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FOREWORD

The International Laboratory for Research
on Animal Discases (ILRAD) was estab-
lished in 1973 with a mandate to conduct
intensive research leading to improved con-
trol of livestock diseascs. ILRAD now
occupies a modern complex of research lab-
oratories and support facilities at Kabete on
the outskirts of Nairobi, Kenya, and has a
cattle brecding ranch at Kapiti, about 80 km
from Nairobi. In 1986, ILRAD’s full com-
plement of staff included 49 senior scientific
and adminisirative personnel, 24 specialized
techricians, 48 technical support staff and
255 in the general support category.
Research and training activitics concentrate
on immunological and related aspects of two
diseases which seriously limit food produc-
tion in Africa and other developing regions
of the world—African animal trypanosom-
iasis and East Coast fever (ECF), a virulent
form of theileriosis.

Despite intensive research efforts at
ILRAD and in several other laboratories, the
current situation regarding control of ECF
and trypanosomiasis is not yet completely
satisfactory. Control of ECF is still based
primarily on control of the tick vertor by
regular acaricide treatment plus pasture
management and exclusion of wildlife. Two
new drugs have been marketed for the treat-
ment of infected animals, but they arc
expensive and require early diagnosis if
treatment is to be successful. Thus, ILRAD

continues to work towards developing a
practical means of immunization against
ECFE. Research is conducted in three areas:
vaccination by infection and treatment, and
the development of improved immurization
procedures using cither isolated components
of the sporozoite or of the schizont form of
the parasite.

Immunization by infection and treatment
requires the sinltaneous injection of live
sporozoites plus a tetracycline antibiotic.
ILRAD’s research in this area focuses on
improving the methods available for parasite
strain characterization in order to gain a bet-
ter understanding of the geographic distribu-
tion and inmunogenicity of diffcrent
strains. This type of immunization is also
being tested in different ficld situations.
Field trials have been completed in Kenya
and arc now in progress in Tanzania and
Zimbabwe in close collaboration with
national laboratories and veterinary services.
These trials are providing information on
the effectiveness and economic benefits of
ECF imimunization under a range of epide-
miological conditions, both for small-scale
farmers and for commeicial ranching and
dairy operations. If successful, immuniza-
tion by infection and treatinent could be
adopted as a routine measure for ECF
control.

The sporozoite is the form of the 7 aeil-
eria parasite transmitted to cattle by infected



ticks. ILRAD scientists bave identified anti-
gens on the sporozoite surface which stimu-
late neutralizing antibodies in cattle. These
antigens appear to be common to sporo-
zoites of all strains of the parasite studied so
far, suggesting that they might be used to
confer resistance to ECF over a broad geo-
graphic arca. A partial amino-acid sequence
for one of the antigens has been determined
and used to synthesize a polypeptide. Genes
coding for this and other sporozoite antigens
are also being identified. The objective is to
svnthesize antigeus, either biochemically or
using recombinant DNA technology, which

can be used for immunization trials in cattle.

Protective immune responses in cattle are
also known to be directed against the schi-
zont stage of the parasite, which occurs
inside the white blood cells of infected ani-
mais. The third area of ILRAD’s ECF
research program is the scarch for a vaccine
based on schizont antigens, to be used alone
or in conjunction with a sporozoite vaccine.
Research has been in progress for several
years to define the immune responses of cat-
tle to Theileria schizonts, and now the
immunology, biochemistry and molecular
biology techniques which have been devel-
oped at ILRAD are being used to identify
the schizont antigens which induce protec-
tive responses, to determine their structure
and to isolate the associated genes.

Once 2 protective antigen is identified,
more research will be required to find ot
how best to present it in a vaccine. ILRAD
is beginning to explore the potential use of
viral vaccine delivery systems and other
more conventional immunization systems in
order to design the best possible ECF vac-
cine for widespread use. The successful
development of an ECF vaccine could also
lead to vaccines against other forms of
theileriosis.

Control of trypanosomiasis is largely
based on insecticidal control of the tsetse
vectors and the use of trypanocidal drugs to
prevent infection and treat infected animals.
New techniques have been developed to
control some tsetsc species, but overall the

area of Africa infested by tsetse has
increased rather than diminished. At the
same time, no new irvpanocidal drug has
been introduced for general use for nearly
30 vears, and the poteatial development of
druy resistance remains a serious threat.

ILRAD is pursuing short- and long-term
strategies for improving the control of trypa-
nosomiasis. In the short term, a better
understanding of the epidemiological situa-
tion will help national organizations to
design improved control programs and mon-
itor their cffectiveness. ILRAD’s work in
this area includes the development of more
sensitive and accurate diagnostic techniques
for detecting trypanosome infection in live-
stock and tsetse. Other studies, on trypano-
somiasis chemotherapy, include the
development of improved techniques for
measuring drug levels in treated animals and
testing trypanosome isolates in vitro for
drug resistance. Work in this area was
expanded in 1986 with partial support from
the World Health Organization (WHO).

In collaboration with the International
Livestock Centre for Africa (ILCA) and the
International Trypanotolerance Centre in the
Gambia, ILRAD scientists are participating
in the African Trypanotolerant Livestock
Network, with work in progress in eight
countries. Tsetse surveys and animal health
and production studies are undertaken under
different ecological and management condi-
tions, primarily concentrating on N'Dama
cattle and other indigenous African livestock
which have demonstrated a degree of resist-
ance to trypanosomiasis. The objectives and
activities of the Network were thoroughly
reviewed in 1986 and a fuli report on results
from 1983 to 1985 was published by ILCA.

Longterm trypanosomiasis research aims
at developing new methods of discase con-
trol by immunological, chemotherapeutic or
genetic means. Basic research is required on
the biology of the parasite, the mechanisms
of resistance of host animals and the conse-
quences of host-parasite interactions. Sub-
stantial advances have been made at ILRAD
and elsewhere on the genctics and biochem-



istry of antigenic variation, revealing unique
parasite gene rearrangement mechanisms
and metabolic pathways not described in
mammalian cells whicl represent potentiai
targets for immunological or chemothera-
peutic attack. Research has also been
strengthened on the genetic and biochemical
processes involved in the differentiation
events which take place during the parasite
lifecycle, again searching for new targets for
attack. The development of in vitro culture
systems for trypanosomes, plus steady
advances in molecular biology. allow a great
deal of rescarch which was not technically
possible when ILRAD was founded. WHO
relies on ILRAD for research on potential
immunization methods against trypanosom-
iasis, and an ILRAD scicentist serves on the
WHO Steering Commiittee on African
Trypanosomiasis.

Turning to the biology of the mammalian
host, resistant hosts, such as N'Dama cattle,
are characterized by their ability to control
parasite growth, resist the pathological
effects of infection—such as anacmia—and
mount protective immune responses. Work
on the rechanisms of resistance has been
facilitated by the development of reagents at
ILRAD for the analysis of ditferent immune
responses in resistant and susceptible cattle.
This work will receive major attention in
coming years. If research fails to identify
new means of immunological or chemother-
apeutic control for trypanosomiasis, a better
understanding of the mechanisims of resist-
ance wiil at least make it possible to igentify
resistant, productive livestock for introduc-
tion in the tsetse-infested areas of Africa.

Work on immunological and other aspects
of trypanosomiasis is conducted with links
to the Kenya Trypanosomiasis Research
Institute (KETRI), the Uganda Trypanosom-
iasis Research Organization (UTRO), the
Centre de Recherches sur les Trypanosomes
Animales (CRTA) in Burkina Faso and the
International Trypanotolerance Centre in
The Gambia. ILRAD’s Director General
serves on the Executive Committee of the
International Scientitic Council for Trypano-
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somiasis Research and Control (ISCTRC) of
the Organization of African Unity’s Inter-
African Bureau of Animal Resources (OAU/
IBAR). In Kenya, ILRAD is a founding
member of the Nairobi Cluster, an associa-
tion of institutes carrying out rescarch on
irypanosomiasis, theileriosis and other tick-
bome disc 'ses and their vectors. Cluster
members include KETRI, the International
Centre of Insect Physiology and Ecology
(ICIPE), the Kenya Government's Veteri-
nary Research: taboratory, the Veterinary
Rescarch Department of the Kenya Agricul-
tural Research Institute, OAU/IBAR, ILCA,
the Faculties of Science, Medicine and Vet-
cerinary Medicine of the University of Nai-
robi and the Clinica! Rescarch Centre of ihe
Kenya Medical Research Institute. Collabo-
rative ties involve the exchange of research
materials, scientific visits and mectings.

Both the theileriosis and trypanosomiasis
rescarch programs are being enhanced by a
new rescarch group at ILRAD, initiated in
1986 with special funding from the Rocke-
feller Foundation. This group will be exam-
ining the social and economic benefits of
‘mproved control measures against livestock
discases.

ILRAD’s training responsibilitics are
viewed at three levels. The first is to train
scientists through the Ph.D. and post-doc-
toral programs who can develop the research
base in their own countries and with whom
ILRAD can collaborate in future. At the
second level, young field officers must be
identified who will be responsible for the
practical implementation of new control
measures for trypanosomiasis and ECF. This
is being done through the provision of suita-
ble courses, at ILRAD and elsewhere. and
periods of individual laboratory training.
The third component is training of technical
staff’ who are required to support bnth the
rescarchers and the ficld workers. In addi-
tion to its own training activitics, ILRAD
regularly supplies staff and a laboratory base
to support regional training courses and
seminars organized by the Food and Agri-
culture Organization of the United Nations



(FAQ), the International Atomic Energy
Agency (IAEA) and other organizations.

As one of 13 international agricultural
rescarch centres supported by the Consulta-
tive Group en International Agricultural
Rescarch (CGIAR), ILRAD was subject to
a second external program and management
review, completed in January 1986. The
review panels expressed general and wide-
spread approval of the quality of scientific
rescarch in progress at ILRAD. The associ-
ated training program and information activ-
ities were recognized as incomparably better
than those in place at the time of the first
review in 1981, the scientific and supporting
staff measured up well in terms of ability
and dedicaiion, and the research support
facilitics and operations were rated as cxcel-
lent. Following full consideration by the
review panels and later in the year by the
Technical Advisory Committee (TAC) of the
CGIAR, ILRAD’s long-term objectives con-
tinue as before—to develop safe, effective
and cconomically sound measures for the
control of discases in livestock. ECF and
trypanosomiasis remain the principal discase
targcts.

The review teams recommer.ded con-
struction of additional laboratorics at
ILRAD to solve problems of overcrowding
and to achieve better use of specialized
facilitics. The construction of one new labo-
ratory is nearing completion and research
staff are being regrouped for a better focus
on new rescarch directions. Changes in the
organization and management of research
projects suggested in the external reviews
are also being implemented.

The review tcams urged ILRAD to
strengthen collaborative rescarch activities
with national organizations in Africa. To
meet this need, an additional staff member
is being recruited who will be responsible
for identifying and cstablishing mutually
beneficial contacts with groups of scicntists
working in Africa and arranging more
exchanges of scientists through collaborative
research projects and the Visiting Research
Fellow program. A new building. will be

constructed in 1987 to house ILRAD’s
expanded training and outreach activities
with special funding provided by the Gov-
cmment of the Netherlands.

In concluding this foreword, I would like
to express appreciation to the Board of
Directors, the scientific and supporting staff
and the donor organizations and nations who
collectively support ILRAD’s research and
training activitics. Four members of the
Board of Directors retired in 1986. These
were Dr L.L. Callow, Professor K. Eich-
mann, Mr J.S. Mburu and Dr K. Wells.
Four new members joined the Board: Pro-
fessor P.C. Doherty of the John Curtin
School of Medical Research in Australia,
Professor H.E. Jahuke of the Technical Uni-
versity of Berlin in the Federal Republic of
Germany, Dr C. L'Ecuyer of the Canadian
Ministry of Agriculture and Dr A.R. Njogu,
Director of the Kenya Trypanosomiasis
Rescarch Institute. Also during the year, one
of ILRAD’s senior scientists, Dr Hiroyuki
Hirumi, was awarded the 30th Noguchi
Memorial Medical Prize for work on the in
vitro cultivation of trypanosomes.

We acknowledge with gratitude the inter-
est and financial support ILRAD receives
from many countries and organizations. In
1986, ILRAD continued to reccive core
funding from the World Bank (International
Bank for Reconstruction and Development
—IBRD), the United Nations Development
Program (UNDP) and the governments of
Australia, Belgium, Czanada, Denmark,
France, Germany (FR), ltaly, Japan, the
Netherlands, Norway, Sweden, Switzerland,
the United Kingdom (UK) and the United
States of America (USA). The Rockefeller
Foundation and the African Development
Bank (ADB) added iheir support during the
year. Additional rescarch activities were
supported by the European Economic Com-
munity (EEC), WHO and the Governments
of Belgium, France, Germany (FR), Italy,
Japan, the Netherlands, Switzerland and
the UK.

During 1986, ILRAD was honcured to
receive visits from a number of important



guests. These included Ms M. Catley-Car-
son, President of the Canadian International
Development Agency (CIDA) and Dr E.
Shuh, Director of Agriculture with the
World Bank. Visitors from the Rocketeller
Foundation were Ms N. Robinsor., Vice-
President for Administration, and Dr K.
Prewitt, Vice-President for the Africa Pro-
gram. Three important visitors from the
Government of Kenya came to ILRAD dur-

ing the year: the Honourable W.O. Omamo,

Minister for Agriculture and Livestock
Development, the Honourable W. Saina,
Assistant Minister for Agriculture and Live-
stock Development and Mr B. Kiplagat,
Permanent Sccretary in the Ministry of For-
cign Affairs. ILRAD also received visits
from Their Excellencics, the Ambassadors

of Belgium, Denmark, Finland, Italy, Nor-
way, Sweden, Switzerland and the USA and
the High Commissioners of Australia and
Canada.

Finally, it 1s always a pleasure to
acknowledge the support ILRAD hag
received through the years from the people
and Government of Kenya. We look for-
ward to the continuation of this warm rela-
tionship with our Kenyan hosts.

W LY

A.R. Gray
Director General
ILRAD
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THEILERTOSIS

Theileriosis is a complex of tick-transmitted
discases caused by protozoan parasites of
the genus Theileria. The parasites infect cat-
tle and otier domestic animals in many
parts of the world and pose a major con-
straint on the expansion and improvement of
livestock production.

The most important Theileria species are
Theileria parva, the causc of ECF which
affects cattle in East and Central Africa, and
T annulata, which causes tropical theiler-
i0sis in cattic in the Mediterrancan littoral,
extending through the Middle East, India,
southern Russia and Asia. Other important
Theileria species include T sergenti, T
orientalis and T mutans in cattle and T hirci
in sheep and goats.

Work at ILRAD concentrates on 7T parva,
which causes a virulent form of theileriosis
that threatens some 25 million cattle in
Kenya, Tanzania, Uganda, southern Sudan,
Rwanda, Burundi, Zaire, Malawi, Zambia,
Zimbabwe and Mozambique. The term ECF
is used to describe the classic disease,
caused by Theileria parva parva and trans-
mitted between cattle by ticks. Corridor dis-
ease is caused by T p lawrencei, transmitted
by ticks to cattle from wild buffalo (Synce-
rus caffer). A mild form of theileriosis is
caused by T p bovis.

The two subspecies T p parva and T p
lawrencei share a complex lifecycle in the
mammalian host and the arthropod vector—

the brown ear tick. Rhipicephalus appendi-
culatus. This tick feeds on cattle three
times—as a larva, a nymph and an adult.
The parasites are transmitted transtadially,
most commonly when ticks feed on infected
cattle as nymphs and then on discase-free
animals as adults.

Theileria sporozoites develop in the sali-
vary glands of infected ticks and are passed
to cattle along with tick saliva when the
ticks feed. In cattle, they attach to and enter
lymphocytes, white blood cells of the
immune system. Within the lymphocytes,
the sporozoites develop into forms called
schizonts. Infected lymphocytes transform
into cnlarged cells called lymphoblasts
which multiply along with the schizonts,
resulting in a rapidly expanding population
of parasitized cells. The final stages cf
infection are characterized by large-scale
cell destruction, often leading to death.

During the course of infection, some of
the Theileria schizonts differentiate into
forms called merozoites which are released
from the lymphocytes into the bloodstream.
These invade red blood cells where they
develop int» forms called piroplasms. Feed-
ing ticks become infected when they ingest
red blood cells containing piroplasms. In the
tick gut, the parasites undergo other trans-
formaticns, move through the gut wall into
the body cavity and migrate to the salivary
gland. Here they form an elaborate intracel-



lular sporoblast. Stimulated by tick feeding,
the sporoblast gives rise to 30,000 to 50,000
infective sporozoites. These are ntroduced
with tick saliva into a new mammalian

host, initiating a new cycle of parasite
development.

At present, ECF is controlled principally
by dipping or spraying cattle with acaricides
to kill the tick vectors. However, frequent
dipping or spraying is expensive, and cattle
remain fully susceptible if there is any inter-
ruption of the acaricide regime. Tick resist-
ance to the available acaricides is also a
potential problem. Two curative drugs have
been developed for the treatment of ECF,
but drug treatment is expensive and infec-
tion must be diagnosed at an carly stage for
treatment to be most eftective. Thus, there
is an urgent need for alternative methods of
ECF control.

Cattle which recover from ECF often
show long-lasting immunity. However, dif-
ferent strains of 7" parva are present in most
ficld situations and immunity against one
strain does not necessarily protect cattle
against another. The total number of ECF
strains is unknown, but the number may be
limited in some geographic arcas and certain
isolates or combinations of isolates appear to
provide a broad protection. Thus, there are
good prospects for controlling ECF by vac-
‘cination, and ILRAD places particular
cmphasis on this approach.

EPH RO
PPl AL
IMIMUES AT

Er-ly studies on ECF, initiated in southern
Africa and further developed at the former
East African Veterinary Rescarch Organiza-
tion in Kenya, have led to experimental
immunization procedures based on infection
with T parva sporozoites and simultancous
treatment with a long-acting oxytetracycline
antibiotic. This method, if properly adminis-
tered, offers the most practical and cffective
form of immunization currently available
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and it is being tested in extended field trails
in several countries. The disadvantages are
that infection with live parasites must be
carcfully controlied and full protection may
not be achieved in arcas where several
strains of the parasite are present. In addi-
tion, cattle may become carriers of the para-
sites used for immunization.

The most urgent requirement for a better
understanding of ECF epidemiology and for
improving and extending control by infec-
tion and treatment is a reliable method to
characterize parasite strains and identify pat-
terns of cross-protection. The only fully reli-
able method available at present is cross-
immunity testing in cattle, but this approach
iIs time consuming and extremely expensive.
IFor this reason, several in vitro imethods are
being developed for use in parasite
characterization,

Field immunization trials were initiated in
1986 in Tanziua and Zimbabwe, using
locally isolated parasites. In combination
with carlier results from Kenya, this work
should provide important information on the
effectiveness of infection and treatment
Immunization in a variety of epidemiologi-
cal situations.

STRAIN CHAR ST RIZATTON

Because protective immune responses
against ECF appear to be strain specific,
effective immunization must stimulate
responses against the ECF strain(s) encoun-
tered in a particular field situation. For this
rcason, considerable research has been
undertaken at ILRAD to develop precise
and practicable techniques for identifying
Theileria subspecies and strains.

Intensive studices were initiated in 1986 to
develop a formal system of parasite charac-
terization using a range of techniques. The
goal is to develop a characterization system
which can be used to identify parasites iso-
lated in ficld situations throughout the ECF
endemic region. Focusing initially on six
Theileria stocks, several techniques are
being tested, including the use of DNA



probes, analysis of schizont proteins by two-
dunensional gel electrophoresis and exami-
nation of monoclonal antibody profiles.
Considerable effort is also directed towards
developing techniques to obtain more homo-
geneous populations of parasites.

The Muguga, Marikebuni, Mariakani and
Uganda stocks of T p parva were selected
for this work, as well as the Boleni stock of
T p bovis and the 7014 stock of T p lawren-
cei. From reference stabilates of these
stocks, bulk working stabilates have been
prepared, both from ground up whole ticks
and from dissected tick sulivary glands. The
six stocks, which may or may not be homo-
gencous, are being expanded, titrated and
established in the same bovine cell lines so
that parasites can be compared against a
common background ccll.

Use of DNA probes

Studies continued in 1986 in order to iden-
tify repetitive and single-copy DNA
sequences which could be used as probes to
distinguish T parva subspecies and strains.
DNA probes are required which are sensi-
tive ecnough to hybridize to Theileria schi-
zont DNA in preparations of infected bovine
lymphocytes, distinguishing parasitc DNA
from that of the host cell. The goal is to
ascertain whether genomic differences
detectabic with DNA sequence probes can
provide information about the relationship
between different T p parva stocks and their
ability to induce a cross-protective immune
response in cattle. This would be an impor-
tant tool for the identification of T p parva
stocks which could be used in vaccine
development.

A genomic expression library constructed
from T p parva Muguga piroplasm DNA
was screened with radiolabeled total DNA
from T p parva Muguga piroplasms and
with total DNA from uninfected bovine
lymphocytes. Ten clones showed strongly
positive, parasite-specific reactions and three
were selected for further characterization.
All of these probes hybridized to T p parva

piroplasm DNA and to schizont DNA in
infected lymphoid cells, but not to unin-
fected cells. Different Kenyan stocks ef T p
parva could also be distinguished based on
the hybridization of the three selected probes
to piroplasm or infected lymphoblastoid cell
DNA (Figure 1).

These three probes did not hybridize to
DNA from three other Theileria spacies—
T muwtans, T taurotragi and T annulata.
Although more isolates need to be tested,
this suggests that these probes may be spe-
cies specific. Tests are now in progress o
determine whether they are specitic for the
subspecies T p parva, or whether they also
recognize T p lawrencei.

Two of the probes have been subcloned
into plasmids and are now being tested to
see whether they can be used to identify par-
asites in infected ticks and in tissue samples
from infected cattle. They are also being
used to determine if genotypic differences in
parasites from the same stock, detected by
DNA probes, correlate with differences in
their ability to induce cytolytic T-cell
responses in vitro. Additional DNA probes
isolated from a T p parva Mariakani gen-
omic library arc currently being
characterized.

Analysis of schizont proteins

Research was initiated in 1986 to character-
ize T parva subspecies and stocks by analys-
ing schizont protein differences by two-
dimensional gel electrophoresis. First, a
technique was developed to purify Theileria
schizonts from infected lymphoid cells by
treating parasitized cells with acrolysin.
Schizonts purified by this technique were
essentially free from host cell material and
appeared intact when examined by light and
clectron microscopy (Figure 2). They also
appeared to retain their antigenicity. When
electrophoretic patterns were compared from
purified schizonts and infected and unin-
fected lymphoid cells, none of the schizont
proteins was scen in uninfected cells. When
purificd schizonts from different theilerial
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Figure 1. Autoradiograph showing hybridization patterns of EcoRI-digested piroplasm DNA from
five T parva stocks probed with 1gTpM-23, one of three T parva DNA probes produced at ILRAD.
The hybridization patterns showed clear differences among the stocks tested, (1) Muguga, (2)

Kitifi, (3) Mariakani, (4) Kibarani and (5) Marikebuni.

stocks were compared, the same major pro-
teins were seen in all stocks, but minor pro-
tein differences were detected. T p parva
Muguga schizonts from two difterent cell
lines showed identical patterns. The reprod-
ucibility of these results is now being tested
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using several representative [eileria stocks
in different lymphoid cell lines.

One protein was also identified in infected
lymphoid cells, but not in uninfected cells or
in purified schizonts. Further studies are
planned in order to characterize this protein,



Figure 2. Electron micrograph of Theileiia schizonts punfied from infected lymphocytes by lysing
the infected cells with: aerolysin and separating the parasites irom the iysed hosl cells by

discontinuous density gradient cenlrifugation. Schizont fractions producad by this technique are
essentiaily free from host cell maternial and the schizonts appear intact. with normal ulirastucture.

which appears  be specific to infected
cells. Such a protein might be of interest
because protective immune responses in
Theileria-intected animals appear to be
directed against surtace antigen(s) which
oceur specifically on infected cells.

Lymphioid cells from cattle or buffalo are
readily infected with Theileria sporozoites

and mamtained as <loned cell lines in vitro.

Haowever, the schizonts contained in these
cells are not necessarily homogoneous

cloned populations because single host cells
may have been infected initially by more
than one sporozoite. Cattle have also been
infected successfully with sporozoites
dertved from an individual acinus taken
from one infected tick. Yet parasites derived
from these cattle cannot be assumed to be
homogencous because there is no evidence
that a salivary gland acinus can only be
infected by a single Theileria Kinete.

Thus there remains an urgent need for
Theileria clones derived unequivocally from
single parasites. Without cloned parasites. it
i i=110ssible to obtain definitive results on
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strain characterization or a variety of other
Theileria research problems. In an effort to
obtain sporozoite stabilates composed of
more homogeneous, if not cloned, parasite
populations, small numbers of sporozoites
obtained by titrafion ace being used to infect
bovine lymphceid cells. The parasites are
then further purified by limitizg dilution
cloning of the infected cells. The next step
will be to use these cells to infect cattle. The
objective will be to obtai ielatively homo-
geneous sporozoite populavions derived from
ticks fed on these cattie. Attempts to infect
ticks with single kinetes are also being re-
examined as an approach to cloning.

Work in 1986 concenirated on infecting
cattle with Theileria-infected lymphocytes
obtatned by cloning. Although cattle are
readily infected with uncloned T parva-
infected fymphoid cell lines, these e¢xperi-
ments showed that it is more difficult to
infect cattle with cell lines which have been
cloned 2 or 3 times in vitro. Cattle inocu-
lated with cloncd lymphoid cells infected
with T parva Muguga or a Theileria-
infected cell line derived from a buffalo
showed positive antibody respunses to schi-
zont and piroplasm antigens, but none
developed clinical infzction or detectable
parasitacmia. Two animals inoculated with a
different cell line derived from the same
buffalo developed clinical intections and
Theileria schizonts were demonstrated in
their lymph nodes and blood. However.
ticks fed on thesc cattle failed to develop
detectable sporozoites or to transmit infec-
tion to other cattle.

Monoclonal antibody profiles: {focus on
T p lawrencei and T p bovis

In vitro characterization of Theileria stocks
has becn based primarily on thz recognition
of schizoni antigens by specific monoclonal
antibodies. Monoclonal antibodies are pro-
duced from hybrid cells formed by the
fusion of mouse spleen cells, primed to pro-
duce specific antibodies, and mouse tumour
cells capable of growing and multiplying
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in vitro. Although monoclonal antibody
responses alone are probably not sufficient
to classify Theileria isolates into groups
which are cross-protective in vivo, this tech-
nique remains the most widely used method
for characterizing Theileria isolates.
ILRAD’s battery of anti-theilerial mono-
clonal antibiodies was used in 1986 to char-
acterize over 40 cloned and uncloned bovine
lymphoid cell lines infected with T parva
Muguga or T parva Marikebuni.

T p lawrencei, the Theileria subspecies
almost invariably carried by wild buffalo,
causes nigh mortality in cattle. Several stud-
tes have suggested that caitle coming into
contact with buffalo are exposed to a large
number of different parasite strains. For this
reason, the anti-theiierial monocional anti-
bodies raised at ILLRAD are being used
increasingly to choracterize Theileria para-
sites originating from buffalo. In 1986, in
collaboration with the Kenya Agricultural
Research Institute and the Kenya Govern-
ment’s Veterinary Research Laboratory,
ILRAD scientists characterized isolates
taken at intervals from seven naturally
infected captive buftalo. Cattle were
infected with spcrozoites derived from ticks
which fed at different times on these buf-
falo, and parasite isolates taken from the
cattle were also characterized. Results of
this work support earlier observations of
marked antigenic diversity among isolates
taken from different buffalo in the same
area, and even among different isolates
taken from tlie same buftfalo at weekly or
monthly intervals.

There has been considerable interest in
theilerial parasites isolated in Zimbabwe
which appear to cause mild infections in cat-
tle. These have zen grouped as T p bovis
and the Boieni isolate has been investigated
as a potential key immunizing stock. Four-
teen infected cell lines isolated in Zimbabwe
have been characterized at ILRAD using
monaclonal antibodies. The Zimbabwe iso-
lates were taken from infected cattle during
an epidemiological study conducted by the
national Veierinary Research Laboratory



with support from FAO. The monoclonal
antibody profiles of two of these isolates
were similar to those of T taurotragi isolates
from Kenya, while the profiles of the other
isolates resembled T p parva. There was
considerable antigenic diversity between iso-
lates, even when taken from cattle on the
same farm, and there was evidence of
mixed parasite infections in isolates from
individual cattle. Overall, there did not
appear to be a specific pattern of mono-
clonal antibody responses which could be
considered characteristic of T p bovis-type
parasites.

IMMUNIZATION BY INFECTION
AND TREATMENT

ILRAD is helping to implement an ECF
immunization project on Zanzibar and
Pemba Islands in Tanzania in collaboration
with the Tanzanian Government, FAO and
an Irish Development Project. Two T parva
isolates were made on cach of the islands,
and these have been characterized at ILRAD
to determine their suitability for use in
immunization trials by infection and
treatment.

Two of the four isolates, one from each
island, were found to be pathogenic, caus-
ing severe ECF. Iminunization with stocks
derived from thesce isolates—T7 parva Zanzi-
bar South and T parva Pemba/Mnarani—
provided protection against two pathogenic
stocks from the Coast Province of Kenya—
Mariakani and Marikebuni. Screening with
monoclonal antibodies indicated that the two
Tanzanian stocks were antigenically distinct
and suggested the existence of antigenic iet-
erogeneity within the Pemba/Mnarani stock.
Infection with these stocks can be controlled
by long-acting oxytetracycline (Terramycin
LA) and appears to provide safe, effective
and broad immunity. They are now being
used in immunization trials on the two
islands. »

The characterization of T parva parasites
isolated in Zimbabwe has been completed in
collaboration with the Zimbabwe Veterinary

Research Laboratory and FAO. The first
immunization trial uv3ing these stocks was
initiated in October 1986, with exposure of
the immunized cattle to field challenge
planned for the rainy season beginning in
December.

Improving immunization: infection

Although nearly every buffalo in Kenya
appears to be a carrier of T p lawrencei,
very little work has been done using infec-
tion and treatment immunization with this
parasite. In collaboration with the Kenya
Government’s Veterinary Research Labora-
tory and the Kenya Agricultural Research
Institute, ILRAD scientists have been pre-
paring and testing parasite stabilates derived
from ticks fed on captive buffalo. These
studies have used naturally infccted buffalo
captured at two widely separate locations in
Kenya—OlI Pejeta ranch in the Nanyuki area
and the Transmara. Different leve!s of stabi-
late dilution are being tested, as well as dif-
ferent drugs for use in an infection and
treatment regime. The buffalo-derived stabi-
lates are being used experimentally to
induce immunity in cattle exposed to T p
parva and T p lawrencei isolated in the
respective location.s where the two buffalo
were captured.

Improving immunization: treatment

Although oxytetracycline is widely used in
ECF immunization trails, the mode of
action of this drug is not fully understood.
The objective of work in this area is to
improve the effectiveness of drug use in
infection 2nd treatment immunization and
also to allow anticipation of situations where
the drug may not be cffective.

In vitro studies have shown that oxytetra-
cycline reduces the growth rate of infected
cells, both in the initial stages of infection
ard once infection is established. Inhibition
of proliferation was also demonstrated in
uninfected lymphoid cells stimulated by the
mitegen concanavalin A. An effect on lym-
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phocyte mitochondrial protein synthesis was
detected within 24 hours of oxytetracycline
treatment. This effect may be responsible
for inhibiting the development and establish-
ment of the parasite in the infected cell.
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Cattle which survive in ECF endemic areas
appear to develop a degree of immunity to
the Theileria parasites. Sera from caitle in
these areas have been shown to contain anti-
bodies which neutralize Theileria sporo-
zoites in vitro, thus potentially conferring
protection against infection. The second
major component of [LRAD’s theileriosis
rescarch program focuses on the possibility
of developing an immunization procedure
based on stimulating host responses against
sporozoites. The major objective of this
work is to establish unequivocally whether
protective responses against Theileria sporo-
zoites do occur and, if so, how they can be
exploited to the maximum benefit of animals
at risk.

Early studies showed that antibodics
raised against sporozoites of one T p parva
strain recognized sporozoites of other strains
of T p parva as well as strains of Tp
lawrencei which had been passaged through
cattle. This suggested that anti-sporozoite
antibodies might offer broad protection
against ECF infection over a wide £co-
graphic area. Experiments were conducted
in 1986 to expand these results using a
strain of T p lawrencei obtained directly
from a buffalo. Sera obtained from cattle
and rabbits immunized with T p parva were
shown to ncutralize sporozoites of the T P
lawrencei strain in vitro, and sera raised in
rabbits against the T p lawrencei strain neu-
tralized sporozoites of T p parva. Further
experiments showed that antisera against
both Tke!leria subspecics recognized a num-
ber of the same or similar sporozoite anti-
gens. A 67,000-dalton antigen‘was the most
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prominent on sporozoites of both subspe-

cies. Monoclonal antibodies raised against
this antigen have also been shown to neu-
tralize Theileria sporozoites in vitro.

Intensive research is now in progress to
produce the 67,000-dalton antigen in vitro
and test whether it might be capable of stim-
ulating protective immune responses in cat-
tle. Biochemical analysis has shown that the
antigen is a glycoprotein (protein-carbohy-
dratc compound), with antiboc'y responses
apparently stimulated by the protein moiety.
A partial amino acid sequence of this pro-
tein has been obtained and rescarch now
concentratcs on making synthetic peptides
based on this sequence for experimental
immunization of cattle. The synthetic pep-
tides are being coupled with different carrier
proteins to test whether they can stimulate
neutralizing antibodies against sporozoites in
cattle. This work is being conducted in col-
laboration with the Wistar Institute (USA).

Following another approach, scicntists at
the Wistar Institute have used the partial
amino acid sequence of the 67,000-dalton
protein to synthesize several oligonucleo-
tides, DNA sequences which potentially
code for parts of the protein. These are now
being used as probes to screen whole Theil-
eria DNA and DNA libraries in order to
identify the gene which codes for the protein
component of the antigen. Once identified,
this gene can be inserted into an expression
veetor to produce fusion proteins containing
the relevant antigen and these can be tested
in cattle.

Efforts to identify genes which code for
sporozoite antigens have included the
screening of ILRAD’s T p parva Muguga
sheared genomic DNA library with antisera
from immunized cattle. Five clones were
identified in this way which code for the
67,000-dalton proein.

Scientists are also looking for genetic
sequences which code for a number of other
sporozoite antigens recognized by immune
cattle. Apart from cfforts to develop a spo-
rozoite vaccine, this work could potentially
lead to the identification of sequences useful



for characterizing Theileria species and
strains.

SPOROZOITE INVASION
OF HOST CELLS

Research on sporozoites at ILRAD includes
studics on the mechanism of sporozoite
binding to host cells, with the possibility of
finding a way to intcrvene in this process
and block infection. The binding and inva-
sion of host cells by irradiated sporozoites
has also received attention.

Sporozoites from different Theileria
strains appear to bind to the same receptor
molccule(s) on bovine lymphocytes, sug-
gesting that parasites bind host cells by a
common receptor/ligand mechanism. Stud-
ies have indicated that the receptor mole-
cule(s) on host cells is a glycoprotein which
is utilized by Theileria sporozoites during
the process of recognition, attachment and
invasion.

Monoctonal antibodies were raised which
inhibited sporozoite invasion of bovine cells
in vitro. These antibodies appeared to rec-
ognize a 44,000-dalton molecule on the sur-
face of different bovine lymphocyte
populations. One of the blocking antibodics
also recognized a 200,000-dalton molecule,
When this antibody was added to target cells
which had been pre-incubated with saturat-
ing concentrations of sporozoites, it recog-
rized the 44,000-dalton, but not the
247.000-dalton, molecule. This suggests
that tae 200,000-dalton component of the
e ptor molecule on the surface of bovine

may be cleaved during the process of
parasite attachment.

Early rescarch on the cffects of irradiation
on T parva sporozoites showed that sporo-
zoites attenuated by irradiation induced a
varicty of reactions in cattle. This variation
suggested that iiradiated sporozoites would
not provide the basis for a broadly effective
ECF vaccine. However, these studies did
not examine in detail the structural changes
which occur when irradiated sporozoites

enter bovine target cells or the immune
response which irradiated sporozoites induce
in infected cattle.

Recent findings, indicating that T parva
sporozoites pass through a phase in the tick
vector during which they are sensitive to
irradiation, have revived interest in the pos-
sibility of immunization with irradiated spo-
rozoites. Experiments conducted in 1986
showed that irradiated sporozoites bind to
bovine lymphocytes in vitro as efficiently as
normal sporozoites, indicating that the bind-
ing molecule on the surface coat of the spo-
rozoite is not affected by irradiation.
Irradiation does not preveni sporozoites
from entering lymphocytes, but very few
irradiated sporozoites develop into
schizonts.

These studies arc being extended to
investigate the ultrastructure of the schizonts
which do develop from irradiated sporo-
zoites and whether these schizonts are capa-
ble of stimulating bovine lymphocytes to
proliferate. Scientists are also taking lym-
phocytes from cattle, infecting them with
irradiated sporozoites in virro and inoculat-
ing the infected cells back into the same ani-
mals to scc whether they will establish
infcctions and stimulate immune responses.

IMMUNE RESPONSES
AND SCHIZONT-
INFECTED CELLS

The third major component of ILRAD's
theileriosis research program concentrates
on the schizont stage of parasite develop-
ment. Cattle which have developed immu-
nity against ECF have been shown to
produce cytolytic (cell-killing) lymphocytes
which Kill cells infected with Theileria schi-
zonts. The killer cells appear 1o recognize a
schizont-induced antigen on the surface of
infected cells. By contrast, susceptible cattle
suffering from acute ECF produce cytolytic
cells which are capable of killing both
tnfected and uninfected cells. These killer
cells probably play an important role in the
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destruction of the immune system which is a
prominent feature o' the disease.

The immunity stimulated in catile by the
infection and treatment procedure may be
due primarily to cytolytic responses against
schizont-infected cells. The goal of
ILRAD?’s research in this ar=a is to gain a
better understanding of cell-mediated
immune responses and the schizont-induced
antigenic changes which trigger them.
Besides possibly leading to the development
of improved immunization procedures
against ECF, a better understanding of
immune responses in cattle should coritrib-
ute towards the improved control of other
diseascs.

CHARACTERIZATION OF
BOVINE CELL TYPES

In order to understand immune responses in
cattle, it is important to be able to identify
different types of bovine cells which play a
role in immunity. Reagents available at
ILRAD have been used extensively in stud-
ics to identify the cell types that become
infected with T parva, to define the cells
involved in the immune responses to Theil-
eria, and to distinguish various cell subsets
in order to examine their functional
propertics.

Broadly speaking, cattle and other mam-
mals have two types of immune response—
antibody and cell-mediated—which are
mediated by different types of lymphocytes.
B lymphocytes are responsible for the anti-
body responses directed against Theileria
sporozoites. The cell-mediated immune
responses directed against schizont-infected
cells are mediated by T lymphocytes which
mature in the thymus. T lyniphocytes recog-
nize foreign antigens in combination with
molecules on the surface of the animal’s
own cells, known as major histocompatibil-
ity complex (MHC) molecules. Individual
animals of the same species do not necessar-
ily possess the same MHC molecules. For
this reason, T lymphocytes generally only
recognize antigens presented on cells from
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the same animal or from another animal
with matching MHC molecules. This phe-
nomenon is known as MHC restriction.

There are two main types of MHC mole-
cules—class I and class II—each with
different biochemical and functional charac-
teristics. Correspondingly, T lymphocytes
can be subdivided into cells which recognize
foreign antigens in combination with class [
MHC molecules (class I restricted) and cells
which recognize foreign antigens together
with class II MHC molecules (class 11
restricted). These two subpopulations of T
lymphacytes generally have different immu-
nological functions.

In 1986, the scarch continued for anti-
genic markers which can be used to improve
the definition of important subpopulations of
T lymphocytes and other cell types involved
in immunity. Several monoclonal antibodies
have been produced which react with the
majority of T lymphocytes. These fall into
two groups. One group reacts with about
80% of all cells found in the thymus,
including mature and immature T lympho-
cytes. The antibodies recognize molecules
of 55,000 daltons on the surface of the cells:
these have been designated BoT2 because
their properties are similar to those of CD2
molecules on human T lymphocytes. The
other monoclonal antibodies only react with
mature T lymphocytes in the medulla of the
thymus. It has not yet been possible to iden-
tify the molccule(s) they recognize, but
when these monoclonal antibodies are added
to resting T lymphocytes in vitro the cells
are stimulated to proliferate. This suggests
that the molecule they recognize may be
similar to the CD3 molecule on human T
lymphocytes, so the bovine molecule has
tentatively been designated BoT3.

Several other monoclonal antibodies
definc two major subpopulations of mature
T lymphocytes found in the bloodstream
and in peripheral lymphoid tissues. The tar-
get molecules on these T-lymphocyte sub-
sets have been designated BoT4 and BoT8
because of similarities with CD4 and CD8
in man. In contrast with mature T lympho-



cytes, a population of immature cells in the
thymus displays both the BoT4 and the
BoT8 molecules. Staining of thymic lyni-
phocytes by two-colour immunofluoresc-
ence, in conjunction with staining of tissuc
sections, has shown that the majority of
these immature cells are located in the cor-
tex of the thymus. Other minor populations
of T lymphocytes that do not express BoT4
or BoT8 are also detected in the thymus and
the bloodstrecam (Figure 3).

Extensive studies with cloned and
uncloned T lyniphocytes have demonstrated
that the bovine cells displaying the BoT4

molecule are the T lymphocytes which rec-
ognize foreign antigen on antigen-presenting
cells in the context of class Il MHC mole-
cules, whereas the cells with the BoT8
molecule recognize antigen in the context of
class | MHC molecules. Analysis of cell
functions has shown that the T lymphocytes
displaying the BoT4 molecule act as
"helper’ cells, while those displaying the
BoT8 molecule act as cell “Killers: the
BoT4 cells produce soluble growth factors
which enable the BoT8 cells to proliferate
and acquire a cytolytic function.

In 1986, these reagents were used to

) BoT2

BoT4 BoT8

Thymus cells

. BoT2 ,
. BoT3 ,
. BoT4 ,

BoT8

Peripheral blood mononuclear cells

Figure 3. Schematic diagrams of T-lymphccyte populations in the thymus and in the bloodstream,
showing the cell populations recognized by monoclonal antitodies raised at ILRAD.
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investigate which cell types are parasitized
when cattle are infected with Theileria.
Results indicated that the majority of parasi-
tized cells are T lymphocytes. Among nor-
mal peripheral T lymphocytes, the BoT4
and BoT8 molecules are expressed on sepa-
rate populaticns of cells. However, in
infected animals 10 to 20% of all T lympho-
cytes express both molecules (Figure 4), and
among parasitized cells the proportion
expressing both molecules is significantly
higher. /n vitro studies indicated that some
T lymphocytes originally expressing only
the BoT4 molecule acquired the BoT8
molecule after infection with 7 parva.
While different subpopulations of T lym-
phocytes can be infected with T parva in
vitro, these findings suggest that a major
component of the infected cell population in
vivo is derived from cells originally express-

ing thec BoT4 molecule. The large increase

-in parasitized cells which express both mole-

cules may reflect their state of activation.
Scientists are also searching for mono-
clonal antibodies which can be used to iden-
tify bovine B lymphocytes at different stages
of maturation. One antibody was derived in
1986 which specifically recognized a mono-
morphic determinant on immunoglobulin
(IgM) of mature B cells. Another mono-
clonal antibody was derived which reacted
with a small population of lymphocytes that
do not display B or T cell markers. These
null cells were found in peripheral lymphoid
tissues and in the medulla of the thymus. In
mixed leucocyte reactions in vitro, the null
cells appeared to preliferate in response to
class IT MHC antigens derived from the
same animal. Other studics suggested that
they might play a role in the non-specific
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Green fluorescence ——
BoT4

Figure 4. Fluorescence dot plot profiles of lymphocytes analysed on ILRAD's fluorescence-
activated cell sorter (FACS) tollowing staining by two-colour immunofiuorescence with monoclonal
antibodies specific for the BoT4 and ihe BoT8 molecules. A. In a population of lymphocytes from
a normal uninfected animal, most of the T cells display either the BoT8 molecule (along verticle
axis at left) or the BoT4 molecule (along honzontal axis at bottom). B. In a poputation of
lymphocytes from an anima! infected with T p parva. many T cells display both molecules
(extending up from {he middle of the horizontal axis). A large proportion of these double-positive

cells are parasitized.
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cytolytic activity characteristic of fatal ECF
infections. Further work is being undertaken
i0 elucidate the role of these cells in
irmmune responses to Theileria infection.

Two monoclonal antibodies were derived
which reacted with the majority of macro-
phages and granulocytes, including imma-
ture macrophages (called monocytes) in the
bone marrow. These antibodies were used to
identify macrophages in populations of cells
from which the granulocytes were removed.
The results of several experiments indicated
that one of these antibodies inhibited the
antigen-induced proliferation of T lympho-
cytes; inhibition resulted from interference
with the processing and/or presenting of
antigen, suggesting that the molecule recog-
nized by this antibody is involved in regulat-
ing antigen presentation by macrophages.
‘Two other monoclonal antibodics were
derived which reacted with monocytes/mac-
rophages: one reacted with a variable pro-
portion of monocytes and mature
macrophages, while the other appeared to
react specifically with pulmonary
macrophages.

Finally, a monoclonal antibody was
derived which reacted with immature T cells
in the thymus, interdigitating/dendritic cells
in peripheral lymphoid tissues and a propor-
tion o “Jarge macrophage-like cells in affer-
ent ly nph. Further experiments are planned
to examine the functions of these accessory
cells.

CLASSHHONTION O)-
MHEC TY RS

In view of the important role of MHC anti-
gens in immune responses, ILRAD is mak-
ing considerable efforts to characterize
MHC antigens in the Boran cattle used for
the rescarch program. Cattle arc typed
according to class I MHC antigens using a
panel of alloantisera and monoclonal anti-
bodics. This allows selection of suitable ani-
mals for experimentation and for breeding
groups to produce offspring of desired MHC
types.

In 1986, an automated fluorescence assay
was successfully developed which can be
used to type bovine cells for either class I or
class I MHC antigens. Both the micro-
scopic reading of the test and the analysis of
results are now fully automated, producing
results quickly and with a high level of relia-
bility. Computer programs have been written
for reading and analysing data in collabora-
tion with the University of Strathclyde
(UK), and these will be made available to a
number of interested laboratories.

Bovine MHC typing has also been a com-
ponent in the use of embryo transfer to pro-
duce multiple progeny from particular
breeding pairs. For successful embryo trans-
fer work, ILRAD specialists have optimized
hormonal treatment regimes to synchronize
oestrus and induce superovulation in Bos
indicus cattle. In 1986, these procedures
yielded 51 calves in MHC-identical and
haplo-identical groups from single matings,
plus one set of identical twin calves pro-
duccd by embryo splitting. Among other
experiments, MHC-identical cattle produced
by embryo transfer will be used in attempts
to confer immunity by transferring acti-
vated, Theileria-specific T lymphocytes
from an immunized to a naive animal.

All of the antibody reagents currently
available for defining polymorphic bovine
MHC antigens react with class I molecules;
most, and possibly all, rcact with the prod-
ucts of only one class I gene locus. It is
important to be able to identify all of the
other MHC antigens in order to define their
roles in immune responses and to ascertain
possible MHC-related influences on suscep-
tibility to discase. A combination of several
techniques is being used to tackle this
problem.

Cne goal is to ascertain how many
genetic loci are present in the class I region
of the MHC and how many of these have
functional products. This problem is being
approached by producing mutant cell lines
in which genes coding for some surface
molecules are deleted while others remain.
The resultant mutants are screened with a
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large panel of monoclonal antibodiss and
cloned T lymphocytes which recognize spe-
cific class I MHC antigens. Reagents which
recognize antigens in intact cell lines may or
may not respond to mutant lines, depending
on whether the antigezs thcy recognize have
been lost. If two reagents respond differ-
ently to a mutant cell line, they probably
recognize different antigens.

Less is known about the bovine class 1
MHC than about class | MHC molecules.
One constraint has been the difficulty of
deriving monoclonal antibodies against class
I MHC molecules by stundard procedures
using mouse cells. To overcome this prob-
lem, the possibility of producing bovine
monoclonal antibodies using mouse-bovine
or bovine-bovine hybrid fusions has been
investigated. Initial efforts at ILRAD were
not successful, but this approach is now
being explored again in collaboration with
the Agriculture and Food Research Coun-
cil’s Institute of Animal Physiology (UK).

Another aspect of work with mutant cell
lines has involved efforts to produce mutant
cells which do not express any MHC anti-
gens. Success in this area might make
experimental ECF immunization procedures
more eticctive and practicable. At prerent,
immunity can be stimulated in cattle by
inoculating schizont-infected cells produced
in vitro. However, very large numbers of
cells must be used because many of the for-
eign’ cells are rejected before the parasites
can transfer to the cells of the recipicnt ani-
mal. This rejection is stimulated by the
MHC antigens presented on the *foreign’
cells; many fewer cells might be rejected if
parasitized cells could be used which lacked
MHC antigens.

PROVITREATION OF
INTECTUED ORg s

An understanding of how Theileria parasites
stimulate host cells to proliferate might lead
to new approaches to control infection or
reduce the severe pathogeneic effects of
ECF. Research conducted in 1985 demon-
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strated that Theileria-infected T lympho-
cytes produce a growth factor, similar to the
T-cell growth factor interleukin 2 (IL-2),
which may contribute to maintaining their
proliferative state. In 1986, a probe for the
DNA which encodcs human IL-2 was used
to localize and isolate the homologous gen-
omic DNA encoding IL-2 in bovine cells.
This DNA probe is being characterized and
is being used, together with a human IL-2
cDNA probe, to define the IL-2-like growth
factor produced by cloned T lymphocytes
infected with T parva. Work now concen-
trates on producing anti-11.-2 monoclonal
antibodies which can be used to extend
these studies.

Several monoclonal antibodies have been
raised that recognize antigens which occur
specifically on proliferating bovine cells, but
are absent or in very low concentration on
resting cells. Work is now in progress to
clucidate the functions and biochemistry of
these antigens. Possible functions might
include increased uptake of nutricnts for
rapid growth or binding with specitic
giowth-controlling hormones or factors,
such as IL-2.

In collaboration with the Kemforschung-
zentrum laboratory in Karlsruhe (F R
Germany), ILRAD scientists are also inves-
tigating the possibility that oncogenes might
be involved in the transformation of Theil-
eria-parasitized cells to a proliferating state.
Oncogenes have been implicated in the
transformation and growth of cancer cells.
Preliminary findings indicate that oncogenes
arc transcribed and translocated in Theil-
eria-infected cells and that they are of host
cell origin.

When oncogenes stimulate cells to multi-
ply and transform into tumours, enzymes
called protein kinases have been shown to
play a role. These enzymes trigger a process
called phosphorylation—changes in the
molecular structure of proteins due to the
attachment of phosphates. Comparison of a
number of Theileria-infected and uninfected
cloned populations of T lymphocytes has
demonstrated that infection results in a



marked increase in the phosphorylation of
host cell proteins. At least five proteins are
altered. Present investigations focus on
whether the observed phosphorylation activ-
ity is due to the activation of a specific
enzyme in the host cell or to the presence of
an enzyme of parasite origin. The host cell
proteins which are targets for phosphoryla-
tion are also being characterized, as well as
the genes encoding for protein kinases and
other transforming activitics.

ANTIGENIC CHANGES ON
INFLECTED CELLS

Although monoclonal antibodies have been
identified which react with proliferating
bovine cells, no antiserum or monoclonal
antibody has been produced which detects
surface antigens specifically on schizont-
infected cells. Current efforts concentrate on
indirect methods for identifying such anti-
gens, using cloned and uncloned Theileria-
specific T lymphocytes.

Soluble antigens prepared from Theileria-
infected cells have been shown to stimulate
proliferation of mixed cell cultures deriver!
from immune cattle. This responsc 1equired
the presence of irradiated leukocytes taken
from the same animal, suggesting that it
involved the presentation of antigens by
macrophages. The cells which proliferated
were nearly all T lymphocytes displaying
the BoT4 surface antigen and lacking a cell-
killing function. In a preliminary experi-
ment, freeze-thawed purificd schizonts also
induced proliferation.

Theileria-infected cells were fractionated
and subcellular components were used to
stimulate proliferation in mixed cell cul-
tures. Strong proliferation was stimulated by
microsomal fractions, which included
plasma membranes, rough endopiasmic
reticulum and Golgi. These preparations are
now bein,? fractionated further in an attempt
to localize and identify the specific anti-
gen(s) which stimulated proliferation. Simi-
lar experiments are planned to search for
antigens that stimulate cell-killing responses.

Once the aniigen(s) which stimulate pro-
liferation or celt killing are purified, specific
antibodies can be produced and used to
screen Theileria DNA libraries for the asso-
ciated genes. In order to demonstrate that
any Theileria gencs identified by these pro-
cedures play a role in the stimulation of
immune responses, the genes will have to be
transfected into non-parasitized cells bearing
the relevant bovine MHC molecules and
these cells will then be used as a source of
antigen in the appropriate assay. Work is
therefore in progress to develop a system for
gene transfection, testing the suitability of
various bovine cell types. An altemative
approach is also being considered involving
the transfection of a bovine class | MHC
gene into a mouse cell line suitable for fur-
ther transfection.

Another approach to identifying the anti-
gen(s) which stimulate cell-mediated immu-
nity involves attempts to identify parasite
genes specific to the schizont stage of devel-
opment. This is being done using schizont-
specific monoclonal antibodies to screen a
Theileria genomic DNA library.

IMMUNLE RESPONSES TO
INFECTED CELLS

Studies continued in 1986 on the cytolytic T
lymphocytes responsible for killing Theil-
eria-infected cells. This work has confirmed
that Theileria-specific cytolytic T cells
express the BoT8 molecule and are
restricted by class I MHC molecules. Cyto-
lytic responses were associated predomi-
nantly with three out of six class I molecules
examined, suggesting that the parasite-
induced antigen on the surface of infected
cells may associate preferentially with cer-
tain MHC molecules or may stimulate
immune responses more cffectively when
presented with some MHC molecules rather
than others. This may result in MHC-related
differences in susceptibility to infection or
differences in the quality of immunity
engendered by infection and treatment in
different animals.

23



A limiting dilution assay has been devel-
oped, in collaboration with the Kenya Gov-
emment’s Veterinary Research Laboratory,
to investigate the proliferation of Theileria-
specific cytolytic T lymphocytes in immu-
nized cattle. Preliminary results showed that
cytolytic cells occurred in a population of
peripheral blood lymphocytes at a frequency
of about 1:5,000 in immunized animals,
whereas in naive cattle cytolytic cells were
undetectable to a level of 1:100,000.

Another study has investigated the possi-
ble role of lymphotoxin—a cell-killing fac-
tor secreted by T lymphocytes—in the cell
destruction characteristic of the late stages
of Theileria infection. Preliminary results
showed that both 7heileria-infected lympho-
cytes and T lymphocyte clones stimulated
by Theileria-infected cells produced lym-
photoxin in virro.

Strain specificity

Parasite strain specificity of the cytolytic
response was examined in three cattle
immunized against T p parva Muguga by
infection and treatment and then rechal-
lenged with the Muguga stock. Cells from
these animals were tested for cytolytic activ-
ity against cloned T cells taken from the
same animals and infected in vitro with T P
parva Muguga or T p parva Marikebuni.
The cytolytic activity detected in cells from
two of the cattle appeared to be completely
specific for 7' p parva Muguga-infected
cells, while cells from the third animal also
showed low levels of cytotoxicity against
target cclls infected with the Marikebuni
stock. This is consistent with results of
cross-immunity testing showing that a pro-
portion of cattle immunized with T p parva
Muguga are susceptible to infection with T J/
parva Marikebuni. These findings also pro-
vide the first clear evidence for the parasite
strain specificity of cytolytic responses gen-
erated in vivo,

Cross-immunity trials have shown that
cattle immunized with the Marikebuni stock
are protected against infection with both 7'p
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parva Marikebuni and T p parva Muguga.
In 1986, 16 Theileria-specific cytolytic T
cell clones were derived from an animal
immunized with 7' p parva Marikcbuni. All
killed target cells infected with both parasite
stocks, though unlike the cytolytic cells gen-
erated against the Muguga stock, they only
killed 15 to 70% of parasitized cells over a
period of 4 hours (Figure 5). These and
other findings suggest that the antigen recog-
nized by Marikebuni-specific cytolytic cells
is expressed on the surface of parasitized
cells in a cyclical manner and is probably
different from the antigen recognized by the
Muguga-specific cells.

Future plans include testing various
cloned T-cell populations on a wider range
of parasite stocks to determine whether their
specificity correlates with patterns of cross-
protection. Cloned T lymphocytes which
recognize specific Theileria strains could
become usetul reagents for characterizing
Theileria species and s'rains more precisely
than is now possible us ng monoclonal
antibodics.

Rescarch on the strain specificity of cyto-
lytic responses will also continue to focus on
cells generated from immunized cattle.
Experiments are planned to determine
whether the specificity of the cytolytic
response correlates with susceptibility to
subscquent infection. It is possible that
specificity of the response correlates with
particular MHC types, so experiments will
be conducted with cattle in which the MHC
type is well defined.

Comparison with immune responses
in buttalo

An understanding of how buffalo control
infections with T p lawrencei might provide
clues to how Theileria infections can be bet-
ter controlled in cattle. ILRAD scientists are
studying immune and nonimmunc responses
in infected buffalo in collaboration with the
Kenya Government’s Veltcrinary Rescarc
Laboratory and the Kenya Agricultural
Research Institute, supported by the Gov-
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Figure 5. Parasite strain specificity of two cytalytic T-cell clones, one derived from an animal
immunized with T p parva Muguga and the other from an animal immunized with 7 D parva
Marikebuni The bar chart shows the levels of cell killing oblained when the clones were lested on
lymphocytes trom the same amimals winch had been infected in vitro with parasites of the same or
the other strain. The clone derived against T p parva Muguga is specific for the target cell
infected with the same strain. whereas the _lone gencrated against T p parva Mankebuni kills

“target cells infected with either parasite strain,

cermment of the Netherlands.

Earlicr work showed that sporozoites of
Theileria stocks derived from buftalo— but
not of stocks derived from cattle—enter
both buffalo and cattle cells readily in vitro
and stimulate proliferation. In 1986, studies
concentrated on cell-mediated immune
responses in infected animais. Proliferative
responses o autologous (taken from the
same animal) Theileria-infected cells were
detected in cells from 3 naive and 12
infected buffalo. though the responses were
stronger in cedls from the infected animals.
Cytolytic responses were observed when
cells taken from § of the 12 infected buffale
were stimulated with autologous 7" parva-
infected cells in vitro, but not with cells
taken from the naive buitalo or cells taken
from infected buffalo and stimulated with

T parva-infected cells from different animals.

This indicates that the cytolytic response is
parasite specific and genetically restricied.
These findings are similar to those observed

i cattle and thus suggest that this mecha-
nism alone is probably not responsible for
the greater resistance of buftalo to Theileria
infection.

The strain specificity of cytolytic and pro-
liferative responses was also tested A
mixed population of white blood cells
(peripheral blood mononuclear cells) was
taken from a butfalo infected with buftalo-
derived T p lawrencei. These cells demon-
strated cytolytic responses against four 7" p
lavwrencer isolates—including one which dif-
fered antigenically from the others according
o monoclonal antibody reactivity with intra-
cellular schizonts—and also against the cat-
tle-derived T p parva stock, Kiambu-4.
However, the proliferative responses
appeared to be at least partially strain spe-
cific. Further studies of these responses
might result in an assay which would use-
fully complement other methods for prese-
lecting Theileria strains potentially suitable
for immunization trials.
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Cattle have been shown to develop immune
responses to feeding ticks after multipie ick
infestations in the field. Laboratory animals
also develop strong delayed-type hypersen-
sitivity responses when sensitized by tick
feeding cr by inoculation with tick salivary
gland extract. The development of resis-
tance is demonstrated by a reduction in the
number of ticks attaching to sensitized ani-
mals and by lower engorgement weights in
the ticks that do attach and feed.

Several researchers have tried to enhance
resistance to tick infestation by immuniza-
tion with tick antigens, generally using com-
plex tick extracts. These procedures have
not improved upon the limited resistance
attained naturally and are also impractical

for field application. Research has been con-
ducted at ILRAD to identify specific tick
antigens which would be more effective in
different adjuvant systems as a vaccine
against ticks.

Rabbits and guinea pigs which have
developed immune responses to feeding
ticks gencrate antibodies that recognize a
number of tick antigens. Antisera from these
animals were used to identify 12 major tick
antigens, most of which were found in tick
salivary glands or tick cement. Some of
thesc antigens appeared to be common to
several tick species. One tick-cement anti-
gen, which appeared to be common to Rhip-
icephalatus appendiculatus, R pulchellus
and R evertsi, induced delayed-type hyper-
sensitivity reactions in rabbits when the pur-
ified antigen molecule was inoculated
intravenously.



TRYPANOSOMIASIS

Trypanosomiasis is caused by protozoan
parasites of the genus Trypanosoma. Differ-
ent species of trypanosome infect cattle,
sheep, goats, pigs, horses, donkeys, camels,
many types of wild animals and man. In
economic tern:s, the most important try-
panosome species are those which infect
domestic ruminants in Aftica: Trypanosoma
congolense, T vivax and T brucei brucei.
Closely related T brucei subspecies—T b
rhodesiense and T b gambiense—cause
human sleeping sickness.

Trypanosomes are most often transmitted
cyclically by about 20 species and subspe-
cies of tsetse fly (Glossina spp). These
insects infest a wide range of habitats over
about 10 miliion km? of Africa, representing
about 37% of the continent. In regions
infested with tsetsz flies, chroni.. trypano-
somiasis causes a severe reduction in animal
productivity, reflected in poor growth, low
milk yields, reduced capacity for work and
infertility. In severely infested areas, it is
very difficult to keep livestock at ail, and
even human habitation may be threatened.

Trypanosomiasis also occurs in Central
and South America, the Middle East and
Asia. In these areas, the parasites of veteri-
nary importance are transmitted mechani-
cally by biting flies. 7" evansi affects camels,
horses, cattle and domestic buffalo in
Africa, the Middle East, Asia and South
America.

Programs attempting to control trypano-
somiasis have been in operation for nearly
100 years. Initial efforts involved control of

the tsetse vector, either by destroying the
wild animal populations on which tsetse
feed or clearing the bushy vegetation that
tsetse require as breeding and resting sites.
More recently, most tsetse control programis
have been based on the application of insec-
ticides, in some instances in connection with
tsetse traps and targets or screens. Consider-
able success has been achieved where con-
trol measures using insecticides have been
properly implemented—notably in Nigeria,
Botswana, Zambia and Zimbabwe. How-
ever, in spitc of control efforts, in many
parts of Africa the area infested by tsetse
flies is expanding.

Regular treatment of infected animals
with trypanocidal drugs hz~ been an impor-
tant control method since the early 1920s.
This approach has been successful in situa-
tions where livestock management has been
competent and consistent over time. Discase
control regimes based on chemotherapy
must be implemented indefinitely because
domestic animals are exposed to tsetse flies
that have fed on wild animals, which act as
an extensive reservoir of infection. The pos-
sibility of drug resistance developing in
local parasite popuiations is also a serious
consideration as no new trypanocidal com-
pound has been introduced for general use
in the last 25 years.

The goal of ILRAD’s research program is
to develop improved measures to control
trypanosomiasis—measures which are effec-
tive, safe and economically sound. Research
activities are broadiy based, but can be con-
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sidered under three headings: improved
control of the parasites, enhanced host
sesistance to infection and trypanosomiasis
cpidemiology.

IMPROVED CONTROL OF
THE PARASITES

The three major tsetse-transmitted trypano-
some specics proceed through several dis-
tinct stages during their lifecycle in the
tsetse vector and mammalian hosts. When a
tseise fly feeds on an infected animal, it
ingests trypanosomes along with blood, and
these undergo a cycle of development within
the fly. T brucei develops in the tsetse mid-
gut, proventriculus and salivary glands,
while T congolense develops in the midgut,
proventriculus and mouth parts and 7" vivax
aevelops entirely in the mouth parts. All
three specics end this phase of development
as metacyclic forms. When the infected fly
next feeds, infective metacyclic trypano-
somes are injected into the skin along with
tsetse saliva.

When T congolense or T brucei parasites
arc transmitted to an uninfected animal by a
tsetse fly, a local skin reaction scveral centi-
metres in diameter—called a chancre—may
develop at the site of the bite. The meta-
cyclic trypanosomes develop further in the
chancre, invade the local lymph vessels and
move through the regional lyiaph node into
the bloodstream. T vivax parasites also
move from the skin throvgh the lymphatic
system to the bloodstream, but the local skin
reaction, if it occurs, is less severe.

Infection in the bloodstream is character-
ized by successive waves of parasitacmia as
trypanosome populations multiply rapidly,
then most of the parasites die, but a few sur-
vive and begin multiplying again. 7 vivax
and T brucei parasites may also be found in
the connective tissues, and, in later stages of
infection, all three trypanosome species may
invade the central nervous systen.

Metacyclic trypanosomes and the forms
which develop in the mammalian blood-
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stream have a surface coat 12 to 15 nm
thick. This coat is composed of glycopro-
teins, referred to as variable surface glyco-
proteins or VSGs. Trypanosomes
developing in the tsetse fly are not coated
with VSGs until they reach the metacyclic
age, ready for transmission to a mammal-
1an host.

When an arvimal becomes infected, it pro-
duces antibodies against the VSGs displayed
by the first wave of invading trypanosomes.
However, before all the parasites can be
climinated, new trypanosomes emerge
which are coated with different VSGs. and
these evade the animal’s initial immune
response. These trypanosomes multiply rap-
tdly and the host produces new antibodies,
but then parasites appear with yet another
VSG. always keeping a step ahead of the
host response.

This remurkable ability to change the
antigenic composition of the surface coat
called antigenic variation--1s the primary
mechanism which prevents most domestic
animiais from developing cffective immunity
against trypanosomiasis. The same mecha-
nism would enable the parasite to evade a
conventional vaccine based on priming an
animal’s antibody responses against one or a
small number of variable antigens.

Research at [ILRAD aimed at improving
control of the parasites concentrates on the
mechanism of antigenic variation—its
genctic basis and the way VSGs are synthe-
sized in the trypanosome and moved to the
surface of the parasite. Studies also focus on
nonvariable proteins associated with specific
stages of the trypanosome lifecycle and on
various aspects of trypanesome metabolism,
The goal is to identify factors which could
be manipulated to disrupt the development
of the parasites or make then, more vulnera-
ble to host defences.

VARTABLL SUREFACTE
GLYCOPROTEINS

Considerable rescarch has been conducted at
{LRAD on the genes which code for try-



panoseme VSGs and the gene rearrangements
which occur when new VSGs are produced
on the surface of the parasite. Because there
are so many trypanosome genes encoding

53U, attention has concentrated not on
identifying all VSG genes, bat on clucidat-
ing the mechanisms involved when expres-
sion switches from one VSG gene to
another, as well as the pathways of VSG
synthesis and transport to the surface of the
cell.

A repetitive sequence was cloned from
the genome of 70 brucei for evaluation of
its potential use as an epidemiological tool.
This 5200-base pair sequence was analysed
in some detail. About 200 copies of the
sequence are dispersed throughout the gen-
ome of members of the subgenus 7ry-
panozoon. It appears to belong to a class of
mobile genetic elements called retroposons
that have been deseribed in mammalian and
insect genomes. These elements probably
become dispersed by insertion ot retro-tran-
scribed copies of an initial RNA transeript at
new sites in the genome. The presence of
such an element in trypanosomes raises
some interesting questions concerning the
evoludon of retroposons and the possibility
of genetic exchange between the trypano-
some and its hosts.

Experiments were carried out to deter-
mine whether the 7 b brucei element coded
for & protein. The results suggested that
there was indeed an encoded protein present
in bloodstream-form trypanosomes and a
rclated protein in procyclic trypanosomes,
forms which occur in tsetse flies and are not
coated with variable antigen. Experiments
are also In progress to determine whether
the dispersed sequences may be involved in
some of the genetic rearrangements that are
involved 1n the switching of VSG
expreesion,

The transcripts of all the genes active at
any particular developmental stage should
be represented in the mRNA of parasites at
that stage. Under efficient cloning condi-
tions, cDNA libraries, constructed with
mRNA obtained at a given stage as a tem-

plate, should contain all or most of the tran-
scripts for that stage. T congolense cDNA
libraries have been constructed using tem-
plate mRNA purified from bloodstream and
procyclic culture forms of two serodemes.
Comparison of libraries {rom different
developmental stages revealed transcripts
that were present, or abundant, at one stage
only.

Several recombinant clones were identi-
ticd which were present, or abundant, in
bloodstream parasites only. A number of
these contained sequences coding for para-
site VSGs. Clones represented only or pri-
marily in procyclic forms are now being
analysed to determine the nature of the pro-
teins encoded, the location of these proteins
within the parasite and the regulation of
their genes during parasite differentiation.
These studies will be extended to other
developmental stages, sneh as epimastigotes
and metacyclics, and to the other 7" congo-
lense stocks and clones available at ILRAD.
Yarticular attention focuses on gene
sequences which code for the VSGs dis-
piayed by trypanosomes at the metacyclic
stage of development.

Previous studies at ILRAD and elsewhere
suggested that T b brucei parasites might
shed their VSG coat by enzymatic cleavage
during transition to the uncoated procyclic
stage. This suggested that pharmocological
stimulation of the enzyme responsible for
cleavage—phospholipase-C (Enzyme-X)—
might be exploited to de' clop new chemo-
therapeutic interventions. Work in 1986 <on-
centrated on identifying the actual
subcellular location of this enzynie, using
recently developed procedures for separating
trypanosome cell fractions and organelies.
Enzyme-X was located within T b brucei
bloodstream forms in the flagellar pocket
and possibly in membrance organelles associ-
ated with or derived from the flagellar
pocket, with smaller quantities also present
in the Golgi apparatus. Cultured procyclic
forms of T & brucei and bloodstream forms
of T vivax showed little or none of the
enzyme, while T congolense bloodstream
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forms showed an intermediate amount.
These studies suggested thai Enzyme-X may
play a rolz in the trypanosome’s VSG-mem-
brane recycling system. Present work
focuses on the recycling of VSG compo-
nents during synthesis of new VSG, as well
as the uptake of mammalian host molecules
into the cell.

There has been less research on T vivax
VSGs than on those of the other major try-
panosome species largely because the
majority of T vivax stocks are restricted to
ruminants, making it difficult to obtain suffi-
cient antigenically homogencous parasite
material. However, studies on parasite anti-
gens and host immune responses might be
particularly useful for this species because—
at least in East Africa—a significant propor-
tion of infected livestock manage to control
the parasites and recover.

Earlier work at ILRAD revealed a VSG
coat on metacyclic forms of both East and
West African stocks of T vivax. The surface
coat on this fragile organism may be less
dense than the surface coat on T b brucei or
T congolense, suggesting that the T vivax
VSG coat may provide a less eftective pro-
tective covering than the VSG coats of other
species.

In collaboration with colleagues from the
University of Victoria and the University of
Western Ontario in Canada, ILRAD scien-
tists continued research in 1986 to ldenufy
and purify T vivax VSGs, concentrating ini-
tially on a weil characterized clone (ILDat
1.2) origirating from West Africa. Evidence
obtzined during the vear suggested that the
VSG expressed by this clone was a rela-
tively small glycoprotein with a membrane
anchor similar to that of VSGs in other spe-
cies. Comparative studies using other clones
from the same seroderne suggested that their
VSGs were also rclalively small basic mole-
cules which may exist in different glycosyla-
tion states. The amino-acid sequence was
determined for the N-terminal end of the
ILDat 1.2 VSG: it appeared quite unlike the
N-terminal end of VSGs from other try-
panosomes. Work now concentrates on
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structural studies of VSGs from other clones
of the ILDaR 1 serodeme and from newly
rodent-adapted clones from other
serodemes.

Another project concentrated on develop-
ing improved labeling techniques for the
identification of VSGs and, perhaps, other
cell surface molecules, on metacyclic forms
of T congolense and T vivax. Live cells,
whole cells broken up by sonication and
crude fractions of cell membranes were co-
valently labeled with chemically reactive
biotin, and the incorporatiion of the label
into protein components was assessed by
sodium dodecy! sulphate polyacrylamide gel
clectrophoresis (SDS-PAGE) and Western
blotting. As expected, suspensions of whole
cells and isolated membranes of biotin-
treated cells displayed essentialiv, *he same
molecular bands, while cells sonicated
before treatment with biotin, whose contents
would also be exposed for labeling, dis-
played a much larger number of labeled pro-
teins. These techniques are being refined to
make it possible to analyse trypanosome
surface molecules in greater detail.

NONVARIABLE
ANTIGENS

The major obstacle to the development of an
cffective vaccine against African trypano-
somiasis is the phenomenon of antigenic
variation. However, trypanosome antigens
exist which are not variable and these could
be of considerable importance for diagnos-
ing infections, identifying parasite species
and serodemes, perhaps interfering with par-
asite development at different stages of the
lifecycle or even developing a vaccine. Two
types of nonvariable antigen were investi-
gated in 1986: surface antigens on procyclic
trypanosomes and nonvariable antigens spe-
cific to bloodstream forms.

Cell surface glycoproteins were purified
from procyclic forms of 17 trypanosome
stocks, representing the T brucei subgroup,
T congolense and T simiae. Total glycopro-
tein profiles were similar for all stocks
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except the T congolense stock isolated at
Kilifi, Kenya. Two major glycoproteins
were prescnt on all the parasites examined
and a doublet of 86,000 daltons was present
on all except Kilifi-type T" congolense. The
most important common surface glycopro-
teins are now being analysed in detail.

Preliminary studies on nonvariant T vivax
antigens which might be exposed on the sur-
face of the parasites led to the derivation of
monoclonal antibodics against antigens on
the surface of T vivax procyclic forms. Sim-
ilar antibodies have been raised against
T congolense and T b brucei procyclic anti-
gens. Incorporated into tsetse bloodmeals,
these antibodies might serve to block para-
site development. Preliminary evidence sug-
gested that the monoclonal antibody against
T b brucei procyclic forms might induce
agglutination of procyclics in the tsetse mid-
gut. When this monoclonal antibody was
added to T' b brucei procyclics in vitro, par-
asite clumping and reduced growth rates
were observed. Similar investigations on
T congolense and T' vivax procyclic antigens
are in progress.

In collaboration with the University of
Massachusetts at Amherst (USA), studies
have been conducted in search of nonvariant
antigens specific to bloodstream forms. Ini-
tial werk with T congolense indicated the
presence of several proteins specific to this
developmental stage and preliminary obser-
vations suggested that some might be
located on the surface of the parasites,
making them possible candidates for immu-
nization studies. Further work in 1986
concentrated on developing improved
techniques for purifying these proteins, and
the presence of at least two, distinet, non-
variant antigens specific for bloodstream
forms was confirmed. Fresent efforts focus
on determining their location, either on the
surface or within the parasite.

One aspect of the trypanosome lifecycle
which has aroused considerable interest is
the transition in the mammalian bloodstream
from rapidly dividing to nondividing forms.
Transition to the nondividing stage helps to

limit the severity of infection and is also
thought to prepare the trypanosomes for
transmission to tsetsc. A better understand-
ing of the mechanisms involved in this and
other lifecycle transitions may suggest spe-
cific ways to disrupt parasite development.

In a study initiated in 1986, rapidly divid-
ing and nondividing bloodstrecam forms of
T b brucei were fractionated into different
subcellular compeonents which were ana-
lysed to identify any proteins specific for
either of the bloodstream stages. Trypano-
somes or trypanosome homogenates from
the two stages were incubated with radiola-
beled phosphate and analysed to identify
any changes in phosphorylated proteins.
One phosphorylated protein, which was
much more abundant in nondividing para-
sites, was identified and partially purified.
The phosphorylation process and the
cnzymes responsible for it are now being
investigated in more detail. A marked
increase in one enzyme, aconitase, was also
associated with nondividing forms: a stain
for this enzyme is being developed which
could be used to differentiate rapidly divid-
ing from nondividing parasites.

ASPECTS OF TRYPANOSOMI:
METABOLISM

Studies on trypanosome metabolism have as
their goal the identification of avenues for
blocking parasite growth. This work may
also lead to a better understanding of the
pathogenic effects of trypanosomes on their
hosts, thereby suggesting approaches for
preventing or alleviating the most serious
cffects of infection.

Trypanosomes are believed to ingest bio-
logically irnportant molecules, such as
nutrients and ditferentiation signals, through
a process of endocytosis mediated by coated
vesicles. In a continuation of experiments
begun in 1985, bloodstream forms of T cor:-
golense were incubated in culture medium
containing colloidal gold particles coupled
to bovine serum albumin, then chemically
fixed and examined by electron microscopy.

31



Gold particles, ingested by the parasites in
vitro, were observed in a rumber of intra-
cellular organelles: the flagellar pocket, dis-
crete spherical and cylindrical vesicles
located near the flagellar pocket, networks
of large and small cysternae, lysosomes and
small lysosome-like structures (Figure 6).
This observation of an interconnected net-
work of endocytosis is unique. Work is now
in progress to coniirm whether the pathway
occurs in live parasites or is related to try-
panosome death.

Experiments conducted with bloodstream
forms of T brucei have suggested that VSG

from the surface of the parasite is endocy-
tosed through the same pathways as those
used for the uptake of nutrients (Figure 7).
Presumably VSG is endocytosed for even-
tual breakdown or reprocessing.

Coated vesicles from bloodstream forms
of T b brucei have been purified and par-
tially characterized. By using antisers pre-
pared against purified vesicles, scientists
were able to detect a numbcer of molecules
found in normal and infected rat plasma
which appcared to have been ingested by the
parasites and taken up in the coated vesicles.

Lysosomes were isolated from blood-
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Figure 6. One of a series of epoxy resin sections through a T congolense cell incubated for 1 hour
prior to fixing in bovine transferrin coupled to colloidal gold (5 nm particle size). A tubular network
(T) containing the gold marker can be seen connecling (arrowhead) to a lysosome-like structure
(Ly). A smaller tubular structure {t) and two vesicles (V) also contain gold marker. Transferrin is a
protein which brings iron into cells; it is normally recycled through the early parts of the
endocytotic pathways. The series of sections reveals a number of prely-osomal compartments,
containing bovine transferrin, which all appear to be connected to the lysosome.
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‘Endocytotic
Vesicles

Figure 7. A thawed, thin frozen section through a T brucer cell which had been incubated for 1
hour prior to fixing in bovine serum albumin coupled to colloidal gold (5nm particle size). The
section was labeled with rabbit anti-VSG antihody coupled to protein A-colloidal gold (10 nm
partcle size) The small particles label endocytotic pathways, presumably used for the uptake of
mtnents. The larger particles (indwcatng the presence of VSG) label the trypanosomea surface (S),
the flagellar packet (FP) containing the flageilum (F) and several structures within the cell Many
endacytotic vesicles contain bolh srall and large particles. indicating that VSG from the surface
of the parasi 21s being endocytosed through the same pathways as those used for the uptake of
nutnents. One vesicle (V) contans the VSG labal only

stream forms of 70 brucei and their pre-
dominuant proteolytic (protein-splitting )

enzyme was identified and partially puritied.

When diluted mammalian serum was added
i the purtfied Iysosomes an increase in total
proteolvtic activity was observed. The ucti-
vating factor is present in yat, rabbit and
bovine serum and is now being character-
tzed and purified. This factor. on entering
the Tvsosomes of living trypanosomes,
might act as o mammalian-derived regulator
ol parasite proteolysis.

Research in 1986 also concentrated on
enzymes which might be released by try-
panosomes into the host bloodstream,
causing damage to host tissues and thus
contributing to the patholozy of trypano-
somiasis. A scrine peptidase was partially

purificd from 7' brucei which appears to
be released into the culture medium when
parasites are damaged by improper hand-
ling, suggesting that it might also be
released into the host bloodstream by dying
trypanosomes. Another peptidase was iden-
titied in the plasma of rats infected with T b
brucei and cattle infected with T congo-
lense. This enzyme appears to be of parasite
origin and work is in progress to character-
ize it more precisely.

in the tsetse vector, T vivay parasites
develop entirely svithin the proboscis. An
interesting phenomenon associated with
T vivax cultivation in vitro is the attachment
of fate-stage bloodstream formis to Amicon
Matrix Gel Green A beads. Work in 1985
indicated that 7" vivay attachment to beads in
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vitro closely resembles parasite attachment
to the proboscis of the tsetse. Biochenical
studies showed that binding was by a recep-
tor-ligand interaction. Isolation of either the
T vivax or the tsetse molecules involved
might provide a novel method to control
parasite development and disease
transmission.

Eftorts to identify the precise configura-
tion of dye molecules on the Green A beads
to which the parasite binds have involved
attempts to block parasite/bead binding by
incubation with antibodies raised in rabbits
against the Green A dye or with « number
of lectins and sugars. Results have been
inconclusive.

Related studies focus on identification of
the ligand molecule on the surface of the
parasite. Using the biotin-labeling technique
described earlier. cell surface molecules
from late bloodstream forms of T vivav were
covalently labeled with chemically reactive
biotin. The proteins identified by this tech-
nique wii e investigated for their possible
role in the T vivax/Green A bead interaction.

IRYPANOSONT CULTIVA TN
INVITRO

Culture systems have been established at
ILRAD which support the development of
all three major African trypanosome species
throughout their lifecycles. In vitro cultiva-
tion techniques are being improved in order
to provide adequate numbers of trypano-
somes at various lifecycle stages for bio-
chemical and immunological rescarch.
Trypanosomes produced in vitro are also
used to study the action of trypanocidal
drugs and to investigate drug resistance.
The emphasis in 1986 was on improving the
production and characterization of meta-
cyclic trypanosomes.

Although T b brucei was the first trypano-
some species to be maintained in culture
throughout its lifecycle, it has proven diffi-
cult to produce large numbers of mictacyclic
forms of this species. A system was intro-
duced in 1986 based on passaging parasites
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cyclically between in vitro culture and mice.
This method has enhanced the production of
infective metacyclics considerably and has
shortened the time period until their first
appearance in culture.

A stock of T congolense isolated from the
Trans Mara region of Kenya has proven to
be the most prolific of the various T congo-
lense stocks and clones available at ILRAD
tor the inviiro i‘nnd“Cﬁl)H ol metacyclic
forms. Thirty billion metacyclic parasites
were produced fromi this T° congolense stock
in 1986 alone. However, some clones of this
stock do not transiorm to metacyclic-pro-
ducing epimastigote forms in virro. For this
rcason. several new clones were derived in
1986 and are being tested to select those
which will generate the largest possible
number of animal-infective metacyclics.

T congolense parasites isolated from
ILRAD's epidemiological study at Kilifi,
Kenya, appear to differ in several respects
from T congolense isolated clsewhere in
Africa, including their requirements for in
vitro cultivation. Earlier cfforts to cultivate
stocks and clones from Kilifi using systems
successfully applied to other T' congolense
stocks failed to produce consistent results.
In 1986, a new system was established
which has made it possible to produce infec-
tive metacyclic forms of Kilifi-type T con-
golense in fairly Jarge numbers. Unlike the
system for producing 7" congolense meta-
cyclics, the system for producing Kilifi-type
metacyclic forms relies on the presence of
mammalian feeder layer cells.

The antigenic stability of in virro-derived
metacyclic forms of Kilifi-type T congolense
was tested by infecting mice with in vitro-
derived metacvelics, treating them with
diminazene aceturate (Berenil: Hoechst) and
challenging them with metacyclics 14 days
later: cight out of nine mice resisted infec-
tion, suggesting a high level of antigenic
stability. In another experiment, five mice
were infected, treated with diminazene ace-
turate and given a "booster’ challenge of
i vitro-derived metacyclics 11 days later.
When challenged with tsetse-transmitted



metacyclics derived from the same cloned
parasites 3 weeks after drug treatment, four
out of five resisted infection and in the other
infection was delayed until 42 days after
challenge.

It is possible to produce large numbers of
T vivax metacyclics in culture, but the infec-
tivity of these in vitro-derived forms has
been in doubt. More than 10,000 in vitro-
derived parasites are required to establish
infection in mice, although the stock used
(IL1392) is known to be infective to mice
by tsetse transmission. Experiments were
conducted in 1986 to test the infectivity of
in vitro-derived T vivax metacyclics in
goats. Four out of five goats became
infected when inoculated with 5,000 para-
sites, and two out of four goats were
infected with only 50, demonstrating that

this 7 vivay stock 1s much more infective for

goats than for mice.

In an experiment to test the antigenic sta-
bility of these parasites, goats were infected
with in vitro-derived T vivax metacyclics,
treated with diminazene aceturate and then
challenged with similar parasite forms. All
experimental animals became infected. This
methology—which confers protection when
used with other trypanosome species—also
failed to protect experimental animals
against 7 vivax metacyclic forms derived
from tsetse. This plicnomenon is being
investigated further,

IMPROVED HOST
RISPONSES
EAREY EVENTS INTHE SKIN

The development of a local skin reaction. or
chancre, at the site of an infected tsetse bite
is often the first host response to trypano-
some infection. Previous studies on the
dynamics of cell populations in the chancre
showed dramatic increases in polymorpho-
nuclear leukocytes and lymphocytes, as well
as increases in plasma cells, macrophages
and mast cells. Mast cells are of particular

interest becausc they are located at all poten-
tial portals of parasite entry—including
skin, lungs and gastro-intestinal tract—and
appear to serve sentinel functions in the host
defence system,

Mast cells secrete a large number of
chemical mediators and enzymes, initiating
immediate and delayed hypersensitivity
reactions as well as cytolytic and immuno-
regulatory responses. Mast cells may also
play a central role in attracting othér host
cells to the chancre. Because of their pos-
sible importance in the chancre reaction,
work in 1986 focused on developing bio-
chemical markers to identity bovine mast
cells and their products.

Recent studies have suggested that apro-
tinin, a bovine protease inhibitor, is present
in mast cells, so experiments were con-
ducted to determine whether this well char-
acterized molecule might be used as a mast-
cell marker. Aprotinin was purified from
bovine lung and the dimers were cross-
linked and used to raise antibodies in rab-
bits. These anti-aprotinin antibodies were
shown to recognize mast cells in tissue scc-
tions of bovine intestine, nasal mucosa, skin
and lung. Examination by clectron micro-
scopy revealed aprotinin staining exclusively
in mast cell granules (Figures 8 and 9).

The largest and most intensely inflamed
chancre lesions often occur in animals that
are most resistant to trypanosome infection.
This suggests that a resistant animal may be
able to relcase mast cell granular contents,
attract neutrophils and lymphocytes, gener-
ate inflammatory mediators and thus limit
the rate of parasite growth in the skin more
cificiently than susceptible animals. The
aprotinin staining technique developed in
1986 will make it possible to study the role
of mast cell degranulation in response to try-
panosomes present in the chancre and to
compare the responses of relatively resistant
and susceptible cattle. It will also be possi-
ble to study the effects of mast-cell secre-
tions—including histamine, leukotricnes,
prostaglandins and aprotinin—on trypano-
some growth in vitro.
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Figure 8. Indirect immunofluorescence antibody labeling of bovine intestine using rabbit anti-
aprotinin antibedy followed by rhodamine-conjugated sheep anti-rabbit antibody. A. A semi-thin
thawed, frozen section (0.5 um) through part of a villus of normal bovine intestine viewed with
Nomarski differential interference contrast illumination. Two granular mast cells are visible
(arrows). B. The same field of view illuminated with incident fluorescent light. Fluorescent label
can be seen in association with the two granular mast cells shown by arrows in A,
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Figure 9. A thawed, thin frozen section through a bovine intestinal mast cell. characterized by the
presence of cytoplasmic processes (CP) and granules (arrows and arrowheads). The section was
incubated with rabbit anti-aprotinin antibody coupled to protein A-colloia.it qold (5 nra particie
size). Large numbers of particles, indicating the presence of aprolinin, can be c~en (ver some
granules (arrows), but few or none over others (arrowheads). Some particles are present over the
cell cytoplasm, but only negligibly over the nucleus.

PARASHTE-HOSTIN TFRACTION
INTTHE BLOODS TRIEAN

Early studies on T b brucei infections in cat-
tle, cland and African buffalo showed that
two responses are involved in host control
of parasitacmia in the bloodstream—control
of parasite growth by nonimmunological
processes and destruction of parasites by
host antibodies. More detailed studies on
both of these mechanisms have been in
progress for several years, concentrating on
trypanorcsistant and susceptible strains of
mice. The goal is to identify mechanisms

which might be enhanced by chemothera-
peutic or immunological means.

Control of parasire prowth

In vitro studics in 1986 confirmed previous
observations that bloodstream forms of T b
brucei multiply in response 1o host-derived
growth nutrients presciat in trace amounts in
the sera of infected animaiz. The prolifera-
tion of bloodstream Yorms of 7' b brucei in a
feeder-cell-free cultuie system was shown to
correlate with the amount of serum provided
and preliminary studies suggested that the
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serum-derived growth-promoting molecules
were of a molecular weight greater that
100,000 daltons.

The serum molecuies which permitted
muitiplication of the parasites may have
been proteins: they were not, however,
immunoglobulins, lipoproteins or lipids.
They were extremely heterogenous in terms
of size and other factors, which strongly
suggests that growth promotion was associ-
ated with molecules of more than one type.
Studics are now being conducted to charac-
terize these growth-promoting serum mole-
cules more precisely.

Previous work showed that injection of
mice with dead Corvnebacterium parvim,
a bacterium which acts as a nonspecific
immunostimulator, enhanced their ability
to control 7" brucei infection. This effect
resulted from ar aceeleration in the rate of
transition from dividing to nondividing par-
asite forms (Figure 10). In vitro studies
conducied in 1986 indicated that large
molecules in the serum of C parvum-treated
mice inhibited the capacity of normal mouse
serum or foctal bovine serum to support the
growth of T brucei parasites. The inhibitory
molccules were hydrophilic and ranged in
molecular weight from 100,000 to | million
daltons.

Molecules with similar characteristics
could also be generated by feeding dead
C parvunt organisms to viable murine mac-
rophages for 2 days in virro, and at a 4000-
fold lower efficiency by permitting C par-
v organisms o degenerate in vitreo in the
absence of other cells. This suggests that
miacrophages might process dead C parvim
organisms and release degradation products.
The released products are likely to bind 1o
T b brucei growth-nutrient receptors, but
without stimulating growth. Work is now in
progress to identify these C parvian-derived
growth inhibitors,

Host antibody production
Mice which are highly susceptible to trypa-

nosoniasis do not produce detectable anti-

38

bodies against the parasites. Previous studies
suggested that antibody secretion by B lym-
phocytes might be inhibited by the presence
of trypanosomes. This possibility was fur-
ther investigated in 1986 using trypanore-
sistant (CS7BY/6) and susceptible (C3H/He)
mice.

After infection with 77 b brucei or T
sivey, resistant mice controlled the first par-
asitacmic wave by producing antibody spe-
cific for the dominant parasite antigenic
type. By contrast, susceptible mice failed to
produce parasite-speciiic antibody and did
not control the first parasitacmic wave,
although their B lymphocytes were exten-
stvely activated and transformed into anti-
body-containing plasma cells. i vitro
analysis of spleen cells from susceptible
mice infected with cither b brucei or T
vivax demonstrated that the parasite-induced
antibody-containing cells were defective in
their capacity both to synthesize and to
secrete antibody (Figure 11).

Analysis of resistant mice demonstrated
defective plasma cell function during the
second parasitacmic wave. This correlated
with an inability to produce antibody and a
prolonged second-wave parasitacmia. How-
cver, antibody synthesis and secretion
diminished and recovered in a cyclical man-
ner, permitting the eventual remission of the
second parasitacniic wave and suggesting
the presence of i contrasuppressive mecha-
nism which can lead to recovery of plasna
cell function. Currently. these studies are
being extended to cattle to assess whether
the phenomenon observed in mice is of ade-
qualte significance to warrant deeper
analysis.,

Rescarch on 7 vivay infection in goats
was conducted in 1986 to determine the type
and level of antibody response produced in
infected animals and the degree of protec-
tion achicved. In an experiment initiated in
1985, goats were immunized-—by tsetse-
transmitted infection followed by drug treat-
ment—with an LEast African 7" vivay stock
(IL2133) or a clone (11.2710) derived from
the stock. The goats infected with the
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Figure 10. Influence of pretreatment with C parvum on the transition of T b brucei parasites to
nondividing forms in the blood of infected mice. Groups of 10 C57BI/6 mice were trealed with 1.4
mg of heat-killed C parvum and infected 2 days later with T b brucei GUTal 3.1. Thin smears of
tail blood were prepared at daily intervals, air dried. methanol fixed, Giemsa stained, and
examined by light microscopy for the presence of organisms with two kinetoplasts (dividing forms)
and for the presence of stumpy-form organisms (nondividing forms).

cloned parasites became resistant 1o chal- were allowed to “self-cure” after chronic
lenge after «wo to three immunizations infection with the same stock and then
(cycles of infection followed by treatment), challenged.

while the goats immunized with the parent The number of metacyclic parasites
stock remained susceptible to challenge but extruded by infected tsetse in this experi-
their infections were delayed and transient. ment may have been too small to induce an
A similar result was obtained when goats adequate immune response or the parasites
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Figure 11. Imimunoglobulin synthesis and secretion by spleen cells collected from resistant
(C57BI/8) and susceptible (C3H/He) strains of mice on various days after infection with T b brucei
GUTat 3.1. From day 6 onwards, 7 to 18% of all spleen cell populations contained
immunoglobulin (Ig). Cells were lateled by in vitro incubation with **S-methionine and cell-
associated (c) and secreted (m) immunoglobulin was precipitated, anaiysed by SDS-PAGE and
the dried gels were autoradiographed. u denotes IGM heavy chain; the _~cretory forr (m) is
larger than the intracellular form (c). vy denotes IgG heavy chain. L.C denotey lg tight chain. Clearly
the susceptible mice synthesize and secrete considerably less IgM or 1gG durning the course of
infection than the resistant mice. although they have simiiar numbers of spieen cells containing 1g.

may not have represented the full repertoire
of variable antigen types which the animals
encountered on challenge. For this reason, a
second experiment has been initiated in
which goats are being infected by exposure
to very large numbers of infected tsetse.
Techniques have been developed to iden-
tify and quantify the different types of anti-
bodies produced by goats infected with three
different stocks of T vivax. Preliminary
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results showed that serum concentrations of
lgG, did not change during the course of
mfection, while concentrauons of 1gG,
increased in some but not all infected goats
and concentrations of [gM rose about 10
days after infection. Antibodies to 7" vivax
common antigen(s) and trypanolytic anti-
bodies also appeared around this time. Fur-
ther research will concentrate on measuring
antibody responses and identifying the anti-



gens recognized by goats and cattle during
T vivax infection,

Detection of an acute-phase reactant

Acute-phase reactants are host plasma ¢om-
ponents whose concentration signficantly
increases in the presence of some discase
processes. These reactants are proteins,
often glyceproteins, produced by liver
parenchymal cells, and many have recog-
nized biological function.

A project was initiated in 1986 to exam-
in¢ differences in levels of acute-phase reac-
tants between trypanoresistant (CS7Bl/6)
and susceptible (C3H/He) mice infected
with 7" b brucei. One protein present in
much higher concentration in the plasma of
resistant mice was found to be @ subunit of
haptoglobin, an acute -phase protein which
binds hacmoglobin that has become free in
the plasma, thus preventing kidney pathol-
ogy and loss of iron from the body. The
higher level of haptoglobin in the plasma of
the resistant mice was shown to be due to
increased synthesis of this molecule in the
liver. Susceptible nice appeared to produce
as much of the molecule as resistant mice in
response o other injurics, so it is not clear
why they should ditfer specifically in their
haptoglobin response to trypanosome
infection.

CONTROL OF INFECTION
IN TRYPANOTOLERANT AND
MORE SUSCEPTIBLE CATTLE

Ficld studies have established that the
N'Dama (Bos taurus) cattle of West Africa
are more capable of controlling trypano-
some tnfection and resisting clinical signs of
discose than Zebu (B indicus) cattle or the
European taurine breeds. ILRAD scientists
began intensive rescarch on the mecha-
nism(s) of N'Dama resistance 1o trypano-
somiasis in 1985, using 10 N'Dama cattle
brought from The Gambia by embryo trans-
fer and born at ILRAD. Experiments com-
pleted in 1986 cxamined the effects of

repeated infection with different serodemes
of T congolense on trypanotolerant N'Dama
and more susceptible Boran.

Two groups of eight 13-month-old
N'Dama and Boran were challenged with
tsetse-transmitted 7" congolense (1L1180)
and treated with diminazene aceturate 164
days later. Animals which developed severe
anacmia, demonstrated by a drop in packed
cell volume (PCV) to 15%, were treated
sooner. At the time of final drug treatment,
a group of 8 age-matched, uninfected Boran
were also treated, and all 24 cattle were then
challenged 25 days later with a second
tsetse-transmitted 7" conigolense serodeme
(1.2642). All animals were treated with
diminazene aceturate 127 days after chal-
lenge. and those showing a drop in PCV to
15% were again treated sooner. As betore, a
group.of 8 age-matched, uninfected Boran
were treated at the same time as the infected
animals. The original 16 cattle plus the 8
uninfected Boran were then challenged with
a third tsetse-transmitied 7° congolense sero-
deme (IL1587) and treated with diminazene
accturate 149 days later. and also sooner if
their PCVs drooped to 15%. Preliminary
analysis concentrated on the reactions of the
N'Dama to the three consecutive challenges.
A comparison of the reactions of the naive
groups of Boran to cach challenge was used
as a measure of the virulence of the three
T congolense serodemes.

None of the infected N'Dama required
carly drug treatment, whereas most of the
Boran required carly treatment after cach
challenge. This showed that the N’Dama
were significantly more resistant than the
Boran, and also that the three T congolense
serodemes were of similar virulence.

Control of parasitacmia and anaemia

The carly development of parasitacmia was
very similar in both breeds in terms of both
the Ievel and timing of the first parasitaemic
peak. The N’Dama began controlling paras-
itaemia immediately after the first peak, and
most demonstrated low levels of parasitae-
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Figure 12. Development of parasitaemia and anaemia in N'Dama and Boran cattle during
repeated infections with different serodemes of T congolense. Groups of eight 13-month-old
N'Dama and Boran were challenged successively with tsetse-transmitted T congolense 1L1180,
IL2642 and ILI587 and treated with diminazene aceturate 4 to 6 months a'ter 2ach challenge.
Graphs show estimated average number of trypanosomies per ml of jugular biood during the first
(A) and third (B) infections and average PCVs after the first (C) and third (D) infeciions. Six Boran
were treated with diminazene aceturate around day 41 after the first infection and iive were
treated around day 39 after the third intection. None of the N'Dama required treatment. The
N'Dama demonstrated improved control of anaemia, but not of parasitaernia, over the three
consecutive infections.

mia until the time of treatment (Figure 12). infection (Figure 12). They showed some

On 5 out of 24 possible occasions, individ- evidence of anacmia during all three infec-

ual N’Dama exhibited self-cure before diug tions, but the lowest average PCV was 22%

treatment, as confirmed by subincculation of  during the first and second infections and

their blood into mice. Statistical analysis of 26% during the third. Recovery of PCV

levels of parasitaemia in the N'Dama did after an initial drop was also faster after

not reveal any improvemert in parasite con- cach consccutive infection. The Boran

trol over the three consecutive infections. group subjected to all three infections did
By contrast, the N'Dama demonstrated not demonstrate any improvement in the

improved control of anacmia by the third control of anacmia. Improved control of
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anaemia in the N’Dama may be related to
greater resistance of their red blood cells to
the pathological effecis of trypanosomiasis
or to faster production of new red blood
cells in the bone marrow.

Individua! N’Dama controlled parasitac-
mia or anaemia consistently better or worse
than other individuals throughout the three
infections. However, the individuals which
demonstrated good control of anaecmia were
not the same as those with good control of
parvasitaemia. This suggests the existence of
two control mechanisms which operate
independently, with larger numbers of para-
sites not necessarily causing a mere severe
anacmia.

This initial study will be followed by
more detailed analysis of the mechanisms of
resistance to trypanosomiasis. Studies on the
control of anacmia will include an examina-
tion of any changes in the production of red
blood cells which might occur in response to
trypansome infection. To make this research
possible, techniques were identified in 1556
for obtaining samples of bovine bone mar-
row and maintaining bone marrow stromal
cells in vitro.

Changes o wlnie blood cell populations

While the basis of trypanotolerance remains
elusive, it has been suggested that superior
anti-trypanosomal immune responses may
make a significant contribution. To begin
investigating this possibility, changes in
white blood cell populations were monitored
in the eight N’Dama and eight Boran cattle
during their second infection with T congo-
lense. Total and differential white cell
counts were taken aaily for 30 days from the
time of infection and twice weekly for the
next 60 days, and numbers of iymphocytes,
ncutrophils, monocytes and cosinophils
were estimated. Lymphocyte populations
were analysed using monoclonal antibodies
raised at ILRAD to provide information on
T-lymphocyte subsets, B lymphocytes and
null cells. The T-lymphocyte subpopulations
identified were those expressing the pan-T

cell marker, BoT2, “helper’ cells expressing
the BoT4 molecule and ’killer’ cells
expressing BoT§.

Prior to trypanosome infection, the
N'Dama had more total white blood cells,
T and B lymphocytes, neutrophils and null
cells than the Boran, but no significant dif-
ferences were detected for other cell types.
Up until the point when the Boran required
drug treatment, total white cell and total
lymphocyte counts ran parailel for the two
breeds: both cell populations decreased sig-
nificantly from the time of infection to the
first peak of parasitaemia, with values for
thie N’Dama consistently higher (Figure 13).
Parallel decreases were observed in the iwo
subpopulations of T lymphocytes positive
for the BoT4 or the BoT8 antigen. Neutro-
phil counts remained the same during the
period, while monocyte and cosinophil pop-
ulations changed over time but without an
apparent fread.

B lymphocyte levels were significantly
higher in the N’Dama than the Boran from
the time of infection until 22 days later
when the first Boran required drug treat-
ment. Monocyte numbers fluctuated con-
siderably during the first 22 days after
infection, but there was no general decrease
or increase and no significant difference
between the breeds. During the same
period, the number of null cells decreased in
both groups but remained higher in the
N’Daina than in the Boran. These findings
should provide a basis for further examina-
tion of white cell responses to trypanosome
infection and their possible role in mediating
the superior resistance of trypanotolerant
cattle.

Bodywergnt, hveweisht goans aned

FCProdueTive pertorinanes

At the time of the first infection when the
eight N'Dama and eight Boran were 13
months old, average bodyweight was 154
kg for the N'Dama aund 139 kg for the
Boran. Because neaiy all the Boran
required early drug treatment after each
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Figure 13. Sequential analysis of the total number of white blood cells. lymphocytes and
neutrophils per ul blood in 8 N'Dama (blue) and 8 Boran cattle (black) during the course of
infection with T congolense (IL2642). in both groups a leukopenia, characteized by significant
decreases in the absoluie number of white blcog cells ana tylnphocytes, developea around day

15, while the number of neutrophils did not change signit

the course of infection, the N'Dama had significant!
lymphocytes. Values for the Beran are presented only up lo 21 days after challenge when the first

Boran received drug treatment.

infection, they were infected for an average
of only 190 days over the 567-day study
period, while the N'Dama were all infected
for 432 days. In spite of this, at the end of
the third infection when the cattle were 32
months old, average bodyweights were sim-
ilar for both breeds—319 kg for the N'Dama
and 309 kg for the Boran. Daily liveweight
gains averaged monthly were also similar
for the N’Dama and the Boran over the 567-
day period (297 and 302 g respectively).
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icantly. Before challenge and throughout
y higher nurnbers of total white blood cells and

Among both breeds, males showed higher
daily liveweight gains and higher final body-
weights than females. Trypanosome infec-
tion did not appear to affect bodyweights
and liveweight gains among the N'Dama:
three infected male N'Dama had similar
bodyweights at 13 and 32 months and simi-
lar daily liveweight gains as two uninfected
N’Dama males used as controls. By con-
trast, the average daily liveweight gain of
the infected and treated Boran was 22%
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lower than that of uninfected controls.

The infected N’Dama heifers demon-
strated oestrus behaviour for the first time ot
23 months of age, during the second T con-
golense infection. After treatment and
throughout the thir< infection period, plasma
samples were taken daily ard progesterone
levels were dztermined for the N'Dama and
for nine infected Boran heifers. Among the
N’Dama, no differences in cyclical activity
were observed before and during infection:
the cycle length was 20.4 days ( = 0.2), the
lutzal phasc was 12.5 days (2 0.3) and
growth, function and regression of tuteal tis-
sue were not affected. By contrast, only
three of the Boran vvere cveling at the time
of the third infection and all three stopped
cycling 2 to 3 weeks later. Their cyclical
activity resumed, although nregularly. on
average 40 days after drug treatment.

EPIDEMIOLOGY

TRYPANOSOMLE
CHARACTERIZATION

Rescarch has been in progress to develop
simple, accurate and sensitive assays to
detect trypanosomes in infected animals and
tsetse and to identify parasite species and
seiorlemes. Work on diagnostic methods iy
important for diagnosis per se and for eval-
uation of the resulis of prophylaxis and
treatment. Better means of detecting trypan-
osomes in tsetse would also be useful, for
instance to predict the level of trypanosom-
lasis risk in an arca before introducing sus-
ceptible livestock.

Serological typing

As reported previously, monoclonal antibod-
ics have been produced at ILRAD which
distinguish the three major African trypano-
some species—T congolense, T vivay and
T brucei. These can be used to detect try-
panosome antigens in the bloodstream: of

infected animals. In 1986, the monoclonal
antibodies raised against T brucei and T
congolense were also used successfully to
detect trypanosomes in samples of tsetse
bloodmeals. Work is in progress to isolate
and purity the species-specific antigens rec-
ognized by these antibodies. The goal is to
produce sufficient quantities of the antigens
tor diagnosis of trypanosomiasis and the
development of simple tests for use in the
field.

Rescarch has also been in progress since
1982 to develop new methods for identify-
ing trypanosome serodemes. This work has
focused on T congolense stocks isolated
from cattle at Kilifi in the Coast Province of
Kenya. A technique that shows promise
involves the use of chromosonie electropho-
resis. Parasite populations belenging to the
same serodeme appeared to have identical
patterns of chromosome bands, even when
the populations expressed different VSGs at
the time of testing.

This techmque was also used to charag-
terize 20 7 b rhodesiense isolates taken from
sleeping sickness paticnts in Busoga,
Uganda. Results, confirmed by cross-neu-
tralization assays using chronic infection
sera, showed that the 20 isolates may belong
to one serodeme. Studics are now in prog-
ress to confirm these findings by analysis of
metacyclic antigens. This work was con-
ducted in collaboration with the Uganda
Trypanosomiasis Research Organization.

Use of DNA probes

The ideal method for identifying trypano-
somes in the field should be species specific,
sensitive, simple to use and should provide
unequivocal results. Scientists at ILRAD
have been using DNA hybridization probes
1o develop methods for the identification of
African trypanosomes which will meet these
criteria. Specific DNA probes have been
prepared from 7" b brucei, T congolense, the
T congolense parasites isolated at Kilifi,

T simiae and East and West African popula-
tions of T vivax. Development of probes

45



for field use has concentrated initially on
T congolense.

Highly repetitive DNA sequences were
identified in the genomes of 15 T congo-
lense isolates taken from 6 countries in
Africa, in T congolense isolated at Kilifi,
and in T simiae, a trypanosome species
morphologically indistinguishable from
T congolense. All three DNA sequences were
individually cloned and were shown to
hybridize specifically and exclusively with
DNA from trypanosomes of the same spe-
cies or subspecies: they did not hybridize
with each other or with DNA from any of
the other trypanosome species tested. The
consistent distinction between T congolense
and Kilifi-type T congolense was surprising,
given that these trypanosomes are morpho-
logically identical.

Work in 1986 concentrated on making
these probes more sensitive in order to
detect low levels of parasitaemia in infected
animals. This was done by cloning the
DNA sequences in multimeric form and by
optimizing labeling and hybridization condi-
tions. Both T congolese probes can detect
2.5 pg of parasite DNA after 12-hours expo-
sure, equivalent to about 25 trypanosomes.
After 1-week exposure, they each can detect
the DNA equivalent of about 5 trypano-
somes. The T simiae probe, which was
obtained in monomeric form only, can
detect about 1,000 trypanosomes after
12-hours exposure and 100 trypanomes
after exposure of 1 week.

Because of the genomic diversity of
T congolense, the two T congolense proi:2s
may not detect all T congolense-type para-
sites from various parts of Africa. Work
now focuses on testing them using all the
T congolense isolates available at ILRAD.

DNA probes have been developed to
detect 7" vivax infection, first using a West
African T vivax strain originating in Nigeria
and more recently using an East African
strain isolated at Galana, Kenya. In 1986,
the specificity of these probes was tested
using T vivax parasites from Kenya, Uganda
and Nigeria plus T b brucei, T congolense
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and T" musculi as negative controls.
Although the two probes distinguished the
T vivax isolates from parasites of other spe-
cies, the distinction between the East and
West African vivax types was not entirely
clear. Work now concentrates on testing
these probes with T vivax isolates from dif-
ferent parts of Africa and also on studics to
determine their sensitivity.

DNA probes were originally developed
for detecting trypariosomes in samples of
blood taken from infected animals, but they
have also proven useful for detecting try-
panosomes in tsetse. Preliminary experi-
ments showed that 7" congolense could
casily be detected in tsetse midgut suspen-
sions and proboscides, T b brucei could be
detected in midgut and salivary gland sus-
pensions and with some difficulty in probos-
cides, and T vivax could be detected in
proboscides, though also with difficulty.
This approach requires the dissection of
tsetse organs and is thus not much simpler
than traditional methods of tsetse dissection
and microscopic examination. Studics
were conducted in 1986 to find more con-
venient methods for use in the ficld. The
simplest technique developed was 1o cut
and discard the distal abdomen and squecze
the abdominal contents onto a nylon filter.
Initial results with this *‘abdominal touch-
blot’ method are promising and this tech-
nique is being considered for ficld testing,
to be compared with results achieved from
traditional methods.

socnzyime and proem aoay sis

Mcasuring ditferences in the electrophoretic
mobility of enzymes is one method of
assessing the genetic diversity of organisms.
In 1985, scientists at ILRAD compared the
clectrophoretic mobility of enzymes from
several stocks of Nannomonas trypano-
somes isolated from Kilifi with that of
enzymes from groups of T congolense para-
sites originating clsewhere in Africa. Anal-
yses completed in 1986 showed that the
Nannomonas trypanosomes isolated from



Kilifi formed a distinct genetic group which
differed substantially from other groups of
T congolense.

Comparison of radiolabeled parasite pro-
teins on two-dimensional gels also showed
that T congolense and Kilifi-type T congo-
lense were two distinct genetic groups of
organisms. These results suggest a wide
spectrum of genetic diversity among trypan-
osomes currently classified as T congolense
and it is possible that the taxonomic status
of this group may have to be revised.

Proteins from procyclic forms of T'b bru-
cei, T b rhodesiense and T b gambiense
were also analysed on two-dimensional gels.
As expected, the three T brucei subspecies
differed markedly from other trypanosome
species, but subspecies discrimination was
difticult. The radiolabeling of protein from
7 vivay has been achieved and analysis on
two-dimensional gels showed differences in
protein composition between different
T vivax isolates.

Several laboratories have initiated studies
on in vitro-derived procyclic trypanosomes
and have tricd to demonstrate that these are
cquivalent to the parasites which develop in
the tsetse midgut. Using two-dimensional
gel analysis, T b brucei proteins from in
vitro-derived procyclic forms were com-
pared with proteins in parasites derived from
tsetse. Results of this work, along with
immunological, biochemical and ultrastruc-
tural compurisons, demonstrated that in
vitro-produced procyclics may be consid-
ered as equivalent to forms originating in the
tsetse midgut.

Because of the problems involved in initiat-
ing and maintaining tsctsc control programs
and the absence of an cffective trypanosom-
jasis vaccine, the livestock industry in the
vast tsetse-infested regions of Africa

depends almost entirely on trypanocidal
drugs, both to prevent trypanosomiasis and
to treat infected animals. No new trypano-
cidal compound has been introduced com-
mercially for almost 30 years and the
development of drug resistance in trypano-
some populations has limited the choice of
cffective drugs available to veterinarians and
livestock owners. One major constraint or
the development of new trypanocidal drugs
for human and veterinary use is the expense
of drug testing in experimental animals.

Trypanosome culture systems developed
at ILRAD are now being used to screen the
cffects of trypanodical drugs on different
trypanosome specics and stocks in vitro.
Although the activity of a trypanocidal com-
pound in the laboratory does not always cor-
respond precisely with its effectiveness in
the field, the results of drug screening
assays provide important insights into possi-
bilities for improved trypanosomiasis
control.

One study completed in 1986 concen-
trated on simplifying the in vitro assay sys-
tems used for testing the effects of
trypanocidal drugs. To date, drug screening
in vitro has been conducted in the presence
of a cell feeder layer. Workers outside
ILRAD have described a culture system for
T brucei which involves culturing the para-
sites on a layer of feeder cells for 10 to 20
days and maintaining them thereafter in a
cell-free culture system. Attempts to culti-
vate T vivax and T congolense in such cell-
frec systems have not yet beer successful.

Previous work indicated that the
responses of T vivax and T congolerse
bloodstream forms to trypanocidal drugs
were more predictable after the parasites had
been transformed through their entire lifecy-
cle in vitro into "second-generation’ blood-
stream forms. However, many laboratorics
in Africa lack the facilities to maintain try-
panosomes in vitro throughout their lifecy-
cle. For this reason, work in 1986
concentrated on developing in vitro tests for
drug activity using bloodstream trypano-
somes isolated directly from mice or cattle.
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Trypanocidal activity was measured in
terms of parasite growth inhibition and the
effect of drug treatment on the infectivity of
trypanosomes for mice. When trypanocidal
activity was examined in sera from cattle
inoculated with isometamidium chloride
(Samorin: May & Baker), results were com-
plicated by the fact that sera from some ani-
mals naturally inhibited trypanosome growth
and infectivity. even in the absence of the
trypanocidal drug. No correlation could be
found between this inhibitory property and
the protein protile or the level of high- and
low-density lipoproteins in sera from indi-
vidual animals.

One experiment examined the inhibition
of growth and infectivity of T congolense
ILT180 (an isometamidium chloride-sensi-
tive trypanosome population) atter exposure
of the parasites to sera from cattle inoculated
with isometamidium chloride. The drug was
administered to five Boran steers (0.5 my/
kg) which were challenged 30 days later
with a T vivax isolate from Kiliti. Kenya, by
tsetse transmission. Three animals became
infected. Sera taken from these three cattle
just before drug treatment, on the day of
7 vivax challenge, and 7 and 14 days after
challenge were incubated with the 7 congo-
lense population in culture for 24, 48 and 72
hours. Growth inhibition was observed. In
all instances, longer incubation of the para-
sites with drug-containing sera resulted in
more pronounced growth inhibition. When
parasite samples were incubated for 24
hours with different sera and then injected
into mice, it was tound that only sera col-
lected after drug administration inhibited
parasite infectivity.

The two steers which did not become
infected during the previous experiment
were challenged a second time with the Kil-
ifi 7 vivax 2 months after isometamidium
chloride administration. Although the two
animals became infected, their sera collected
on the day of challenge inhibited the growth
and infectivity of T congolense 1L1180 after
24-hours in vitro incubation. It thus appears
that Kilifi 7" vivax populations were multi-
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plying in all five cattle in the presence of
drug levels sufficient to inhibit the growth
and infectivity of T congolense. Three
months after administration of isometami-
dium chloride, the sume five catile were
challenged with T congolense 111180 by
tsetse transmission. None became infected,
confirming the in vitro findings.

A turther experiment was designed to
investigate the sensitivity of the in vitro
screening technique. Sera were taken
weekly from three calves inoculated with a
low dosage of isometamidium chloride
(0.25 mg/kg). Bloodstream forms of T con-
golense 111180 were incubated in the sera
and then injected into mice. When the para-
sites were incubated in the sera for 24
hours, only scra that had been taken 7 and
I4 days after drug treatment completely
mhibited infectivity. When the incubation
was extended to 48 hours, trypanosome
infectivity was inhibited in sera collected up
to 42 days after drug adnuinistration. The
three calves were refractory to syringe chal-
lenge with the same T congolense parasites
42 days after treatment.

When a bovine-derived T vivax from
Nigeria was incubated in the same sera. the
results, in terms of infectivity for mice,
were extremely inconsistent. This strain of
T vivax appeared to be much more sensitive
than 7" congolense 111180 to the growth-
supporting, or inhibiting, properties of sera
from individual animals, thereby masking
any trypanocidal effects assoctated with the
presence of the drug. When this T vivax
population was expanded in mice and then
incubated in the same calf sera, all sera col-
lected up to 14 days following drug admin-
istration inhibited infectivity for further
mice, whilst sera collected at a later date
failed to do so.

Results from this work suggested that the
growth and infectivity of trypanosomes cul-
tured in sera from drug-treated animals
could be used as an indirect indicator of
drug resistance in parasite populations. Inhi-
bition of parasite infectivity appeared to be a
more sensitive parameter than inhibition of



parasite growth, and correlated closely with
activity of the drug in vivo.

Trypanocidal drugs: detection and
testing in vivo

Successful treatment of trypanosomiasis is
very difficult once the parasites have pence-
trated the central nervous system, because
very tew trypanocidal drugs can pass
through the natural physiological barriers
that separate the central nervous system
from the bloodstreani. A better understand-
ing of how trypanocides work and their dis-
tribution within the host could lead to the
development of improved treatment sys-
tems. To address this problem, scientists at
ILRAD have developed a cannulation sys-

tem for monitoring the cerebrospinal fluid of

goats, together with biological assays and
high-performance liquid chromotography
(HPLC) techniques for drug detection. This
work is being conducted with support from
WHO.

Goats infected with 7' b brucei develop a
subacute disease which resulis in death after
5 to 8 weeks, with central nervous system
involvement demonstrated by meningitis/
choroiditis lesions in the brain. If infected
animals are treated with diminazene acetur-
ate (dosage 10 mg/kg), a relapse infection
occurs associated with severe meningoence-
phalitis, identical to that seen in humans suf-
fering from advanced sleeping sickness.

When uninfected goats were treated with
diminazenc aceturate by intramuscular injec-
tion, the drug could be detected in plasma
but not in cerebrospinal fluid. The drug
level reached a peak within 24 hours of
treatment at about I pg/ml and rapidly
declined over the following 5 days, with the
lower level of detection (50 ng/m., il pres-
ent 8 days after trcatment.

Similar studies were carried out with sur-
amin (Naganol: Bayer). Plasma samples
were chemically denatured to assist extrac-
tion and measurement of the drug, which
binds strongly to plasma proteins. This
resulted in an approximate 30% recovery of

the drug. Twenty-four hours after uninfected
goats were injected intravenously with a sin-
gle dose (20 mg’kg) of suramin, a level of
10 to 20 pg/ml could be detected in plasma.
Drug levels above the limit of detection
(200 ng/ml) were still present after 10 days,
but at no stage was suramin detectable in
cerebrospinal fluid.

Cannulated goats were infected with 7' b
brucei and treated with cither diminazene
aceturate or with suramin. Although sura-
min was not detectable at any time in the
cerebrospinal fluid of uninfected goats, sci-
entists are now analysing the cerebrospinal
fluid of goats suffering relapse infections of
T b brucei and treated with suramin. It
might be possible for suramin to attain
trypanocidal levels in the central rervous
system once the blood/brain barrier is com-
promised by infection. Similar studies are in
progress using melarsoprol (Arsobal: Spe-
cia), a trypanocidal compound which is
capable of crossing into the central nervous
system.

Present work to improve the sensitivity of
drug measurement includes the application
of enzyme digestion techniques to aid
extraction of drugs from plasma and cere-
brospinal fluid. Detection by fluorescence
and by radiolabeling are also being tested as
a means of increasing the sensitivity of
measurement. The drug levels detected by
such methods will be correlated with levels
detectable by in vitro assay. Together, these
appoaches should provide insights on the
efficacy of treatment in infected animals.

Trypanocidal drues: evaluation
ol profection

Despite the wide use of trypanocidal drugs,
very little is known about their mode of
action in vivo or the factors which influence
the effectiveness or duration of protection
afforded by drug treatment. Work in this
area is being carried out at ILRAD with sup-
port from the British Government’s Over-
seas Development Administration (ODA).
Studies conducted in 1985 showed that cat-
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tle treated with isometamidium chloride

(I mg/kg) were protected for at least S months
against monthly challenge with two unre-
lated serodemes of T congolense transmitted
by tsetse. This work also indicated that:

I. A direct relationship exists between drug
dosage and the duration of protection.

2. The presence of a pre-existing infection
at the time of drug treatment does not
appear to affect subsequent protection.

3. The level of metacyclic challenge does
not appear to affect the duration of
protection,

4. Antibody production is unlikely to play a
protective role in cattle maintained under a
chemoprophylactic regime, as the size of
metacyclic challenge required to stimulate
an antibody response was much larger than
the level likely to be encountered in the
field.

Similar experiments were conducted in
1986 to investigate the duration of protec-
tion provided by isometamidium chloride
against T vivax. A preliminary experiment
confirmed the drug sensitivity of 7" vivay
parasites originating from Kenya and
Nigeria. Ten Boran steers were infected by
tsetse transmission, S with a T vivax clone

originating from Kenya (1L2969) and 5 with
a T vivax clone from Nigeria (IL2968).
Eleven days following infection, all 10 ani-
mals were treated with isometamidiur chlo-
ride at a dosage of 0.5 mg/kg. Four of the
steers infected with the Nigerian clone and
all five steers infected with the Kenyan
clone were completely cured. When differ-
ent Boran steers were inoculated with a sin-
gle prophylactic dose (0.5 mg/kg) of
isometamidium chloride and subjected to
monthly tsetse-transmitted challenge with
the same T vivax clones, they were com-
pletely protected against the Nigerian clone
for at least 2 months, but were protected for
less than 1 month against the Kenyan clone
(Figure 14).

Serological investigations showed a com-
plete corrclation between the onset of parasi-
tacmia and the first detection of antibodics:
none of the treated animals showed an
immune response which might have contrib-
uted to the protection atforded by the drug.
As described elsewhere, sera from the cattle
susceptible to Kenyan 7" vivay challenge
demonstrated trypanocidal activity against
T congolense (IL1180) in vitro, cven though
the sera were taken after all animals had

T vivax Animal Infection Detected
strain number Month Day After Monthly Chailenge
Nigerian D335 none up to 5 months
(IL2968) D339 none up to 5 months
D343 3 "
D359 4 11
D363 3 "
Kenyan D338 2 7
(IL2969) D340 2 9
D347 1 12
D350 1 23
D355 1 24

Figure 14. Effectiveness of isomelamidium chioride administration agamst T vivax challenge in
callle. Ten yearling Boran steers were divided into two groups of five. noculated with
isometamidium chlonde (0.5 mg’kg) and then challenged with a Nigeran (IL2968) or a Kenyan
(IL2969) stock of T vivax. Challenge was by 10 infected tsetse. monthiy bhegmming 1 month after
drug trealment. Two untreated controls were also challenged with each stock each month
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become infec'ed with 7' vivax.

In an attempt to detect isometamidium
chloride in the five cattle in which Kenyan
T vivax infections had broken through, the
same animals were treated with a curative
dose (3.5 mg/kg) of diminazene aceturate 75
days after the original isometamidium chlo-
ride administration. Diminazene aceturate
was also given to four control cattle-—two
which had been inoculated with isometami-
dium chloride but not infected and two
which had been infected with the same
T vivax clone but not treated. All the cattle
were challenged 18 days later with tsetse-
transmitted T congolense (IL1180). All the
controls became parasitacmic 17 days after
challenge, but none of the cattle which had
previously been susceptible to challenge
with Kenyan 7" vivax developed T congo-
lense infections, indicating that trypanocidal
levels of isometamidium chloride were ¢t}
present.

Conclusions may be summarized as
follows:

1. No immune responses could be detected
in cattle protected from infection by admin-
istration of isometamidium chloride.

2. Cattle challenged with the Nigerian

T vivax were completely protected for 2
months, whercas cattle challenged with the
Kenyan stock were completely protected for
less than 4 weeks.

3. When isometamidium chloride was used
to treat infections with either population of
T vivax, both populations appeared fully
sensitive to the drug at a dosage of (0.5
mg/kg.

In the past. isometamidiun chloride-resist-
ant parasites have been demonstrated by a
strategy of infection and treatment. The
present work has described a Kenyan
T vivax clone sensitive to the therapeutic
activity of isometamidium chloride, as
defined in the field situation, but resistant to
the prophylactic activity of the drug. This
suggests that future studies on putative iso-
metamidium chloride-resistant trypanosomes
should ideally be conducted using a prophy-
lactic protocol.

TSETSE FLIES AS
TRYPANOSOME VECTORS

In a research project partly funded by IAEA
and completed in 1985, scientists measured
the vectorial capacity of sexually sterile and
fertile males of seven tsetse species for East
and West African stocks of T vivax, T con-
golense and T b brucei. This study demon-
strated that sterile males transmit
trypanosomes just as cfficicntly as fertile
tsetse, indicating that the release of large
numbers of sterile males as part of a tsetse
control prograni could increase the immedi-
ate risk of trypanosomiasis in the affected
area.

'To overcome this problem, research in
1980 concentrated on developing a method
for reducing trypanosome infection rates in
sterile flies. Teneral male tsetse (G i cen-
tralis) were sterilized by gamma irradiation,
fed artiticially on a bloodmeal containing
isometamidium chloride at a rate of 8 wg/ml
of blood and then fed 2 days later on goats
nfected with T vivay, T congolense or T b
brucei. T vivax and T b brucei infection
rates in mature flics were completely sup-
pressed after this treatment, and T congo-
lense infection rates were substantially
reduced. When the drug concentration was
mcreased to 12 pg/mi of blood and the flies
were fed on infected goats 10 days after
feeding on the treated bloodmeal, infection
with all three species was completely sup-
pressed. These results indicate that the prob-
tem of increased trypanosomiasis risk
associated with the release of sterile male
tsetse might be alleviated by feeding a
bloodmeal containing isometamidium chlo-
ride prior to release.

Relatively little is known about the devel-
opment of 7 vivax in the mouth parts of
tsetse flies or the vectorial capacity of differ-
ent tsetse species for this species. A study
was carried out in 1986 to test the vectorial
capacity of the seven tsetse species available
at ILRAD for two East African and two
West African stocks of 7 vivax. The East
Alrican stocks used were isolated from a



goat at Likoni and from a cow at Galana,
both in Kenya; the West African stocks were
both from Nigeria, one isolated from a cow
and one from a tsetse fly.

Teneral male tsetse were fed for 24 days
on Boran calves infected with these stocks
and then dissected to determine infection
rates. For the two East African stocks,
infection rates in G m centralis and G brevi-
palpis were high, ranging from 36.2 to
75.3%. In the other five tsetse species—

G austeni, G palpalis palpalis, G » gam-
biensis, G fuscipes fuscipes and G tachi-
noides—infection rates were low, ranging
from 0 to 5%. By contrast, infection rates
with the two West African stocks were high
in all tsetse species, ranging from 55.5 1o
97.1%.

Fibrinolytic enzymes have been identitied
in the tsetse midgut which probably help
protect feeding tsetse from the potentially
harmful effects of blood clotting. In collabo-
ration with the University of Nairobi, five
tsetse fibrinolytic enzymes were identified
and the two most active ones were purified
and shown to be serine proteases. Rabbits
immunized against one of the enzymes pro-
duced antibodies which crossreacted with
the other, suggesting that the two enzymes
share some common antigenic determinants.
However, these antibodics failed to block
the fibrinolytic activity of the enzymes on
synthetic substrates, indicating that the anti-
bodies may not be directed to the enzymes’
active sites. Further work in this arca will be
conducted in collaboration with ICIPE.

AFRICAN TRYPANOTOLERANT
LIVESTOCK NETWORK

ILRAD and ILCA participate in a rescarch
Network in West and Central Africa to
study the health and productivity of trypano-
tolerant and non-trypanotolerant cattle,
sheep and goats exposed to different levels
of tsctse-transmitted trypanosomiasis.
Research is being conducted at |1 sites—3
in Zaire, 2 in Togo, 2 in Ivory Coast, 2 in
The Gambia, | in Gabon and | in Nigeria—
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plus 2 associated sites, | in Kenya and 1 in
Ethiopia. Additional projects arc being initi-
ated in Senegal, Benin and Guinea.
Rescarch in all these countries is conducted
in close cooperation with livestock owners
and government livestock departments.
ILCA published a report in 1986 providing
extensive background information on the
Network and on cach of the sites.

Attention is directed particularly to the
indigenous taurine cattle breeds of West
Adrica which have shown resistance to try-
panosome infection—the N'Dama and West
African Shorthorn. At some of the study
sites, the health and productivity of these
breeds can be compared with that of more
susceptible cattle kept under the sume condi-
tions. The iocal breeds of sheep and goats
also demonstrate a degree of resistance to
Lrypanosoniasis.

Trypanosomiasis control strategies, such
as regular preventive treatment with trypan-
ocidal drugs. have been introduced at some
of the Network sites and their effects are
being monitored and analysed. Tsetse con-
trol programs will also be monitored within
the Network.

ILRAD provides training and supervision
for the monitoring of tsetse populations, try-
panosome infection rates in tsetse and live-
stock and the health status of animals
included in the study. ILCA assists with the
collection of data on animal production and
nutrition and is responsible for processing
and analysing health and productivity data.

Because of the crucial importance of
accurate data collection and standardization
among the different sites, field staff’ working
within the Network receive intensive train-
ing and careful supervision. Two 7-week
training courses are conducted at ILRAD
every year, one in English and one in
French. By the end of 1986, 53 staff mem-
bers working in the Network had received
training at ILRAD.

Studics were completed in 1986 on try-
panotolerant cattle, sheep and goats at cight
sites i five countries. These included infor-
mation collected over a 2-year period on



factors which influence the prevalence of
trypanosome infections and the effects of
infection on animal health and productivity.
ILCA published a report of results obtained
from 1983 to 1985 at the ¢nd of 1986.

Anelse density and infection rates

Nine tsetse species were identified at the 11
sites included in the Network. These were G
Juscipes, G tachinoides, G palpalis, G
tabaniformis, G nashi, G brevipalpis, G
pallidipes, G austeni and G morsitans sub-
morsitans, representing the three major tax-
onotnic groups of tsetse—morsitans,
palpalis and fusca.

Tsetse density is measured at ali Network
sites for 5 to 10 consecutive days cach
month using biconical traps. Density is
expressed as the average number of flies
captured per trap cach day. The figures
recorded are expressed as relative density,
using standard techniques at all research
sites to facilitate comparison. Relative den-
sity is a function of real tsetse density,
behaviour and nutritional status of the flics,
position of the traps and weather conditions.
Relative densities tend to be low at most
Network sites, ranging from an overall aver-
age from 1984 to 1986 of 5.9 at Mushie
Ranch in Zaire to 0.1 at Avetonou in Togo.

Network staff dissect and examine the
proboscides, midguts and salivary glands of
captured tsetse to determine trypanosome
species and infection rates. Infection rates
tend to be high at many Network sites, rang-
ing from a 3-year average of 16.1% at the
OGAPROYV Ranch in Gabon to 0.4% at
Kolo Ranch in Zaire. Generally, tsetse
infection rates are high at sites where the
recorded prevalence of tryp:nosome infec-
tion in livestock is higit, which would be
expected in situations where tsetse are feed-
ing primarily on domestic animals.

Virtually all the trypanosome infections
detected in tsetse were of the congolense or
vivax type. Vivax-type infections were
strongly predominant in tsetse species of the
palpalis group (G palpalis and G tachi-

noides) and in G tabaniformis and G nashi
of the fusca group. Congolense-type infec-
tions predominated in G brevipalpis, also of
the fusca group, and in G pallidipes and

G austeni of the morsitans group. These
findings generally agree with results from
other studics.

Eatimiies of tsetee challenpe

Preliminary estimates of tsetse challenge
have been calculated for the 11 study sites,
based on relative tsetse density and mean
trypanosome intection rates. Results are pre-
sented in Figure 15. Challenge levels appear
to be low with one exception (Mushie
Ranch in Zaire); this would be expected in
locations where livestock production is eco-
nomically viable.

Tsetse blood meals are also being ana-
lysed to determine feeding behaviour. This
will make it possible to refine estimates of
tsetse challenge by taking into account the
proportion of tsetse fecds taken from the
animals under study. I 1986, 659 blood
meals were collected from Network sites in
Gabon, The Gambia, Ivory Coast, Kenya,
Togo and Zaire for analysis at ILRAD.
Monoclonal antibodies have been derived
for identifying tsetse blood meals originating
from Bovidae (cow, buffalo), Alcephinae
(wildsbeest, hartebeest, kongoni, topi),
Tragelaphinae (bushbuck, eland), Antelopi-
nae (impala, Thompson’s gazelle, Grant’s
gazelle), Caprinae (goat, sheep), Suidae
(warthog, bushpig, domestic pig) and
reptiles.

Comparisons of tsetse challenge between
sites are complicated by several factors.
These include differences in the vectorial
capacities of different tsetse species and the
possibility of mechanical trypanosome trans-
mission by other types of biting flies.

Ty panosonme mfection i livestock

Across eight Network sites where studies
were completed in 1986, trypanosome prev-
alence was similar in the two trypanotoler-
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— Mean Tsetse Challenge —

Country Site 1984 1985 1988 Overall
Zaire Mushie 16.8 155.7 46.0 72.8
Ivory Coast Boundiali 14.1 18.2 46.2 26.2
Ethiopia Tolley — — 22.9 22.9
Kenya Muhaka 30.4 10.2 6.8 15.8
Gabon OGAPROV 7.5 11.8 59 8.4
Togo Sokode — 4.0 8.4 6.2
Ethiopia Ghibe — — 3.9 3.9
Zaire Idiofa — — 3.2 3.2
Ivory Coast Tengrela 7.4 1.1 0.4 3.0
Togo Avetonou — 0.2 0.1 0.2
Zaire Kolo 0.0 0.0 0.3 0.1

Figure 15. Mean tsetse challenge at 11 research sites in the Afncan Trypanotolerant Livestock
Network. The mean (setse chalienge is the product of relative tsetsz density (number ol tsetse/
trap/day) and the trypanosome infection rate in the tselse population.

ant cattle breeds (7.3 to 11.0%) and lower
in these breeds than in the more susceptible
breeds (25.9 to 30.6%), with crossbred cat-
tle in an intermediate position (15.2 to
16.5%). Where different species of livestock
were kept together, trypanosome prevalence
tended to be similar in sheep and goats but
higher in cattle.

Estimates of tsetse challenge are com-
pared with the recorded prevalence of try-
panosome infection and incidence of new
infections in liver ock at cach Network site
on a monthly basis. A general positive cor-
relation was observed between annual aver-
ages for tsetse challenge and the prevalence
of infection in trypanotolerant cattle at seven
Network sites (Figure 16). A similar correla-
tion was found between isetse challenge aind
the prevalence of infection in trypanotoler-
ant sheep. The methods for estimating tsetse
challenge and detecting infection levels in
livestock may not be sufficiently sensitive to
allow correlations between monthly aver-
ages within sites except where major
changes occur. A detailed analysis of results
from the Boundiali and Tengrela arcas in
Ivory Coast revealed the importance of local
factors, such as the extent of herd move-
ments, the proximity of tsetse traps to herds,
the frequency of recorded and unrecorded

54

treatment with trypanocidal drugs, and the
varying susceptibility of different breeds.

Trypanosome species are identified in
infected livestock from direct examination
of the bufty coat layer and from stained
blood smears. Trypanosome infections in
tsetse are designated as vivax type, congo-
lense type or belonging to the 7 brucei com-
plex. Limitations of available methods
irclude some overestimation of congolense-
type infections and underestimation of T b
brucei. Over a 2-year period at seven
research sites, T congolense was more prev-
alent in cattle, while 7" vivax was seen more
frequently in sheep and goats.

Infection levels among cattle of different
ages appearced to be related to management
factors: prevalence of trypanosomes was
similar when all age groups were kept under
similar management. Tryparosome preva-
lence differed significantly in cattle from
one year to the next, but clear seasonal dif-
ferences were only observed at one site—
Boundiali in Ivory Coast.

Levels of wienug

Anaemia 1s onc of the most important clini-
cal signs of trypanosomiasis. Network staff
measure PCV—a reliable indicator of anac-




mia—regularly in all cows and calves cov-
ered by the study. Regression analysis
showed a consistent relationship between
trypanosome infection and average PCV
levels, with infection significantly linked to
depressed PCVs. The extent of PCV depres-
sion was proportional to the duration of try-
panosome infection, suggesting that the
cttect of continuous or repeated infections
may, at least in part, be cumulative. Among
cattle infected with T congolense or T vivay,
there was no indication that one trypano-
some species caused more severe anacmia
than the other.

Reproductive performance and
liveweights

‘Trypanosome infection was shown to
depress female reproductive performance
substantially at a research site in Gabon
where breeding was restricted to a 3-month
period. Some reduced fertility was also
measured in infected cows at a site in Zaire
where breeding took place throughout the
year. Lower calving percentages could be
attributed directly to infection and not to any
associated loss of liveweight. There was a
consistent association between good fertility
and high PCV levels.

— _

Trypanosome prevalence (%)

1.2 1.8 2.4

Log 10 Tsetse challenge

Figure 16. A comparison of tsetse challenge and the prevalence of trypanosome infection in
trypanotolerant cattle at eight sites in the African Trypanotolerant Livestock Network, showing a
positive correlation. Annual averages for 1984, 1985 and 1986 were used for Mushie and Kolo in
Zaire and Boundiali and Tengrela in Ivory Coast. Annual averages were available for 1984 and
1985 only at the OGAPROV ranch in Gabon, for 1985 and 1986 al Avetonou in Togo, and for 1986
at |diofa Plateau and Idiofa Forest in Zaire, giving a total of 18 situations for comparisot 1.
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Weight loss and stunting are generally
reported among the major effects of trypa-
nosomiasis in cattle. However, trypanosome
infection did not have a significant effect on
liveweight or liveweight changes arong try-
panotolerant cattle moniiored at five of the
Network sites.

Rescanel on 501 mmi producovity

The ¢ himiia

In 1985, ILCA and i*.RAD initiated a
rescarch project in The Gambia under the
African Trypanotolerant Livestock Network
with funding from the EEC. The objective
is to study the productivity of trypanotoler-
ant cattle under viliage conditions. The
research team works in close collaboration
with a tsetse research project funded by
ODA and with a large-scale livestock devel-
opment project funded by the ADB. All
three projects will be based at the newly
established International Trypanotolerance
Centre.

A preliminary epidemiological survey
was conducted at the end of 1985 and regu-
lar monitoring began in January 1986, cov-
ering a total of 1000 N’Dama cattle in two
village locations. These are Gunjur, with
low trypanosomiasis challenge transmitted
by G palpalis gambiensis, and Keneba,
which is moderately infested with G morsi-
tans submorsitans. In June, the study was
extended to cover 500 cattle in Pirang and
Jattaba villages, where tscise infestation is
believed to be moderately high.

The ILCA/ILRAD team is investigating
the health and productivity of the cattle
included in the study by monitoring trypano-
some prevalence, anacmia as indicated by
PCV ievels, productivity as indicated by
calving rates, weight changes and milk pro-
duction, the presence of anti-trypanosomal
antibodies and the incidence of other infec-
tious discases. The GDA-funded team col-
lects data on the distribuiion. density and
trypanosome infection rates of tsetse in the
four arcas.

Preliminary results from the first 10
months of data collection in two arcas are
given in Figure 17. As would be anticipated
from tsetse infestation rates, trypanosome
infections are more prevalent at Keneba than
at Gunjur. This coincides with lower PCV
values and lower average body weights for
all age groups. Young adult catde. from 3 1o
9 years old, showed the highest prevalence
of trypanosome infection, while animals 10
years old and above had the lowest PCV
values. Monthly variations in weight gains
appeared to relate primarily to nutritional
factors.

Milk production was calculated from a
sample of 69 cows at the two sites over an
8-month period. Milk intake by calves was
estimated from calf growth, based on the
standard calculation of 9 kg of milk equiva-
lent to | kg of calf growth, and this was
added to measicinients of milk extracted for
human consumption. Total milk production
was remarkably high in both villages, as
shown in Figure 18. The average ratio of

!

‘ Age Group Infection Rate (%) PCV (%) Body Weight (kg) ;
| (Average values) Gunjur Keneba Gunijur Keneba (Sunjur Keneba
! Pre-weaners 0.4 3.0 26.3 25.4 58.8 55.5
Post-weaners 0.4 1.7 27.2 257 138.7 1334
Young aduits 2.0 51 292 26.6 237.4 2183 |

42 26.2 240 249.6 2238

 0ld adults 1.1

Figure 17. Average trypanosome infection rates, PCV levels and body weights among N'Dama
cattle in four age groups at two sites in The Gambia—Gunijur with low tsetse density and Keneba

with moderate tsetse density.
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Milk and Calf Prcduction (kg) Gunjur Keneba
Milk extracted for human consumption 272.4 260.3
Calf growth 39.9 27.7
Estimated milk consumed by calves 359.1 249.3
Total estimated milk production 631.5 509.6

Figure 18. Milk extracted for human consumption and estimated milk consumed by calves from
N'Dama cows al Gunjur and Keneba villages in The Gambia. Milk and calf production data are
averages from 69 cows monitored over an 8-month period in 1986,

milk extracted for humans to milk con-
sumed by calves was 47:53.

Analysis of species-specific anti-trypano-
somal antibodies in a sample of 1000 cattle
from all four study arcas revealed high anti-
body levels in most older animals, but very
little evidence of species-specific anti-try-

panosomal antibodies in animais under 5
years of age. Antibody levels varied at dif-
ferent sites, at different times of year and
between different trypanosome species.
Some animals with antibodies at one point
during the study period showed no antibod-
ics 6 months later.
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TRAINING AND
INFORMATION SERVICES

TRAINING

ILRAD’s training activities include indivi-
dualized training programs for scientists and
technicians from laboratories and field pro-
grams in Africa and other developing areas;
post-graduate training for students working
towards master’s and doctoral degrees; and
post-doctoral positions to enhance the
professional knowledge and experience of
young scientists from many parts of the
world. In addition to training for individu-
als, courses, conferences and workshops are
held each year on topics closely related to
ILRAD’s research program. The emphasis
in all these activities is to develop veterinary
research and disease control capabilities in
African countries where trypanosomiasis
and ECF are important animal health prob-
lems. Training activities account for nearly
10% of ILRAD’s total budget.

In 1986, 22 scientists and technicians
came to ILRAD on study attachments for
periods ranging from 1 week to 6 months.
Their training programs were planned on an
individual basis according to the needs of
their home institutions. Nineteen came from
African countries, as listed in Figure 19:
two were sponsored by FAO, one by DSE/
GTZ (Deutsche Stiftung fiir internationale
Entwicklung/Gesellschaft fiir technische
Zusammenarbeit) and the remainder by
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ILRAD. All were staff members of national
universities, research centres or veterinary
departments in their home countries. Three
additional training participants were spon-
sored by universities in developed coun-
tries—two from Italy and onc from the
USA.

Some training program participants com-
bined their work at ILRAD with training at
other research centres in the Nairobi area,
such as ICIPE, the Kenya Agricultural
Research Institute and the Kenya Govern-
ment’s Veterinary Research Laboratory.
This type of collaborative training activity is
hecoming more common among research
centres in Kenya working cn related dis-
ease-control problems.

Fifteen post-graduate students were work-
ing at ILRAD in 1986, on Rescarch Fellow-
ships lasting from | to 4 years (Figure 19).
Three Visiting Rescarch Fellows also
worked at ILRAD for shorter periods.
These students work closely with ILRAD
scientists on projects related to the research
program. The [4 Rescarch Fellows from
African countries all received support from
ILRAD; 6 were also sponsored by their
home governments, 1 by the Government of
The Netherlands and | by WHO. Four
Research Fellows from developed countries



Country 1985 1986

Country 1985 1986

Specialized technical training

Burundi 2 2 Somalia - 2
Burkina Faso 1 - Tanzania - 2
Central African Republic - 1 Uganda 2 -
Ethiopia 1 2 Zambia 2 -
Kenya 2 5 Zimbabwe 2 2
Nigeria 2 1 italy - 2
Rwanda - 2 USA - 1
Post-graduate training
Ghana 1 1 Belgium 1 -
Kenya 10 8 Italy 2 2
Nigeria 1 2 Germany (FR) 1 -
Sudan - 1 Netheriands 1 1
Tchad 1 - UK 1 1
Uganda 1 1 USA 1 -
Zaire 1 1
Post-doctoral training

Kenya 2 3 Germany (FR) 1 1
Rwanda 1 - Ireland - 1
Australia - 1 Japan 1 -
Belgium 1 - UK 1 2
France 1 1 USA 5 4

Figure 19. Individual training at ILRAD in 1985 and 1986: number of participants in different types

of training by country of origin.

received outside support. In addition to
Research Fellows working at ILRAD, one
Kenyan staff member from the ILRAD/Vet-
erinary Research Laboratory Wildlife Proj-
ect was sponsored for post-graduate studies
in the USA.

A Senior Research Fellowship program
was initiated in 1985. Under this program,
young scientists working at universities or
research institutes, principally in Africa,
come to ILRAD for several months to
enhance their research experience. Three
Senior Rescarch Fellows worked at ILRAD
in 1986, from Kenya, Uganda and
Tanzania.

Post-Doctoral Fellows are selected on an
international basis, though emphesis is
placed on recruiting well qualified young
scientists from African countries. They nor-
mally work at ILRAD for 2 years, and their

projects are expected to contribute directly
to ILRAD’s research program. in 1986, 13
Post-Doctoral Fellows worked at ILRAD—
4 from the USA, 3 from Kenya, 2 from the
UK and 1 each from Australia, France, Ire-
land and Germany (FR).

In addition to training activities for indi-
viduals, five training courses were held in
1986. A 1-month course was conducted in
April on “The Diagnosis of Haemotropic
Cattle Diseases, with Emphasis on East
Coast Fever’. Seventeen participants came
from Burundi, Ethiopia, Kenya, Mozam-
bique, Rwanda, Somalia, Sudan, Tanzania,
Uganda, Zambia and Zimbabwe. One was
on the staff of OAU/IB:. ~ and one worked
for a UNDP/FAO project; the others were
staff members with national universities,
research centres or veterinary departments.

In April and May, a 2-month course was
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conducted on *Trypanosomiasis and other
Parasitic Diseases’ for English-spcaking
tield personnel in the ILCA/ZILRAD African
‘Trypanotolerant Livestock Network. Five
participants came from Ethiopia, Kenya,
Nigeria and The Gambia. A second 2-
month course was conducted in October and
November, primarily for French-speaking
Network staff. Four participants came from
Network sites in Gabon, Ivory Coast and
Zaire and two other participants came from
the Central African Republic and Rwanda.

A 3-month course was held at iILRAD
from September through November on the
‘Preparation and Use of Reagents for the
Diagnosis of Haemoprotozoan Cattle Dis-
cases’. Nine participants attended from
national veterinary laboratories and universi-
ties in Burundi, Kenya, Mexico, Mozam-
bique, Nigeria, Senegal, Somalia, Rwanda
and Uganda.

In November, The Animal Production
and Health Scction of IAEA and FAO spon-
sored a I-month regional training course on
the *Use of Radio- and Enzyme Immuno-
assay Techniques for Studies on Animal
Reproduction and Discase Diagnosis’. This
course was conducted at the University of
Nairobi, the Kenya Agricuttural Research
Institute and ILRAD, with (inancial admin-
istration through ILRAD’s Training Depart-
ment. Fifteen participants attended from
veterinary rescarch departments in Benin,
Burkina Faso, Burundi, Ghana, Kenya,
Mali, Nigeria, Somalia, Sudan, Tanzania
and Zambia.

ILRAD scientists gave lectures during the
year for two courses held at ICIPE on ticks
and tsetse {lies, and participants in these
courses visited ILRAD. ILRAD also pro-
vided training material to the University of
Nairobi, the Veterinary Research Laboratory
in Australia and GTZ.

Laboratory technicians on the ILRAD
staff arc sclected for 2- and 3-year training
programs at the Kenya Polytechnic leading
to Ordinary and Advanced Diplomas in
Medical Laboratory Technology. Six
ILRAD staff members were sponsored for
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training in 1986, and threc were awarded
the Advanced Diploma at the end of the
year.

MEETINGS

An ‘International Workshop on Genetic
Exchange in Trypanosomes’ was held at
ILRAD in October, bringing together
rescarchers from KETRI, the Veterinary
Rescarch Laboratory, ICIPE and ILRAD as
well as 22 distinguished specialists from
around the world. The possibility of genetic
exchange in trypanosomes, by sexual or
other processes, has profound implications
for trypanosomiasis cpidemiology, espe-
cially in terms of the development of anti-
genic diversity and the spread of drug
resistance. Recent suceess at the Swiss
Tropical Institute in obtaining hybrid trypan-
osomes has allowed intensive investigations
in several laboratories. Most of the scholars
working in the field came to this workshop
to report and discuss their most recent find-
ings. A summary proceedings document has
been published by ILRAD's Information
Services.

ILRAD staft members and visiting scien-
tists give seminars throughout the year, pre-
senting the results of ongoing rescarch
projects. Scientists are invited from other
rescarch institutions in the Nairobi arca. In
1986, 37 seminars were presented at
ILRAD, 13 on trypanosomiasis rescarch, 10
on ECF rescarch and 14 on related topics.

ILRAD also makes its conference faciti-
ties available for meetings and courses spon-
sored by other organizations. In 1986, these
gatherings included training courses spon-
sored by ILCA and by the International
Potato Centre (CIP), a poultry seminar
sponsored by the US Department of Agri-
culture, meetings of the Kenya Veterinary
Association, the Animal Production Society
of Kenya and the Kenya Government'’s
Ministry of Livestock Development, a sci-
entific meeting of the Kenya Veterinary
Association and the Nairobi Cluster and a



workshop sponsored by the Small Ruminant
Collaborative Rescarch Support Program.

INFORMATION SERVICES

In 1986, the Information Services Depart-
ment published the annual report, ILRAD
1985, four issues of the quarterly newsletter,
ILRAD Reports, and the weekly 1LRAD
Internal Newsletrer. The annual report and
quarterly newsletter were published in Eng-
lish and French and the intermal newsletter
in English and Kiswahili.

Papers originally presented at an interna-
tional conference held at ILRAD were pub-
lished in 1986 by Cambridge University
Press. This 570-page volume, The Rumi-
nant Immune System in Healtle and Disease.
reviews the immune system of domestic
ruminants, with particular emphasis on
mechanisms of immunity and resistance to
infectious diseases. The book was edited by
W.I. Morrison, a senior scientist at ILRAD,
with support from the Information Services
Department.

ILRAD published i second proceedings
volume—/mmumnization against East Coast
Sever: report of aworkshop on collection,
handling and analvsis of performance and
productivity data—containing papers and
discussions presented at an international
workshop held in September 1985. An
updated brochure was also published in
1986 listing publications by ILRAD staff
which appeared in 1984 and 1985, plus a
partial listing for 1986. In addition, the
Information Services Department provided
editorial and production support for the pub-
lication of ILRAD’s annual program and
budget document and the External Program
and Management Reviews.

ILRAD’s first audio-visual production
was completed in 1986. This is a 20-minute
slide-tape presentation describing ILRAD's
establishment, development and rescarch
and training activitics. It is now shown to
many of ILRAD’s visitors. The Government
of Japan presented ILRAD with a video sys-

tem in 1986, including cameras, recorders,
microscopic filming equipment, editing
facilitics, players and monitors. Short video
tapes have been produced on in vitro culti-
vation of trypanosomes, cmbryo transter
techniques in cattle and the pathology of
heartwater.

The four issues of ILRAD Reports pub-
lished in 1986 included major articles on
trypanosomiasis epidemiology studies at the
Kenya coast, ECF immunization trials,
rescarch on the role of cellular immunity in
ECF and a summary of ILRAD’s second
External Program and Management
Reviews. For the second time, ILRAD's
quarterly newsletter received an award for
excellence from Agricultural Communica-
tors in Education, a professional editors’
association in the USA.

ILRAD staff members published 39 arti-
cles in international journals in 1986, plus
23 chapters and 6 full-length reports or
books. These scholarly publications,
together with numerous papers presented at
international conferences, comprise the bulk
of ILRAD’s information output for special-
ized scientific audiences. The Information
Services Department directs considerable
cffort towards ensuring the distribution of
these publications to researchers and ficld
staff in developing countrics who may not
have access to a wide range of scientific lit-
crature. The agreement with Cambridge
University Press to publish The Ruminant
Immune System in Health and Discase also
included the sale of copies to ILRAD for
free distribution to scientists in developing
countries.

The annual report and quarterly newslet-
ter are intended for less specialized readers,
with emphasis on animal health workers in
Africa and the staff of donor organizations
which support ILRAD's research and train-
ing programs. /LRAD Reports and occa-
stonal short press releases are also
distributed to journalists in many parts of
the world. A major effort to verify and
update the distribution list for these publica-
tions was completed in 1986 (Figure 20).
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Countries Institutions/Individuals
Region 1985 1986 1985 1986
Anglophone Africa 24 25 851 745
Francophone Africa 24 23 378 268
Anglophone & other 20 19 286 235
Europe
Francophone Europe 2 2 42 41
North & South America 27 25 317 277
Near & Far East 34 31 248 233
Tolal 131 125 2122 1799

Figure 20. Comparison of ILRAD Reports distribution at the end of 1986 and *he end of 1985,

This has resulted in the more accurate iden-
tification of the appropriate audience for
ILRAD’s publications and considerable
reduction in production and distribution
costs. Virtually 100% of those on the mail-
ing list are in active communication with the
Information Services Department.

P NENS
i

THE ILRAD LIER ALY

The ILRAD library serves staff members,
visiting scientists, participants in the training
program and staff of other research insti-
tutes, government departments and universi-
ties in Kenya. A brochure, The ILRAD
library: user’s guide, describes the organi-
zation of the library and the collection of
books and journals available.

The specialized collection concentrates on
topics related to ILRAD’s research program.
Emphasis is placed on scientific journals.
Subscriptions to 210 journals cover fields
such as parasitology, immunology, biochem-
istry, entomology, cell biology and veteri-
nary medicine, including several indexing
and abstracting journals. Journal subscrip-
tions are reviewed every year according to
the recommendations of the scientific staff.
The collection of scientific reference books
is steadily expanding, with 200 new books
acquired in 1986.

The ILRAD library participates in an
interlibrary loan network along with the

sy
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University of Nairobi, the Kenya Govern-
ment’s Veterinary Research Laboratory, the
Veterinary Research Department of the
Kenya Agricultural Research Institute, the
Ministry of Health and ICIPE. In 1986,
ILRAD staff members borrowed 600 items
from these other libraries and the ILRAD
library loaned out 100 items through the net-
work. The ILRAD library donated over 200
books and 30 journal volumes to other
libraries in the Nairobi area.

The ILRAD library offers current aware-
ness services through weekly announce-
ments of accessions in the /nternal
Newsletter and through subscriptions to
three monthly selective dissemination of
information services. These are provided by
Biosciences Information Services (BIOSIS),
the International Information System for
Agricultural Sciences and Technology
(AGRIS) of FAO and the abstracts service
of the Commonwealth Agricultural Bureaux
(CAB). In addition, the library carries out
computer-based literature searches for
ILRAD staff, using agents in Europe and
North America.

The library orders copies of scientific arti-
cles which are not available in Kenya as
requested by ILRAD staff members. About
200 articles were acquired in 1986, mainly
from the British Library Lending Division.

Reprints of scientific articles by ILRAD
staff are supplied on request to researchers



and field workers throughout the world. In
1986, 600 reprints were distributed free of
charge, primarily to specialists in develop-
ing countries.

In September 1986, the library acquired
an IBM PC/AT computer and a software
package, INMAGIC, suitable for computer-
izing the library’s catalog and acquisition
system. By the end of the year, over 1000

items had been entered into the database. A
complete computerized catalog should be
available in mid-1987 and other library
activities are also gradually being comput-
erized. The ILRAD library has supplied
information and advice on library computer-
ization to several libraries in Kenya and one
in Malawi.

63



RESEARCH SUPPORT

TSETSE LABORATORY

Seven tsetse breeding colonies were main-
tained at ILRAD in 1986. These were Glos-
sina morsitans centralis originating from
mainland Tanzania, G austeni from Zanzi-
bar, G palpalis palpalis from Nigeria, G p
gambiensis from Burkina Faso, G fuscipes
Juscipes from the Central African Republic,
G tachinoides from Tehad and G brevipalpis
from Kenya. These represent the three tax-
onomic groups of tsetse—morsitans, pal-
palis and fusca.

Although it is possible to maintain try-
panosomes in vitro and to infect laboratory
animals and livestock by injection, the para-
sites normally pass through several stages of
their lifecycle in tsetse. Trypanosomes main-
tained and transmitted artificially are dif-
fer:nt in some respects from parasites
transmitted through the bite of an infected
tsctse. For this reason, a great deal of the
trypanosomiasis rescarch conducted at
ILRAD uses trypanosomes which have
developed in tsetse flics. Work on parasite
development and discase transmission is
conducted in close collaboration with staff
of the Tsetse Laboratory.

All breeding colonies are maintained at
25°C and fed 5 days a week on the ears of
half-lop rabbits. Tsetse in the morsitans
group are kept at 70% relative humidity, and
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the others at 85%. Overall breeding per-
formance in 1986 is summarized in Figure
21.

The breeding colonies provided all the
tsetse required for rescarch work at ILRAD
in 1986, as well as tsetse used during the
two training courses conducted under the
ILCA/ILRAD African Trypanotolerant Live-
stock Network. In addition, tsetse puparia
and adults were supplied to colleagues at the
University of Nairobi, KETRI, the Swiss
Tropical Institute, the Prince Leopold Insti-
tute of Tropical Medicine (Belgium), the
Institute of Tropical Medicine (Japan), the
University of Alberta (Canada) and IAEA.

TKCK LABORATORY

The ECF rescarch program at ILRAD
requires large numbers of the infective spo-
rozoite forms of T parva. At present, Theil-
eria sporozoites can only be obtained in
sufficient quantitics by continuous passage
of the parasites between tick vectors and
mammalian hosts. In ILRAD's Tick Labo-
ratory, ticks are infected with Theileria para-
sites by feeding on infected cattle. They are
then dissected and the sporozoites are iso-
lated from their salivary glands. The Tick
Laboratory provides sporozoites, ticks and



Breeding Daily Female Weekly Pupae Puparial Annual
Tsetse Females Mortality per Female Weight Number
Species (mean) (mean %) (mean) (mean mgq) Puparia
G m centralis 10.348 0.49 0.61 32.70 329,295
G austeni 1,151 0.39 0.64 26.50 38,198
G p palpalis 1,122 0.82 0.53 31.33 30,844
G p gambiensis 2,033 069 0.70 29.37 73,953
G ! fuscipes 2,157 0.40 0.45 35.87 50,502
G tachinoides 1.201 0.71 0.63 19.88 39,433
G brevipalpis 2,363 0.95 0.53 73.68 65,370

Figure 21. Performance of seven tsetse breeding colonies maintained at ILRAD in 1986.

tick tissues for a variety of research projects.

Colonies of infected and uninfected ixo-
did (hard) ticks are maintained by feeding
on cattle and rabbits. The most important
species is Rhipicephalus appendiculatus,
the principal vector of T p parva and Tp
lavrencei. Colonies of several R appendicu-
latus laboratory strains are maintained at
ILRAD, as well as ficld isolates from differ-
ent locations in East Africa. A number of
other tick species are maintained in smaller
colonies. These include Amblyomma varie-
gatum and A gemma, vectors of Cowdria
ruminantivm (heartwater) and of two rela-
tively benign Theileria species—T mutans
and T velifera; Boophilus decoloratus and
B microplus, which transmit Babesia spp
and Anaplasma marginale; and two other
Rhipicephalus species, R evertsi evertsi
aud R pulchellus.

Continuing studies are conducted to deter-
mine the factors which affect Theileria
development in R appendiculatus ticks with
the aim of ensuring uniforrly high infection
rates. An important advance has been the
use of synthetic corticosteroids o supress
the immune reactions of the infected cattle
used for tick feeding. However, significant,
unexplained differences persist in the infec-
tion rates of ticks fed on different individual
animals. These may relate to variability in
infectivity among Theileria stocks or differ-
ences in susceptibility among populations of
ticks. Tick populations which appear to pro-

duce the highest infection rates are currently
being selected in an attempt to produce tick
stocks which are particularly susceptible to

the Theileria strains used at ILRAD.

Studies also concentrate on developing
methods to feed ticks artificially. Artificial
feeding, by improving the control of varia-
bles, would allow more precise studies on
tick development and parasite transmission
and would reduce requirements for experi-
mental animals,

To be successtul, an artifizial feeding sys-
tem must attract ticks to probe a membrane
and must provide an acceptable diet so that
they remain attached until engorgement.
However, ixodid ticks are highly selective
feeders. Several species have now been fed
successfully through a membrane of rabbit
skin but they have rejected all artificial
membranes tested so far, though various
attractants are still being tested. Diets which
have been tested consisted of defibrinated
blood from different mammalian species and
whole blood with various anticoagulants. In
some cases, blood could be replaced by sim-
ple media for up to 2 days. Some ticks
required the addition of an appetite stimu-
lant, adenosine triphosphate.

Further trials involve the uptake of para-
sites, radioactive markers and other sub-
stances through artificial feeding systems. In
one experiment, A variegatum nymphs were
fed artificially on the blood of a cow
infected with heartwater and successfully
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transmitted the parasites to a susceptible
calf. Similar experiments are being con-
ducted to test the transmission of Theileria
parasites by R appendiculatus ticks. Artifi-
cial feeding is also being used to investigate
humoral immune responses to feeding ticks.

LARGE ANIMAL
PRODUCTION

The livestock facilitics at ILRAD were filled
to capacity in 1986, with 557 cattle and 385
goats allocated for experimental purposes.
Overall, 55% of the cattle were used for
ECF rescarch, 30% for trypanosomiasis
rescarch, 10% for bovine MHC characteri-
zation and 5% for other projects. such as
antigen production. Mc  of the goats were
used for trypanosomiasis research. The
ILRAD ranch, Kapiti Plains Estate Ltd, sup-
plicd nearly all the cattle required, while
goats were purchased from outside farms.

Cattle production has improved steadily at
Kapiti since the ranch was purchased at the
end of 1981. In 1986, 1,112 calves were
born from a breeding herd of 1,194 cows
and heifers, giving a calving rate of 93%.
Increased production has resulted primarily
from completion of a paddocking system
which has improved the control of grazing
and stock movement. Figure 22 shows how
the gradual construction of fencing has
allowed steady increases in stocking and calf
production over the past 5 years.

In 1986, the Kapiti ranch supplied 327
Boran calves, 52 Bos taurus calves, 16
steers and 8 heifers for rescarch at ILRAD

and sold 626 cattle to other users. Twenty-
five Boran cows from the breeding herd
were accepted as foundation stock for regis-
tration in the Kenya Stud Book. Develop-
ment of the ranch during the year included
the construction of a fodder bank, pump
house, additional water reservoir and staff
Yoasing.

QOver 100 of the Boran calves born at
Kapiti in 1986 were sired by bulls of
seiected MHC types, and 51 calves were
produced by embryo transfer using selected,
MHC-typed cows and bulls. The embryo
transfer program is being steadily expanded
with the testing and improvement of tech-
niques for handling and manipulating
embryos and synchronizing the ovulation of
donor and recipient cows. Present plans
include the production of N’'Dama calves by
cmbryo transfer: the five N’'Dama heifers
born at ILRAD in 1984 were mated in
November 1986, and cight N'Dama
embryos have been recovered and surgically
transferred into Boran recipients.

A bricf outbreak of lumpy skin discase
occurred on the Kabete farm, but was
quickly controlled. An outbreuk of foot-and-
mouth diseasc n=ar the Kapiti ranch inter-
rupted the supply of calves to ILRAD for a
short period.

LABORATORY ANIMAL
PRODUCTION
The Laboratory Animal Unit provides a

regular supply of rats, mice and rabbits for
experimental work at ILRAD and maintains

Total Stock
Year at Year End Births Offtake
1982 2,365 707 692
1983 2,406 858 759
1984 2,563 999 781
1985 2,813 1,029 715
1986 2,818 1,112 1,039

Figure 22. Cattle prcduction at Kapiti Plains Estate, 1982-36.
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small colonies of meadow voles (Microtiis
montanus) and guinea pigs, which are occa-
sionally required for research projects. All
laboratory animals are housed and main-
tained according to international animal wel-
fare conventions.

All the rats used at ILRAD are random-
bred, originating from the Sprague Dawley
strain. They are used primarily for the pro-
duction of trypanosomes. In an effort to
match supply and demand more efficiently,
rat breeding colonies were reduced by 25%
in 1986 while thc number of rats supplied to
scientists remained the same.

ILRAD researchers use mice primarily to
study the mechanisms of host resistance to
trypanosomiasis, as different mouse strains
vary in their susceptibility to trypanosome
infection. Mice are also used for the produc-
tion of monoclonal antibodies. Random-
bred Swiss mice are used increasingly
because they are more productive and faster
growing than inbred strains. Colonies of
three inbred sirains—BALB/c, C3H/He and
C57/Bl6—were maintained during the year
to meet specific rescarch requirements,
along with C3H/He x C57Bl/6 and BALB/c
x Swiss F, crosses. The C3H/Hz x C57Bl/6
F, cross is not currently used at ILRAD, but
the BALB/c x Swiss F; cross is widely used
for the production of ascites for monoclonal
antibodies.

An isolation system for laboratory ani-

mals is now fully functioning, and isolator-
reared pedigree pairs have been imported
for the three inbred mouse strains used at
ILRAD. All primary mouse colonies and
pedigree pairs are maintained in isolators,
and all other imported mice are also housed
in isolators to prevent the risk of contamina-
tion to or from the main breeding colonies.

Rabbits arc used primarily to produce
antisera and to support the tsetse and tick
colonies. ILRAD’s rabbit colony has
increased slowly through the years and rab-
bits have had to be purchased from outside
breeders, with the associated risk of intro-
ducing discase. Previous high mortality
rates were attributed partly to inadequate
ventilation, and now most rabbits are main-
tained after weaning in outdoor pens. For
the first time at the end of 1986, the rabbit
breeding unit was able to produce all the
animals required for the rescarch program.

In 1986, WHO gave ILRAD a small
foundation colony of Cotton rats (Sigmodon
hispidus). It has been suggested that Cotton
rats may possess natura! antibody against
T vivax, and this possibility is now being
investigated at ILRAD.

Figure 23 shows the total number of rats,
mice and rabbits produced and used in
1986. The demand for mice decreased by
9% from the 1985 level while the demand
for rats and rabbits remained the same.

In addition to supplying ncarly all the lab-

Species and Strain

Number Weaned

o Scientists

Rats

Mice
random-bred Swiss
inbred BALB/c
inbred C3H/He
inbred C57 35116
BALB/c x Swiss F,

Rabbits

16,141

29,608
18,189

13,075

20,967

10,751

7,766 4,685
5729 2412
6,835 4,760
820 1,301

Figure 23. Rats, mice and rabbits produced and supplicd to ILRAD scientists in 1986.
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oratory animals used at ILRAD, the breed-
ing unit provides mice and rats to several
other organizations. In 1986, these included
ICIPE, KETRI, the Kenya Medical
Research Institute, the Institute for Primate
Research, the Biochemistry Departnient of
the University of Nairobi, the Kenya Gov-
emment’s Veterinary Rescarch Laboratory,
the National Muscums of Kenya. the Kenya
Society for the Protection and Care of Ani-
mals, scveral Kenyan secondary schools and
the National Veterinary Laboratory in
Kigali, Rwanda.

CLINFCAL AND
DIAGNOSTIC SERVICES

The Diagnostic Laboratory carries out sev-
cral types of routine analysis in support of
the research program and animal production
facilities. I 1986, a total of 37,008 samples
were analysed. These included 26,362 s l-
ogical analyses, 4,851 bacteriological anal-
yses, 2,986 hacmatological analyses and
2,809 heiminthological analyses.

Serum samples from farm animals are
screened for antibodies to seven blood-
stream parasites—7heileria parva, T mutans,
Trypanosoma brucei brucei, T congolense,
T vivax, Anaplasma marginale and Babesia
bigemina. Most routine screening for Theil-
eria and Trypanosome species was by the
indircct fluorescent antibody (IFA) test. The
indirect enzyme-linked immunosorbent
assay (ELISA) was also used to screen
bovine sera for antibodies tv * .. 7 />
B bigemina and the th L
species. Major achievements in 1986 werce
the development of the indircet ELISA for
screening antibodices to T nudtans and the
introduction of a dot ELISA (ELIDOT) for
the diagnosis of bovine trypanosomiasis.

In addition to services provided to
ILRAD scientists, the Diagnostic Laboratory
continued to provide assistance to other
institutes and projects. Materials such as
antigens, conjugates, lymphocyte lysates
and control sera were provided to the Inter-
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national Trypanotolerance Centre in The
Gambia, a GTZ project in Burundi, an FAQ
project in Zimbabwe and the University of
Ibadan, Nigeria. Twenty serum samples
were screened for antibodies to 7 parva for
the FAO project in Zimbabwe and another
250 samples were screened for an FAO tick-
control project in Kenya.

Staff of the Diagnostic Laboratory helped
conduct the 3-month training course on the
"Preparation and Use of Reagents for the
Diagnosis of Hacmoprotozoan Cattle Dis-
eases’, with participants from nine develop-
ing countries. The Diagnostic Laboratory
also contributed to the regional training
course on the "Use of Radio- and Enzyme
Immuno-assay Techniques for Studies on
Animal Reproduction and Discase Diagno-
sis™. In addition, six veterinarians from
developing countries received traming on an
individual basis.

BIOSTATISTICS AND
CONMPUTING SERVICES

ILRAD’s Biostatistics and Computing Sci-
ences Unit, in collaboration wi h the Univer-
sity of Strathclyde (UK), advi: ¢s research
staff on statistical problems and installation
and use of microcomputers. Major projects
in 1986 included statistical suppert for an
ECF field trial in Kenya's Coast Province,
for trypanosomiasis experiments in N'Dama
and Boran cattle, for tsetie surveys carried
out in West Africa under the African Try-
panotolerant Livestock Network and for
isocnzyme analysis of different trypanosome
species. Several databases have been created
at ILRAD—for instance, on bovine MHC
types, on tick production and infection rates
and on all trypanosome and tick-borne dis-
case stabilates available at ILRAD. Pro-
grams have been written for the analysis of
MHC typing data and are nov being writ-
ten for the analysis of data gencrated by
ILRAD’s fluorescence-activated cell sorter
(FACS).

An important development in 1986 was



the establishment of an improved telecom-
munications system. The installation of a
new switchboard has made it possible to
create links among the computers within
ILRAD and, by utilizing external modems,

has put ILRAD in touch with international
databases as well as the CGNET of the
CGIAR. Cataloging and ordering operations
are also being computerized in the ILRAD
Library.
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FINANCIAL STATEMENTS

Rattansi Educationai Trust Building  Telephone: 21244
Koinange Street Telex: 22140 CHUNGA
P.O. Box 41968 Cables: "PRICEWATER"
Nairobi. Kenya

|
Lrice Waterhouse m

REPORT TO THE DIRECTORS OF THE INTERNATIONAL LABORATORY FOR
KESEARCH ON ANIMAL DISEASES (ILRAD)

We have reviewed the abridged financial statements set out in Figures 24 to 27 which contain
information extracted from the accounting records of ILRAD for the years ended 31
December 1985 and 1986.

We confirm that the information set out in the abridged financial statements is consistent with
that contained in the audited financial statements for the years ended 31 December 1986 and
1985, on which we expressed an unqualified opinion.

PRICE WATERHOUSE
Certified Public Accountants 20 March 1987
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1986 1985
Research
Parasitology—Trypanosomiasis 484 432
Biochemistry 640 656
Cell Biology 490 466
Immunobiology 484 357
Farasitology—Theileriosis 563 516
Pathology 605 605
Tsetse Laboratory 314 297
Tick Laboratory 180 124
Electron Microscopy 131 148
Socio-economic 33 _
Total Research 3894 3601
Research Support
Oftice of Director of Research 550 416
Farm Animal Production 597 614
Laboratory Animal Prodiuction 209 148
Clinical and Diagnostic Services 88 72
Radioisotope and Central Core Services _ 388 34
Total Research Support 1832 1591
Training and Conferences 793 752
Library and Information Services 394 369
Administration
Board of Directors 86 83
Oftice of the Director General 373 394
Finance 342 332
Personnel 80 74
Purchasing 343 302
Total Administration 1224 1185
General Operalions
Engineering 661 660
Transport 190 214
Services 237 228
Food and Housing 58 5
Stores 53 48
Total General Operations 1199 1155
External Program Review — 125
Totai Core Costs 9336 8778

Figure 24. Summary costs by program and activity (US$'000).
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1986 1985
Unrestricted Funds
United States Agency for International
Development (USAID) 2525 2490
World Bank (IBRD) 1400 1200
United Kingdom 794 546
Canadian International Development
Agency (CIDA) 730 686
Germany (Federal Republic) 510 528
Switzerland 474 415
Japan 351 201
Sweden 290 237
Netheriands 280 249
Belgium 255 135
Norway 250 234
Australia 230 281
African Development Bank 190 —
Italy 170 164
France 90 61
Denmark 60 47
Total Unrestricted Funds from Donors 8599 7474
Restricted Funds
United Nations Development Program (UNDP) 766 690
Italy 500 S00
Japan 150 —
Belgium 95 110
Rockefeller Foundation 33 =
Total Restricted Funds from Donors 1544 1360
Total Unrestricted/Rastricted Funds from Donors 10143 8774

Figure 25. Summary of core operating funds from donors (US$'000).
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1986 1985
SOURCES
Core Operaling Funds
Unrestricted
Unrestricted Funds from Donors 8599 7474
Earned Income Applied in Year 583 289
Total Unrestricted Operating Funds 9182 7763
Total Restricted Operating Funds 1544 1300
Total Unrestricted/Restricted Operating Funds 10726 9063
Transfer to Capital Funds (954) (285)
Net Unrestricted/Restricted Operating Funds 9772 8778
Capital Funds
Transferred from Core Operating Funds 954 285
Unexpended Ralance from Previous Year 278 419
Balance of Working Funds 823 778
Balance of Revolving Fund from Frevious Year 100 100
Total Capital Funds 2155 1582
Special Projects
Wildlife 156 167
Trypanotolerance 296 137
Total Special Projects 452 304
TOTAL SOURCES 12379 10664
APPLICATIONS
Core Operations 9336 8778
Capital 954 426
Special Projects 452 304
Unexpended Balance
Unrestricted Core 714 278
Working Funds 823 778
Revolving Fund 100 100
TOTAL FUNDS 12379 10664

Figure 26. Summary of sources and application of funds (US'000).
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1986 1985
ASSETS
Fixed Assets
Land and Buildings 10671 10125
Research Equipment 5415 5040
Jther Assets 1869 1943
Subsigiary Company
Investment 1786 1786
Longterm Loan __ 1o e
Totai Fixed /- ssets 19751 18894
Revolving Fund
Loans 51 93
Cash 49 7
Total Revolving Fund 100 100
Net Current Assets 1537 1056
TOTAL ASSETS EMPLOYED 21388 20050
FUND BALANCES
Capital Fund 19751 18894
Working Capital 823 778
Unrestricted Core Surplus 714 278
Revclving Fund 100 100
TOTAL FUNDS 21388 20050

Figure 27. Balance sheet as at 31 December 1986.




