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ABSTRACT

The infectivity and the induced pathology by an isolate of Trypanosoma evansi were investigated
in one group of eight infected Y ankasa sheep in comparison with six non-infected controls. The
infected sheep each receieved intravenously, 2 mils of blood containing approximately 2.0 x 10° T.

evans obtained from naturally infected camels slaughtered at Kano Abattoir.

The parasite was identified prior to inoculation into the experimental sheep. The sheep developed
parasitaemia 3 to 6 days post-infection. Subsequently, the degree of parasitaemia varied between
and within individual sheep with peak parasitaemiaon day 8 pi. Following infection, the inoculated
sheep developed intermittent temperature rise with a peak which almost coincided with the first peak
of parasitaemia in the infected sheep. The mean rectal temperature of the infected sheep was
moderately elevated above the pre-infection values in the acute stage, while the temperature was
miled in the chronic stage in comparison with the pre-infection values.

The mean values of haematological parameters specificaly packed cell volume (PCV), haemoglobin
concentrations (lib), and red blood cell counts declined gradually in the infected sheep; and these
values were significant in all infected ly (P<0.05) lower compared with corresponding values for
the control group. The PCV of the infected sheep dropped by about 42%from pre-infection mean
value of 30.50 £ 7.8% to 17.67 + 4.04% by Day 48 post-infection. There was a lymphocytic
leucocytosis which was statistically (P>0.05) insignificant. Other clinical signs observed included
emaciation, weakness and rough hair coat. The infection produced two forms of the disease, namely,
acute form within 11 days from the onset of the disease, and chronic form which persisted for up

to 56 from onset of patency..
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Four of the infected sheep died of the acute disease within Day 2 and 8 from the onset of clinical
signs, while another two died 40 and 56 days from the onset of the clinical signs. The other two
sheep tolerated the infection until termination of the study 65 days from on set of patency.

Splenomegaly and lymphadenopathy were prominently observed at post-mortem.

Histopathological examination of tissue sections from the Organs of the affected sheep showed
erythrophagia, dense proliferation of lymphocytes at germina centers in the spleen, mononuclear
cell infiltration in the kidney, haemosiderosis and haemosiderin-laden macrophages in the spleen
and liver. These changes are capable of interfering with the functioning of the vital organs; a

situation that can lead to death resulting from multi-organ dysfunction.
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CHAPTER ONE

‘ | GENERAL INTRODUCTION
' . {
Infection due to Trypanosoma evansi, commonly known as "surra" {Evans, 1380),'is a very
important disease of camels, dogs, horses, donkeys and other ruminants (Hoare, 1956). In camels,
the disease ;:xists in three forms. In the hyper-acute form death occurs rapidly before the
development of any clinical signs. The acute form which is chall'acterizcd By prostration, fever,
reduced milk production, abortion, e;';iphora, oedema, mucosal haemorrhagia, enlarged lymph nodes
and death which may occur after several weeks. The chronic form is characterized by weight loss,

anaemia, and intermit{ent fever. Death may occur within 1-2 years or the animal may eventually

. recover {(Mahmoud and Gray, 1980; Losos, 1986). ' i

* The chronic disease is the most common and most difficult to diagnose as it could be confused with
haemonchosis in cattle, Central nervous system (CNS) disturbarces chéract'erized by
hyperexcitability and incoordination !g:ad'mg to paralysis have been reporied (Losos, 1986). Delayed
oestrus, abortion, and still birth are associated with chronic cases. "Surra” (Hunter, i990).
T.evansi is transmilted mechanically from an infected animal fo a -susceptib]e. one by

' haematop.hagous flies of se'vleral di[Térenlt genera including %aba;ms, Stomoxy.s, Héemdiopora,

Chrysops and Lyperosia (Hunter, 1990; Wilson, 1984). The genus Tabanus is particularly important

in the transmission of the parasitz.

Several methods exist for the diagnosis of T.evansi infection and include parasitological techniques

such as wet film, thia, and thick simear examinations, microhaematocrit centrifuge techniyue
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(mHCT), and mini-anion exchange chromatography. Animal sub-inoculation is another diagnostic

method which is very sensitive in detecting T evansi infection even at very low parasitaemia

(liemobade, 1971). ,
Immunoclogical tests like mercuric chloride tests, IgM-titration by precipitation diffusion methed,
“indirect immuno-fluorescent antibody test (IFAT), enzyme linked immunosorbent assay (ELISA)

and Suratex tests (Olaho-Mukani ef of., 1995) are also used. ' S

T.evansi is known to infect different animal species in di{ferent parts of the wor‘ld. Studies on
experimental infection of donkeys and cattle in Nigeria (Ilemobade, 1971), goats and sheep in lndiz;
{Chand and Singh, 19I?l ) and Russid (Khasanov and Ivanitskaya, 1974} showed that these animals
vndergo a protracted course of the disease resulting in a "carrier state” thereby acting as reservoir
hosts.

T.evansi is assuming greater economic importance because of the significant growth in world camel
population, particularly in the dry savannah region of Africa. In Nigeria, camels are ilncreasing]y
becoming economically important, parﬁcularly in the northern pavrls, due to lhf;if increasing use as
a source of meat (Falope, 1991). Surfa constitutes a major factor limiting the productivity of these

animals in Nigeria.

Although extensive work has been carried out on animal trypaqosoniosis in Nigeria (Anosa, 1977;
Saror, 1975, 1980; Sackey, 1998) litile has been done in the area of infection due to 7.evansi. More
work is therelore required in this area about the disease because of its economic significance in

many parts of the world affecling both domestic as well as wild animals (Mahmoud and Gray,



3

1980). T.vivax infection relapses occur with the blood restocked by trypanosomes of different
antigenic identity (Clarkson and Awan, 1969). It is therefore not ;mlikely that the differences in
infectivities ol T.evansi observed in domestic animals by previous workers (Curasson, 1948 ;
Saseendranath ef al., 1995) might bé related to differences in the characteristics of the isolates.
Obviocusly there is paucity of information available on the susceptibility of domestic animals to
- T evansi infection. I"relirhina.ry reports on the i;oiation of _?febansr"from blood sampleé obtained
from slaughtered camels at K;'Amo Abattoir have indicated that the organism exists in Nigeria
(Sani, 1994; Musa, 1994). The isolate was infective for laboratory mice, ratls and goats. Infeclted
mice and rats developed parasitaemia following challenge with the T evansi isolate. However, the
parasitaeimia was very low in infected goats suggesting that goats are relatively resistant to infection

with this isolate. ' :

Variations in the pallwgenicﬁy of T.evansi strains that exist in the field have been repo;'lecl.l For
instance, diffcrcnt'slfﬁinsof T. cvans.i have been found to belpalhogcnic to goats in iEasl Alrica
(Ngeranwa ef al., 1991), Red Madras sheep in India (Sasecndranath ef ol., i995), and Fri;:sian
Holstein calves in Indonesia (Payne ef a!.,“1992). The importance of the present study is therefore

strengthened by the fact that the existence of such strains could be dangerous for animals that are

kept in the vicinity of, or herded together with camels.
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With increase in cotlsumption of camel meat and fear of outbreak of suira, il is hoped that with a
o

better of the behavior of the parasite in other animals herded with camels, an important contribution

i

could be made towards efforts directed at developing new sirategies towards protecting camels and
other susceptible animals against th¢ disease.
The present study was designed with following objectives:

a) studying the infectivity of the T evansi isolate in Yankasa sheep;
b) to document the gross and histopathologic changes in the infection with a view to

¢

determining the pathogenicity of the T evansi isolate in Yankasa sheep.

]



CHAPTER TWO
20 LITERATURE REVIEW
2.1  Historical Background
2.1.1 Origin of Camels o | _.

Palaentological evidence suggests that cameloids evolved in North America, From their origin,

the cameloids disptrsled southward into South America and North West ward across the Bering
land-bridge into Asia. They spread wesiward across the dry lands of the old world untit the entire

family became extinct in North America {(Walker, 1964).

2.1.2 Classification and Distribution of Camels

'The taxonomical classitication of camels indicates that they belong to the Class Manunalia,
Subclass Theria, Intra~class Eutheria, Order Artiodaciyla (even toed), Suborder Tylopodu, and
Family Camelidae (Walkér, 1964). _

_ . y

Unlike other domestic animals, the Camelidae are less widely distributed. This is because their
environmental tolerance is limited, and their use to man is more specialized. The Camelidae
differ from other ruminants in not having horns. They are unique among mammals in the oval

shape of their red biood corpuscies (Walker, 1964).

In the new werld, the Camelidae are represented by wild species in the high Andes. For example,

the Vicuna (Vicugna vir:ugna) is now very rare and are found in the highlands of Peru and Bolivia
‘ :

(Walker, 1964). The Guanaco {(Lamu guanacoe) now has discontinuous distribution from

Bolivia to Tierradel f‘uego.
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Two domestic animals, Liama (Luma glama) and Alpaca (Lama pacos) have evﬁ]ved from the

Guanaco and are now found in Peru and Bolivia.

In the old world, there are two types of camels. The one-humped, and the two-humped which are
classified as separate species (Walkér, 1964). Camefus dromiedarius (dromedatian catmels) is the
one-humped while Camelus bactrianus (bactrian camels) is the two-humped. Dromedary,
comes from the Greek word dromos (which means road) correctly applied to the riding or racing

camel. The two-humped variety differs from the ene-humped in being woollier, having shorter

legs, and darker in color (Walker, 1964).
2.1.3  Adaptations of Camels

. . " R { .
The two-humped canel is adapled to the low winter temperature of Asia, whilc the one-humped

type is the typical animal of the deserts of North Africa and Middle East.

The pestation periods are 12 and 13 months for the one-humped and two-humped camel,
respectively (Walker, 1964).

The dromedary cainels have deserved reputation for being extremely well adapted to life in hot,
dry land. Some of the adaptations are anatomical, physiological, and behavioral. Insulation from
high atmospheric temperature can be provided by the animal's coat. The light shiny skin that

reflects solar radiation and subepidermal layer of {at (Walker, 1964), The hairs are short but lie

flat and serve as a very effective barrier against heat gain {from the environment.
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The legs and the feet of dromedary camel are well suited to the desert environment. The heavy
pad of dromedary's foot also furnishes insulation from the hot desert, while the firm elastic tissue
gives excellent traction on sand, on gibbers, and can cover considerable distances without
drinking water. The long legs alsu. help to support the camels higher up the ground level thereby

minimizing the amount of radiated rays reaching the body (Walker, 1964).

Camels have certain physiological adaptations which enable them {o withstand dehydration under
extremely rigorous environmental conditions. The body temperature rises slowly and perspiration
does not set in significantly until the temperature reaches about 105°F, which at night may fall
rapidly (Walker, 1964). Camels hardly sweat excepl during the hottest hours of the day when

man, within the same environment, perspires almost profusely from the effect of the hot sun.

Camels have internal reservoir from which water could be withdrawn as needed. For instance,
the hump in which a lot of fat is stored, can produce water when oxidized. Less urine is
produced by camels and only a sm.all quantity is required gn order to get rid of urea from the
body. Similarly, fecal water losses are also minimal. A dmmed_ary, however, can tolerale water
loss of up to 30 percent of its body weight. It maintains its blood moisture effectively, and under
the same conditions of water loss, wuuld_gx Perii:_:Ec only 10 percent decrease in blood volume

(Walker, 1964).

|
LI

2.1.4 Uses of Camels

Camels are multipurpose animals with several uses. Traditionally, they serve as the main means

of transportation in the desert areas, where vehicular transport is very limited. They could cover
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long distances of up to 56 km per hour (Walker, 1964). In addition to this, camels ﬁlso Serve as
source of meat. In Nigeria, especially in the northern states of Kano, Sokoto, and Kalsina, a high
population of camel meat cons‘umerls exists. For example, an average of 65 camels are
slaughtered daily at the Kano Abattoir. Therefore, these animals are of .high gconcmic
significance because they serve as-source of income to 0wnersl- Additionally, cheese can be
produced out of camel milk. Their by-products like wool, hides, and skin serve as imporiant raw

materials for textiles and leather industries, respectively.
2.2 The Parasite Trypanosoma evausi ;

Trypanosoma evansi was the first trypanosome to be described as the causative agent of
mammalian trypanosomosis. The first report on T.evansi was published by Griffith Evans when
he first saw the parasite in the blood of infected camels ahd equines in 1880 (Mahmoud and

Gray, 1980).

In 1894, McFadyean reported similar chservations made by John Henry Steel during an outbreak
of a disease in transport mules in Burma in 1885 (Mahmoud and Gray, 1980). The true nature

of the organism was discovered by Crookshank in 1888 (Hoare, 1970). .

Since then, T evansi was associated with infection in other mammalian host in different

_ C !
countries, The disease is known by a variely of names. The disease surra, caused by

T ninackohlyakimovi (Hoare, 1972) was also later described by Yakil_nof'f in 1921 and 192‘3 in

Russian camels in Turkestan (Mahmoud and Gray, 1980). This description came after the

parasite was furst detected in Russian camels in Astrakhan and Saratov in 1912 by Feinschmidt.



13
Similar reports on infections caused by trypanosomes indis._tinguishablc from7T. évans:' occurred
in various paris of the world affecting differelnt mammalian hosts. More than thirly synonyms of
the trypanosome affecting camels exist outside the well established tsetse bell. Some of these
names include 7 soudanense (Laveran, 1907) T.venezuelense (Mesnil, 1910), T annamense
(Laveran, 1911) to. mention but a few. At one stage about 33 diffcrent names were ascribed to
this trypanosome. The name Trypanosoma evansi is now accepted worldwide (Hoare, 1972).
Other disease caused by related trypanosomesinclucie Murrina (T hippicum), Malde cadéré
(T.equinum), Derrengadera (T.venezuelense) in central and South America, and Su-auru

(T ninackohiyakimoiv) in Russia (lioare, 1972).

¥

In Nigeria, 7. evansi was reporled in camels in early 1960s (Godfrey ef al., 1962). So far no other
. , .

species of trypanosomes have been found in camels in Nigeria, although elsewhere in Africa,

South of the Sahara, there have been reports of infections of T.vivax, T.congolense and I’ simiae

(Godfrey ef al., 1962).

2.2.1 Classification of Trypanvsoma cvansi
In order to distinguish T evansi from other members of the Trypanozoon subgenus, Hoare

(1956) laid down certain criteria for its identification. These criteria look into consideration

the absence of tsetse flies in the areas of infections, the absence of pleomorphism in the blood

!

1

stream forms, the inability of the trypanosome to develop in Glossing, etc.

+
Hoare (1940) had postulated that 7 evansi could have arisen from 7 brucei when carried
outside the tsetse zone by camels. The systematic classification of T.evansi is given in

Appendix 1.



2.2.2 Vectors of T.evansi

Trypanosoma evansi lacks the gene necessary for mitochondrial development (ﬁorst ef n?
1987) and therefore is unable to undergo growth and differentiation in the insect vector.
Neveriheless this has not preclude transmission by biting flies. |
Trypanosoma evansi 15 lraﬁsmitted rlnechanically by biting ﬂiles W].liC]‘n belong to diflferent genereln. |
The proven natural vectors‘ of T.evansi are Tabanus, Stomoxys, Il f&enmmpo{;r, ‘Cluj).mps and
Lyperosia species (Hunter, 1990). Tubarus is the most imporlant vector in the transmission.
More than 20 diffe ereﬁt species of Tabanus have been shown experimentally to transrhit 7. evansi.
Some of these include: Tabanus albitriangularis, T. albimedius, T. bicallosus, T. minimus,l T.
nemoralis, T. immanis, I'Isfilatu.i', T.tropica, T. vagus, T. virgo etc (Cross, 1923; Sin_gh, 1925)
In Indonesia ail locai strains of 7ubanus (horse 1ly) werelreported to be vectors of T evansi
{Nieschutz, 1930), while Stomoxys (stable fly) proved to be ineflective. In Africa, both horse flies
and stable flies are vectors of T evansi (Barotte, 1925; Curasson, 1943). The persistent and
aggressive feeding habit of these flies normally provoké the host interrupting the flies from
feeding. In the cause of feediné on a susceptible host, such ﬂics; may transmit the inféclion
mechanically (Hunter, 1990). Transmission of the parasite from an infected to a susceptible host
depends on the linﬁle inlcr-val bctvs:een the two feedings. The infectivily is greatest minutes after
feeding, but decreases rapidly and could be lost tutally within eight hours (Losos, 1986).

{

The severity of the infection in a given locality depends on the density of the fly pdpulalion and

the incidence of the infection in susceptible animals. Yagi and Raziq (1972) obscrved that most



15

outbreaks of surra occur during and especially towards the end of the rainy season. Prevailing
ecological conditibns favoring the breeding and prevalence of Tabanids regarding rainfall,
suitable moisture, and surface water poouls, also favor the development of suitable camel
browsing conditions where Acacéa senegalense shrubs grow in abundance.
1

In the Sudan, seasonal outbreaks of 7' evansi infections correlate with increase in the number of
Tabanids during the rainy season. Yagi and. Raziq (1972Y reported that ’;"abanu.s'ltéeniola is
prevalent throughout the Iyear but the number varies directly with rainfall. While Tabanus
biguttatus is found throughout the year, Alylotus agrestis and A.fuscipes appear only at the end
of the rainy season. T;bigurrnn;s increases in number especially after the rains but it_'is less
numerous compared to T taeniola. Acala latipes and Philoliche magretti were only observed
during the rainy season in small numbers. The prevalence of sorﬁc species of Tabanids all year
round ensures the transmission of T evansi, hence, sporadic infections are observed during the

dry season and outbreaks -during the rainy season.

The role of tabanid flies other than Tabanus species is not well documented because only few
studies have been undertaken, bus successful experimental transmission have been oblained with
both Haematopota, Lyperosia and Chrysops (Fraser, 1909; Niechulz, 1926b, 1927a, b). The
position of Stemoxys is equivocal ; a number of experimental tlransmissions have been canl'ie_d
out with . nigre and S.calcitrans (Mitzmain, 1912; Sergent and Donatien 1922), ajthough the

success rate is possibly less than that obtained with tabanids. Stomoxys nigra was considered (o

be the principal vectors in'Maurilius {Moutia, 1928) but in other studies in the Philippines (Mitz
: : C ) | ’

main [912) Stomoxys was thought to be unimportant.
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Transmission studies have confirmed the role of capybara (Hydrochoerus hydrochoerus) as a

reservoir of T.evansi infection for horses and dogs in Colombia (Morales et al., 1976). Ocelot

(Felis pardalis) and Orang-utan (Pongo pygmaeus) have been described as important reservoirs

for T evansi in lower Amazon region and Sumatra, respectively (Marinkelle, 1976).

Vampire bats (Demsmodus rotuntus, chiroptera), found in Central and South America, are also

vectors of 7.evansi (Hoare, 1972). Infected bats transfer the parasite through saliva to cattle or
. I_ ' -. I.. . . . ! i 2

horses while feeding on their blood (Losovs, 1986). Dogs can get infected when they consuine

infected carcasses (Hoare, 1970). It has also been demonstrated that vomit drops from lapping

insects, obtained from blood and exudates of wounds, were infective to laboratory rodent

(Hunter, 1990). -

Transmission studies involving different species of ticks indicate that engorged adults do not

harbor viable trypanosomes. However, T.evansi survived for hours in the larvae and nymphs of

Hyalomma dromedarrii, Rhipicephalus sanguineus, and Dermacenter andersoni. Ticks are
R )

therefore considéred not eflicient transmitters of 7 evansi (Mahmoud and Gray, 1980).

Although the mode of mechanical transmission of 7. evansi is well established, (Luckins,
1998) reported that its dynamic are not understood, hence a considerable experimentation is
required to define quaintitatively the effect of the host species, the duration of infection in the

host, and (he level of parasitacmia, the period between feeds and relative efficiency of

different vector species in-ensuring successful transmission.

W _ T
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2.2.3 Geographical Distribution and llo.st-Rango of T.evansi

The distribution of surra was lhougﬁl to coincide with that of camels (Hoare, 1967), but is now
known to be wide spread. The disease is common in countries with hot or warr-n‘ climates, m;ast
especially, arid deserts and semi-ﬂarid steppés. Such areas include the Middle East, Asia the Far-
East, Central and South America, and in some areas of Africa. Delineation of the distribution
of surra is difficult because it overlaps that of tsetse-transmitted animal trypanosomiasis (Hunter,

1990).

L

All species of domesticated livestock can be infected with T.evansi, although different animal

hosts are involved in the epidemics of 7 evansi in different paris of the world { Luckins, 1998).
In Indochina, horses are mainly affected, followed by camels, bovines, and buffaloes. Lowever,
in Asia a much wider range of host is involved including bactrian and dromedary camels, and
caltle, buffalo, horses and pigs (Pathak e/ al. 1993; Partoutomo ef al ,1994; Tuntasuvan et al
1996). In Somallia,"Kehya,‘Ethiopia.. Sudan, Cliad, Nigeria, dnd French West Aliica, éamcls are

most susceptible, - In Central and South America, horses are the main hosts (Monzon et al, 1995

. ; ! .
a; Silva et al . 1995) followed by caitle (Mahmoud and' Gray, 1980). Natural infections occur in

donkeys (Bennett, 1933). In Africa beyond the northern most limits of the tsetse fly and in parts

of eastern Africa camels are the most important host (Dia et al. 1997)
Susceptibility studies in domestic camels revealed trypanpsomes in splenectomized but not in

imact camels (Dennig, 1972). T evansi obtained from infected camels, horses, mules, and dogs
. \ I - !

was found to be ﬁalhogenic to sheep and goats (Khasanov and Invanitskaya, 1974), but the ,
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clinical signs were milder in sheep and goats;. This stiggests that sheep and goats mi.ght act as
reservoir hosts of T.evensi in U:;,bckistau. In poats, the infection can persist for up to {9 weeks
(Chand and Singh, 1971) and detectable only after splenectomy and inoculation of infected blood
into susceptible d_o,gs. ._ . ' K L

Experimental 7. evansi infections in donkeys and cattle in Nigeria (lemobade, 19?1) and sheep
and goats in Russia (Khasanov and Ivanﬁskaya, 1974) confirmed that such animals undergo a
protracted course of the disease resulting in a "carrier state", and may therefore act as reservoir

- |
hosts.

Experimental T.evansi infections in rabbits in Britain showed evidence of a vigorous
immunological response to the infection (Uche and Jones, 1992).‘ Swudies carticd out in endemic
areas in Indonesia confirmed the presence of antibodies to T.evansi in 50% of bovine and 83%

of buffalo calves sampled (Payne e/ ai., 1991).

Balakrishnan et ol (1994) studied 3 cases of experimental canine trypanosomosis.due {o
. s ’ : . . F . .

T evansi, The main clinical signs'being corneal opacity, anorexia, oedema of limbs and general
weakness, In another study, 35.4% camels were positive for T evansi (Olaho-Mukani ef al.,
1992). In India, 31.7% camels were fourd to be positive for T evansi infection using the double

. \ . __ . {
antibody sandwich enzyme-linked immunosorbent assay (ELISA; Pathak ef al., 1993).

High incidences of the disease have been reported in Kenya and Sudan. In Kenya it is the most
important disease affecting camels. Olaho-Mukani er al. (1992) reported 70% mortality,

abortion, and weight loss in affected herds. Similarly, in Sudan the disease has been recognized

P
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as an important disease of livestock since the beginning of this century. Other African countries
that have high rates of 7_evansi infection in camels include Somalia, Ethiopia, Chad, Nigeria, and
French West African countries (Mahmoud and Gray, 1980). Besides camels, cattle have been

. i
reported as the next most highly infected animals in Africa (Mahmoud and Gray, 1980).

It is not clear to what extent, if any, there exists true wild-ranimal foci of infection that operate
independently of the domesticated animals/ranch situation (Luckins, 1998). Infection both natural
and artificial have been shown in various animals such as Capy bara, wild dogs and deer
(Luckins, 1998). No attempt have been made to investigate such relationships properly, and there
are number of factors that might preclude its occurrence . First, 7" evansi was introduced as a
parasite of domesticated livestock, and any wild animals i:’lfecli_(ms are acquired secondarily,
hence the disease is often fatal in animals (Clark and Dunn, 1933). Second in some instances the
ecological conditions might preclude any close contact with wild animals in different ecological
conditions (Luckins 1998). However, 7. evansi shows a wide range of pathogenicity, and
chronic infections in wild animals do sometimes occur, as in South America where the Capybara
might be a reservoir (Arias ef al. 1997: Franke ef al. 1994a, b; Stevens et al. 1989). Some reports
indicate the susceptibility of capybara to T evansi (Migone, 1910), but more recent work F'ranke
et al. (1994a) considered capybara were implicated as reservoirs of infection in Pantanal region
of Brazil. Dogs, probably acquired infection from being fed capybara and were considered highly
suspect since they are associated closely with horses (Luckins, 1998), a situation which requires
further investigation especially the relationship between capybara, dogs, cattle and horses, the
feeding preferences of flies and the characteristics of the strains of T. evansi isolated from

different hosts.
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2.2.4 Morphology and Motility of T.evansi

Trypanosoma evansi is typically monomorphic in character. Polymorphic forms are not stable
and could occur sporadically. 01‘1ly the slender form, which is similar to 7" brucei, is constant
(Jeffrey and Leach, 1960), ranéing from about 15-34 um in length, with a mean of 24 um
(Hoare, 1970; Hunter, 1990). It has a pointed posterior end, subterminal kinctoplast, a well
developed undulating membrane, and a free flagellum whichjarises from the posterior end. Some

strains may loose their kinetoplast spontaneously in nature especially following chemotherapy

[
(Hoare, 1954). The ﬂagc.lllum is long and runs forward along the outer margin of the undulating
membrane which is usually conspicuous. The flagellum is {ree at the anterior end and is used
for movement (Jeffrey and Leach, 1966). The nucleus is si.ngle, elongated, and cenlrgllly
positioned. The parasite multipli.;aé by longitudinal binary fission in the blood and other tissue
fluids. Movement is achieved through rapid twisting motion as in 7. hrucei but with a relatively
slow forward locomolion,(l,osos; 1986).

1 a

2.2.5 Phylogenetic Relationship Between T.evansi and T, brucei

T.evansi and 7.brucei have common features. It is hypothesized that these features might have
been due to occasional nenetrations of camels caravans into tsetse belts thercby cxposing them
to T.brucei infection. On retumn to tsetse free areas, the T brucei infection become widely spread
among other camels through hoése[lies. T.brucei lherqfore became adopted to mechanica.l
transmission over time, loélt its transmissibility by Gla.v;vina and become monomorphic bearing

: t :
all the features of T.evansi (Hoare, 1970). o .
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Evidence from isoenzyme studies and characterisation of nuclear and kinetoplast support this
hypothesis and suggest only limited evolutionary origin of 7. evansi (Gibson et al. 1983; Songa
et al. 1990) Inspite of this, the parasite has achieved a wide geographical distribution, infects
numerous host species and shows a range of pathogenicity that indicate the possibility of a range
of genotypes. Stocks of 7. evansi from different areas of Kenya were found to conform to a
homogenous pattern of Z}'modc'mcs and were similar to patterns observed in another three
isolates from South A merica, Nigeria and Sudan (Gibson ef al. 1983) Similar investigation on
12 isolate from different animal hosts in China confirmed, that isolates of 7° evansi formed a
homogenous group irrespect of their origin (Lun ef al. 1992a). These homogeneity have been
seen among stocks of lrypﬁnosomes were isolated from dogs, and capybara and difiered in their

i
virulence (Luckins, 1998).

In South East Asia, Stock of 7° evansi from Java were shown to form homogeneous group with
similar characteristics to stocks isolated elsewhere (Boid 1985). The use ol molecular 1
karyotyping improved the level of discrimination between stocks that were in distinguishable by

isoenzyme analysis. The stocks were found to fall into several karyotype groups (Lun ef al. 1992)

Characterisation of stocks from China, Africa and Snul'h America and the Philippines by
restriction fragment length polymorphism revealed that the Chinese stocks were identical , but
differed from isolates from clsewhcrc (Zhang and Baltz, 1994). Eight different karyolypes were
also identified amongst trypanesomes isolated from two herds of camel under different
therapeutic regimes (Waitumbi and Young, 1994). Trypanosoma evansi resistant to the effects

of quinapy ramine were also found to expie=s two different karyotypes (Waitumbi ef al. 1994)
1
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Clearly molecular characterisation has considerable potential in understanding the epidemiology

’ *

of T.evansi, particularly in détermining the relationship between strains isolated from
domesticated livestock and the putative reservoir hosts, the origin of strains and their spread
amongst individuals in a herd, their possible association with disease and présence of the
parasite, the eth;'cts of trypanocidal treatment and the;presence of drug rcsilla.ncc . The
information may be necessary for developing cantrol methodology. Unfortunately , however only
relatively few isolates (Luckins, 1998) have been studied comprehensively, and currently the

knowledge of molecular characteristics of T.evansi in relation to overal epidemiology of the

disease is very limited.

1 -

2.3 Clinical Signs of T.evansi [nfection o , o,
The clinical disease produced varies according to the strain of the parasite and the species of the
animal host affected. The most severe disease occurs in camels, horses, and dogs (Curasson,

1943). Generally, infection due to T.evansi may be hyper-acute, acute, or chronic.

In camels and equines, infection is characterized by an elevation in body temperature which
. . . . ' 1 { . .

coincides with rising parasitemia, progressive development of anaemia, loss of condition, an
weakness. Recurrent episodes of fever occur during the course of the disease. Oedema in the

dependent parts of the body including the legs, neck and abdomen also occurs. Petechial

haemorrhages in mucous membranes may be observed at the junction of the skin and mucous
: . I -

membrane especially of the nostrils, eyes, and anus. An intermittent fever may be present but
in some cases the condition is so acute that this is not apparent. The disease may be fatal within

months or may last for a few years. Spontaneous recovery is usually rare (Homnby, 1952;

Stephen, 1970). D S | . |
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At post-mortem, there is tharked emaciation, enlargement of [ymph nodes, and splenomegaly.

Petechial haemorrhage occurs on {he serous surface and parel’ichyma of both the liver and kidney.

Chronic infection occurs in camels in Asia w;lh the animals becoming progressively weaker and
evenlually emaciated. Such chro'nic infections last about 3 years. In African camels, the disease
is less chronic, In the Suglan, where T evansi exclusively affects camels, the disease known as
Gufar, could lead (0 dca}h within & few months of onset of patency. However, a few camels may
die in 2-3 weeks. The clinical signs are characterized by fever, progressive .eniaciétion, and
anacmia. Oedema of the d'ependcnt parts of the body alsoloccurs. Because of the distinct nature
of the African for'm. of ihe infection flrom that in Asia, tlrle {rypanosome was referred to as
T soudanense. Occasionally, in the Sudan, horses come down with a chronic infection which :ﬁay

end fatally. However, infected donkéys develop mild fever and may spontaneously recover

{(Mahmoud and Gray, 1980).

-
.

Acute infection is common in dogs in the Middle East with death occurring in 2-4 weeks of
infections. Severe oedera, corneal opacity, change in voice due to laryngeal oedema, similar to

what occurs in rabies may.be observed (Mahmoud and Gfa?', 1980)..
2.4 Pathogencsis and Pathology of T.evasnsi infection | ' B

Following infection in an animal with T, evansi, the trypanosomes appears in the peripheral blood
within one week. However, prepatent period varies according to the animal species affected

) - ) ' . 4 - , N
and the immune status of such infecied animals (llemobade, 1971). The severity of the diseases

varies with the strain of the parasite and the animal species involved (Curasson, 1948). For
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instance, it has been shown that a strain of T evansi was infective to Madras sheep in lndia

. . - ! '
following experimental infection leading to the death of all the infected sheep (Saseendranath et

al., 1995).

It is believed that T.evansi when destroyed within the circulatory systein, releases {oxic
substances which damagg the lining of the blood vessels. In some cases, the sudden release of
large amounts of such toxins triggers a chain reaction whidh produces a shock-like éyndrome.
Therefore, the damage to the host does not depend solely on the production of toxic substances
{Mehlhorn and Pickarski, 1989). Thus, the pathogenic el;fect of the organisﬁn, according to
Mehihorn and Piekarski (1989) can further be explained as a syndrome involving the following
components:

Pancytopenia as a result of direct influence of the parasite on the cells or the phagoeytic defense
reaction of the organism which mﬁy be on auto-immunological basis. The resulting anaemia
which appears wi_th thc.'progre:qsing parasitemia is the classical sympiom of thg disease

(Mehihotn and Piekarski, 1989), K "

Metabolic activities of the trypanosomes results in depleting: the host’s nutrients and the
production of toxic metabolites. The consumption of glucose, production of pyruvate and de-
amination of amino acids such as tyrosine and tryptophan seem to be especially important. This

may result in intermediate mictabolic disorder (Mehlhorn and Pickarski, 1989).

The action of certain secretions, such as acid phosphatase which activates the complement
_ : .

systemn, and pharmécokin‘etic active substances like serotonin and kinin which have direct
pathogenic effect (Mehlbhdrn and Piekarski, 1989) are also significant. o
. l - .

1
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A trypanosome-induced hypothyroid status which may play a role in the impairment of

mitochondrial ATPase, a key enzyme in energy metabolism is also implicated (Mehlhorn

Piekarski, 1989).

Autolysis of the pathogen leading to the release of phospholipase which together with free fatty

acids, lead to cell damage and inyuuno—supprcssive effects (Mehihorn and Piekarski, 1989).

Mechanical invasion of the extra-ordinarily strong and mobile pathogens, additional cell
damaging lysosomal enzymes and remains of autophagosomés are excreted in the flagella pocket.

Hence pinocytosis from the flagella pocket block the plasma proteins of the host (Mehlhorn and

Piekarski, 1989).

Immunological mechanisms involving T.evansi characterized by antigenic variation, with

resultant exhaustion of the antibody production of the host during the IgM phase (Seifert, 1996).

Tissue damage due to infection with 7 evansi has been described as multifactorial. However, the
underlying feature is the pmgressive anaemia throughout lhel course of the disease, even in later
stages when the parasites are either present in very low numbers or apparently absent altogether
(Seifert, 1996), In animals infected with 7levansi, th:: level of anaemia estimated by

measurement of erythrocyte counts, packed cell volume, and blood hemoglobin content can be

related 1o the severity of the clinical disease (Seifert, 1996).

In the early stage of the disease, lasting about 12 weeks in cattle, the main features of the disease

are fluctuating parasitaemia and anaemia. The cause of the anaemia is complex but is believed
' . I
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to be haemolytic, due primarily to crythrophagocytosis. This is resulting from the stimulation
and expansion of the mononuclear phagocytic systems throughout the reticﬁlo-endotheliall
system, u!timalely} leading to spiénomegaly. Animals that survive the {irst parasitemic phase,
develop the chronic form of the disease during which the parasitaemia becomes low. The
parasites are difficult to detect even though anaemia persisis (Seifert, 1996).

‘ f

Extensive haemorrhages involving mucous serous surfaces, empliysema in the; lungs, and mild
gaslro-enterilis are obs_ervcd at postmortem examination in’
1996). ; | o | S

T evansi-inlected animals (Seifert,

1

Acute infection in camels lasts aboit 2-3 months and is characterized by localization of

frypanosomes in the connective tissue. This results in a variety of lesions including subcutaneous

oedema of dependent parts and other organs of the body (L.osos, 1986).

bic
1

Visceral forms of T evansi including trypomastigotes, amastigotes, and sphaeromastigotes occur
in the heart, optic lobe, cerebrum, and lung (Misra and Chpdhury 1974). The amastigote and

sphaeromastigote forms are believed not to be degenerate forms but active visceral phases.

- F
|l

Experimental pathogenicity studies in Nigerian equines revealed thal mortality in horses is very

high (Ilemobade, 1971). However, T evansi infection in donkeys and catile appear ta be mild

without causing ill-effect. Such animals could serve as latent carriers of T.evansi for several
' I "

months. Prolonged passage of T evansi in mice reduces its virulence to guinea-pigs and

subsequently in its total elimination (Bhattacharyya and Singh, 1974).

{ ' : |
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Blood biochemical and hematological changes commenly occur in animals ifected with

T.evansi, In camels, severe hypoglycemia is a common [eature (Jatker and Singh, 1974) and

changes in levels of plasma proteins have been observed in camels in India Jatkar et al., 1973).

Serum albumin levels are usually not affected in acute infections. However, in chronic infections
decreased levels are encountered (Monzon and Villavicencio, 1990). Alpha-globulin levels fall

during acute but become elevated during chronic infections. However, beta-globulin levels

increase during acute and remain unchanged in chronic discase. Gamma-globulin levels increase

— . b

during acute, and chronic infections. Investigations on serum proteins and immunoglobalin of

: _ ,
T.evansi-infected Sudanese camels revealed an increase in the total protein concentrations, while

albumin levels in both natural and experimental infections decreased below normal (Monzon and
Villanvicencio, 1990), Hoﬁever, alpha-globulin levels remain unchanged (Luckins ef af., 1980),
Beta-globulin levels are not affeqltedl following experimental infection but decreased in naturally
infected camels. Gamma-globulin and IgM levels increased, significantly whél:elas IgG levéls

were not significantly affécted.

!

\'.n
Verman and Gautam (1977) showed that total serum proteins did not increase in 7 evansi-
infected buffaloes.. However, an increasé in beta and gammalglobulin, and a decrease in albumin
and alpha-globulin levels did occur. e variations in the different protein fractions in both acute

and chronic forms of the disease are indicative of the presence of the disease in the T evansi

4

infected animals.

I " '
Studies on changes in serum enzyme levels following T.evansi infection in dogs showed no
. I . i

significanl change in serum glutamic oxalo-acetic transaminase (SGOT). However, a slight
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transcient elevalior‘i“i'h serum glutamic pyruvic transaminase (SGPT) level has béen obsei;ved
(Mahmoud and Gray, 198{‘)‘). Sor}::ri{ul dehydrogenase, SGPT and‘SGOT ie;rels are known to be |
elevated whereas 'alkalinc_ phosphata;:e levels fall during ;he period of patent parasitemia in
infected Sudanese camels. However, following treatment with quinapyramine sulphate
(Antrycide), the levels of these enzymes returr.l to normal (Bbid el al., 1986) suggestiﬁg that the
presence of the parasites in peripheral circulation is responsible for the changes in the levels of
the eMnzymes observed in the infected antmals. | |

Experimental 7.evansi in}fection_ in rabbits showed evidence of depréssed immunological
response (Uche and Jones., 1992}, The changes observed were indicative of immune response.
Nevertheless, changes observed in the kidneys, lungs, and heart were destructive in nature and
capable of causing sudden death in the infected animal following multiple organ dysfunction .

' .I ’ N ' 0 . { . - .
The presence of many trypanosomes in the vulval tissue was suggestive of a possible sexual

transmission of T evansi (Uche and Jones, 1992),

Pathogenesis of 7.evansi infection in East African goats, showed that the trypanosomes could be

located extra-vascularly in body fluids such as synovial, périloneal, cerebrospinal fluid, and in

the lymph. The carcasses of such infected animals were ematiated and pale. Histopathologically, |

lymphoid hyperplasia, muscular atrophy, and nephrofic changes occurred (Ngeranwa e/ al.,

1993). Necrolic foci in tli;; liver, kidneys, lymph nodes, splcen, gind lungs were also observed.
_ ‘ f :

Other changes occurred in the lymphatic tissues which were depopulation of lymphocytes, This

was accompanied by Ihcpatic, lymph node, splenic, and renal infiltration by in{flammatory cells

(Ngeranwa et al., 1993).
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2.5  Antigenic Variation in T.evansi - _ \ ‘

The ability of trypanosomes to counter the host's immune res:ponsg by producing @ large number
of antigenically different populations throughout the course of infection in the host has fascinated
scientists since the beéinning of the.20lh Century. (Ritz, 191 é). Thé biology of antigenic variation
has continued to attract research efforts on trypanosomosis, reflecting the rapid expansion in

immunology, biochemisiry, and molecular biology that characterized the last 25 years { Hyde,

1990; Turner, 1992).

A considerable amount of work on this subject, had established many of the tenets of antigenic
variation, particularly thé tendency for certain antigen {ypes-to appear early in infection
irrespective of the infectirig variant (predominant antigen rtypes); the reversion to a particular
antigen type after cyclical transmission that was a chain characteristics (basic strain antigen), and
the classification of trypanosome isolates inlo groups (serodenﬂes) according to the rangt;. of
predominant antigen types. | |

The work carried out on lrypanosame antigenic variation has been extensively reviewed (Gray,
1967; Lumsden, .l 967; Gray and Luckins, 1976). The re;ults of this formed the basis for further
investigations in this area in many laboratories in the last 25 vears which was witnéssed by a
refinement of many of the'rscientiﬁc techniques employed in the 1960s, in particular the use of
cloned populations and standardization of (erminology (Lumsden, 1982). Mu;:h .of the wofk
centered on Tb. brucei with other species of trypanosomes receiving less attention (Boid ¢t af.,
1996). Studies on antigenic variation in 7. gambiense suggested that antigenic g_liversily amongst

isolates of 7.5, gambiense was more limited than bad been found in T brucei. The 'sludy indicated
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that isolates of 7.b.gambiense [rom widely separated areas of Nigeria, produced a large number
of variable agglutinogenic antigens in common (Gray, 1972; 1973). However, further researches
carried out on stocks of T b. gamblense from Nigeria, Senegal, Uganda and Zaire were also found

to show high degrees of similarity in their antigens (Gray, 1974).

Some icchnical prI(‘)bIemé hindered studies on the aniigenié \.sariation in T.congo!eﬁse. On'elrof
these problems was its tendency to agglutinate in the absende of antibody so much that antigenic

analysis relied on the teéhnically more complex neutralization tests rather than the simpler

agglutination t;sls used for 7.brucei and 7.gambiense, However, studies on a very small number

of metacyclic lorms of T.congolense suggested a high degree of antigenic diversity between

melacyclic popillations of 4 smr_;'_ks of T.congolense from Last and West Africa (Luckins and
Gray, 1979). -

!

In line with the current research, extensive studies on the phenomenon of antigenic variation in

T evansi has been on sin.ce the tﬁid 1980s (WHO, ]983]r. So.me of these studies aimed at

examining the effect of the apparent absence of metacyclic forms 'onl antigenic:dé'veldpmenf .and

diversity. The results have revea[ed.that antigenic variation in 7" evansi occurred in a simi!ar way

lo that in tsetse fransmilted lrypanéSomes, including the présence of prcdofninant antigéns (Jones

and Mckinnell, 1984‘; 1985a; 1985b). Furthermore, antigenic diversity between stocks of

T evansi was far more lim.iled than in the tsetse lransmitted trypanosomes (Jones and Mckinnell,

1985¢). The limited antigenic diversity fouﬁd among 7T, evansi'stocks in the Sudan using 30

predominant variable antli.;genic types {(VAT) isolated frorrll six_ stocks (Jones and McKinnell,

1985b) compared with those found in other species of salivarian trypanosomes suggested that

host immunity might play a significant role in the natural regulation of T.evansi infection. This
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may probably be an important factor in the pattern of inﬁ;clion in many areas known to have

recorded cases of T.evansi infection.

2.6 Diagnosis of T.evansi infection

Several diagnostic methods including clinical, parasiiological, serological, etc., are used in the

L3
1

detection of T evansi infections in animals. .

2.6.1 - Clinieal diagnosis ' | !

This is based on the identification oi‘ clinical manifestations of the disease based on locality. The
clinical diagnosis js essentially carried out on suspected animals. Usually, there are no
pathognomonic signs and chronic_ infections do resemble other parasitic or infectious conditions.
Such diseases cause physiological stress, anaemia, vedema, lymph node enlargement,
conjunctivitis, and keratitis. In camels, the discase could be confused with gastrointestinal
strongylosis, haemonchosis, massive hyda!_idosis, anthrax, chronic infectious disealses, and

. : I
mainutrition (Jeffrey and Leach, 1966).

2.6.2 Pal'asitolngiéaldiagnosis

Definitive diagnosis depends on the demenstration of the trypanosomes in infected blood. The
parasitological techniques involved are referred to as standard trypanosome detection methods
(STDM). These include the preparation and examination of wet, thin and thick blood films,

microliaematocrit centrifuge technique, buffy coat examination, and mini-anion exchange

H
chrematography.

!
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b)

c)
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i
Direct microscopic examination: The immediate observation of a drop of fresh blood
sample, placed on a clean glass slide and covered with a cover-slip, can be very useful in the
field to check for parasitaemia. Identification of the trypanosome species with accuracy is
i

difficult with this technique except in 7 vivax and 7' congolense infections in cattle because

the parasites can casily be identified through their movement.

Micro-haematocrit centrifuge Technique (mHCT): In cases of low parasitemia, it is easier
to detect trypanosomes when they are concentrated (Woao, 1969). This is achieved either by
the microha;malocrit céntriflllgatiml technique or by separation of the trypanosomes through
filtration or lysis of red blood corpuscles. The trypanosomes are then examined under phase-
contrast or dark field illumination microscopy (Murray ¢f al., 1977). This method is used to
detect trypanosomes at the buffy zone and stained with Giemsa. The mHCT is capable of
detecting trypanosomes in blood of camels six to ten days earlier compared to wet and thin

blood film methods. The technique can be very useful in the field using batiery-powered

mHCT.

Laboratory Animal Inoculation: This is a sensitive method for detecting 7.evansi and
T brucei infections in camels (Godfrey e al., 1962). Blood taken from suspect animals are
inoculated into laboratory animais (usually mice dnd rats) in order to demonstrate

trypanosomes that are rare at the time of sampling.
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2.6.3 Silicone Centrifugation Technique

The efficiency of this technique depends on the existing difference between the density of the
host erythrocytes and that of the trypanosomes. Erythrocytes are usually denser and are pelleted
by centrifugation through a layer of silicone fluid (density 1.075) which trypanosomes cannot
pass through. Results from this m?lhod are comparable to t};ose obtained by the mHCT, and the
miniature anion-exchange chromatography technique (Lanham and Godfrey, 1970). This
technique is yet to be applied in the diagnosis of trypanosomosis in camels.

2.6.4 Mini-anion Exchange Chromatography Technique

This technique is capable of separating trypanosomes from the host red blood cells by passing
infected blood through a column of diethyl aminoethyl (IJE’AE) cellulose equilibrated at pH8.0
with phosphate buffered saline glucose. The trypanosomes are eluted through the column which
retains the host erythrocytes (Lanham and Godfrey, 1970). As a modification of this technique,
the eluate is collected in a sealed pasture pipette which is centrifuged. The sealed end is
examined for trypanosomes under the microscope (I.umsdeIn et al., 1973). This technique has

also not yet been applied in the diagnosis of Surra in camels.

Tests with high degree of sensitivity and specificity have been developed to detect invariant
species and subgenus specific circulating antigens in blood as means of diagnosing 7.evansi,

other animal trypanosome species, and human trypanosomes (Nantulya, 1995).
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The test involves of latex particles sensitized with specific antibodies. The presence of specific

antigens in the specimen leads to the agglufination of the sensitized latex particles.

Similarly, Suratex (a card latex ag_g!utiuation test) has been dcvé]oPcd for the dia.gnusis of patenll
and sub-patent T evansi infections in camels. The test, when compared with microhaematocrit
and mouse inoculation tests, was found to perform better. Out of 326 camels examined for
T evansiinfection, 12.7% were positive on mHCT, 30.7% by mouse inoculation (MI), and 33.0%

by Suratex test (Nantulya, 1995; Olaho-Mukani ef al., 1995).
In another trial involving camels and bulls under different drug regimes, Suratex detected
infection while mHCT and MI did not. Results are obtained within 5 minutes and hﬁrdly any
equipment is required apart from heparinized whole blood and plasma or serum (Nantulya, 1995;

Qlaho-Mukani ef al., 1995).

A formol-gel test has becln develqpcd in an attempt to develop an improved method for the
f .
detection of T.evansi infection (Plantureux, 1923, Knowleé, 1924), Another widely ug:ed method
is the mercuric c]xloride t'tl?sl {Bennett and Kenny, 1928). These two 1'netl;od_s were base:d on
elevatibn of serum protein levels following infection. The Imert:uric chloride test was claimed
to be more eflicient (Bennett, 1933) and sensitive (Mahmoud and Gray, 1980) than the formof-
gel test, although some other workers have disputed this based on some experience in Chad and
Ethiopia (Pegram and Scott, 197I6).' Efforts to improve the diagnostic efficiency of blood film
preparations and examination weré considered at length by Killick-Kendrick {1968). Rabbits and

dogs infected with T.evansi developed conjunctivitis, keratitis, and glaucoma. The ttypanosomeé.

were demonstrated in the agueous humor.
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Studies on T evansi strains of different origins led to the development of two diagnostic
procedures which were first tested in the laboratory and subsequently in the field (Touratier,

1992). Thus, the card agglutination trypanosomiasis test (CATT) and the enzyme-linked

immunosorbent assay (ELISA) supplement micmstnpic examination of smears.

In live animals, immunofluorescence is one of the reliable «
ol the antibody and antigen detection enzyme immunc
infections in camels was undertaken in Kenya. Olaho-N
diagnosis of T.evansi infection in camels by the use of an
linked immunosorbent assay (Ag-ELISA), or in combinati

is a preferred approach in assessing infection compared (¢

linked immunosorbent assay (Ab-ELISA) test.

Rocket immunoelectrophoresis showed a reduction
complement component (C,) in the blood of rabbits exp
reduction is associated with C, activation in rabbits w
Jones, 1992). No evidence of this activation was detected in uninfected rabbits, rabbits with

) i
early stage, light infections, or rabbits cleared of infection by drug treatment.

Evaluation of monoclonal and polyclonal antibody based on antigen detection immunoassay for
diagnosis of 7 evansi infection in dromedary camels, showed that the tests were at least six times
more sensitive than the hematocrit centrifuge technique (HCT) and these should be used in

routine diagnosis in addition to the parasife detection techniques (Diall er al , 1992).

f
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Serological diagnosis of 7 evansi has been used to diagnose ;mal'dc caderas’ caused by T evansi

in horses (Monzon, 1993).  Similarly, an Ag-ELISA based on a T brucei group-specific

monoclonal antibody has been shown to detect circulating 7 evansi antigen in horse sera on 7 and

21 days post-infection (Monzon ef al., 1995b). It was furlh'er shown that a combination of the

Ag-ELISA and parasitologic methods detected more animals with 7" evansi infection (Monzon

et al., 1995), which indicates that the Ag-ELISA test is useful both in the diagnosis of 7.evansi-
and in assessing the efficacy of drug treatment in horses.

2.7 Chemotherapy of T.evansi infection i

Much has been reviewed about the chemotherapy of T.evansi infection (Braide, 1974;
Williamson, 1976). No new effective drugs have been brought into field use for more than 20
years, There are a few chemoprophylactic and chemotherapeutic drugs, some of which are not

well tolerated while trypanosomes do develop resistance to some of them (Losos, 1986).

Recent reports on chemotherapy of T evansi infections deal essentially with efforts to enhance
drug therapy using different complexes of existing drugs. The sénsitivily of thirteen clones of
T evansi from China to diminazene accturate (Berenil®), Suramin (Naganol®), Cymelarsan
(Melcy®), quinapyramine (Trypacide®), and [sometamedium chloride (Samorin®) have been
determined (Zhang ef al., 1991). Clones selected for resis!lance to Berenil®, were not cross-
resistant to Naganol® and Samorin®, but were shown to be more sensitive to Trypacide®, than
the normal strain in in-vivo tests. The in-vitro assay procedure may be of potential use for
screening new trypanacides and also for the rapid detection of drug resistant isolates of 7-evansi

and T equperdum {Anon, 1991; Zhang, et al., 1991).
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Melcy® is a new curative drug which is very eflective against 7.evansi and 7’ brucei. Mellcy®
is well tolerated by camels and can be given 1o pregnant ahd weak animals. The drug is
administered intramuscularly as 2 0.5 % sulution at 0.1 g 20 ml for every 400 kg. The resulis
of field application of Melcy® in 40 buffaloes naturally infected with T evansi in the South of
China and treated with a single dose of Meley ® at 0.25 mg kg' 10 3.0 mg kg' intramuscular
injection, cured E.l“ fourty,.aninmls wilh exception of two which relapsed (wo months after drug

|
administration (Zhang e/ af., 1991). These results indicate that Melcy ™ is a very active

trypanocidal drup agai.nst T.evansi chzing et al., 1991), F

2.8 Drug Resistance

Most of the trypanocidal drugs cﬁt_‘renily available have been in use for many )Ifears and there are
widespread reports that Of, drug-résistance especially when exposed to subcurative 'dos?:s of the
trypanocide insufficient fo ensure destruciion of the parasilles. The situation is q_uil'c colhn;on
with the use of pmphylact’ic drags in tsetse-transmitted lrypzmosomnsis; Drug-resistant stocks
have been reported'to peréi_st even after r;assage through the trsetse—ﬂy (Finelle, 1973). In general,

it has been shown that suramin-resistant stocks ol 7.¢vansi remain sensitive to quinapyramine

(Finelle, 1973) and isomvthamedium (Stepanova and Petrovskii, 1976).

Drug~resis;ant stocks of T evansi have been reported in the Sudan (Leach, 1961; Luckins 7 al,
1979), India {(Gill, 197!)_4 and R'ussia {Petrovskii and Khamieu, 1974). Studies on Suramin-
sensitivity to 3 stocks of T'evan.si isolated from camels in Russia showed that inl‘eclionlls in mice
required a minimum thcrébeutic dose of 60 ing kg Suramip comparéd io 10 mg kg' Suramin

required to cure infection with a more susceptible stock from Turkmenia. Luckins ef of. (1979)
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reported that 7 evansi stocks isolated from the vicinity! of Kassala in the Sudan was not
responsive in camels after 2 successive treatments with 10 g Suramin and a dose of 3.0 mg kg’

quinapvramine.

Various drug regimes used in the treatment of 7 evansi outbreak in the Sudan showed that the
stock involved was rcsislant to Suramin but susceptible to 2 ‘quinﬁpyramine sulphate. Berenil®
at 3.5 mg kg' was ineffective while at 7 mg kg it proved highly toxic to adult camels (Leach,
1961). Resistance (o quinapyramine-suraminate was also reported in some stocks of 7.evansi in
India, with varying degiees of resistance to Suramin and 'l'rgrpacide'i{' but not to Berenil® (Gill,

1971). Inrats infected with resistant stocks of T evansi, 8 times the dose needed to cure inlections

with sensitive 7. evansi was rcqui'red {Mathura stock).

I e real extent of trypanocide resistance in T.evansi is difficult to assess. Only isolated cases
[

have been reported in the literature and it seems that the drug-resistant stocks concerned remain

sensitive to other trypanocides. The situation, however, requires continuing assessment because

to date no biochemical or genetic markers for drug resistance have been identified in
I

trypanosomes (Boid ef al, 1996). The assessment of the sensitivity of trypanosomes to

trypanocidal drugs therefore relies on measurements of the growth of parasite populations in the

presence and absence of drugs.

2.9 Immunology : : |
The appearance of pathogenic trypanosomes in the blood stream of a host stimulates the
development of humoral immune responses directed against the surface coats of the different

antigenic variants and induce immunity to the particular vayiants.
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In a study to determine the ;')rotective activity of different immunoglobulins foliowing
T.congolense and T.vivax infections in cattle, the typical primary response against a variant was
first found in 1gM, and lﬁter in the IgG fraction of the infected serum. | |
Other studies havelindicalcd the predominance of ant.ibiodies of the 1gG class in T.evansi
infection, where a nun:1be'1:. ol'dilTerent major.antigenic components were identified by sodium
: Co . .

dodecyl sulphale-pblyacrjrlcmide gel electrophoresis (SDS - PAGIY) and Western blotting (Uche
et al., 1993). : |
Protection against homologous challenge was observed to be induced by infection with T.evansi
followed by treatment with a {i'ypan'ocida.l drug (Uche! and Jones, [994). Response o
experimental infection w;as infhllencccl by the pattern of antibody responlse to the different
components of the parasite. It was observed that where surface antigens were reorganized,
absolute proteclion was ;ﬁnferred.. But where only a few qomfmnents were recognized, as i.n
heterologous serodeme, only partial immunity was conferred (Uche and Jones, 1994). These
studies have shown that differences in the quality and quantity of the immune response are
important in the determination of the outcome of infection aﬁd there were clear difTerenées

.

between animals. ,
- v . ]

Sera from animals that are resistant to T.evansi on the basis of delay in appearance of parasitemia
and its Jevel (Uche ef al,, 1992) contained antibodies that recognized a greater range of antigens

earlier in the infection than sera frotn those that were suscebtible.

'
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Cyclical transmissi;:m.of t;'ypanosomosis may occur via the development of a chancre as has
been demonstrated w:th T. congolense. Metacyclic trypanosomes developed at site of their
deposition in the dermal collage;l before leaving via the draining Iymphatl;cs and entering the
lymph node (Luckins and Gray, 1_978; 1979; Gray and Luckins, 1980). Similar developmental
changes have been observéd in 7 evansi infections (Luckins ef al., 1991; Uche and Jones, 1993b).
This stage of development in the skin appeared to have important consequences in the acquisition
of immunity. Infected animals treated with trypanocidal drugs f;ail;‘:d to develop reactions when
challcﬁgcd with a homﬁlogﬁus sn:mdemé, suggesting the im[icr[a'n'ce of immunity at the level of

-~ 1

the skin.

The multiplicity of antigenic .types in nature and the capacity of each type of change énables the

trypanosomes to thrive in an animal thal has been previously immunized (Richardson and
Kendall, 1964). Varidtions in strain virulence and exiremé specilicity of protective and anti-

trypanosomal antibody are some of the major constraints to successful vaccination (Gray, 1965).

However, studies on T._evd;.mi susceptibility amongst different animals was in mice and lowést

: , a
in cattle and buffaloes (Gray, 1965).

Guinea-pigs showea considerable resistance but eventually became infected. Mice infected with
T.evansi were demonstrated to poss'ess agglutinogenic andltfypanolytic activities at the time of
the disappearances of ch {rypanosomes froml peripheral circulation (Kacker ¢f ¢l., 1974). The
serum of these mice ag.ghl'ti.nated ;hé parasites within 24 houlfsfoll(;wed by' lysis aﬂér 72 hours,
Killed 7’ evansi vaccines prepared from infected mice could offer some degree of _protéction in
susceptible mice (Rlyu-, 19"75). Vaccines containing carbol PI3S or 10 % Lugol’s Solution gave

the best protection.



2.10 Control of T;evansi.infcction

The control or eradication of T evansi infection through surveillance and chemotherapy was
attempted in the former USSR (Kunichkkin and Iskalieu, 1975). The control measures employed
include the detection and treatment ;)f infected animals using am;ropriate chemotherapy, vector
and herds movement control, as \;rel[ as other traditional mclhods.
_ '

Control can be a}chieved through movement of herds away from areas known to be infested by
biting flics especially at seasons of the year when the biting My populations are high (Hunter,
1990). The movement of the herds avoided the hatching of dung breeding flies (Lyperosia and

Stomoxys species). . |

Wilson (1984) noted that night traveling in known Tabanid infested areas adopted by traditional
- .
camels owners, watering in tight groups during the hottest part of the day, and coldest hours of
the day are effective in avoiding contact with the vectors of T evansi.
]

Smudge fire insect repellants are very good protectors of livestock against biling flies (Wilson,

1984; ITunter, 1990).

2.10.1 Vector Control

The spread of the disease can be checked by the use of natural encimies of the vectors. For
instance, predators, pathogens, and parasites on the larva, prupa, and adult stages of the vectors

have been demonstrated to check the spread of the disease (Chainey, 1993). However, this
. . . . ' T
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method has proved not to be successful in the field because the use of predators has not been
very effective. However, the use of parasites on the vector efgs can be very effective (Chainey,
1993). Members of the family, Asilidae, Mantidae, Man’lispidae. Carabidae, and the order

Odonata are known to be insect predators.

The larvae of Tachinidae and Cynipoidae are parasites of Diptera insects (Imms, 1959). The

capturing of adult flies by methods such as hand catching, use of adhesive surfaces, sticky traps

and the removal fvf puparia in locdlized breeding sites in areas with low population of the vectors

is another effective method of controlling the spread of T evansi infections (Chainey, 1993).
I

€'ross paring vectors with other species can lead to females being unable to produce offsprings
(

leading 1o total elimination of the vectors with time..

Another control method is the use of insecticides. However, (his has an undesirable effect of
causing environmental hazards and its application is usually impracticable because the breeding
sites are very diffuse and extensive, coupled with the fact that the larvae are below the soil
surface and would lherel'qre reqdire higher doses of the chemical to eliminate them (Chainey,
1993).
i

It has also been reported that alterations of vegetation or habitats of the vectors through bush
clearing, improving environmental and personal sanitation, as well as cultivation of marshy
lands areas or drainage of marshy areas are indirect ways of vector control (Chainey, 1993).
Removal of vector food sources can lead to their starvation, consequently leading to reduction

in the spread of the disease (Baldry and Jordan, 1965).



CHAPTER THREE
3.0 INFECTIVITY AND I’ATI-]OGENIC]TY OF THE Trypanosoma evansi
ISOLATE IN YANKASA SHEEP

3.1 Summary ¢ .

: ' !
f
Studies on the infectivity and pathogenicity of an isolate of Trypanosoma evansi was carried out
using twe groups (infected and uninfected control) of Yankasa sheep aged between 9 and 13
months.
Each of the experimentally infected sheep was intravenously (Gugular vein) inoculated with 2 ml
of infected blood containing approximately 2.0 x 10° 7" evansi parasites. The trypanosomes were
isolated from naturally infected camels slaughtered at Kanq Abattoir, Kano, Nj geria.'."

. . ! - . I :
Clinical examination of animals included physical examination and laboratory procedures like
haematology and blood protein level determination. Haematological paramelers delermined
included levels of parasitaemia, packed cell volume, red blood cell counts, haemoglobin
concentration, total leucocytes counts. The infected sheep were positive for T evansi from day
Ipost-infection, and developed clinical trypanosomosis, characterized by fluctuating pyrexia,
parasitaemia, and anaemia.
"
. f

The prepatent period varied between 3 and 6 days with a mean of 3.3 _+ 1.0 days post-infection
from the method employed. Seven of the T evansi inoculated Yankasa sheep developed

parasitaemia by day 3. Parasitaemic waves, typical of trypanosome infections, were also

recorded.
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The mean rectal temperature in the T evansi infected sheep was significantly elevated (P<0.05)
between days 2 and 12 post-infection with a peak mean of 40.13 £ 1.06°C on day 6 post-

infection, while the mean rectal temperature in the control sheep ranged between 38.47 £ 0.55°C

and 38.85 + 0.98"C.

1

Anaemia was a distinct feature of the disease and its develppmenl coincided with a fall in the
PCV, Hb concentration, and erythrocyte counts. The mean values of PCV, Hb concentration and
erythrocytes counts in infected animals were significantly (F<0.05) lower when compared with

corresponding mean values recorded for the control group. The lowest mean PCV (17.67 £ 4.04

%) was observed on day 51 post-infection (Table 3.5).

The mean blood protein levels in both infected and control Yankasa sheep were generally within
normal range, although the values decreased non-significantly (P>0.05) between days 3 and 8

post-infection. . S {

‘The mean live-weights of the control Yankasa sheep increasdd gradually {11.75 £ 7.34 -kg to 14.§
* 5.30 kg) during the aculte course of the study. However, although the mean weight in the
infected group also increased (12.16 £ 2.35 kg to 13.28 + 2.06 kg) withiﬁ. the same period of
study, there was evidence of poor weiglt gain during the chronic phase. The values decreased
gradually but significantly (P<0.05) from. 13.28 +2.06kg to i2‘20 £ 1.34kg up to the point when
the experiment was termindled (Table 3.5) compared with the un-infected values which increased

significantly (P<0.05) from a mean of 149+ 530t0 16.6 + 5f30 within the same period of sludy.
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Leucocytosis occurred in the T evansi-infected Yankasa ‘sheep between days 12 and 60 post-

b ll
infection. .

Other clinical signs observed included central nervous derangement, enlarged superficial lymph

nodes, epiphora, weakness, and rough hair coat.

Most of the clinical and patholog.ical features of the infection observed in the present study are
in agreement with previol;g findings re['aortcd in animal trypanosomosis. This indicates that the
T evansi isolat; ﬁged wa#- pathogenic to Yankasa sheep, ",md as such could be a potentially
important threat (o sheep production in Nigeria. |

L

3.2 Introduction

Shecp are fairly well distributed all over Nigeria, and play a significant role in the socio-
economic life of the people. They are found across the various ecological zones and mostly
located in the Guinea Savannah (Fig 1) region. Besides cattlF, they are reared along with camels
in many areas. Sheep account for over'l 1% (48,000 metrid lum‘ies) of the total meat supply in

Nigeria (Adu and Ngere, 1979).

Besides their use as source of meat, other produets like milk and skins (used as raw materials to
feed the local leather industry) are also important. Sheep skin annual production has been

esttmated to be about 7, 500 tonnes. Sheep also feature very well in many social and religious

feasts in Nigeria. ¢



Photograph of Yankusa Sheep (common in the north)
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Economic production of sheep in Nigeria is hampered by disea;es, with trypanosomosis being
one of the most important. Hitherlo trypanosomosis was never considered a problem of farm
animal_s in northem Nigefi,a becalusg: lhf_: area is generally ts;e-tse free. Now, the introduction of
T. evansi that can l;c lrans:;.mittcd mechanically by biting flies coupled with the influx of camels
into several parts of Nigeria, is gradually changing this picfure. - Available reports have shown
that T.evansi is pathogenic to different animal species in different parts of the world (Bennett,
1933; llemobade, 1971; Khasanov aﬁd Invanitskaya, 1974, Mahmoud and Gray, 1980). T evansi
is assuming greater economic importance because of the significant growth in the world camel

population, particularly in the dry savannah region, where camels are used as such of meat

(Falope, 1991)
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Fig. - Distiibution of sheep in Niperia

SOURCE: © AbU AND NGERE (1979)
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Epidemiologically, T evansi may be assuming greater importance because of the cross-infectivily
of the trypanosomes between camels, sheep, and goats, The transmnission is mechantcal through

Tabanids and other hematophagous flies ubiquitous in the area. .. .

N .

Preliminary reports on the infectivity of Tevansi identified! from blood samples obla.ined from
slaughtered camels at Kaﬂo Abattoir, Nigeria, indicated the isolate to be infective to mice and
rats (Musa, 1994). l{owe\_rer, goats \;vere rel:atively resistant to infection with the isolate (Sani :
1994). With the ever increasing demand for camel meat, and the threat of outbreak of the disease
in sheep, it is hoped that"\a complete understanding of the behavior of the parasite in sheep,
' . : f
especially wheﬁ reared with camels, would provide the frame-work for integrated contrel
measures needed to protect camels and (I)ther susceptible animals. The present study was
therefore designed to inve'sligate the infectivity and the pathogenicity of the T.evansi isolate in

' i
Yankasa sheep.

3.3  Materials and Methodsl
331 Camels -~ -

¢
Camels slaughtered at the Kano abattoir are mostly trade animals coming from the Sahelian
regions of Africa. On importation, the animals usually are driven directly into the abattoir
premisgs, where .lhey may'bc held for up to three weeks prio‘r to slaughter. They are usually fed

crop residues and sparingly watered.

Previous history pertaining to the animals were not known, but majority of them brought to the

abattoir for slaughter were adult males ranging between 7 and 16 years old, 'The abattoir records

'

f
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showed that an average of 65 camels were slaughtered daily. Fat and healthy lﬁukinQ camels,
with an average weight of aboul 450 kg were preferred. Nutritional records were not available.
Apart from the use of crop residues, there were no attempis to fatten the animals bgforc slaughter;
probably the animals would have been on a frée range grazifg habit before they were E;rought for

slaughter.

3.3.2 Isolation and Identification of Trypanosomes

-

The T evansi isolate used in this study was oblained from the blood of a naturally infected camel
slaughtered at Kano Abattoir. Kano is said to be tsetse free and is situated close to the northern
boundary of Nigeria. The abattoit is located about 3 km North East of Kano metropolis.

i

TR
i

Blood samples collected 'f’l'rom the slaughtered camels were each obtained in sterifized Bijou
: . , : _
bottles containing .disodium sait of ethylene diamine tetra-acetic acid (LDTA) and transi)orted
immediately to the Department of Parasitology and Entomology, Faculty of Veterinary Medicine,
Ahmadu Bello University, Zaria. In the Laboratory, the blood samples were immediately
examined by wet film examinali(;n. Two milliliters (inl) of a blood sample positive for T.evansi
(Plate 1V) was immediatgly inoculated, intravenously, iﬁtd a donor sheep which w?.s' used to

harvest the trypanosome for subseguent infection of the experimcntal sheep. .
+

The Tlevansi isolate was identified according to the techniques described by Jeffrey and Leach

(1966) and John e al. (1992). The T, evansi isolate had a pointed posterior end, with subterminal

kinetoplast, and a well developed undulating membrane. The flageifum was free arising from the

posterior end, and located forward along the outer margin of the undulating membrane. The
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nucleus was single, elongated and centrally positioned (Plate IV). In addition, when compared
with other species of trypannsoﬁlcs like Tvivax, T congolense, and 7 brucei, the distances
between the posterior end and the kinetoplast, from kinetoplast to mid-nuclear point, from the
anterior end to the tip of the flagellum and free flagellum length were longer thus agreeing with

John et al’s. (1992) description of the parasite. I

3.3.3 Experimental Animals
Fourteen intact male and female Yankasa sheep, aged between 9 and 13 months, were purchased
and used for this experiment. The.sheep were obtained locally from Giwa market, about 28 km

north-west of Zaria.

; ) ! .
On arrival in the Department, the sheep were routinely de-wormed orally using Levamisole
i
(Worm-care®) at the therapeutic dose of 7.5 mg kg body weight. The sheep were sprayed with
a 0.2 % water solution of Supona® (Shell, London) against ectoparasites. The sheep were

prophylactically treated against coccidiosis using Amprolium.

Also sheep that were positive for Anaplasma ovis were treated with Long Acting Terramycin®
(Pfizer Products Ltd; lkeja, Nigeria). They were subsequently kept in a tick- and fly-proofed pen.
The sheep were fed grass-hay, grain offals, and cotton seed concentrates. Salt-licks and water

t
were supplied ad libitum.

All the Yankasa sheep were examined for hemoparasites twice weekly for 9 weeks using thin

blood smear preparations and sub- inoculation of rats prior to infection. At the point of
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experimental inoculation with T.evansi, all the Yankasa sheep were certified negative for

infection with hemoparasites.
3.3.4 Experimental Procedures

All the Yankasa sheep were idehtified by means of ear tag numbering, and were allowed to

acclimatize for 9 weeks after which they were randomly divided into two groups. They were

monitored for another 2 weeks to obtain base-line data. Six Yankasa sheep constituted the
; T

uninfected control group (Group 1), while the remaining 8 belonged to the experimentally

7 evansi infected group (Group 2).
3.3.5 Experimental Infection of the Animals

One Yankasa sheep was used as a‘ donor and was infected with 2 ml of 7" evansi-infected camel
blood via jugular vcnipunp!ure. The donor sheep was then monitored for parasitaemia. Afler
parasitaemia had been established (Plate 5), the donor shcé;? was.bled via the jugular vein. The
blood was collected into a conical flask containing EDTA as anticoagulant. The blood was then
diluted with phosphate buffered saline glucose (PSG; Lumsden ef al., 1973) prior to inoculation

into the experimental sheep.

Each of the infected Yankasa sheep was inoculated with 2 ml of the diluted blood containing
about 2.0 x 10" Tevansi trypanosomes as estimated using the improved Naubauer
haemocytometer (Petana, 1963) using Gram's iodine as diluent.

i
{



Plate 5;

Ln

fed

f

Photomicrograph of Trypanosoma evansi from the infected blood of a naturally
infected camel. Note the free and long flagellum with well developed undulating

membrane. The nucleus is elongated and centrally pliced. (Hoematoxylin & Eosin
x4000magnirfication)
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Table 3.1:  T.evansi infected and control Yankasa sheep groups

Control 1.evansi infected
{Group 1) (Group 2)
i
P 3030 P 3035
P 3031 P 3036
P 3032 . P 3037
P 3034 P 3038
P 3039 _ P 3040
P 3042 P 304] l
. C P3046

- P 3047
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The inoculated sheep were allowed to go through the full course of the infection without

L

treatment.

3.3.6 Clinical Examination of Experimental Sheep

In order 1o evaluate the infectivity and pathogenicity of the T.evansi isolate in thé fn['ectcd
Yankasa sheep, certain pafamcters__iwere assayed prior to the'inoculation. These 'ﬁ;aran;eters were
then compared with valués obtained afier infection. The Iparamelers investigated included (a)
daily rectal temperature which was determined using a clinicai thermome.ter, (b) parasitaemia
which was determiﬁed cve'ry 3 days weekly using three major parasitological methods (wet film,
haematocrit centriﬁlge tccl‘;nique! a:;d lhlin blood lilm), (¢) Llooci protein concentrations (used
to determine the nutritive state of the sheep) were estimated every 3 days in each week using
Goldberg Refractometer, (d) haecmalology by daily determination of PCV for one week and
subsequently twice every’ week to estimate the degree of anaemia using the microhaematocrit
centrifugation tcchniq.ue (Coles, ]-9"?4), Hb concenlration u’l'as a!-so determined according to the
method of Coles (1974), and {otal RBC, total and differential leucocytes counts were estimatred
using the improved Neubauer haemocytometer (Baker and Silverton, 1978) every 3 days weekly,
(e) live weights- tkg) of 'llz;oth the ‘cont.rol and expcriment’ally infected Yankasa sheep were |

determined once every week using the portable foot weighing balance, - :

The wet blood film was examined after a drop of blood was placed on the center of a clean

’

microscopic slide. This was then covered with a clean cover slip, and viewed under the light
' ' ro _

microscope at x 40 magnification,



56

’

For the HCT test, fpu( _n}iéro-haer?.llqtocr_it capillary tubes (orrle en'g! sealed) were each ﬁ]lcd. with
about 70 pul of biood and éentrifuged at 1500 rpm for about 5 :ninutes usihg a Hawksley
centrifuge. The tubes were then placed on a clean slide. A drop ol'immersiclm-oil was put on top
of each of the tubes and the buffy C(ial-plasma. interface cxal'hinc;f under the light micnloscope .at

x 40 magnification (Woo, .1969) for trypanosomes.

To conduct the thin blood smear, a drop of the suspected blood was placcd at onc end of a clean
microscopic slide and using a sprgader, and a thin smear was made. The slide was quickly air-
dried, fixed in methano! for 3 minutes, stained with 10% Giemsa, and rinsed under a stream of
tap water. After it was air-dried, a drop of immersion-oil was placed on it and examined under

the fight microscope at x [00 magnification.

Parasitacmia was scored as +, ++, +++, and massive (representing [-5, 6-10, [0-20, and more

than 20 trypanosomes per microgcopic ficid) at x 100 magnification.

P

337 Clinical Signs . -

. . ) ) ' . . '
. L .
+

All the infected and control sheep were subjected to detailed clinical examination on a daily
a .

basis. Their ocular and btic;cal mucous membranes were examined. Their physical
. X l "

appearances, appetites, oral secretions, gait posture, appearance of superficial lymph nodes

especially the pre-scapula and pre-femoral, cutaneous swellings and appearance of hair-coat.

.
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3.3.8 Post-mortem Examination
_ _ - |
Post-mortem examinations were carried out on both groups of Yankasa sheep (infected that

were sacrificed in extremis, and control). '
3.3.9 Statistical Analysis

The data ohf+ined in the present sll_udy were presented as Mean (£ standard deviation (S12)). The
statistical analysis used was the Student t-test for the differences between control and infected
animals. Duncan’s Mulrlipie Range Test was used for variables. Means (£SD) of the various
parameters were compared and those differences that had a probability of P<Q.05 were

considered as statistically significant.

3.4  Results

3.4.1 Infection

Following mechanical infection, all the 7 evansi-infected Yankasa sheep Eeéamé pafasitaemic
(Table 3.2). Twol phés‘cs of infection develobed tnamely; aéute which lasted for 14 'd‘uys post-
infection, and chronic Iwhi:ph persis'led for up-to 59 days pO?t-iﬂﬂ_ﬁ:CliOll. Ofl the eight infeclcéi
sheep, four were 1':.: extreﬁlis and had (6 be humanely killed (?3041 and P3038 on day 3,
P3046 on day 6, and P3035 on day 14 post-infection). However, two (P3037, P3036) died

from the chronic form on days 42 and 59, respectively, The remai'ning two (P3040, P 3047)

survived the infection up to the end (day 68) when the experiment was lerminated.



3.4.2 Rectal Temperature

The mean rectal temperature in tﬁc control Yankasa sheep ranged between 38.47 £ 0.55°C and
38.85+ 0.98°C i?;r(;ughout the period of study (Table 3.4). However, the mean rectal temperature
in the T evansi-infected Yankasa sheep was moderately elevated (2.0 0C) above the pre-infection
levels, and above corresponding values for the control csp%cia]ly between days 2 and 12 post-
infection, attaining a peak (40.13 + 1.06 oC) on day 6 post-infection (Table 3.5). Five Yankasa
sheep (P3035, P3036, P3037, P3040, and P3047) had peak rectal temperatures of at least 40°C.
The highest observed was 41.2°C in sheep P3047. The mean rectal temperature peaks

corresponded with periods of rising parasitaemia (Fig.2).
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Table 3.2:  Summary of the outcome of the infection with T.evansi in Yankasa sheep

"l("v -
Prepatent  Patency  Survival Maximam
Sheep Parasitaemia in Form of
Perind Period i b T**(at day)
No. in extremis extremis Infection
days) {days) (days) (")
; (%a)
P3046 3 3 1 +4 3R8 (-t 24 Acute
P303R8 k) 2 5 4 3192 (-1 22 Acute
P3041 3 4 7 + IR8(-10) 28 Acute
P303s 6 L 4 +i+ | 40.5 (6) 24 Acule
P3017 3 40 43. H 41.1(R) 17 Chronic
P3036 k) 6 59 +i+ 40.9(6) 10 Chronic
P3040 3 65 68 - 19.7(40y S Chronic
P3047 3 65 68 - 40.6(26) S Chronic
o Pl = Post-infection
** T = Rectal temperalure
LR

Note:

PCV = Packed cell volum{:

Sheep P3040 and P3047 survived up to the end of the experimental period
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Table 3.3:  Rectal femperature, body weight, and haematological parameters in 7. evansi-infected and

control Yankasa sheep

Control Yankasa Sheep (Group 1)

Infected Yankasa Sheep (Group 2)

Parameter Range Range
™ ("C) 38.2-39.1 37.7-40.0
PCV* (%) 233-287 17.7-27.80
Hb* (g dl') 79-.91 54-90
Total Protein (g dI'") 65-84 69-883
Total RBC* (x 107) i3 115 24-1253
Body weight (kg) 13.1-166 i0.7-13.60

SD : Standard d;vialiun
T = Recial temperature
PV < Packed cell volume
Hb = Haemoglobin

RBC = Red blood celis
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Table 3.4: Weekly Clinical Parameters in the Un-infected (Cont o) Yankasa Sheep

Timeof RT Packed cell Parasitemia  Hemoglobin

Infeetion (°C) volume (%) NOT 107y fg/dny Total protn  RBC count 10° Weight{kg)
(days)  Mean + SD Mean + SD Mean + SD Mean + SD {g/dhy Mean + SD Mean & SD

i

=10 IRS+05SS 272+£5.19 npl 9f+1.76 T31+09% (1.5¢£213 1IR+734
-5 IR 54040 2524519 npf R4+1M 714079 92+ 11}

0 JR2+0139 2484527 npf - B24179 TR+DTR 48143 1434464
1 IR4+020 2534408 npl 285+136 724056 43+ 241

6 R3I+023 2532308 npl 34+134 6740135 48+ 143

b IRG+ D69 250+ 335 npf ) B1410 75+042 5242127 148 £4.72
12 8.6 +0.06 258+3.13 npf 884104 715+062 45+£211

15 854018 25441320 npl RS+1.17 724060 SR+214 1494530
19 IRg£019 254+1 )3 npd 854108 712050 54+312

22 IRS+04R 2524327 npf’ 854084 'HJH}SJ 6.3+2.12 159 £ 550
26 IRT+019 46437 npf R1£100 71207 S56+197

30 IRR+ 072 252+156 npl 814111 T2+043 4R+311 152 +5.66
34 IRT404) 2484219 npt 82070 70040230 52122

37 IBR+029 2504238 npf B1+040 724040 S8+134

40 64024 254+ 1 34 npf 794126 724032 642244

44 IR440.16 258+ 1.10 npl 83+102 734048 2+ 156 160+ 542
4R IBS5+019 258110 upl 812093 744032 S0x412

51 BS5+011 2544107 rtpl'_ 824101 734030 544312 162 +537
55 IR5+020 664167 npl 47+£082 704044 494223

60 IB6L0(S 2604255 npl R44+078 754045 56+ (32 162 4530
64 854015 260071 npf 87+£036 722067 5442137

68 IB6+013 /64114 npf 874039 714040 6.2+ .57 16.6 + 530
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Table 3.5: Weekly Clinical Parameters in the T.evansi-infected Yankasa Sheep

i

¥

Timeof RT Packed cell Parasitemia  Hemoglobin

Infection (°C) volume (%) HOT 10y (g/dn) Total protn RBC count 10° Weight(kg)
(day) Mean + SD Mean + SD Mean + SD Mean ¢ SD (g/dly Mean + 8D Mean + SD
-10 IRR + 041 110+ 780 . 1024263 67112 125+178 122£238
-5 IR4+028 158+277 - R1x075 T0£105 1252266
0 IR1£036 2554438 - B54146 T4:100 119174 1254233
3 BIL069  250+197 ' 834060 734068 474062
6 401 + ) D6 2454266 ++ B7+07) TOE047 34445
R 191 +054 242% 110 +4 . 8 1+£040 Tltl‘)-lh 454124 1324196
12 1944121 2404141 L 831+076 T3+0072 174043
15 n1+087 2q0+07) - 794038 754042 26:072 13314206
19 194069 2304200 + 772070 74+043 17+289
22 1954076 20+1863 4 TTE087 T5E0D66 374142 1364218
26 199& 068 2384403 44 754129 T9£048 374003
30 9n+044 233+ 340 + ' 764084 7.‘5*0&-‘ 294096 334117
M I89+05) 2134340 - 734141 724037 474173
37 IRR+0.13 218+ 1.13 - 74+09 724040 A0+0R6 1284197
40 0r+ns 204+ )34 + 664093 69+D48 554204
41 31924012 2504294 3 * 69127 T9+0Rl 502213 121 %165
48 Wo+015 07+321 e 70%1.75 714074 52+143
51 391 £ 006 1774404 + 624151 79+051 404248 1104250
55 I87+05) 18314+ 306 + 614165 742092 35£09
60 Re1007 1RO+ 529 - 55+ 197 684083 324164 17+253
td 389402 225+495 - - 754021 TI+05) 209+073

68 JR9+D 14 235+212 + 15407) 694014 244144 122+ 1.0

Temperature (°C) mfected group (Group 2)

.
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3.4.3 Parasitaemia
.

‘The results of this study showed an average prepatent period of 3.4 days in the Tev&ri.vi-iﬁfected
Yankasa sheep. Seven nf-the infected sheep became parasitaemic on the 3 post-infection, while
one (P3035) showed parasitaer!;ia on day 6 post-infection. The infection with th.is isolate
produced parasitaemic wavés at an average of 8.3 days interval throughout the duration of the
experiments. Mean paralsitaemi(f‘ peaks occurred on days; 6, 10, 19, 26, 30, 40, 50, 55, and 68
post infection. Six of the infected Yarkasa gheep died by'day 59 post-infection wiih varying
levels of parasitaemia. T_;vo sheep (P3040 and P3047) survived lhe.infeclion. The surviving
sheep had very fow parasitaemia of "+", and which in some occasions could not be detécted from
the blood beginning from day 30 post-infection. However, sub-inoculation of the suspected

blood into albino rats demonstrated the presence of the parasite in these infected Yankasa sheep.

3.44  llaematological Changes . ... oy

' . 1
3

- . . ¥ I
Anaemia was a consistent distinet feature of the infection with this 7 evansi isolate. The onset

of parasilaemia was followed by a significant .decrease (P<0.05) in the values for the PCV, Hb,
and total RBC CO‘I.IIIIHS.iﬂ'ﬂ“lC infectéd Yankasa sheep as in(iicalc:d by the mean values of these
parameters when compared with the pre-infection values (Fig. 2} up to day 60 post:inféétion.
The lowest mean PCV (17.67 £ 4:04) was recorded on day 51 post-infection. These significant
changes were not observed in the control group. The anaemia observed was progressive and

intermiftent coinciding with peaks of parasitaemia (Fig. 2).
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3.4.4.1 Total and Differential Leucocytes Counts

Significant (P<0.05) leucocytosis occurred in the infected Yankasa sheep from Day |2 post
infection as a result fo fymphocytosis, eosinophilia, and monocytosis. The pre-infection and

control counts remained within normal ranges (Fig 4 and 5).

The mean total lgﬁcncyte'counls in the infected sheep ranged from 16.2 2.2 x 10° L' (Day 0
post-infection) to 22.2 + 3;0 x 10° I;" (Day 60 post~infeclioﬁ). I‘I‘l the control sheeb.;the values
ranged from 17.2 4 1.5 x 10° L' to 21.2 £ 2.1 x 10° L' during the same period of investigation
(Figs 4 and 5). The mean values of leucocyte counts for the control sheep were higher than the
corresponding values for the infected for greater par( of the experiment. I-Io:wever, the values
were significantly (P<0.05) higher than those of the controls on Days 12 and 60 post-infection,
which was associated with significant (P<0.05) incrcas;els in the mean lymphocytes and mean
maonocyte counts. Eosinophil were'scarce Llp. to Day 22 post inféction but became ahparerit on
Days 26, 64 post-infeclid;_l' but no s‘;igni[".cam (P<0.05) in-crcase pccured. With e#ceplinn ol the
increase in mean .neulrophils observed in the control sheerp on Day 6, the neutrophils of both
infected and control sheep remained steady with sligh fluctuations within normal fangc. both pre-
and post-infection (Fig.5). |

Lymphocytosis occurred only from Day 36 to the end of the study.
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3.4.5 Total Protein

The pre-infection mean blood protein in the control and the infected Yankasa sheep remained
within the normal range, However, a non-significant (P>0.05) decreasc occurred in the infected
group between Days 3 and 8 post-infection. Thereafter, the values fluctuated within normal range

up to the time when the experiment was terminated.

34,6 Weight Changes

The mean live body w_eights of the control sheep increased rg,rﬂchllall).' from 11.75 +1.33kp
(Day 10 pre-infecl.ion) to 16.64 + 5.30kg at the end of the experiment (Fig. 6) representing a
29.38% gain in the mean body weight. The mean body weight in the infected Yankasa sheep
increased from a pre-infection value of 12.16 +2.35kg (Day IOI) to 13.28 + 2.06kg on Day
22 posl infection. However, the val.ues decreased significantly (P <0.05) later up o the point
of termination of the pxp;;riment.- The infected Yankasa sheep lost 11.78% in body 'wcight by

, ,. )
the end of the experiment. Sheep P3036 and P3037 became highly emaciated (Fig. 6).
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3.4.7 Other Observed Clinical Features

!

Following ths dgvelopm‘enl of parasitemia, similar clinilcal signs were observed in all the
infecteﬂ Yankasa ghecp. * The initial clinical signs were tl;mse of duilness, and recumbency.

Other clinical signsl inclu.ded pronounced lacrimation, emaciation, weakness, dchydration, and
rough hair-coat. Conjunctivitis, with evidence of blindness manifested by bumping into one
another or the feeding troughs. Edematous swellings on the face and particularly the lower jaw
were also evident. Superficial Iyrﬁph nodes were enlarged, and respiratory problems in form of
dyspnea and serous nasal discharges also occurred. Nervous disorders, rolling of the eye-lids,
and staggering were also pbservecl. General body conditions became poor and eventually death

occurred terminally. However, the two sheep that survived the infection regained their body

condition later during the ¢ourse of the experiment with a stight gain in weights. - '

Lot
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- 35 Discussion

The results obtained in the present investigation demonstrated that the 7. evansi isolate produced
infection with a variable course atid parasitaemia in the Yankasa sheep, The parasitaemia varied

in duration and intensity amongst individual sheep.
. . I ' ’ I

s . {
The observed inctease in rectal temperature following the T, evansi infection, may bring about

metabolic disorder. This is an indication of increased rate of heat production in the body which
can be caused by many factors including stress . This could possibly play a significant role in
the process of haemolysis and the c611seque11t decrease in PCV. RBC exposed to temperatures
a few degrees above normal boa'y temperature are said to exhibit increased osmotic {ragility,

shortened life-span, and undergo accelerated haemolysis (Kelly, 1974; Murray 1978).

i

The fluctuations ip température and the corresponding. iuifjulating nature of the parasitaemia |
obtained in the present study have previously been reported in calves infected with fevansi
(Singh and Misra, 1988). The intermittent parasitaemias have also been altributed to the
phenomenon of antigenic variation as reported in trypanosome infections (Edwards ef al., 1956).
The T.evansi isolate produced p}bnounced parasitaemic peaks ;11dicating that the parasite is
infective to Yankasa sheep. 'fhe Parasitc was multiplying faster in the early stages of the infection
(and shorter peak iliter\%als) becausc the protozoa was tryihg 1o adjust to lhc. new host

environment.. R o ' f

The fall in PCV in the infected sheep coincided with peaks of parasitacmia on day 48 PL, This
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observation is in agreemént with the report of Anosa (1977) that the PCV of trypanosome-
infected sheep and goats drops during parasitaemic peaks and then rises slightly during the
interventions, suggesting that the red cells destruction is closely related to the presence of
parasites in the peripheral Cil’CulE'l_liO]'.l. The onset of anaemia which accompanied decrease in
mean PCV values as observed in the current study is in agreement with previous findings in
goats, sheep, Friesian calves, and Buffaloes infected with T.evansi (Ngeranwa ef al., 1991;
Payne ef al , 1991, 19‘92;'-.'0nah et q!,, 1996). Similar observalions were made in goats (Saror,
1980; Maxie et ol., 1976) and in sheep alnd goats (Anosa and‘ Isoun, 1974)infected with 7. vivar,

strongly suggesting that the presence of live trypanosomes in the infected animals was essential

for the de.velopment of anaemia (Clarkson, 1968; Naylor, 1971; Holmes and Jennings, 1976).

It appears reasonable to suggest that the presence of T.evansi in the blood of the infected sheep
subsequently foilowed by parasitaemic waves coinciding with decrease in mean PCV values
implies some causal relationships between the parasites and anaemia, further giving evidence

for the pathogenicity of the parasites in the Yankasasheep.,,

The development of anaemia in trypanosomiasis is believed to be ﬁlultifactorial (Jenkins ef af.,
1980). The precise mechanism involved in the development of anaemia in the present study was
not investigated. However, possiblé explanations for this include the involvement of specific
immunoglobulin against i".evan;sf which form complexes with the antigen and complement on
the surface of red blood cells lclading lo their sequestration and destruction in the reticulo-
endothelial system. This has been shown to occur jn calves infected with 7.congolense

(Kobayashi and Tizalrd, i976) and in rabbits infected will ?‘.hﬁwef (Dodd et al., 1978). Other

possible factors ticlude the role of a 'non-specific haemolytic factor' which might facilitate the
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destruction of normal red blood cells by macrophages (ILRAD, 1984). Some haemolytic factors
have been identified which might have contributed to erythtocyte lysis (Fiennes, 1954; Ngu).;en
Huan ef al., 1975; Tizard et al., 1978).
A possible explanation for the leucocytosis observed in the infected sheep is that the
trypanosomes may be producing pathological changes in the peripheral blood of the sheep in a
manner similar to those produged by tsetse-transmitted trypanosomes {Esievo et al., 1984,
Sackey, 1998). Therefore one may surmise that lymphocytosis and monocytosis in the current
study were responses due to the T evansi infection as previously reported in trypanosome
infection in rumin'.ant.s‘ (Onah e ai.l, 1996; Sackey, 1998).

: ; ' | I :
The fall in total plasma protein concentrations inl the infected sheep in the current study agrees
with the reports of Losos and lkede (1972) on tryﬁanosomosis of goats and sheep. These
decreases are suggestive of increased protein break down or urea {oss, haemodilution, and serum
extravasailion (Anosa and Isoun, i9'f4) which could cause oedema in the infected sheep. Ocdema
of the face, lower jaw, limbs and scrotum have been reported in trypanosomosis of Uda rams

(Maikaje et al., 1991} Alll_hough the protein fractions were rnol determined in the current study,
most reports on this subject point to the fact that decreases in albumin levels are responsible for ;
ocdema found in c_.hronic__lcases of trypanosomosis (Monzoy and Villavicencio, 1990).

The observed interstitial pneumoﬁia in one of the infecled sheep is in agreement wilh s_imilar_
observations of Krammer (1966) in natural infections of trypanosomosis in West African Dwarf
sheep and goats in Eastern Nigeria. This has been attributed to lowered immune response as a

result of the infection alloying otherwise normal respiratory microfloral to invade the respiratory

i
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tract.

Very limited information is available on central nervous system involvement in animal
(rypanosomosis. However, the staggering movement of infected sheep observed in this study
suggest that 7 evansi causes CNS derangement, particularly, since brain squash examination was

negative for Cowdria ruminantium, a common haemoparasite of ruminants in this locality.

Generally, the infected sheep had appetite, but it was poor throughout the course of investigation
including animals thut were in e.lx-’frémis. Therefore the weight loss and emaciation observed in
the infected sheep could possibly be due to impairment of feed conversion efficiency. The fall
in live body weights of the infected sheep is also an indication of the wasting nature of
trypanosomosis. The decrease in the body weight was more ‘pronounced in sheep that died in the

chronic phase indicating muscle wastage in trypanosomosis (Sackey, 1998).

The fall in the body weights of the infected sheep is an indication of the wasting nature of
trypanosomosis The decrease in the body weight was more pronounced in sheep that died in the

i
chronic phase indicating muscle wastage as reported by Sackey (1998).

Both the acute and chronic infections observed in this study and the severity of the infection
I

within 59 days post-infection , agrees with similar observation by Saseendranath ef al. (1995).

The results of the present study have revealed the susceptibility of Yankasa sheep to the 7. evansi

isolate. Therefore, it seems apparent that sheep needs to be protected like Zebu cattle found in

the same vegetational zone.



CHAPTER FOUR

4.0  GROSS AND HISTOPATHOLOGIC FEATURES QF Trypanosoma evansi-
INFECTION IN YANKASA SHEEP

4.1 Summaryl
f

The pathology of Trypanosoma evansi infection in Yankasa sheep was studied using an isolate

of the parasite obtained from the infected blood of a camel slaughtered at Kano abattoir.

Pathological changes affecting various organs and the clinical effects on the Yankasa sheep were.

noted. These changes included paié anaemic carcasses, serﬁus atrophy of adipose tissue, enlarged

superficial lymph nodes and splenomegaly.

Histopathological chaﬁges'in the infected Yan.kasa sheep included hepatocyte fatty deécnemtion,
erythrophagia, and-haehmsiderosis in association with focal reas of hepatic necrosis in chronic
cases. Qlomerular, prm-(imzll, and distal convoluted _tul)ular necrosis, mononuclear cell
infiltration, and congestjon were observed in the kidneys of the T.evam:'-infectec\"l Yankasa sheep.
Other lesions associated with the infection included emphysema, pulmonary congestion, El;ld
diffuse mononuclear cell infiltration into the lung parenchyma. No similar significant findings
were observed in the « rgans of the control sheep.
_ . ,

The results of this pathological study have further indicated that Yankasa shecp are ;usceptible
to the T.evansi isolate. However, ihe full genetical charac{eriza‘tion of the isolate has not been

carried out.
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4.2 Introduction

Pathological changes associated with ruminant trypanosomosis have been subjected to intensive
research (Ldwards ef al., 1956; lkede, 1979, Saror, 1980; Sekoni, 1992). However, most of the
reports are those conce_mih-g Tovivax, T.hrucei, and Tcrmgokfnse (Ikede and Losos, 1972; Saror,
1980; Sekoni, 1992), with litile information on T.evansi infections in ruminants. Some of the
few reports were on pathc:logical changes in Tevansi-infected rabbits and goats which involved
degenerative changes in. lymphoid organs with immuncl response derrangement {(Uche and
Jones, 1992). Sl:milar!y; lymphoid hyperplasia, muscular atrophy, bronchopneumonia, and

hepatic, renal, splenic, and pulmonary necrotic foci have been reported in goats infected with *

T.evansi (Ngeranwa ef of., 1993),

The present study was désigned and carried out to investigate the pathological changes in

Yankasa sheep following infection with the 7. evansi isolate.

4.3 Materials and Methods = iR

43.1 Control and Experimental Infection

The same sets of Yankasa sheep used in the infectivity and pathogenicity study (Section 3.3.3)

were used for the pathological study.

4.3.2 Collection and Examinaiion of Samples ‘

L}

: . |
TFour of the T evansi-infected Yankasa sheep that died as a result of the acute infection, and two
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others that were in extremis, and humanely killed ; were immediately necropsied. For the

_ | :
purpose of comparison, two of the control Yankasa sheep were also sacrificed, and post-mortem

examinations, involving gross pathological evaluations on various organs were carried out.

‘The cerebrospinal fluid, liver, bone marrow impressions, and brain squash smears were prepared,
stained wilh Giemsa, and microspically examined under x 40 objective for identifying

trypanosomes, Cowdria ruminantium and possibly other haemoparasiles.
. . ° ' v R l i

1

4.3.3 Analysis of Samples

Organ samples of the liver, bone h]énow, lymph nodes, kidneys, heart, and lung were obtained
and fixed in 10% buffered neutral formalin and processed using Technicon Tissue Processor.
The tissues were sectioned 5 urr; t.hick and stained using Haematoxylin and Eosin. Samples
obtained from two control Yankasa sheep were similarly processed.

4.4 Results N

4.4.1 Post-Mortem Changes
The carcasses of the infected sheep were pale and showed severe anaemia as indicated by thin

watery blood, especially in those with cinonic infection. Splenomegaly and enlarged superficial

lymph nodes were observed in all the 7.evansi-infected sheep.
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The mucosal surface of the abomasunt of sheep 3046 and P3041 hud petechial haemorrhages.
However, sheep P3035 had congested lung with evidence of pneumonia, hepatomegaly, catarrhal
enteritis, enlarged adrenall glands and edematous lymph nodes. Sheep P3036, P3037, and P3038 had

moderately enlarged lymph nodes- and splenomegaly.
4.4.2 Histo-pathelogical Findings

Marked histo-pathological changes occurred in the tissues and organs of the infected Yankasa sheep.
However, such changes were not observed in the tissues of the two control Yankasa sheep that were

examined.

4.4.2.1 Spleen

Histological sectionl_of lhg spleen of uninfected control Y’ankaSa sheep showed normal lissuc
architecture (Plate 7) while that of the infected Yankasa sheep showed severe Ilymphocytic
proliferation at the germinal centres and peri-artertolar lymphatic sheath which extended into the red
pulp. Haemosiderosis and hacmosiderin-iaden macrophage occurred in the spleen of the infected
sheep. These features were more pronounced in sheep P3036 and P3037 which had cronic infection

(Plates 8 and 9).
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4.4.2.2 Liver

Histological section of the liver .‘of uninfected control Yankasa sheep showed normal tissue
architecture (Plate 10), while the liver of the T.evansi-infected Yankasa sheep showed centrilobuiar
necrosis in the hepatocytes and other focal arcas of necrosis. Hepz_llic macrophagic erythrophagia,
haemosiderosis, and hacmosiderin-laden macrophages occurréd in sheep P3036 and P3038 (Plates

11 and 12).
4.4.2.3 Kidney

Histological section'of the kidney of uninfected control Yankasa sheep showed apparently normal .
tissue architccture (Plate 13) while non-suppurative glomerulonephritis involving the proximal and
distal coliecting tubules with a few monouuclear cell inhiltration and congestion were observed in
the kidnéys of the ilifecl;:ad 'Y‘ankasa éhcep (P3037 and I’3036'; Plates 14 and 15), which died in the

clironic phase of the tfection.

4424 Lungs

The lungs of infected Sheep ( [;3035) showed congestion, emphysema, diffuse macrophége
infiltration into lung parenchyma and pulmonary oedema (Plates 16 and 17). There were no

significant histological changes in the lung of the control Shfeep P3038.
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4.4.2.5 Other Findings,

i

There were no significant histo-pathological findings in the intestine, testes, ovaries,

epididymis, and heart of Sheep P3040, ’3038, P3041, P3035, P3037, and P3036.



Plate 7: Histological section of spleen of control sheep showing normal tissue architecture.
(Haematoxylin & Eosin x 4000)
it



Plate 8: Histological sectioa f the spleen of 7.evansi-infected Yankasa sheep (P3036) showing
dense lymphocytic proliferation (1.P) involving the germinal centers and the red pulp.
Nole splenic artery (SA) and trabeculae (T). (Haematoxylin & Eosin x 4000)
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Plate 9:  Histological section of the spleen of T evansi infected Yankasa sheep (P3037) showing
lymphocyte proliferation (arrow) at germinal center. (Haematoxylin & Eosin x 4000)
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Plate 10:  Histological section of the liver of control sheep showing apparently normal tissue
architecture. (Haematoxylin & Eosin x 4000)
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Plate 11: Histological section of the liver of T.evansi-infected Yankasa sheep (P3036)
showing centrilobular hepatocyte necrosis (CN).  Note central vein (CV).
(Haematoxylin & Fosin x 4000)
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Plate 12: Histological section of the liver of 7.evansi- infected Yankasa sheep (P3038) with
centritobular necrosis (arrow). (Haematoxylin & Eosin x 4000)
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Plate 13: Histological section of the kidney of control Yankasa sheep showing apparently
normal tissue architecture. (Haematoxylin & Eosin x 4000)
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Plate 14:  Histological section of the kidney of 7 evansi infected Yankasa sheep (P3037)
showing non-suppurative glomerulonephritis and renal tubular necrosis (RN).
(Haematoxylin & Eosin x 4000) '
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Plate 15: Histological section of the kidney of 7 evansi-infected Yankasa sheep (P3036)
showing tubular necrosis (TN), and Tubular degeneration- with moncnuclear
cellular (IIC) infilterution (Haemotoxylin & Easin x 4000).
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Plate 16: Histological section of the lung of T.evansi-infected Yankasa sheep (P3035)
showing mononuclear cell infiltration into lung parenchyma and pulmonary oedema
(O). (Haematoxylin & Eosin x 4000)
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Plate 18: Histological section of the heart of 7 evansi-infected Yankasa sheep (P3038)
showing no significant histo-pathological changes. (lHaematoxylin & Losin x
4000).
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4.5 Discussion ard Conclusion

The results of the present study have clearly shown that the most prominent histo-pathological
features of the infection in the Yankasa sheep with the isolate of 7.evansi include lymphocytic

_ f
proliferation in germinal centers of the spleen and lymph nodes, hacmosiderosis, and

haemosiderin-laden ma'clirqphages as ohserved in chronic _st;ge oi; the infection. These changes
are indicative of exlensive mononuclear cell reaction due to extravascular localization of
trypanosomes in the interstitial conneclive tissue as observed in rabbits infected with T evansi
(Uche and Jones, 1992), Uda Sheép infected with 7. vivax (Maikaije, 1991), tats infected with

T brucei (Nwaorgu ef af., 1981), Sheep and goats infected with 7. vivax (Anosa, 1977) and in

Sheep infected with 7. brucei (lk'ecle and Losos, 1972).

i

The observed gencralizcd degenerative changes such as lquhadenopa!hy, splenomegaly. and
lymphoid hyperplasia featuring in most of the organs of the infected Yankasa sheep agree with
the findings of Saseendranath er af. (1995) in T evansi-infected Madras red sheep and in 7
congolense infected cattle and Sheep(Luckins and Gray, 1979) .These changes also showed
similarity with those reported in a’;:ute trypanosomosis due to 7. vivax in cattle, sheep and goats
(Losos and Ikede, 1972).

The observed necrotic fucli'in the liver, kidneyl, and also pnetlmoﬁic lesions seen in oné Yankasa
sheep with chronic ini'ect'ion agre¢ with thé. findings of Ngeraniwa ef «f. (1993) in 7'.evansi-

inlected goats,
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The occurrence of haemosiderin-laden macrophages in the kidney and lung of the infected
Yankasa sheep are altributed to haemolysis involving the expanded mononuclear phagocyltic
system as reported in T.brucei-infected sheep (Ikede and Losos, 1972) and in goats infccted with

1 vivax (Saror, 1980).

[
The results of the present study also revealed the occurrence of severe anaemia in the infected

Yankasa sheep. This was represented by pale carcasses, and watery blood. o
/

In conclusion, the histo-[;alhologiéal changes that occurred as a result of 7 evansi-infection,
especially in the case of the two animals that had chronic infection, have indicated that the
Yankasa breed of sheep are Susce}.)tible to infection with the isolate, and therelore gives support
to the findings on its pathogenicity.

A seventy five percent 1I1.10rtaliry was recorded in the infected sheep in the present study as
compared with the 100 percent mortality reported for madras red sheep in India similarly infected
with 7. evansi. Although l evansi might pose serious treat to the livestock industry, especially
in the north. The fact that 2 (25%)_0[’(110 infected Yankas;l sheep survived the infeclion raises
some hope for the control of 7. evansi infection in Yankasa sheep in the field. Ilence, further

investigation is required to understand features of special interest that might have aided the

survival of the two infccted sheep.



CHAPTER FIVE

5.0 General Discussion -

The acute and chronic trypanosomosis obsefved in the current study, indicate that the 7-evansi
isolate was pathogenic to Yankasa breed, hence the parasite is potentially of greal economic
importance, just like other balhogcnic trypanosome species of sheep like 7. viverx (Maikaje ef of
o 1991), 7' congolense an‘d T f:lo-rucei (‘l.,osos and lkede, IIJ?Z). It is therefore, reasonable to
suggest that Yankasa sheep succumb 1o 7 evansi infection, a situation which has also been
reported in 7.evansi-infected goats (Ngeranwa ef al., 1993). Sﬁscendranath et al (1995) also
showed that all Madras red sheep infected.wilh T. evansi died .o.f the infcction, V\;hile 75 %
mortality were recorded ili the current study. The slight difTerence in mortalitics migit be duc to

difference in breed of sheep.

The anaemia observed in the current study coinctded with the peak of parasitacmia in the chronic
phase (48 days P 1) and is in agreement with previous reports in goats, sheep, I'riesian calves,
and buffaloes infected with T.evansi (Ngeranwa ¢t al., 1991; Payne ¢f al., 1991; 1992; Onal ¢f
al., 1996). It is also rcasonable 1o suggest that since 7.evansi like 7. brucei is tissue invasive, if
caused sequestration and destruction of red blood cells in the reticuloendothelial system as

reported in T congolense infected calves (Kobayashi and Tizard, 1976) and in rabbits infected

with 7 brucei (Dodd ef al., 1978).
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The pyrexia that occurred in the infected Yankasa sheep might be responsible for the hacmolysis.
It is known that elevated body temperatures play a significant role in haemolysis and Nuctuations
in rectal temperature as observed in current study coincided with peaks of parasitacmia as

previously reported (Edward et al., 1956).

#

The decrease in total plasma protein concentrations as observed in the infected Yankasa sheép
is 1n line with the observations of Loso§ and Ikede (1972), and suggestive of increased protein
break-down, urea loss, haemodilution, or serum extravasation (Anosa and lsdun, 1974).
However, the actual mechanism:resuiling in the fall in plasma protein levels have not been
investigated in the current study.

Loss in body weighits occurred in all the infeci:ed Yankasa slteep. This observation Ilaé similarly
been made in association v:rith T vivax-infected Uda rams (Maikaje ef al., [991) and in cattle and
goats {Griffin and Allonby, 1979). The weight loss observed in the infected Yankasa sheep may
be attributable to many factors including the wasling nature of the infection (Sackey, 1998).
However, because no feed inlakf: study was carried out, it is rather impossible to determine
exactly the mechanism responsible for the weight loss. For obvious reasons, the loss in weight
was more pronounced in those Yankasa sheep that had chronic infection.

The pneumonic lesions suF:ll as 1110‘11Ionuclear cell inﬁlleratign an.ci pulmonary ocdema obscrved
in the lung of one of the infected Yankasa sheep have been previously reported by Krammer
(1966) in lrypanoslomc infected West Alrican Dwarf sheep and goats in Eastern Nigeria. This -
condition has been atlributed to stress of infection leading to the lowering of immunity and

thereby allowing opportunistic micro-organisms in the respiratory tract 1o invade the respiratory
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tissues causing nasal discharges, coughing, etc. (Sackey, 1998). It is possible that the
pneumonic lesions observed in the present study are suggestive of the possibility of the

trypanosome infection predisposing to respiratory tract infection.

Other observed clinical signs in the infected sheep such as central nervous system disorder,
emaciation, dullness, rough hair coat, are suggestive of pathogenic effect of the 7" evansi isolate
I
in Yankasa sheep. The carcasses of infected sheep were anaemic as evident by the pale mucous
membrane. The most prominent histopathological changes in the lymphoid organ, particularly
haemosiderosis and haemosiderin - laden macrophages in various organs of the infected sheep,
indicate and activated mononuclear phagocytic system as observed in rabbits infected with
T evansi (Uche and Jones, 1992), and 7 brucei (Dodd er al 1978). Similar degenerative changes

have been reported in 7-evansi infected madras red sheep (Saseendranath ef al., 1995).
: r

Necrotic foci were evident in the liver and kidneys of the infected sheep in the chronic stage of
the infection. These findings are in agreement with those of Ngeranwa ef af. (1993) in T.evansi-
infected goats, and of Fiennes (1954) in 7.congolense-infected cattle,

The results of this study have indicated that the 7" evansi isolate was pathogenic to the Yankasa
sheep as evidenced by the development of parasitaemia, anaemia, and gross and histo-
pathological lesions. The anaemia and lesions observed in this study are consistent with lesions

typically associated with animal trypanosomosis.

There are reports that sheep and other domestic animals only serve as carriers of T.evansi

(Khasanov and Ivanitskaya, 1974). However, results from this study show that the Yankasa
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sheep may be more than just a carrier for 7. evansi as pteviously reported (Khasanov and
Ivanitskaya, 1974). The same may be true of certain breeds of some other domestic animals.
Furthermore, the existence of antigenic differences in trypanosomes, and the fact that different
animal hosts and different strains of the parasite are involved in the epidemics of the disease in
different parts of the wurlci. (Bennett. 1933: Mahmoud and Gray, 1980) further strengthens the

1

point that the isolate is pathogenic for sheep.

Also, the findings of the present work have very important epidemiologic and economic
- - . - . . . l .

implications to the livestock industry in Nigeria. Camels are becoming more and more popular
as beasts of burden and for their meat, particularly in the northern parts of the country bordering
Niger Republic and Chad. The 7 evansi isolate used in this study came from the blood of a
slaughtered camiel, as such the possibility of infection becoming important in sheep (especially
the Yankasa breed) should be taken into consideration while,formulating policies for the control

of animal trypanosomosis in tse-tse free ecological zones of Nigeria.

Thus, a study to investigate the possible existence of the ini;cctitm in sheep in the northern parts
of Nigeria would provide a fair assessment of the threat posed by T evansi in the country. The
mechanical vectors of the disease are also abundantly found in the region. It is also hoped that
a complete understanding of the behavior of 7.evansi in other animals, particularly those herded

with camels (sheep and goats), would provide a frame-work for integrated control measures to

protect not only camels, but possibly prevent massive econbmic losses in sheep and goats.
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APPENDIX 1

Classification of T.evansi
S i

Phiylum’ ~ Protozoa (Diesing, 19006)

'
Subphylum Sarcomastigophora (Honigberg and Balamuth, 1963)
Super class Masiigophora (Diesing, 1986)
Class ' Zooma.s'u'go;.)ima (Caikins, 1909)
Order Kine!op:’as?ida (ITonigberg, 1963)
Suborder | ?}‘ypanosg;marina (Kent, 1980)
Family Trypanomatidae (Doflein, 1901, emend, Grobben, 1905)
Genus. ) -'Trj;;p(ma.s'mm (Grub:,?, 1843) !
Sub-Genus - Trypanosoma (Luihe, 1906) !
Species 7 r);prfnasomcl evansi (Steel, 1885}
Group  Salivarcian

Source: Hoare (1972)
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APPENDIX 2

Mean Total and Differential Leucocyte Counts in the T.evansi-infected Yankasa Sheep

Time of Total WRC Neatrophils Lymphocytes Monocytes Fosinophils
Infection L [ . w10t L ! x L
{days) Mean + SD Mean + SD Mean + SD Mean + S Mean £ SI)
1

10 157422 ' 430432 583421 22404 00

-5 IRERR . 522+15 482+52 28402 10+05
0 162+14 R34 612443 lHil2 05+07
i) 1792 1.3 462 4+40 53)+24 23+14 0o

[ 166+21 472421 493 +1314 IR+]12 15+£058
8 174426 ' 496405 624+ 38 20410 10402
12 188+ 1] 372479 63444 23402 05402
15 158442 414446 §721135 3440 15+02
19 166+132 412431 609443 I0+13 0o

22 1S8+14 412+26 620%26 26403 0o

26 1B4+16 B +62 580420 20402 20402
30 171432 12.1+51 M3£21 1R+10 10+04
34 202442 482423 514434 Ji1+1.3 IKIEX A
37 191415 21+46 682420 26406 0

40 187464 37231 623442 22204 05405
44 18241317 131+£20 691423 I1R£0.3 10+ 10
48 211448 IRB+31 633+30 JOL08 15408
51 209400 0.1 +£2) MH2+51 2616 10

55 1954 4.1 353+ 17 6731434 3+12 15205
60 222+10 , 91224 Tid4 4+ 44 2010 1007
64 202%4.1 82+27 691432 19408 154058

HE IR5+30 64 +2 06 N4+26 21203 10+05
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APPENDIX 3

Mean Total and Differential Leucocyte Counts in Un-infected (Control) Yankasa Sheep
. i l ¥

Time of Total WBC Neuatrophils Lymphoeyies Monncyles Eosinophils
Infection R (1 P . N (0 RO (1 L [ SN 1 B
(days) Mean < SD Aean + SD Mean £ SD Alean £ 8D Alean £ SI)
10 68+ 2 A50+32 602426 21402 0o

-5 1594 ,1 RIS 567411 23402 10+04
0 72+ |5 423227 62°+27 IN+£0R N3+06
k] 183+'1 468+ 12 $13+1.7 26412 00

[ 169+ |8 487417 462425 1R+10 12403
8 IRS+21 51.1£135 60327 16%10 NR+01
12 177424 R4+ 44 608 +132 2.1+£02 14202
15 1544+ 2 4534409 581429 2R404 14400
19 169+ 7 Mq1+34 SBH+25 27%£1.2 0o

22 163413 ‘ 27419 6014158 22402 0o

26 188+t S 401447 S6t1+15 19408 1R£013
n 182424 LLRE S B 682418 16411 07400
3 204417 188424 02428 ' 20410 10£05
37 197425 347421 641416 22409 0nn

10 192+42 ) 376425 601426 1.7+04 05+08
4 191427 H4+16 65314213 16402 0D6+10
a8 212+¢3 1 191424 602421 26406 13400
51 210445 322423 662441 122%12 07400
55 196+44 GiIe27 635+24 24214 12+06
60 228+29 - 313+210 694424 20%1.0 08407
6o 212+21 194428 02419 19+08 134058

68 195+19 373+ 16 S81421 19+04 11+08




APPENDIX 4

Rectal Temperature in the T.evansi-infected Yaunkasa Sheep

‘Time of Yankasa Sheep ldentification Numbher

Infection ’ :

{days} PIO3s P36 P37 Plrs 340 P304} PG 347
-1 3v2 182 184 o2 384 AL 388 92
-5 RB6 385 "7 179 KL%} 85 182 C 187
0 7 J8.] 18.0 M1 375 3.9 2 334
3 izl 3% k1R 75 331 370 .38.3 392
5 10.5 409 09 - 0.1 - 182 41.2 -
[ LLR 8.6 18.9 - 94 - - 9
12 175 402"’ 0.7 - 39.0 - - 96
13 ny e 40.5 - 37 - - kL% |
19 - LR 39.4 . 29, - - 404
22 - 39 139.0 - 38 - - 403
26 - 192 30T - K3 - - 40.6
10 - w5’ 393 - 387 - - 394
H . 184 Jp2 - 386 - - 395
W - 5.0 n7 - kLR | - . k1 £ )
a0 . 388, Jo9° - 39.7 - - 390
44 - 8.3 - - 5.1 - - 3910
43 - 338 . - - 39.0 - - 91
51 - %1 : - Jg, - - 290
53 - iz - s 3% - - 390
&0 - - - - 399 - - 388
o . . . - £ - ~ 90
o1 - - - - kH & - - w7
Note: Rectal temperature above 39.5°C is considered as pyrexia

4 '
’ ) I
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APPENDIX 5

Packed cell volumeés (%) in theT.evansi-infected Yankasa Sheep

TIME OF

INFECTION INFECTED YANKASA SHEEP IDENTIFICA TION NUMBER

(Days) P3035 P3036 13037 P3038 P3040 P3041 P3046  PI047
10 a% 24 29 10 3l 32 n 2
5 30 2 29 25 2% 30 23 21
0 20 21 24 24 27! 3$ 25 26
3 25 26 25 2w 2 2% 24 2
6 2 Y] 25 : 26 . P 28
8 24 2% 2 2 a . 2
12 24 24 2 . 2 . . 26
5 2 1 1 F 2 ; 25
19 . n 2 . 2 . . 26
2 . 20 b3 : 1 ; » n
2% . 19 2 . 28 : 5 26
30 a 1 2 0 . T
1 20 21 18 : 2 26
Y : 21 - 21 20 2
40 19 17 20 . 24
“ : 17 - . 22 : . 2
48 2 14 17 A 2
sl s 19 - - 21
55 : 12 20 i 2
60 W ; 2 . 2
64 - - - 19 - - 26
68 . : p?) . . 25

¥ - Anmal died



119

APPENDIX 6

Haemoglobin Concentrations (g di') in the T.evansi-infected Yankasa Sheep

TIME OF
INFECTION INFECTED YANKASA SHEEP IDENTIFICATION NUMBER
(days) P03 3036 Py 3038 P3040 3041 3046 Pr3nd?
: .
-0 1600 R0 97 100 163 0.3 71 102
-5 100 37 80 B3 B3 17 7.7 B0
0 67 77 R0 80 90 1.7 13 87
3 5.1 87 B3 1.3 87 93 80 B0
6 97 80 83 - 87 . g0 913
8 80 3 80 - 1.7 ~ - 80
12 93 g0 73 " g0 . : 87
15 7.3 g0 7.2 - R a - g3
19 - 73 73 . 731 . . 87
22 - H8 7.1 . R0 i : 87
26 . 63 170 . 93 . . 71
0 - 77 13 - 6.7 - . B7
e . 68 7.1 - 6.0 . . 91
17 % 70 70 . 6.7 . . 87
40 . 63 56 - 68 - - 78
44 - SR e . 6.7 . . 81
48 ; 52 . - 71 - . 87
4 " a8 - 6.0 - - 8
5% - 44 > . 67 - 5 16
60 . 1.3 - - 63 - - 7.0
0 . - " . - 73 - - 76
68 . . s - 70 - - 80

¥~ Aumal died
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APPENDIX7

I
Levels of Parasitemia in the T.evansi-infected Yankasa Sheep Using HCT/Thin Smear

TIME OF
INFECTION INFECTED YANKASA SHEEP IDENTIFICATION NUMBER
(days) P3038 P3036 P3037 P3038 P3040 P3041 P3046  P3047
-10 N N N N N N N N
-5 N N N N N N N N
0 N N N N N N N N
3 N i -4 et [ s ‘ [
6 4 e 4 - ++ i+ 4+
% b X PR +4 - - b
12 + +i+4 +i+ 1 - - +
15 +440 + , Hed N N
19 . ++ i - N bt
2 : N +1 = + ‘4
26 - A i . ] - + - ik
10 " [ N - N +
" " ++ N N - '
37 . N #1 - N ¢ - N
a0 R N [ A ' - N
44 - + - + ! - - N
" - N - - + ° 4
51 - it - . N - o N
55 - +4 . - N - N
60 . s - . N - N
H - - - - + - - +
68 . . - - + - N

N« No parasite found
i - Trypanosoma evansi present
* - Sheepin extremis
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. . APPENDIX 8

Live Weights of T.evansi-infected Yankasa Shecp
Fime of ,
Infection YANKASA SHEEP IDENTIFICATION NUMRBER
(days) PID35 3036 PI3T PI03s P3040 P3MIL PID4G - P304T
-10 ns 13.4 97 13.5 139 18 124 14.8
0 120 14.0 0.1 14.0 14.1 B.2* 2.8 150
8 12.2 - 12.2 14.1 102 - 14.2-- 151
15 122 143 ‘102 - 14.4 - - 15.3
2 - 14.2 0.4 . 145 . - 153
30 . 1.0 10.3 - 14.5 . - 152
3 - 128 102 - 13.1 - . 150
44 - 12.4 0.0 . 12.0 - - o
3 - [ AR 82 - - 1.4 - - 136
35 - B4’ * - 1 - - 134
60 . 80 - - - 1.4 - - 130
o4 - - " - 1.2 - - ,
68 . . - - 7.0 - . 15.1

* Sheep it extrenmis
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Total serum protein of Infected Group (Group 2)

-10 8.3 1.5 5.2 5.3 6.0 6.3 7.5 74

-5 8.1 7.2 6.0 5.4 6.2 3.5 7.3 7.0
0 1.7 6.8 8.8 8.2 55 7.0 7.6 7.2
3 8.3 6.8 8.0 6.8 68 7.2 7.4 7.0
6 25 B2 7.4 . 6.8 - 707 6.8
8 7.4 7.8 7.8 - 7.0 g . 6.6
12 8.0 6.4 8.0 : 7.2 i . 6.8
15 8.2* 74 7.2 . 7.6 - . 7.2
19 . 7.2 7.4 . 8.0 . 1 - 7.0
22 . 7.0 7.8 . 8.2 . . 6.8
26 g 6.6 7.2 . 7.4 . . 6.4
30 . 7.2 8.0 - 7.6 . - 7.0
34 - 7.0 7.6 . 6.8 5 - 7.4
37 = 7.0 7.8 & 7.0 - . 7.0

40 a 6.4 7.2° . 7.4 = . 6.6

44 - 6.0 - - 7.6 - - 7.0

48 . 6.5 . . 7.0 . . 8.0
51 . 7.5 . = 7.8 - . gs
55 . 6.4 s, - 8.2 - - 7.6

60 . 6.2° . - 7.0 - - 7.2

64 - § = : 7.4 = . 6.7

68 . . . 7.0 . . 6.8

* Sheep died
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Temperature (°C’) uninfected con(rol group (Group 1)

Sheep P3030 3031 P3032 P3034 P3039 3042
210 375 384 38.3 38.7 38.8 39.1

5 386 384 37.9 38.4 39,1 38.7
0 380 38.1 38.7 38.2 38.5 37.6
3 385 384 8.7 38.3 38.4 38.1

6 382 380 38.2 38.2 38.7 38.3
8  37.2. 388 19.9 38.6 8.8 39.8
12 386 384 38.7 38.7 38.8 38.5
15 384 384 382 ' 388 38.6
19 388 392 38.3 b 392
22 378 384 38.3 %7 3.
26 388 389 38.4 37 9.l
30 384 387 38.4 286 4o
34 384 394 8.4 P 38 288
37 387 388 38.8 284 29-2
40 385 385 38.4 %6 390
44 38535 385 38.8 28 38-8
48 384 384 8.7 222 28.7
SI 384 3Ry 38.6 g6 8.6
55 384 383 38.4 39 39-9

60 385 388 38.4 38t 29-b

64 383 384 38.5 287 8.5
68 384 386 3%.6 387

4

Fever Temperature > 39.5°C
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Packed cell volume (%) of uninfected control sheep (Group 1)

DAYS P3030 P3031 P3032 P3034 P3039 3042
-10 27 25 30 22 23 36
-5 24 22 35 25 25 20
0 23 21 3l 32 22 20
3 26 21 30 30 24 21
6 25 23 30 28 24 22
8 24 23 29 28 26 20
12 24 25 32 24 26 24
15 27 24 31 * 24 A

19 23 26 0 26 22
22 25 25 28 2% 20
26 24 23 30 % 20
30 26 21 28 X 22
34 25 26 28 9 23
37 25 23 29 2 2 ’
40 26 24 27 W Y
4 27 26 26 26 24
48 26 26 27 24 26
51 27 24 28 265 23
55 26 27 28 22 24
60 27 25 28 728 22
64 27 26 26 A 25
68 26 28 27 27 2¢

* Animal died
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Haemoglobin (Hb) concentration (g/dl) uninfected

control Group (Group 1) -

100 9.0
-5 8.0
0 7.1
3 8.7
6 8.3
8 8.0
12 8.0
15 9.0
19 7.7
22 8.3
26 8.0
30 8.7
34 8.3
37 8.7
40 8.6
44 9.0
48 8.4
51 9.0
55 8.4
60 8.8
64 8.7
68 8.3

* Animal died

8.3
1.3
7.0
7.0
7.7
Tk
8.3
8.0
8.7
R3
1.7
7.0
8.7
7.7
6.0
6.9
7.0
6.8
8.8
8.3
8.7
8.3

v

10.2
11.7
10.3
10.0
73
9.7
10.7
10.3
10.0
93
9.3
9.7
9.0
8.2
9.1

9.3

9.5
9.3
8.8
9.4
9.1

"

B
8.3
10.7
10.0
9.3
8.0
9.3
#*

6.7
73
1.7
8.0
7.3
7.6
88
7.7
8.0
1.3
8.2
8.5
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Total serum protein (g/dl) of unifected control
Group (Group 1)

DAYS P3030 P3031 P2C32 P3034 P3039 3042

19 64 76 76 - 10 10
2 62 82 15 - 64 6.0
2% 67 78 18 - 68 62
0 68 714 78 - 70 68
34 68 68 74 - 671 12
37 70 74 18 - 68 10
0 70 76 14 - 68 712
4 68 70 78 - 12 18
48 72 74 18 - 70" 16
51 69 76 74 - 70 14
55 66 70 76 - 66 13
60 68 78 78 - 73 18
64 72 82 12 - 64 68

68 6.6 74 7.6 - 1.2 6.9



Weights (kg) uninfected control group (Group 1}

127 .

DAYS P3030 P3031 P3032 P3034 P3039 3042

10 84
-3
0 92
3
6
8 94
12
IS 9.5
19
22 9.5
26
30 98
34
37100
40
4 103
48
51 104
55
60 10.5
64
68 105

21.8

. 220

22.1

152
23.0
25.5
23.8
24.0
24.1

24.1

242

15.9

16.9

180
182
18.1
184
18.4
18.8 -

19.0

19.2

195

12.8

14.0

9.0

10.5

10.8
11.0
1.2
1.2
1.5
13.0
13.4

13.7

14.1

11.6

13.2

13.2

13.3

13.3

13.2

13.5

14.0

14.3

14.6

14.9

f
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WCT/Thin smear of uninfected group (Group 1)

6 NPF

26
30
34
37
40
44
48
51
55
60
64
68

NPF - No Parasite found



129

Summary of Analysis of variance for clinical parameters of

Infected and control sheep

ONE WAY ANALYSIS OF VARIANCE FOR Temperature
Analysis of ‘v.'z'u'iance ‘ b. f

Source | '_Dl" SS MIS | F
Factor 1 1.978 1.978 15.44 0.000

Error 42 5381 0.128

Total 43 7.358 Individual 95% Cls For Mean

,Based on Pooled StDev

Level N 'Mczm Sthev + +--

Temcontr 22 38.597 0.160  (crmrerem- *'.i-,---;‘

"Tem infec 22 39.021 0.480 (-—---*

N S S R

Pooled Sthev = (0.358 38.60 38.80 39.00

M

[
ONE. WAY ANALYSIS OF VARIANCE FOR PCV
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ONE ~UAY ANALYSIS OF VARIANCE FQR PCV

Analysis of Variance

Source DF SS MS I P
Factor ! 107.42 107.42 20,71 0.000

Error 42 217.85 5.19

Total 43 325.28 Individual 95% Cls For Mean

Based on Pooled StDev

lLevel N Mean StDev -———-- S SR o S— $e-e
contr pc 22 25627 0.723 -

infec pc 22 22.502 3.139 (----*eee-)

% -+ tenee

Pooled SiDev = 2277 22.5 240 255

MTB > AOVOneway contr hb infec hb.
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ONE WAY ANALYSIS OF YARIANCE FOR Haemoglobin

Analysis of Variance

Source DF . SS MS F P
Factor 1 7.487 7.487 14.14 0.000

Error 42 22242 0.530

Total 43 325.28 Individual 95% Cls For Mean

Based on Pooled StDev

Level N Mean  StDev i - -4 , -
contr pc 22 8.4028 0.2829 I W s

infec pe 22 7.5778 0.9885 (-----*--mn)

T Y i i Facia

{

Pooled Sthev = 0.7277 7.60  8.00 B840

MTB > AOVOneway TPcontr TP infec.
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ONE WAY ANALYSIS OF VARIANCE FOR Total Protein

Analysis of Variance

Source DF S8 MS F

Factor 1 0.0172 0.0172 0.24  0.626

Error 42 2.9909 0.0712 :

Total 43 . 3.0081 Individual 95% Cls For Mean

Based on Pooled StDev

Level N Mean  StDev + t -
TPcontr 22 72011 02366  (-weneeeee S
TP infec 22 7.1716 0.2940 (-----* )
A Fenvenns onnnna Fewne
Pooled StDev = (.7277 7.120  7.200¢ 7.280

MTB > AOVOneway TPcontr TP infec.

............ ———— e e s EE—— -

II
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ONE WAY ANALYSIS OF VARIANCE FOR Weight

Analysis of Variance.

Source DE SS MS I
Factor 1  43.84 43.84 30.42 0.000

Error 20 2883 144

Total 21 72.67 Individual 95% Cls For Mean

i
Based on Pooled StDev

lLevel N Mean StDev --—---- o [ E—— 3
Wiconte 11 15151 1357 (e ¥owasesi)
Wiinfec 11 12328 1.021 ¢ L Fo— )
I
------- = N R w—

Pooled StDev = 1.201 120 132 144 15.6
1

MTB > AOVOneway TPcontr TP infec,
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