessut as commercial private or communal Good
correlatiors were found betwea the presene of an eco-
climatic index value of 1 or greate and the recorded
occurrene of R. appendiculatus Correlatiors with
theilerioss outbreak were less precise but were improved if
known buffalo-associatdoutbreals in the drier area of the
county in which the tick Rhipicephals zambeziensiis
reportel to occu were excluded from the analysis.

THE VARIETY and compkxity of the epidemiology of



Departmen of Cooperaitve Programs Training and

Information The broal aim of ILRAD's cooperaitve
actvitiesistwo-fold: (1) to advance our understandig of the
natue of importar tropicd livesto& diseass by empbying
biological socioeconond and environmenthdata materials
ard expertise from the countries in which the diseass occur
ard (2) to enlagethehuman and technicéresourceavailable
for agriculturd researb and diseag contrd in those
countries.

In1997, stdf of thisdepartmetard senia scientissfrom
ILRAD's researh prograns paid visits to nationa agricultural
researh organizatiosin 11 African countriesfor the purpose
of promotirg collaboraive researh with ILRAD. Members
of themissiorsconsulte with nationd stef onresearh areas,
personné and institutions that would bendit from
collaboratimwithILRAD. A formd agreemerwasestablished
this yea with Sdkoine University of Agriculture (Tanzania).
This link will strengthe collaboratve researh betwee the
two institutions on trypanosomiasiand theilerioss aswell as
on the socioecononu changstha improved contrd of these
diseass will bring abou in livestockkeepirg communities
ard their naturd environments.

As discussd throughot this annué report the many
collaboratve projecs undert&enin 1991 fell in suc diverse
researh area as epidemiology, diagnosis chemothergy,
drug resistane ard the social] econome¢ and environmental
impacs of improved diseag control. The collaboratve
projecssewned both asachannéfor thetransfe of technologies
ard as amears of acceleratig researh progres at ILRAD
and the collaboratimg institutions.

ILRAD s cooperaive researh acivities are supportel by
high-quality servie facilities, including the institutés

I LRAD's OUTREACH ACTIVITIES fall unde the

COOPERATIVE
PROGRAMS

Major collaboraive researh at
ILRAD includes the foll owing.

e TheAfrican TrypanotolerahLive-
stok Network (Nairobi) and national
agriculturdresearh institutesin Cote
d’lvoire, Ethiopia Gabon Gambia,
Kenya, Senegband Zaire on aspectof
genetc resistane to trypanosomiasis
in cattle breeds.

« TheCentefor Tropicd Veterinary
Medicine (UK), the Food and Agri-
culture Organization the Interna-
tionad Atomic Enegy Agercy (Vien-
na and nationd agriculturd research
institutes in Egypt Gambia Ghana,
Kenya, Mali, Senegal Sudan Tanza-
nia, Zamba ard Zimbabwe in evalu-
ation of an ILRAD assa for
diagnosimg trypanosore infections.

¢ The Kenya Agriculturd Research
Institute (KARI) and the govem-
mens of Tanzana (Zanzibar) Zam-
bia and Zimbabwe in characterizing
parasiestocksfor useinimmunizing
cattle agains theileriosis.

« KARI, ILCA and Zimbabwein so-
cioeconomg studies mack to deter-
mine the mog appropriag¢ strategies
for controlling theileriosis.

¢ The Kenya Trypanosomiasi Re-
seart Institute on studies of drug re-
sistanein trypanosomes.

¢ The Internation& Cente of Insect
Physioloy ard Ecology (Nairobi) on
developmen of DNA probes to detect
trypanosore infectiorsin tsete flies.



TRAINING

Alladin Kairo, aKenyan
Researh Fellow at ILRAD
studyirg the molecular
biology of the trypanosome
parasie for aPh.D. degree.

specializel library and its electrax microscqy, vecta,
laboratoy animal grapht arts and biostatistic units.
Cooperateresearhisalso backstoppe by awide variety of
training in the form of on-goirg reviews, lectures seminars,
meetingsworkshopsconferencesndividud instructian and
speciagrow coursatha are held on all aspecs of ILRAD's
research from bovine immure response to recombinant
organisns to biosafey standard to ethroveterinay studies.

smallholde farms in Africa and othe regiors of the

developing world due to anecessi to increag food
production while conservig land and wate resourcesMany
farmes are attemptirg to accomplis this dud tak by
integratirg crop and livesto& farming and by intensifying
their livesto& production. Guiding farmers extension
workers and veterinarias in how to manag thee new
farming systens will require acade of highly committed,
trained and scientfic personnel It is the principd aim of
ILRAD's Training Unit to help develop that human
infrastructure.

In 1991 36 scientiss and senia laboratoy technicians
cane to ILRAD for periocs of one week to six montts to
recaveindividud training in techniqus or area specfied by
their researhinstitute or diseas contrd project Threegroup
course with atotd of 21 participans were held during the
yea on use of advancel technique for diagnosing
trypanosomias and tick-borne diseases. In addition,
financid suppot was given to many researcherard disease
contrd workers to atterd course run jointly by ILRAD and
othe internation& agencis in 1991 in Burkina Fasq Cote
d'lvoire and Uganda.

Thirty-one students—mdsof them from Africa and
supportel by ILRAD fellowships—conducie researb at
ILRAD during all or pat of 1991 towards Ph.D ard M.Sc.
Degrees. Seven of thee researh fellows were awarded
doctorae degres this yea ILRAD provided three additional
fellowships to senia African  scientiss to do post-doctoral
researh at the institute.

ILRAD hostealtwo scientficworkshosin 1991 ‘Bovine
Genone Mapping ard Trypanotoleranceheld in April, and
‘Recert Developmens in the Researb and Contrd of
Anaplasmosis Babesioss and Cowdriosis’, held in May.
Discussiosat theseworkshogs seved bothto updae ILRAD
stef on current researh in thes area that isrelevart to the
institute and to inform scientiss working in developed
countriessabou the curren stae of livestok diseag control
ard researh in Africa.

ILRAD also helpea to run three othe workshops
conducte in 1991 jointly with the Rodefeller Foundation

CHANGES ARE OCCURRING on millions of



and 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 Organization 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 Organization, ILRAD supported the
OAU21st Meeting of the International Scientific Council for
Trypanosomiasis Research and Control’ and helped to run a
training seminar held before the meeting in Yamoussoukro,
Céte d'lvoire, in October.

Individual training at ILRAD
Country T RF SRF PDF in 1991; number of participants
in different types of training by
. . country of origin. Nearly 10%
From developing countries of ILRAD’s budget is spent each
Benin 1 year on training and
Cameroon 2 1 related outreach activities.
g;]?g ia 1 i TT = technical training
P RF = Research Fellows
Gambia 1 SRF = Senior Research Fellows
Ghana 1 PDF = Post-Doctoral Fellows
India 1 1
Kenya 17 15 1 1
Madagascar 1 ‘There is no evidence that any
Malawi 2 country or race is better than any
Nigeria 1 3 or'][her in scienéif(ijc tleafcha%ility:
there is a good deal of evidence
Seneg_al 1 that all aregmuch alike. Tradition
Somalia 1 and technical background seen
Tanzania 3 2 to count for surprisingly little. . .
Togo 1
Uganda 1 ‘Itis technically possible to carry
Zaire 2 out the scientific revolution in
. India, Africa, South-east Asia,
Zambia 3 1 Latin America, the Middle East,
within fifty years . . . Since the
From developed countries gap between the rich countries
Belgium 1 anltljl lghe ?oor can br? remO\r/]edéI i
will be. If we are short-sighted,
Canada 1 1 inept, incapable either ofggood-
France 2 1 will or enlightened self-interest,
Italy 1 then it may be removed to the
Netherlands 1 accompaniment of war and star-
Spain 1 vation: but removed it will be.
UK 3 The qgestions are, how, and by
USA 1 1 whom.
— C.P. Snow,The Two Cultures and
Totals 35 32 3 11 the Scientific Revolution,Rede Lec-
ture, 1959, Cambridge: Cambridge
University Press, 1960, pp. 42—44.




clientsof theinstituteard agricultura policymakersdonor

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

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

¢ ILRAD s use of recombi-
nart DNA technoloy to
improve identffication of
tick-borre ard trypano-
soma parasites.

« Therole cytotoxic T cells
play in protectirg livestock
agains Eag Coas fever.

e The mechanisraby

which cattle acquieim-
munity to trypanosomiasis.
e Currert findingsinre-
seartion T. annulata

« Dysfunctian of the pitui-
tary glard in animakin-
fected with trypanosomes.
e Curreri researh and con-
trol of the tick-borre dis-
eass anaplasmosjdbabe-
sioss and cowdriosis.

e ILRAD sestimatiois of the
losses due to theilerioss and
the bendits of immunizing
livestok againsit.

« Recenprogresinresearch
on avaccire again$ East
Coas fever.

» The carrig stakein cattle
infected with T. parva.

¢ ILRAD sus of the poly-
merag chai reactia to
synthesie large amouns of
DNA for usein superio di-
agnostt tess ard in experi-
ment designe to gain a
bette understandig of the
molecula mechanisraof
trypanosomiasiard tick-
borre diseases

* |dentification of a trypan-
osone enzyne tha prove a
usefud antigen in development
of novel contrd method for
trypanosomiasis.

agencieghe medaard thegenerapublic informed about
progres ILRAD is making in its aim to improvethewelfare of
peopk in developing countries by improving their contrd of
livestok diseases Throudh its publicatian series the unit also
helps to transfe the product of this researh to ILRAD's
stekeholders particulary to scientiss in nationa agricultural
researh systens in developirg countries.

The unit publishes an ILRAD Annud Reporfan annual
ILRAD Highlights and a quartery scientfic newslette, ILRAD
Reportsin Frend aswell as English and in English only, an
ILRAD Annud Scientfic Report an annua list of scientfic
publicatiors produce by stdf, one or two proceeding of
internation scientfic meeting held at ILRAD, an annual
Program and Budget documem and a weekly Internal
Newslette distributed to all stdff membes and to the Board of
Directors All publicatiors are written, edited designé and
electronicaly laid out to camera-reag stage in-hous using a
personhcompute and lase printer. Translation and typesetting
of Frend publicatiors is contracté to abiomedic# translation
company in the USA.

The annud report annud highlights and quarterly
newslette are intendal for a wide range of readers with
emphass on scientiss and policymakesin nationd agricultural
researh systems ILRAD's annué scientfic repot comprises
abstract disclosirg theaimsand resuls of ead researh project
conducte at the Laboratoy during theyea. Thisbodk and the
annuda list of stdf publicatiors are intendel for scientiss and
highly technicé steff working in area related to ILRAD's
researh prograns as well as for new ILRAD st&f.

Proceeding of the institutes internationa workshos are
alsointendal mainly for ascientfic readershipln 1991 ILRAD
publishel summaris of papes presentd at its May workshg on
Bovire Genone Mappirng and Trypanotolerane. This volume,
edited by Alan Teale who head the ILRAD Trypanosomiasis
Researh Program comprise repors from bovine gene
mappirg laboratorie arourd the world and groups concerned
directly with trypanotoleraneresearch Included are asummary
of a finad roundtabé discussio ard recommendationfor the
developmen of bovine genone mappirg ard the production and
use of trypanotoleraneresoure material.

A new publication series was begun in 1991to keep
ILRAD’s donoss and st&keholdes abreas of progres the
Laboratoy is making in developing betta contrd of
trypanosomiasiand tick-borre diseasesThe® ILRAD Reseech
Updates are brief amd nontechnical. Three issues were
producel in 1991 ‘Promising Resuls in Researh on a



Vaccireagains Eag Coas Fever (August) ‘Integration of
Globd Researhk on Tick-Borne Diseases(Octobej and
‘New Test to Diagno® TrypanosomiasigDecember).

Highlighting othe public awarenes acivities of the
unit this yea was participation in an 'InternationdCentres
Day held in Novembe at the Internation& Cente for
Researlnin Agroforesty (ICRAF). Thisall-day evert was
organizel to celebra¢ ICRAF's recen ently into the
Consultaitve Group on InternationdAgricultura Research
(CGIAR, Washington D.C.) ard to promot the work of
internationdand nationd agriculturaresearb progransin
easten Africa. Seven CGIAR institutesthe United Nations
Environmen Progran (Nairobi) and two Kenyan
agriculturd researh institutestook part Over 500 invited
guess from Kenyan governmeit ministries universities
ard researh institutes aswell asdona representatesand
mediapersonnelattende the celebrationswhich included
colourfu exhibits in marqueesscientfic demonstrations,
shot talks by the Directors Generéof ILRAD and ICRAF
ard scientistsand acatera lunch consistimg of dishesmade
with the mandag agriculturd producs of the participating
CGIAR centres.

scientfic literature mog of it intheform of journals

ard books to mee the information need of stéf
members visiting scientiss and participans in the
institutestraining program Theemphass of the collection
is on the livestok diseass ILRAD focuses on, African
animd trypanosomiasiand tick-borre diseasesas well as
veterinay medicire and the biochemisty, chemotherpy,
cytology, epidemiology, geneticsimmunolog, molecular
ard cel biology and patholoy of thes diseass ard their
causdilve parasites.

Journasform the main patt of the Library's collection.
In1991 theLibrary subscribdto 250 specializé scientfic
journals 25 monographi seriab and 12 indexing or
abstractilg journals. The weekly Current Contents
databasisrecaved ondisketeaswell asinprintedform. A
totd of 267 books were purchasd this yea, bringing the
totd bodk stodk to abou 3,700 volumes A Weeky Alert
newslette is producel ard distributel to stdf and other
locd librariesto highlight importart new accessiosin the
Library.

The Library also introducel acces to several
internation& agriculturd and biomedicd databasgstored
electronicaly on CD-ROMs (compat disks-red only
memory). Thes include Biologica Abstracts CAB
InternationdAbstractsMEDLINE, Sciene Citation Index
and SESAME A locd areacompute network launchel in
theinstitute towardsthe end of theyea mack it possibé for

THE ILRAD LIBRARY acquires and disseminates




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 anc
retrieval media yet to be de-
veloped are revolutionizing
information discovery.
These technologies are ac-
tually democratizing 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, ‘Systematic
Serendipity and Universal
Information Access’,CBE
Views\ol. 15, No. 4,1992, p. 81.
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10DAY i

)

ILRAD scientists to begin conducting their own literatut
searches using office personal computers. Library staff ga
seminar this year to demonstrate how to use newly instal
information technology, especially CD-ROMS, and how
access telecommunications services.

Because the Library's extensive, up-to-date and hig
specialized journal collection is unique in Kenya, the Libra
extends its services to staff from a variety of other loc
research institutes and from government departments
universities. In 1991, the Library acquired over 700 reprir
requested by researchers, made over 17,000 photocopi
journal articles for ILRAD staff and undertook over 16
literature searches for users. Staff helped strengthen
information services of national agricultural research syste
through exchange of publications and interlibrary loans &
by providing short-term practical training to ten librar
students from Kenyan universities and research institutes

This year the Library borrowed 502 publications fro
libraries belonging to a cooperative research library netw
in Nairobi, loaned out 603 publications and donated over ¢
copies of journals and over 1,000 books to the network. M
than half the 160 literature searches undertaken during
year were conducted for external users from Kenya, Nige
Tanzania and Zambia. ILRAD also supplied over 1,0
reprints or photocopies of scientific papers to scientists fr
all over the world, notably from India, the USA and countri
of sub-Saharan Africa.
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RESEARCH SUPPORT

tsete flies for researb on trypanosone parasites.

Trypanosomgnormally pas throuch severd stage of their
life cycle in the tset® fly. Although it is possibk to maintain
trypanosoms in vitro and to infect laboratoy animak and
livestok by injecting parasits into the animals trypanosomes
maintaine and transmittel artificially differ from those
transmittel naturally through the bite of an infected tset fly.
Thus agred ded of the trypanosomiasiresearh conducte at
ILRAD requirestrypanosomsthat havedevelopealintset&flies.

Five tset® breedirg colonies were maintainel at ILRAD in
1991 TheewereGlossiramorsitarscentalis, whichoriginated
from mainlard Tanzania G. palpalis gambienss from Burkina
Fasq and G. pallidipes G. brevipalps and G. longipennis all
from Kenya. The® specisrepresenthethreetaxonome groups
of tsetse—morsitangalpals and fusca.

All the colonieswere maintainel at 25 °C and fed five daysa
week on the eass of rabbits G. m. centalis ard G. longipennis
were kept at 70% relaive humidity, the othe specis at 80%.
These colonies provided all the tsets required for
trypanosomiasi researh at ILRAD in the yea. The unit in
addition suppliel tset® pupara to severd researb grous in
Kenyaard abroad.

Aswell as maintainirg tset® colonies stdf membes of the
unit condud researh on tset® flies as vectors of African
trypanosomiasis Studies were undert&en in 1991 to compare
the susceptibiliy of differert tset® populatiors to infection with
trypanosomes Two colonies of G. pallidipes were established wiv, !
using pupadeposite aslarvae by wild femakfliescaughintwo -
areaof Kenya: ShimtaHills, in Coa$ Province, and Nguruman,
in Rift Valley Provir_1ce. Both colonies_ were sufficiently 1, jak Kabata atechnologisin
productvefor comparisostobemaceof their vecta competence | RAD's Tset® Unit, with tsetse
for T. congolene stocks Tset® flies from Nguruman were fliesinwire cages.

I LRAD’ STSETSE UNIT develops and maintairscoloniesof  TSETSE UNIT




TICK UNIT

‘Proof that tickswerevectos of
piroplasns was forthcoming
almog ore hundrel yeas ago
from studies of T. Smith and
F.L. Kilbornein 1838 on Texas
cattle fever.

‘Smith identified Piroplasma
(Babesig bigemira as the
causateorganisn of thisdisease
whileKilborne, in eleganstudies
using experiment& paddocks,
demonstrattha Boophilts an-
nulatus wes the tick vecta. This
was thefirst time thet an arthropod
was shown to be avecta of
disease. . .

‘C.P. Loundoury (1904 wasthe

first persmtoidentify thevector
of Theileria parva as the

brown ea tick, Rhipicephalus
appendiculatus

— B.D. Perry, A.S. Young (Head of
ILRAD’s Tick Unit) and R.A.I.
Norval, The Epidemioloy of
Theilerioss in Africa, London:
Academct Press1991 p. 131.

found to be significantly more susceptiké than those from
Shimka Hills to T. congolene stocks isolated from G.
pallidipes from the two are® of Kenya. This resut has
importart implicatiors for those conductirg researh on the
epidemioloy trypanosomiasis.

salivary glands infectad with the sporozoie form of

Theileriaparva Theileriasporozoitscan beobtained
only by passag of the parasits betwea tick vectos and
mammalia hosts Nympha ticks pick up the parasits from
feedirg on cattle infected with Theileria pava (Muguga)
stabilate After theadult ticksmoult, they arefed for four days
on rabbits and then dissectd to hawveg the infected salivary
glands Infectionratesaredetermine for ead batd of ticks.

Rhipicephalg appendiculatsisthe mog importart tick
specis in Eag Africa, wher it is the principd vecta of T.
parva Stoclks of this specis maintainel at ILRAD include
those from Muguga Kenya; O1 Pejeta Kenya; Mclwaine,
Zimbabwe ChipataZambig ard EntebbeUganda Colonies
of othe tick specis maintainel at ILRAD include other
Rhipicephals species—R. evertsi R. pulchellus and R.
zambeziensis-as well as Amblyomma variegatun and
Amblyomm gemmavectoisof Cowdriaruminantiumwhich
causs heartvater, Boophils decolaatus vecta of Babesia
ard Anaplasma which cau® redwvate and gall sickness,
respedtvely; and two relaively benign Theileria speciesT.
mutars and T. velifera.

A maja researh effort of the Tick Unit is to determine
the factos that influence infection rates in ticks so as to
maximizeinfection levels A large databason tick infection
rates has been assembld at ILRAD over the lag four years.
The data concen stabilae dos (T. parva Muguga 3087),
diseas respons in cattle infection rates in tick stocks,
dexamethasoatreatmem of cattle manipulation of the tick
feedirg site and modification of the temperatue of the room
wher theticksfeed on cattle ILRAD stdf are collaborating
with scientiss from the University of Strathclycge on
developing method for interrogatirg the database.

Othe studies were startel in 1991 to examire the
dynamic of cellular immure responss in the area of
attachmen of T. parva-infected and -uninfecta R.
appendiculats in the lymph draining site. Histological
studies show the layering of cemeih secretd by the tick to
secueitsel for feedirg and the cellular infiltration of thearea
below the tick proboscis Electromicrograpld studies show
the gradua releag of single sporozoits from infected
salivary glard cells Immunologicéd studies indicake that
derma dendritc cells are prominert in the infiltration during
the first four days of feeding Resuls of thes studies will

THE TICK UNIT supplies scientiss with ticks ard tick



provide information on the natue of immure cel infiltration that
may influence the succes of infection.

next to ILRAD's laboratoriesat Kabete held abou 500 PRODUCTION
heal of cattle 400 goas and 20 she@ during 1991 that
were allocateal for researhb projecsat ILRAD . Inaddition to the
experimentécattle 361 calves were brougtt to the faim when a g
few days old to be raised unde tick- and tsetse-fre conditions.

ILRAD's ranch Kapiti Plains Estate locatel abou 70 km
from Nairobi, carried an averag of 2,800 heal of cattlein 1991
and supplied 469 cattle to the ILRA D Farm and sold 607 cattle to
locd farmes ard butchers Animal healh on both the ILRAD
Famand Kapiti Randcwasgeneraly good Altogethe duringthe
yed, 1,061 calveswerebom on the ranc from abreedirg herd of
1,151 cows, making acalving rate of 92.1%.

ILRAD'sLarge Animal Unit hascontinuel torefinetheuse of
embnyo transfe techniques Stdf membes have testel and &
standardizeé method for synchroniziig the ovulation of Boran
dona ardrecipiert cows, for stimulatirg superovulatiainBoran |
donors for assessipthe suitability of recipiensand for handling
and splitting embrycs before implanting them in recipiert cows.
Theprogran continuel todowell throughow1991, with 60 calves
producel by embryo transfe, which included 21 pure Boran and
six ses of identicd Boran twins. (Above) Seven-dy old bovine

Embnyo transfe is als being performel in N'Dama cattle, ~embryos(Below Cales
which come from Wet Africa, to produe N'Dama animabs for gﬁgxg“;jrgtng‘f??e%h”nsia”l?es_
experimenthusein ILRAD'strypanosomiasiresearh program.

Seven pure N'Damacalveswerebomin 1991, bringing ILRAD's
totd N’'Damaproductionto 50. N'Damaand Boran haemopoetic
chimeracanbeproducel by implantingoneN'Damaembry and
one Boran embnyo into the same recipiert mothe and allowing
themtodevelop astwins. Onesé of chimaerctwinswasbomthis
yea. Thechimerawill bechallengéwithtrypanosoreparasites
to investigae the transfe of trypanotolerane traits from the
N’Damato the Boran ard the transfe of trypanosensivity from
the Boran to the N'Dama.

In 1989 ILRAD began aprojed to map the bovine genome.
Large families of N’'Dama/Boran crossbre cattle are neede for
this project Ead family is producel at the Kapiti Rand by
superovulatig a particula Boran cow severd times ayea and
inseminatig the cow with seme from the sarme N’Dama bull
until 30 crossbrd Boran/N’'Dana calves are produced Two
families were completel in 1991 thes consiste of 36 ard 29
calves Productia of a further two familiesisin progressby the
erd of 1991 thee numberéd 12 and 9 calves or corfirmed
pregnancies.

THE LARGE animd facilitiesonthe ILRAD Farm located | aARGE ANIMAL




LABORATORY ANIMAL
PRODUCTION

o

Mr. Bob King, Hea of ILRAD’s

Laboratoy Animal Production.

BIOSTATISTICS AND
COMPUTING SERVICES

researb andtraining progranswith aregular supply of

mice rats and rabbits In 1991, ILRAD was self-
suficient in the production of all of thes laboratoy animals.
The Unit also maintairs asmal colony of guineapigs, which
are occasionalj required for experiment& work. All
laboratoy animak are housel and maintainel accordirg to
internationhanimd welfare corventions.

Colonies of two inbred mouse strain—BALB/c and
C3H/He—wee maintained The C3H/He mice are used
primarily for studies on hog resistane to trypanosomiasis.
The BALB/ ¢ mice and acolony of BALB/c x Swiss F| mice
are maintainel for the productian of monoclon&antibodies.
Random-brd Swiss mice are increasingy usel for all other
researh work becaus they are more productve and grow
faste than the inbred strains The Beige x SCID stran is
maintainel for usein transfectio experiments The unit also
maintairs acolony of random-bred rats originating from the
Sprage Dawley stran primarily for the production of
trypanosomes Rabbit are used mainly to produe antisera
ard to suppot the tset® arnd tick colonies.

The totd numbes of mice rats and rabbis usal at
ILRADin 1991 were 37,015 11,818 ard 1,253 respedtiely.
Inadditionto supplyirg all thelaboratoy animakrequired by
ILRAD scientiststhe breedirg unit provided atotd of 1,265
mice, 280 ratsand 4rabbitsto six othe researb organizations
in Kenya.

THE LABORATORY Animal Unit provides ILRAD's

provides suppot and services to ILRAD's scientfic and

administraive staf. Scientiss from Strathclyde
University (UK) continuel to provide suppot and expertisin
statistics and mathematicemodelling.

Severd additiond persona computes and peripherals
were purchasd in 1991, bringing the totd numbe of
microcomputes distributed throughou the institute to over
90. A locd areanetvork wasinstalled during theyea, which
linksmod of theinstitutes compute usesthrough aninternal
electront mali servie and enables them to acces various
commercidscientfic databases.

ILRAD subscribsto CGNET, aninternation&electronic
mai servie linking the CGIAR institutes This servie also
gives ILRAD acces to many othe internationa electronic
networks, such as BITNET (which comprise research
institutes and universities arourd the world) and British
Telecan Gold (British business) Electront mai serviewas
improved this yea with the introductian in Kenya of
KENPAC, aKenyan public padet data netvork.

I LRAD's BIOSTATISTICS and Computirg Services Unit



All the publicatiors listed below
were publishel in 1991 The
numbesin parenthessare ILRAD
Library accessia numbers.

PUBLICATIONS PRODUCED
BY THE INSTITUTE

ILRAD 1990 Annud Report.
Nairobi, Kenya: International
Laboratoy for Researh on
Animal Diseases119 pp.

ILRAD 1990 Annud Scientfic
Report Nairobi, Kenya:
Internation& Laboratoy for
Researb on Animal Diseases,
118 pp.

ILRAD Highlights 1991 Nairobi,
Kenya: Internation& Laboratory
for Researh on Animal Diseases,

4 pp.

ILRAD Reports Nairobi, Kenya:
Internation& Laboratoy for
Researh on Animal Diseases.

JANUARY ISSUE Recombinant
DNA Technology in the Diagnosis
of African Livestak Disease 8 pp.

APRIL ISSUE The Mechanisns by
which Cattle Acquire Immunity to
Trypanosomiasisb pp.

JULY ISSUE Tick-Borre Diseases
of Livestak, 8 pp.

OCTOBER ISSUE Making Genes
Visible, 8 pp.

PUBLICATIONS

ILRAD Publicatiors 1990 Nairobi,
Kenya: Internation& Laboratory
for Researh on Animal Diseases.

4 pp.

ILRAD Reseach Updatesl
Nairobi, Kenya: International
Laboratoy for Researh on
Animal Diseasesl p. each.

NO. 1, AUGUST: Promising
Resuls in Reseach on a Vaccine
againg Eag Coad Fevae.

NO. 2, OCTOBER: Integration of
Globa Reseach on Tick-Borne
Diseases.

NO. 3, DECEMBER New Test to
Diagno® Trypanosomiasis.

ILRAD Program Plans and Funding
Requiemens 1988-1992:
Funding Requiemens for 1992.
Nairobi, Kenya: International
Laboratoy for Researb on
Animal Diseases18 pp.

Tealg A.J. ed. Bovine Genome
Mapping and Trypanotolerance:
Proceeding of a Workshg Held
at ILRAD, Nairobi, Kenya 9-11
April 1991 Nairobi: International
Laboratoy for Researh on
Animal Diseases72 pp. (1045).

JOURNAL ARTICLES, PAPERS IN
PROCEEDINGS AND BOOK CHAP-
TERS WRITTEN BY ILRAD STAFF

Aboagye-KwartengT., Ole-
MoiYoi, O.K. and Lonsdale-
Eccles J.D. Phosphorylation
differences amoryg proteirs of
bloodstrean developmentastages
of Trypanosom bruce brucei.
The Biochemicd Journd 275:
7-14 (908).

Agyemang K., Dwinger, R.H.,
Grieve, A.S. and Bah, M.L. Milk
productian characteristis of
N’Dama cattle kept unde village
managemetin The Gambia.
Journad of Dairy Sciene 74:
1599-16@ (1078).

Agyemang K., Dwinger, R.H.,
Grieve, A.S. ard Little, D.A.
Studies on the effects of milking
on calf growth and viability and
on cow reproducive performance
in traditionally managd N'Dama
herds Animd Production 53:
11-18 (1076).

Bajyara Songa E., HamersR.,
Rickman R., Nantulya V.M.,
Mulla, A.F. and Magnus E. 1991.
Evidene for widespread
asymptomat Trypanosoma
rhodesiens human infection in
the Luangwa Valley (Zambia).
Tropicd Medicire and
Parasitology 42: 389-33 (1081).



Baylis, H.A., Sohal, S.K.,
Carrington, M., Bishop, R.P. and
Allsopp, B.A. An unusual
repetitive gene family imheileria
parvawhich is stage specifically
transcribedMolecular and
Biochemical Parasitology9:
133-142 (1007).

Bensaid, A. and Hadam, M. Bovine
CD4 (BoCD4). In:Proceedings
of the First International
Workshop on Leukocyte Antigens
in Cattle, Sheep and Goats,
Hanover, Germany, 25 July 1989.
Veterinary Immunology and
ImmunopathologySpecial Issue,
Vol. 27, Nos. 1-3, pp. 51-54
(958).

Bensaid, A., Kaushal, A., Baldwin,
C.L., Clevers, H., Young, J.R.,
Kemp, S.J., MacHugh, N.D.,
Toye, P.G. and Teale, A.J.
Identification of expressed bovine
class 1 MHC genes at two loci
and demonstration of physical
linkage. Immunogenetic83:
247-254 (981).

Bensaid, A., Young, J.R., Kaushal,
A. and Teale, A.J. Pulsed-field gel
electrophoresis and its application
in the physical analysis of the
bovine major histocompatibility
complex. In: Schook, L.B.,
Lewin, H.A. and McLaren, D.G.
eds.Gene-Mapping Techniques
and Applications.New York:
Marcel Dekker, pp. 127-158
(835).

Bernoco, D., Lewin, H.A.,
Andersson, L., Arriens, M.A.,
Byrns, G., Cwik, S., Dayies, C.J.,
Hines, H.C., Leibold, W., Lie, O.,
Meggiolaro, D., Oliver, R.A.,
Ostergard, H., Spooner, R.L.,
Stewart-Haynes, J.A., Teale, A.J.,
Templeton, J.W. and Zanotti, M.
Joint report of the Fourth
International Bovine Lymphocyte
Antigen (BOLA) Workshop, East
Lansing, Michigan, USA, 25
August 1990Animal Genetic®2:
477-496 (1051).

Bienen, E.J. and Shaw, M.K.
Differential expression of the
oligomycin-sensitive ATPase in
bloodstream forms of
Trypanosoma brucei brucei.
Molecular and Biochemical
Parasitology48: 59-66 (932).

congolensechanges in
respiratory metabolism during the
life cycle. Experimental
Parasitology73: 403-412 (910).

Chen, P.P., Conrad, P.A., ole-

MoiYoi, O.K., Brown, W.C. and
Dolan, T.T. DNA probes detect
Theileria parvain the salivary
glands ofRhipicephalus
appendiculatugicks.
Parasitology Researchi7:
590-594 (1006).

Coulibaly, L., Diarrasouba, 1.,

d'leteren, G.D.M., Gnihan, N.,
Hecker, P., Itty, P., Kupper, W.,
Leak, S.G.A., Nagda, S.M.,
Rarieya, J.M., Schuetterle, A.,
Thorpe, W., Trail, J.C.M. and
Traub, D. Effect of tsetse control
by means of insecticide
impregnated biconical traps on
health and productivity of
livestock in northern Cote
d'lvoire: preliminary results. In:
Proceedings of the International
Scientific Council for
Trypanosomiasis Research and
Control: 19th Meeting, Lomé,
Togo, 1987 Nairobi: Organization
of African Unity/Scientific,
Technical and Research
Commission, pp. 445-447 (1082).

DeMartini, J.C. and Baldwin, C.L.

Effects of gamma interferon,
tumor necrosis factor alpha and
interleukin-2 on infection and
proliferation of Theileria
parvainfected bovine
lymphoblasts and production of
interferon by parasitized cells.
Infection and Immunity 59:
4540-4546 (987).

Dolan, T.T., Morzaria, S.P. and

Katende, J. Theileriosis. In:
Ozawa, Y., edManual of
Recommended Diagnostic
Techniques and Requirements for
Biological Products for Lists A &
B Diseases\ol. lll, Part Il.

Paris: Office International des
Epizooties, pp. 1-16 (935).

Bienen, E.J., Webster, P. and Fish, Doyle, J.J. Potential role of CGIAR
W.R. Trypanosoma (Nannomonas)

centres in animal biotechnology
transfer. In: Mailu, A.M., Mugah,
J.0. and Fungoh, P.O., eds.
Biotechnology in Kenya:
Proceedings of the National
Conference on Plant and Animal
Biotechnology, 25 February—-3
March 1990, Nairobi, Kenya.
Nairobi: Initiatives Publishers for
the Kenya Agricultural Research
Institute, pp. 267-270 (1095).

Dwinger, R.H., Clifford, D.J.,
Agyemang, K., Grieve, A.S.,
Kora, S. and Jabang, B.
Comparative studies on N'Dama
and Zebu cattle following
experimental infection with
Trypanosoma congolense. In:
Proceedings of the International
Scientific Council for
Trypanosomiasis Research and
Control: 19th Meeting, Lomé,
Togo, 1987.Nairobi:
Organization of African
Unity/Scientific, Technical and
Research Commission,
pp.394-401(1087).

Eirayah, |.E. and Kaminsky, R. The
effect of diminazene aceturate and
isometamidium chloride on
cultured procyclic forms of
susceptible and drug-resistant
Trypanosoma congolensé\cta
Tropica 49: 201-213 (923).

Flynn, J.N. and Sileghem, M. The
role of the macrophage in
induction of immunosuppression
in Trypanosoma congolense
infected cattle.Immunology74:
310-316 (950).

Fritsch, G., Nelson, R.T., Muiya, P.,
Naessens, J. and Black, S.J.
Characterization of bovine
haemopoietic progenitor cells
using monoclonal antibodies and
fluorocytometry. Veterinary
Immunology and
Immunopathologp7: 277-292
(796).

Goddeeris, B.M., Dunlap, S., Innes,
E.A. and McKeever, D.J. A simple
and efficient method for purifying
and quantifying schizonts from
Theileria parvainfected cells.
Parasitology Researchi7:

482-484 (982).



Goddeeris, B.M., Dunlap, S., Bensaid,
A., MacHugh, N.D. and Morrison,
W.I. Cell surface phenotype of two
cloned populations of bovine
lymphocytes displaying non-specific
cytotoxic activity. In:Proceedings of
the First International Workshop on
Leukocyte Antigens in Cattle, Sheep
and Goats, Hanover, Germany, 25
July 1989. Veterinary Immunology
and Immunopathologyspecial Issue,
Vol. 27, Nos. 1-3, pp. 195-199 (963).

Gooding, R.H., Moloo, S.K. and
Roiseth, B.M. Genetic variation in
Glossina brevipalpis, G. longipennis
and G. pallidipesand the phenetic
relationships ofGlossinaspecies.
Medical and Veterinary Entomology
5:165-173 (994).

Gray, A.R. International Laboratory for
Research on Animal Diseases:
research achievements, problems and
future planning.Kenya Veterinarian
11: 16-18 (1026).

Gumm, |.D. The axenic cultivation of
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Table A1. Summary costs by program and activity (US$ thousands)

1991 1990
Research
Parasitology—Trypanosomiasis 734 579
Biochemistry 767 784
Cell Biology 564 562
Immunobiology 638 607
Parasitology—Theileriosis 752 667
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 5,813 5,394
Research Support
Office of Director of Research 706 823
Farm 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 379 371
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




Table A2. Summary of core operating funds from donors (US$ thousands)

1991 1990
UNRESTRICTED AND RESTRICTED
FUNDS FROM DONORS
Unrestricted Funds from Donors
World Bank 2,524 2,800
United States Agency for International
Development 1,900 1,985
United Kingdom 1,322 1,086
Canadian International Development
Agency 964 900
Germany 872 728
Switzerland 792 688
Sweden 536 470
Netherlands 491 410
Japan 473 434
Norway 305 302
Belgium 293 280
Finland 278 248
African Development Bank 250 250
France 197 192
Denmark 174 152
Italy 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 350 350
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




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
Transfer to Capital Replacement Fund 976 100
Unexpended Balance Carried Forward 453 500
TOTAL APPLICATIONS 14,379 14,508




Table A4. Balance sheet as at 31 December 1991 (US$ thousands)

1991 1990
ASSETS
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: 1990 figures have been revised to account for a newly introduced depreciation policy.
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