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SUMMARY
Tsetse-transmitted Afican bovine trypanosomiasis is a major disease limiting
livestock production in large areas of Africa. The current methods of disease
control are aimed at vector (tsetse) control or the use of drugs to treat or
prevention of infection. Tsetse control operations are expensive to implement
and maintain, while there are few drugs currently available. In addition, the
parasites frequently develop resistance to the drugs following prolonged use.

Currently the utilization of cattle breeds that possess a degree of
resistance to the disease has been viewed as an additional tool for the control of
trypanosomiasis. This approach has been studied extensively in West African
cattle but there has been little attention in East African livestock.

This thesis was therefore designed to investigate the variation in
susceptibility among three breeds of Bos indicus cattle breeds, the Maasai Zebu,
Orma Boran and Galana Boran kept under varying levels of tsetse challenge in
different parts of Kenya.

The first chapter reviews the disease epidemiology and current control
methods with emphasis on genetic resistance. Chapter 2 summarizes the previous
epidemiological work on breed variation carried out at the Kenya
Trypanosomiasis Research Institute (KETRI) which led to this investigation. In
Chapter 3, the study areas are described together with the livestock production
systems and the constraints to production. In addition, a brief review of the
history of Bos indicus cattle in East Africa with emphasis on the breeds studied
and the epidemiological data collected is given.

The field experiments are reported in Chapter 4. Section 4.1 presents the
work carried out between September 1989 and September 1990 in high and low

tsetse challenge areas at the Nguruman escarpment, South Western Kenya,
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involving Maasai Zebu cattle from Nguruman, Orma Boran and Galana Boran
cattle transferred from the Galana Ranch on the Kenya coast. In the high
challenge area, it was observed that, both the Maasai Zebu and Orma Boran
were less susceptible to trypanosome infections as judged by the disease
incidence, degree of anaemia, drug requirements and the body weight gains. In
the low challenge area, where the tsetse fly population was controlled using
odour-baited traps, only the Maasai Zebu and Orma Boran were compared. The
results indicated that, there were no significant differences in the disease
incidence, degree of anaemia and the growth rates between the two breeds.

The cattle that survived from the high tsetse challenge area at Nguruman
were transferred to the Galana Ranch, where they were compared with new
groups of Maasai Zebu and Orma and Galana Boran with no previous exposure,
for a period of nine months from May 1991 to February 1992. The Maasai Zebu
cattle were purchased from farmers at the Nguruman escarpment and transferred
to the Galana Ranch, while the Orma and Galana Boran cattle were purchased
locally at the Galana Ranch. The results, presented in section 4.2, showed no
significant differences in susceptibility among the cattle with previous exposure.
On the other hand, among the cattle with no previous exposure, the Maasai Zebu
and Orma Boran were significantly less susceptible to trypanosomiasis than the
Galana Boran as indicated by the disease incidence, degree of anaemia, drug
treatments and the growth rates.

This study has therefore indicated that the Maasai Zebu and Orma Boran
possess a superior resistance to trypanosomiasis than the Galana Boran and that,
the resistance is not restricted to one locality. They also suggest that previous

exposure does influence the susceptibility.
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The last aspect of this study (Chapter 5) involved the comparison of the
parasitological (darkground/phase contrast buffy coat technique and mouse
inoculation) and immunological techniques (antigen and antibody enzyme-linked
immunoassays) for the diagnosis of trypanosome infections in cattle exposed to
natural tsetse challenge. It was observed that for complete epidemiological
information, a combination of more than one technique preferably the
darkground phase/buffy coat contrast and the antigen ELISA would be ideal.

Chapter 6 presents the general discussion, conclusions and

recommendations.
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CHAPTER 1

INTRODUCTION



1.1 AFRICAN TRYPANOSOMIASIS
The African trypanosomiases form a group of diseases of man and domestic
livestock caused by trypanosomes, which are flagellate haemoprotozoan

parasites.

1.1.1 THE PARASITE

Trypanosomes are protozoan organisms of the Genus: Trypanosoma,
Family: Trypanosomatidae, Order;  Kinetoplastidae Class: Zoomastigophora
and Phylum: Protozoa (Hoare, 1970, 1972; Molyneux and Ashford, 1983).

They inhabit the plasma, body fluids and tissues of a wide range of animal
hosts world-wide (Hoare, 1970). Generally, the bloodstream forms are motile
unicellular organisms usually elongate spindle shaped, flattened and have
a flagellum for locomotion. They possess a kinetoplast which is located near
the basal body of the flagellum. Identification of the various species is
based on these morphological features, i.e., the size and shape of the body,
position of the kinetoplast, the length and form of the undulating membrane and
the flagellum.

Depending on the site of development and mode of transmission of
infection, trypanosomes have been divided into two groups, the
stercoraria and the salivarian. The stercoraria develop in the alimentary tract
of the vector with the production of metacyclics occurring in the hind gut and
bring about infection either by contamination of the skin or oral ingestion
by the host. Trypanosoma cruzi, the causative agent of Chagas’ disease in
South and Central America, is the most important in this group. On the other
hand, the salivarian group complete their development in the anterior station,

i.e, the salivary glands and the proboscis and so, their transmission is



inoculative. All parasites of veterinary and medical importance in tropical Africa
fall into this group. The salivarian group trypanosomes are divided into four
subgenera according to their morphological and biological characteristics (Table

1.1).

1.1.2 TRANSMISSION

The parasites are transmitted from one host to another by intermediate
invertebrate hosts which are generally haematophagus arthropods.
Trypanosomes were first described in 1894 by Bruce in Natal through
microscopic examination of blood, and he also identified the tsetse flies as the
disease carriers (Bruce, 1895, 1897). Tsetse flies belong to the genus Glossina.
There are 36 different species and subspecies of tsetse flies which are capable
of transmitting trypanosomes (Ford, 1970a). These species fall into three groups
which are adapted to various ecological zones within the African continent; the
morsitans group mainly found in the savannah, palpalis inhabiting the riverine
zone and the fuscipes in the forests.

Mechanical transmission by biting flies such as Tabanidae or Stomoxys is
known to occur (reviewed by Wells, 1972, 1984), and is important in the disease
caused by Trypanosoma evansi. This disease is significant among Africa’s 12
million camels which make up 80% of the world’s total (Mohamoud and
Gray, 1980). Non-tsetse transmitted trypanosomiasis due to Trypanosoma
vivax and T. evansi has been shown to occur in South America and Asia
where tsetse flies do not exist (Wells, Bentacourt, and Raminez, 1982;
Mohamoud and Gray, 1980). Trypanosoma vivax also occurs in the absence
of tsetse flies in Mauritius where it is thought to be mechanically transmitted

(Jordan, 1986). Trypanosoma equiperdum which causes a venereal disease in



Table 1.1

Classification of the trypanosomes pathogenic to domestic animals and man in

Africa

Subgenus Species Subspecies Major hosts
Duttonella T. vivax Cattle, sheep, goats
Nannomonas T. congolense Cattle, sheep, goats

T. simiae

Pycnomonas T. suis

Trypanozoon T. equiperdum
T. evansi

T. brucei T. b. brucei
T. b. rhodensiense
T. b. gambiense

Pigs
Pigs

Horses, donkeys

Camels, horses, donkeys
Cattle, sheep, goats, dogs
Man

Man




horses and donkeys is transmitted by coitus and therefore no intermediate
vector is involved. The vampire bat (Desmondus rotundus) has been thought to
transmit 7. evansi in South and Central America. Transmission by blood
transfusion is of significant importance in 7. cruzi, while transplacental
transmission of 7. vivax has also been reported (Wells, 1972; Ogwu, Njoku,
and Osori, 1985).

The normal vertebrate hosts of tsetse-transmitted trypanosomes are the
wild large mammals of Africa. They suffer no obvious pathogenic effects unless
stressed and therefore are important as reservoir hosts. These wild animals
have been shown to play a major role in the epidemiology of trypanosomiasis
in East and Central Africa (Ashcroft, 1959; Karstard, Grootenhuis, and Mushi,
1978). The disease becomes important when man and the domestic animals
are involved since they are both susceptible to the pathogenic effects of the
parasite.

Once infected, the tsetse fly remains infected for its lifetime and
becomes a reservoir. The parasite undergoes developmental stages in
the invertebrate host.  Bloodstream  forms  or trypomastigotes are
ingested by the vector, develop into epimastigotes, and then transform into the
infective metacyclic forms.  For T. congolense, this process occurs in the
proboscis and midgut, while that of 7. brucei occurs in the salivary glands
and midgut. The initial cyclical development of 7. vivax starts in the
oesophageal region; the parasites then migrate to the food canal of the proboscis
and mature to infective metacyclics in the hypopharynx (Moloo and Gray, 1989).
Trypanosomes have a wide range of hosts which include man, domestic livestock,

wild animals and rodents (reviewed by Ford, 1970b).



1.1.3 THE DISEASE IN CATTLE

Bovine trypanosomiasis also referred to as ‘nagana’ is caused mainly by two
species of trypanosomes, 7. vivax and T. congolense and to a lesser extent T.
brucei (Fiennes, 1950, 1970; Morrison, Murray and Mclntyre, 1981a). Mixed
infections are commonly observed in the field (Stephen, 1970). Identification
and differentiation of the three species in the field is based on the
morphological differences in stained blood smears and characteristic
motility behaviour when observed on a fresh blood film (Hoare, 1972). The
clinical disease produced in cattle shows considerable variation in severity and
duration. The severity depends on several factors including, the degree of tsetse
challenge, the cattle breed, age, intercurrent disease, nutritional status and
the virulence of the strain (Murray, Morrison and Whitelaw, 1982).

The clinical signs shown by the three species varies from an acute to a
chronic syndrome. The acute form of the disease is generally characterized by
high temperature following the infection, with high persistent parasitaemia
and death may occur within two weeks (normally two to six weeks). Following
infection with some strains of T. vivax, death may occur within two weeks, while
virulent strains of 7. congolense may cause death six to ten weeks after infection
(Morrison et al., 1981a). Animals infected for longer than three months are
normally regarded as having the chronic disease.

An extremely acute disease caused by some strains of T. vivax
characterized by pyrexia, persistently high parasitaemia, blood stained
diarrhoea and on gross pathology, ecchymotic and petechial haemorrhages on all
visceral organs and in the gastro-intestinal tract has been reported in Kenya
(Hudson, 1944; Mwongela, Kovach and Fazil, 1981; Wellde, Chumo, Adoyo,
Kovach, Mwongela and Opiyo, 1983), Ethiopia (Roeder, Scott and Pegram,



1984), and Somalia (Dirie, Wallbanks, Molyneux and Borstein, 1988).

The common clinical syndrome for all the three species is a  chronic
condition associated with waves of parasitaemia, intermittent pyrexia,
enlargement of superficial lymph nodes, partial anorexia, loss of condition,
lethargy (Morrison et al., 1981a; Murray, 1979), progressive anaemia (Hornby,
1921; Murray, 1974; Murray and Dexter, 1988), weakness and a terminal
recumbency.

There is an initial fall in the packed red cell volume (PCV) associated
with the first wave of parasitaemia. During the infection with both 7. congolense
and T. vivax, periods of pyrexia have been associated with high parasitaemia
(Hudson, 1944; Van den Ingh, Zwart, Vanmiet, and Schotman, 1976). In
animals inoculated with bloodstream forms, the first wave can occur within
few days, while in cattle subjected to tsetse-transmitted infection, the
parasites are detected from the second or third week of infection (Morrison et al.,
1981a).

Following single needle or fly challenge, PCV drops progressively to by
about 40 to 60% or even lower within the first four to six weeks. At this stage,
the PCV may continue to fall until the animal dies, while in others, it is
maintained at these low levels for a variable length of time, which may be up to
several months (Morrison et al, 1981a; Murray and Dexter, 1988). Animals
treated with trypanocidal drugs at this stage normally recover and the PCV rises
back to normal haematological levels (Holmes and Jennings, 1976). The rate of
recovery depends on when the treatment is administered; animals treated early
show a rapid and dramatic response (Murray and Dexter, 1988).

Animals surviving this stage without treatment progress to the chronic

phase of the disease. In the chronic stage, some animals recover



spontaneously  without treatment, while others survive with a constantly low
PCV but eventually die. The chronic stage of the disease can persist for months
or years. Animals that survive are uneconomical to keep since they become
anaemic, emaciated, lethargic and even recumbent. The chronic stage is
associated with progressively decreasing waves of parasitaemia  and in
most cases the trypanosomes cannot be detected by parasitological
techniques. This stage has been associated with infertility, anoestrus and
abortions in females (Ogwu et al, 1985) and reduced sperm quality in
males (Losos and Tkede, 1972; Grundler, 1985).

Exposure of animals in the chronic stage to any form of stress such as
trekking, use for draught, inadequate feeding or any intercurrent disease
may result in the recurrence of the acute form of the disease. The animals are
also very susceptible to other diseases due to the poor general body condition.
Animals in this stage respond poorly to drug treatment. The chronic stage is
often fatal, death being caused by congestive heart failure brought by
combination of anaemia and circulatory disturbance associated with
vascular permeability (Murray, 1974). The tissue lesions seen at necropsy vary
due to the difference in the distribution of the parasites within the host, except
for the hyperacute T. vivax infections. Trypanosoma brucei and T. vivax are found
intra- and extra- vascularly, while apart from the initial site of inoculation, T.
congolense is restricted to the bloodstream. Organ and tissue damage has been
reported in the skeletal muscles and heart following 7. vivax infections (Van den
Ingh, Zwart, Vanmiert, and Schotman, 1976; Van den Ingh, and De Neij-Bakker,
1979), and in the central nervous system (Morrison, Murray, Whitelaw and
Sayer, 1983), reproductive system and endocrine organs (Ikede and Losos,

1975; Morrison, Murray, Sayer and Preston, 1981b) in T. brucei infections.



Severe tissue damage including myocarditis and meningoencephalitis has
been reported to be a common feature of 7. brucei infections in cattle (Morrison

et al., 1983).

1.2 IMPORTANCE OF TRYPANOSOMIASIS

Animal trypanosomiasis in Africa represents one of the major veterinary
problems and, while most of the other animal diseases have been controlled,
trypanosomiasis continues to present a major threat to animal production in the
Sub Saharan Africa (Holmes and Torr, 1988). Most of the best watered land
is infested with tsetse flies, while large areas of good grazing in the sub
humid zone could be available for pastoralism if trypanosomiasis was
controlled (MacLennan, 1980).

In 1982, it was estimated that, the world population was 4.2 billion
expanding at a rate of 2%, i.e., about 70 to 80 million people per year and
about 30 million tonnes of staple food were needed annually to cope with this
growth (Gavora, 1982). There is therefore the need to increase the food
production of the continent to cope with this population growth. One of the
major solutions is to increase livestock production by reduction of livestock losses
due to disease. It has been estimated that if a 2% reduction in livestock death
due to disease would be achieved, it would provide food for an additional 80
million people (Gavora, 1982).

Seventy five percent of the world’s population lives in developing
countries. Sixty to 70% of the world’s livestock is found in the developing
countries but accounts for only 30 % of the worlds meat output. The estimated
animal protein production per 1000 hectares in 1975 was 542 kg for Africa,

4113 kg for Latin America, and 38,083 kg for Europe (FAO, 1975). These



figures show that Africa’s farming produces less animal protein than any other
continent. There are still large areas of Africa which have not been developed
and one of the most significant factors restricting the extension of cattle
producing areas of Africa is the tsetse fly (FAO, 1961; Jordan, 1986).

Trypanosomiasis is a threat to both man and animals. Human
trypanosomiasis (sleeping sickness) caused by T. b. rhodesiense and T. b.
gambiense is a major problem among the human population and it is estimated
that 50 million people in 36 countries in Africa are at risk with an estimated
increase of 20,000 newly reported cases per year (Molyneux, 1986). Sleeping
sickness is a major factor in the depopulation of large areas of Africa and is
therefore a constraint on rural development. Tsetse flies infest about 11
million km? of the continent and affect 37% of the continent in 40 countries
(FAO/WHO/OIE, 1982). If tsetse flies were controlled, 7 million km2 of this
land would be suitable for mixed agriculture and livestock development
without stress to the environment (MacLennan, 1980).

Of the 173 million cattle in Africa, only about 44 million are in the
tsetse-infested area (IBAR, 1989) and, whilé there is no information on sheep,
goats, pigs, horses, donkeys and camels, the situation is probably similar. In 1963,
the annual loss due to tsetse in meat production was estimated to be $5 billion
(Murray and Gray 1984), excluding the value of milk and hides. If
trypanosomiasis control was successful, it is estimated that, the development of
livestock and agriculture in the tsetse-infested areas in Africa could generate
further $50 billion annually (Murray, Stear, Trail, d’Iteren, Agyemang and
Dwinger, 1991). |

The Central and the West African regions are severely affected by

disease. About 26% of Africa’s population is in this region (from Senegal to
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Zaire) but the area holds only 9% of Africa’s livestock population (ILCA,
1979). The livestock biomass per inhabitant is only 26 kg per capita compared
to 136 kg for the remainder of Africa south of the Sahara and 79 kg for the
whole of Africa (ILCA, 1979). If tsetse control was achieved in this region,
its estimated that the carrying capacity could be 20 cattle km-2 compared to the
present 3.4 cattle km-2, and the sheep and goat population would increased five
times (FAO, 1974). In Eastern and Central Africa, about 70% of some countries
such as Tanzania are infested with tsetse (FAO, 1974).

Beside losses in meat production, further losses occur in milk production
and mixed agriculture. Animals provide 80% of the traction power in
Africa and it has been estimated that, the possession of a single oxen can
increase the food output of a family six times (McDowell, 1977). The
manure produced by livestock is used to improve food crop production and is a
potential source of energy in form of biogas. Beside the losses in mortality due to
the disease, the non-fatal acute or chronic syndrorhe causes severe losses in
production due to poor growth, severe weight loss, low milk production,
reduced capacity to work, infertility and abortions (FAO/WHO/OIE, 1963;
McDowell, 1977).

Tsetse reduction has taken place due to activities such as increased
agricultural cultivation associated with the expansion of human population. In
other places, tsetse control programmes have been successful, e.g.,, MacLennan
(1980) planned one of the greatest tsetse control operations by ground
application of residual insecticide which by 1977, had reclaimed 200,000 km2 of
land infested with G. morsitans in Nigeria. Insecticides have also been used
successfully for tsetse control in Zimbabwe, Botswana and Zambia (MacLennan,

1980; 1981). However at the continental level, territorial expansion of
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tsetse in savannah areas has been continuing, e.g., G. morsitans has invaded
26,000 km?2 in Nigeria since 1952, 21,000 km? in central Cameroon since 1950
and 11,700 km?2 in Zambia since 1953 (MacLennan, 1980). The full extent of
tsetse spread is not known but significant advances have been observed in
Botswana, Zimbabwe, Malawi, Uganda, Tanzania, Sudan, Ethiopia, Senegal and
Mali, while recently, the most active advance has been taking place in Angola
(FAO, 1979; MacLennan, 1980; Jordan 1986). Tsetse expansion is increasing
production pressure on the remaining tsetse free areas resulting to pasture
degradation, fall in agricultural output, and increase production costs (Jordan,
1986). In order to meet the needs of the increasing African population, and to
decrease the pressure on the tsetse free regions, the tsetse-infested areas must
be utilized, and therefore, there is an urgent need to control the tsetse fly using
all practicable methods available (FAO, 1979; Murray and Gray, 1984).

However note should be taken that some workers take the contrary
view that the development of the tsetse-infested land for grazing is
environmentally detrimental. Omerold and Rickman (1988) consider
trypanosomiasis control as one of the worst initiators of land degradation.
They suggest that land cleared of tsetse and rapidly overstocked is vulnerable
to overgrazing which can easily lead to an ecological imbalance. This
argument is unrealistic since it is improper to ignore the control of such an
economically significant disease, especially when it poses a threat to human life.
Far.from increasing overgrazing, planned tsetse control would lead to opening up
of new areas for agriculture and livestock development and would greatly

reduce the pressure on the arid and semi-arid areas (Jordan, 1986).
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1.3 TSETSE CHALLENGE OR TRYPANOSOMIASIS RISK

Human beings and livestock living in the tsetse-infested areas are at the risk of
contracting trypanosomiasis as a result of the successful feed of an infected fly.
Trypanosomiasis risk is the probability of a host becoming infected per unit time.
The terms tsetse risk and tsetse challenge have been used by various workers, but
considering the mechanical transmission of 7. vivax and 7. evansi by biting flies,
the term trypanosomiasis risk is possibly more appropriate.

At present, no precise definition of tsetse challenge or trypanosomiasis
risk for use in the field has been formulated. From an economic aspect, what
requires to be known is quantification of the trypanosomiasis risk and the
likelihood of animals becoming infected in a tsetse-infested area. The risk is
greater in some areas than others and is influenced by many variables such as the
tsetse density, tsetse species, tsetse infection rates, tsetse transmission rates,
infection rates in the hosts, the numbers and species of the hosts and the climatic
and ecological conditions (Rogers, 1983). Such correlates of risk are generally
incorporated in the term ‘challenge’ and it has been assumed that by assessing
the challenge in any area, the consequent risk can be predicted.

Factors which interact with each other to determine the level of
trypanosomiasis risk have been classified into three categories (Whiteside,
1960a); vector related, non-vector related and accessory factors (host related).
The vector related consist of; tsetse species, infection rates, tsetse density,
disposition to feed on cattle and mechanical transmission. The non-vector related
factors include; the trypanosome species, pathogenicity of the trypanosomes,
susceptibility to drugs and liability to become drug resistant. The accessory
factors comprised of the breed, sex, place of origin of the host, previous history

and factors that modify susceptibility such as general condition, pregnancy,
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lactation, intercurrent, latent or, chronic disease, grazing, watering and the
climatic conditions. These factors have a complex interaction which makes the
definition of the challenge or risk difficulit.

The concept of trypanosome challenge originated from Eric Whiteside of
the Kenya Veterinary Department and since then, many workers have used
various definitions in attempts to describe the tsetse challenge or trypanosomiasis
risk in their studies. The term Apparent Density (A.D.) was used to refer to the
number of non-teneral flies caught in a hand net per 10,000 yards by a man
walking through a path made in a tsetse-infested area (fly round) (Glasgow,
1970). Whiteside (1955) found a correlation between the A.D. of G. pallidipes
and the incidence of animal trypanosomiasis at two different sites, Makueni and
Simba in Kenya. Since the degree of correlation in the two areas was different, he
suggested that there were other additional factors involved.

The term index of challenge obtained as a product of the A.D. and the
mean fly infection rate (Smith and Rennison, 1960; Whiteside, 1962a) was later
used in several field studies in Zimbabwe (Boyt, Lovemore, Pilson and Smith,
1962), Tanzania (Cawdery, 1958) and Uganda (Cawdery and Simmons, 1965).
Smith and Rennison (1960) defined trypanosome challenge as the number of
infective bites from a tsetse which a host receives in a unit of time.

Later, Whiteside (1962b) used the term ‘trypanosomiasis incidence’ which
he defined as, the average number of infections per head per annum recorded
from cattle maintained in a tsetse-infested area, treated only with diminazene
aceturate (BerenilR, Hoechst) once infected. He referred to the number of
treatments per animal as the Berenil Index. According to this method, he
regarded 12.5, 6.5, three and one treatments per annum to indicate very high,

high, medium and low trypanosomiasis challenge, respectively. This definition
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has been criticizéd as it does not take into account fly densities or infection rates
in the determination of trypanosomiasis incidence and therefore only quantifies
risk (Rogers, 1983). Boyt et al, (1962) used the Berenil Index (treatments per
head per annum) as a measure of what they called ‘trypanosomiasis risk’, while
Cawdery and Simmons (1965), used the term ‘challenge index’ obtained as
product of A.D. and the infection rate.

Progress in research from the mid-1960’s revealed shortcomings in the

" methods previously use for the estimation of the of challenge. The A.D. figures

were regarded as poor and biased indicators of fly bites on cattle as experiments
in Zimbabwe showed that the presence of humans decreased the fly catches at a
cattle bait (Vale 1974). The vectorial capacity was shown to be species
dependent and therefore, fly infection rates were not a direct measure of the
probability of infection (Harley and Wilson, 1968). The emergence of drug
resistant strains (Braber, 1968; Mwambu and Mayende, 1971b) and a slight but
significant prophylactic effect of diminazene aceturate (BerenilR, Hoechst) (van
Hoeve, Cunninghham and Graenge, 1964; Gitatha and Maudlin, 1968) were
noticed to influence the Berenil Index. The method of Llyod and Johnson (1924)
for detecting infection in tsetse is not sensitive enough especially for 7. brucei,
and by this technique, infection rates in wild flies have usually been found to be
very low (Jordan, 1974).

Wilson et al., (1972) introduced the concept of rate of disease transmission
when they used the term ‘transmission index’ which they defined as the
proportion of infected inocula each from a single infected fly that gives rise to an
infection in a susceptible vertebrate host.

Rogers (1983, 1985), sﬁggested that the prophylactic period for

diminazene aceturate (BerenilR, Hoechst) is about 22 days, a figure close to that
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suggested by van Hoeve et al, (1964), which when he added to a minimum
prepatent period of seven days gave a Berenil interval of 29 days. He
recommended that this should be used as a correcting factor when calculating the
Berenil Index. Wilson et al, (1983, 1986) used the term parasite attack rate to
describe the Berenil Index which he obtained as the mean number of infections
per annum calculated on a monthly time interval. Njogu ez al., (1985b) described
a modified calculation of the Berenil Index in which they allowed a prophylactic
period of only seven days for diminazene aceturate.

Recently, ILCA (1986a) modified the measurement of challenge to
include, tsetse density, trypanosome fly infection rates and the proportion of feed
taken on the domestic animals. The tsetse density was expressed as the relative
density (flies /trap/day) using biconical traps, while trypanosome infection rates
were determined by the method of Llyod and Johnson, (1924). Blood meal
analysis was carried out on smears of undigested blood from the guts of recently
fed tsetse using the enzyme linked immunosorbent assay (ELISA). The tsetse
challenge was then obtained as the product of the relative density, infection
rates and the percentage of blood meals from livestock.

By obtaining the apparent density as a product of tsetse density and mean
fly infection rates as measure of the tsetse challenge, and the Berenil Index as a
measure of trypanosomiasis incidence in cattle, (Rogers, 1985) demonstrated that
the logarithm of challenge was linearly related to the Berenil Index. After
analysing data from experiments in which tsetse control and chemotherapy have
been used for the control of animal trypanosomiasis, he concluded that the
challenge and the risk of infection are related and one can be used as an

indicator of the other (Rogers, 1985).
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With the current research on the improvement of the detection of
infections in flies by in vitro culture techniques (Mehlitz,1988) and DNA probes
(Kukla, Majiwa, Young, Moloo and ole-MoiYoi, 1987), diagnosis of infection in
cattle using antigen detection immunoassays (Nantulya and Lindqvist, 1989) and
the development of analytical disease models (Milligan and Baker, 1988; Rogers,
1988; Rawlings, 1991), a precise definition of the trypanosomiasis risk may be
feasible.

In order to develop appropriate management and preventive medicine
schemes in tsetse-infested areas, and to determine the likely cost benefits of
tsetse and trypanosomiasis control, it is essential that accurate estimation of

tsetse challenge and trypanosomiasis risk can be predicted.

1.4 DIAGNOSIS OF TRYPANOSOMIASIS IN CATTLE
Diagnosis of trypanosomiasis still presents major problems. This subject has
been reviewed by several workers (Molyneux, 1975; Voller 1977; Nantulya, 1990).
An accurate epidemiological assessment of animal trypanosomiasis is important
in the application of effective disease control programmes. The rapidity and
accuracy of any one technique or a combination is vital if suitable treatment of
any individuals is to be effective or for chemoprophylactic control in livestock
kept in endemic areas.

In the acute phase of the disease, there is fluctuating parasitaemia arising
from antigenic variation (Doyle, 1977), while chronic infections usually have low
or no parasitaemia (Murray and Dexter, 1988). The demonstration -of the

parasites can also vary with the sample, time, technique and the microscopist

(Greig, 1979).
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In terms of the overall disease control strategy, more sensitive methods
are necessary. The diagnosis of a limited number of cases in a herd will indicate
exposure to disease and depending on the level of trypanosomiasis challenge the
type of treatment can be decided (Molyneux, 1975).

The clinical signs of animal trypanosomiasis are not pathognomonic and
therefore, the specific diagnosis of the disease still depends on the demonstration
of the parasite in blood or tissue fluids by light microscopy or by immunological

techniques.

1.4.1 PARASITOLOGICAL DIAGNOSTIC TECHNIQUES

These consist of the thick, thin and wet blood films, inoculation of blood into
susceptible mice, and the trypanosome concentration methods consisting of the
haematocrit centrifugation (Woo, 1970), the darkground/phase contrast
technique (Murray, Murray, and Mclntyre, 1977) and the miniature anion
exchange techniques (m-AEC) (Lumsden, Kimber, and Strange, 1977; Lumsden,
Kimber, Evans and Doig, 1979).

Trypanosomes in the peripheral blood can be detected by microscopic
examination of the wet blood film or Giemsa stained thin and thick blood
smears. Direct microscopy though cheap and good for screening large herds of
cattle, may miss about 50% of the infections (Barnett, 1947).

Inoculation of laboratory animals is more sensitive than direct microscopy
(Paris, Murray and McOdimba, 1982). This method is more sensitive for T.
brucei but other trypanosome strains, mainly the East African T. vivax, and to a
lesser extent 7. congolense, do not infect laboratory rodents (Paris et al., 1982;
Nantulya, 1990). Diagnosis by this method is not immediate since the mice have

to be examined for a minimum of 30 days before they are declared not to be
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parasitaemic.

The sensitivity of the direct microscopic methods is improved through
concentration of the parasites by centrifugation. Centrifugation of unclotted
blood concentrates the parasites on the buffy coat making it more sensitive than
the blood films (Woo, 1969; Murray, Murray and Mclntyre, 1977). In addition,
the darkground/phase contrast buffy coat technique (DG) (Murray et al, 1977)
enables the estimation of the intensity of parasitaemia.

Further improvement in the sensitivity of the concentration methods by
the separation of the hosts red blood cells prior to the spinning has been
achieved by the miniature anion exchange/centrifugation technique (Lumsden et
al., 1977). This method is however expensive and time consuming. Although the
concentration techniques are more sensitive they require a source of electricity

which limits their use in the field.

142 IMMUNOLOGICAL TECHNIQUES

An ideal immunodiagnostic technique should detect all infected cases and be
negative in all other conditions, permit identification of the species of infecting
trypanosomes and indicate the efficacy of treatment, i.e., should becofne negative
after parasite clearance and cure (Gray, 1974). However, none of the tests used
satisfy these criteria since the development of more sensitive immunological
techniques is hindered by the occurrence of antigenic variation.

In spite of these shortcomings, immunodiagnosis can supplement
traditional methods for individual diagnosis and epidemiological purposes. The
suitability bf a test for large scale use, such as its cheapness and ease of use in the
field, can outweigh deficiencies in the sensitivity and specificity so long as these

are recognized (Voller, 1977). The immunological tests are based on
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demonstration of either antibodies or antigens.

a) Antibody detection
At present, the two most commonly used immunological methods for the
detection of antibody responses in cattle are the indirect immunofluorescent

antibody test (IFAT) and enzyme-linked immunosorbent assay (ELISA).

i) Indirect immunofluorescent antibody test (IFAT)
This has been the most widely used test for serodiagnosis of trypanosomiasis
and several workers demonstrated its superiority over the parasitological
methods in the proportion of infected animals detected (Wilson, 1969; Zwart,
1973; Weisenhutter, 1973; Wery, van Wettere, Wery-Paskoff, van Meirvenne and
Mesatewa, 1970). However, antibodies do not reach detectable levels for some
days (Zwart, 1973), therefore early infections are missed and also, the presence
of positive IFAT reactions in treated animals still remains a problem.
Weisenhutter (1969) found that animals treated with the trypanocidal drug
diminazene aceturate (BerenilR, Hoechst) remained positive 40 days post
treatment, while Wilson (1969) reported antibody titres for as long as 112 days.
The antigens used are prepared by making smears of parasitized blood
using a variety of fixatives (Zwart, Perie, Keppler and Goedbloed, 1973). The
main disadvantages of the method are; the standardization of the antigen
preparation is difficult, the slides require ultra-low temperature for storage and
transportation, and, the antigens so prepared provide substantial nonspecific
reactions. However, the technique for antigen preparation has recently been
greatly improved by fixing the antigens in a mixture of acetone and formaldehyde

suspension so that the test can give results which are specific enough, to
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differentiate to a limited extent between 7. vivax T. congolense and T. brucei
infections cattle (Katende, Musoke, Nantulya and Goddeeris, 1987).

Although IFAT has been used extensively recently and the method has
considerable practical merit, it requires skilled operators, expénsive equipment
which cannot be used in the field and also, the interpretation of the results is

subjective.

ii) Enzyme-linked immunosorbent assay (ELISA)

The search for new tests as sensitive as the IFAT but cheap to perform and less
subjective in interpretation led to the development of enzyme immunoassays.
This technology is sensitive, requires simple equipment, assessment of the results
is easy and eliminates subjective bias in the interpretation of results and can be
used for large scale screening of samples. ELISA was first used for the human
disease (Voller, Bidwell, Bartlett, 1975). Luckins et al., (1978, 1979) used ELISA
for the diagnosis of T. evansi and the results were comparable to those of IFAT
with regard to sensitivity and specificity.

The major limitation of its use as a diagnostic test was thét the antigens
used were crude lysates and their quantity was ill defined thus making the
standardization with respect to sensitivity and specificity difficult. Further
improvement on the test making it specific enough to distinguish between
infections with different trypanosome species through the use of purified antigens

has been reported (Ijagbone, Staak and Reinhard, 1989).
iii) Card agglutination test (CATT)

The main disadvantage of trypanosomiasis serodiagnosis is the lack of well

defined standardized antigen. The development of the card agglutination test
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(CATT) has attempted to overcome this problem for T. b. gambiense (Magnus,
Vervoort and van Meirvenne, 1978) since it detects antibodies to the surface coat
antigens of a commonly occurring variable antigen type (VAT). This is achieved
by fixing and stabilizing the antigens on the parasite using formaldehyde, so that
the whole trypanosome is used in a direct agglutination test. The T. b. gambiense
CATT has shown some success in the laboratory for 7. evansi (Zweygarth, Sabwa
and Rottcher, 1984) and this is because the VAT used in the test is found in the
repertoire of VAT’s expressed by T. b. brucei, T. b. gambiense, and T. evansi (van
Meirvenne, Magnus and Vervoort, 1977). Recent epidemiological studies in
Benin have shown that the T. b. gambiense CATT can be used to detect
infections caused by T. congolense, T. vivax and T. brucei in cattle indicating that
the parasite strain (LiTat 1.3) used in the CATT has somatic and variable surface
glycoprotein antigens common to other species of salivarian trypanosomes
(Doko, Guedegbe, Baelmans, Demey, N’Diaye, Pandey and Verhulst, 1991).
Serological methods based on the antibody detection are sometimes
difficult to interpret due to occurrence of mixed infections, the persistence of
antibodies in treated animals (Luckins, Boid, Rae, Mahmoud, Elmalik, and Gray,
1979), or in animals with spontaneous recovery (Nantulya, Musoke, Rurangirwa
and Moloo, 1984). Presence of antibodies only provides information on previous
exposure but cannot be used to assess the extent of active infections or the

success of treatment.

b) Antigen detection
Earlier attempts to detect trypanosome antigens in infected animals showed very
low sensitivity and specificity (Araujo, 1982; Rae and Luckins, 1984). Recently,

trypanosome species specific monoclonal antibodies which are able to
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demonstrate trypanosomal antigens in infected hosts have been developed
(Nantulya, 1981, 1989; Nantulya, Musoke, Rurwangirwa, Saigar and Minja, 1987,
Richardson, Jenni, Beecroft and Pearson, 1986). Using T. brucei group-specific
monoclonal antibodies, a sandwich enzyme immunoassay (ELISA) was
developed for the diagnosis of T. b. brucei infections in cattle and 7. b.
rhodesiense and T. b. gambiense in man (Nantulya, 1989). When the same test was
used for T. evansi in camels and buffaloes, antigens were detected as early as six
days following experimental infection (Nantulya, Hammers and Bajyana Songa,
1989). Species specific monoclonal antibodies against 7. congolense and T. vivax
have also been developed leading to an antigen capture sandwich ELISA for
these species in cattle (Nantulya and Lindqvist, 1989).

Results of field studies in camels (Nantulya, Lindqvist, Diall, and
Olaho-Mukani, 1989) and cattle (Nantulya, Lindqvist, Stevenson and Mwangi,
1992) from endemic areas, show that the antigen ELISA detected infection in
92% and 96% of the parasitologically positive cases and 55% and 52.6% of the
parasitologically negative animals, respectively. Recent laboratory studies
(Masake and Nantulya, 1990) indicated that the antigen ELISA was four times
more sensitive than the darkground/phase contrast buffy coat technique (Murray
et al., 1977), in monitoring 7. congolense infections in cattle and goats. However,
the test misses a proportion of the early parasitologically positive infections and
shows positive reactions for some period post-treatment.

The outstanding advantages of antigen ELISA are; it is easy to perform,
allows the analysis of large numbers of serum samples, can be used for individual
diagnosis, the results can be read visually and it is more sensitive than the current
techniques for parasitological diagnosis (Nantulya, 1990). The major

disadvantage is that it requires access to specialized reagents and gives a small
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number of false positive results.

For epidemiological purposes, the diagnostic strategy for the future is
likely to be a combination of one of the more sensitive parasitological methods
with antigen trapping, while antibody detection will remain an important tool

for the assessing exposure to the disease.

1.5 TRYPANOSOMIASIS CONTROL METHODS

Trypanosomiasis control is normally aimed at applying all practical methods that
will reduce the prevalence of the disease in man and livestock to minimal
manageable levels and possibly lead to eventual eradication. As with other
diseases, trypanosomiasis control is a continuous process and requires constant
vector and disease surveillance and countermeasures as appropriate (reviewed by
MacLennan, 1981; Jordan, 1986). Control methods are either direct or indirect.
The direct control methods are those aimed at the parasite, while the indirect

methods are those aimed at the vector.

1.5.1 TSETSE CONTROL

Tsetse control methods are normally expensive because the affected areas are
not isolated and are therefore prone to reinvasion unless the control operations
are constantly monitored. A careful assessment taking into account technical,
economic and social factors must be made before embarking on a long term
tsetse control programme. Several important factors like the habitat, tsetse fly
species, trypanosome species and their sensitivity to chemotherapy, must be
considered (Jordan, 1978, 1986; MacLennan, 1978, 1981). However, economic
considerations may be ignored in emergencies- such as epidemics occurring in

areas where sleeping sickness and animal trypanosomiasis are already endemic,
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or in areas where the activities of man have resulted in formation of woody
habitats, thereby, increasing the man-fly or animal-fly contact (FAO,1979).
Vector control methods are generally classified into two groups,
non-chemical and chemical. The non-chemical methods include, vegetation
clearing, destruction or elimination of the reservoir hosts, use of traps, screens
and targets, genetic, biological and physiological control. The chemical methods

involve the control by application of insecticides (Jordan, 1986).

a) Vegetation clearing

The principal behind vegetation clearing is the destruction of the tsetse habitat.
As mentioned earlier there are 36 species and subspecies of Glossina with a wide
range of climatic and vegetation requirements. Successful and economical or cost
effective vector control depends on thorough knowledge of tsetse ecology and
population dynamics in a geographical area (FAO, 1979).

Before the introduction of modern insecticides, clearing operations
against riverine tsetse were the major methods used for the suppression of
epidemics of sleeping sickness, caused by G. palpalis and G. tachinoides, in
Nigeria, in the 1930’s (Ford, Nash and Welch, 1970; McLennan, 1981). Vegeta-
tion clearing in Western Kenya controlled sleeping sickness due to G. f. fuscipes
between 1950 and 1973 (Maina, 1977).

Bush clearing may be indiscriminate or partial. Indiscriminate or sheer
clearing removes all the tsetse habitat, i.e., bushland, scrubland and forests.
Partial clearance is aimed at clearing the specific habitat or part of habitat of the
particular tsetse species (Jordan, 1986). The major drawbacks of the former are
that it is labour intensive when performed manually, expensive when using

machinery, and it has to be repeated regularly (Jordan, 1986; MacLennan, 1981).
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Sheer clearing of vegetation is mainly considered important in creation of barrier
zones or blocks for tsetse eradication by insecticidal spraying or in intensive
livestock production systems, where the cleared land is used for fodder
production or pasture improvement (MacLennan, 1981). Selective methods are
difficult to apply in humid environments since there is no clear-cut relationship
between the fly and the habitat but nevertheless, they have been shown to be
successful in some areas of Sudan and Northern Guinea (MaclLennan, 1967;

MacLennan and N’aisa, 1971).

b) Destruction or the elimination of the reservoir hosts
The principle behind this method is to reduce or remove the food source of the
tsetse and normally involves intensive hunting and destruction of the game
animals. This method has been used in several countries, including, Zimbabwe,
Botswana and Mozambique (Ford, 1970c). From 1946 to 1966 G. m.
submorsitans and G. pallidipes were eliminated from more than 2000 km?2 in
Uganda following intensive hunting campaign in which large numbers of wild
animals were shot (Wooff, 1968). In Zambia and Zimbabwe, fences have been
used to separate game areas from livestock with an animal free buffer zone
where any wild animal entering is shot (Jordan, 1986). With the current
world-wide wildlife conservation efforts, this method is considered unacceptable
and is widely unpopular.

The rapidly expanding human population is resulting in massive clearing
of the vegetation for settlement and agriculture. This is having the practical
effects of destroying the tsetse habitat and also reducing the number of hosts

since bush clearing results in the migration of the game.
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¢) Hand catching

Direct hand catching was first tried on a large scale in 1913 against G. palpalis in
the Principe’ Island off the West African coast, following a sleeping sickness
epidemic. It was also used by the Germans against G. fuscipes in the
Riamugasire Islands on Lake Victoria (Glasgow and Potts, 1970). This method is
not applicable to the savanna species due to their vast and diffuse distribution, as
opposed to the linear distribution of the riverine species (Vale, Bursell and

Hargrove, 1985).

d) Traps

The first successful use of traps was that reported by Harris when he attempted
to eliminate G. pallidipes from Zululand between 1931 and 1937. In 1949, Morris
and Morris designed the ’animal trap’ which had the shape of a sheep or goat.

They used this type of trap against the riverine species, G. palpalis and G.

‘tachinoides, in West Africa, and they recommended its use in combination with

other methods of tsetse control (Glasgow and Potts, 1970).

Work on the design of more efficient traps led to the development of the
biconical trap (Challier and Laveissiere, 1973), which produces a visual stimuli by
contrasting the white, blue and black surfaces. This trap has proved to be
effective for a wide range of tsetse species and has been used extensively in
Africa for control and ecological studies (Allsop, Hall and Jones, 1985; Vale et
al., 1985; Jordan, 1986). Recent research has led to trap designs which have
shown marked improvements in fly control for the various species in different
ecological zones (Vale, 1982c; Brightwell, Dransfield, Kyorku, Golder, Tarimo
and Mungai, 1987).
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e) Combination of traps, screens and targets and odour

Experiments done by Laveissiere et al, (1981) showed that, biconical traps
impregnated with insecticides had a potential for the control of linear infestations
of the palpalis group in Burkina Faso. This method has been used successfully in
Nigeria and Burkina Faso, to suppress fly populations before the release of ster-
ile males in the sterile insect technique (Allsop, 1984).

In the non-linear savanna habitat occupied mainly by the morsitans group,
the efficiency of traps has been shown to increase if natural host odour, carbon
dioxide and acetone are included in the setting of the trap (Vale, 1974a; Vale and
Hargrove, 1979; Vale, 1980). Octenol, a component of the cattle odour has shown
to be potent olfactory attractant for some Glossina species (Bursell, 1984; Hall,
Beevor, Cork, Nesbitt and Vale, 1984) and this has led to the manufacture of
synthetic odours, and at the moment acetone and phenols are in use.

The concept of combining traps with attractants is currently being widely
applied in tsetse control  programmes. Odour-baited visually attractive
insecticide impregnated targets were used to completely eradicate G. m.
morsitans and G. pallidipes from an island in Lake Kariba (Vale and Hall,
1985a,b), while odour-baited traps have been used to reduce the fly population
(dominantly G. pallidipes) by over 90% at Nguruman, Kenya (Dransfield,
Williams, Brightwell, 1991). The use of targets and screens on the 600 km2 Rifa
triangle in Zimbabwe reduced the population of G. m. morsitans and G. pallidipes
drastically (Vale, Flint and Hall, 1986).

Recent approaches have been made towards techniques which not only
involve the capturing, but also sterilizing and releasing the captured flies instead
of killing them, basing on the principle that, the female only mates once (House,

1982; Vale, 1982c). The costs of such complex methods in comparison to simple
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traps and targets need critical evaluation before they are adopted into tsetse

control programmes.

f) Biological control

Biological control involves the use of predators parasites or pathogens for the
control of Glossina species (reviewed by Nash, 1970; Laird and Simmonds, 1977).
The method is specific and non contaminating. Most research in this aspect has
been carried out on the insect predators. The genus Nesolynx has been used in
attempts to control Glossina species in Malawi in 1925, Nigeria, and Tanzania.
The largest release was in Tanzania in 1933 in which 13.75 million Nesolynx were
released with poor results (Jordan, 1986). Further research into both fly
predators and pathogens with attention to mass production and
commercialization with hopes of incorporating them into the integrated tsetse
control approach has been suggested (Laird and Simmonds, 1977), but again, the

cost of such technology must be considered as it may be prohibitive.

g) Pheromones

In the tsetse fly, the pheromones (sex hormones) are non volatile and species

specific. The principle behind their use is that the odour stimuli attracts the fly a

point where they are visually attracted to the decoys placed on the targets and in

an attempt to copulate with them, they receive a ’dose’ of the chemosterilant.
This method may provide a highly specific way of autosterilization for

particular Glossina species (Langley, Trewern and Carlson, 1982).
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h) Genetic control

The aim of this method is to control Glossina populations by suppressing or
decreasing significantly the population of the fertile females in the wild. Large
numbers of males are reared and sterilized using a chemosterilant or irradiation,
and then released to mate with the wild females. Sterilization involves the
induction of dominant lethality in the male gametes. The sperms appear normal
but suffer chromosomal damage that arrests cell division at some early stage in
the life cycle. As mentioned earlier, the female mates only once (Dame, 1970)
and, therefore, when it mates with a sterile male it becomes infertile for the rest
of its life.

The success of the sterile insect technique (SIT) depends on, the number
of the males released, their ability to compete with the wild males and to dis-
perse in a given habitat (reviewed by Knippling, 1982; Oludunmade, Takken,
Dengart, Tenabe, Feldman and Hamman, 1977). The release patterns in any
programme are dictated by the density of local populations and the behavioural
characteristics of the target species as the method is species specific. The
population density of the target species should be reduced with some other
method (traps, targets or residual insecticide spray) prior to the release of the
sterile males. Experimental work in Nigeria showed that the method was most
effective when the ratio of the sterile to the natural flies was 10:1 (Oludunmade,
Takken, Dengart, Tenabe, Feldman and Hamman, 1977). The advantage of this
method is that the control effort becomes more effective as the programme
proceeds due to decrease in the natural population following an increase in the
ratio of the sterile to wild males with time (Dame, 1970).

Field trials performed in Burkina Faso on the riverine species (Politzar

and Cuisance, 1982) and in Tanzania on the savanna species (Williamson, Dame,
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Gates, Cobb, Bakur and Warner, 1983), showed that, in combination with other
methods, the sterile insect technique was able to achieve local eradication in lin-
ear habitats. In Burkina Faso, the study was reinforced with residual insecticide
and biconical traps, while in Tanzania, two non-residual applications of
endosulfan were performed before the release of the males. In both trials, the
experimental areas were isolated by cleared barriers. Localized eradication was
achieved in Burkina Faso, while in Tanzania, the barriers proved inadequate

resulting to reinvasion.

i) Insecticide application

The principal method of tsetse control has been the use of insecticides (reviewed
in FAO, 1977; MacLennan, 1981). For effective control the habitat must be
made lethal for periods longer than the pupal duration (Jordan, 1986). The
insecticides used fall into two categories, residual and non-residual.

Residual insecticides are applied by ground spraying and to a less extent
aerial spraying. The insecticides that have been used are DDT and more recently
dieldrin. Residual insecticides have persistent effects and thus need only single
applications. Hand-operated spraying machines are employed to apply the
chemical to the tsetse habitat. Ground spraying is cheap, has less environmental
contamination but requires thorough knowledge of the tsetse ecology (Burnett,
1970; MacLennan, 1967; Davies, 1971).

Non-residual insecticides are applied by aerial spraying. They are not
persistent and, therefore, require repeated applications (FAO, 1977; MacLennan,
1981). Currently endosulfan is the most commonly used insecticide and is applied
using Ultra-Low-Volume techniques (ULV). Recent advances in the technology

of aerial spraying have resulted in better use of insecticides by using fixed wing
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aircraft for the savanna species and helicopters for tsetse inhabiting galleries
(Lee, Parker, Baldry and Molyneux, 1978; MacLennan, 1981). The choice of the
method of application, equipment and material used depend on the nature of the
habitat and the topography (FAO, 1977). The major disadvantages of aerial
spraying are that it is expensive and has environmental effects on the fauna and
flora. However, these environmental effects appear to be transient and do not
last for more than a year (Jordan, 1986).

Although no resistance to the organochlorides has been reported (FAO, 1979),
efforts are being made in search of alternative compounds with less persistence
in the environment and lower accumulation in animal tissues. More recent trials
with the synthetic pyrethroids, permethrin, cypermethrin and deltamethrin have
shown that they may replace the organochlorides (Spierberger et al., 1979). In
one of these experiments, aerial application of deltamethrin in 0.75% ULV
eradicated G. p. palpalis and G. tachinoides from 360 km?2 of riverine vegetation
in Nigeria. Deltamethrin trials for control of G. tachinoides have also achieved
acceptable levels in Burkina Faso (Baldry et al., 1981). The use of the synthetic
pyrethoids for aerial application may be at the moment hampered by their high
cost.

The various insecticides used for tsetse control can have some adverse
environmental effects. Destruction of birds and wildlife have been noticed after
the use of organochlorides in tsetse control operations (Koeman and Hadden,
1968; Langridge and Mgutu, 1968). Residual spraying of a single heavier dose of
insecticide to a selected part of the vegetation is more likely to have a greater
impact on the non target organisms than repeated non-residual aerial sprays
(FAO, 1977). Endosulfan is toxic to fish, while deltamethrin is toxic to fresh

water crustacea, a factor that should be considered when planning control
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operations near rivers and lakes. However, the above effects appear to be
transient and they do not usually last for more than one year (Jordan, 1986).
Dipping of cattle in insecticides has been mainly practised for tick control.
However, some workers in Zambia noticed that, the use of deltamethrin in dips
reduced the incidence of trypanosomiasis in cattle from 40% to 5%, in addition
to the reduction in tick challenge (Chizyuka and Luguru, 1986). Application of
pour-on formulations of these synthetic pyrethroids (flumethrin and
deltamethrin) on cattle to assess their efficiency as mobile targets, is being tested
in various parts of Africa. Marked decrease in the disease incidence and higher
body weight gains have been achieved using flumethrin in high tsetse challenge
areas in Kenya (Lohr, Omukuba, Njogu, Maloo, Gishemba, Okedi and
Mwongela, 1991) and Burkina Faso (Bauer, Kabore, Liebish, Meyer and
Petrich-Bauer, 1992) and under low tsetse challenge in Zanzibar (Schoenfield,
1988). Similar results with deltamethrin have been reported in several parts of
Southern Africa with varying tsetse challenge (Thompson, 1991) and under high
challenge in Kenya (Stevenson, Munga, Makumi, Baylis and Alushula, in press).
In conclusion, many different methods have been attempted for tsetse
control, but the recent use of insecticides applied to traps and targets may
provide a simple and environmentally safe method for some fly species, while the
treatment of cattle with the insecticides either as dipwash or a pour-on

formulation may effectively reduce the disease incidence in cattle.

1.52 CHEMOTHERAPY
At present, the development of a vaccine against trypanosomiasis is hindered by
the phenomenon of antigenic variation (Murray and Urqurhart, 1977). Vector

control methods are expensive to initiate and difficult to sustain. Only 10.7
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million cattle representing 24% of the total population in the tsetse-infested
areas are regarded as trypanotolerant (Hoste, Chalon, d’Iteren and Trail, 1989),
and they are mainly confined to West and Central Africa (ILCA, 1979).
Therefore, the use of trypanocidal drugs still plays a major role in the control of
the disease.

The first use of drugs was described by Plimmer and Thompson (1908)
who showed that, tartar emetic (potassium antimonyl tartrate) cured mice
infected with T. evansi or T. brucei. This observation led to the first application of
chemotherapy to bovine trypanosomiasis. Intravenous administration of the drug
in Tanzania, Rhodesia and Zululand demonstrated the efficacy of the drug
against T. congolense and T. vivax (Bevan, 1928). In 1938, Browning and his col-
leagues showed that phenanthridines also had marked activity against T.
congolense. Further research led to the release of quinapyramine (Davey 1950),
homidium (Watkins and Woolfe, 1952) and later diminazene (Jensch, 1955).

Until the recent release of melarsenoxyde cysteamine (MelCy,
CymelarsanR, Rhone Merieux) for the treatment of 7. evansi in camels
(Raynaud, Sones, Friedheim, 1989), no new trypanocidal drug had been released
for the last 30 years mainly due to the high costs of drug development and limited
trypanocidal market (Murray et al., 1991). By 1980, it was estimated that it would
cost about $20 to $30 million to make a new trypanocidal drug (Williamson,
1980). The market for trypanocidal drug is potentially large but is made up of
countries with unreliable economies and political stability (Williamson, 1976).

At present, the use of drugs is faced with two problems, namely, the lack
of new trypanocides and the development of resistance by the trypanosomes to
the existing ones. If effective use of the current drugs is to continue, well

co-ordinated programmes on surveillance and testing or screening for drug

34



resistance need to be implemented (Leach and Roberts, 1981; FAO, 1979).
Tacher (1982) estimated that 25 million doses of trypanocides are administered
annually despite the fact that, there are about 50 million cattle, 40 million goats
and 30 million sheep exposed to the disease. Even if the animals were to be
treated only twice per year, about 240 million doses would be required or even
more considering that there are also 12 million camels exposed to the disease
(Murray et al., 1991).

There is a big gap between the number of treatments required and
number of treatments actually performed due to logistic and financial problems
such as the high drug costs, lack of funds to implement control programmes, lack
of well trained personnel, lack of the infrastructure required for drug
administration and erratic supplies of drugs (MacLennan, 1981; Holmes and
Scott, 1982; Murray and Gray, 1984).

Chemotherapy and chemoprophylaxis can be effective and economical if
managed and used in an organized system (Leach and Roberts, 1981). In areas of
high tsetse challenge, drug use should be accompanied by vector suppression
(Finelle, 1976). The choice of practical and effective therapy or prophylaxis de-
pends on the type of animal husbandry. Mass curative treatment and strategically
timed prophylaxis have been advocated (MacLennan, 1981). This should be ac-
companied with regular surveillance for infection in the entire group. The
frequency of treatment depends on the level of challenge to which the animals
are exposed.

A chemotherapeutic strategy is indicated for animals in an area of light
tsetse challenge or in cattle no longer exposed to the disease risk following
complete withdrawal from an endemic area (MacLennan, 1970). Where seasonal

transhumance is practised, prophylactic treatment should be given to cattle
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before they move into the tsetse-infested area, while curative treatment should
be performed as soon as the cattle are back to the tsetse free area (FAO, 1979).
Such curative treatment is important in preventing mechanical transmission of
infection (FAO, 1979; Gray, 1983).

For cattle maintained in endemic areas in farms and ranches with good
veterinary supervision, chemoprophylaxis has proved to be successful through
regular monitoring of all animals and a proper drug regime which incorporates a
curative drug at regular intervals (FAO, 1979; Finelle, 1976; Holmes and Scott,
1982; Trail, Sones, Jibbo, Durkin, Light and Murray, 1985). Chemoprophylaxis is
also indicated for animals trekking to market through tsetse-infested stock
routes. In nomadic areas, prophylaxis is difficult since it requires trained staff, re-
liable transport and easy access to the animals (Jordan, 1986). Trypanosomiasis
control using prophylactic drugs must be accompanied by a constant surveillance
for drug resistance.

Successful maintenance of herds of cattle economically in tsetse-infested
areas of using strategic treatment has been reported in Kiburine Ranch (Wilson,
Le Roux, Paris, Davison and Gray, 1975b), Kilifi Plantations (Wissocq, Trail,
Wilson and Murray, 1983) and the Galana Ranch (Wilson, Njogu, Gatuta,
Mgutu, and Alushula, 1983; Njogu, Dolan, Sayer, Wilson and Alushula, 1985a) in
Kenya, Mkwaja Ranch in Tanzania (Trail et al., 1985), Mali (Logan, Goodwin,
Tembely, and Craig, 1984) and under village husbandry in Muhaka, Kenya coast
(ILCA, 1986a,b).

The strategic chemoprophylactic trials in areas of low to medium tsetse
challenge on the Galana Ranch in Kenya between 1982 and 1983, showed a 60%
reduction in drug costs (Njogu et al, 1985a). Similarly the studies on cattle

under village husbandry system at Muhaka on the Kenyan coast, indicated that,

36



strategic use of drugs reduced the disease incidence by 39%, increased the
productivity of the breeding cattle by 20%, and had significant effect on post
weaners daily liveweight gains (Maloo et al, 1987; 1988). Bourn and Scott (1978)
reported successful maintenance of 450 draught oxen in the Angar-Gutin
settlement scheme, an area of high tsetse challenge, by the use of trypanocidal
drugs and good veterinary supervision. The strategic use of isometamidium
(SamorinR, RMB) and diminazene (BerenilR, Hoechst) has enabled the
maintenance of Boran cattle in Mkwaja Ranch an area of high challenge to attain
levels of productivity close to those of Boran cattle reared in tsetse-free areas
(Trail et al., 1985).

In areas of low tsetse challenge and with good organization which enables
examination of individual animals, strategic use of therapeutic trypanocidal
drugs has been successful. Therapeutic strategic treatment with diminazene
aceturate (BerenilR, Hoechst) has been used to maintain a dairy herd of over 800
cows in Kilifi Plantation for over 20 years. The animals were bled regularly and
treatment was given to those with a PCV of less than 30% (Wissocq et al., 1983).
Before the adoption of this system, the cattle had previously experienced

constant severe abortion storms associated with trypanosomiasis.

a) Trypanocidal drugs available currently

The drugs in current use for the treatment of animal trypanosomiasis are shown
Table 1.2. Drugs vary in effectiveness to different species of trypanosomes and it
is important to identify the most prevalent trypanosome species in an area before
the selection of the drug is made. In the case where mass treatment is to be done,
random examination of samples from a representative group of animals

preferably by the DG technique (Murray et al., 1977) which enables species
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Table 1.2

Drugs used for the treatment of trypanosomiasis in domestic animals.

Compound Generic name Action Susceptible trypanosomes
Diamidines Diminazene aceturatel Curative T. vivax, T. congolense
(T. brucei, T. evansi).
Phenanthridiums Homidium bromideZ2 Curative T. vivax, T. congolense.
Homidium chloride3 Curative T. vivax, T. congolense.
Isometamidium chloridet Prophylactic T. vivax, T. congolense
(T. brucei).
*Pyrithridiums Curative T. vivax, T. congolense
Prophylactic
Quinoline Quinapyramine Sulphate®.7 Curative T. evansi, T.equiperdum,
Pyrimidine T. brucei (T. vivax,
group T. congolense).
Quinapyramine38
Sulphate:Chloride Prophylactic As for the sulphate
(3:2 w/v)
Napthalidines Suramin? Curative T. evansi, T. brucei,
T. eguiperdum.
Arsenicals Melarsenoxydel0 Curative T. evansi, T. equiperdum

cysteamine (MelCy)

T. brucei.

Parentheses indicate species less susceptible to the drug.

1BerenilR, Hoechst, W.Germany
2EthidiumR, CAMCO, U.K.
3NovidiumR, RMB, U.K.
4samorink, RMB, U.K.
SProthridiumR, May and Baker.

*Not currently in market.

éTrypacideR, RMB, U.K.

7TrypamidiumR, Rhone Merieux, France
8Trypacide ProsaltR, RMB, U.K.
9NaganolR, RMB, U.K.
10cymelarsank, Rhone Merieux, France
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identification, may be necessary. The use of homidium bromide in a T.
congolense area in Nigeria resulted in the development of resistance
(Killick-Kendrick and Godfrey, 1963). This is because at normal curative doses
homidium bromide is more effective against 7. vivax , a factor which had been
overlooked. Scott and Pegram (1974) made similar observations with homidium
bromide in Ethiopia. Thus, where mass treatment has to be given for a long
period, it is important to determine the prevailing infection rate and sensitivity of

the parasites to the drug in use.

b) Drug resistance

Drug resistance has been referred to as the ability of formerly exposed
trypanosome strains to survive despite the administration of a drug at doses equal
to or higher than the recommended dose (Schillinger, 1984). It has been
associated with several factors such as, the incorrect dosing following poor body
weight estimation or miscalculation of the dosage, irregular treatments with
prophylactics and high incidence of the disease (Whiteside, 1962a).

Resistance to trypanocidal drugs has been encountered in various parts of
Africa. Diminazene resistant 7. vivax strains have been reported in East Africa
(Mwambu et al., 1971a,b; Mbwambo et al., 1988; Njau et al., 1983) as well as in
West Africa strains (Jones-Davies, 1967a,b; Graber, 1968, Gray and Roberts,
1971; MacLennan and N’Isa, 1970; MacLennan, 1971, 1972). Resistant T.
congolense strains have been reported in East Africa in Kenya (Gitatha, 1979)
and West Africa (Jones-Davies, 1968; Clausen, Sidibe, Kabore, Bauer, 1992).

Homidium resistant 7. congolense strains have been reported in Kenya
(Gitatha, 1979), Ethiopia (Scott and Pegram, 1974) and Sudan (Gadir, Tahir,

Razing and Osman, 1972). A few cases of isometamidium resistance have been
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reported in Kenya (Gitatha, 1981; Dolan, Stevenson, Alushula and Okech, 1992),
Ethiopia (Bourn and Scott, 1978), Ivory Coast (Kupper and Wolters, 1983) and
Burkina Faso (Pinder and Authie, 1984; Clausen, Sidibe, Kabore, Bauer, 1992).

Drug resistant trypanosome strains can be transmitted cyclically by the
tsetse fly and retain their drug resistance and pathogenicity. They can persist in
an area after cessation of drug treatment and even after removal of all the
domestic livestock (Gray and Roberts, 1968, 1971). In the field, if cattle are
withdrawn from an area and use of drug in question is stopped, drug resistant
strains of T. congolense and T. vivax tend to disappear from the tsetse within six
to nine months (Whiteside, 1960b).

Occurrence of drug resistance sometimes can be controlled by designing a
programme involving the alternate use of trypanocidal drugs, for example,
quinapyramine/diminazene/isometamidium/diminazene. The alternate use of
diminazene and isometamidium has been recommended in the field (Finelle,

1974).

¢) Cross resistance
Cross resistance refers to the situation where one strain of trypanosome resistant
to one trypanocide is also resistant to another trypanocide even though it might
not have been exposed to the latter.

Extensive cross resistance studies were done in Kenya by Whiteside in the
1950’s using strains of T. vivax and T. congolense (Whiteside, 1960b). He showed
cross resistance was not related to chemical structure, e.g., there was cross
resistance between homidium and quinapyramine. He also demonstrated that
trypanosomes resistant to quinapyramine were resistant to diminazene aceturate.

He used the term ‘sanative’ pairs to refer to pairs of drugs that do not induce
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Cross resistance to each other. The two sanative pairs are
homidium/diminazene and isometamidium/diminazene.  Currently, cross
resistance has been avoided by the use of sanative pairs of drugs. However,
recently, some 7. congolense strains have been reported to show cross resistance
between isometamidium and diminazene (Pinder and Authie, 1984) and
between isometamidium, homidium and diminazene in West Africa (Clausen et

al., 1992)

d) Drug stimulated immunity
It has been observed that animals exposed to an infection-treatment regime are
cured of the infection and also develop a substantial degree of acquired immu-
nity. Bevan (1928) was the first to describe this type of immunity after treatment
of cattle with tartar emetic and called it ’tolerance’. Field studies by Soltys (1955)
in East Africa, demonstrated acquired immunity to T. congolense following a
prophylactic regime of quinapyramine.

Further field studies by Whiteside confirmed this observation (Whiteside,
1962). Cunningham (1968) demonstrated that under experimental conditions
cattle acquired an immunity to a single strain of 7. b. brucei following infection
and a single curative dose of diminazene aceturate. Wilson et al., (1975a,b,; 1976)
conducted a series of experiments to examine the development of immunity in
the field using different trypanocidal regimes. It was observed that the group
treated with diminazene on individual basis had partial immunity after two
years, while the group treated on a herd basis developed no immunity. The group
under isometamidium treatment developed a higher degree of immunity and had
better performance than the others. This work showed that provided a carefully

planned drug regime was used, development of immunity was not a prerequisite
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for the successful maintenance of cattle in a tsetse-infested area. They also
observed that on withdrawal of the drug the incidence of the disease became
more frequent suggesting that the immunity was short-lived.

Laboratory experiments on cattle primed by cyclically-transmitted fly
infection with clones of T. congolense and treated with diminazene aceturate
(BerenilR, Hoechst) after three or four weeks showed that the animals became
immune to cyclically-transmitted challenge with homologous clones three to five
weeks later as, judged by the lack of development of chancre reactions and

parasitaemia (Akol and Murray, 1983).

e) Recent approaches to chemotherapy
As mentioned above the use of drugs is faced with the problem of drug resistance
and cross resistance. Development of new drugs belonging to other chemical
groups and acting in different ways is urgently required. Such new compounds
| should be highly active, have low toxicity and should not have any structural
relationship with the existing drugs (FAO, 1979). The development of new
trypanocides requires detailed knowledge of comparative biochemistry of the
host and parasite and mode of action of the existing drugs.

Various approaches have been made towairds the development of new
compounds. Research is being carried out on parasite biochemistry with the
hopes of identifying trypanosome specific metabolic pathways not found in the
host which may be vulnerable to attack by enzyme inhibitors, such as
diflouromethylornithine (DFMO) and salicyl hydrdxarnic acid (Croft, 1986;
Jennings, 1988). Recent studies on trypanothione metabolism in trypanosomatids
indicate that the enzyme trypanothione reductase may be a target for the design

of new trypanocidal drugs (Henderson and Fairlamb, 1987).
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The complexing of the current drugs with dextran has also been
attempted. Aliu and Sannusi (1979), reported prolonged prophylaxis and reduced
skin reaction with isometamidium-dextran complex. Liposomal delivery systems
of drugs have shown success in the treatment of leishmaniasis (Croft, 1988). This
approach has been suggested for trypanocidal drugs. A twelve months study on
liposomal formulations of diminazene aceturate, homidium chloride and
isometamidium chloride, showed that this approach may provide new means of
improving the activity of the few drugs currently available (Fluck and Hopkins,
1987). The slow release technology aimed at making slow release formulations of
both the prophylactic and curative drugs has been suggested as an area for future

research.

1.5.3 GENETIC RESISTANCE

The current methods for control of animal trypanosomiasis methods by
chemotherapy and vector control are faced with several limitations which include
the high cost of implementation and lack of trained man power. Vector
eradication has been successful where small areas are involved but at the
continental level it cannot be extended to the whole of tsetse-infested Africa
(Jordan, 1985). Chemotherapy and chemoprophylaxis are applicable in low and
to an extent in medium tsetse challenge areas but under high challenge, the high
frequency of treatments may lead to drug resistance (Holmes and Scott, 1982;
Kupper and Wolters, 1983; Pinder and Authie, 1984). Attempts to produce a
vaccine are not promising due to the ability of the parasite to undergo antigenic
variation (Gray and Luckins, 1976; Cross, 1977; Vickerman, 1984). There is
therefore the need to develop other methods which may enable more efficient

utilization of the vast tsetse-infested areas of Africa. This has led to the need for
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investigation into the possibility of exploiting cattle breeds that appear naturally
resistant to trypanosomiasis.

Genetic resistance to African trypanosomiasis occurs in certain breeds of
livestock and many species of wildlife (reviewed by Murray et al., 1982; Murray,
Trail and Grootenhuis, 1984). There is no standard definition of
trypanotolerance. Pagot (1974) defined trypanotolerance as the racial aptitude
of cattle allowing them to maintain themselves in good condition and reproduce
without showing signs of the disease. Trypanotolerance has also been defined as
the ability of certain breeds of cattle, sheep, goats as well as some species of
wildlife to survive and reproduce in endemic fly infested areas without the aid of
chemotherapy, while other breeds cannot (Murray et al., 1982). Trypanotolerance
is not absolute since in some cases, infections in animals considered

trypanotolerant may cause severe disease (Murray et al., 1982).

a) Evidence of genetic resistance in cattle in West Africa

Pierre (1906) observed that certain breeds of West African livestock could
survive in tsetse-infested areas. Further laboratory and field experiments by other
workers confirmed this observation (Stewart, 1951; Chandler, 1958; Desowitz,
1959). Since then there have been several breed comparison studies in which the
superior resistance of the N'Dama and the West African Shorthorn over the
Zebu have been reported (Murray et al., 1982; Roelants 1986).

Experimental fly challenge with wild caught tsetse flies to the N’Dama,
Muturu and Zebu which had never been previously exposed, showed that all
cattle had constant parasitaemia early in the infection but as the infection pro-
gressed, most taurines had slightly lower levels than the Zebu (Stephen, 1966;

Roberts and Gray, 1973). Based on the weight loss, degree of anaemia, and
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survival, the N'Dama and Muturu showed a superior resistance than the Zebu.
Similar observations were made in later experiments under natural tsetse
challenge (Toure, Gueye, Ba and Mane, 1978; Murray, Clifford, Gettinby, Snow
and Mclntyre, 1981a; Roelants, Fumoux, Pinder, Quival, Bassinga, and Authie,
1987) and by syringe needle inoculation of trypanosomes (Murray, Murray,
Wallace, Morrison, and Mclntyre, 1979a; Saror et al., 1981).

Using natural field challenge, Murray et al., (1981a) exposed two groups
each of ten young adult female animals of the N'Dama and Zebu breeds which
had no previous exposure. All the Zebu died within eight months, while only
three N’Dama, which were lactating and suckling calves died between eleven
and fourteen months after the initial exposure. Less severe anaemia, lower
intensity and a shorter duration of parasitaemia were observed in the N’'Dama.
There were no abortions in the N'Dama as compared to the Zebu where
abortions occurred in early and late pregnancy.

Previously, trypanotolerant cattle breeds have been regarded as
non-productive due to their small size (Stephen, 1966). It was believed that their
trypanotolerance was restricted to local trypanosome populations and that they
would become susceptible if moved to distant tsetse-infested areas and exposed
to different trypanosome strains. However, recent surveys have been done on
trypanotolerant livestock in 18 countries in West and Central Africa in which
indices of productivity were examined using all the basic production data from
different regions with differing management systems and different levels of
challenge. The results indicate that in areas of no or low tsetse challenge the
productivity of the N'Dama and the West African shorthorn was equal to that of
the Zebu (ILCA, 1979). There were no comparative data from the high tsetse

challenge areas since only the trypanotolerant cattle breeds could survive.
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Field studies in The Gambia on the milk production potential of the
N’Dama have shown that, a N'Dama cow with an average weight of 225 kg, and
constantly exposed to trypanosomiasis risk and difficult nutritional conditions,
can produce a calf every 18 to 20 months, raise the calf to 60 kg in 10 months and
yet produce over 320 kg milk with 5% fat (Agyemang, Jeanin, Grieve, and
Dwinger, 1987), a level of production which was higher than previously thought.

Evidence that trypanotolerance is not due resistance acquired to local
trypanosome populations has been provided by the successful establishment of
trypanotolerant breeds like the N'Dama and Lagune from West Africa in distant
tsetse-infested areas of Central Africa (Mortelmans and Kageruka, 1976; ILCA,
1979; FAO, 1987).

b) Evidence of genetic resistance in cattle in East Africa
Differences in susceptibility to trypanosomiasis among breeds in East African
cattle have not been studied to the same extent as in the Bos taurus in West
Africa. The first reports of East African cattle resistant to trypanosomiasis were
made by Balfour (1913) in Sudan and later, similar observations in the same area
were reported by Archibald (1927) who described the ability of some Bos indicus
cattle to survive and reproduce under trypanosomiasis challenge without drug
treatment. Later, studies by Cunningham (1966) on Zebu cattle around Lake
Victoria demonstrated a 30% prevalence rate of trypanosomiasis and
neutralizing antibodies in 90% of the Zebu cattle examined and, he also noted
that the parasitaemic animals were in good body condition, suggesting a degree
of reduced susceptibility.

A comparative study on Bos indicus cattle involving two groups of Zebu

cattle from tsetse endemic areas of Kenya with Boran and Ayrshire cattle which
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had no previous exposure, using needle challenge with T. congolense, showed that
the Ayrshire developed a rapid and severe anaemia and were all dead within
eight weeks after infection (Monirei, Murray, Whitelaw, Trail, Wissocq, and
Chema, 1982). On the other hand, the development of anaemia in the other
breeds was gradual and of a severe degree. There were no differences in terms of
the degree of anaemia, level of parasitaemia or in survival between the two
groups of the East African Zebu and the Boran. These results indicated that the
Ayrshires were more susceptible than the other breeds.

Between 1972 and 1978, a six year epidemiological study was conducted
at the Kilifi Plantations (Kenya coast) an area of low tsetse challenge, on a dairy
herd of 800 breeding animals consisting of two genotypes, 1/3 Ayrshire x 2/3
Sahiwal and 2/3 Ayrshire x 1/3 Sahiwal (Wissocq et al, 1983). The entire herd
was bled four to five time per year and animals with a PCV of less than 30% were
treated with diminazene (BerenilR, Hoechst) or homidium chloride (NovidiumR,
RMB) irrespective of the detection of parasitaemia. The results showed that, the
1/3 Ayrshire x 2/3 Sahiwal required less than half the number of trypanocidal
drugs treatments needed by the other group during one calving interval of
thirteen months. The increased resistance was not associated with decreased
productivity, assessed in terms of milk production and calf viability. This work
demonstrated that even a small degree of resistance may be exploited in areas of
low tsetse challenge.

Field studies done under medium to high natural tsetse challenge on the
Galana Ranch in Kenya for over ten years have shown that, the Galana Boran is
more susceptible to trypanosome infections than the Orma Boran (Wilson,
Njogu, Gatuta, Mgutu, and Alushula, 1983; Njogu, Dolan, Wilson, and Sayer,
1985a,b; Dolan, Njogu, Sayer, Wilson, and Alushula, 1985). It was found that the
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Orma Boran had a longer prepatent period, lower disease incidence and
required fewer trypanocidal drug treatments. Laboratory studies using needle
and fly challenge with both T. vivax and T. congolense, showed that, basing on
severity of clinical responses, intensity of parasitaemia, severity of anaemia,
ability to gain weight and number of trypanocidal drug treatments required, the
Orma Boran appeared to be more resistant to trypanosomiasis than the Galana
Boran (Ishmael, Njogu, Gettinby and Murray, 1985; Ishmael, 1988).

The above observations provide evidence of variation in susceptibility to

trypanosomiasis among Bos indicus cattle breeds in East Africa.

¢) Resistance in sheep and goats
The epidemiology of trypanosomiasis in sheep and goats is similar to cattle with
the dwarf indigenous breeds being more resistant than the larger imported
breeds. In West Africa, Djallonke sheep were found to be more resistant than the
Fulani sheep to syringe passaged T. congolense infections (Toure, Seye, Dieye
and Mbengue, 1983). In East Africa, the indigenous sheep (Red Maasai and the
Blackhead Persian) and goats (Galla and East African) have been shown to be
more resistant than the imported breeds (Merino sheep and Saanen goats) to
syringe passaged T. congolense and also under field challenge (Griffin and
Allonby, 1979a,b). No significant differences in susceptibility were demonstrated
among the East African Galla goats and their crosses with either Nubian or
Toggenburg, following fly and needle challenge T. congolense (Whitelaw, Kaaya,
Moulton, Moloo and Murray, 1985). This was attributed to the high virulence of
the parasite strain used.

Comparative studies on indigenous goat breeds from three different tsetse

endemic localities in East Africa (Morogoro, Arusha and Lambwe Valley) and

48



one tsetse free area (Imbo, Central Nyanza, Kenya) to needle challenge with T.
congolense indicated that the Morogoro goat was most resistant, the Arusha and
Lambwe Valley intermediate, while the Imbo was most susceptible (Mutayoba,

Gombe, Waindi and Kaaya, 1989).

d) Resistance in wildlife

Wild animals are highly resistant to trypanosome infections and in some cases
completely refractory. This is shown by their ability to survive and reproduce in
areas infested with tsetse flies and subsequent to experimental infection
(Ashcroft, 1959; Murray, Grootenhuis, Akol, Emery, Shapiro, Moloo, Dar, Bovell
and Paris, 1981b; Murray et al, 1982; Murray and Njogu, 1989). Several
parasitological surveys in wild animals in East Africa showed infection rates of
19.5%, with the highest being in the waterbuck and the lowest in the zebra
(Ashcroft, 1959). Following the results of needle challenge experiments
(Ashcroft, Burt, and Fairburn, 1959), wild animals were classified into two
groups, those that usually died of the infection and the less susceptible ones. The
latter group could further be divided into three groups, those that had a
parasitaemia for a considerable period, those with scanty parasitaemias and those
that were refractory to infection.

Using needle challenge and experimental infection with 7. congolense, T.
vivax and T. brucei on the African buffalo, oryx, eland and waterbuck which had
not been previously infected with trypanosomes, it was found out that, all the four
species showed marked degree of resistance to trypanosomiasis as reflected by
the low transient parasitaemias and only minor temporary reductions in the PCV
(Grootenhuis et al., 1982; 1990). Information on the epidemiological role of game

is still scanty. Their characteristic of being less susceptible or refractory to
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infection makes them an important model for the study of the mechanisms of

trypanotolerance.

e) Mechanisms of trypanotolerance and its criteria

Current evidence shows that resistance to trypanosomiasis depends on the ability
of the host to control and reduce parasitaemia, develop a superior immune
response and to resist anaemia (Murray et al., 1982; Black, Sedashonga, Lalor,
Whitelaw, Jack, Morrison and Murray, 1985; Roelants, 1986).

Following an infected tsetse bite a chancre develops and this is where the
parasite replicates before disseminating into the blood stream. The reaction has
been shown to be smaller or less in certain resistant animals than the susceptible
ones (Dwinger, Grootenhuis, Murray, Moloo, and Gettinby, 1986). Comparative
studies on the N’Dama, N’'Dama/Baoule, Baoule and the Zebu, showed that the
local skin reactions in the Zebu were large and severe, while those that occurred
in other breeds were smaller, less severe or mild (Akol, Authie, Pinder, Moloo,
Roelants, and Murray, 1986). However, no differences were observed between
the N'Dama and Boran in the number of chancres or in the kinetics of the
reaction observed clinically (Paling, Moloo, Scott, Gettinby, McOdimba and
Murray, 1991). The wild species have also been shown to exhibit a reduced
number and size of skin reactions in addition to transient reduction in PCV and
reduced parasitaemia (Grootenhuis, Varma, Black, Moloo, Akol, Emery, and
Murray, 1982). It is possible that the factors that regulate the parasite growth and
differentiation could be operative at the skin level and are important in
determining the susceptibility of the host.

Trypanotolerance has also been associated .with the ability of the host to

mount a more superior immune response. Desowitz (1959) demonstrated that
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previously exposed N’Dama cattle were able to eliminate trypanosomes more
rapidly and efficiently than the Zebu following a repeat challenge. Experiments
on mice have shown that resistant strains produce a more persistent antibody re-
sponse to 7. congolense than the susceptible strains (Murray, Morrison, Clifford,
Murray, and Mclntyre, 1981c). In experimental infections with 7. brucei in the
N’Dama and the Zebu, the ability to control anaemia was found to have a
correlation with the ability of the host to recognize at least one of the three
common trypanosome antigens of molecular weights 110, 150 and 300 kDa All
the N’'Dama recognized the three antigens, while none of the Zebu did, thus
demonstrating the superior immune response of the former (Shapiro and Murray,
1982). Recent studies show that, all N’Dama resistant to trypanosomiasis
recognize and produce antibodies against a protein of molecular weight 33 kDa
which the Boran do not (ILRAD, 1991). Characterization of this protein shows
that it is a cysteine protease which may be associated with the activation of the
host immune system to release large quantities of tumour necrosis factor and
interleukins which are capable of producing the clinical signs of trypanosomiasis.

In comparative studies between N’Dama, N'Dama/Baoule, Baoule and
the Zebu to T. congolense infection, there were no significant differences in the
time to detectable parasitaemia, but the taurine breeds showed a better capacity
to control and reduce subsequent waves of parasitaecmia (Akol et al, 1986). This
was attributed to a superior antibody response to the first peak of parasitaemia of
the taurine breeds. It has also been shown that during challenge with captured
flies infected with T. congolense, cattle which recover spontaneously show a more
rapid antibody response and a higher antibody titre to trypanosome variants
present in the first wave of parasitaemia (Pinder, Fumoux, Van Melick and

Roelants, 1987).
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Another explanation to trypanotolerance is that the resistant animals are
less susceptible to immunodepression. A relationship between the
immunodepression and susceptibility has been reported (Selkirk and Sacks,
1980). It was shown that strains of mice of different susceptibilities exhibited
different responses to heterologous antigens. The resistant mice were able to
mount an early IgM response, while the IgM was more rapidly depressed in more
susceptible strains. They concluded that the extent and rapidity of onset of
suppression of IgM responses determined the course of infection.

Infected trypanotolerant animals have been shown to develop less severe
anaemia than susceptible animals. Studies on the kinetics of anaemia in the
N’Dama and Zebu cattle infected with 7. congolense and T. brucei showed that
the degree of anaemia depended on the number of parasites in the blood
(Dargie, Murray, Murray, Grimshaw and McIntyre, 1979; Dargie, 1980). It was
therefore thought that the capacity to control anaemia was due to the ability to
control parasitaemia and not due to innate erythropoietic responses (Dargie,
1980).

Comparative studies on the relationship between anaemia and
parasitaemia in the N’Dama and the Boran following tsetse-transmitted T.
congolense showed that the N’'Dama had a better ability to control anaemia which
improved significantly with consequent challenges (Paling et al, 1991). In this
study the ability to control anaemia was not directly related to the intensity of
parasitaemia.

Trypanotolerance has been suggested to be associated with a reduced
susceptibility to the effects of infection due to some of the physiological factors
possessed by trypanotolerant breeds which aid survival (Murray et al, 1982).

These factors include, a superior adaptation to food utilization, heat tolerance

52



and water conservation but so far, there are no experimental data on these
parameters.

Analysis of over 22,600 samples from various parts of Africa, showed that
tsetse flies have host preferences which are affected by many environmental fac-
tors (Weitz, 1963). The colour, size and odour of the host are thought to be
associated with the host preferences. Definite tsetse host preference was
demonstrated in experiments between cattle and oryx (Roberts, Bhoghal and
Karstad, 1980) where it was observed that, five times as many tsetse were
attracted to cattle than to oryx. Whether attractiveness differs between cattle
breeds is not known.

Another possible explanation of trypanotolerance is that such animals are
bitten less by the tsetse probably because they are less attractive as has been
shown for some African wild animals (Murray et al., 1982). This is supported by
the observation that resistant cattle develop parasitaemia when infected tsetse
flies are forced to feed on them under experimental conditions. It has been
thought that resistant animals may be more efficient at preventing the flies from
feeding on them by tail flicking or neuromuscular twitching (skin rippling move-
ments). This mechanism may be reduced in emaciated cattle or those debilitated
by disease. This may explain the loss of trypanotolerance in such animals
(Murray et al., 1982).

However, from most of the studies carried out among breeds under
natural field challenge and in the laboratory, it has been confirmed the
trypanotolerance of the N'Dama and the West African shorthorn is due to their
ability to resist the effects of infection, i.e., to gain weight and reproduce when
infected with T. vivax, T. congolense or T. brucei (Murray et al., 1982; Murray and

Dexter, 1988). At the same time, anaemia which the most important effect of
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trypanosome infection in cattle (Hornby, 1921; Murray, 1979) has been shown to
be less severe in the trypanotolerant breeds (Dargie, et al, 1979). It was
concluded that, trypanotolerance is probably an innate trait associated with the
capacity to control parasitaemia and resist anaemia and that the ability to resist
anaemia would appear to be related at least in part to the ability to control
parasitaemia.

Most of the above conclusions have been criticized for several reasons.
The previous history of trypanosome infections in the animals used in most of the
studies was unknown (Stewart, 1951; Desowitz, 1959; Toure et al., 1978; Roelants,
1983; Akol et al., 1986). In cases where the animals had no previous exposure, a
uniform challenge among the different animals was not guaranteed (Stephen,
1966; Roberts and Gray 1973; Murray et al., 1981a). In other studies, cattle were
infected by syringe inoculation with bloodstream forms by-passing the skin where
the tsetse deposits the infective organisms, as it has been suggested that, the
initial skin reaction following the tsetse bite is important in determining host
susceptibility (Akol et al., 1986). In majority of the studies, the trypanosomes used
for the challenge had not been characterized in terms of antigenicity and
virulence and probably consisted of a mixture of serodemes.

Récently, in a study where all above variables were eliminated, the
susceptibility of the N’Dama cattle to four sequential fly challenges with different
clones of T. congolense was compared with that of Boran cattle, both reared in
tsetse-free environment under similar management and nutrition (Paling et al.,
1991). The N’Dama were obtained as embryos from donors in The Gambia and
implanted into surrogate Boran mothers in Kenya (Jordt, Mahon, Toure, Ngulo,
Morrison, Rawle and Murray, 1986). The N'Dama gained weight at the same rate

as uninfected control animals, did not develop a severe anaemia to require
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treatment, and the PCV recovered to normal values within two to four months.
Furthermore, the infected females showed normal oestrous cycle activity
(Lorenzini, Scott, Paling and Jordt, 1988). In contrast, all the Boran needed
treatment during the course of the four infections and had markedly reduced
body weight gains. This investigation provided the most complete evidence so far,
on the superior resistance of the N'Dama compared to the Boran.

Trypanotolerance is not a stable character and the degree varies among
breeds and individuals and can be affected by a variety of environmental factors
which include, the degree of tsetse challenge, previous exposure, intercurrent
disease, age, poor nutrition, and any stress such as work, pregnancy, parturition,
lactation and suckling, and poor management (Murray ef al., 1981a, 1982).

The most important factors appear to be the nutrition status and the
trypanosomiasis risk. It has been shown that the lack of adequate nutrition which
is prevalent under field conditions can result in severe anaemia and weight loss in
N’Dama with trypanosomiasis (Agyemang et al., 1990). Results on cattle exposed
to natural tsetse challenge show that as the level of the trypanosomiasis risk
increases, the productivity the trypanotolerant cattle falls and they can suffer
severely from the disease and display the typical signs of wasting, abortion and
even death (ILCA, 1979).

There are several reports indicating that cattle with previous exposure to
trypanosomiasis with or without chemotherapy are subsequently more resistant to
reinfection. This has been confirmed in West Africa in the N'Dama (Chandler,
1958; Desowitz, 1959; Toure et al, 1978 and Saror et al., 1981) and among Bos
indicus breeds in East Africa (Bevan, 1928; Whiteside, 1962a; Wilson et al., 1976;
Bourn and Scott, 1978). Paling et al, (1991) observed that over the course of four

infection periods in N’Dama cattle infected with T. congolense, the overall
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severity of anaemia produced became progressively and significantly less and
therefore concluded that the N’Dama cattle possessed an innate ability to acquire
resistance to the disease as assessed by increasing resistance to anaemia.

There have been few studies on the heritability of trypanotolerance.
Stewart (1951) reported that crossbreeding the N'Dama, Zebu and Ghanian
Shorthorn produced a larger more productive animal that retained its resistance
to trypanosomiasis. Similarly, N'Dama/Zebu crossbreeds retained a significant
degree of trypanotolerance when exposed to natural challenge (Chandler, 1952).
In breeding experiments in the Ivory Coast involving large numbers of N’'Dama
and Jersey, Letteneur (1978) found that the F1 crosses produced an excellent
animal as regards growth and milk production and they retained their tolerance
although the level of tsetse challenge or trypanosome prevalence was not
reported.

Heritability of trypanosomiasis in cattle is not well defined and there have
been no established estimates (Dolan, 1987). It has been shown that the ability
to control parasitaemia and resist anaemia are two factors associated with this
trait. Accumulated evidence also shows that, the severity of anaemia as assessed
by the PCV in infected cattle is correlated with production traits such as
reproductive performance (Trail, Colardelle, d’Iteren, Itty, Jeannin, Maehl,
Nagda, Ordner, Paling, Rarieya, Thorpe and Yangari, 1988). This suggests that
the PCV and parasitaemia during the course of a trypanosome infection might
serve as a selection criteria for trypanotolerance. Recent studies on this aspect in
N’Dama cattle exposed to medium to high tsetse challenge in Zaire and Gabon
(Trail, d'Tteren and Murray, 1991c) have shown that the ability to resist anaemia
and control parasitaemia was associated with performance in both adults and

calves. When all the environmental and parasitaemia information was taken into
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account, the heritability of growth and of average PCV following infection
reached 0.39 and 0.64, respectively, with a genetic correlation of 0.7 between the
two. The results of this work have indicated that the ability to control the
development of anaemia may serve as a reliable criterion of selection for
trypanotolerant individual animals.

In addition to the trypanotolerant trait, the N'Dama has been shown have
a degree of resistance to dermatophilosis (Stewart, 1937; Coleman, 1967),
heartwater, anaplasmosis, babesiosis (Epstein, 1971) and helminthiasis
(Kaufmann, Dwinger, Hallebeek, van Dijk and Pfister, 1992).

Trypanotolerant breeds, however, represent only 6% (10.7 out of 173
million of the total cattle population in the 40 countries where tsetse occur
(IBAR, 1989; Hoste et al, 1989). It has been estimated that 2 million km2 in
West Africa is suitable for trypanotolerant cattle without any additional control
measures (FAO, 1976). This area can attain a carrying capacity of 20 cattle per
km?2 as compared to the present 3.4 cattle per km2. Similar increases would also
be possible for sheep and goats. This means there would be approximately five
fold increase in the total livestock population in this area. It is also believed that
a similar approach might be possible in East Africa a consideration that is the
basis of this thesis.

The use of trypanotolerant breeds is still one of the best approaches to the
control of bovine trypanosomiasis. A complete understanding of the mechanisms
of trypanotolerance and the environmental factors affecting it could lead to
identification of genetic markers for selective breeding of trypanotolerant
livestock or might enable methods to be devised for enhancing resistance to

trypanosomiasis in the more susceptible breeds.
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CHAPTER 2

OBJECTIVES OF THE THESIS
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2.1 INTRODUCTION

2.1.1 BACKGROUND OF THE EPIDEMIOLOGICAL STUDIES AT THE
NGURUMAN ESCARPMENT

In 1983, the International Centre for Insect Physiology and Ecology (ICIPE)
entomology team initiated studies to investigate means of reducing
trypanosomiasis challenge at Nguruman, an area in Southwestern Kenya that is
heavily infested with tsetse flies. Consequently, the team has been carrying out
studies on tsetse population dynamics and looking at methods to develop and
design cheap technology to allow the local Maasai community to control tsetse
flies using odour-baited traps. As a result of their work, precise information is
available concerning the tsetse density and infection rates in the area
(Dransfield, Chaundhury, Tarimo, Golder and Brightwell, 198S; Tarimo, Golder,
Dransfield, Chaundhury and Brightwell, 1985)

In 1987, the Kenya Trypanosomiasis Research Institute (KETRI) initiated
studies on the epidemiology of animal trypanosomiasis in the area, aimed at
improving the disease control. This has mainly consisted of regular monitoring of
livestock belonging to the farmers to determine the disease incidence. At the
same time, an assessment of the use of chemotherapy for the control of the
tsetse-transmitted trypanosomiasis in Maasai livestock and surveys for drug
resistance were made.

Following these preliminary studies, it is now possible to identify with a
degree of certainty the areas with high or low trypanosomiasis risk during

different times of the year.
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2.1.2 BACKGROUND OF TRYPANOTOLERANCE STUDIES CARRIED OUT
BY KETRI
Epidemiological studies done by KETRI on the Galana Ranch over a period of
about 10 years (from 1980 to 1990), have indicated that the Orma Boran cattle
are more resistant to trypanosomiasis than the Galana Boran under natural field
challenge. The Orma Boran cattle were observed to have lower incidence of
trypanosomiasis thus requiring fewer trypanocidal treatments, and had higher
body weight gains (Wilson et al., 1983; Njogu et al, 1985a,b; Dolan et al, 1985).
Later, laboratory studies using needle and experimental fly challenge with
pathogenic strains of T. vivax and T. congolense, confirmed the superior
resistance of the Orma Boran compared with the Galana Boran, in terms of
clinical responses (temperature, heart rate and respiratory rate), intensity of
parasitaemia , severity of anaemia, ability to gain weight and the number of

trypanocidal treatments required (Ishmael ez al, 1985).

2.2 AIMS OF THE STUDY

It is of importance to confirm the possible trypanotolerance of the Orma Boran
in other tsetse-infested areas and to compare it with other local breeds. Such
studies were undertaken at the Nguruman escarpment and the Galana Ranch
with the aims;

1) to compare, under different levels of trypanosomiasis challenge at Nguruman,
the epidemiology of the disease in the Orma Boran with local Maasai Zebu and
Galana Boran and,

2) to compare the epidemiology of the disease in the Maasai Zebu, Orma Boran
and Galana Boran with and without previous exposure at the Galana Ranch. The

results would;
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a) indicate whether the resistance of the Orma Boran was localized to the Galana
Ranch or was more generalized,

b) establish if the farmers at Nguruman would benefit from the introduction of
the Orma Boran in the areas with high disease risk and,

c) gauge the susceptibility of the Maasai Zebu to trypanosome infections in
comparison to the Orma Boran and Galana Boran under different environments

at the Nguruman escarpment and on the Galana Ranch.

2.3 JUSTIFICATION OF THE STUDY

Kenya’s population growth rate is approximately 3.4% and in 1986, it was
estimated that, it will be 35 million by the year 2000 (Anon., 1986). The beef
requirements will be an estimated 540,000 tonnes, but with the present
production systems and the area of land currently utilized, it is projected that, the
country will be able to produce only 420,000 tonnes by then (Anon., 1986).
Similarly, the milk requirements will be more than double the 1986 annual
consumption of 1.6 billion litres.

The arid and semi-arid lands occupy 81% of the country, and are not
suitable for arable farming (KETRI, 1991). About 60% of the semi-arid area
consists of rangelands which form the most suitable area for livestock production.
However, over 50% of these rangelands are infested with tsetse flies with the
consequent risk of trypanosomiasis, a major factor which limits the expansion of
livestock production (Anon., 1986; KETRI, 1991). To meet the above targeted
beef requirements, there is the need to look for methods of either reducing the
tsetse infestation or appropriate trypanosomiasis control to improve livestock
production in these rangelands. One possibility is the utilization of breeds of

livestock that are genetically resistant to trypanosomiasis, in combination with
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established control measures. There is therefore the need to identify local cattle
breeds that may possess this trait and compare their productivity under different

levels of trypanosomiasis challenge in different environmental situations.

62



CHAPTER 3

MATERIALS AND METHODS
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3.1 THE STUDY AREAS
3.1.1 THE NGURUMAN ESCARPMENT
a) General description of the area
The Nguruman escarpment and its environs are located in Kajiado District,
Southwestern Kenya (Figure 3.1). The altitude is about 900 m, while the
escarpment rises up to 1500 m. The Olkirimatian Group Ranch where the studies
were conducted, is situated at the foot of the escarpment and has an approximate
area of 300 km2. The general features and the specific study sites are shown on
Figure 3.2. This ranch is one of the many group ranches set up by the
government in the late 1960’s, as a part of a new approach to transform pastoral
development from nomadic subsistence to a commercially oriented system.

It lies in a semi-arid area falling under the agroecozone V of the Kenyan
ecological zones (Sombroek, Braun and van der Pouw, 1982). There are a variety

of soils but the main ones include alluvial deposits and broken rocky terrain.

b) Vegetation
The main vegetation types in the part of the ranch between the Ewaso Ngiro
River and the escarpment have been described by Dransfield et al, (1985).
Briefly, acacia woodland is found along the Ewaso Ngiro River. On either side of
the river there are open plains consisting of scattered bushes and grassland. To
the west of the river, these are followed by open acacia woodland and then dense
woodland near the base of the escarpment. Open woodland dominates the slopes
of the escarpment except for the narrow belts of dense woodland along several
streams from the escarpment.

The northern region has areas of dense woodland forests stretching from

the river to the base of the escarpment. Several streams from the escarpment
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Figure 3.1 The location of study areas at the Nguruman

escarpment and the Galana Ranch.
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Figure 3.2

Nguruman; the Olkirimatian Group Ranch showing

the low and high tsetse challenge areas, the KETRI

camp and the experimental cattle bomas. (Original

maps courtesy of R. Dransfield and R. Brightwell,

OSCDP)

K- KETRI camp

HC - High tsetse challenge area

LC - Low tsetse challenge area (includes zone
enclosed by the rectangle on either sides of the
river)

T1 - ICIPE fly Transect I (approximate location)

T4 - ICIPE fly Transect IV (approximate location)

BT - ICIPE barrier traps
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drain into the area making it suitable for agriculture, and as a result, there has
been some human settlement with small scale agricultural activities being
practised. Pastures are available for a greater part of the year. However, the area
has a high tsetse density and except for several flocks of sheep and goats, very few

cattle have been kept in this part.

¢) Climate

The average monthly maximum temperature varies between 32 - 370C, and a
mean annual rainfall of 500 - 700 mm. The rainfall is bimodal with the long rains
from March to May and the short rains from late October or early November to

December (Dransfield et al., 1985).

d) Livestock management

Basically, a group ranch normally consists of an area of tribal land allocated to a
number of pastoralist householders who have been its traditional occupants. The
individual family retains its livestock ownership and management, but the
grazing and pasture management policy together with the development of the
ranch, is under the guidance of an elected committee.

For this ranch, the grazing policy rotates very much around the availability
of pastures and the presence of tsetse flies. The strategy is normally is to graze
the cattle where pastures are available avoiding contact with the tsetse flies as
much as possible and preserving other pastures for the dry season. As a result,
the Maasai people in the area practice a seasonal transhumance.

During the rainy season the animals are grazed on the plains to the east of
the river where there is grass and a relatively low trypanosomiasis challenge,

which is confined mainly to the river belt. However, at certain times of the year
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especially after the rains, flies can spread out several kilometres east of the river.
As the dry season advances, the cattle move to the open plains on the west of the
river. In the dry season there is no grass on the open plains (Figure 3.3) and the
animals move to the wooded plains, an area with moderate disease risk.

In severe drought, the cattle are moved into the dense woodlands and the
slopes of the escarpment, areas with high fly density (Figure 3.4). The animals
have to walk for long distances in search for pastures and are often watered only
once every two days. The exposure to the high trypanosomiasis risk accompanied
by malnutrition and the stress of long distance trekking can sometimes result in
heavy mortality. In the 1984 drought, at the end of several years of very dry
weather, the combination of drought stress and trypanosomiasis was considered
to have led to the deaths of about three quarters of the cattle in the area
(Dransfield, Williams and Brightwell, 1991).

The study area has an approximate population of 10,000 cattle, 18,000
sheep, 19,000 goats and 500 donkeys (Anon., 1988). The cattle are predominantly
of the East African Zebu breed, although recently, farmers have started
importing bulls of exotic breeds especially Sahiwal, Boran and their crosses from
commercial beef farms and there is a local livestock development project to
upgrade stock for beef production. In addition, the livestock owners have a
preference for animals with a large stocky conformation. The sheep consist of
the Red Maasai, the Black head Somali and their crosses, while the goats are of
mainly what has been generally referred to by several workers as the local East
African breed (Mason and Maule, 1960; Griffin and Allonby, 1979; Kanyari,
1982; Waiyaki 1985), although many Galla goats are now being introduced.

Cattle are the main source of milk for domestic consumption, while goats

(though also milked) and sheep are the main sources of meat for domestic
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Figure 3.3

Nguruman; a view of the Olkirimatian group Ranch
between the Ewaso Ngiro River and the escarpment,
showing plains (PL), dense woodland forests (DW)
at the base and the open woodlands (OW) on the

slopes. In the foreground are Maasai Zebu cattle

grazing on the almost bare ground in the dry season.

PL - Plains
DW - Dense woodlands
OW - Open woodlands
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Figure 3.4 Nguruman; Maasai Zebu cattle grazing in the
tsetse-infested woodland forests at the base of the

escarpment.
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consumption. Livestock from this area are mainly marketed in Nairobi and its
suburbs.

Donkeys are the only source of animal power and are used for fetching
water, firewood and transportation of household goods during the seasonal

transhumance.

e) Constraints to livestock production

The main constraints to livestock production are believed to be trypanosomiasis,
seasonal lack of pasture and water, inadequate veterinary services and to a less
extent predators (mainly lions on cattle and baboons killing kids and lambs).
About 30% of the cattle were reported to have trypanosomes in their blood
(Tarimo et al., 1985) but more recent detailed epidemiological work by KETRI
indicates that there is great seasonal variation in the different parts of the ranch
(unpublished results).

The tsetse fly species that have been identified here are Glossina pallidipes
and G. longipennis with the former being predominant. Preliminary studies have
indicated that the apparent density varies from 19.4 flies/trap/day in the dense
woodlands at the base of the escarpment to 0.16 near the river. In the same
study, the infection rates were found to be 4.6% for G. pallidipes and 1.6% for G.
longipennis with infections due to T. vivax being higher than 7. congolense
(Tarimo et al., 1985).

There are many species of game which act as hosts for tsetse in the area,
including giraffe, impala, buffaloes, Grant’s gazelle, warthog, zebra, dik dik and
waterbuck. In studies on the feeding pattern of G. pallidipes, analysis of 703
bloodmeal samples showed a high percentage of feeds from the suids (34.9 %),

waterbuck (12.7 %) and buffalo (11.1 %) (Tarimo et al., 1985).
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f) Selection of study areas with differing tsetse challenge
Prominent physical features were used to identify two areas, which from previous
work by the ICIPE entomology team, were known to have either high or low

tsetse fly density.

i) Low tsetse challenge area

This part, represented by the rectangular block on Figure 3.2, was roughly
regarded as the area between the KETRI boma at Oloisinyai to the west and the
ICIPE barrier traps to the east. The northern limit was an imaginary line parallel
to the Olkirimatian-KETRI camp road, but lying about S km to the south of this
road, and extending on both sides of the Ewaso Ngiro River. The southern limit
was the ICIPE sampling transect I and its arbitrary extension to the east of the
river.

The vegetation in this area consists mainly of a narrow belt of woodland
along the river, open plains and open acacia woodland on either sides of the
river. There is more dense woodland towards the ICIPE barrier traps but in the
course of the experiment, grazing into this part was avoided.

The part of this block lying to the west of the Ewaso Ngiro River was
within the tsetse suppression zone, where since 1987, the fly population has been
controlled using odour-baited NG2B traps (Figure 3.5). These traps were
developed at Nguruman (Brightwell et al, 1987) and within eight months
following their installation, the fly population was reduced by 99% relative to
catches outside the control zone. In addition, this control programme has been
able to maintain the fly population always at about 10% of the fly density outside
the suppression area (Dransfield et al., 1991). As described earlier, the fly density

to the east of the river is normally very low and confined to the riverine belt.
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Figure 3.5

Nguruman; the NG2B trap used for tsetse fly control
in the low challenge area. The combination of the
blue and black colours on the cloth acts as visual
attractants, while the cow urine and phenol provide
odour stimuli. The the acetone (a) is dispensed in the
plastic jar with a white top and the cow urine (u) in
the blue topped one. Trapped tsetse flies accumulate
in the white plastic paper bag (b) where they
eventually die.

a - Acetone dispenser

b - Plastic paper bag

u - Urine dispenser
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ii) High tsetse challenge area

This was designated as the area bound by the Ewaso Ngiro River to the east, the
ICIPE sampling Transect IV to the north, and the Magadi pipeline road to the
southwest (Figure 3.2). The actual areas to which grazing was restricted are
shown Figures 3.6, 3.7 and 3.8. The area has dense woodlands which are heavily
infested with tsetse and although pastures are available for most of the year,
livestock owners avoid grazing their animals in this zone. The area has a high
population of wildlife particularly buffaloes. At the time of this study, there was

no tsetse control programme in this part of the ranch.

3.1.2 THE GALANA RANCH
General description of the ranch and the livestock production system
This ranch has been described by several workers (King, Heath and Hill, 1977;
Njogu et al., 1985b; Wilson et al., 1986). Briefly, the Galana Ranch, one of the
largest ranches in Africa, is located in the coastal hinterland of Kenya (Figure 3.1
and 3.9) and occupies 667, 500 hectares lying between 20 and 3°S and 39° and
400E. The mean altitude is 270 m above sea level and the mean annual rainfall
increases from 250 mm in the west to 625 mm near the coastal area. The rainfall
is bimodal with the most of the precipitation occurring between March and April
and the rest between October and November. The western part of the ranch has
an arid climate with a vegetation dominated by shrubs and acacia woodland,
while nearer the coast it changes to semi-arid with a mainly thick coastal bush.
Commercial beef cattle production is the major livestock enterprise.
There are about 20,000 cattle which consist of 16,000 Galana Boran and 4,000
Orma Boran. The Galana Boran are bred-on the ranch, while, the Orma Boran

are purchased from the Orma tribe in the Tana River basin at 12 to 18 months of
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Figure 3.6 Nguruman; details of high challenge area showing
the main block where the grazing was confined to.
K- KETRI camp
B - Cattle boma for the experimental animals

T4 - ICIPE Transect IV (approximate location)
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Figure 3.7

Nguruman; topographical view of the high challenge
area showing the distribution of the densely forested
tsetse habitat.

K- KETRI camp

B - Cattle boma for the experimental animals

T4 - ICIPE Transect IV (approximate location)

DF - Dense forests
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Figure 3.8 Nguruman; aerial photograph of the northern part ot
the grazing block in the high challenge area showing
the distribution of the densely forested tsetse habitat.
1 - Pipeline road
2 - Road to Nguruman shopping centre
3 - Ewaso Ngiro River

T4 - ICIPE Transect IV (approximate location)
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Figure 3.9 The Galana Ranch
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age and kept on the ranch, where they reach a market weight of 300 - 350 kg at
around four years of age.

The main constraints to production are lack of water, trypanosomiasis and
the presence of predators. Tsetse flies occupy about 35% of the ranch and an
estimated 8000 cattle are at a risk from trypanosomiasis (Wilson, Gatuta, Mgutu
and Alushula, 1986). In 1981, the estimated potential loss in the total population
at trypanosomiasis risk was approximately, Kshs. S million (about US$ 700 000)
(Wilson et al, 1986). The predominant fly species is G. pallidipes, but G.
longipennis, G. brevipalpis and G. austeni are also present (Njogu et al., 1985b).
The Galana Ranch has a large wildlife population including oryx, buffalo, gazelle,
giraffe, eland, and zebra (King, Heath and Hill, 1977) which provide reservoir
host for tsetse.

The present experiments were set up at Kapangani, an area of the ranch
heavily infested with tsetse flies, the main species being G. pallidipes (Njogu et al.,
1985b). This part of the ranch has acted as a study site for KETRI field
experiments on chemoprophylaxis and trypanotolerance for over 10 years and

represents a typical high challenge area where ranch cattle are grazed.

3.2 HISTORICAL BACKGROUND OF THE BOS INDICUS CATTLE BREEDS
OF EAST AFRICA

The name 'Zebu’ (derived from Portuguese ’Giba’ or Tibetan 'Zeba’) means
humped. Zebu cattle probably originated from Eastern Iran (Reed, 1984). They
were moved by sea through the Persian Gulf around 2000 B.C., to the Somali
coast and then to Egypt (Epstein and Mason, 1984). Around 400 A.D. more
Zebu, camel and horses moved to Somalia and Ethiopia. However, the main

influx of Zebu cattle from Asia coincided with the Arab invasions around 700
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A.D. and these shorthorned Zebu are now the dominant breed in East Africa

(Payne, 1990).

3.2.1 SANGA

The first group of Zebu cattle that arrived from Asia interbred with the Hamitic
Longhorn cattle in the horn of Africa, to form the longhorned small humped
Sanga cattle. From their origin in Ethiopia, the Sanga then spread southwards
into Central and Southern Africa (Reed, 1984; Mason 1990). At present, most of
the Sanga have been replaced by the Zebu since the latter appear to be more
resistant to rinderpest and therefore survived the pandemic of the 1890’s (Payne,
1964). In addition, the Zebu appear to be well adapted to living in arid and
semi-arid areas (Payne, 1964; Epstein, 1971).

The term Sanga has been used for the small cervico-thoracic humped
cattle, while the large humped ’true’ Zebu are simply referred to as Zebu. From
their distribution, the Sanga in the hinterland and the East African Zebu on the
coastal area, and the similarity of the latter with the Zebu of India and
Southwestern Asia, it appears that the Sanga were the first to arrive and the
Zebu arrived more recently from the east (Mason, 1960).

Along the boundaries of the areas of distribution of the two types there is
considerable intermixture and in some places, more or less fixed types referred
to as intermediate, which have moderate size humps varying between thoracic

and cervico-thoracic position, have emerged.

3.2.2 BORAN
The indigenous Boran cattle are found in the Borana province of southern

Ethiopia on the Liban plateau. Due to constant tribal movements and the
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nomadic habits of these tribes, they spread throughout southern Ethiopia,
northern and central Kenya. The Ethiopian Boran is a fairly large, long legged
animal with good body conformation. It is light coloured varying from white to

light fawn and sometimes red.

a) Tanaland (Orma) Boran

This term refers to the Galla cattle found to the south and west of the Tana River
in Kenya and, to distinguish them from other Galla cattle the name Tanaland is
used (Mason and Maule, 1960; Maule, 1990). The Tanaland Boran now forms a
uniform type differing slightly in conformation from the Ethiopian Boran. In this
study the name Orma Boran is used (Figure 3.10).

The Orma are the remnants of the Ormo people of southern Somalia
(Kenya Official Handbook, 1983). They came from central Arabia through the
Red sea and settled in Somalia around 2000 B.C. They later moved southwards
with their animals and settled on the banks of Tana River from Garissa to
Garsen in Kenya about 500 years ago (Feeders and Salvadori, 1984; Amin and
Moll, 1980; Njogu, Ishmael, Dolan, Okech, Sayer and Opiyo, 1988). The Tana
River basin where the Orma tribe have traditionally selected their animals for
milk yield for several centuries is heavily infested with tsetse flies (Ford and

Katondo, 1973).

b) Kenya Boran

These originated from large numbers of Boran type cattle brought to the
northern Kenyan by Somali traders. Over the last 100 years, as a result of
selection, careful breeding and greatly improved management on beef ranches in

the Rift Valley and Central provinces, they have developed into large robust
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Figure 3.10 Orma Boran steers approximately two and a half

years old.
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animals with excellent conformation. The ‘improved’ Boran has been bred and
selected mainly as a beef animal (Mason and Maule, 1960; Njogu et al., 1988).
The Kenyan Boran were first introduced into the Galana Ranch in 1978
from the Laikipia District of Kenya which is a tsetse-free area. The selection
process was continued at the Galana Ranch, where these cattle reach 350 - 400
kg in three and a half years (Njogu et al, 1985b). These type of animals have

been referred to as the Galana Boran in the study (Figure 3.11).

3.2.3 SMALL EAST AFRICAN ZEBU

These are the predominant type of cattle found in north and eastern Uganda,
south and western Kenya and most of Tanzania. Because the typical East African
Zebu of this type is small framed and in order to avoid confusion with other East
African cattle types, the name ‘Small’ East African Zebu has been used
(Mason,1960). There are several types of which the one in this study is the
Maasai Zebu.

Maasai Zebu
The Maasai Zebu shows considerable variation in size, colour, conformation and
horn development. They are black, white, grey fawn and various combinations of
these colours (Figure 3.12). Maasai cattle tend to be larger than other Small East
African Zebu cattle (Mason, 1990) and at Nguruman, the bulls reach an average
adult liveweight of about 300 kg.

The present Maasai territory where this breed is predominant, extends
from the south of Lake Naivasha in Kenya to central Tanzania. In this study, this

breed has been referred to as the Maasai Zebu.
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Figure 3.11 Galana Boran steers approximately two and a half

years old.
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Figure 3.12 Maasai Zebu steers approximately two and a half

years old.
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33 VARIABLES MONITORED IN THE STUDY

3.3.1 TRYPANOSOMIASIS RISK

The trypanosomiasis risk was assessed by measuring the apparent fly density and
the disease incidence in sentinel cattle herds as described later in the respective

study areas.

3.3.2 TRYPANOSOMIASIS IN CATTLE

a) Parasitaemia and anaemia

The parasitaemia and anaemia in the cattle were monitored weekly. The animals
were bled by pricking the superficial ear veins with sterile lancets and the blood
was drawn directly into a pair of heparinized capillary tubes. The tubes were
sealed on one end with CristasealR (Hawksley and Sons Ltd. U.K.) and spun at
12,000 g for 5 minutes on a microhaematocrit centrifuge. The percentage of the
packed red blood cells (PCV) was measured on a haematocrit reader. The buffy
coat was then examined for trypanosomes using the darkground/phase contrast
technique (DG) as described by Murray et al, (1977). Briefly, after the
centrifugation of the microhaematocrit capillary tube, it was cut with a diamond
tipped pencil at 1 mm below the buffy coat, to include the upper most layer of the
red blood cells and 1 cm above to include plasma. The contents were expressed
onto a clean glass slide, mixed, and a 22 x 22 mm cover slip placed to spread the
drop. The preparation was examined using a phase contrast which was created by
a normal bright field microscope system with the diaphragm closed to achieve
critical illumination. A minimum of 100 microscope fields was examined and the
trypanosome species identified by their size and motility characteristic as
described in Table 3.1. Thick and thin smears were also prepared from positive

samples, and stained with 10% Giemsa for laboratory morphological
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Table 3.1

Morphological characteristics used for the identification of trypanosomes species

Species Free Kinetoplast ~ Undulating  Size and motility
fagellum membrane  in wet film and
DG
T. vivax Present Large, Not Large, extremely
terminal prominent  active, transverse the
whole field very
quickly, pausing
occasionally.

T. brucei Presentin  Small, Prominent Large with slender,
all except sub-terminal, intermediate and
stumpy central stumpy forms,
forms rapid movement in

confined areas.

T. congolense Absent Medium, Not Small, sluggish

sub-terminal, prominent active, adheres to

marginal

red blood cells by
anterior end.
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confirmation of the trypanosome species.

b) Parasitaemia score
The parasitaemia was estimated using the scoring system described by Paris et

al., (1982), as shown in Table 3.2.

¢) Wet, thick and thin smears

For the wet films, S ul of blood (one drop) on a coverslip, was placed on a clean
glass slide and examined using phase contrast microscopy. For the thick and thin
smears, S ul of blood was spread onto a slide and then dried by rapid waving in
the air. In case of the thick smears, they were placed in distilled water for five
minutes to dehaem.oglobinise, while the thin films were fixed for three minutes in
methanol. Both were then stained with 10% Giemsa for 30 minutes and

examined under oil immersion.

d) Trypanocidal drug treatments

In this study parasitaemic animals with were treated with diminazene aceturate
(BerenilR, Hoechst) at 7 mg kg-1 body weight only when the PCV dropped to 17%
or less. This value was choosen because from previous observations (personal
experience), cattle infected with trypanosomes at Nguruman had been noticed to

survive with such low PCV values, while at risk from dying.

e) Inoculation of blood into susceptible mice
This was done by inoculating fresh whole jugular blood from every animal
collected into an EDTA treated vacutainer, into a pair of adult male mice

(Swiss), each with 0.5 ml intraperitoneally. After five days, the mice
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Table 3.2

Estimation of parasitaemia by the darkground/phase contrast buffy coat (DG)
method

Trypanosomes/field* Score Estimated parasitaemia
(trypanosomes/ml)

1 per preparation 1+ 102 - 103

1- 10 per preparation 2+ 103 - 104

1 per field - 1 per 10 fields 3+ Sx103-5x 104

1 -10 per field 4+ 104 -5x 105

> 10 per field 5+ > 5x105

Swarming > 100 per field 6+ > 5x 106

* Magnification x 250
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were bled twice weekly from the tail, wet preparations made and examined for
trypanosomes by light microscopy. The mice were monitored for a minimum of

30 days before they were declared non parasitaemic.

3.3.3 OTHER HAEMOPARASITIC DISEASES

Thick and thin smears were made from animals with PCV of 20% or less with no
trypanosomes detected on the buffy coat, and stained with 10% Giemsa for
examination of tick-borne infections mainly, anaplasmosis, babesiosis and

theileriosis.

3.34 MANAGEMENT

a) Tick control

Tick-borne diseases were controlled by a weekly spraying programme with
amitraz (TriatixR, Cooper Ltd.). On several occasions during the study, ticks
were collected from the animals and later submitted to the Kenya Agricultural

Research Institute (KARI) laboratory at Muguga for species identification.

b) Helminthiasis
To ensure that there was no anaemia associated with helminths, drenching with
10% albendazole (ValbazenR, Beecham) at 7.5 mg kg-1 body weight was carried
out every three months. In addition, faecal egg counts were performed on at
least 50% of the steers of each breed every two months as described below.

Two grammes of freshly collected faeces was sieved into a beaker with 30
ml 1% formalin solution. The residue was discarded. The suspension was
thoroughly mixed and 10 ml were poured into a conical centrifuge tube and spun

at 1,200 g for two minutes. The supernatent was discarded, the deposit
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resuspended in 10 ml saturated NaCl solution, mixed thoroughly and using a
pipette, dispensed into a McMaster counting chamber, and left to stand for five
minutes. Both chambers were counted and an estimate of the number of eggs

per gram (e.p.g.) made by multiplying the total count by 50.

3.3.5 PERFORMANCE
a) Body weights
Changes in the body weight were obtained by weighing all the animals
fortnightly. This was carried out early in the morning before the animals went for
grazing. The growth rate was then obtained by expressing the mean changes in
weight as percentages the original body weight using the formula;
Bwt; - Bwt,
Weight gain (%) = -------------- x 100,
Bwt,
where, Bwt, - is the mean herd body weight (kg) at the start of the
experiment, and, Bwt, - is the mean herd body weight (kg) at a particular

time.

b) Condition score

The plane of nutrition to which an animal has been exposed over a reasonable
length of time is reflected by the extent to which either the fat is stored or the
muscle fnass has diminished. This can be assessed visually and expressed as a
condition score. The main anatomical parts used to determine the score are; the
tail-head, brisket and hump, transverse processes of the lumbar vertebrae, hips
(trochanter major) and ribs, and, the shape of the muscle mass between the tuber

coxae and tuber ischii. The score of an animal depends on the visibility of these
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anatomical parts and the flesh and fat cover at these points (Lowman, Scott and
Sommerville, 1976; Nicholson and Butterworth, 1986).

In this study, a nine point scale was used in which the three main
conditions, lean (L), medium (M), and fat (F) were subdivided into three
categories. The animals were scored early in the morning before any feeding. A
description of how the different scores were assessed as described for Bos indicus

cattle by Nicholson and Butterworth (1986), is summarized in Table 3.3.

33.6 METEOROLOGICAL DATA
Meteorological data were obtained from small weather stations set up in the

study areas at both Nguruman and the Galana Ranch.

34 SEROLOGY
On a monthly basis, 10 ml of jugular blood was collected from each animal into a
clean vial and allowed to clot. The serum was separated by centrifugation and

stored at -20°C and later analysed for trypanosomal antigens and antibodies.

34.1 ANTIGEN ELISA

Antigens were detected in sera by a sandwich enzyme-linked immunoabsorbent
assay (ELISA) following the procedure described by Nantulya and Lindqvist
(1989). In brief, flat-bottomed micro-titre (micro-ELISA) plates were coated
overnight at 40C with monoclonal antibodies against 7. vivax, T. congolense or T.
brucei, using 100 ul per well of a 1:100 (1 ug/well) dilution in carbonate buffer
pH 9.6 (coating buffer). The excess antibody was drained off the plates and 100 ul
washing buffer (0.15M phosphate buffered saline (PBS), pH 7.4 containing 0.05%

Tween 80) added to each well. Test and control sera were added to the wells in
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Table 3.3

The nine point scale used scale used to condition score Bos indicus cattle (after
Nicholson and Butterworth, 1986)

Condition Score Main features observed

L- 1 Marked emaciation

L 2 Prominent transverse processes and the neural
spines

L+ 3 Prominent hips, tuber ischii and ribs, dorsal spines
pointed to the touch

M- 4 Ribs, hips and tuber ishcii clearly visible

M 5 Ribs visible, little fat cover, dorsal spines barely
visible

M+ 6 Animal smooth, well covered, dorsal spines
invisible but easily felt

F- 7 Animal smooth, well covered, dorsal spines felt
with pressure

F 8 Fat cover, transverse process not seen or felt

F+ 9 Heavy fat deposits on tail head, dorsal spines,

tuber coxae
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duplicates, S ul for 7. brucei and 10 ul for both T. congolense and T. vivax. They
were then incubated at room temperature for 15 minutes, flipped empty and
rinsed with the washing buffer. 100 ul of the appropriate monoclonal antibody
conjugated to horseradish peroxidase diluted 1:100 in washing buffer containing
1% bovine serum albumin were added. The plates were then incubated for 15
minutes at room temperature, emptied, rinsed once then soaked three times at
10 minute intervals with the washing buffer to wash off the excess conjugate. 100
ul of substrate and chromogen in citrate buffer pH 4.0 were added to each well.
The substrate and chromogen consisted of 1% hydrogen peroxide and 250
ug/ml of 2,2’-aziono bis (3-ethyl)-benzthiazoline-6-sulphonic acid (ABTS, Sigma,
St. Louis, USA), respectively. The plates were incubated at room temperature for
30 minutes. The optical densities (O.D.) of the colour reaction were read at 414
nm wavelength using a Titertek Multiskan MCC/340 MK II (Type 347)
micro-ELISA autoreader. The threshold reading for a sample regarded to

indicate presence of antigens was 0.050.

342 ANTIBODY ELISA

The micro-ELISA technique described by Luckins (1977) was used. Briefly, a
crude antigen extract was prepared from 7. congolense 11.3000, which is a clone
derived from an isolate collected originally in 1966 from a naturally infected cow
from Trans-Mara, Kenya (Wellde et al, 1974). Flat-bottomed 96-well
micro-ELISA plates were coated with the crude lysate antigen extract diluted at
1:100 with carbonate buffer pH 9.6 (coating buffer) and incubated overnight at
40C. The working dilution of the antigen was determined by titrating at serial
dilutions with positive and negative sera. The antigen dilution which gave the

greatest difference between the negative and positive sera was used in the assays.
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The plates were then rinsed once with washing buffer (0.15M PBS, pH 74,
containing 0.05% Tween 80) to remove the excess antigen. The test and control
sera were diluted 1:50 in washing buffer containing 1-2% ovine serum albumin.
100 ul were dispensed in duplicates to each well and incubated at 370C for 30
minutes. The plates were rinsed three times then soaked for 30 minutes and the
buffer drained off. 100ul of the conjugate consisting of 1:20,000 goat anti-bovine
immunoglobulin diluted in 1% sheep albumin in washing buffer was added to
each well and then incubated for 30 minutes at 370C. The plates were washed
and soaked with the washing buffer for 30 minutes and this procedure was
repeated twice. The substrate (same as the one described above for the
antigen-ELISA) was added, the plates incubated at room temperature for 30
minutes and the optical densities read at 414 nm wavelength using the
micro-ELISA autoreader. The serum samples were considered positive if the

0O.D. reading was more than double the mean of the control negative sera.
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CHAPTER 4

VARIATION IN SUSCEPTIBILITY TO TSETSE-BORNE
TRYPANOSOMIASIS AMONG THREE BOS INDICUS CATTLE
BREEDS IN DIFFERENT TSETSE ENDEMIC LOCALITIES IN
KENYA
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AND GALANA BORAN IN AREAS OF DIFFERING TSETSE
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4.1 EPIDEMIOLOGICAL STUDIES AT THE NGURUMAN ESCARPMENT:
COMPARISON OF THE MAASAI ZEBU, ORMA BORAN AND GALANA
BORAN IN AREAS OF DIFFERING TSETSE CHALLENGE FROM
SEPTEMBER 1989 TO SEPTEMBER 1990.

4.1.1 INTRODUCTION

Studies on the susceptibility of the Orma Boran and Galana Boran under natural
tsetse challenge in Kenya have been carried out only at the Galana Ranch
(Wilson et al., 1983; Njogu et al., 1985a,b). The work described in this section was
aimed at investigating how these two breeds would respond to natural challenge
in a different environment at Nguruman. At the same time, information would be
obtained on the susceptibility of the local Maasai Zebu in comparison with these
breeds. The results would also indicate if there was any potential for the
exploitation of breed advantage of the Orma Boran in those parts of Nguruman

that are heavily infested with tsetse flies.

4.1.2 MATERIALS AND METHODS
a) Areas with high and low tsetse challenge
The selection of the areas with high and low tsetse challenge has been described

in Chapter 3.

b) Selection of experimental cattle

i) Maasai Zebu

Forty four steers aged about one and a half years were purchased locally from the
farmers at Nguruman. The age was estimated as described by Carles and

Lampkin (1977), where steers with the first pair of incisors fallen or just erupting
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were regarded as between one and a half and two years.

The previous history of each animal was obtained from the owner and this
included, last trypanocidal drug treatments (Table 4.1), and previous exposure to
tsetse challenge. Overall, 19 animals (44%) had no history of trypanocidal drug
treatment, while 13 animals (30%) had received treatment within the last three
months and seven animals (16.3%) between three and six months. From
interviews with the farmers, most of these animals had been in the tsetse
challenge area for varying lengths of time during the dry seasons.

In the pre-weaning period, as a tradition of the Maasai livestock owners,
the calves are grazed separately from the dam, and are allowed to suckle in the
morning and evening only. Milk from the dam is therefore shared between calf
rearing and domestic consumption. The calves are generally grazed around the
homesteads and are therefore not exposed to high tsetse challenge until they are

weaned.

ii) Orma Boran

Forty three steers, approximately one and a half years old, were selected from a
herd bought into the Galana Ranch six months earlier, from the Tana River
District, an endemic area with high tsetse challenge. The same method of age
estimation was used as for the Maasai Zebu .

There was no clear information on the pre- and post-weaning periods, but
most likely, these animals were exposed to varying levels of trypanosomiasis
challenge from birth and must have received repeated trypanocidal drug
treatments from the owners. On purchase by the ranch, the animals were given a
prophylactic treatment with isometamidium chloride (SamorinR, RMB, U.K.) at

a dosage of 1 mg kg-1 body weight.
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Table 4.1

Approximate time before the date of purchase, when the Maasai Zebu steers
received their last trypanocidal drug treatments

Drug Last treatment Number of
animals

Diminazene aceturatel 1- 6 months S

Diminazene aceturate 1 - S months 2

and Homidium chloride?

Homidium chloride 1 - 3 months 13
No treatment 19
No clear history 4

1BerenilR, Hoechst, W. Germany.

2NovidiumR, RMB, UK.
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The pre-weaning calf management of the Orma Boran is similar to that of
the Maasai Zebu, where a portion of the dams milk is also extracted for
domestic consumption, and young calves are normally grazed away from areas

with high tsetse density.

iii) Galana Boran

Nineteen steers aged about one and a half years were selected from a herd born
and bred in the Galana Ranch. The ranch has precise records and it was
therefore easy to obtain the exact ages. During the pre-weaning period, the
calves are generally allowed to graze with the dam and kept in areas of low
tsetse challenge to minimize pre-weaning mortality. They therefore get milk ad
libitum. They are weaned at eight months and still kept in areas with low tsetse
challenge. The steers bought were selected from a group which had been treated

with isometamidium chloride at 1 mg kg-1 body weight, about six months earlier.

¢) Pre-experimental procedures

i) Vaccinations

Vaccinations were carried out against foot-and-mouth disease (types A, O, SAT 1
and 2), rinderpest, contagious bovine pleuropneumonia (CBPP), blackquarter

and anthrax.

ii) Treatments

All animals were treated with diminazene aceturate (BerenilR, Hoechst) at 7 mg
kg-1body weight to clear any trypanosome infections and drenched with an
anthelmintic, 10% albendazole (ValbazenR, Beecham) at 7.5 mg kg-1body

weight, in preparation for the transportation to the Nguruman escarpment.
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Anaplasmosis is common on the Galana Ranch; therefore, a long acting
tetracycline (Terramycin/LLAR, Pfizer), at 20 mg kglbody weight was
administered to control any incubating cases or other stress related infections
that were likely to flare up during the transportation. In addition, the animals
were also sprayed with an acaricide (TriatixR, Cooper Ltd.) three days before the
journey.

The Orma and Galana Boran steers were then moved by lorry to the
Nguruman escarpment, a distance of about 500 km. On arrival, a physical
examination was performed, and any animals that were looking weak and
stressed were kept on multivitamins (CatasolR, Bayer) for three days. Following
the transportation, a few animals had lacerations and traumatic superficial skin
wounds which were treated with topical antibiotics. The whole herd was allowed
to rest and grazed in an area with no tsetse challenge for a period of one week.
Any weak looking animals were examined daily until they fully recovered from
the transportation stress.

Baseline data on anaemia (PCV), parasitaemia and body weight were
collected. Blood and lymph node smears made from all the animals were stained
with 10 % Giemsa and examined for haemoparasites, specifically anaplasma,
babesia and theileria. Serum was collected and stored at -200C for later

screening for pre-experimental trypanosomal antibodies and antigens.

d) Experimental design

The cattle of the three breeds were grouped and introduced into the study areas
as shown in Table 4.2. There were no Galana Boran in the low challenge area
primarily because the group ranch raised concern about the introduction of a

large number of cattle from the Galana Ranch. The groups were herded
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Table 4.2

Experimental design at Nguruman; - number of animals of each cattle breed
introduced into the high and low tsetse challenge areas

Breed High challenge Low challenge

N W(kg) N W(Kg)
Maasai Zebu”* 22 140 21 138.8
Orma Boran 22 157 21 155.5
Galana Boran** 19 196.8 - -

N - Number of animals.
W(kg) - Mean body weight (kg) at the start of the experiment.
* One Maasai Zebu steer was dropped to make the groups in the low challenge

area even.

** No Galana Boran steers were introduced into the low tsetse challenge area.
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together for a period of one year, from September 1989 to September 1990, in
the high and low tsetse challenge areas. In March 1990, the animals in the low
challenge area were moved to the east of the Ewaso Ngiro River in accordance

with the pasture management practice of the group ranch.

e) Parameters monitored
i) Trypanosomiasis risk
The trypanosomiasis risk was assessed by measuring the apparent fly density and

the disease incidence in sentinel Maasai Zebu cattle in the respective areas.

Tsetse challenge

Data on the tsetse situation were provided by the ICIPE entomology team based
at Nguruman. Briefly, odour-baited biconical traps (Challier and Laveissiere,
1973), were set at 1 km apart in both study blocks and operated for six days per
month. The fly density was then estimated from counts on 48 hourly trap catches.
When the cattle in the low challenge area were moved to the east of the river, the
KETRI team set up biconical traps opposite Transect I; these were managed in

the same way as the others.

Disease incidence in sentinel cattle

In the low challenge area, the disease incidence was calculated from a sentinel
herd of 40 Maasai Zebu cattle grazing together with the experimental groups.
There were no sentinel animals in the high challenge area for the first five
months. However, in February 1990, a group of 21 Maasai Zebu steers aged two
and a half years, which had previously been used as sentinel animals in the tsetse

suppression zone, was treated with diminazene aceturate (BerenilR, Hoechst) at
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7 mg kg-1 body weight to clear any infections which could be incubating, were
introduced into the high area where they served as the sentinel herd. They were
monitored weekly and any trypanosome infections detected were treated
immediately with diminazene aceturate (BerenilR, Hoechst) at 7 mg kg-1 body
weight and the results used to calculate the disease incidence, expressed as the

proportion of the animals infected weekly.

ii) Trypanosomiasis in cattle
The disease monitoring in the experimental cattle and the assessment of the

growth rate were performed as described in section 3.3.

iii) Meteorological data
Data on daily minimum and maximum temperature, rainfall, and relative
humidity, were obtained from a small weather station set at the camp site at

Nguruman.

f) Data analysis

Comparison for differences between breeds and breed x time interactions in the
in the two areas with differing tsetse challenge was done using the Generalized
Linear Interactive Modelling system (GLIM, release 3.77, Royal Statistical
Society, 1987). Differences between groups were investigated using the one way
analysis of variance, two way analysis of variance for repeated measures, while
the multigroup mean comparisons were done by the Newman-Keul’s range test
(multiple range test) using the Minitab release 7 statistical package (Ryan, Joiner
and Ryan, 1985). The analyses took into account animals that died in the course

of the study. Unless otherwise stated, the level of significance was p < 0.05.
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4.1.3 RESULTS

4.1.3.1 Comparison of the Maasai Zebu, Orma Boran and Galana Boran in the

high tsetse challenge area.

a) Weather

The mean monthly rainfall distribution and the variation in the mean daily
maximum and minimum temperatures from August 1989 to October 1990 are
shown in Figure 4.1. There was a total rainfall of 875 mm during the study period
with peaks of 186 mm in December 1989 and 252 mm in March 1990, and a
period of no rain between June and August 1990.

There were broadly three distinct periods; the first four months (August to
November 1989) with light rainfall, followed by six months when most of the rain
fell (December 1989 to May 1990), and a five months dry season (June to
September 1990). The proportion of the total precipitation in each of these
periods was 12%, 84% and 2%, respectively. The mean maximum temperatures
ranged from 30.7 to 34.70C, while the minimum temperature from 20.8 to

23.90C.

b) Trypanosomiasis risk

The trypanosomiasis risk, assessed by the mean monthly apparent fly density and
the disease incidence in the sentinel herd of Maasai Zebu cattle grazing
alongside the experimental animals, is illustrated in Figure 4.2. The mean
monthly disease incidence was obtained by calculating the average of the weekly
incidence. As stated earlier, data collection on the disease incidence in the

sentinel animals started in mid-February 1990.
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Figure 4.1. The mean maximum and minimum
daily temparature (oC) and the monthly
rainfall (mm) at Nguruman.
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Figure 4.2. The mean monthly fly density and the incidence of trypanosomiasis in sentinel
Maasai Zebu cattle in the high tsetse challenge area. The mean monthly incidence
was obtained as an average of the weekly incidence.
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The fly density was high with a mean of 558 flies/trap/day, a minimum of
161 in October 1989 and a maximum of 1345 in April 1990. The fly population,
however, showed marked monthly fluctuation. The dominant fly species was G.
pallidipes accounting for 99.3% of the total fly catches over the entire study
period, while only 0.7% was due to G. longipennis.

The mean monthly disease incidence in the sentinel herd was 16.6%, with
the highest levels (>30%) during the rainy season (April to June 1990) followed
by a decline two months, after the rains in July 1990. Overall, the disease
incidence was high during the rainy season and decreased with the onset of the

dry season reaching minimum levels two months after the end of rains.

¢) Pre-experimental samples

Blood samples collected from all the cattle at the beginning of the experiment
(before they were split into the high and low challenge areas) were examined for
parasites using the DG technique, while the serum was analysed for the antigens
and antibodies by ELISA techniques as described in section 3.3. No parasites
were detected on the buffy coat, while similar number of cases with antibodies
were demonstrated in all the breeds (Table 4.3). Antigens were detected in
fourteen Maasai Zebu, eight Orma Boran and four Galana Boran, with T.
congolense being the dominant species in all the breeds. There were no
differences among breeds in the buffy coat and antibody results, while it appears
that, there was a higher proportion of the Maasai Zebu and Orma Boran with

antigens than the Galana Boran.
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Table 4.3

Number of positive cases detected after screening the pre-experimental blood
and serum samples at Nguruman using the darkground/phase contrast buffy coat
(DG), antibody and antigen ELISA techniques

Diagnostic =~ Trypanosome Maasai Zebu Orma Boran Galana Boran
technique  species
identified N=44 N=43 N=19
DG - - -
Ab-ELISA 2 4 3
Ag-ELISA
Tc 8 4 3
Tv 3 - 1
Tb 1 - -
Te/Tv 1 2 .
Tc/Tb 1 2 -
Tv/Tb - - -
Tv/Tc/Tb - - -

N - Number animals examined
Tc - T. congolense

Tv - T. vivax

Tb - T. brucei

- = Negative sample
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