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FORE WORD 
The International Laboratory for Research 
cn Animal Diseases (ILRAD) was estab-
lished in 1973 with a mandate to develop
effective control measums for livestock dis-
eases which seriously limit world food pro-
duction. ILPAD's programs focus on 
African animal typanosomiasis and East 
Coast fever (ECF), a form of theileriosis.
These two disease complexes have adversely
affected animal production and human wel-
fare in Africa and other tropical regions for 
many years, causing direct and indirect 
economic losses and human suffering over 
substantial areas. 

The development of improved control 
measures for trypanosomiasis and ECF 
requires extensive and detailed research on
the protozoan parasites which cause these 
diseases as well as on their arthropod vec-
tors. After several years of preliminary
investigation, ILRAD prepared projections
for reseaih on both target diseases in 1983,
covering the next 10 years: 1984 was the 
first year of implementation of this long-
term strategy. 

With the recruitment of additional sci-
eptific and supporting staff to provide
expertise in previously neglected areas,
ILRAD now has in operation substantial 
research programs employing teams of spe-
cialists in different scientific fields. In addi-
tion, training and outreach programs have 
been developed in an effort to ensure that 

existing knowledge is bsed to the best 
advantage and that new research findings 
are disseminated and applied as quickly as 
possible. These outreach programs are also
aimed at integrati..g ILRAD's activities with 
those of other international and national 
organizations with similar objectives and 
needs. 

ILRAD's present organization and the 
activities and achievements of 1984 are 
chronicled in the body of this report. As in 
previous years, the animal report has been 
written to impart information about ILRAD's 
work to a wide audience, many of whom 
may lack detailed knowledge of the two 
target disease complexes. Specialists inter
ested in greater detail will find references 
to technical publications in international 
journals. 

It is not necessary to reiterate here the 
numerous developments and achievements 
made at ILRAD during the year, but it might
be worth emphasizing a few particularly
exciting areas of activity. Turning first to 
theileriosis, methods have been developed 
over a period of years for serotyping iso
lates of Thieleriaparva, the parasite which 
causes ECF. These have paved the way for
promising vaccination trials, based on 
infection with Theileria sporozoites and 
simultaneous treatment, in collaboration with 
the Kenya Governments's Ministry of 
Agriculture and Livestock Development. 
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This work is now being followed by 
research using recombinant DNA *ech-
niques which could provide the ultimate 
diagnostic tools for epidemiological inves-
tigation and surveillance. The reagents being 
developed will be able to tell uts the species 
and strain of Theileria parasite affecting 
livestock in a given area. They may be used 
with material taken directly from an infected 
animal, obviating the present necessity for 
extended culture and transmission before 
sertyping can be performed. 

After a numbek of years of basic immu-
nological research, scientists at ILRAD have 
succeeded in establishing and maintaining 
lines of bovine T lymphocytes in culture. 
This capability will be invaluable in inves-
tigating the problems associated with 
immunization of cattle against ECF using 
schizont-infected lymphocyte cultures, 
including problems related to the inhibition 
of immunogenesis which appear to arise 
from involvement of the bovine histocom-
patibility antigens. 

Turning to trypanosorniasis, there has 
been a shift of emphasis in the research 
program over the past 3 years away from 
Trpanosomna brucei towards T congolense 
and 7'viivL, the more important pathogens 
in cattle. This new emphasis is beginning 
to show results: 7 congolense and 7' vivax 
can now be grown in culture, and highly 
specific dkagnostic tests are being devel-
oped to identify parasite species and sero-
demes using monoclonal antibodies and 
recombinant DNA techniques. 

Major experiments are also in progress 
on the immunogenesis and pathogenesis of 
trypanosomiasis in cattle. During the past 
year, investigations in this area have pro-
vided reagents and techniques for identi-
fying many different types of bovine cells 
which are involved in the immune response 
and have probed deeply into the mecha-
nisms of pathogenesis during trypanosome 
infection. The association between ILRAD 
and the International Livestock Centre for 
Africa (ILCA) in the trypanotolerance 
research network has begun producing 

information on livestock productivity under 
tsetse challenge. The network is still 
expanding, and collaboration with the new 
International Trypanotolerance Centre in The 
Gambia will soon increase the flow of 
information on this important topic. 

The research effort on both theileriosis 
and trypanosomiasis is still predominantly 
laboratory based. This is becaue real 
progress towards the development of 
improved control methods will depend on 
the results of basic research on the biology 
and properties of the parasites as well as 
the immune responses and other defence 
mechanisms of domestic livestock. 

In making this research possible, the 
activities of the support units at ILRAD 
assume major importance. Substantial con
tributions have been made by the electron 
microscopy laboratory, the tick and tsetse 
laboratories and the laboratory animal 
breeding unit. In 1984, the farm associated 
with the laboratories at Kabete and the cat
tle production facility at Kapiti Plains Estate 
have played particularly valuable roles. In 
a year whfn Kenya was affected by severe 
drought, with an estimated 20% of the 
national cattle herd lost, ILRAD was able 
to obtain enough calves from its own breed
ing facilities to ensure the continuation of 
vital experimental work. Furthermore, the 
use of Boran heifers at Kapiti as surrogate 
mothers for embryos imported from The 
Gambia has provided trypanotolerant 
N'Dama calves for important research on 
genetic resistance to trypanosomiasis. 

The section in this report on ILRAD's 
training and information programs indi
cates expanding activity in these areas. 
ILRAD plays a leading role in training sci
entists and technicians who can contribute 
to research on and the improved control of 
theileriosis, trypa-nosomiasis and other 
important livestock diseases. The results of 
ILRAD's research are widely distributed 
through contributions to scientific meet
ings, papers appearing in international jour
nals, presentations at regular internal 
seminars, and through the quarterly news
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1984 

support for 1985. iticLdition to IIRAID ',, ill Addis ,haba, . i mCtlile Oi 

letter, L-RAD Re7ort, and tile anital report,
both of which are produced inEnglish and
French. ILRAI's newsletter won an award 
of excellence in 1984 froum Agricutuml
Conmunicators in Lducalion a proles-
sional editors' asociation inthe. ISA. 

It is a pleasure to note "\ith gratitude the 
financial contributions recCivCd from01 tdonor 
governmrents and oreani/at i 19 84 to 
Support II-RAI)' core )nirre theaCti\ities. IL 
.ear, ILRAD co ntinuCd to rcCive fund,,
Irorn tire World Iank (Interallitional Ban,

for Rc.onstruction 
 and I)e ehprinrcl 

iBRl)), the United 
 Nations I)c\chfoineiit
Progranm (UINI)H and tie (Wornrent, of 
Australia, Hlelgitir. (Caiada. France. Cr 
many ([ederal Rehc li. Ital. the Nelh-
erlands, Norway. Sw\edeir. S%\ierlariul.,
Saudi Ardbia. the I.rrtted 1Kyitrdoni aid the 
United S ate oflAimerica Ielie 2ovrcernrct 
of Japan added it',support durin,, tire yea.
and the ''overnirreint of l)rcrmark pl,'dugcd 


core progirni,. l,,eirit,, erpro-hrcven 

vidcd thr10.1i ,pecial fundin - 1 r 
goverrlnlenis ofI licl,.nrirun. l: Ital\ . 
Japan, the NelrerlardrS arid thie 1irit.d 
Kiredoi. 

I)urirre tire year. II.RAI) \\a, hloured 
to recCi\C visits b\ Their !.,lxcClrCiC tireC 
Anbassador" o tIr inite.d States, flAirir-
ica. tire Federal Republic of(l c'inarV. Notr-
wayw, tirlair and .J..aan aid te Iliehir
('onlnlissitllcrs tile lrritcd Kinedorir. 
Canada aird .\ustralia, W Value these vis-
its. a.swell as :olltlcis with scientilic and 
technical advisors and rCprccltativesofall 
the donor nrationrs and or,,arni/ationrs which 
.support otjuwkork. 

Last year, I indicatcd the inportance of 
collab orative I..erch activities to ILRAI's 
pforri. 11.RAI) currot ;lone Carry' (it all 
tire reCarch reLuirl-d to improve corntrol of 
theileriosis and trypa osoniasis. and link, 
are raintained \with a numiber of organi-
zation.s. labhratories Lnd field pritects in 
Kenya. tlhughout Africa and amound the 
world. 'hese links rangie rolll research 

cont, acts with other laboratories to the 
exchange of material and personnel.

Special projects in progress during 
included research on trypanosoniiasis and 
theileriosis infections in wildlife. in collab
oration wvilh the Kenya (iovernment and 
partially tnnLdedIL theby Netherlands, fhe 
exten.sion of the trvpalotlolerar . research 
net ork Wilh funldine ftoli the Lrropean
t,'Co]nic ('rrnIlnity. research trypaon 

nolnnliais in collaboration 
 with the Swiss
 
'rIpical Insiittei 
 Swiss fi rancial 
SUppotH. and rCCarch On in \'itr etr'tivatiori 
of trypalosolls whMIllsppor rtor the 
Jan)ic nteirnational Cooperation ,\eeriy. 
IllIt84. II.RAI) Stalf participated illlour 

international Irreetirrs irl cIllaboratiol with 
other centrcs intie network Suipported h)'
tire ('oirSulratiC (roup oir Ileriiatioual 
Agricultural Research ('(iAR). lhese were 
'tmtcting mi NUIritiral :\spMcts of Inter
iatio ral .,\rictultural Rescarch, held at II.'A 

arrrrirg
S stct,Restarh ilr 1aterri and Southern 
Ath
lia.'t. held in Nairobi. a rirectiri on Bio
cnology in hrtcrirtii nl ,.\ercirltnul 

ReCarch. held at tie International Rice 
RC,,arch Institute (IRRI) inManila, and a
irctirmi o lnhe Rol,. (ofl \Voie ill\-ri
cultural l)eveloprCrit. sponsored 
 b the 
IrirCrratiorral Ser\ic lor National Aricul
(Ural Rescarch (ISN,\R). Senior ',overll
1rCIt ofllicials frorrr all thre COtutries in Africa 
ffcCted by L('l carrle t; IIRAI) in ()cIo

her to meet with research scientists to dis-
CUss cuIrrCi problCrs Af l*CF control and 
CXplorC possibilitiCs for the Wider itc of 
illrllunirtrilion hy stpor u/oite inlfection and 

,reatIreirt',te:nntcommissioned byAr,. 
.NDI)I visited II.RAI) in I)ecernber toexamine the trypanosoiniasis prograi. and
 
preparatis 
 bcl for ILRAI)'s second 
Llnirtluen nial external! pn)gralll review which 
will take place in t985 and 1986. 

\Ve now look ahead towards tle second 
external prograrm revicv with the knowl
edge that We havc sOmmd rcsearch proer1'a;s
iWplce aired at developing safe, effective 
and ecorioric control irasures fIour twoIo 
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target diseases. At the same time, work at 
ILRAD is beginning to have an impact on 
livestock production in Afiican countries, 
particularly related to improved protection 
against theileriosis and the availability of 
highly specific diagnostic materials of major 
value in epidemiological surveillance and 
disease control. We are also being invited 
to expand our horizons to the large areas in 
Asia and America where different forms of 
trypanosomiasis and theilcriosis are endlemic. 

Finally. I would like to repeat our warm-
est thanks to the Government and people 
of Kenya for their continuing generosity and 

support in serving as hosts to ILRAD. I 
commend this report to you with confi
dence that it accurately portrays the labo
ratorv's progress during the past year. 

Dr A.R. Gray 
Director General 
ILRAD 

5 



Foreword 2 

Theileriosis 8
Lifecycle of the parasite 9
Sporozoite antigens and host responses 10

Binding and invasion of host cells 10 
Immune responses to sporozoite antigens 12

The schizont-infected cell 13
Host cell populations 13
Growth and transformation of infected cells 15
Cell proliferation 16Generation of cytolytic cells 

Development of Theileria merozoites and piroplasms 
16 
19

Epiderniology and experimental immunization 19
Strain characterization 19
Experimental immunization 20

Aspects of tick physiology and Theileria transmission 22 

Trypanosomiasis 24
Improved control of the parasites 25

Antigenic variation: the genetic basis 26
Synthesis of the surface coat 29Trypano,,ome development and metabolism 30 
Cultivation of trypanosomes in vitro 

Towards improved host responses 
32 
33

Early events in the skin and lymphatic system 33
Parasite-host interaction in the bloodstream 36

Control of trypanosome growth 36
Host antibody production 38

Involvement of the central nervous system 41
Pathogenesis of trypanosome infection 41 

6 



Epidemiology 44 
Characterization of trypanosonie populations 44 

Use of monoclonal antibodies 45
 
Use of nucleic acid probes 46
 

Tsetse flies as trypanosome vectors 
 47 
Livestock production under trypanosomiasis risk 48
 

Collaborative trypanotolerance research network 48
 
Genetic resistance in East African cattle 49
 
Cattle production using trypanocidal drugs 50
 
The effect of age on susceptibility to trypanosomiasis 52
 

Training and information services 53
 
Training 53 
Information services 55 
The ILRAI) library 56 

Research support 58 
Tsetse laboratory 58 
Tick laboratory 58 
Farm animal production 59 
Laboratory animal production 60 
Clinical and diagnostic services 63 

1984 publications 64 

Board of Directors 67 

Staff 68 

Financial statements 74 

7 



THEILER.1 OS.S
 
Theileriosis is a complex of diseases caused 
by protozoan parasites of the genus Theil-
eria. All are transmitted by ticks. The para-
sites principally infect domestic livestock-
particularly cattle-and in many parts of 
the developing world they provide a major
constraint to expansion and improvement 
of the livestock industry. 

The most important Theileriaspecies are 

T parva, the causative agent of East Coast 

Fever (ECF) that affects cattle in a large 

part of East and Central Africa, and 1 

annulata, the cause of tropical theileriosis 

or Mediterranean Coast fever in cattle in 

the Mediterranean, littoral and the Middle 

East, extending eastward to India. Other 

important Theil.ria parasites include T ser-

genti, T orientalis and T mutans in cattle, 

and T hirci in sheep and goats. 


Work at ILRAD concentrates on ECF, 

which occurs in Kenya, Uganda, Tanzania, 

Rwanda. Burundi, Zaire, Malawi, Zambia, 

Mozambique and southern Sudan. Alto-
gether, some 25 million cattle are at risk. 
At present, ECF is controlled principally by 
dipping or spraying cattle with acaricides 
to kill the vector ticks, but this approach is 
becoming increasingly difficult and expen-
sive and alternative methods of control are 
urgently required. Recent advances in the 
drug industry have resulted in a number of 
effective therapeutic compounds for the 
treatment of ECF, but prevention will always 

remain a more desirable option than treat
ment. 

The prospects of immunizing cattle to 
prevent infection with ECF are promising, 
as cattle which recover from ECF show a 
long-lasting immunity even in the absence 
of disease challenge. This is in contrast to 
many protozoal infections, where immu
nity may be short-lived unless constantly 
boosted by challenge. Different strains of 
T parva exist and immunization of cattle 
with one strain will not necessarily protect
them against challenge with an unrelated 
strain. However, the number of strains found 
in cattle appears to be small and the prob
lems associated with extensive antigenic
diversity, as seen in other protozoal dis
eases, appear to be less acute. Thus, there 
are good prospects for controlling ECF by
vaccination, and ILRAD places particular 
emphasis on this approach. 

The development of a vaccine requires 
knowledge of both the parasite and the host. 
Studies of the parasite, initiated at the for
mer East African Veterinary Research 
Organization, have led to a control strategy
of immunizing cattle by infection with 
parasites and concurrent treatment. Cur
rently, this method offers the most practical 
and effective form of vaccination when 
properly controlled, and it is being used in 
extended field trials in a number of' coun
tries. The disadvantages are that infection 
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with live parasites is potentially lethal if 
misused, full protection may not be achieved 
in areas where several strains of the parasite 
are present, and it is difficult to control the 
quality and quantity of parasites used. 

Work is in progress at ILRAD to over-
come these disadvantages, but more 
emphasis is placed on developing purified 
antigens for immunization which will not 

( ()VTI/ I \i ! 

The Theileriaparasite undergoes a complex 
lifecycle in cattle and in ticks. The brown 
ear ticks, Rhipicephalus appendiculatus, 
which transmit ECF feed on cattle three 
times during their lives-as larvae, as 
nymphs and as adults. Transmission of ECF 
occurs most commonly when ticks feed on 
infected cattle as nymphs and then on dis-
ease-free animals as adults. Theileria spo-
rozoites develop in the salivary glands of 
infected ticks and are passed to cattle along 
with tick saliva when the ticks feed. In cat-
tIe, they attach themselves to lymphocytes, 
white blood cells of the immune system. 
Some sporozoites enter lymphocytes and 
develop into forms called schizonts. The 
infected lymphocytes are transforned by the 

be subject to the constrains inherent in a 
live vaccine. The second major component 
of ILRAD's research effort is directed 
towards identifying the mechanisms of host 
immunity to ECF. This work has involved 
considerable basic research on the immune 
system of cattle. Details of work along all 
these lines are given in the report which 
follows. 

t. 

parasites into enlarged cells called lympho
blasts that multiply along with the para
sites, resulting in a rapidly expanding 
population of parasitized cells. The final 
stages of infection are characterized by large
scale destructic:i of cells and often by death 
of the host. 

During the course of infection, some of 
the Theileria schizonts differentiate into 
merozoites. These are released from the 
lymphoid cells into the bloodstream and 
invade red blood cells where they develop 
into forms called piroplasms. Ticks feeding 
on the host animal become infected when 
they ingest red blood cells containing Theil
er:a piroplasms. In the tick gut, the para
sites differentiate into gametes which fuse 
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to form zygotes, these then develop in the 
cell lining of the gut into kinetes. The motile 
kinetes move through the gut wall into the 
body cavity and migrate to the salivary gland
where they enter one cell type, the E cell 
of the type Ill acinus. Here they form an 
elaborate intracellular sporoblast syncy

tium. Stimulated by tick feeding, the spo
roblast undergoes segmental fission and give!
rise to 30,000 to 50,000 sporozoites. Thes( 
arc introduced with tick saliva into a nem 
mammalian host, initiating a new cycle ol 
parasite development. 

In 77wileria infection, the sporozoite binds 
to the surface of the host lymphocyte,
invades the host cell, differentiates to a 
schizont, multiplies and induces the host 
cell to multiply. Studies carried out in 1984 
concentrated on the types of host cells which 
are targets for sporzoite binding and inva-
sion and the nature of tle parasite-speci tic 
receptor molecule(s) on host cells which 
binds with a sporozoite ligand during! paa-
site entry. To ascertain Lhe range of cell 
types binding "heileria sporozoites, cells 
harvested from the peripheral blood 
(peripheral blood leucocytes) and cells from 
different organs of cattle were incubated with 
sporozoites harvested from the salivary 
glands of infected ticks. The proportions of 
cells binding sporozoites in each prepara-
tion are shown in Figure 1. These results 
indicate that sporozoites bind to some B 
and T lymphocytes and some monocytes/ 
macrophages, but not to other cel! types,

Electron microscopic studies in past years 
have concentrated on the formation of 
Theileria sporozoitc., in the salivary gland 
of the tick and on their attachment and entry
into bovine lymphocytes. One of these 
studies showed that T pana sporozoitcs can 
enter bovine lymphocytes at temperatures 
as low as 2°C. At this temperature, cell 
metabolism is greatly reduced, which indi-
cates that the sporozoite entry process 

requires little or no energy, either from the 
host cell or parasite. Electron microscopy 
studies in 1984 showed that sporozoites can 
also enter monocytes/macrophages in vitro 
at 2 to 4'C. Successful entry appears to 
depend upC, the site of initial parasite 
attaclnment. If the sporozoites first lodge 
between projections on the macrophage
surface, binding of these processes occu
pies all of their ligands and they progress 
no further. -owever, if their initial contact 
is with a site free of surface processes, tlhe 
zippering up of ligands to receptors pro
gresses laterally and draws them into a 
deepening recess in the cell surface. When 
binding progresses around the entire cir
cumference of the parasite, the host men
brane fuses over it to complete the entry 
process (Figure 2). 

Passive entry of a parasite into a host cell 
seemed so unlikely' that further confirma
tory evidence was needed. It has now been 
found that sporozoites can enter lympho
cytes in the presence of cytochalasin B, a 
drug known to inhibit active movement in 
cells. Similar results were obtained when 
the cells were exposed to high concentra
tions of magnesium ions, a treatment known 
to paralyze cell motility. Although sporo
zoite entry is more rapid and more efficient 
in vivo, these experiments demonstrate that 
entry does not actually require motility by
parasite or host cell once the initial contact 
has been made. 
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I 
. % Total Cells

Cell Source Number of Total Cells Binding Parasites 
or Type Experiments Counted (mean t SD) 

i Peripheral blood 
leucocytes (PBL) 4 

Thymus 4 
Lymph node 2 
Alveolar macrophages 5 
Peripheral blood 

monocytes 3 
Spleen 2 
Concanavalin A blasts 3 
BL20 leukaemia cells 2 
Bone marrow 3 
BL3 leukaemia cells 3 
Neutrophils 2 

400 30 t 3.5 
400 53 ± 3.0 
200 30 t 2.0 
500 6 ± 1.5 

300 5 ± 1.5 
200 29 ± 1,5 
300 51 ± 7.0 
200 19 ± 1.5 
300 4 ± 0.5 
300 2 ± 0.5 
200 0 

Figure 1.Binding of Tp parva Muguga sporozoites by cells from bovine peripheral blood and various 
organs. For each experiment, 4,000 infected tick acini were incubated with a preparation of 106 
viable cells for 2 hours at 37'C in continuous rotation. 

The fact that infections with low doses 
of parasites are often self-curing, while 
infections with high doses are lethal, sug-
gests that resistance to theileriosis might 
correlate with the ability of the host to limit 
initial parasite binding. However, cornpar-
ative studies in vitro indicate that there is 
no difference between the number of target 
cells among bu :fao (Symcertes C1/1er) or 
bovine peripheral blood leucocytes which 
bind T1 p parva (Nluguga) sporozoites, 
though buffalo are much more resistant to 
Theileria infection than cattle. Preliminary 
studies also suggest that sporozoites of TI) 
awrencei, the 7'Iwileria subspecies which 

normally infects buffalo, invade the same 
cell types in buffalo and in cattle. In addi-
tion, no differences were observed in the 
number of bovine peripheral blood leuco-
cytes binding sporozoites of three different 
Theileria strains, either incubated together 
or singly, indicating that different Theiloria 
strains bind to the same receptors on the 
same cell types. These findings suggest that 
host susceptibility is unlikely to be related 

to the number or type of cells which are 
targets for parasite binding. 

Several experiments were carried out to 
determine the nature of the Theileria-spe
cific receptor molecule(s) on the surface of 
bovine cells. A number of monoclonal anti
bodies were raised which recognize differ
ent antigens on the surface of bovine 
leucocytes. Monoclonal antibodies are 
products of' hybrid cells created by a fusion 
of mouse spleen cells, which produce anti
bodies, and tumour cells, which are capa
ble of' growing and multiplying in culture. 
These were tested for their ability to block 
sporozoite binding, but none had any effect. 
However, polyspecific antisera raised in 
rabbits against bovine peripheral blood leu
cocytes blocked parasite attachment, as did 
preincubation of target cells with the 
enzymes proteinase K, a-glucosidase or 
acetylglucosaminidase. The cell-surface 
molecules which are altered by these treat
ments are now being analysed, with the aim 
of identifying the molecules which serve as 
receptors for parasite invasion. 
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Figure 2.Tparva sporozoite which has entered 
a bovine rnonocyle in vitro at 4C. 

Blood somples collected from waItlc in I3CF 
endemic arctes and screened at ILRAI) have 
shown antibodies aiolnst both 7"/) f)Urva 
sporozoites and schizonts, usin,e neutrali-
zation of infectivity and the indirect i].-
orescent antihod . IF,Itest. Some of these 
sera contain ant iodis \\ IicI are catpab le 
of' neutral i/in g il 'il'ria sp r ztitCs. thIIus 
possihlv collfe rri protCct ion aigi,InSt 
infection, 

Fvidence has accrued.t thIt sporozoitCs (f 
several T p puarva isolates pOsses a,co, i-
111011 jitiCen which is capaile oMf Still at-
ing protective anlihodies in cattle and rahdis: 
P vaccine hased on this CoIn111In aticen 
might protect cattle againsl ,('F over a wide 
geographic area. ('onsiderable cffort has 
been devoted to iso!ating alid pt'ilvine tie 
protein(s) hearine this anticenic determi
nant as possible starting Illatcral ,orIavac
cine. Antibodies from infected cattle and 
troni rabbits iimmunized with isolated T p 
p1u1'(! sporozoites were found to IeCoglize 
three specific sport)zoite proteins. 
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At the same time. monoclonal antibodies 
were raised against "/) plr'ii sporozoites 
which block sporozoite entry into bovine 
lymphocytes inI vitro. Imnununoelectron 
microscopy has shown that tile artigen recognized by one of these monoclonal anti

bodies is located on1the surface of the 
Sporozoi te' is antigen appears to be one 
of the three proteins recognized by anti
bodies from infected cattle and rabbits. An 
investigation of its synthesis in the salivary 
gland of lilecteil ticks showed ftht it is 
associatted with patrasite endoplasmic retic-

Ilun,liicroIe and thesMls surface of spo
roilasts. Matuore sporozoi tes are completely 
coVeired b this antigen (F-iguire 3), hut is 
they enter bovine lymphocytes the antigen
is shed (Igure 4). 

The cattle anld raihhit antihodies which 
recognize three sporozoite proteins appear 
to he capable of neutralizing the infectivity 
of sporozoi tes from a1wide range of dilffer
ent T p parva stocks. These three proteins
have now been isolated in pure form. Total 
messenger RNA, including the transcripts 
for the proteins, has been used S a ten
plate to synthesize cDNA.and the resultiing 
mRNAclDNA hyhrids have been inserted 
into an expression vector which has been 
aplified in the IcteriumL EsChcrirlii COli. 
Libraries of random fran mients of 7"ileh'r/w 
genomic )NA have also been constructed. 
The resulting clones are being screened with 
polyspecitic rabbit serii anld spor(ozoite
specific Monoclonal antibodiCs to detect 
clones expressing any of the three sporo
/oite proteins. Such clones will be isolated 
an1ld cultivated in)sufficient qlNilies to CaIry 
(Mt imIuniz.Ition tests in cattle, 
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While considerable research concentrates 
on the identification and purification of a 
sporozoite antigen(s) which may provide the 
basis for an ECF vaccine, it is impossible 
to know yet for certain whether a sporo-
zoite antigen vaccine will protect cattle 
effectively against infection. Thus, research 
also concentrates on the schizont stage of 
parasite developmenft, with the goal of 
identifying an antigen(s) or other factor 
which could lead to a vaccine directed 
against this form of the parasite. Work in 
1984 concentrated on the changes induced 
in host cells invaded by 77Teileria parasites 
and on host responses, including lympho-
cyte proliferation and cell-mediated killing 
of parasitized cells. These investigations 
have involved considerable research on the 

Figure 3.Electron micrograph of an ultrathin cry-
osection through a T parva sporozoite labeled 
with a monoclonal antibody directed against the 
sporozoite surface coat plus protein A/colloidal
gold (5 nm particle size). The label is uniformly
distributed over the entire surface of the para-
site. 

structure and function of the bovine immune 
system. 

; '
 

A great deal of information has been 
obtained over the past 9 years on different 
cell types which comprise the bovine 
immune system and how cells interact dur
ing the generation of an immune response. 
Progress in this area has accelerated rapidly 
following the development of techniques to 
produce specific monoclonal antibodies 
which recognize antigens on the surface of 
different populations of cells. The devel
opment of highly sensitive immunoflu
orescence and irn unohistochemical 

Figure 4. Electron micrograph of a section, 
obtained by cryo-ultramicrotomy, through a T 
oarva sporozoite in the process of entering a 
bovine lymphocyte. The section was labeled with 
a monoclonal antibody directed against the 
sporozoite surface coat plus electron-dense 
protein A/colloidal gold (5nm particle size). The 
sporozoite surface is labeled except where it is 
in close contact with the lymphocyte membrane. 
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techniques for the detection of cells in tis-
sues has made it possible to use these mon-
oclonal antibodies-together with more 
traditional histological, ultrastructural and 
enzyme-histochemical technIiiq tes-to 
identify different types of bovine cells, cells 
at different stages of maturity and function-
ally important molecules on cell surfaces. 

Monoclonal antibodies have been pro-
duced at ILRAD which recognize bovine T 
lymphocytes, 13 lymphocytes. and nono-
cytes/niacrophages and granulocyies. These 
have been used to produce purilied cell 
populations contai niig over 95(7( of the 
desired cell type. An early finding was that 
populations ofTU and 13 lymphocytes call be 
infected with 77wih'ria sporozoites invitro 
and transformed into proliferating lympho-
blasts. Altilot,,1 sporozoites can bind and 
enter nionocytes/macrophages, they cannot 
establish a viable infection in this cell type. 
[he monoclonal antibodies are now being 
used to investigate the role of monocytes/ 
macropiages ill tile generation of cell-
mediated immune responses. 

Results of studies carried out over tile 
past 2 years indicate that immune responses 
against Theihria schizont infections are 
directed against tile class I major histocom-
patibility (MHC) antigens of' the host cells 
along with surface antigenic changes induced 
by the parasite. The MHC antigens are cell 
surface molecules which show clear dif'fer-
ences between individuals of a species. In 
addition to being the major antigens against 
which graft rejection responses are directed, 
they are important in the comlunication 
between different cell types during the gen-
eration of an ilmune response. There are 
two main classes of MHC antigen: class I 
MHC antigens are expressed on most cell 
types, whereas class II MIC antigens are 
expressed predominantly on cells of' tile 
immune system. In 1983, as part of a coop-
erative project supported by the British 
Government's Overseas Dcvelopment 
Administration (ODA) through the Ai:ri-
culture and Food Research Council's Ani-
mal Breeding Research Organization in 

Edinburgh, ILRAD gained the capacity to 
type bovine cells in terms of class I MHC 
antigens using alloantisera which have been 
evaluated in a series of international work
shops. These antisera identify specificities 
on class I antigens coded by one genetic 
locus-the A locus. 

In 1984, over 350 cattle in the ILRAD 
breeding herd were typed for class I MHC 
determinants. The objective was to estab
lish tile frequencies of tile various interna
ilional specificities amfong the IBoran (Bov 
indicus)aninlals in tile ILRAD herd, to select 
suitable animals for experimentation, and, 
to a limited extent, to select breeding groups 
with a view to producing offspring by 
embryo transfer f'rom animals of particular 
MIC types. Among tie animals typed, 
about 45% of tile alleles at tile A locus of 
the class I MI-C were represented by the 
international specificities. Eight additional 
alloantisera have been produced against other 
alleles represented in the ILRAD herd. 

Four monoclonal antibodies have been 
derived which appear to recognize deter
minants on bovine class I MHC antigens. 
These antibodies react with the majority of 
peripheral blood and lymph node cells and 
a minor population (less than 15%) of thy
mocytes. Some recognize A locus deter
minants, whereas others probably recognize 
products of*other MHC loci. By sequential 
precipitation using these and other antibod
ies, it should be possible in 1985 to identify 
the products of a second and possibly a third 
class I locus. 

Tile monoclonal antibodies produced at 
ILRAD which recognize bovine cell pop
ulations are listed in Figure 5, although some 
of the specificities given are still tentative. 
This work is now being extended, with 
emphasis in 1985 on identifying mono
clonal antibodies which recognize function
ally important T-cell subpopulations. 

Efforts are also being devoted to pro
ducing monoclonal antibodies using bovine, 
7ather than mutine, antibody-producing cells. 
Success in this area should extend consid
erably the usefulness of' monoclonal anti
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Monoclonal Antibody 

B5/4, B4/27 
P5 

K1 

T1/D8

BT3/8 
J3 
J5, J6 
P13 
P8 
P12, B4/18, P3,M4, M5, M7, T1/C6 
R1, P2 

Specificity 

B lymphocytes 
T lymphocytes & monocytes 
most, if not all, T lymphocytes 
T-lymphocyte subpopulation
T-lymphocyte subpopulation, monocytes, granulocytes
T-lymphocyte subpopulation, monocytes 
T lymphoblasts 
some T lymphoblasts, intracellular fibrillai material 
monocytes/macrophages & granulocytes 
class I MHC 
class II MHC 

Figure 5 Reactivities of monoclonal antibodies produced at ILRAD with bovine cell populations. 

body technology for research on bovine 
immunology. It could also make it possible 
to obtain an antibody to the antigenic deter-
minants on the surface of Theileria-infected 
cells responsible for inducing protective, 
cell-mediated immune responses. The 
approach followed at ILRAD is based on a 
fusion technique developed for human cells 
at the University of Alabama (USA). Bovine 
peripheral blood cells were stimulated with 
pokeweed mitogen (PWM) and B lympho-
blasts were isolated and stimulated to begin 
making antibodies. Work now concentrates 
on fusing these bovine lymphoblasts with 
a mouse turnour cell line. Clones from the 
fused cell line will be used as fusion part-
ners for further bovine B lymphoblasts in 
order to create hybrid (murine x bovine) x 
bovine cells which are likely to retain the 
ability to produce bovine mcnoclonal anti-
bodies in culture, 

(,.\,RI.\,) ,ii ,.:>l: ()IN,. VIN 
i ) (111I,OF IN.1 1iN 1.1J 

Studies were initiated in 1984 to compare 
the establishment and development of in vitro 
infection with T p parva (Muguga) in 
peripheral blood cells taken from cattle and 
buffalo. The objective was to analyse how 
buffalo resist or control Theileria infection, 
in order to identify possible approaches to 

increasing resistance in cattle. Although 
sporozoites were shown to bind readily to 
cells taken from buffalo, the rate of parasite 
development was much slower in buffalo 
cells than in cattle cells. Seven days after 
the parasites were introduced into the cell 
cultures, 7% of the buffalo cells contained 
Theileria schizonts, compared with 31% of 
the cattle cells. Fourteen days after the 
parasites were introduced, nearly 100% of 
the cattle cells contained schizonts corn
pared with less than 1% of the buffalo cells, 
The buffalo cells tended to contain more 
schizont nuclei than the cattle cells and many 
contained what appeared to be degenerating 
schizonts. 

Further experiments are in progress to 
determine whether the control of infection 
in buffalo cells is an intrinsic property of 
the infected lymphocytes or is related to 
interaction with other cells in the culture. 
It is still early to draw conclusions, but it 
is reasonable to postulate that the control
of Tpparva infection in buffalo is not related 
to the ability of sporozoites to invade host 
cells and develop into schizonts, but rather 
to the inability of the parasite to stimulate 
the rapid proliferation of the host celi. 
Studies are being extended to other strains 
of T p parva and to T p lawrencei, the 
subspecies which infects buffalo in the field. 
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Irmmne responses to "/7il'ri infect iol 
involve the proliferation of TI lymphocyles 
and eventually the Ceneratin of T cells 
which kill infected cells. The stirulatioli 
of T- f'lyiphlocyte prolileratiolr arid the 
eration of cyhof.tic (cell-killing)i lmpiho 
cytes duLi- Ill nil1llle reSponse ar1e 
believed to invo\v several steps in \hich 
both major sllpoptlatisM, 01 T lympho-
crtes-- I helper cells and I cvtolvtic cells 
participate. \Vhen T helper cells are shim-
tilated \\ilh a specific antig.en. tlc\ profit-
crate arnd releas the soluble mediator 
inierle.Cukiri 2 (11.-2). this step na\ aim) 
depend on the release of the irmediator II-I 
from monocV'tes ma crophaCs. II.-2 hind, 
to1precursors ()I liarin.ofcvtlovtic T cells 
specific -" rceuptlors and l'io'tlc , their 
prof ilferati m, 

Studies %were coldictel in I9S-1 oIn I-
cell proliferation stiniimlad1h IhN'i/b'ril-
infected cells. fkcusinlt,on the role of iuoln-
ic ytes/ in .crophiages s accessory cells. It 
wIts found that ruoriocCesi nmcrOphages are 
required to stimulate T-cell proli'eration in 
mixed leUcocyte 'eactiolS of uninfected Cells 
from the same animal (Mautologous) or lrom01., 
two different animals of' the same species 
(allogeneic). Iowever, proliferation stim
ulated hy viable Th7eihria-infected cells does 
not require the presence of' monocytes/ 
rnacrophages. Yet when inflected cells are 
rendered metabolically inactive hy fixation 
with 1.05/( gIutaraldehyde, they no longer 
stinimulate the proliferation of' mixed cell 
poptulations unless monocvt e s niacro-
phages are present. This suggests that via-
hle parasitized cells May produce a growth 
factor, not produced by fixed cells. which 
replaces the requirement for monocytes/ 
rnacrophages in sti mul Iatinrig cell prolifera-
tien. 

When bovine peripheral blood leuko-
cytes are stimulated in vitro by the mitogen
concanavalin A (con A), they develop into 
lymphoblasts (Figure 6) and produce T-cell 
growth factor (TCGF), designated as IL-2. 

This factor has been purified hy gel tiltra
lion, isoelectric fOcusinrig and high-pressure
Iiqu id chromatography (1-l111-0 to a protein 
of 20,000 to 23.000 dallons ,hich retains 
IIL-2 activity. Bv repeated stimulation of 
con A-induced l\'iphohlasts wvith ICI it 
hen- possible to obtain bovine T cellhas becen 
lines and clones. The clones do not respond 
to con A and are depndent on1 the presence 
of T('Fl'ol o conlintued _,m ll. I lowever. 
when these 'T('(;F-depeu1delit cells are 
infected v, ith 1\ 111 /) Igl ,ga . they 11 
lur.e r require I('( I: to lliaitain lrolifer
ann and ',Luperttt, from the cultures 
contain a 1o\ le.vel (f'l'( iF-likC Ictivilv. 
This raises thelpossibility that parasitiied T 
cells uMN prodhcU nd,11utili, growtli fac
tors in an autoCri ire fashion to010maintll pro
iteration. Research is 11(m in proigress to 

characterize the factor secreteld 1, i7wi
ci-infected cells and determine Whether it
is II.-2 or soiie other growth factor. Inl 
additiol. production and assa systells are 
heill developed aimed at purLifyirng IL-I 
and investicatine its role in the stilulation 
of' cell prolif1eratio. 

Immune reactions to the schizont stage of 
T parva appear to involve the gene:ation 
of cvtolytic T lIymphocytes which se!ec
tively destroy infected cells, but not chinr
fected cells, rorn the same aniniml. Cells 
fromnmost other animals are not destroyed, 
whether infected or not. By contrast, in fatal 
cases of' ECF, cvtolytic cells appear iii the 
peripheral blood which are capable of kill
ing both infected lid uninfected Iyn phio
cytes frorn different animals. Studies over 
the past 2 years have focused on definin 
the specificity of cytolytic T cells from 
immutine cattle and in particufar on the role 
of class I MHC antigens. 

Cytolytic cells are generated in a mixed 
culture combining leucocytes from two dlif,
ferent animals. When such an allogeneic 
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cells 
from two cattle which are iiiisnatched at 
the A locus o1 the Nll (',the CVtol \tic cll 
arc directed principallyv altainst A locus 
detelu nants. However.C, ctolvtic cells can 

niIxed Ih.ucocvtC reatction coihin.1, ccI 

also le generated between cattle which are 

atchcd at the A locus. suggesting that other 
loci of the Nll(' ,Ccanh involved in the 
recoCllition evenis which lead to tspecific 
C'tolytic response. Current eftforts are 
dirtected tO\VaIdS c1oning1 cytolytic cells 
which recognize NilC antigens inorder to 

V.! 

~,
°
 

produced by 'sthmutihng bovine 
pu-ripheral blood leuLcocytes. in vitro with lie iritocle e'ancarra!valhri A (Con A) Below is an electron 
mrnograpth of bovine lyrophoblass.. c.trate]Id thy li¢tor ,a infectionr 

rt,ore 6 PIhe electron iiicropiaph at the top! shows. lyinpbobia'lt (ce11,; 

17 



obtain more precise inforiliation on their 
target specificity. Several cloned cell lines 
have been derived which either kill or pro-
liferate in respomse to the specitic alloge-
neic stimulator cell. 

Data obtained t ulndergtoillgIfIrom catlle 
inmlun111i/atuon alins t T/ illdicate thailuvul 

the ThcihCrici-speciiC ctolytic T cells arec 
also restricted principally hy declrmiailts 
of, tile A locus of the class I ,MlI('.Thus. 
when tested on a paltel of Th,ihria-inlfeted 
target cells. the c.vol\tic cell, \\Crc folund 
to kill cells from'amals nail i'oemi-
matched \k itli ru,,pct to .\ltocus s-pciiCi-
tics. The possibility that these cvtolvtic ills 

terel-v recoilti/c atlltClS e\prcsseil on 
norml lviinphiblasts ilaintained in culture 
for log peri-ods \a, excluded h\ tile lind-
ing that tileetlecOirs did not kill urinlected 
atutologous "l-cell lines tMaintainil in vitro 
\\itll lT(Furthermtore. iltabseic oflm.ni 
c I\t activitM ill ,lvti' slperllatatills (le 
c tolvtic cells oir c1tl\t ic-cdlIs-l-tr-
gCts Cxcluicd ttie pssibilit\ that killing \,at Ip ]arl'ua )NA itl the L..amb,da virus whicl
imIeiaLted b\ a solull fictor. pri literates in the bacteriull) /- c'Ili and 

Fuither deliniil Of tilte SIpciticity (l anti- \prcsses the cloned l)NA sequences as 
T/cilc'ri c\tol\tI ICcells has hccnl hallpr.,d prttcin. 1 /I pulur I ai;akati ) piroplasnis 
b1 the diflici.:,0t Clatein thill,_,ces Inl ha 'ested 'o1 Ilte red hlood cells Of infected
VItr(l. Current \kork is locusd in.; h!s eenCa.cattle have used as a soLIrCC t panasite
the eventual aim beinghi olit) i cheed 
pop,,latiols of l]/ni/cluri-specilic c.tdvtic 
cells. SLhII choited cell lines \\0o0 1i OC of 
potet ial value in distinui,.hit, bcen 
immunohloically ditferine,, iSite stins 
aid idCntifyv uu1irnntut1ihil)lcaI1., intportantl 
parasite ge..podut.ts. ('lhmed 'I ,elk,have 
b)e inlectIL.d ilh ditltereut .tlains t' T 
Iarvle in vitro. and thes irc IeiI u Used as 
targets for cytoly'tic I eCell.,to deterlniine the 
specificity for different parasite strains of 
tile cytol\tic response. ()ther experiments 
have involved tile repeated stilnulatiol' of 
peripheral blood leucocytes trot iimm1un1iiie
cattle with autologous T'ilcriu-inl'ected 
cells. Preliminary results have ben prm
ising. 

Work has been inprogress for some time 
ainmed at producing tlorocloilI antibodies 
specific for antigens on the surface of Theil

(,ri-inected cells wich may act as taret, 
IbOr the specitic cvtolvtic response. Se\era 
possibilities are being investigated. lol 
instance, the 'Ihcileri schizont mlight iLducc 
somie chemical alteration of host-cell MHIC 
antigens, which allows these antigens to he 
reconized as tal+cts h\ C\tol\ytic cells. Class 
I N111('anticens trn TiI pa/l-infected 
and unilctlelCd cell', kcie analVzed bio
chemicall\ illI984. but lo modibications 
v,crc detectable in tle NIlI antigens 
Cxpressed -,\ th1e infected cells. It is still 
possible that p-MraIsite-induced mIoClecules 01 
the surface of' i;aectCd cells caUse atCol

owlnatiiMonl chauce in the NIl ICanticns hv 
close associatitionl which Canlllt he detected 
by hioclietical analysis. Molecules closely 
associated with NIiI.' anticens mav be 
deteclahle alter chemical crisslinkinu, and 
this is ()let ocSl present researCh. 

()Ine approach to identifyine the T1wi!-
C11il101' TlkCih,icru,-induced a iecus CC()

ctolytictied I \ [ I cells involves clo ii 

a)NA.The 7p pul )NA i:;hroken into 
tra*cuents and iitserted into a restriction site 
%\ithiii tile viral Cenoine. Several libraries 
of clmed piroplasm I)N\ have been con
strUCtcd. TIhese alle nOW beine, screened with 
1ituicloital antibodies to ilentify clone,. 
ploduciig parasite anticens. Eventuall,. 
these cloines can he used in transfectioti and 
cytotoxicitv assays to determine which gene
products are capahle of eliciting atcytolytic 
T-cell response. Clones produced fr1111 dif
ferent 7/u'i/eriu isolatis can also be con
pared to identify strain-specilic gene 
setluences. This ma' provide a valahble tool
for ECF epidemiology studies. 
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!InvesticatiOI1S co tiniLue On the the deiVel
opnenlt ol T prno iflerozoites-how the\, 
escape firoi in tected lmplid cells and 
inVade rcd bho d cells and their sulbSeqnenItI 
dcvCipmIent hclorC ihti\stio v fbyldini2 
ticks. Tlil/'irio piroplalnis. ptobablv 1hlil
ri(i Ve'l'TU. hiat\ CheCI sttidiecli bCelctron 

lnicr,Scvp\ iII reCd blood cells taken frot 
aNlint'c'icd x+itcrhuck. A paraisitc oreanellc 
tot I'rCVoi ,,ly , sr-ibIh+ l ia,, hlcrx ed in 

ih pirepl[,i, it i aitS -iatitOn \ ith t lIc 
iLT . l .ill-cIltill1 112 I't0t0l \ itI tlI C 11:i.rlt'1I7 A ll 0t-Mi llCL 0Il ',i l IIII II I Il itll ',111ilh.'r 

Il \/C"dSO ,,C\ c'd ill piitoplasills (f /] il
('1 /1(/1'O ill rcd booId Cl', 0f cdnle. Man 
Of the Ih'i1('r iCtIct-l reL cell,O td HtOill
A trtlk :11',0 - lltaileCd CrAstal Of baIL 

mtItd*,i, tt ,1 the,,,._ \,.c -L,lc,, C0'111111011l 

in inlctCl ct tle ell,. (r ,t,(lli,"trti 
haclo'dohi iil i il)bt 1 iiiduccd h\ the 
in[it tc icl.' ii1t l f pp I-tllular IC l n ll-_I 

I('F Cpidcittiol0Oical StudiCs at II.RAI) 
concentrate oil tile characieti/ailion of parla 
site strains aid the identilication ofl cros,
pot'ectixe lpatiliTs bCtV ci uiflerent 141TOo 
stcks,. ltniphiis in I()l ,a, ot chlrac

,teti/ine T p,/ awc/t ci ,tock isoteCL Itlni 
butllilto uli 1 CtIl ill bIftifalo-itlt-l 
a.leas. 

IL.RAI) sciet.liss aie alSO cotiduictine I;('l 
Hni'tili/aliout trials il cooperation with tile 

Kenya Ninistrx Of Ale,.,.rictiuir andid IiC-


# 

' Y 

K 
" 

I , i roqraph o!f ai 71eer, iro
ii, thun r;d koocull (,0! un) ,ec ted water

m k hi0A q, d i-rmo tmensional networkhly (f.iar 

CUIntIliUMIS WIlI the iio'i Of the food v uOIe 
-his org Hli! is helhtwid. tO he involved in) deg

fadation of te)L I J(1oI hMIO~ lOglotJi 

t;ileoutis tll-.MIICllt %\itli a olle listillg oxy
lttracycline antibiotic. 

I'- sties hate snete+, dI hat anti
cciic diversity illluto I/wilria stocks maV 
he Ilited in situatiolns where Tp parno is 
initilained in i simple catthetlick cycle. The 
jesuits Of chaitcteiiatiCH , inOtlde in Ir93 

stock l)eeCllopnit ind the \Iiichit luiMad 198-1 indicated that I' p pol'o stocks 
l)evelopment Corporaltio. lxperiniental isolated frot I+cnya. Nilavi . Rwanda. 
ititinnmtliim techniqluels arV based l O. Iiad /aillbii aid /i1tibaxxC could le 
infection with live spoooiies and sinu- placed into fouril distinct gltotilps -- Ilbeled A. 
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B, C and D-based on patterns of schizont 
antigen recognition by a battery of 16 mon-
oclonal antibodies using the IFA test. 

Up until now it has not been possible to 
carry out totally satisfactory cross-immu-
nity trials in cattle because no in vitro assay
has been available to quantify T p parva
soorozoites reliably in order to standardize 
tie doses of parasite material. A more 
accurate technique is being developed to 
determine the number of sporozoites present
in material taken from infected ticks, using 
a monoclonal antibody (D,) which recog-
nizes a common antigen on sporozoites of 
different Theileria strains. The parasite
material is incubated with antibody which 
has been labeled with a fluorescent stain 
(fluorescein isothiocyanate) and then ana-
lyzed using ILRAD's fluorescence-acti-
vated cell sorter (FACS). This method 
distinguishes sporozoites from tick material 
and yields information on tie number of 
sporozoite particles, intact sporozoites and 
sporoblasts present in a sample. 

Past studies of antigenic diversity in Tp
lawrencei parasites carried by buffalo have 
suggested that this Theileria species may
change antigenically over time. In collab-
oration with the Kenya Agricultural Research 
Institute, a buffalo was infected with a tick 
stabilate of Tp lairr''enceiat the end of 1983,

and parasites have been collected at regular

intervals and tested against ILRAD's bat-

tery of monoclonal antibodies. The results 

suggest 
 that changes do uccur in parasite
antigenicity, and cross-immunity trials are 
being carried out in cattle to test the sig-
nificance of' the changes observed, 

Four trials have been been conducted in Kilifi 
District of Kenya's Coast Province to deter-
mine the effectiveness of immunizing cattle 
against ECF by infection with well char-
acterized local andstocks simultaneous 
treatment with oxytetracycline. These were 
at Mtwapa, two atKiswani and Kibarani. 

Results can be summarized as follows: 
I. 	 Local Theileria stocks characterized 

by screening with monoclonal anti
bodies can be used in an infection and 
treatment regime to protect cattle 
igainst virulent T p parva challenge

in areas where there is no contact with 
buffalo. In areas of heavy challenge,
dipping with acaricides even twice a 
week is not sufficient to prevent ECF 
in non-immunized cattle. 

2. 	 Different breeds of ca:tle can be pro
tected effectively, including Jersey,
Boran and Sahiwal crosses. 

3. 	 Immunization 12 months prior to 
exposure provides solid protection 
against field challenge. 

4. 	 More prolonged treatment with oxy
tetracycline is occasionally required 
to reduce severe reactions on immu
nization. 

5. 	 Immunization against ECF must be 
accompanied by appropriate measures 
to control other tick-borne diseases. 
During the challenge periods, cattle 
were exposed without dipping for up 
to 3 months. No ECF breakthroughs 
occurred out of 52 immunized ani
meals, but 3 cattle died of heartwater, 
a 	 tick-transmitted rickettsial disease 
caused by Cowdria ruminantium. 
Cases of anaplasmosis and other tick
borne infections were also recorded. 
This suggests that dipping should not 
be discontinued altogether, but dip
ping intervals can safely be extended 
once animals have been immunized 
against ECF, resulting in consider
able saving in costs. 

Cattle immunized in the second Kibarani 
trial have now been integrated into smali
holder farming schemes and their per
formance is 	 being monitored. Veteiinary
authorities in several countries affected by
ECF have shown interest in immunization 
by infection and treatment, and a workshop 
was held at ILRAD in October 1984 to dis
cuss this approach and consider its exten
sion to other affected areas. 
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Scientists also condLcted in vitro exper-
iments in 1984 to investigate how tetracy-
cline works in conferrin u immunity aigainst 
ECF. When establ islied cultures of infected 
lymphocytes were trcated ,vWith tet acvcl inC. 
their growth rates were signilican tly reduced. 
When tetracvcline and Th'ilcriu spor,-
zoites were added to cuil tu res of innin lected 
lymphocytes, the cffect was even more pro-
ntit ricedt. with certain coricentratiors of 
tetracycline causing coriiplete Inhibitioi of' 
Ivmphocyte transftrormation . Recent work 
suggests that ihe cI'ects 01' tiei drue mv be 
due to inhibition of' protemi svnthCsis, and 
studies are in ;)r'r2r , to i0 esticare this 
furt her. 

IMirperiIts coMdutcfL ii l )84 tested 
whether' i:nrrit byW ilnfection Mrd treat-
rient can he broken doii bywmassive para-

site challengu. Il tie lirst experiment, two 
catIC \tlhicfh liad bCen imniiurriZCd against I 

p1 'u (NILu,tgt1120 x\tcc challfenced with at 
do+sC of 2(1.1flll! aciri frorm ticks irfccted 

, itf the .\lgtnr snrill. the equivalent of 
approxilmatcly 2(0 miff olln sfor/oites. wfile 
.1;i or-rrri1iii.n+/Crld control mimal was ial-
ltriged \ il \ 200f}t0 inlfctCd ,rii+. I oth 
(fl tile iriirinmri/CeI catle snrI\i\cd the irias-
',ic chlallri+c. wkhile the cntrol dlied ofl 
;ICLtC !1('1. I; Owcsecond esp(rinr.. {t 
c ilrl \\crc iomrtrriii'd ,.,ili I p paiU-o 
(.\lugttr'a OIo 'i/ /,U/T CNlu(gNtUa'U Nlalrikc 
1)tiirii arid then ChalliCI-ed \ith I l 110(0 
or I-1)01 aciri prcpared fronii tick, irfncld 

\with IT i (.\lugncaUN. 1111n
4u 'lIe 2)) 
riCd caittlC rceC.iirre the srrrlIcr dosCs stir-
v\\Cd. In tile groip whhiclh . s cllu:ieIfd 
\ ith I aLoCse o 14.000t) infected :aciri. -4out 
of 1ff hild to he treated for a lergic raCct ions 
to tick cormporent,, in the ihiocilim. but 
ol, I I)bcaIC id diedt of01mildinfCctCd ECF. 
.\ll o the Coirtrol arifals fdied of acute ICF. 
Thes tx o evperiliets support the hypoth-
Csis that \iciI cattle are iiiiininized b'v 
inl'ction nMd rreatrrierrt ari then challenged 
With 1mro0oi1sdifferCit ruonochionalfror 
aitihidv prof1ilc gop,,, tire differences iii 
levels of pr;Iectiori dCeaiorstit.lcd areC de I 
to tile presce o1 diriffererIt itge ruCictypes. 

and not merely to variations in doses of' 
infective sporozoites. 

Trials have also been conducted to deter
mine how soon immunity develops in cattle 
after immunization yhinfection and treat
ment and whether the protection conferred 
short I, after iinmu unization is specific for 
particular disease strains. Four groups of 12 
cattle were immunized with 7' par'a 
(N tiguga lland challenged with 'I1)p ri'a 
(MugugI or 7 /) JarTi (Marikebuni) at dif
ferent intervals alter immunization, along 
with io-ii Un ized controls. ResulIts are 
shotwn in Figure 8. This experiment dem
orlstrates that protective i,;imrlity to atspe
cilic strain 1OfECF is full v developed by 20 
days afl'tei immunization. These findings 
were later utilized in i field trial at Kibar
irii. where 12 cattle werc exposed to field 

challenge 3 weeks after immunizaltiotn and 
all survived. 

Il l many areas where ECF is endemic, 
cattle arc also exposed to trvpamosotne 
inlfction . Ilr a collalorative project with the 
InltCrn;ational Atomic lriergy' Agency, 
experinieits wCrC conducted in 198 - to 
determirie vether problems might arise 
when cattle chronically infected with try
panosor:las s ae irinnized against ECU. 
either in terms of' increased tr'panosome
 

lf;arasitferiia or an enhanced reaction to the
 
/cil('/uri parasites used in imrnuniizatiorn.
 
Il a1preliriiriarv experiment, six cattle
 

%kcrcirrrrnnri/Cd by iif'rection and treatment 
acairist K T: two of, these were chroriically 
inFected wilh I/'vpt/uooA1mu ('(onlr 'nse, two 
had hCCnI illectcd wit i I' congolense a rd 
cured h\' lCcariricit with the trypanocidal 
drine (IiIIIrarIC a.cCtraIttC (l rcnil 1.and two 
wCrC uriufctcd criirol.'.. All six showed 

or irnappareit reactions following 
ilnirriniiaitiri arid similar reacti lls follow
ing potentiallv lethal liCF challenge. One 
of the xprcimertal cattle and one of the 
contl'oL] died of tr'vpauosoisis. In a scc
ond experiment. 7 cattle were infected with 
T (oPrtoh'ns(, arfd later immunized against 
-CF. Thev underwent mild or iiiapparent 

E'I I'ectiots durirng inrLmnizatioii and all 
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Time and Strain 
of Challenge 

5 days post-immunization
Muguga 

Marikebuni

10 days post-immunization 
Muguga 

Marikebuni 


20 days post-irnnunization
Muguga 

Marikebuni 


30 days post-immunization
Muguge 
Marikebuni 

Number Untreated 
Treated Survived Controls Survived 

6 4 2 0 
6 2 2 1 

6 5 2 0 
6 5 2 0 

6 6 2 0 
6 5 2 0 

6 6 2 0 
6 5 2 0 

Figure 8. Development of homologous and heterologous protective immunity at different intervals
after immunization by infection and treatment. Cattle were immunized with Tp parva (Muguga) and
then challenged at different intervals with Tp parva (Muguga) or Tp parva (Marikebuni). 

resisted potentially lethal ECF challenge 
which killed all non-immunized controls, 
Thus, under the conditions of the experi-
ment, it appears that chronic trypano-
somiasis is neither exacerbated by ECF 
infection-and-treatment immunization, nor 

does it result in enhanced ECF reactions. 

Similar studies will be conducted using cat-

tIe chronically infectd with other blood-

borne parasites, such as Babesia bigemina 

and Anaplastna marginale. 


Other tick-transmitted disea: es which 
occur in endemic ECF areas include Theil-

W' +NI) iU 1( ,I \N; i 

The brown ear tick, Rhipicephalusappen-
diculatus, which transmits ECF remains 
attached to and continues feeding on bovine 
hosts for periods of several days. It is cru-
cial for the survival of the tick that it be 
able to prevent coagulation at the site of 
attachment and promote the flow of blood 
and tissue fluids during feeding. Although 
the secretion of anticoagulants by ticks dur-
ing feeding has been known for some time, 
little is known of their chemical nature, their 

eria mutans infections which cause chronic 
anaemia, and heartwater which is often fatal. 
Preliminary studies have concentrated on 
isolating and establishing these parasites in 
the tick vector, Aniblvonma variegattn. A 
study was carried out in 1984 on Theileia 
taurotragiin collaboration with the Kenya 
Agricultural Research Institute: two eland 
and two sheep were successfully infected 
with a T taurotragistabilate, suggesting that 
this ATeileria species may have a wide host 
range in the field. 

", ,N . 

mode of action or their possible role in 
induction of immune response;. 

Research at ILRAD in 1984 concentrated 
on purifying the anticoagulant molecule 
contained in tick salivary gland extracts. 
Physicochemical characteristics suggest that 
this molecule is the same in larvae, nymphs 
and adult ticks. Analysis of the mechanism 
of anticoagulant activity in 1984 showed 
that the anticoagulant exerts its effect by 
inhibiting the prothrombinase complex which 
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catalyses tbe conversion of prothrombin to 
thrombin. Attempts to raise antibodies in 
rabbits against the purilied anticoagulant 
molecule have been unsuccessful, suggest-
ing that the molecule is a relatively poor 
stimulator of im1mune responses. However. 
the anticoaUlant activity can be detected 
in bovine blood and fluids lrot the Mime-
diate vicinity (if tick attachment sites, and 
its role in stimulat ing rcsistance to tick 
infestation is being investi unted, 

Although it has not vet been ptossible to 
raise antibodies aglainst the purified tick 
anticoauLint mo leculIc. both laboratory 
animals and cattle are known to produce 
antibodies against other products secreted 
by feeding ticks. These antibodies mediate 
acquiii red resistance to tick infestation. (ICI-
onstrated bv a reduction in the nuLimbeCr of 
ticks attachin, to a host and in the weighit 
of ticks after comphotion of feeding. 
Resistance to ticks involves delayed-type 
hypersensitivity reactions in the skini and is 
acquircd natturalII\ in the field after multiple 
tick infestat ions. This acquired resistance 
may help reduce the vector poipulation and 
disease transmiission. Efforts to induce 
resistance by immunization with tick anti-
gCns. most often usinige crude tick extracts. 

have not been successful. Work was thus 
continued in 1984 to identify and purify the 
specitic tick antigens which stimulate 
resistance. Antisera which recognize tick 
antigens were raised in rabhits and guinea 
pigs infestcd with ticks, and these are being 
used to idlentilfy tick antigens. 

Electrol microscopy studies at IILRAD 
have concentrated for several years oil the 
histophysiology and LIItrastructure of the R 
al'penditculatussalivary gland, in particular 
on the E cells of the type Ill acinus where 
Th'ieria sporozoites develop. Studies of* 

the other acini-types I, II and IV--were 
completed in !984, including descriptions 
of several secretory cell types. This research 
hIts establishcd ultrastructlral criteria for the 
identificalion of cell types, new findings on 
the sexuNal di morph ISil of the gland, and 
evidence for participation of the type iI aci
nis in fluid and electrolyte excretion during 
tick ftceding. In addition, examples have been 
discovered of secretory' granuIle formation 
without involvement of the Golgi complex, 
and the utilization of inutmnerable gap-
Junctions for bulk transcel lular movement 
of water and electrolytes across transport
ing epithelilum has been observed. 
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In recent history, it is unlikely that any con-
tinent has ever been dominated by one dis-
ease to the extent that Africa is dominated 
by trypanosomiasis. Different species of the 
protozoan parasites which cause trypano-
somiasis infect cattle, sheep, goats, pigs,
horses, donkeys, camels, many types of wild 
animals and man. The most important tryp-
anosome species in economic tenis are those 
which infect domestic ruminants in Africa: 
Trypanosoma congolense, T vi'a. and T 
bruceibrwcei. Closely related T hrucei sub-
species-T b rihodesiense and T h gan-
biense--cause human sleeping sickness, 

Trypanosomes are most often transmit-
ted cyclically by about 30 species and sub-
species of tsetse fly (Glossina spp). These 
insects infest a wide range of habitats over 
about 10 million km 2 of Africa, represent-
ing 37% of the continent or about half the 
habitable land. In regions infested with tsetse 
flies, chronic trypanosomiasis 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 all, and even human 
habitation may be threatened, 

Trypanosomiasis also occurs in Latin 
America, the Middle East and Asia. In these 
areas, the parasites are transmitted mechan-
ically by biting flies. Outbreaks of T vi'av 
have been reported in several South Amer-

ican countries, though the epidemiology of 
the disease has not been fully documented. 
Another trypanosome species, T evansi, 
occurs in Africa, the Middle East, Asia and 
South America. This mechanically-trans
mitted species causes a severe disease in 
horses and camels and loss of productivity
in cattle and domestic buffalo. 

Programs to control trypanosomiasis have 
been in operation for nearly 100 years. Ini
tial attempts involved control of the tsetse 
vector, either by destroying the wild animal 
populations on which tsetse feed or clearing
the bushy vegetation the flies require as 
breeding and resting sites. More recently, 
most tsetse control programs have been 
based on the appliction of insecticides. 
Considerable success has been achieved 
where control measures using insecticide 
have been properly implemented--notably 
in Nigeria, Botswana, Zambia and Zii
babwe. However, insecticide spraying is not 
entirely effective in arcas of heavy t:;etse
infestation, dense vegetation or high rain
fall, and spraying programs require a sub
stantial investment and a high level of 
management. For these reasons, areas 
infested by tsetse flies are expanding in many 
parts of Africa. There is also a risk that 
repeated, large-scale insecticide spraying will 
have harmful effects on the environment. 

Regular treatment with trypanocidal drugs
has been an important control method since 
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tile early 1920s. This approach has been 
successful in situations where livestock 
management has been competent and con-
sistent over time. Disease control regimes 
based on chemotherapy must be imple-
mented indelinite!v because domestic an-
Inals aIre exposed to 80 extensive reservtoir 
of infection in the wildlife population. The 
possibility of1drug resistance developing in 
local parasite populations is also a serious 
consideration as no new trypanocidal coin-

All three major trypanosome species pro-
ceed through several distinct stages during 
their lifecycle in the tsetse vector and niam-
malian host. When a tsetse fly feeds on an 
infected animal, it ingests trypanosomes 
along with blood. and these undergo a cycle 
of' development within the fly. T7 bru 'cei 
develops in the tsetse midgut, proventric-
uLus and salivary gland. while 'Tcongoh'nsc 

develops in tle midgut, provent:icuus ,rod 
Mouth parts aid 1'vivux develops entirely
in the mouth parts. All three species finish 
this phase of development as metacyclic 
forms. When the infected fly next feeds, 
the lietacvclic trypanosonmes are injected 
into the ski i,of another anima! along with 
tsetse saliva, 

When 7''on'(,lensc or 7' h brucei para-
sites are transmitted to an uninfected ai-
mal by a tsetse fly (see Fiture 9), a local 
skin reaction several centimetres in diam-
eter--called a chancre---develops at the site 
of the bite. The metacyclic trypanosomes 
develop further in the chancre, invade the 
local lymph vessels and move into the 
bloodstream. ' vivax parasites are also 
transmitted from the skin through the lyin-
phatic system to the bloodstream, but the 
local skin reaction, it if occurs, is less severe, 
Infection in the bloodstream is character-
ized by successive waves of parasitaenia, 

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 
trypa nosomias is--measures which are 
eff..ctive, safe and economically sound. 
Research activites are broadly based, but 
can be considered under three headings: 
improved control of the parasites, eahar.ed 
rosistance to infection and trypanosorniasis 
epideiniology. 

as trypanosome populations multiply rap
idly, then most of the parasites die but a 
few survive and begin multiplying again. 7' 
vivax and 7t,'uei parasites may also invade 
the connective tissues, and, inlater stages 
of infection, all three trypanosome species 
may sometimes be observed in the cental 
nervois system. When a tsetse fly feeds on 
an infected animal, it ingests trypanosonies 
along with blood, completing the parasite 
transmission cycle. 

Metacyclic trypanosomes and the forms 
which develop in the mLmmalian blood
stream are coated with a dense layer of anti
gen 12 to 15 mu thick. This surface coat is 
composed of glycoproteins (protein-carbo
hydrate compounds), referred to as variable 
surface glycoproteins or VSGs. Trypano
sonies developing in the tsetse fly are not 
coated with VSGs until they reach the 
metacyclic stage, ready for transmission to 
a mammalian host. The successive waves 
of parasites which appear in the mammal
ian bloodstream during the course of infec
tion display different VSG coats. In 
laboratory animals, more than 100 different 
VSGs have been observed on the descen
dents of a single tiypanosomne, and scien
tists estimate that one trypanosorne c:one 
could produce cells bearing several hundred 
different surface coats. 
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FIgLgrO 9 Micrograth of a TcooqoIosu'pama,!o
inthe Ski) of a jgoat 7 days aftte transmiss',i 
ty an infe cto i ls efl, De st riation a ww-lrei 

Ifo trypariosorne (:oii;;, (i 1)10005 -fCohlagen 

li ;SPhoforirapi o r,,, Of [.Drlt. rr .
 '' Se~,,,
[ropica! InsltitC' 

When an arinal bctrrre in.ected. it 
I)rodrcCS antibodiCs speeilicall v gaitn, tile 
\"Si lisp.layed I thie liust vave Ol irisad
initI,,arorsrrr , Ihl e.s,._r.I all the,,, bet% .. 
parasites can be elimina.ted, ne\ tryaiito
smrties appear Coated ,.vith a dii Ierent \',S(. 
aind these are capahle Of ev'adirL- the ari

%,ith,C,anothe'r VSG. ala,,s keeping a 
slolp head Of tlie ho',i respOns."C 
.Thisnrti . ahi It\ to-i (lie anti

cullenicc tiquisiu t in th .uc cl'il 
Sllcdhlll ~lli\(hlil rI k prltiIlae tl 

, i'1 ',-hl i. 11 u ,ui2,iilS ii) 1 
m)I dulli ,1 

:i ll lulcI ' ,l ;m "I ;iilt ,,hLniiian.i..
tII \7 lulLki,11-011 (I\ L-101)il'.i hitjl1hillCSi Cs
Sh -iiiili l 7 IIL' Ii lil
it.,I1 lic 

c n ht,V IiIh \h 'i,, \ rlilliils;il 'in ll' 
Li", l t.'tt ~~~~h;sliu' i ;cIhitilIc., ats' h a"Llt iitet\'L

rIIrIIIr l \'SIei tha tIle p it Mhich
 
uh\ChI[, tuhnlinr iili.uitiit in ilte blood
t~re.nal. amid s-,itdlt a1 II.R.\I) and else

, ' 1 I , , it',.li hi\ i1t1t il/lil d Jiilihi , t t ll,
Iloalrt; ,linitaeclic )fiiii'hicili. cloned 

"
 ,
MMClui:iu . Ilh \u"<_U)ttVl)t lIU l'[litiu -. ill 111051,1 
.hid sil tit Mi; ltiII, 11'C'\,OSe' t0 IlllilY 
hun, beiutrilhm Itdist eroml i irnnt ltulllies 

ea ch itli (milits, characteristic repertoire

oif \(,.lih s reseach at II.RAI) c ncen
ti.tts (itt,., Oi alltitllic varioil e eliarl sii 

dintiii its, ucic l iasi and the way VS(;is
 
are , Illlhesi/cd inl tile lrvpanosonre and 
oIlled tO11i1e stirt'aC Coat. SIndies1, aIso 

concentrate olldilltreint ,tqat.s of the rv
p.alllOsmhe lilecsClc and thle Iiliechl iSill's 
involv.ed in the transhitin roml one mae t 
the I,\t. ihis sout issnptpO-ted by the 

A h k 1 t 
deselopineirn ot tLechrlie.e, Io 1iliritin dii
!"lCllt sp ',IciS t Ott II IIIoInalld e > paI' if
,ilrO. The Alall thes l Oit cls is to 
idntitv5l tacto, ,ich cmid be ianipn
ated tt ohistpt tire de,.e.,hrirrlt oI tile 
fIrasits , tr make them .tInerable itohost 
deterieest.,. 

rn1ahs' irunie r'spone',C. lhIese tr lla - Trypalosonies contain several hundred 
sonnes nlntipli rlpidl' arid [lie host pn ht ,es genes, each lh which code, fIr a dilererit 
new antibodies. bnt then paraIsites appear variant oh [lie protein chain Of, the \"SG. 
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The nieclMnism which enables a population 
of trypanosonmes to display one variant 
molecule at a tile on their surface and to 
swi .h1 between these molecules has aroused 
considerable interest among scientists aruotnd 
the world. 

For tile variant niolecule elcoded by a 
particu lar VSG gene to reach tile surfarce of 
tie trlpnosoniC. the gene must be located 
in a special 'expression site', which is calleu 
a teloieric site because of its location neai'r 
tile end of a chromosome. From this sire. 
the ene can he copied into an RNA tool-
ecule which directs tile synthesis of the 
appropriate VSG protein chalin. There are 
many teloiieric expression sites in the try-
pansonme genome that carry VSG cenes. 
Only one of these is actively copied into 
RNA at a time. The mechanism of this 
exclusive expression is not vet understool. 
Neither is the process hy which expression 
is switched to a different telonieric site. 
leading to the +ippearance of a different \"SG 
On tile trvpanosome surface. The teloieiic 
VSG genes provide a pool of' VSGs most 
likely to be expressed carly in an inifection, 
Switching 1'VS(;exp'essi IMiia also occur 
by replacenent of the \.St gere in the active 
tehomeric site 1.',b I dupl~ited COpy 01' 
non-telomeric VS( or anotherrene. ol 
telomeric gene. 

Research at II.RAl) has initially conce i-
triated Ol four VSG genes cloned fronit 
stock of ' Im ''ci. The cxpressed copy 0f 

one of, these geile, was shown to be located 
at the end of a small chrtiosolic contain-
irg,-abont 20)(.(0) base pairs of )NA. 
Restriction eIIZNincICCappirig revealed a 
'barreri region of )NA on one side of' the 
gene exceptiona lly lacking in restriction 
enzyrie sites. This barren region is atchar-
,cteristic structural feiatUre of'"all \SG geie 
cx pression sites so far described. Studies cexpression and tie copy is transposed to a 
werei nitiated to investignate tlie role of thi. 
region in the control of VSG expression 
and inthe gene repl acemrent mechanism. 

A segment of' DNA containing the harren 
region was cloned from trypanosomes where 
the site was active and f'rom trypanosomes 

illwhich it was inactive, and the sequences 
of the two cloned regions were determined. 
The barren region consisted entirely of an 
array of imperfect repeats of an 80 base pair 
sequence motif. No difterences were found 
il tle sequences from the active and inac
tive expression sites. This showed that 
alterations of the DNA sequence in the bar
ren regcion were not involved in control of, 
expression of the adjacent VSG gene. 
Two VSG gene replacement events 

affectirig this expression site have been 
stidied in some detail . Both involved the 
replacement of the gene in this site by a 
duplicated copy of a ,ene located on a 
ininichromosomle. This work showed that 
a minichroinosone ecne was also flanked 
by a long array of barren region repeats, 
and that gene replacements involved 
iccomibi nation within the repeat arays. Short 
repeat arrays are aIlso involved in many 
repl acements hv non-telomeric VSG cenes. 
Ilconclusion, tIle bar'iren region plays a 
niaor role in antigenic switching by gene 
replaceIent. but its role, if' any. in the 
mutually exclusi xe control of tile nmultiple 
telorneric expression sites is not clear. 

Research on the genetic basis of' VSG 
gene expression has been extended to stud
ics of T cilmgol(,nrs(, in col laboration with 
the Vrije Lniversiteit l3russel. ILRAi) sci
entists have cloned the genes which code 
Iaor four di ff'er'eit 'coi,olnse VSGs, each 
froml an anti gerinicallV d istinct parasite po p
tilakttion representing a differ'ent serodene. 
'These clones have been used to investigate 
the organizatior of' VSG genes during anti
geieic variat ion (Figie 10). ResIlIts suggest 
tha.t the ihiVSG genetiechaniSMS involved 
expression in7' 'ongole'i.se are similar to 
those observed in Thirwt'ci. The gene which 
was analvzed in 1984 is duplicated during 

telouieric site, leading to the presence olan 
extra copy in clones which express the 
associated VSG. 

The DNA sequences encoding certain ' 
congolense VSGs may be specific to par
ticular parasite serodemes. Clones of the 
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FigoreI 10 Autoradiograph of a VSG gene expressed after duplication Expressron of the T c'ongo 
/lcsoI1Nat 2 1 VSG gene is preceeded by duphicative transposition, leading to the presence of an 
extra copy of the gene In trypanosome clones eIpre sig fis VSG. T e DNA was specfically CuW 
.,,lh an enzyiie f3g1 1 (laries 1 to 4) or Hint 1(lanes 5 to 8), and probed with either the radiolabeled 
5 end of the gene (panel a) or the radiolabeled hoi gane (panel 1) DNA from rypanosomes X3 
and X4 which expresr the VSG is shown i lanes !. ) 5 and 6. vhile [DNA from Irypariosome clones 
t34 aid 1.36 which do niot express the VSG is shown in hrie 3 1. 7 wd 8 Arrows poirt to 
fraginer t. of NA )r r i,-,itonly In tho.se tr(Iaooorcie clor n'?!-,,hir !Ii]t \'S(,v vhC; arro%'eh ads 
i.oint I() Ir.tlri tiiIll, l) rr - I :rin.) ino r, !- ', 'hfiio41I i: r: ill hII y 

IHINal 2. 1 VS(i ecnc ;I\ c hcc. ued c\pcr ()f T ht ci VS.(; -ccs which shi.(j Colln-
Iin1CIltiI, ,iia di il 0 i i ()fa,, h1\ hri tuill ! fo (IC't, - l I)M .\ "LiLIIT'Lu' n1211i a litiI)N.\ Lxtt.'.,. t s()tn ,chnu,.", siatl: d murieiu, hly llourlrime \vhLr xinuilai ,,,.i+' , ., ii, i\ Jurtti 

il l hrl ,,i.) ,h ,.I ' ,, i, l t Ym.d Llt.l ,L ,irt lphic arucmts. h i(),\%t oi L . t I, .i', , i 
.'ihrc'jml(irittc i itt itopt; t te rcttlr, 'ir (t) ,1i,l't t .l ll],, \1ri,, ."-,1itRL i .turnd 

i , \cli i ,t l._",t'.'", l ttl l lil! t tlturd'e . tLtIdl'1(11, r h!'1u'l-lled tic ' to/rl-tIC'c h\ 
]t;';Ituti. ii, h 'nd \;r. Irt jnL IrIr'inua. ,t i Lti ,..it, ;i\; il tI. atl [i .R :\I). ill 
t\o.t) \-hlm kt. Ii i t. x nli , I id\li p uitI li;ur ; IIIi " ihe I, t.h,, uttih',t'cIi1.d illi/ IIi~M llnd 11,C ,,h \,,C.LI I,, ,ll) ' ;I( A l K11i11 I Irl ,.AIll (,11CKC'u).% r.l . 

I I itiLlinlr. tht+.1 nu1 iIl(i /au tlii j]mtt
,,hi-' th,._ II.N at .! I \V S"(;I i',. l,' "C(PIuclo'c, t11]lrrl-11 .k_,n 1h) I'C ru,1111 M i\hcl: 111C dif
(sL'' iicii r di. 1 It \ dho1 i,h1li h, lt.'.t ;1,v htIinii 
'hi, i teai,,', t ( 'L'l /lt (r i'titItr kel t. iCt1ih I .R,.I)i I I I\\ il,eth 

ptnop'ulutiou u i L I,\litlenu, unixa\ Info r ,.h t1)l, CI tall VS(Ii ,rl.rt 
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28 



m. ~ 4 56 6- 7 8 j 2 3 4 5 	 •M 


4 3.3 

1.6 

891 1 	 Sau 961 

Figure 11. Autoradiograph showing the presence or absence of a VSG gene in the DNA of different 
trypanosome clones. The T congolense ILNat 2.1 VSG gene was used to probe DNA prepared from
T congolense clones derived from isolates from different locations in East Africa. The DNA was 
specifically cut with either the enzyme Bgl 1 (left) or Sau 961 (right). Washes after probe hybridization
were for 1 hour with two changes of 0.1 x SSC, 0.1% SDS at 65'C, DNA shown in the different lanes 
was taken from T congolense clones as follows: (1) ILNat 2.1 Transmara, Kenya; (2) ILNaR 1 Nairobi,
KEonya; (3) ILNaR 3 Serengeti, Tanzania: (4) SC 60 Kilili, Kenya; (5) SC 31 Ankole, Uganda; (6) clone
1616 Serengeti, Tanzania: (7) SC 45 Kilifi, Kenya; (8) clone 776 Kigoma, Tanzania. DNA from the
ILNat 2.1 VSG gene used as the probe only hybridized with DNA from the same trypanosome clone 
(lane 1). 

whether the isolates share common meta- contains at least two classes of carbohy
cyclic antigens. Antigens derived from drate side chain bound to the protein by a 
metacyclic trypanosomes of two distinctive process called glycosylation. Earlier work 
serodernes are now being cloned, 	 showed that the protein component of the 

VSG is synthesized in the rough endo-SYNTHESIS OF 1HE plasmic reticulum of the trypanosome in 6
SURFACE COAT to 8 minutes. It takes approximately 8 min

utes lor the VSG to move from the rough
The thick VSG coat protects the trypano- endoplasmic reticulurn to the Golgi com
sone from destruction by the immune plex. During this time, the VSG passes 
response of the mammalian host. 'he sir- through the smooth endoplasmic reticulum,
lace coat also prevents host antibodies frorn and evidence has accumulated suggesting
gaining access to other parts of the parasite. that the internal carbohydrate side chain may
Biochemical studies of Tbrucei and 7' con- be incorporated into the VSG in this orga
goiense have revealed that the surface coat nelle. 
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Figure 12. Transmission electron micrographs of 
sections through East African Tvivax (IL2292)
parasites. These were extruded by infected tsetse 
flies (G morsitans centralis) which were allowed 
to probe into a culture medium through a sili-
cone membrane. Only 20 to 50 parasites could 
be collected inthis way from 50 tsetse flies. They 
were processed using a novel technique devel-
oped at ILRAD that allows single cells to be cut 
into thin sections and examined individually with 
the electron microscope. The section on the left 
is an extruded trypomastigote without a surface 
coat. The section on the right is an extruded 
metacyclic form from the same sample. The sur-
face coat can be clearly seen. 

The second carbohydrate side chain ispotentially of' "Iat.. biological importance 

because it appears to renmain constant oi all 
T brucei and T congoh'nse' VSGs so far 
studied. 'is is prohahlly the cross-reacting 
determinant. responsible for the conmmon 
antibody rccounl ition of, different VS(Gs. 
Previous research showed thaitin T brm'ci
 
this side chain is added to the VSG, 0r its
 
final maturation occurs, in tile trans-Golgi

region of the cell facin,, the fl,gellr pocket. 

Usi ngzimrlved electron inicroscopy
techniques. IILRAI) scientists have shown 
a coat of surlace glycoprotein on imeta
cyclic fI'rms of both Last and West African 
T viiaxi stocks extruded hy infected tsetse 
(Figures 12 and 13). Unucoated trypano
sm-es were found in the same tsetse pobes, 
which suggests that metacyclic forms of 7 
vivaU may synthesize the ir surface coat reIl
atively late in the development cvcle. The 
trypanosonies injected by an infected tsetsefly might include individual parasites with 

a thick surface coat, others with a thin, fuzzy
coat as described in earlier reports, and 
others without coats. 

African trypanosomes replicate primarily by
 
longitudinal binary fission, but evidence has
 
accumulated that a sexual phase of devel
opment may also occur at some stage in the
 
parasite lifecycle. Sexual reproduction would
 

be associated with significantly increased 
possibilities for genetic diversity, which 
would make immunological control of tryp
anosomiasis much more difficult. When 
scientists from the Swiss Tropical Institute 

transmitted a mixture of T bgambiense and 
T b brucei clones through tsetse flies, they
found that clones subsequently derived from 
mice infected with these tsetse showed 
isoenzyme patterns of both parental clones. 

In a collaborative project, ILRAD scientists 
have investigated the antigenic relationship 
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Frgure 3 Licht m crographs of fre typical metacyc,c forms of East African T vlvax (IL 1480) 
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University, an IgG monoclonal antibody has 
been tested at ILRAD and found to recog-
nize membrane-bound intracellular' strl c-
tures in trypanosomes which resemble 
lysosomes, organellcs containing digestive 
enzyies. This antihodyN is now bein lsed 
in stuIlies of' the intracellular- dliestioln 
process (cndocytosis) inl trypanosorlies. 

L ,insect stages Itrypoiastigotes and epilmas-
H 

Culture systems have been developed at 
ILRAI) which support the development of 
al! three major African trypanosome spe-
cies throughout their lif'ecycles. Pari'sites in 
most stages of' dcvelopmnact can now he 
supplied routinely IOr a variety I research 
activities. 

In 1984, ILRAI)'s cell biologists con-
centrated on developing culture systems 
which support East Af'rican stocks of' Tvii, 
and particularly on cultivating and charac-
terizing aniial-inf'ective metacyclic f'orms. 
This work followed earlier research which 
resulted in the successf'ul cultivation of' one 
West African 7'vivax stock through all stages 
of the lifecycle. The cultivation of ' ia. 
in vitro is particularly inportant because 
most isolates of this species do not infect 
laboratory rodents. The only method avail-
able for maintaining the parasites has been 
by continuous passage throuhl inflected tsetse 
flies and ruminant hosts. However. inf'ected 
tsetse extrude very f'ew metacyclic f'orms 
of' 7"V'i'aX, so only small nuibers of' these 
parasites, have been available for study. 

Parasites resembling metacyclic f'orms 
have been propagated successf'ully from f'our 
7' viwi'x isolates obtained f'rorn (Iif'ferent 
locations in Kenya. None of these isolates 
is inf'ective to rodents, but they aue all highly 
infective to cattle. TWO 7'r'ivaX culture sys-
terns have been developed, both requiring 
bovine serum and fcedcr layer cells. The 
first was initiated with inf'ected tsetse pro-
boscides. During the first 4 weeks of' cul-
ture, parasites in an uncoated insect stage 

of development (epimastigotcs) increased 
in number. and by the end of the fourth 
weck melacyclic-like forms appeared. Dur
ing the next 5 months, 124 subcultures were 
made of these mixed populations. 

' was initiatedThe second culture system 
with bloodstream f'O'ms of the parasite sep
arated fiom the blood of infected cattle. The 
parasites transfb)rmed into two uInceated 

ti0otcs) within I()days. a Idsubsequently
nictacyclic-like lforms appeared. More than 
21) subcultues were mladte over a period of' 
3 months. All the trypanosomne popullati)ns 
containing metacyclic-like forms were 
inlcctive to cattle and goats by intravenous 
inoculation. Current work involves lurthtcr 
chiaacteri zat lon of the in vitro-propagated 
metacyclic forms and simplification and 
standardization of the culture systems. '[le 
goal is to produce sufLicient numbers of 7' 
vi/vax metacyclic-like parasites f'or use in a 
niiiiumber of research projects. 

An interesting phenomenon associated 
with 7' VivuV cultivation is the attachment 
of' elongated parasite forms harvested from 
the last stage of bloodstream in'ection to 
Matrix Gel Green A beads (Amicon). These 
trypanosornes may attach themselves to the 
Mouth parts Cf tsetse flies in a similar way. 
Using the West Af'rican T vivax strain orig
inally cultivated at ILRAD, studies were 
carried out in 1984 to analyze the attach
ment process. A variety of sugars, salts and 
other agents were added to the parasites in 
the presence of the beads, but none inhib
ited attachment, suggesting that a receptor
ligand mechanism was operating. When the 
dye molecule was removed from the beads 
the trypanosomes f'ailed to attach, and para
sites preincubated with partially purified dye 
showed reduced attachment to intact beaus. 
Current work involves analysing molecules 
in the dye and on the surface of tile trypano
soimes in order to identily the specific ligands 
and receptors involved in the binding 
process. 

Similar studies concentrate on blood
stream f'orms of 7' congolense. These tryp

32 



anosomes attach themselves to endothelial 
cells in the blood vessels of their main-
malian hosts, and they require endothelial 
cells in the culture medium to survive ill 
vitro. Research tocuses on tile receptor-
ligand interaction between parasite and host-
cell membranes and also on proteins secreted 
by the host cell which may be bound and 

metabolized hw the parasite. This work may 
lead to improved in vitro cultivation sys-
tens for 7' congole'nse and a better under-
standing of the requirements of this parasite 
species in the host bloodstream. 

Two in vitro assay systems have been 
developed for Screening the activity of tryp-
anocidal drn12s against 7 b Irt -i. These 
have proven usefl for testing the suscCp-
tihilitv of differellt st rainus to standard tIrVp-
anocidal ines used in tile field and for 
screening H\ew compounds for their trypan-
ocidal potential. In th1e first test, tile trvp-
anocidal activity of a comptound is measured 
in teimlS of the ininimul udrulgconcentra-
tion required to inhilit tr\panosomle urolh 
1v More than 50()' dunn 24 hourS expo-
stll'e. expressed as the NI l(s,. By tile elnd] 
of I98-1, over 25 comnpoun1ds had Ieen tested 
usini this s\stcm . ('hlorpronlazi le (Sigina) 
aiLd two other lhellothiaz/ine coumpounids 
deriosirti'ld tr.\pa.riIOcidal activity in vitro, 
\ith ll(csrailghng fmino3 to 1() V.-nil. 

These co1impounds 11,1\' be effective acainsi 
mfeetions in the cetral nervosts sN'stelli, as 
tiley arc kinownl tCs the blool-rain 
barrier. IIowe \er. 7 brice i bloodstream 
forum1s had to he e.'xposCd to chlorpronallzine 
for at heast (M)mlinutes. even al a concen-

AM ,- 1 ! i 1(, i 

The developmnent of a local skin reaction, 
or chancre, at the site of in inflected tsetse 
bite is often the first host response to tryp-

tration of 30 Ip.glml, to render them 100% 
non-infective for mice. 

Eftorts in 1984 were directed towards 
developing and standardizing assay sys-. 
terns to test the activity of trypan',ci'al drugs 
against 7 courgoeh'nse and 7' vivax. The sec-
Ond assay developed originally to test activ
ity against T .) brucei detects trypanocidal 
activity by measuring the inhibition of tryp
anosome protein synthesis. Trypanosornes 
are first incubated in at methionine-free 
medium. then radioactively h'beled methi
onine is added and its incorporation into 

trypanosomal protein is measured ill the 
reselce and absence o the drg. This assay 

has been used to test the activity of the four 
cattle trVpanocides in current use---dimin

aceturate (Berenil: Hoechst), isomeazene 
tamidiun chloride (Samorin: May and 
Baker), ethidiuI chloride I(Novidium: May 
and Baker) and quinapyramine sulphate 
(Trypacide: May and Baker)--against three 
I wgu'ro/nsc isolates from Kenya and three 
from lourkina Faso. The drug sensitivity 

arepatterns revealed by this ill vilro assay 
being compared with patterns detected by 
experimental infections ili mice. If tile in 
vitro results can be shown to reflect accu
rately the situation ill vivo. then it should 
he possible to use this assay system to detect 
drug resistanl.e in isolates collected fron 
the field. The test. which can be carried out 
in 24 hours, could b all important diag
nostic tool in situations where drug-resistant 
7 u'rr.o/ng rcr strains are asSUiling increas

ing rnmportance. 

anosome infection (see Figure 14). Resistant 
livestock and wild animals develop smaller 
chancre.< than susceptible aninials and the 
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Figure 14. Tho local skin reaction in a goat 7 days after Tcongolense transmission by an infectedtsetse fly. The enlarged lyrnphatAc vessel inthe centre and the lymphocytes and neu-rophiis gathered 
around are signs of a local ilammatory reaction, Parasites can be detected inside the lymphatic
vessel around the edges. 

period :bcfore trypanosomes ap iear in the 
bloodstream is usually longer ,nresistant 
animals, suggesting that parasite develop-
ment has been slowed down in the skin dur-
ing the initial stages of infection. 

When domestic ruminants infected with 
T congolense are superinfectedl with a dif-
ferent serodeme of the same species, an 
interference phenomenon occurs which 
delays or prevents the second infection. 
Resistance to the superinfection appears to 
occur largely in the skin. In a cooperative 
study with the University of Edinburgh's 
Centre for Tropical Veterinary Medicine, 
an experimnent was carried out to investi-
gate thi'einfluence of tlhe time interval 
ebetween the two tifections. In a series ofxperiments initiated in 1983, goats were 

infected with one T congolense seroderne 
and then challenged at differentl intervals 

with a second serodemc. All parasites, were 
transnmitted by infected tsetse files. Goats 
challenged with both serodemes at the same 
time developed chancres at all sites of 
infection, and skin removed from these 
chancres 7 days after infection showed a 
marked cellular reaction and the presence 
of many trYp:anosomes. By contrast, when 
goats were challenged wvith the second ser
odeme 7 to 35 days after infection with the 
first, either no skini reaction occurred lrhe 
reaction was delayed and signific~ih'tly 
reduced (Figure I5). The cellular response 
was less pronounced in skin removed 7 days 
after superinfection, and trypanlosomnes wvere 
not seen, but 16 days after superinfection 
both cellular infiltration and trypanosorneswere observed, indicating a lelayed reac

tlion at a time when the local skin reaction 
in control goats had already disappeared. 
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All the goats wcire treated with the trvJp- species of trypalnosone. Chancre and aiti
anocidal dr di in iazene aceturate 21 las bodyl) devclopIent were delayed when goats 
alter superirl'ection. and 3 \veeks later theV were infected with T (o,,'/e',se'and later 
were challeneed awal i with the second T superinll'ected with 7'hrmcei, or vice versa. 
('00 i<,/'N( serodenie. Tle alinals that had H owever, there w'as no delay in tile estab
been inlected wilh tlile two serodelie. lishmlnent ofiattsetsc-traslillitted slperinlec
SimiluaIeouSl\V wCC iiullune to rechal- lion with T viva., cither iII g,oats previouslv 
lenge. but those \\ II TO,'OlcCnxio,st ol challen.'ed inlectd with T'1 or with another 
the second serodene 7 to .*.'S atir theayi's' I'Vha.1 sc rdeIe. 
liisl erc not, showin, that inl'ectlion had The inltcrlerencle plhenomnllon could n1ot 
hen Cstalisheid in the iirizruOip dirin-Ig be (heercolnie bv inucueasini the level of 

d beeh Thu.,the initiil eXperiment, ul haN delayedl ' challneCC. irrespective or wheCt 
Orprevented In thle others". I(XX) leitcyclic Ioins of' 7cong,,ei.se ,,were 

Nlore recentlt. it has bIIeen founld Ihat useCL for SUperini feet ion (eq iivialtCnt to the 
interllence also occurs hetwee ildifTerti nunlbr trinsmin itted by 10 in fected tsetse 
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I-Igt.Lir 15 Local skirn reation) aid parasih'inli III the uraittu lymphatic vessel of a goat infected 
will) T conqjoleose and seie)e tsi(tifc ted with a second 7 congoleptse serodene. The 
efferent ve;sc!of "Iprefetieortal lyI)l Inode wa; canftlilateo ind the goal was exposed to an infected 
tsetse fly around the cantula ln sile t he local skin retiion at lihe site ofeIn tsetse bile, as measured 
by skin thickness. begat lo increase drattiaticilly (Gdays ifter the initial infection and reached a 
peak on day 12 1rypanosoomes were (leteCtee iii the lympfi -1days after infection arid reached a 
level of 500,000 pairasites per ml on day 8 In at infected (]Oa SuperIinfecled after 12 days with a 
different T cono/erio sertodme to local skin tc(tactiori could be detected Only t;ypanosomes of 
the first infecting serode ie were presentl in the lymph until 11 (Jays after superinfectlion, indicating 
a delay of 7 days before the appearance of the parasites used forsiperinfection Trypanosomes 
vere defected in lthe lytuipf by sUIbtnoculahiot itt ilce The two serodenies were distinguished by 
specific monoclonal antibodies aid DNA probes 
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bites) or 100,000 (equivalent to the number of primary trypanosome infections and 
transmitted by 1000 infected tsetse bites), superinfections. File vessel draining the 
goats already infected with a different set- prefemoral lympll node was cannulated in 
odeme failed develop skin reac- ,oats, and tileto local animals were exposed to tsetse 
tions, showed no increase in parasitaem ia flies inffected with T" 'ongo/cuse near the 
and exhibited no detectable antibody site of cannulation. In primary infections. 
response to superinfection, trypanosomes were detected in the efferent 

In summary, factors present in the skin ly'mph -4days after challenge, which was 2 
'oats ' days skinof , infected with CoMIn,'/nsC or T be fore a local reaction was 

hru'ei .delay the development of a sCCold observed or trypanosonles \were detecled in 
tsetse-transinitted tryvpano0somle inlfection, tie bloodstream. However, in superin-
This interference phenomenon operates fecled ,oats. trypallosonles fromn the super
between trypaloso me species and between inlfct ion were not found in the efferent 
serodeines of the same species. It is tinc lymphiuntil I I day s after superin1fection., as 
dependcnt and operates both in the skin and shown in Ficure 15.
 
in t'e circulatorv system, and it canint be
 
overcone by high levels of parasite chal
lenge.
 

Ilistochelical sur'Veys are nOW in progress I .1) I N
I I I 

to monitor the activity of' different cell types ", 1 )X , I I \1\"I
 
during chancre formation in relatively
 
resistani and susceptible hosts. Anti-bovine V,, ,.ro,.tIL
 
igM and lgG antibodies have been used to 
demonstrate surface and cvtoplasinic Research at ILRAD has shown that the 
iinlunogh bulin in chancres, and mast cells growth of trypanosome populations in the 
have been observed by staining with anti- bloodstream is linked to a transition from 
bovine aprotinin. Bovine Langerhans cells, rapidly-dividing to nondividing forms. 
which are major antigen-presenting cells, Considerable evidence has accumulated that 
have also been observed in tile skin and the host influences the growth of the para
shown to display class 11MIIC antigens. site population by controlling, through non-
However, it has not been possible to iden- immune processes, the rate of parasite tran
tify subsets of lymphocytes or macro- sition to the nondividing form. Past work 
phages/monocytes in tissues of bovine skin in mice suggested that the transition of'T b 
using the monoclonal antibodies available brucci to nondividing forms is controlled 
at ILRAD. F'rescnt work concentrates on by the availability of host molecules which 
developing additional reagents which will stimulate parasite multiplication, but inhibit 
recognize important subsets of cells in the this transition. 
chancre. A serum-free culture system was devel-

Immediate hypersensitivity reactions- oped in 1983 which permits parasite sur
possibly to tsetse saliva--have been dem- vival and transition, but not mnultiplication. 
onstrated in goats bitten repeatedly by tsetse Tb brmc'ei parasites were stimulated to inul
flies, and antibodies (presumably IgG) to tiply when the culture medium was supple
purified tsetse saliva have been shown in mented with bovine serumu and bovine 
the sera of hypersensitive goats. However, fibroblast cells. Work in 1984 concentrated 
there is as ye, no evidence that these reac- on analyzing the serum components and 
tions affect the transmission of trypano- libroblast factors which permit parasite 
somes. Multiplication. In the absence of' fibro-

Studies continued in 1984 on tile role of blasts, most batches of foetal bovine serum 
the lymphatic system in the development screened were toxic for trypanosomes. A 
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few sera were identilied which, at low con-
centrations, promoted trypanosome multi-
plication in the absence of Iibroblasts. but 
at higher concentrations they too were toxic, 
Tle;e studies sutg esl that one role of Iibro-
blasts may be to remove a toin from sermi. 

lBovile sera were fractionatcd by a vain-
Cty of methods, and the serum componeiits 
which induced trypailosoine i IttiplicatiOn 
(opllatiot d1 bIInc in 7 to 8 hours) were 
found to be of a imolecular mass gretter 
than I(0(,00() daltotns. They are not Ilipo-
proteins Or iinmutogfohfin1s. C(urCnt 
investigations inlvol\e treating bovine sera 
with diiffere nt enz\nles in order to identify 
the types of inofencules required for parasite 
multiplicatiOn and eventUally to purif' them. 

To determine whether the moleules 
which control parasite multiplication in this 
clture system play the same role in vivo. 
experiments have been conducted analvz-
ing the development of' mixed T b brtmwei 
ilfections in mice. Some clones of 'Thbti-
c'i do not change to nomidividing forms in 
mice. These clones pive rise to extremely 
acute inf.ections, characterized by exponen-
tial expansion of the parasite population until 
death of the host. Other clones change to 
nondividing forms which die out, resulting 
iil chronic intfection with limited parasite 
population growth. When mice are infected 
with Mixed populations Of these two clones, 
both types of parasite retain their respective 
traits. This strongly suggests that the clones 
Which cause acute iin fections are able to Liti-
lize murine growth-promotin, molecules 
more efficiently than the chones which cause 
chronic infectiois. Eff rts now concentllr.tc 
on reprodlcing these results in vitro, using 
mouse fibroblast Cell lines and sent iii. 

Further studies to ideitify the host fac-
tors responsible for regul atint trypanosomne 
growth have investi eated the effects of 
treatment with the non-spccific imliithino-
stimulator C'Or V'bw riutn In-vrum. When 
mice are treated with C pU'uuin a t'w days 
before iifectioii with T" b bru1,ci, 7 con-
,q/O1iSC or T vivLX, trypanosone growth rates 
are dramatically reduced. and this appears 

to be associated with earlier parasite tran
sition to nondividing forms. Research con
(elted in 1983 showed that C parvum also 
inhibits parasite growth in irradiated iice, 
which indicates that the adJlUvn'ant is unlikely 
to exert its effect through the h inmu ne 
response. 

In 1984, the effects of C Imlnerlu were 
evaluatCd in resistant and susceptible mouse 
strains infected with T bbrucei, and in mice 
possessing di fereiit immunolo gical abnor
mealities. Tests were carried out using both 
tsetse infection and syringe inoculation of 
parasites. The administration of C purvint' 
2 ilavs before infection increased the capac
ity ol both resistant and susceptible mice to 
control parasitaemia, with the effect being 
more marked inl the resistant strain. The 
superior ability to control and remit para
sitaemia observed in resistant mice treated 
with C patrvten was reflected in the earlier 
appearance and higher levels of antibody; 
in all groups the igM response was much 
greater than the lgG response. When n1ouse 
strains with different types of itumunode
liciencies were treated with C parv'm prior 
to T 1)bitwei infection, the level of para
sitaemnia was reduced compared to levels 
reached in untreated controls. Of particular 
interest, C parvium treatment of mutant mice 
characterized by marked impainnent of' cell
mediated and antibody-dependent immune 
responses rendered the majority completely 
resistant to 7'b brewcei infection. This con
firms the earlier finding that the mechanism 
of host resistance enhanced by C parvtin 
treatinent is not immunological. 

Ai in vitro study was carried out in 1984 
to test whether the resistance of buffalo to 
trypanosorne infection might be related to 
non-speci lie factors in buffalo serum which 
affect the growth of the parasites. Sera from 
two trypanosome-free buffalo and two con
trol cattle were incubated with T congo
I'nse 01 1180) lor 30 minutes at 4C and 
then inoculated intraperitoneally into mice. 
All the mice became inf'ected, indicating
at least for this T"congoh'nse serodene
that there were no non-specific factors in 
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the buffalo serum which irreversibly halted 
growth of the parasites. 

In general, Ior an infected animal to mount 
a protective imnmune response, antibody-
producing cells must be sti Lilated to pro-
liferate, they must produce antibodies, and 
these antibodies must be secreted into tie 
bloodstream. Earlier work on the responses
of mice to T..) bru ,iin fection showed that 
protective antibody responses are induced 
by fragients of' parasites derived Ironi 
senescent, nondividing forms, while actively
dividing parasites do not stimulate antibody 
production. Research in 1984 focused on 
all stages of the irumune response. 

Studies on the prolifferation of antibody-
producing cells suggest that 13-lymphocyte 
proliferative responses are stimulated by 
senescent trypanosomes. When illice were 
infected with a Tb bhrt'ci clone which does 
not transform to nondividing folbns until very
high levels of parasitaemia are reached. the\' 
died before their 13 lyniphocytes were stim-
ulated to proliferate. This suggests that host 
B-cell proliferation, like antibody produc-
tion. is induced by nondividing 1Irypanio-
Some fIorms, because in these experilents
rnondividing forms of tile parasite did not 
appear until ut before the death of thL host. 

Cell proliferation was stimulated when 
mice were infected with T b bru'ei clones 
which give rise to senescent forms rapidly 
or when they were inoculated with non-
infective forms of T' b bmci, includingi 
parasites killed by irradiation or freeze-
thawing, 0lo111a lin- ixed parasites 01UiMicoatd 
procyclic forms. In al! cases. I' lyINpho-
cytes \ere activated io proliferaic earlier 
than 13 lM inphocytes. I)etailed investiea-
tiols are bCin: cotouciCd en) the kincticso~flymp hioe> te sa publi f'r r~lationl liferatoi 

m respollse ( taroMll-)OIC infection, 
aclhd(in2 the pSOsilIc Rlcr )f factors secreted 

',S
 

Studies of antibody production and 
secretion were conducted in 1984, using two 
mouse strains, one of which is relatively 
resistant to trypanosome infection and one 
relatively susceptible. Mice were infected 
with a Tb brucei clone (GUTat 3. Ia) which 
stimulaites strong antibody responses in the 
resistant strain. but no antibody res; onse in 
the susceptible strain. Following infection. 
T and [3 lymphocytes of both mouse strains 
were stimlated to inu tiply', as shown by
increased synthesis of )NA. In both strains, 
these responses led to a high proportion of 
13 lymphocytes (20€i in the spleen) which 
contained cytoplasmi c iinin uriog1lOb Lin 
(predominantly IgM). Some of the cells in 
both mouse strains contained antibody spe
citic for the VSGs of the infecting para
sites. lowever. only tile resistant mice 
actually secreted serologically detectable, 
parasite-specilic antibodies, which suggests 
that antibody secretion is blocked in the 
iininunoglobul in-containin cells 01 sus
ceptible mice.
 

Many IOfthe iiniunoglobtulin-containinw 
cells produced by the two mouse strains 
had an unusual cytophtasniic morphology. 
characterized by highly distended cysternae 
Of' rough surfaced endoplasm ic reticuluim 
(Figure 16). Normal plasma cells which 
contain iinnhinoghol)iUliin have extensive 
rough endoplasinic reticum organized as 
a series of llattened sacs. It is not possible
without detailed statistical analysis of elec
tron micrographs to ascertain whether or 
not the proportion of abnormal plasma cells 
is greater in susceptible than in resistant 
mice. Ilowever, this mnorphological feature 
is consistent with a block in antibody secre
ion hy plasra cells in trypanrio)lne- ili,fcted 
airals. nLIsusceptille mice, tile block ill 
antibody sccretion was rapidly reversed 1i'0
fowine reitoval (flthe parasiles by the trv
panocidal dIrn diiniriazeie aceturate. which"atieeests that abitorin al lpl;ists cell ftnction 

is at.sociatcd wit expsure ofl the host to 
t-i\itlpInuprolmonie,, shoult-livcd f'aclors 



Figure 16. Electron micrograph of epoxy sections (A and B) and ultrathin frozen sections (C and D) 
of splenic plasma cells from mice infected with Tbrucei. A shows a plasma cell with highly distended 
endoplasmic reticulum which, when reacted with gold-labeled anti-immunoglobulin reagents (C), is 
found to contain antibody (black dots). B shows a plasma cell in which the endoplasmic reticulum 
is arranged as flattened sacs. These sacs also contain antibody (D). It is suspected that the cells 
shown in A and C have a block in their capacity to secrete antibody, which results in the antibody 
accumulating in the endoplasmic reticulum. This trypanosorne-induced defect in plasma cell function 
may contribute lo the immunodepressed status o1 trypanosome-infected animals. 

digest foreign cells and particles), primarily 

mice Lroduce protctiv antibodies which in the liver. Parasites incubated in inniune 
coat trypanosomes 1w) binding with the .serllm in vitro also becone coaled with spe

parasite VSG. 'hese*co ated trypanosrim-e cilic itibody, and thus susceptible to 

are then destroyed tY pqhwaeoc'tic' -cll (which ptocyti'si when inocWuled into nornal 

It has pireviously thaimmune fhoo 

39 



-- 

via mesenteric vein 

100 

normal goat - normal trypanosomes 
80 

60 

40 normal goat - opsonized trypanosomes 

. 20 
o immune goat - normal trypanosomes 

100 

normal goat- normal trypanosomes 

80,
 

60 via jugular vein 

40 

201 immune goat- normal trypanosomes 

20 47 60 

minutes after inoculation 

Figure 17. Trypanosomes radiolabeled with "selenomethionine were inoculated intravenously into 
goats. The parasites wt:; either preincubated in normal or immune (opsonized) goat serum and
inoculated into normal goats, or preincubated in normal goat serum and inoculated into normal orimmune goats. The distribution of injected activity was assessed 60 minutes after inoculation A high
degree of clearance of trypanosomes from the bloodstream was achieved only in the presence of 
specific anti-trypanosomal antibody. 
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mice. A project carried out at ILRAD in 
1984 in collaboration with Glasgow Uni-
versity (IK) showed that similar miecha
nisms operate in ruminants. 

Radioactivelyv-labeled tr,,'panosomes were 
inoculated into normal goats and into goats 
1i1unized a,,ainsi tile homologous VSG. 
Blood samples were collected at intervals 
over the 1kdlowin, 60 inuttes, at which 
point the goats weie sacrificed and the lumgs. 
liver and spleen reiur'cae. These organs were 
analysed in a camnMa counter to determine 
the distribution of radioactivityias an in,.li-
eation of, sites where phagocytosis had 
occurred. Results are shown in Fi ure 17. 

Trvpanosoies were rapidly removed Ito in 
the bloodstream of immunized goals and 
also from noual- oats that were inoculated 
with irpalloSOles coated with specilic 
antibody. By Conltrast. r,,paniosoines 
remained in the circulationl of coats in which 
antibody was absent. I ligh radioactivity was 
founld in the lungs and liver, the relative 
contribution of eachl bein,- determined to 
sonic extent hy the route of inoculation: 
inculation iin the jugular vein resulted in 
higher levels of' phagocytosis in the lungs. 
while inoculation in the mesenteric vein 
favoured phagocytosis in tile liver. 

Another experiment was conducted to 
monitor bloodstreani responses to irvpa-
nosomlle in fection in four Species o' wild
life. A!- clad. an orvx and a waterhttck 
were in fected with T col ('olense and a wil-
dlebeest was int'ected with Tb bru'ei. When 
sent and petipheral blood leucocytes were 
taken from these animals and incubated with 
trlpatlOsotlCs. IIigh levels of neutral iziric 

id In tng antihod-phag.!oc\tohsis- pr gM 
ics Were )ro(iticed compared with levels 
Letected iIIcattle. This capacity to produce 
anti-trvpatlosoltial antibodies may be partly 
responsible for the cflicient parasite clear-
ance and reduced pathogcnic effects of 
trvpanosOm1niasis observed in these species. 

, )i\ -\ I' ( )11 1 1.,i .I.\iL, 
A \ Ji', A N'.V() I S , , f , I \I 

T b brucei, T congolen e and both West 
and East African stocks of' 7' vivax have 
been shown to inlect the central nervous 
system of goals and cattle, and T viva.x 
parasites have been observed in tile aqueous 
humour of the eye. Trypaiosomes in these 
areas evade the action of the trypanocides 
Coin mn used to livestock and thusllV treat 
may produce rClapse infections fllowing 
drug treatment. Primary and relapse infec
tions are accompaniCd by lesions in the brain 
involving tile choroid plexus and meninges 

The developnIent of a cannulation tech
lique at ILRAI) in 1983 has made it pos
sible to monitor chances in tile cerebrospinal 
fluid (CSF) of infected goats. This work 
has revealed that the composition of CSF 
from uininfl'ected and chronically infected 
goats is markedly diffierent, as shown by 
high-ptessure liquid chromatography. CSF 
taken from the chronic stage of' infection 
supports the survival and replication of 
trypanosomes in vitro, whereas normal CSF 
does not. Studies are now in progress to 
determine at what point after infection the 
CSF develops the capacity to support 
trypanosome growth and to analyze the fac
lors responsible. 

One of the most important pathogenic fea
tures of trypanosomiasis is anaemia, which 
is apparently caused by the destruction of 
red blood cells in the spleen, liver and lymph 
nodes. For the red blood cells to be rec
ognized as 'foreign' and attacked by the 
host's own reticUlo-endothelial system, their 
sirface membrane must be altered in some 
way by the presence of the parasites. Tryp
anosome enzymes have been identified at 
ILRAD which catalyse the breakdown of 
phospholipids and perhaps proteins in the 
membranes of*host red blood cells and lyn
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phocytes. Research concentrates on pur'-
fying these enzymes, determining how they
work and identifying chemical coipounds 
which inhibit them. 

Phospholipases (fat-splitting enzymes) A, 
and B were first identified by ILRAD sci-
enlists in T hruc''iand Tevansi and in 1984 
they were observed in extracts of 7 vivax 
and T conrgolens. The activities of these 
enzymes on specific substrates are shown 
in Figure IS.The phospholipase activities 
of the four pathogenic species are substan-
tially greater than the activities associated 
with the non-pathogenic trypanosome, T 
musculi. Phospholipase A, is reqtireld to 
initiate the activity of phospholipase 13,
which in turn appears to be responsible for 
the destruction of red blood cells in vitro. 
Several experiments have suggested that the 
phospholipases act on trypanosome mcir-
branes, probably as the parasites are dying, 
and this action releases free fatty acids which 
may be responsible for the destruction of 
red blood cells. Progress has been made in 
purifying phospholipases from 7"bru 'i,
though it is not ,et possible to separate A, 
from B. Research is also in progress to 
determine whether trypanosomes contain 
phospholipases C and D. 

In a preliminary experiment carried out 
in 1984, pairs of trypanosome-free water-
buck, oryx, buff aho and cattle were inflected 
with T h brucei (MITat 1.2). Red blood 
cells were collected froni these aninials over 
a 38-day period and examined for signs of' 
destruction by trypanosom enzymes. Cells 
fmii tile two waterbuck were completely 
resistant to enzynie destruction throughout 
the study period, cells fromi the two cattle 
exhibited very different susceptibilities and 
cells from the two oryx showed internie-
diate susceptibility,. )uring tile early stages
of inf'ection, cells froiii the buffalo showed 
intennediate susceptibility, but they became 
completely resistant to trvpanosornal enzymie 
activity 3 weeks after infection. The antic-
ipated availability of purified trypanosome 
phospholipases will make it possible to carry 
out more detailed studies on the effects of' 

these enzymes on the red blood cells of 
various hosts. 

A procedure was developed in 1983 to 
identilN' specific tryfanosomal proteinases 
(protein-snlitting enzymes). This is done by
separating the enzymes according to their 
molecuclar weigeht and analyzing the diges
live action of the separated enzymes on 
Specitic protein substrates. Protcolytic 
enzymes arc generally classified on the basis 
of substrate speciticity as well as by, the 
type of chemical compoinds which inhibit 
tIhei enzVmic activity. Tests with more than 
a dozen compouIids indicate that the pro
teolytic activity detected in trypanosomes 
falls into the category of' SI-I- or cystein
dependent proteinases, which we have called 
trypanopains. Among the compounds tested, 
both diminazene aceturate, a widely used 
bovine trypanocide. and pentamidine, a drug
used to treat human sleeping sickness. have 
a strong inhibitory effect on trypanopain 
activity,. 

Bloodstream forms of trypanosomes have 
alundant trypanopain activity. while 
unicoated procyclic forms show only trace 
amounts. In T h hri'ei, Th gamlien.e and 
T evansi, the predominant trypanopain 
activity has a relative molecular weight of 
approximately 29,000, while the relative 
molecular weight of trypanopain activity in 
7"cono '/'Sis approx imatcly 3 1.000. In 
addition, these parasites sometimes exhibit 
proteinase activities at higher relative 
molecular weights, which may be precursor 
forms of the 30,000 activity. 

Trypanopains extracted f'rom these tryp
anosomc species arc now being purified.
 
Using partly purified trypanopains froiii T
 
b bri'Vi and I]Luorescenlly labeled synthetic
substrates, studies have indicated that these 
enzymes may be some of the most powerful
of' the known proteinases, showing, for 
instance, about 100 times stronger binding
between enzyme and substrate than several 
trypsin-like enzymes. Several observations 
suggest that the kinetics of protein binding 
and lysis by trypanopains are complex, and 
work continues to purify these enzymes with 
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Trypanosome Species 

T vivax (2337) 
T b brucel (MITat 1.2) 

T congo/ense (ILNat 2.1) 

T evansi 

T musculi 


Phospho1ipase Aclivity 

(pmoles/10 9 trypanosornes/min) 

B A2 

773 73 
2106 381 
221 86 
288 20 

3 13 
Figure 18 Comparison of phospholipase activities in five trypanosorne species. 

the aim of carrri. out precise kinetic stud-
ies. Efforts are also being made to raise 
antibodies against the trypanopains. The 
availability of en/yme-specitic antibodies 
Should make it possible to ilentily the loca-
tioln of trypanopains within the parasite and 
to detei nine whether the enzymes are 
released by the trypanoson c into the host 
bloodstream or chancre. 

Some East Al'rican strains of T viva.r are 
capable of produci ing an acute haernior-
rhagic syndrome in cattle, characterized by 
a severe drop in the number of red blood 
cells and platelets, a dramatic enlargement 
of the spleen and extensive haemorrhaging, 
particularly in the gut. This syndrome is of 
interest to researchers because it demon-
strates in extrene form the mechanisms of 
anaemia which occur in other forms of 
African animal trypanosomiasis. and per-
haps parallels the platelet destruction, 
haemorrhaging and disseminated intravas-
cular coagulation (DIC) syndrone noted in 
some cases of iuian sleeping sickness. 

In 1983, ILRAD scientists produced 
experimental 7' viva.x (ILRAD 2337) inifec-
tions in cattle which demonstrated most of 
the signs of the haenorrhagic syndrome. 
These were repeated and extended in 1984, 
using a second 7'viwV.v isolate. Intradcrnial 
inoculation with bloodstream fornis of the 
parasite produced the syndrome as effec-
tively as tsetse-transmitted infection with 
nietacyclic trypanosones. Quick-frozen 
plasma samples taken from infected cattle 
have provided material for immunological 
and biochemical analysis to identify tryp-

anosome enzymes. Free sialic acid, sugges
live of elevated ncuraminiiase levels, was 
found in the plasma, but not at high levels. 
T viva.x parasites possess phospholipase A, 
and B activities, but these were not detected 
in measurale amounts in plasma from 
inlfected animals. lowever, achange in the 
red blood cells of* infected aninals is read
ily apparent, and it seems likely that one 
of these enzymes, or perhaps trypanosomal 
free fatty acids, damage bovine red blood 
cells early in infection. 

All the infected cattle produced increased 
levels of antibodies to normal red blood cells 
and normal platelets about 30 days after 
infection. In sonie animals, these 'auto
antibodies' disappeared with increasing 
control of rarasitaeriia, whilst in others they 
persisted at substantial levels until death. 
These observations suggest that trypano
sonial enzymes dariagc red blood cells and 
platelets and these damaged cells then 
become targets for the animal's own immune 
system. Scientists are now analysing sur
face changes ill the blood cells of infected 
cattle and investigating to what extent the 
bone marrow is capable of compensating 
for the loss of red cells and platelets. 
Experiments are also in progress to deter
mine whether neuraminidase is the trypa
nosonal enzyme, or one of' the enzymes, 
responsible for tile initial damage to blood 
cells. 

A project was initiated at the end of 1984 
to investigate the effects of T congolense 
infection on the reproductive cycle of cat
tle. This work is being carried out in col
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laboration with the Centre for Tropical 
Veterinary Medicine and the Veterinary 
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Considerable research has been conducted 
at ILRAD aimed at developing simple, 
accurate and sensitive assays to detect tryp-
anosomes in infected animals and tsetse flies 
and to determine parasite species and ser-
odemes. This work is important for diag-
nosis and treatment and for epidemiological 
studies, for instance to predict the level of 
trypanosomiasis risk in an area before 
introducing susceptible livestock or to 
determine the number of trypanosome spe-
cies or serodemes present in an area in order 
to assess the feasibility of controlling
trypanosomiasis by a 'cocktail' vaccine. 

Studies aimed at testing and applying 
methods for typing trypanosome stocks on 
the basis of their antigenic repertoire con-
centrate on T congolense populations iso-
lated in 1982 from a large dairy farm near 
the Kenya coast. Further objectives of this 
work are to determine the number of ser-
odemes of different trypanosome species 
affecting animals in a I[mited geographic 
area and to determine what degree of 
immunity, if any, develops in cattle in an 
area where the the number of trypanosome 
antigenic types is limited. A total of 81 T 
congolense stocks were isolated from 20 
indigenous and 20 tracer cattle exposed to 
infection in the study area. Analysis by 
indirect immunofluorescence and neutrali-
zation using anti-metacyclic antisera has led 
to the identification of three different Tcon-
golense serodemes. The three serodemes are 
present in all the 12 stocks analyzed so far, 
which suggests that the 81 isolates may rep-
resent a small number of serodemes. 

School's Department of Reproduction at the 
University of Edinburgh. 

Sera obtained from tracer cattle 3, 6 and 
8 months after exposure to infected tsetse 
on the ranch have been screened for anti
body activity against two of the T congo
lense serodemes identified. Neutralizing 
antibodies were detected in se.'a of the tracer 
cattle as early as 3 months after exposure, 
indicating that they might have acquired 
resistance against inetacyclic forms of these 
serodemes. However, results show that 
immunity is lost in the absence of contin
uing tsetse challenge. This has important 
implicatio.is for the acquisition of immu
nity in fielJ situations where tsetse activity 
is highly ,easonal. 

Studies have continued in the field of T 
viv(L epidemiology by focusing initially on 
a well characterized, rodent-infective ser
odeme (ILDar I) originating in Nigeria. 
Goats were infected by tsetse flies that had 
ingested sirgle clne:, of the I ,Dar vries, 
and the antigens arising in parasite popu
lations from the first peak of parasitaemia 
were analysed using mouse antisera to over 
30 clones of the serodeme. These parasite 
populations displayed a complex mixture of 
surface antigens; more than 10 antigenic 
types were sometimes present although 
trypanosomes bearing the VSG of the 
ingested clone were absent. When the para
site populations were expanded in irradi
ated mice, they continued to show antigenic 
mixtures, though occasionally there was a 
tendency towards the development of pre
dominant antigenic types. Few attempts to 
raise antigenically homogeneous parasite 
populations have been successful, even in 
irradiated mice, demonstrating the dramatic 
antigenic instability of some of these clones. 
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Particular interest focuses on the anti- i 1',N),I;i 
gens displayed by metacyclic trypanosomes I, 
because these are the forms which initiate 
infection in the mammali an host. However, Monoclonal antibodies have been produced 
it is difficult to obtain enough ,.Iccl ic at ILRAD which distinguish the three major
forms of T viva.-for antigenic studies because species of African trypanosomes. The mon
infcCted tsetse extrude very few metacvclic oclonal antibody derived against Tb bruccei 
forms of this species. For this reason. eta- has reacted with all the 7'b brucei, T b 
cyclic forms and 'secon d-gcneration ' rhodesiense and 7"b ,iawbiense isolates 

bloodstream forms of \Vest Arican and last 
African 7' ViivAx serodemcs are being pro-
duced in vitro which 'ill be used to po-
duce inonoclonal antibodies. It is hoped that 
these can be tested acainst metacvclic fbrls 
in filprobes and first-peak paras itae ni as in 
cattle and ,oatsto detect the specific ecta-
cyclic antigen ic types. This work is be inc 
expanded considerably in 1985. 

To dignosc trylpaosonmi asis, it is nec-
essary to demonstrate the parasites them-
selves or to measure host antibody responses 
to parasite antigens. lowever, it is often 
difficult to detect trypanosomies in an infected 
host because only small numbers of' para-
sites are present in the bloodstream and these 
populations wax and wane rapidly during
the course of infection. Tests devised to 
diagnose infection by measuring antibody 
response require parasites or specific anti-
gens derived from parasites, but no specific 
antigens are yet available for the diagnosis 
of African trypanosomiasis. 

At present, serological diagnosis of tryp-
anosoniliasis is frequently carried out by 
incubating serum from infected animals with 
trypanosomes of known species and 
measuring serum antibody levels by the IFA 
test. This test is not completely reliable 
because non-specilic Ii iImunofI uorescence 
is produced which sometimes leads to false 
diagnosis. Work was carried out in 1984 to 
Improve the fixation of the trypanosones 
used fOr diagnosis. and the accuracy of the 
test was also increased by absorbing blood 
samples with lymphocyte lysates before 
exposing them to parasites. 

tested, but with no isolates of 7"congo
lense, T vivao or T evansi. Similarly, the 
monoclonal antibody against 7'vivax reacted 
with all the T'vivax isolates tested, but with 
n1o isolates of the other trypanosome spe
cies. 1' congolense monoclonal antibodies 
reacted with 7congoh'nse and 'siniae only. 
The T brm'ei monoclonal antibody was 

used to detect antigens circulating in the 
blood of' T'h bru'ei-infected cattle in a 
sandwich enzyme-linked inninunosorbent 
assay (ELISA). Circulating antigens were 
detected 2 weeks after the animals were bit
tenl by infected tsetse flies. Thereafter, the 
antigens could be detected in blood taken 
every third day throughout the course of 
infection, including several days when 
parasites could not be seen by light micros
copy. 

This monoclonal antibody was used in 
the same assay to detect circulating anti
gens in blood from patients known to be 
infected with Rhodesian or Gambian sleep
ing sickness. When 20 samples were tested 
from Rhodesian sleeping sickness patients, 
provided through collaboration with the 
UgandaTrypanosomiasis Research Organi
zation, the monoclonal antibody detected 
antigens in 18, but did not react to normal 
human serum controls. The two samples 
which were not recognized were from 
patients who had been treated with trypa
nocidal drugs. The monoclonal antibody also 
detected antigens in blood samples from 20 
out of 21 Gambian sleeping sickness patients 
provided by the Universit6 de Kinshasa in 
Zaire. 

The 7' vivaLv monoclonal antibody detected 
antigens in the blood of cattle 3 weeks after 
they were bitten by ' vivtax-infected tsetse. 
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Antigens were detected throughout tile 
course of infection, evcn at time: ,. try->211 
panosomes could not be detected in blood 
samples by microscopic examination. Fol-
lowing treatment with diminazene acetur-
ate, some cattle cleared the trypanosome
antigens from their circulatory system within 
I week while others took 2 weeks. Present 
work involves testing monoclonal antibod-
ies which recognize T congo/ense infec-
tions and developing assays to distinguish 
trypanosome species infectedfrom tsetse 
flies. Elforts are also being made to sin-
plify the assay system for use in the field, 

A study completed at ILRAD in 1984 
showed that DNA hybridization techniques 
could be used to distinguish between dif-
ferent trypanosonie species, and also 
between subspecies and serodemes. How-
ever, ti method involves the isolation of 
pure trypanosome DNA and Southern blot-
ting, which are too cumbersome for general
field use. In addition. the probes are of low 
sensitivity and large numbers of parasites 
are required. 

Scientists elsewhere have demonstrated 
the use of repetitive l)NA sequreices to detect 
very small numbers of' 7' cruzi and Leish
mania parasites and, in the case of Leish
mania, to discriminate between differernt
 
subspecies. ILRAD) scientists are thus
 
investigating the use of repetitive sequences

from the genonies of 7' brucei, 7' congo
lense and 7'viv(a as probes to detect these 

trypanosome species. 


Most of' the repetitive sequences isolated 
f'rori the three trypanosoie species appear 
to be strongly species spvcific. The most 
sensitive probe is one f'romn the T congo-
lense genome which can detect amounts of 
purified DNA equivalent to 24 trypano-
somes or 80 to 100 trypanosories in blood 
diluted in PSG buffer. Probes f'or T vivay
and 7'brucei can detect the DNA equiva-
lents of' about 240 parasites. All three T 

brucei probes tested so far recognize five T 
I) brucei, two 7' b rhod(esiense and live 7'h 
gaimbiense strains equally well, and to a 
lesser extent they also recognize strains of
T evansi. These probes have been used to 
identify trypanosome species being propa
gated in vitro, and for this purpose they
have been extremely useful. Scientists are 
now searching for ways to prepare material 
from infected tsetse so that the probes may
be applied to epidemiological studies in the 
field. 

To use these probes, trypanosome DNA 
must first be isolated from infected blood 
and immobilized on nitrocellu lose filters. 
The most promising of the several proce
dures tested so far involves blood lysis and 
the extraction of DNA with organic sol
vents, though some of the potential sensi
tivity of the probes is lost by this technique. 
Intensive work now f'ocuses on making this 
procedure simpler and more eflicient. Stud
ies are also in progress to prepare and test 
stable, noiradjtoacti velyv-labeledI probes
perhaps based on biotin--which would
 
increase the applicability of DNA hybridi
zation for trypanosoiiasis diagnosis and
 
epidemifology in moderatelv equipped
 
laboratories. The methodology may equally

well be applied to identifving specific try
panosome subspecies or seroderues.
 

: 

Tsetse control programs implemented in 
many African countries have relied primar
ily on insecticide spraying, but consider
able effort has been expended to evaluate 
the effectiveness of the sterile insect release 
method against Glossiia morsitans morsi
tans in Zimbabwe and Tanzania and G pal
palis gambiensis in Bourkina Faso. This 
control method involves the release of large
numbers of sterilized male flies. Since feriale 
tsetse norrially mate only once. if' most or 
all females in an area mate with sterile males 
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the next generation of flies will be substan-
tially reduced. 

Ili a research project partially funded by 
the International Atomic Eneruv Agencv, 
IILRAl) scientists have shown that male 
tsetse sterilized by y--irradiation can trans-
nlit 'le three maljor pathogenic trypano-
Some species as effectively as nornial tsetse. 
Earlier studies on tile vecIoriil capacity of 
sterilized mnale G in c'cIr/Ai. . ( all.VItl 
and G tauchinojdh. \were expanded in 1984 
to test tile caipacity of sterilized iales of' 
these three species pl us G pa/pudispn4lpi.,. 
Gp ganbmiclvnsix and U 1.1s'ilpAu.Jt'sMil to 
transuiit Fast and \Vest African stocks of 'T 
Vil-.\ alld T Y' II,;,/,Cl.Results IliI ure 19) 
show very siall differences in the infection 
rates of irradiated and normal nale tsetse 
flies. \s in previous studies. U m ,nlrelis 
Wits a m1uch more efficient vector thai tile 
other species and subspecies examined. 

In previous vears t serol o ical method 
was develofped to identit fy the source of tsetse 
lohodmeals bv aialysi rig minute qualities 

[ African W African 
Tvivax Tvvax 

(IL2241) (IL1392) 

G m centfahs 
sterile 56,0 50.0 
fertile 61 0 46.0 

Gausten 
sterile 4.0 50.0 
tertile 2,0 55.0 

Gp palpahs 
sterile 0.0 45 0 
fertie 0.0 40.0 

Gp gambiense 
sterile 20 58.0 
fertile 1.0 63,0 

G f fuscipes 
sterile 0.3 42.0 
fertile 05 410 

G tachinoides 
ste'ile 00 420 
fertile 03 42.0 

of residual blood obtained f'ronl captured 
flies. Antisera have been raised against 42 
species of' mam1als arid 4 species of birds. 
In collaboration wilh the International Centre 
of Insect PIhysiology and Ecology (ICIPE), 
IILRAI) scientists used a panel of 20 anti
set in I984 to analy'se 097 bloodnileal samln
ples from tsetse flies captured in 'estetrl 
Kenya. Because it is (liffiiUlt to standardize 
antisera, work has also been ill progress to 
derive spec ies-speciic monoclonal anti
bodies for tile analysis of' tsetse blood
meIals. Moni oclIonal antibodies were 
pr.duced in 1984 which recognize blood
meal samples from tsetse flies which have 
fed on cattle, pig-s. eland, bushbuck or the 
Alcelaphinae fanlily (wildebeest. hiarte
beest and topi). 

In 1983. scientists at ILRA I) purified a 
throinbin inhibitor fron the saliva and sal
ivary -lands of U in ccntralis and demon
strated its ant icoag lant effect on tsetse 
bloodnLeals. Fibrinolytic enzymes were also 
identilied ini the tsetse 

E Atrican 
I congolense 

(IL 204/) 

260 
260 

0.0 
0.0 

1.0 
0.0 

0.0 
0.0 

2.0 
7.0 

1.0 
1.0 

midgut Which prob-

W African 
Tcongolense 

(IL 2281) 

47.0 
42.0 

2.0 
3.0 

3.0 
0.0 

0.0 
0.0 

1.0 
0.0 

1.0 
2.0 

Figure 19. Infection rates (%) in mature male tsetse of five species sterilized by -y-irradiation and fed 
on animals infected with T vivax or T congolense serodemes originating from East or West Africa. 
All groups were compared with fertile controls. 

47 



ably function as a back-up defence mech
anism to protect feeding tsetse from the 
potentially harnful effects of a clotted blood 
meal. An assay Ior detecting these fibrino-
lytic enzymes has been established, and one 
has been purilied to apparent homogeneity 
and thc molecular ight determined. 
Present activities involve purlfyi nge all these 
enzymes to hornogeneity and investigati 

whether antibodies against tihe purified 
enzymes mieht be used to interfere with 
tsetse feeding and trVpanosorne transris-
sion. 

Polyspecilic antibodies were isolated [lmoll 
sera of rabbits bitten by tsetse Ilies or injected 
with crude tsetse salivarV 2land extract-. 
Electron mlicrOscopv studies of tsetse sali-
vary gland sections haive shOwn that these 
antibodies recogmmize proteins iII the lumen 
of the salivary gland and the golgi appa-
ratus Of' tile cells surroundilg tile lumn. 
"'lfey also appear to lecognize constituents 
of tsetse saliva. 

While work continues onr tile development 
of' vaccines or other measures for improved 
trypanosomiasis conlrol, considerable 
research also aims at arialysine and arnclio-
rating the constraitts ol livestock produc-
tion I tsetsc-infested areas which must rely 
oni the control measures currently available. 
Studies at It+RAI concentrate on two 
approaches to livestock product on tinder 
trypanosonilasis risk: the use of' idligenoums 
African livestock breeds which isplay a 
degree of genietnic resistance to trypano-
solitasis, anld tihe regulIar use of' trypano-
cidal drugs for prophylaxis or treatment . 
Studies were also carried out in 1984 to 
evaluate tile effects of age on resistance to 
trypanosome infection. 

A network of research sites is being coor
dinated by ILCA in West and Central Africa 
to study the productivity and health of dil
ferent breeds of domestic livestock in dif
ferenlt ecolOical Zones. uInder dilfferent
management tegires ad exposed to if

ferent levels 'fquantified tSetse challenge. 
Particular attention focuses Ol the iridie
umOLs taurirme cattle breeds of' West aid ('en
tral Africa- tile N'l)ama and West Al'ricall 
Sholthol --- which are sienilicaitlv llore 
resistant to trvpantosoriasis than lius mdi
'A or' I-uropealn u.s bourtreeds. IIRAID's 

rolC is to0 advise and assist in recording the 
health sttuts of the anira tInder obser
ration, nllmoitoring sctse populations in the 
study areas and applying existing and newly 
developed measures to control tr'vpano
soMNiasis in field situations. 

Network sites are in operation in Gabon, 
Zaire. Nigeria. Ivory Coast and l'ogo. Fur
ther sites will be added to tie network in 
The Gambia. Benin. Nigeria. Zaire and 
Guinea. aid data are bcing collected along 
the salme principles at sites in F.ast Af'rica. 

lo make valid comparisons between dif
f'e rent livestock breeds, tsetse challenge
levels and niar-maetrit systems, it is of 
crucial inriporta-cee to collect aCCUrrate irfor
mation and to nse standardized observa
tions 'and measuiemefts. 'o achieve this 
coal, field staff workine it the network sites 
attend a -vweek traintinL course at ILRAI) 
aid arc closely supervised 1y I[.CA and 
IL.RAI) scientists. A prelilinary analysis 
is carried out after 12 to I8 months of' data 
collection at each site. and final aalyt,'sis is 
completed al'te r 3 to -1 years. 

Data collection in (jahon began in Sep
tember 1981, coverine trypanotolerant. 
N'I)ana arid susceptible Nguri cattle and 
crossbreds on tie gvernueni-operattd 
Okouma Ranch. IILRAl) surv'evs have 
detectedf three tsetse species on tie ranch. 
( lpa lis, G iabalfinmis and G tshi. 
and T1Vil'a.u .rd I' C'wuiohnsV in feetioris 
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have been identified in captured flies. Some 
cattle on the ranch are treated regularly with 
isometamidiurn chloride and dim inazene 
aceturate. while others are only treated with 
di tninaziene aceturatc on an indiv idual hasis 
when disease is apparent or when trvpa-
nosoMes are diagunosed toeilher with anac-
llia. tld icalCd a diriop in tacked cell 

volu iC (PCV, 
'lrypanosonc inccion ralcs \aricd from 

5 tu 2W4, aion, the N'laua and [rion 15 
to 55 a i ng the N2tni and crussbred cat-
tie. \Iortalitv in the Neuni gruups averaged 
531,, . while the mortality rates ill the 
N'l)ania and crossbred _,roups were 1)i . 
Calvinc rates ovCr the 1982,'3 breeding 
season %\etchigchest alton,_, cvs ticaled 
re guhfarly \\ith trvpalnucidal drugs. Amon,-
breed groups, the N'l)ama achieved the 
higihest calving rates l'ollowed by the Nguni 
ard the crossbred grouips. 

Data have been collected since 1983 fro 
two privately owned cattle ranches in Zaire 
raising N'Dania cattle. Ai ILRAD tsetse 
survey revealed G papais at Kolo ranch, 
but none of the dissected Ilies were infected 
witni trypinosomes. Two tsetse surveys 
conducted at Mushi ranch detected G pal-
palis and C tabanmifonris. T viva.v and T 
congolense infections were identified in 
capured flies, with infection rates varying 
according to .aaon. Monthly monitoring 
on this ranch has revealed a 6.5% trypa-
nosoUe iunfection rate in the N'Dana cattle. 

Cattle and sheep production under vil-
lage conditions is also being monitored at 
two sites in Ivory Coast in collaboration 
with the German (Federal Republic) 
Gesellschaft ffir technische Zttsammenar- 
beit. luring the first 4 months of 1984, 
trypanosotne infection rates averaged 8.3% 
in cattle and 4.217 in sheep, with T COn-
golensc seen more often in cattle and 7'vit'ax 
more often in sheep. 

c! 

Previous work at ILRAD has demonstrated 
that two East African Bos indicus cattle 
breeds--oran and East Af[rican Zebu-are 
less susceptible to 7' congolense infection 
than European tauri nC breeds. The Kenya 
'lipanosomiasis Research Institute (KETRI) 
carried out a3-year study at Galana Ranch 
near tile Kenya coast which also suggested 
that cerlail types tl Boran cattle possess a 
decree of resistance to trvpanosotliass. Inl 
I984, a collaborative study was conducted 
to assess the basis of these observations. 

'hirtv 2-year-old Boran steers were 
brliuht from (alana to KE'TRI headquar
tCrs ;.tt Mugugza near ILRAD. TIhese cattle 
comprised 15 Ortna Boran originating from 
southeastern Kenya and 15 Galana Boran 
originally from northern Kenya. On arrival 
at KETRI all were treated with diminazene 
aceturate and blood tests 50 days later 
showed no antibody activity against trypa
nosomes. Twelve cattle in each group were 
then inoculated intravenously with I mil
lion parasites of a T congolense clone (IL 
1180) known to be virulent to cattle. The 
remaining three cattle in each group were 
kept as controls. All cattle were then mon
itored for 14 weeks accordiiig to clinical, 
haematological, parasitological and immu
nological parameters. 

Following inoculation, all cattle became 
infected and in the course of 14 weeks 
showed clinical evidence of disease, as 
judged by lymph node enlargement, weight 
loss and episodes of' fever. Although vari
ation in response was apparent in each group, 
the Galana cattle were significantly more 
susceptible to trypanosomiasis than the 
Orna, as shown by the level and duration 
of' parasitaeniia, the onset and significance 
of anaemia, weight gains and losses, and 
the number of animals in each group requir
ing treatment with trypanocidal drugs. The 
MHC type of resistant and susceptible ani
mals is now being determined. Although it 
must be assumed that all the animals in this 
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study had previously been exposed to tryp-
anosomiasis, there was no immunological 
evidence that they had experienced the 7' 
congolense serodeme used in the expert-
ment. Thus tie results probably reflect a 
degree of innate resistance among the Orma 
Boran, rather than any acquired status. 

, itl - i ; 

, i :fl i .consecutive 


Chemotherapy and chemoprophylaxis, 
employing the limited number of' trypano-
cidal drugs available, remain the most widely
used methods for controlling bovine tryp-
anosomiasis in the field. However, despite
extensive use ol trypanocides for more than 
30 years, the factors which influence the 
effectiveness of a therapeutic strategy are 
poorly understood. These include the effects
of drug dosage, level of trypanosome chal-
lenge and previous infection on tile ducra-
tion of drug protection, as well as the 
possibility of immunity developing under 
different conditions of drug treatment and 
trypanosome challer'ge.

In an experiment conducted in 1984 in 
collaboration with the University of' Glas-
gow, UK, 24 Boran steers from 14 to IS 
months old were given I mg/kg of the tryp-
anocidal drug isomnetainlidiui chloride as a 
single deep intramuscular injection. They 
were divided into six groups of fdoLr ani-

reals each, and challenged at different 

intervals with five tsetse flies 
 (G in cen-

tia/is) infected with a virulent serodeme of 

7' congolense (IL 1180). One group was 

challenged monthly from I month to 5 
months after treatment and ile other groups 
were each challenged on one occasion at 
different periods up to 5 months afier treat-
nment. 

During the 5-month period, no treated 
cattle developed dcetectable local skin reac-
tions or anti-trypanosome antibody 
responses, and becamenone infected, 
whereas all controls developed chancres, 
became infected and mounted immune 

responses against the infecting serodeme. 
Infected tsetse flies which fed Onl treated 
cattle showed no effects in terms of' infec
tion rates or the ability to transmit infec
tions to mice compared with infected flies 
which fed on untreated controls. 

Six months after treatnment, all the -attle 
were subjected to a final challenge, either 
by live infected tsetse flies on one occasion 
as before, or by five infected tsetse on 10 

days, or by intradermal inoc
ulation Of' in vi tro-cultivated metacycl ic 
trypanosomes at doses ranging from 500 to 
500.000 parasites. Eight of tile 24 treated 
cattle became infected between 12 and 29 
days after challenge, but there was no cor
relation between breakdown of drug pro
tection and (lose or method of challenge or 
tile previous challenge history of individual 
animals. Antibody responses were detected 
in all cattle which became infected, but in 
none of tile alimals which resisted infec
tion. All breakthrough trypanosome popu
lations were completely susceptible to 
isometamildium chloride when tested in 
mice. 

Thus. isoinetamidium chloride, admin
istered at a dosage of 1 mg/kg bodyweight, 
protected cattle against T congolense chal
lenge for at least 5 months. Two-thirds of* 
the cattle tested resisted infection at 6 
months, even when subjected to multiple
fly challenge or intradermal inoculation of' 
as many as 500,00 cultured metacyclic 
trypanosomes (equivalent to 5000 infected 
tsetse bites). Protection appeared to be 
mediated by the drug alone, since no anti
body responses to the trypancsomes were 
detected. This indicates that trypanosonle
challenge does not prime immilune responses 
in animals under chemoprophylactic cover, 
at least under the conditions of' the experi
ment. Experiments are now in progress to 
conlin the extent of' drg protection against
other serodemes of 7'congolense and to 
determine in more detail the effects of'drug
dosage, previous infection and level of* 
challenge. 
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ILCA has also coordiiIated a deailed study 
of animal health. productivity and tryp-
an~cidal dhuc treatment at Mkwaja ranch-,Ithonh 
in Tanzania in collaboration with ILRAI). 
May and Baker Ltd and the ranch OW.'S. 
ihe ranch is heavil,, inlfestd With thrCe 

Species of tsetse ]\,. G in mmsril(f.l, U pal-
/lipe.,, and (; ,rn'1i1 dp)i..,. Boranl catll havC 

hben Inaintaincd for over 10) years tider 
prophylactic trCatment v,ith isotnetamiditnil 
chloride and less frequentl wvith diina-
ZCieC IcCtUrate. This ,ituation offered 'a 

uLiqtu pp to ev aluate the louterurLrtuit 
viabilitV Of beef cattle prouctionl relyic 
on trypancidal 'reatilrrret Inan area of severe 
trVpalosoIasitsI risk. 

The llost impolrlant parameters ior heef 
cattle prdluction are calvinc rates, Iflcow and 
calf' viabilit\, calf crowth r;+tCs and cow 
wei ht. These characteristics can be coin-
bilaed to build up, an index of total vVCcht 
of weaner calf proluced per 100 kgv rueta-
bolic e ei lit Of co,, ma intai ned per year. 
.,\calculation Of this index allows corpar-
ison with other livestock pr, ductiorI sitna-
(ios inl Aflrica. The most interest In-

Reproductive performance 
age at first calig (Irrioriths) 
calving rate (% 

Viability 
prew"anir . Vihili / (%
annual cow vlaithit, (') 

Body weights 
wearied call vetqiit ,it8 months (kg) 
estimated matu rf cow,,,weight (k) 

Herd [productiVrt,' i ,de:,(kg per allnLui) 
weight of 8-ncr,(th-oliJ weaner calf 

)rodJc(Jd C(rCOw 
weight of 8-ionlh oK weaner calf 

prodcLUCed )er 00 kg hodvcyweight of cow 
weight of 8 morith-old w,,vearier calf 

comparison (Figure 20) is with the Bioran 
cattle ranches in tsetse-frec arcas of Kenya. 

lo-an cattle at NIkwatia were 
inlerior in nearly allper-hrltrance traits., herd 
rtodtLLivity. Cxpr-essed as weight of 8

month-old v,caner calf produced per 100 kg, 
metablolic \eiclt of cow% itallitlled per
\Car. was \within 20 of productivity 

acri\cId bv the Keuna ranches, which arc 

ctmsidrCed among the best inl Africa. l)espite 
tIlre extensive usc of trVpanocitla1l d1ug-s. there 
\v, no Indication of dru rCistaMce or evi
duce thatlhe severe inc1ulation lCsions 
inluced byV iSoeltalidiur chlorie had 
affected productivity. 

A projct was initiated in 1982 in col
lahoration with the Kenya Ministry of Ami
culture and lIivCstock Development to 
monitor the health and produrtivity of East 
African Zehu cattle mainltained under vil
lac conditions at N'lhaka onl the Kenya 
Coast. The area is infested with (;palli

Gipe'S G and; /'ecipl/pi: and ,,ste'ni, 
tryparoson e infection r'ates inl cattle tested 
Monthly since October 1982 average from 
I to W/ . '/T 'on,o/e,,, is detected more 

Mkwaja Kenya
 
Boran Boran
 

47 40
 
75 87 

92 95 
94 98 

134 174 
293 414 

87 140 

30 34 

produced per 100 kg metatl)oc weight of cow 138 173 

Figure 20 -rojdicton perfortraiiceof :Boran cattle ulider heavy trypanosomiasis challenge on Mkwaja
Ranch Tanzania. compared with [oran on It ranches intrypanosome-tree areas of Kenya. Averages 
are derived from 12 000 recorded data entries fron Mkwaja and 16,000 from the Kenya ranches. 
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frequently than T viv(Lr, though cases of 
acute haemorrhagic T v'ivLV infection are 
occasionally encountered. Two-thirds of the 
cattle are treated on a regular basis with 
isometamidium chloride, while the others,
acting as controls, receive only occasional 
curative treatment. The productivity of these 
cattle will be compared, with resultv,
expected in 1985 or 1986. 

Several studies have suggested that young
anin.als resist trypanosomiasis better than 
adults. While maternal antibodies acquired
in colostrum may contribute to resistance 
in newborn animals, they cannot account 
for resistance observed after the first few 
clays of life. Experiments were conducted 
at ILRAD in 1984 to test the susceptibility 
to T cons,,olemse of Boran cattle of various 

ages, infected both by syringe inoculation 
and by tsetse flies. Six 9- to 12-month-old 
Boran cattle and 10 8-week-old calves were 
each inoculated intravenously with 5 mil
lion 7"congolnse (IL 552) parasites. All 
became infected, but clear differences in
susceptibility emerged between the two age 
groups during the 30-week study period.
The onset of anaemia and parasitaemia was 
similar in both groups. but the older ani
mals showed consistentlv more severe 
anaemia beginning 6 weeks after infection. 
The level of parasitaemia in the calves was 
consistently lower than in the older cattle.though the differences were not as marked 
as differences in anaemia. This might indi
cate that the younger animals are more 
capable of regenerating red blood cells. Two 
of the older cattle (lied of trypanosomiasis.
while all the calves survived. During the 
final weeks of the study, all surviving ani
mals in both groups made a complete dlin
ical recovery. 
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TRAINING AND 

j / fi ~ N SRVICES 

ILRAD's training activities include indi-
vidualized training programs for scientists 
and technicians, post-graduate training for 
students workingz towards master's and 
doctoral degrees, and post-doctorate posi-
tions for Vouing scientists. In addition, a 
number of trainine courses and conferences 
are held each year. The emphasis is pri-
marily on developing veterinar research and, 
implementation capabilities in African 
countries where trypanosomiasis and theil-
eriosis are important animal health prob-
lemIs. Allogeth,-r. training activities account 
for nearly 101;- of ILRAD's total budget. 

Participants in IILRAD's training pro-
gramn work closely with the scientific staff. 
In 1984. 25 scientists and technicians caie 
to ILRAD for specialized training on an 
individual basis for periods from I week to 
9 months. Two were associate experts with 
FAO (Food and Agriculture Organization 
of the United Nations) projects and the others 
were on the staff of veterinary laboratories, 
universities or research centres: 23 of these 
scientists and technicians came from Afri-
can countries. ats shown in Figure 21. and 
two, who were self-sponsored. came from 
the USA. 

Post-graduate students work as Research 
Fellows at ILRAD from I to 4 years to 

fulfill requirements for a post-graduate 
degree. In 1984, 17 Re:;earch Fellows from 
10 different countries worked with the sci
entific staff on projects closely linked to 
ILRAD's research programs. In addition, 6 
Visiting Research Fellows worked at ILRAD 
for periods of 2 to 6 months. Out of 23 
post-graduate students, 16 came from Afri
can countries and 7 from Europe (see Fig
tire 21). The students from Africa were 
supported fully or partially by ILRAD, while 
the European students were supported by 
funds from their home countries. 

Post-Doctoral Fellows are selected on an 
international basis, with emphasis on 
recruiting well-qualified young scientists 
from African countries. They normally spend 
2 years at ILRAD, with their work contrib
uting directly to the research program. In 
1984. 13 Post-Doctoral Fellows were 
working at ILRAD. including 2 from Kenya, 
2 from the UK, 5 fron the USA, I from 
Belgium, I from France, I from Germany 
(Federal Republic) and I from Rwanda. 

In addition to training activities for indi
viduals, ILRAD conducted five training 
courses in 1984. A 4-week course was held 
in May and June on the diagnosis of hae
moprotozoan diseases, with emphasis on 
trypanosomiasis. The course included a 
review of basic biochemical and immuno
logical concepts and practical instruction on 
how to produce antibodies, isolate and purify 
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Country 

Specialized technical training
Burundi 
Ethiopia 
Kenya 
Malawi 
Mali 
Rwanda 

Somalia 

Sudan 

Tanzania 


Post-graduate training
Kenya 
Nigeria 
Rwanda 

Sudan 

Tanzania 
Tchad 

Uganda 


Zaire 
Post-doctoral training
Kenya 


Rwanda 


Uganda

Zaire 

Belgium 

France 


1983 1984 

1 -
- 1 
5 9 
1 -
1 -
1 1 
1 2 

- 1 
1 3 

9 10 

- 1 

1 
1 1 


- 1 

- 1 

2 1 


- 1 

2 2 
- 1 
1 -. 
1 
1 1 
-.
 

Country 1983 1984 

The Gambia 1 1 
Uganda 
 1 4 
Zambia 2 1
 
Zimbabwe 
 1 -
India 3 --
Sri Lanka 1
 
Australia 
 1 -

USA 
 - 2 
Total 21 25 

Belgium 2 1 
France - 1 
Germany (FR) 
 - I 
Italy - 2 
Netherlands - 1 
UK 
 - 1 
Total 15 23 

Germany (FR) 
 2 1 
Japan 
 1 -
UK 
 1 2 
USA 
 2 5
Total 11 13 

Figure 21, Individual training activities at ILRAD in 1983 and 1984: number of participants in different 
types of training by country of origin. 

imnllnoglobulins, assess specificities and 
prepare antigens. Participants also learned 
how to perlorni a range of serodiagnostic 
tests for the diagnosis of hacimoprotozoan
diseases. Seventeen participants took part
in the course from 12 African countries, 

A second 4-week course was held in June 
in Bobo-Iioulasso, Bourkina Faso. cover-
ing the same material in French. This course 
was cosponsored by ILRAD. the Centre de 
Recherches stir les Trypanosomoses Ani-
males and the Ecole de Lutte anti-Tsits6. 
Eleven French-speaking participants attended 
from 10 African countries. All were staff 
members of veterinary diagnostic labora-
tories. 

Two 6-week courses were held at ILRAD 
in April/May and October/November 1984 
to train field staff working with the ILCA/ 

ILRAD trypanotolerance research network 
in Kenya, Nigeria, Somalia, Gabon. Togo
and Zaire. Six participants took part in the 
first Course, which was conducted in English,
and five participated in the second course, 
conducted in French. Both courses concen
trated on the diagnosis and control of tryp
anosomiasis, lelminthiasis and tick-borne 
diseases. The major emphasis was on prac
tical aspects of clinical diagnosis, bleeding 
techniques, serodiagnosis and post-mortem
examination of cattle and goats. Course work 
also included tsetse fly identification, age
ing and dissection, determination of tryp
anosorne infection rates and tsetse bloodmeal 
preparation and preservation, and partici
pants practised tsetse trapping techniques in 
the Kibwezi Forest. 
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Six participants attended a 3-month course 
conducted at ILRAD in 1984 on the prep-
aration and use of reagents in the diagnosis 
of haernoprotozoan diseases in cattle. All 
were from African countries. In addition, 
a senior lecturer from the Dcpartment of 
Mathe matics at the U n iversity of Strath-
clyde, UK, visited IIRAl) for 2 months in 
October and November to ,ivc lectures and 
help scientist; with experimental design and 
dala analysis techniques. lie prepared six 
trainiii n,, modu ,.,'s are availablewhich now 
at ILRAI) on data presentation and choice 
of sample size. exploratory data analysis, 
mini tab, two-sa mple colpari sons. experi-
Mental designs and basic programing for 
nucrocomputers. 

An international workshop was held in 
October to discuss the i fiplementation of 
ECF" immunization programs in East and 
Central Africa, sponsored jointly by ILRAI) 
and FAO. Eighty particilpants attended, 
including senior covernllent officers con
cerned with the control of livestock dis-
cases In l3urundi. Kenya, Malawi. 
Nozanmbique . Rwanda. Sudan, Tanzania, 
Uganda, Zaire. Zambia and Zimbhbwe. 
Other participants were staff me mbers from 
intertational orcanizat ions and donor agen-
cies, representatives of plharillaceutical 
companies and specialists in tick-borne dis-
eases and their vectors. The workshop began 
with reports on tile Iincidence and impor-
tancC of theilcrisis in different countries, 
The participants then discussed the results 
of field trials and presented papers on di f-
ferCnt apprtOaches to inllunizatiol against 
LClF and related problems and needs. Par-
ticipants from most of the countries repre-
scntCd acreed to Initiate. or extend. field 
trials, and results w.ill be compared through 
an infortnatiil net woIrk w,hich will promote 
tile regular exchange1f data. materials and 
expertise. A report on tile workshop is being 
published by ILRAI) in1985. 

Seminars are given by, It-RAI) scientists 
throughout the year. presenting the results 
o'ongoing research projects. Seminars are 
also presented by other scientists carrying 

Out research on related topics. Altogether, 
30 seminars were given at ILRAD in 1984, 
and these were well attended by ILRAD 
staff members and scientists from other 
laboratories in tile Nairobi area. 

Two ILRAI) scientists gave a series of 
lectures on trypanosomiasis and ECF to final
year veterinary students at the Universidade 
Eduardo Mondlane in Maputo, MoZanl
biquc in November 1984 as part of a semi
nar sponsorcd by FAO. ILRAD scientists 
also worked with staff from tile Institut de 
Recherche Ag0ronomique et Zootechnique 
in Burundi to assess the training needs of 
government officers from Burundi, Rwanda 
and Zaire in the field of veterinary epi
demiology. Teaching material for parasi
tology courses was supplied to the University 
of Nairobi. the Veterinary Diagnostic 
Laboratory in Guyana and the Ministry of 
Agriculture in Togo. 

-,. 

ILRAD's information services concentrate 
on publication and distribution of tile annual 
report and the quarterly newsletter, ILRAD 
Reports. Both of these publications are pre
pared in English and Fr,,ench. 

Four issues of ILRAD Reports were pub
lished in 1984. with major articles on in 
vitro cultivation of trypanosomes, electron 
microscopy Studies focusing largely on 
7leiheria, research on tsetse flies as tryp
anosomiasis vectors. and an intensive study 
otn haemorrhagic T/vivax. Shorter articles 
described other research activities and con
ferences held at ILRAD. Articles published 
by ILRAI) staff members inscholarly jour
nals are also listed in ILRAD Rep7orts with 
information on how they may be ordered. 
ILRAD's quarterly newsletter received an 
award of excellence in 1984 from Agricul
tural Communicators in Education, a 
professional editors' association in tile USA. 

Members of ILRAD's scientilic staff 
published 33 articles in international jour
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nals and 3 chapters in scientific books in 
1984. These scholarly publications, plus 
numerous papers presented at international 
conferences, comprise the bulk of ILRAD's 
information output for specialized scientific 
audiences. Considerable effort has been 
directed towards ensuring the distribution 
of these publications to government ofli-

cers, university lecturers and researchers in 
developing countries who may not have 
access to international scientitic journals,To meet this objective, a brochure. ,S''ije-
ti/ic /blicatio ,from1 IL L).-: '82-8.1 
uplate, was produced in 1984, liitinc arti-
ties and chapters puIblIished bv ILRADI) staff 
members arid giving information on how 
they may he obtained. hlis brochuIiic has 
been widely distributed, along wwith Scien-
ti/l publications. lui' ILRI&1) which covers 
thle years 1975 to 1981. Reprint requests
are now received reularly, particularly from 
scientists and libraries in Africa. 

The annual repIrl and quarLerly newslet
ter are intended for less .,pecialized readers.with emphasis on animal health workers in 
laboratories ld field situations aro)und
Africa. In addition. ILRAI) Reports- and 
Occasional short press releases are distrih-
uted to journalists in 1anV parts Of the world. 
The distribution Ii ts for II.RADI)iblica-
tions are amended aned eX)ded m a con-
tinuing basis, as illustrated in Figure 22. 
Of all the institutions and individuals who 
have been sent information on ILRAL), 391( 

Region 

Anglophone Africa 
Francopfhone Africa 
Anglophone & olher Europe
Francophone Europe
North & South America 
Near & Far East 

Total 

Number of 1984 Ifistitutions 1984Countries increase Individuals Increase 

26 3 749 322
24 ,1 334 133
17 4 270 702 0 39 1627 6 304 8734 10 334 183 

130 27 2030 811 

licipants in the training prograNl, buLt the 
collection is also inade availahle to staff of 
otiher research institutes, governnient 
departments and universities. A brochure. 
7hc /I.R. I)/lrary:usr ,'iClr', was pub
lished illI 84, describine the organization
of tie library and the collection of hooks 
aMd Iournals available. This hrtochure has 

Nhrt)er of 

have responded expressing their interest in 
receiving ILRAD publications. 

In addition, an Internal Alc'n'lettelr is
published every week in English and Kis
wahili for distribution to staff members and 
the Board of Directors. The Internal News
letuer contains messages from the ILRAD 
directors, lists of recent accessions in the
 
library, announcements of seminars 
and
 
meetings and other notices of interest to the
 
staff.
 

In September 1984. ILRAD participated
 
ill
the Nairobi International Show. which is
 
sponsored every year by the 
 Agricultural
Society of Kenya. This was the third tlime 
ILRAD has sponsored an exhibit at the show,
and tlhousands of people froil all over Kenya

visited the exhibit to le::rn about ILRAD's
 
research and tralining activities. 

The ILRAI) library is used primarily by
staff members, isiting scientists and par-

Figure 22 Summary of ILRAD Reports distribution at beginning of 1985, showing increases during
1984. 
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been widely distributed, particularly to 
appropriate institutions in the Nairobi area, 
in order to make this valuable resource more 
readily available to scholars and students 
working in Kenya. 

The specialized collection covers topics 
related to ILRAD's research program. 
Emphasis is placed on scholarly journals 
and reports, with subscriptions to about 200 
journals covering fields such as parasitol-
ogy, immunology, biochemstry. entomol-
ogy, cell biology and veterinary medicine. 
The library is also building a collection of 
scientific reference books, comprising almost 
3000 volumes at the end of 1984. with 344 
new books received during the year. New 
books are ordered on the recommendation 
of the scientific staff, while journal sub-
scriptions are reviewed towards the end of' 
each year and titles arc added or dropped 
according to staff recommendations. 

The ILRAID library participates in an 
interlibrary loan network, along with the 
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. Requests for 
back issues of journals are often filled by 
older libraries in the network, while ILRAD 
can supply current issues of many period
icals which are not available anywhere else 
in Kenya. In 1984, ILRAD received 470 
documents through interlibrary loans and 
supplied 960 documents to other libraries 
in Kenya and overseas. The ILRAD library 
also donated 40 journal volumes and II 
books to other libraries; most of these were 
given\ to the Faculty of Agriculture library 
of the University of Nairobi. 

During the year, a major effort was made 
to improve current awareness services to 
ILRAD staff. New accessions are listed 
every week in ILRAD's InternalNewslet
wr, and monthly selective dissemination of 
information services have been initiated in 
cooperation with ILCA and the Interna
tional Information System for the Agricul
tural Sciences and Technology (AGRIS) of 
FAO. Beginning in 1985, the librry will 
also receive information from Biosciences 
Information Service (BIOSIS). Computer
based literature searches are carried out using 
specialized agents in Europe. 
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Seven tsetse breeding colonies were main-
tained at ILRAD during 1984, representing
the three major taxonomic groups-morsi-
tals, palpalis and itsca. The species and
subspecies maintained were Glossim ,1or-
sitans centralis originating from mainland 
Tanzania, G ausleni from Zanzibar, G pal
palis palpalis fron Nigeria, G p gambien
sis from Bourkina Faso, Gfiiscip)es/i.cipes
fron the Central African Republic, G tachinoides from Chad and G brevilpis from
Kenya. All are important vectors of tryp-
anosorniasis. 

All tsetse flies are maintained under con-
trolled climatic conditions at 25°C, with 12
hours of darkness and 12 hours of subdued 
indirect light. Tsetse in the morsitansgroup
are kept at 70% relative humidity. and the
others are kept at 85%. For some experi-
ments, tsetse are fed artilicially through
membranes, but the breeding colonies aremaintained by feeding on rabbits. In March 
1984, higher mortality and lower fecundity 
were observed in all tsetse colonies, caused 
by the presence of' coccidiostat in the rabbit 
diet. When this was changed, all the tsetse
colonies fully recovered. Overall 
formance is shown in Figure 23. 

per-

Tsets, ,ties are supplied f'or a variety of 
trypanosomiasis research projects at ILRAD. 

Inl addition, tsetste puparia and adul fflies 

were supplied in 1984 to colleagues at the
Kenya Trypanosom iasis Research Institute.tie Kenya Agricultural Research Institute,
the University of Nairobi. the National 
Council for Scientific Research in Zambia,
the Institut tie Mdecine Tropicale in Bel
glium and the Swiss Tropical Institute. 

The tick laboratory provides infected and
uninfected ticks, tick salivary glands and
other organs and tick-derived T p parva
sporozoites for a wide range of Theihria
research activities at ILRAD. These include
ECF epidemiology studies, immunization 
trials based on sporozoite infection and 
treatment, electron microscopy studies of
parasite development and research on spo
rozoite antigens as possible starting mate
rial for an ECF vaccine.
 

Breeding colonies of six tick species were 
maintaincd in 1984. The most important of
these was 1he theileriosis vector, Rhipice
phalus appendicidatis. Threc laboratory
strains of Tp parva, plus several Tp parva
isolates derived from cattle in the field and
Tp /au'rencei derived from buffalo, are all
maintained in the tick laboratory by contin
uous passage through Rappendiculatusand 
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I 
Breeding 
Females 
(mean) 

G m centralis 8167 
G austeni 2447 
G p palpalis 1804 
G p gambiensis 2289 
G / fusclpes 1894 
G tachinoides 2001 
G brevipalpis 3531 

Daily Female 
Mortality 

(mean %) 

0.62 
0.38 
1.46 
1.22 
1.12 
1.30 
1.30 

Weekly Pupae 
per Female 

(mean) 

0.58 
0.58 
0.41 
0.48 
0.42 
0.43 
0.31 

Figure 23. Performance of seven tsetse breeding colonies mainlained at 

rabbits or cattle. Breeding colonies of 
400,00(1 to 600,00 R appwnliculatis 
nymphs are maintained. These include pop-
ulations of' R apl)enliculats (M uguga), a 
well-established laboratory colony, R 
applnlicuhwtus (Uganda). and several pop-
ulations derived flom ticks isolated in dif-
ferent parts of Kena. 

Investigations are carried out on a con-
tinuOus basis to determine the best dietary 
and env irnimnltal conditions for pro-
ducing larg, healthy ticks which will sup-
ply the maximum1 number of 7Teileria 
sporozoitcs. Studies also concentrate on 
factors required for the optimal develop-
ient of the parasites, such Isindividual 

and breed characteristics of cattle, the envi-
ronnient of cattle during tick attachment and 
the environment of ticks during dilerent 
stages of their development. As a resuilt of 
these studies, 7 p parIva infection rates in 
ticks bred at HLRAD were raised substan
tially. 

A colony of about 150,000 to 2010,000 
Ambl'vomna variegatuminymphs is also 
maintained, derived from ticks isolated in 
various parts of Kenya. Trhis species, with 
a wide geographical range in Africa, is the 
vector of' "/t'ile'ia mutans, 7' vel/(iera and 
C rumiamntiun,. Smaller colonies were 
maintained of' Ainblvonma gemina, Boo-
philus decohoatus-which transmits B 
bigemina and A marginale-, Rhipi-
cephalus evertsi everitsi and R pulchellus. 

About 112,000 ticks were dissected in 
1984 for the extraction of' salivary glands 

Puparial Annual 
Weight Number 

(mean mg) Puparia 

31.89 248,515 
25.74 74,238 
30.41 39,884 
29.36 58,046 
34.90 42,358 
20.63 46,294 
74.11 59,556 

ILRAD in 1984, 

and other organs, and 77eieria sporozoites 
wcre taken from infected ticks and pro
vided as stabilates for ECF research. Ticks 
collected in the field were identified and 
populations were maintained for study at 
ILRAI). while ticks bred at ILRAD were 
used to pick Up parasites from infected cat
tie and buffalo in the lield. Altogether, more 
than 3.5 million ticks were used in the course 
of the year. In addition to supporting research 
projects at ILRAD, the tick laboratory pro
vided assistance and supplied tick material 
to the Kenya Government's Veterinary 
Research Laboratory, the Kenya Agricul
ttural Research Institute, the Kenya Tryp
anosomiasis Research Institute, ICIPE, the 
ILCA/ILRAD trypanotolerance research 
network and an acaricide resistance project 
sponsored by FAO. 

,- "
 

3ecause 77hileria parasites do not infect 
small ruminants or laboratory rodents, nearly 
all research on ECF is carried out in cattle. 
In 1984, 70% of the cattle required for 
experimental work at ILRAD were used for 
ECF research, 20% were used for trypano
somiasis research and 10% were used to 
raise antigens for the diagnosis of differeut 
livestock diseases. 

ILRAD's ranch at Kapiti provides most 
of the cattle required for the research pro
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gram. In 1984, the ranch supplied 242 Boran The 5 N'Dama heifers and 5 bull calvescalves, 49 Guernsey calves and 45 Boran 
steers. At the end of 1984, the breeding
herd on the ranch comprised 899 mature 
Boran cows and 8 16 Boran heifers, plus 96
Guernsey cows and 66 Guernsey heifers. 
The number of heifers of both breeds 
increased substantially over the year.

Scientists used 373 goats and 10 sheep
in 1984, almost all for trypanosomiasis
research. Most of the small ruminants were 
purchased from farms in different parts of'
Kenya-around Thika, Nanyuki and Gil-
gil. 

Livestock production was difficult 
throughout Kenya in 1984 because of the 
severe drought which affected the entire 
country. The herd at Kapiti was maintained 
by supplementation with purchased feeds,
which was expensive, but near!y all the animals survived. Development of the ranch
continued during year,the with the con-
struction of staff houses and spray races 
and the installation of improved fencing.

In addition to the cattle supplied by the
Kapiti ranch, 34 Boran calves were born 
on the ILRAD farm at Kabete, and 27 Frie-
sian calves and steers were purchased from 
outside farms. A few sheep and goats were 
also born at ILRAD. Drought conditions 
made it difficult to purchase animal feeds;
animals were maintained in good condition 
on the farm, but at a greater expense than
normal, 

An embryo-transfer project was initiated 
at. the end of 1982, aimed at bringing asmall number of N'Dama cattle from West 

Africa to ILRAD for intensive research 
on
trypanotolerance. Purebred N'Dama cows 
were superovulated by treatment with hor-
mones and mated with bulls selected by the
Livestock Marketing Board in The Gain-
bia. The embryos obtained were deep fro-
zen and shipped to East Africa. These were
surgically transferred into Boran heifers in 
June 1983, and 10 purebred N'Dama calves 
were born on the ILRAD farm in March 
and April 1984 (see Figure 24). 

remained with their Boran 'foster mothers' 
for 5 to 7 days and were then transferred 
to ILRAD's calf rearing unit. They i1ave 
remained healthy and showed good growth
rates, with liveweights ranging from 58 to
83 kg at 6 months of age. These calves will 
be used for studies on the mechanisms of' 
resistance to trypanosomiasis. 

Experiments are now in progres!; to pro
duce Boran calves by zmbryo transfer from 
selected cows and bulls in the herd at Kap
iti. These will be used for studies on the 
bovine MHC. 

ILRAD's laboratory animal unit maintains 
breeding and production colonies of mice, 
rats and rabbits, plus small colonies of guinea
pigs, gerbils and meadow voles (Microtus
montanus). All laboratory animals are
housed in plastic or metal cages in compli
ance with the Counci' )f Europe's Draft 
convention fonr the protection of vertebrate 
animals usea for experimental and other 
scientific purposes, and methods used for 
euthanasia are in line with international 
standards. The goal is to provide all the 
laboratory animals required for ILRAD's 
research programs with a minimum of 
wastage. Figure 25 shows the total numbers

of rats, mice and rabbits produced and used
 
at ILRAD in 1984.
 

Random-bred rats maintained at ILRAD
 
originate from the Sprague Dawley strain.
 
They are used primarily for the production

of trypanosomes. In 
 1984, the rat breeding
 
system was changed from monogamous pairs

to a harem system, with 10 females 
 allo
cated to each male. Females are isolated to
individual cages when palpably pregnant and
remain isolated until their litters are weaned. 
This system makes it possible to select future
breeding stock for maximum productivity.
The average monthly productivity rate 
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Species and Strain 

Rats 
Mice 

BALB.c 
C3H.He 
C57B1.6 
AJ 
Swisc 

Rabbits 

Number Number
 
Weaned Used
 

25,476 17,632 

17,648 17,172 
7,226 4,174 
5,996 3,484 
7,676 3,586 
6,440 2,337 

525 1 j26 

Figure 25. Rats, mice and rabbits produced and used at ILRAD in 1984. Most of the excess rats 
and mice produced during the year were donated to research organizations and schools in Kenya.
The rabbits used above the number produced 

bils to several other organizations in Kenya. 
In 1984, these included ICIPE, the Uni-
versity of Nairobi's Departments of' Zool-
ogy, Biochemistry, and Pharmacology and 
Toxicology, the African Medical Research 
Foundation, The Kenya Medical Research 

were purchased from local sources. 

Institute, the Kenya Trypanosomiasis 
Research Institute, the Institute of Primate 
Research, the National Museums of Kenya, 
the Kenya Society for the Protection and 
Care of Animals and 53 Kenyan secondary 
schools. 
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The diagno'iic laboratory provided 30,082 
analyses in 1984, as required by ILRAD's 
research programs and animal production 
facilities. These comprised 21,532 sero-
logical analyses, 3.72 1 bacteriological 
analyses. .1,002 haematologlical analyses and 
1,227 he! lunothological analyses---alto-
gether an increase of I I(( oer the hunier 
of samples analysed in 1983. A consider-
able proportion of' this diagnostic work was 
carried out in support11 of lever0Iast Coast 
inllunization trials and Studies on trypano-
somllasis epideniolmoyNv. 

Serum sltmplesiare screened fbOr a;,ibod-
ies to six bloodstreaml para;,sites, most often 
by the IFA test. These are 7Iewilrca part, 
T mulans, A marginal', TIvpanosonc hr1-
cei, 7 (Ungohle'ns, and 7 viva.. The ELISA 
test is also used to screen bovine sera for 
antibodies to tile Tr1palosnoma species. 
During the year, 205 post-mortem exami-
nations were conducted. co,mprisi ng 118 
cattle. 70 goats and 17 sheep. 

A new method was developed in 1984 to 
harvest and pu IA ntarginale'antibodies 
from the red blood celIs of infected cattle. 
The perilied aitibodies have been used to 
prepare a soluble antigen which is now used 
with tile ElISA to dutect A ntr'ginale'anlti

bodies in bovine sera collected in the field. 
inaddition to collaboration and services. 

provided to ILRAI) stalff, the diagnostic 
laboratory continues to provide reagents and 
training to other laboratories and proJects 
in developing countries. In 1984, 7lwi
le'ria, D-vpanosonta and Aluplasnia anlti
gens and antibovine conjUgates were 
provided to the Laboratoire vdtdrinaire 
Lubumbashi in Zaire, an FAO/ILRAD col
laborative project in Zimbabwe, FAO and 
German (Federal Republic) projects in 
13urundi. a USAII) (United States Agency 
for International Development) pro.ect at 
the Kenya Agricultural Research Institute. 
FA) projects in Zambia and MozambiqutIe 
and a WHO( (World Health Organization) 
project in Zam11bia. ILRA1)'s diagnostic 
laboratory also analysed 1,283 serological 
samples for the Ministry of Agriculture and 
Livestock )evelopment in Kenya and for 
FAO projects in Kenya and Tanzania. 

The diagnostic laboratory conducted a 3
ionth training course in 1984 for veteri

narians, field oflicers and senior techni
cians froml Burundi, Tanzania. Uganda, 
Zaire and Zambia. The coutrse covered the 
preparation of reagents and their use in the 
serodiagnosis of bloodstream parasites. 
Individual training was also provided to 
laboratory technicians from Burundi and 
Kenya. 

63 



1984 PUBLICATIONS
 
Barry, J.D. and Emery, D.L. (1984). Para-

site development and host responses dur-
ing the establishment of TrI3panosoma
brucei infection transmitted by tsetse fly.
Parasitology. 88: 67-84 (304). 

barry, J.D. and Gathuo, 11. (1984). Anti-
gei;ic variation in Trypanosoma vivax: 
isolation of a serodenie. Parasitology 89: 
49-58 (320). 

Brown, S.J., Shapiro, S.Z. and Askenase,
P.W. (1984). Characterization of tick 
antigens inducing host immune resistance. 
1. immunization of guinea pigs with 
Amblyomnza americanum-derived sali-
vary gland extracts and identification of 
an important salivary gland protein anti
gen with guinea pig anti-tick antibodies. 
Journal o/ Immunology. 133: 3319-25 
(344). 

Brun, R., Hecker, Ff., Jenni, L. and Moloo, 
S.K. (1984). A quantitative ultrastruc-
tural study on the tranfbrmation of
Trypanosoma brucei brtcei rnetacyclic 
to bloodstream forms in vitro. Acta 
Tropica. 41: 117-29 (319). 

Bbischer, G., Katende, J., Otim, B. and 
Morrison, W.I. (1984). Infection of the 
host cells of Theileria annilata with T. 
parva. Zeitschriftfiir Parasilenkunde. 70: 
687 (251). 

Btischer, G., Morrison, W.I. and Nelson, 
R.T. (1984). Titration in cattle of infec
tivity and immunogenicity of autologous 
cell lines infected with Tileria parva.
Veterinatrv Parasitology%.15: 29-38 (211). 

Dobbelaere, D.A.E., Kiarie, J.N. and Irvin. 
A.D. t 1984). A rapid method to select 
Rhipicep7halus aplendiculatus salivary 
glands infected with Theih'ria parva.
Journal of Parasitology. 70: 828-9 (259). 

Dobbelaere. D.A.E., Spooner. P.R., Barry,
W.C. and Irvin, A.D. t1984). Mono
clonal antibody neutralizes the sporo
zoite stage of different Theileria parva
stocks. Parasite hnnunologv. 6: 361-70 
(238). 

Doyle, J.J. (1984). ILRAD's research pro
grain-its relevance to impoved human 
nutrition. In Internatiomil agricultural 
research antd human nutrition (P. Pin
strup-Andersen, ed.), pp. 153-56. Wash
ing~on, D.C.: International Food Policy 
Research Institute (328). 

64 



Doyle, J.J., Moloo, S.K. and Borowy, N.K. 
(1984). Development of improved con-
trol methods for animal trypanosoniasis: 
a review. Preventive Veterinary Medi-
cine. 2: 43-52 (253). 

Fawcett, D., Musoke, A. and Voigt, W. 
(1984). Interaction of sporozoites of 
7"hcileria parva with bovine lympho-
cytes in vitro. 1.Early events after inva-
sioal. Tissue and Cell. 16: 873-84. (313) 

Grab, D.J., Ito, S., Kara, U.A.K. and 
Rovis. L. (1984). Glycosyltransferase 
activities in Golgi complex and endo-
plasmic reticulm fractions iolated from 
African trypanosomes. Journal of Cell 

.,dogy. 99: 569-77 (240). 

Grab, D.J., Webster, P. and Verjee, Y. 
(1984). The intracellular pathway and 
assembly of newly formed variable sir-
face glycoprotein of Trvpanosoma bru-
cei. Proceedingsol the National Academv 
o.'Sciences of th USA. 81: 7703-7 (277). 

Gray, A.R. (1984). Activities of the Inter-
national Laboratory for Research on Ani-
mal Diseases. Prelvcnive Veterinary 
Medicinc. 2: 13-21 (245). 

Hlirumi, 1-1.and Iirumi. K. (1984). Con-
tintuous cultivation of aninal-infective 
bloodstream forms of inEast African 
Tr'panosoma congolense stock. Annals 
oflropical Medici and Parasitology. 
78: 327-30 (262). 

Irvin, A.D. (I984). Nuclear techniques in 
the stud' of East Coast fever (lTheilhria 
parva infection of cattle). In Nuclear 
Techniques in T'opical Animal Diseases 
and NutritionalDisorders. pp. 189-202. 
Vienna: IAEA (260). 

Jack, R.M., Black, S.J., Reed, S.L. and 
Davis, C.E. (1984). Indomethacin pro
motes differentiation of Trvpanosoma 
brucei. Infection andInImnunitv. 43: 445
48 (192). 

Leak, S.G.A. and Jeannin, P. (1984). 
Occurrence of Glossinanashi Potts 1955 
Diptera-Glossinidae in the Republic of 
Gabon. Zeitschrift .itr Parasitenkande. 
70: 685-87 (248). 

Masake, R.A., Nantulya, V.M., Akol, 
G.W.O. and Musoke, A.J. (1984). 
Cerebral trypanosomiasis in cattle with 
mixed Tir'panosoma congolense and T. 
brucei brttcci infections. Acta Tropica. 
41: 237-46 (258). 

Massamba, N.N. and Williams, R.O. 
(1984). Distinction of African trypano
some species using nucleic iacid hybrid
ization. Parasitology. 88: 55-65 (270). 

Melrose, T.R., Brown, C.G.D., Morzaria,
 
S.P., Ocama, J.G.R. and Irvin, A.D.
 
(1984). Glucose phosphate isomerase
 
polymorphism in Theileria anni/ata and
 
T.parva. Tropical Animal Health and 
Production. I0: 239-45 (343). 

Moloo, S.K. (1984). Tr'vpanosoma vivax, 
7'. congolense or 7'. brucei infection rates 
in Glossina morsitans when maintained 
in vitro on the blood of goat or calf. Acta 
Tropica. 41: 45-49 (255). 

Moloo, S.K. and Kutuza, S.B. (1984).
Vectorial capacity of gamma-irradiated 
sterile male Glossina morsitans cen
tralis, G. austeni and G. tachinoides for 
pathogenic Trypanosoma species. Insect 
Science and its Applications. 5: 411-14 
(256). 

Morrison, W.I. (1984). Immune responses 
involved in immunity against Theileria 
parva. Preventive Veterinary Medicine. 
2:167-77 (242). 

65 



Murray, Max and Gray, A.R. (1984). The 
current situation on animal trypano-
somiasis in Africa. Preventive Veteri-
nary Medicine. 2: 23-30 (246). 

Murray, Max and Trail, J.C.M. (1984). 
Genetic resistance to animal trypano
somiasis in Africa. Preventive Veferi-
nary Medicine. 2: 541-51 (243). 

Murray, Max, Trail, J.C.M. and Grooten-
huis, J.G. (1984). Trypanotolerant live-
stock: potential and future exploitation. 
Outlook on Agriculture. 13: 43-51 (276). 

Murray, Max, Trail, J.C.M., Davis, C.E. 
and Black, S.J. (1984). Genetic resistance 
to African trypanosomiasis. Journal of 
lifectious Diseases. 149: 311-19 (257). 

Musoke, A.J., Nantulya, V.M., Ruran
girwa. F.R. and Biischer, G. (1984). 
Evidence for a common protective anti-
genic determinant on sporozoites of sev-
eral Theileria pai'va strains. innt)nology. 
52: 231-38 (234). 

Nantulya, V.M., Musoke, A.J., Ruran
girwa, F.R. and Moloo, S.K. (1984). 
Resistance of cattle to tsetse-transmitted 
challenge with Tr'panosoma brucei or 
Trvpnosotna congo/ense after sponta-
neous recovery from syringe-passaged 
infections. ifection and immunity. 43: 
735-38 (247). 

Rovis, L., Musokc, A.J. and Moloo, S.K. 
(1984). Failure of trypanosomal mem
brane antigens to induce protection against 
tsetse-transmitted Tr"lvpanosonia vivax or 
T brucei in goats and rabbits. Acta Trop
ica. 41: 227-36 (226). 

Shapiro, S.Z., Naessens, J., Liesegang, B., 
Moloo, S.K. and Magondu, J. (1984). 
Analysis by flow cytometry of DNA syn
thesis during the life cycle of African 
trypanosomes. Acta Tropica. 41: 313-23 
(252). 

Songa, E.B., van Meirvenne, N. and Mur
ray, Max (1984). Caractfrisation du r6p
ertoire antignique AnTAR 2 de 
Tr'vpanosotna bru'ei brucei. Annales tie 
la SocittO Bei'e (It M&Iecine 7)opficale. 
64: 13-20 (326). 

Songa, E.B., Magnus, E., ILurray, M. and 
van Meirvenne, N. (1984). Etude des 
relations entre trois repertoires antig& 
niques de Tr'l)anosotna brucei brlcei. 
Annales de la Societ' Beige de AM'hd'cine 
Tropicah,. 64: 159-69 (294). 

Trail, J.C.M., Murray. Max and Wissocq, 
Y.J. (1984). Trypanotolerant livestock 
network in West and Central Africa. In 
Anitnal genetic resources conservation 
by managenent,databanksandtraining, 
pp. 42-47. Rome: FAO (329). 

Young, J.R., Turner, M .J. and Williams, 
R.O. (11984). The role of duplication in 
the expression of a variable surface gly
coprotein of Trvpatosoina brucei. Jour
ihal oJ'CellularBiochemnistrv. 24: 287-95 
(239). 

66 



Dr P. Atang 

Chief, Regional Operations 

Agricultural Operations Division 

Food and Agriculture Organization 


of the United Nations
 
Rome, Italy 


Dr L.L. Callow 
DirecLor of' Pathology 
Animal Research Institute 
Brisbane, Australia 

Dr D.M. Chavunduka 
Iii-hlands Veterinary Surgery 
IHighlands, Zimbabwe 

Prof Dr K. Eichmann 
Director, Max-Planck Institut 

fur Inmunbiologie 
Freiburg, Germany (Federal Republic) 

Dr A.R. Gray 
Director General, ILRAD 
Nairobi, Kenya 

Dr G.L. Kazyumba 
Chef de Travaux 
Laboratoire de Parasitologie 
Universitd de Kinshasa 
Kinshasa, Zaire 

Mr J.S. Mburu 
Managing Director, National Agricultural 

Chemicals and Fertilizers Ltd 
Nairobi, Kenya 

Dr W.K. Ngulo 
Deputy Director
 
Ministry of Livestock Development
 
Nairobi, Kenya
 

Prof E.N.W. Oppong 
Animal Health/Husbandry Officer 
Food and Agriculture Organization 
Jos, Nigeria 

Prof W.R. Pritchard (Chairman) 
School of Veterinary Medicine 
University of California at Davis 
Davis, USA 

Dr K.S. Warren 
Director for Health Sciences 
The Rockefeller Foundation 
New York, NY, USA 

Dr K.F. Wells 
Agricultural Consultant 
Ottawa, Canada 

67 



STAFF 
(holding positions during all or part of 1984) 

IS',",
'%)\IINiV ,,, 

A.R. 	Gray 

Director General
 

P.R. 	Rowe 

Director of Administration 


J.J. Doyle 

Director of Research 


D.M. 	Sickelmore 

Financial Controller 


J. 	 Ouya 

Senior Accountant 


P.K. 	Churie 

Chief Personnel Officer 


M.N. 	Kanyi 
Principal Administrative Officer 

M.A. 	Craig 
Food and Housing Superintendent 

M.W. 	 Holt 

Chief Engineer 


M.A. 	Lobo 

Electronics Engineer 


S. 	 Kasera 

Purchasing Officer 


G. 	Mzera 
Stores Superintendent 

A. 	 Mathenge 
Security Officer 

L. 	Hartley 
Transport Officer 

tAR,\',H ) ' I1() 


\IIASIS
TRYPI \N ),";() 


V.M. 	 Nantulya
 
Scientist
 

P.R. 	Gardiner
 
Scientist
 

T.Asonganyi
 
Visiting Scientist 

R.K.G. 	 Assoku
 
Visiting Scientist
 

1. Bell
 
Visiting Scientist
 

L. 	Jenni
 
Visiting Scientist
 

R.A. 	Masake 
Post-Doctoral Fellow 

D. 	 Whitelaw 
Post-Doctoral Fellow 

K. Nguli 
Research Associate 

A. 	 Adema 
Laboratory Technician 

H. Gathuo 
Laboratory Technician 

N. 	Saigar 
Laboratory Technician 

V. 	 Shitakha 
Laboratory Technician 

68 



R. Thatthi 
Laboratory Technician 

IM, )( "! 11'-( I , R Y" 

N 	H 1 'I *k Bl,()I .()(;Y 

RO. Williams
 
Scientist
 

0. 	Ole Moi Yoi
 
Scientist
 

D.J. 	 Grab
 
Scientist
 

J. 	Lonsdale-Eccles
 
Scientist
 

13. 	 Paterson
 
Visiting Scientist
 

I. Roditi
 
Visiting Scientist
 

IM.Tuncr
 
Visiting Scientist
 

K. lamrs
 
Post-Doctoral Fellow
 

B. Kukla
 
Post Doctoral Fellow
 

J. Shah 
Post-Doctoral Fellow 

B. Kinimel
 
Research Associate
 

P. Majiwa
 
Research Assc'iate
 

J. Mpimbaza 
Research Associate 

J.R. 	 Young 
Research Associate 

G. 	 Khaukha 
Laboratory Technician 

N. Nayar 
Laboratory Technician 

J. Verjee 
Laboratory Technician
 

iii t"1 I}:;, i7
 

H. lHirumi 
Scientist 

W.R. 	 Fish 
Scientist -	 "

69 



M. 	 Nwagwu
Visiting Scientist 

L. 	Reinhard 
Visiting Scientist 

M. 	 Watanabe 
Visiting Scientist 

N.K. Borowy 
Post-Doctoral Fellow

K.K. H-irumni 

Research Associate 
R.T. 	Nelson 

Research Associate 

S.J. 	 Black 
Scientist 

S.Z. 	Shapiro 
Scientist 

A. BensaidVisiting Scientist 

G. Huez
Visiting Scientist 

W.C. Barry 

Post-Doctoral FellowJ. Naessens 

4Post-Doctoral Fellow 
P . Lalor 

Post-Doctoral Fellow 
S. Mahan 

Post-Doctoral Fellow 
C. Sendashonga 

KK 
Post-Doctoral Fellow 

KS Logan 
Research AssociateW-437; 

J.Magondu 
Research Associate 

J. Newson 
Research Associate 

AJ. Musoke 
Scientist 

A.D. Irvin 
Scientist 

70 



S.P. 	Morzaria
 
Scientist
 

D. 	Dobbelaere
 
Visiting Scientist
 

K. Fujisaki
 
Visiting Scientist
 

S. Higuchi
 
Visiting Scientist
 

K. Kocan
 
Visiting Scientist
 

P. 	Conrad 
Post-Doctoral Fellow 

R. Hall 
Post-Doctoral Fellow 

S.H. Min ja 
Research Associate 

C.G. 	Nkonge 
Research Associate 

P.R. 	 Spooner 
Research Associate 

L.N. 	 Mburu 
Laboratory Technician 

J.G.R. 	Ocaina 
Laboratory Technician 

M. 	 Murray
 
Scientist
 

W.I. 	 Morrison
 
Scientist
 

R.W. 	 Paling 
Scientist 

R.H. 	 Dwinger 
Visiting Scientist 

B. Goddeeris 
Visiting Scientist 

P. 	 . Holmes 
Visiting Scientist 

C Llewellyn 
Visiting Scientist 

A.. 	 Luckins 
Visiting Scientist 

C. 	 Munro 
Visiting Scientist 

A... 	 Teale 
Visiting Scientist 

71 



C. Baldwin 
Post-Doctoral Fellow 

J Ellis 
Post-Doctoral Fellow 

C.A. 	 Hinson 
Research Associate 

G.M. 	 Lamb 
Research Associate 

D.N. 	MacHugh 
Research Associate 

B. O'Ncil 
Research Associate 

S. 	 Kemp 
Visiting Research Associate 

T. 	Tenywa 
Laboratory Technician 

IlACTRON M ICR()S(OPY 

D.W. 	Fawcett 
Scientist 

G. 	Griffiths 
Visiting Scientist 

J. 	 Venable 
Visiting Scientist 

P. 	Webster 
Research Associate 

'SL"'TSF. LABORATORY 

~Scientist	 S.K. Moloo 

S.B. 	Kutuza 
Research Associate 

S.G.A. 	Leak 
Research Associate 

I. Bakakimpa 
Laboratory Technician 

C. 	Kunz 
Visiting Technician 

D. 	Richner 
Visiting Technician 

72 



W.P. Voigt 
Scientist 

B. Otim 
Laboratory Technician 

J. Widnier 
Radiation Saf'ety OfficerI 

T. Otieno 
Laboratory Technician 

'.k.I , A N1 . T 

T. Jorcit 
Scientist 

J. Katende 
Research Associate 

R.C. King 
Research Associate 

S.J. Kimani 
Farm I lanager/Kabete 

L..I. Howard 
Ranch NManager/Kapiti Plains 

L 

FJ IAT( )N 

J.K. Lenahan 
Training and Outreach Officer 

W. Unbiina 
Librarian 

D. Elsworth 
Graphic Arts Supervisor 

S.B. Westle., 
Writer/Editor 

G. Gettinby 
Consultant 

\V11L 11: 1)ISlASi PROJ.I-'] 

J.G. Grootenhuis 
Scientist 

73 



FINANCIAL STATEMENT'S
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YEARS ENDED 31 DECEMBER 1983 AND 1984. 

From a detailed examination of the accompanying schedules (Figures 26 to 28) we can 
confirm that the information contained therein has been extracted from the books and 
records of ILRAD from which statutory accounts were prepared for the financial years 
ending 31 December 1983 and 1984. 

Whereas the analysis of financial data in the accompanying schedules differs in some 
respects from that disclosed in the statutory accounts, the key figures remain consistent 
with the audited financial statements at 21 December 1983 and 1984. 
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Figure 26. Summary costs by program and activity (US$'000). 

Research
 
Parasitology-Trypanosomiasis 

Biochemistry 

Cell Biology 

Immunobiology 

Parasitology-Theileriosis 

Pathology 

Tsetse Laboratory 

Tick Laboratory 

Electron Microscopy 


Total Research 
Research Support 

Office of Director of Research 

Farm Animal Production 

Laboratory Animal Production 

Clinical and Diagnostic Services 

Radio Isotope and Central Core Services 

Total Research Support
Training and Conferences 
Library and Information Services 
Administration 

Board of Directors 
Office of Ihe Director General 
Finance 

Personnel 
Purchasing 

Total Administration 
General Operalions

Engineering 
Transport 
Services 

Food and Housing 
Stores 

Total Gereral Operations
Contingency 
Total Core Costs 

1984 1983
 

315 293
 
727 666
 
541 340
 
356 490
 
527 497
 
598 541
 
279 317
 
106 115
 
150 178
 

3599 3437
 

562 281
 
623 685
 
133 133
 
86 67
 

303 347
 
1707 1513
 
685 695
 
313 337
 

91 70
 
348 357
 
342 358
 

85 72
 
275 274
 

1141 1131
 

572 726
 
252 208
 
146 104
 
14 127
 
52 48
 

1036 1213
 
10 31
 

8491 8357
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Figure 27. Summaiy of sources and application of funds (US$'000). 

SOURCES
 
Core Operating Funds 

Unrestricted 
World Bank (IBRD) 
Germany (Federal Republic) 
United Kingdom 
Canadian International Development

Agency (CIDA) 

Switzerland 

Saudi Arabia 

Norway 

Belgium 

Netherlands 

Australia 

Sweden 

Italy
France
United States Agency for InternationalDevelopment (USAID) 

Balance From Previous Year
Earned Income Applied in Year 


Total Unrestricted Operating Funds 

Restricted
 

United Nations Development Fund (UNDP)
Italy 
Belgium 
Japan 


Total Restricted Operating Funds 
Total Unrestricted/Restricted Operating Funds 
Transfer to Capital Funds 
Net Unrestricted/Restricted Operating Funds 
Capital Funds 

Transferred from Core Operating Funds 
Unexpended Balance from Previous Year 
Balance of Working Funds from Previous Year 
Balance of Revolving Fund from Previous Year 

Total Capital Funds 
Special Project-Netherlands 
Total Sources 

APPLICATIONS 
Core Operations 
Capital 
Special Projects 
UNEXPENDED BALANCE 
Unrestricted Core 
Working Funds 
Revolving Fund 
Total Funds 


1984 1983
 

1570 800
 
556 603
 
468 548
 

699 615
 
437 383
 
300 300
 
255 287
 
229 
264 250
 
208 286
 
197 186
 
112 136
 
59 52


2500

2500
 

- 881
 
144 85
 

7998 7912
 

639 576
 
500 350
 
105 151
 
150 _
 

1394 1077
 
9392 8989
 
(482) (654)
 
8910 8335
 

482 654
 
- 181
 

687 709
 
100 -

1269 1544
 
236 203
 

10415 10082
 

8491 8357
 
391 735
 
236 203
 

419
 
778 687
 
100 100
 

10415 10082
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_______ 

Figure 28. Balance sheet at 31 December 1984 (US$'000). 

ASSETS
 
Fixed Assets 

Land and Buildings 
Research Equipment 
Other Assets 
Subsidiary Company 

Investment 
Longterm Loan 

Total Fixed Assets 
Revolving Fund 
Loans 

Cash 


Net Current Assets 
Total Assets Employed 

FUND BALANCES 
Capital Fund 
Working Capital 
Unrestricted Core Surplus (Deficit) 
Revolving Fund 
Total Funds 

1984 1983
 

9882 9444
 
4875 4642
 
1871 2005
 

1728 1651
 
58 77
 

18414 17819
 

86 89j
 
14 11
 

1197 687
 
19711 18606
 

18414 17819
 
778 709
 
419 (22)
 
100 100
 

19711 18606
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