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ABSTRACT

Based on reports from farmers of occurrence of relapse infections after treatment of infected
livestock with trypanosomosisa study was conducted to characterize field isolates of
Trypanosoma congolensmad Trypanosoma vivawf Nigeria originin vitro (PCR andin vivo
(inYankasaSheep as well asto assessthe efficacy of the commonly used trypanocides
(isometamidium chloridehomidium chloride anddiaminazene aceturate} their recommended
dosagesA total of 36 Yankasa Sheepf both sexesvere acquired from &se fly free areas
(Karfur) of Kastina state, screened for haemecte and endeparasites, treatefbr Anaplasma
species, coccidia and dewormadd then conditioned infly-proof pens for two weks. The
animals were randomly divided into six groups of six animals each. Two groups were infected
intravenously withinfected blood ofipproximately 2.0x10of Trypanosoma vivaand two other
groups were also infected intravenously witbhod containingthe samenumberof Trypanosoma
congolense The remaining two groups rsed as uninfected controls.f@he two each of
Trypanosoma vivaxand Trypanosoma congolensefected groupsone group from eachwas
further divided into three su@roups of two animalsach and each of the sgboups was treated
with different trypanocides2days postnfection at high parasitaemi@he other infected groups
were left untreatedAll t he animals werenonitored for 8 weeksgstinfection Pre-patentperiod

of 6 days wagecorded for bothparasite speciedhe common lmical signs observed were
pyrexia, rough hair coat, emaciation, anorexia, weakness, depressaema of the eyelids,
ocular discharge, diarrhoea, pale scaus membrane, teeth grinding, central nervoystem
disorder (only in theTrypanosoma vivaxnfected animalsand death. The signs were more
severe inTrypanosoma vivaxnfected group There were decreasén all the haematological

indices(PCV= 14.17+0.94 %, Plasma Protein= 4.62 g/dl, WBC= 3.62+0.5%% add weight=
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11.00+0.34 kgland body weigls of all the infected groups. Gross pathologyToypanosoma
vivaxinfected untreatedandinfected,treatedanimakrevealed serous atrophy of pericardial fat,
focal haemorrhagic area of the right lung, hymoecardium, diffuse pinpoint haemorrhagic areas

on the liver and kidney surfacesmmpty gall bladdercongestiorandhyperemia of the lung3.he
Trypanosoma congolensafected untreated and infected treated groups revealed pale carcasses
and slight conggtion of the liver.Histopathology of thélrypanosoma vivainfecteduntreated
revealed areas of neuronal degeneration in the brain, haemosiderosis of the spleen, necrotic renal
tubule and degeneration of glomerular in the kidney, haemorrhagic congefstimlongs and
thickenedalveolr membranesatrophy and degeneration of the skeletatl cardiaanuscles,
absewe of sperm cells in the epididymis but theypanosoma vivaifected and treateanimals
revealed thickened alveolar membranes, uterineoses;rglomerular necrosis of the kidney and
haemosiderosis of the spleen. All the organs of the uninfected control animals revealed normal
structuresThe Trypanosoma congolengafected untreated animals revealed necrosis of adrenal
glands and pancreas,aémosiderosis of the spleen, pulmonary congestion in the lungs,
infiltrative myositis of the skeletal muscle and congestion of the livethe infectecandtreated
animals changes such agecrosisn most of the organkke uterus, kidneyand skeletal mscle,
haemosiderosis of the spleen and thickealegdolar membranes were noticéd. Trypanosoma
vivaxinfectedand teated group# was only the group treated with the recommended dosage of
homidium chloridethat had relapseConversely,there were relase infections in all the
Trypanosoma congolensefected treated with all the three trypanocides at their recommended
dosagesRAPD-PCRrevealedbandsizeof chronic form of the infectiothatdiffered from those

of the acute and relapse forrm&Trypano®ma congolensafections whereas the band size of

the relapse form of th&rypanosoma vivainfection differed from those of acute and chronic
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forms. Multiplex PCR andTrypanosoma vivax specific PCR shoed that the isolates were
Trypanosoma congolensad Trypanosoma vivaat molecular bandizesof 750bp and 175p,
respectively.

This studyrevealed torticolis like nervous sign and pathological lesion in the bfaffankasa
Sheep infected withTrypanosoma vivgxoccurrence of strains ofrypanosomavivax and
Trypanosoma congolenspecieghat form relapseafter treatmentwith the commonly available
trypanocides It also showed thathe Trypanosoma vivaxand Trypanosma congolensased
amplified at the same band weights withvivaxand T. congolensén other geographical areas
using the same primers sequence arfdction with Trypanosoma vivaxs more severe than

Trypanosoma congolenggection.
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CHAPTER ONE

INTRODUCTION

1.1  Background I nformation
African trypanosomas is a devastating disease lmimars and animals (Huand Aksoy,

2005; Ezeokonkweet al, 2012). The disease constitutes a major constraint to livestock
development. Trypanosoma vivaxand Trypanosoma congolensare the main species
responsible for AfricarAnimal Trypanosomosis (AAT) or Nagana in West Afriespecially
Nigeria (Losos and | kede getall Z¥12 The Hisease causesl 9 8 6 ;
about 3 million deaths annually and has a marked impact on agriculture ir5&hdra and

South Ameria endemic countries, leading to annual livestock production losses of about 1.2
billion US dollars (Osoriet al, 2008; WHO, 2010).

Trypanosoma vivaxaccounts for up to half of total prevalence of African Animal
trypanosomosis prevalence in West Afrigpecially in Nigeria where it is considered to be

the predominant pathogen for domestic animals ((Osdrad, 2008). This could be ascribed

to the mechanical transmission or shorter development cycle in the anterior part of the tsetse
fly (Daniel, 1994) The trypanosome readily persists in areas free of tsetse flies (for example,
in Central and South America and in the Caribbean), where it is transmigtetshnically by

biting flies or contaminated needles, syringes, and surgiséluments, (Logafmenftey et

al., 1992).Trypanosoma vivaand Trypanosoma congolensafect large variety of domestic

and wild anetaalPs). (DOAvVI | a

The cardinal clinical sign observed in AAT is anemia (Anosa, 198383%; 1988). Within

one week of infection with he haematic trypanosome3rypanosoma congolensand
Trypanosoma vivgx there is usually a pronounced decrease in packed cell volume,
hemoglobin, red blood cell, and white blood cell levels, and within 2 months they may drop

to below 50 percent of their ginfection values (Anosa and Isoun, 1980). Also invariably



present are intermittent feveoedema and loss of condition. Abortion may be seen, and
infertility of males and females may be a sequelae. The severity of the clinical response is
dependent on thspecies, the breed of affected animal as well as the dose and virulence of the
infecting trypanosomé&Anosa et al., 1992. Stress, such as poor nutrition or concurrent
disease, play prominent role in the disease process, and under experimental comdigons

stress may be markedly reduced,; it is difficult to elicit clinical disease (Losos and Chouinard,
1979; Anoseet al.,1992).Trypanosoma vivakas a variable incubation period, and, although

it is considered to be less virulent for cattle tHayppanosoma congolensenortality rates of

over 50 percent can occ(icosos, 1986; Anosat al,. 1992. There seems to be a marked
variation in the virulence of different strains Bfypanosomavivax, but it remains the most
important cause of trypanosomosisoattle, sheep, and goats in West Africa (Hoare, 1972;
Losos, 1986; Anosat al,. 1992; Abengeet al, 2004). It causes mild disease in horses and
chronic disease in dogs (Da Sileaal, 2010).

Control of Africananimal trypanosomosis is dependent lalsgon vector control and use of
drugs (chemotherapy and chemoprophylaxiBhe drug control of trypanosomosis is
dependent on three compounds, isometamedium chloride, hwmidiomide or chloride and
diminazene aceturate (ILRAD, 1990; Geerts and Holm@g3)L

The use of drugs for the prevention and treatment of trypanosomosis has been of importance
for many decades, but the rapidity with which the trypanosomes developed resistance to each
drug introduced has tremendously complicated this approach tooltiogt the disease
(Willianson, 1970; Dwinger, 200). In spite of this, some of the older chemoprophylactic
drugs such as the quinapyramine derivatives, antrycide and antrycide prosalt are still used and
give effective protection againstypanosoma tuce bruceiinfection in horses, camels, and
cattle for up to 3 months. The drug pyrithidium bromide is useful in the prophylaxis of

Trypanosoma vivaand Trypanosoma congolensefections in cattle, sheep, and goats and



can give protection for up ® monthgLosos and Ikede, 1972). The most widely used of the
newer chemoprophylactic drugs (and atke least expensive) is isometamidium chloride
(Ogunyemi and llemobade, 1989). This drug has been in use for over three decades and sold
under the trade names Samm, Trypamidium, and M&B 4180A,; it iexcellent for the
prophylaxis of all the three species of African animal trypanosomes, andpgotestion for

3-6 months. The development of resistance to this drug hasrbperted in both East and
West Africa (djia et al, 1993; Leaket al., 1993; Peregrinest al, 1994). Homidium
bromide has also been found to be an effective chemoprophylactic drug in Kenya, and the
newly introduced arsenical compound, cymelarsan, is effective in the treatment of
Trypanosoma fucei brucei infection. A very widely used chemotherapeutic drug is
diminazine aceturate (BereR)] which is effective against all the three African animal
trypanosomes such abrypanosoma congolensdrypanosoma vivaxand Trypanosoma

brucei bruceiWhitelaw et al., 1989; KatunguikRwakishayaet al, 1997.



1.2  Statementof ResearchProblems
Despite years of efforts by researchers to eliminate trypanosomosis, it still constitutes a major

constraint for livestock development in S8aharan Africa (Gyenin2005).Over a decade

ago, t was estimatedhat over 3 billion British poundw/as lost annually from agricultural
production in Africa as a result of the effects of trypanosomosis (Hursey, 2000). The huge
economic losses due to trypanosomosis result freestock deaths, reproductive disorders,
reduced efficiency of work animals and large amount of money required for
chemotherapeutic and prophylactic control of the disease (Swallow, 2000).

It has been reported that the most important pathogenic tryparessof ruminants in Africa

and Nigeria ar@rypanosoma congolensedTrypanosoma vivagAnosaet al, 1992; Lejon

et al.,2003).

Controlling the disease relies on few old drugs such as Novidium chloride, Isometamedium
chloride and Diminazene aceturatehigh have been heavily used over the past 50 years,
with one exception (Cymelarsar(Geerts and Holmes, 1998yonsequently, this has led to
increasd drug resistance resulting in high prevalence of the disease (Geertdolmes,

1998).

Immunological catrol of the disease which involves the use of antigens looks promising and
would have economic and environmental benefits as it would help in reducing the use of
expensive trypanocidal drug€onnor and Van den Bossche, 2DOBnowledge on the
genetic poymorphisms of the trypanosomes will greatly assist in the possible development of
vaccine against the disease. Anagaal (1992) havereportedthat about eleven different
pathogenic trypanosomes includifigypanosomavivax and Trypanosoma congolensexist

in endemic regions of Africal here are marked variation in the virulence of different strains
of Trypanosomavivax and Trypanosoma congolenseut Trypanosoma vivaxemains the

most important cause of trypanosomosis of cattle, sheep, and goats iAfits{Anosaet
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al.,, 1992; Lejonet al., 2003). Consequently, there is a need to carry out studies on
Trypanosoma vivaxand Trypanosoma congolensariginating from cattle in the field to
establish the parasitological and molecular characteristics in imgugal infections at
different stages of the disea3de resurgence and difficulty in the control of the disease due
to antigenic variation and development of drugsistant strains have necessitated the need
for more research in the study of the gend aature of DNA elements within the genome of

the parasites for possible vaceiand new drug development (Brand Balmer, 2006).

13  Justification of the Study

It has been reported that animal protein supply intake in Nigeria is low compared to what
obtains in the developed world, resulting in increasing import of live animals and animal
products yearly (Adesehinwet al, 2007). According to the report of FAO (2008), among all
the diseases affecting humans and livestock, trypanosomosis straddlesuhéd getween
human and livestock health, agricultural production and rural development. Consequently,
tackling trypanosomosis has the potential to impact on all the eight millennium development

goals of the Country which include eradication of extreme ggaand hunger (FAO, 2008).

Despite years of efforts to prevent trypanosomosis irsatlaran countries (Losos and Ikede,

1972; Saror, 1975, Anos al, 1992; Sackey, 1998; Gyening, 2005; Olaolwwal.,2006),

little has been done in the areas of elctgrization ofTrypanosoma congolensand
Trypanosoma vivaat different stages of the disease in Yankasa sheep in Nigerteeck if

there are alteration of the parasite gene as the disease progresses from stage to stage and after
the used of trypanoc&t The increasing prevalence rates of ruminant trypanosomosis in
Nigeria (Anosaet al, 1992; Omotaniset al, 2001) require more research works in area of
infectivity and molecular characterisation thfe two species of trypanosomesdifferent

domestt animals in NigeriaThere is also the need to ascertain the efficacy of the most



commonly used trypanocidal drugs (isometamedium chloride, diminazene aceturae and
homidium Chloride)n vitro and to check whether there is alteration of the DNA sequences
of the trypanosomes at different stages (acute, relapse and chronic) of infection using PCR.
Information generated from these studies will greatly contribute to the epidemiological

understanding of the disease and possible vaccine development.

1.4 Aim of the Study
The aim of this researadlvas to carry out parasitological, molecular characterization and to

determine the efficacy dfypanocidedo Trypanosoma congolensad Trypanosoma vivax
of Nigerian origin.

15 Objectives of theStudy

The objectives bthe studies are to;

i. Characterie isolates ofTrypanosoma vivaxand Trypanosoma congolensesing
Yankasa sheem terms ofprepatenperiod, parasitaemia, clinical sigristal plasma
protein, body weight changes, haematological values, gross and hisbbpgital
changes

ii. Characterisdield isolates offrypanosoma congolensad Trypanosoma vivaKsing
Random Amplifed Polymorphic DNApolymerase chain reactipMultiplex primers
andTrypanosomapeciesspecific primePCR.

iii. Assess theefficacy of the thee different trypanocidal drugs (Diminazene aceturate,
Isometamedium Chloride and Homidium Chloridemmonly used in the fielto
treat Trypanosoma congolensad Trypanosoma vivague to the reports of the high

incidence of the disease.



1.6 ResearchQuestions

1. Do isolates ofTrypanosoma vivaand Trypanosoma congolens# Nigeria origin
havethe saméehavior in experimental infections of Yankasa shsip isolates fom other
countrie®

2. Are Nigeria isolates offrypanosoma vivaand Trypanosomaongolensaenetically

the same

3. Does relapse infection of infected animals treated with any of the commonly used

trypanocide®ccurin the field?



CHAPTER TWO

LITERATURE REVIEW

2.1  Trypanosomosis

African trypanosomosis is a parasititfection caused by flagellated extracellular parasites
that survive in the tissue fluids and the bloodstreaat encompasses a number of diseases
affecting both humans and animaldu and Aksoy, 2005. Trypanosomosis is a disease
complex caused by sevérgpecies of protozoan parasites of the gehygpanosomaorder
kinetoplastida and transmitted cyclically by the ge@lsssinaand mechanically by several
biting flies such aFabanusandSomoxyqJones and Davila, 2001; Osogbal, 2008; OIE,

2008). Trypanosora species infecting mammals are divided into two distinct groups, the
salivaria and stercoraria, which differ in their mode of transmission (Hoare, 1972). The
salivaria haveuttonella, Nannomonasand Trypanozooras subgenerdrypanosora specie

in this group either undergo cyclic development in the insect vector before being transmitted
through the saliva, or are transmitted mechanically (Cherenetl, 2004). Stercorarian
trypanosomes also undergo development in the insects, but the iafxtivs are deposited

in the faeces of the vector and havehizotrypanumMegatrypanumand Herpetosomaas
subgenera (Connor, 1994; Kettle, 1995; Seifert, 1996). Different species of trypanosomes
occur throughout the world and in all classes of vertebrabésh include fish, frogs, reptiles,

birds and mammals (Losos, 1986; Connor, 1994). Most are well adapted to their host and
cause no appreciable harm. Some trypanosomes that parasitize mammals are less well

adapted to their hosts and they commonly caissades (Losos, 1986; Connor, 1989; 1994).

Most Trypanosomaspecies that parasig# animals are unable to infebtman and area

burden for the economic development in endemic a(EA®, 1994) This feature of the



disease is due to the presence of twpdnplytic factordTLF) in human serum (TLF1 and
TLF2) that provide a level of innate resistance, preventing human infections (FAO, 1994).
Although the animal diseases cause heavy losses of domestic livestock, there is no evidence
that any single diseasa$ihad the same profound influence on the distribution of livestock in
Africa as has trypanosomosis (FAO, 1994).

Transmission of animal trypanosomiosis occurs mainly through its natural insect vector, the
tsetste fly Glossinaspecies), but can also be aoplished through mechanical transmission

by biting insects. The latter has allowed certain animal trypanosomes to propagate outside the
African continent, as is the case fbrypanosoma evangind Trypanosoma vivathat have
become endemic to Asia and Sowimerica Cherenetkt al, 2004. Sexual transmission of
trypanosomiosis so far has only been confirmed in the ca$eypnosoma equiperduof

horses

Control of African trypanosomosis is dependent largely on vector control and the use of
drugs (chemtherapy and chemoprophylaxis). In animals, the drug control of trypanosomosis
is dependent on three compounds, isometamedium chloride, homiduim bromide or chloride

and diminazene aceturate (ILRAD, 1990; Geerts and Holmes, 1998).

2.11 Morphology of Trypanasoma vivax

Trypanosoma vivaxs a monomorphic trypanosome. The typical blood stream form has a
somewhat expanded or clughaped posterior end, which tapers towards the an{(étaare,

1972) The large, generally terminally placed kinetoplast is a distiedeature that separates

it from other trypanosomes (Hoare, 1972). The movement of the trypanosome species in wet
blood films is rapid and distinctive (Aret al, 2008).Trypanosoma vivaalso differs from

other species of the group by its length (me&om 21 25.4 pum). However, more recent
research on strains that naturally infect rodents or that have been adapted to the laboratory

rodents has revealed the existence of longer, more granular blood stream forms of



Trypanosoma vivaxith a clearly subteminal kinetoplast which appear at the peak of
parasitaemia, known as o6l ated for ms, (Gardin

Trypanosoma vivam thin blood smear.
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Plate I: Trypanosoma vivai thin blood smears frordankasa sheex 1000
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2.12 Morphology of Trypanosoma congolense

Trypanosoma congolens&s other names (synonym). These &ngpanosoma dimorphon
(Laveran and Mesnil, 1904). nanum(Laveran, 1905),T. confusum(Montgomery and

Kinghorn, 1909, T.montgomerry{Laveran, 1909)T. pecorunm(Bruceet al., 1910).

Trypanosoma congolensea small trypanosome measuring2&@um in length. It lacks a free
flagellum and in most cases, the undulating membrane is inconspicuous. It possesses a
medium sizedkinetoplast which is generally marginally positioned. The posterior end of the
body is either rounded (in the smaller forms) or pointed (in the longer forms), (Hoare, 1972).
The speciesTrypanosomacongolensehas been divided on morphological basis by som
workers into three types, the relatively shodngolenseform, the intermediate,and the

longerdimorphonform (Godfrey, 1960).

12



Plate II: Trypanosoma congolensigin blood smear fronYankasa Sheef<1000)
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2.1.3 General life cycle of trypanosomes

The African trypanosomes reside almost exclusively in the bloodstream and are transmitted
by the bite of the tstse fly (Gossinaspecie} which acquiresthe infection while taking a
bloodmeal, and returns the trypanosome to a vertebrate host in its saliva when it takes another
bloodmeal. Becaughis mode of transmission is by inoculation during biting, these groups of

trypanosomes arealsoe f err ed to as fASalivariand (Hoar e,

The life cycle is mostly the same for all tHeypanosomaspecies Trypanosoma brucei
Trypanosoma vivaxand Trypanosoma congolenselhe life cycle ofTrypanosoma brucei

and Trypanosoma congolensgg similar excet that aftefTrypanosoma brucdias developed

in the midgut it goes forward to the probosiistead ofsalivary glanddike Trypanosoma
congolenseand Trypanosoma vivawhich does not have a midgut stage but develops in the
proboscisonly (Mathew, 1999)The ingested form that is infectious for the fly is termed the
bloodstream trypomastigote, which is a rimiding form. Following ingestion, the
bloodmeal is retained within the midgut, and the parasite differentiates into a procyclic form
and divides bybinary fission. After 2 weeks, some procyclics migrate from the midgut
through the hemocoel eventually reaching the salivary glan@isyjpanosoma bruceiAt this

point, they differentiate through an epimastigote stage into a metacyclic trypomastigge sta
which is a nordividing form and infectious for the mammalian hog$Mathew, 1999.
Metacyclic trypomastigotes are found in the salivary glands 20 days after the bloodmeal, and
there aret0,000 trypomastigotes/bite, but it takes only 400 to initiatengection (Mathew,

1999).

In the mammalian hosthe metacyclic trypomastigotes replicate at the site of infection.
There may be an immune response causing inflammation (trypanosomal chancre) at the site

of the bite (Dwinger, 1985). From there the trypatigotes move via the lymphatics to the

14



lymph nodes and then to the bloodstream (Greenwood, 1980)- Istergder bloodstream
trypomastigotes divide by binary fission in the bloodstream, generating, on occasion, short
stumpy forms to continue the cycle inettsetse fly. The longslender trypomastigotes are

not infectious for the fly (Mathew, 1999).

2.2 Epidemiology of African Animal Trypanosomosis

The distribution of trypanosomosis in Africa corresponds to the range of tsetse flies and
comprises currentlgnarea of 8 million kribetween 12N and 28S Latitude (Molyneuxet

al., 1996). African animal trypanosomosis (Nagana) is causeiypanosoma congolense,
Trypanosoma vivaxand to a lesser extedirypanosoma brucespecies (Morrisoret al,

1981). The prasites cause relatively mild infections in wild animals, while in domestic
animals they cause a severe, often fatal disease (Losos, 1986; Connor, 1994). All domestic
ani mals can be af f ecetaldl99% yDamnilloet al,2018)eVdistlee ( D6
appearance of tsetse flies some 35 million years ago, trypanosomes have been transmitted to
mammals by these blood sucking insects (Vickerman, 1985). The leagistence of both

tsetse flies and game animals may explain why African wild life sgemieresrvior hostof
trypanosores infections they become infected by the parasite but show no ill effects
(Vickerman 1985.

In contrastmostdomestic animals have yet been unable to develop tolerance or resistance to
trypanosome infections withitine 13,000 years of their breeding.

Trypanosoma vivaxvas introduced to Central and South America, the West Indies and
Mauritius from Africa (Levine, 1973). The parasite was reported in the New World for the
first time in French Guyana (Lerger and Viend®19) and later in other parts of South
America, Central America and some Caribbean islands (Meleate#, 1995). Studied
showed that South Americalrypanosoma vivarriginated from West Africa (Dirleet al.,

1993).
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In Nigeria, it has been reportedtha t set se fl i es st i khdrablelandf e st
mass including the high land areas previously known to be tBetsgOnyiah, 1997).
Trypanosoma vivaxs widely found in tsetséree areas due to adaption of the parasite to
mechanical transmggon carried out by hematophagous dipterians, sucfahanus sp@nd

Stomoxys spfgJones and Davila, 2001; Osogbal., 2008).

2.2.1 Transmission of Trypanosoma vivaxand Trypanosoma congolense

In Africa, the primary vector ofrypanosoma vivaandTrypanosoma congolengeGlossina
species(Losos and lkede, 1972). The three main species of tsetse flies for transmission of
trypanosomes Trypanosoma congolens@rypanosoma vivaxand Trypanosoma brucei,
bruce)) areGlossina morsitansyhich favaurs the @en woodland of the savanralossina
palpalis which prefers the shaded habitat immediately adjacent to rivers and Lakes; and
Glossina fusca which favarrs the high, dense forest areas (Rogetsal, 1996).
Trypanosomosis is also mechanically transmitigdther biting flies through the transfer of
blood from infected animal to another susceptible animal (Cheetradt 2004). This mode

of transmission requires close proximity of two animals involved. The most important
mechanical vectors are flies tife genusTabanus(Jones and Davila, 2001; Osort al,

2008), butHaematopota, Lyperosia, StomoxgadChrysopdlies have also been implicated,
(Roderet al., 1984; Luckins, 1999a).

In Africa, Trypanosomavivak ave spread beyohd ¢ Bealdd8l)set se
where transmission is principally bgbanidandhippoboscidlies.

In the western Hemisphere, the biological vectorsTigipanosoma vivakemain unknown,
(Paivaet al, 2000; Osoricet al, 2008), but several species of hematguhs (especially

tabanidandhippoboscid flies are believed to serve as mechanical vectors (Luckins, 1999a).
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The simple life cycle offrypanosoma vivaenable its easy adaptation to different vectors

and hosts etfaDZ0A.c hi vi o

2.2.2 Hosts of Trypanosoma vivaxand Trypanosoma congolense

Trypanosoma vivaand Trypanosoma congolengdect a large variety of wild and domestic
mammals among which ruminants are the most susceptible in Africa and Latin America

( D6 Awtiall, 997; Legoret al, 2003 Abengaet al, 2004). Horses are susceptible (Da
Silva et al, 2010); butTrypanosoma vivaxdoes not readily infect laboratory rodents.
However, more recent research on strain§rgbanosoma vivathat naturally infect rodents

or that have been adaptéadl laboratory rodents has revealed the existence of larger, more
granular blood stream forms dfypanosoma vivaxith a clearly sukderminal kinetoplast
(Gardinar, 1989). In endemic areas, asymptomatic buffaloes, bovines and sheep could serve
as reservoihosts ofTrypanosoma vivagv/enturaet al, 2001; Davilaet al., 2003; Garciat

al., 2006; Osoriet al, 2008).

Trypanosoma congolengenf ect s rumi nant s, hor ses, etcamel s
al., 2011). Wild animalslike buffaloes, antelopes ®tact as reservoir hosts for both
Trypanosoma congolensad Trypanosoma vivaxOIE, 2009). The most preferential hosts

of each trypanosomes species may differ, iyppanosoma congolensend Trypanosoma

vivaxhave a wide host range among domesticatemhalsi

2.2.3 Pathogenesis onimal african trypanosomosis

There are many factors involved in the pathogenesis of animal African trypanosomosis and
these have been described by many researchers (Taylor and Authie, 2004; Olaoluwa, 2006;
Batista et al, 2009. Natural infection with trypanosomes occur following subcutaneous

inoculation of the host with metacyclic forms of the trypanosomes by an infected tsetse fly

17



where they multiple in the skin leading to the development of an inflammatory swelling
known as6 chancr ed. The trypanothio siieestheradimettlg or t he
through the lymphatics and are disseminated through out the body by circulating blood
thereby causing parasitaemia which is normally low in most natural hosts with some
Trypanosona species, especially Trypanosoma congolense (Buscher, 2001).
Trypanosomosis, like other infectious diseases, starts with an increase of the body
temperature, a hyperthermia. This is as a result of the contact between the trypanosomes
multiplying in the lost and the defense system of the host. The surface proteins of the
trypanosomes provoke the host to produce specific antibodies against these proteins, and after
a few days almost all of the trypanosomes in the blood are destroyed by these antibodies and
the body temperature drops. However, a few parasites survive as they have been able to
replace their surface proteingth different ones, against which the antibodies cannot act
(Zambranoet al, 2002; Deitschet al, 2009). These surviving trypanosomeasg able to
multiply, and cause a new peak of parasitaemia and hyperthermia, until the mechanism of the
host makes specific antibodies against the new surface proteins. This seesawing process
continues for a long time, as the trypanosome is able to maitkerenst unlimited number of
antigenic variants, and the host responds to each of them, until either the antigenic repertoire
of the trypanosome is finally exhausted, in which casecsel of the host follows, or the

ability of the host to react to all afie antigenic variants is overwhelmed, and the host dies
(Strickeleret al.,, 1987; Morrisoret al., 2009).

Trypanosoma congolensecalizes in the endothelial cells of small blood vessels and
capillaries wherea3rypanosoma vivaxs primarily a vascular pasite, but has also been
found in extravascular, locations (Taylor and Authie, 2004).

There is remarkable intraspecies variation in the pathogenicity of different parasite stocks,

especially stocks isolated from distinct geographical regions.
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Among otherhost factors that determine the severity of the disease are genetic, physiological
status of the host as well as nutritional and environmental factors (Taylor and Authie, 2004).

The most significant and complicating factor in the pathogenesis of trypaoesoia the

profound immunosuppression that occurs following infection by these parasites. This marked

i mMmmunosuppressi on | ower s the hostds resista
secondary disease, which greatly complicates both the clinicapathdlogical features of

trypanosomosis (Taylor and Authie, 2004).

224 Clinical features oftrypanosomosis

Infections by pathogenic trypanosomé&sypanosoma vivax, Trypanosoma congolesnse to

a lesser extenfrypanosoma brucgicause diseasewhich vary in severity depending on the
species of infecting organism and susceptibility of the host (Losos, 1986). It has been stated
that the course and severity of the clinical signs are modified by the type of husbandry, breed,
and individual susceptibilitypf the animal infected@Wells et al, 1982; Desquesnes, 1997b

The infection may produce peracute, acute, and chronic syndromes. The clinical
manifestations are insidious in onset without the development of either remarkable or
pathognomonic signs. Themmon clinical manifestation of animal African trypanosomosis
have been summarized by several authors (Bawal, 200Q Taylor and Authie, 2004;
Olaoluwa, et al, 2006; Osorioet al, 2008; Batistaet al, 2009). These signs include
intermittent pyrexia,anorexia, increased respiratory and heart rates, marked depression,
lacrimation, photophobia, nasal discharge, rough hair coat, pale mucous membrane,
subcutaneous edema, prominent jugular pulse, weigh loss, enlargement of superficial lymph
nodes, corneabpacity and blindness, central nervous system disorders and disturbances in
reproduction resulting to reduced libido, infertility, abortion, stillbirth and death. Majority of

the authors believed that the disease was mainly as a result of anemia. lat¢htoman of
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the disease, drop in the red blood cell level was rapid and quickly became incompatible with
life. The severity of anemia at any time throughout the course of infection determined the
severity of clinical signsAnosaet al, 19929.

Trypanosora bruceiinfections have two stages of the clinical diseases (Potera, 1985). These
are haematolymphatic (the early) stageéhich is characterized by symptoms that occur
before Central Nervous System (CNS) invasion by trypanosomes and the late
(meningoencdmalic) Stage. The early stage signs include the development of a chancre,
which is followed later by periodic pyrexia, joint pains, muscle aches, palpable enlargement
of lymph nodes, generalized oedema which also extends to appendages, anemia, reduced
libido, impotence, abortion and infertility. The late stage signs are those associated with CNS

involvement and include ataxia, convulsions and other nervous disorders

225 Grosspathologyin african animal trypanosomosis

There is no pathognomonic grosssim seen in animals that died of trypanosomosis
(Dwinger, 1985; Taylor and Authie, 2004n the peracute disease of 2 to 4 weeks duration,
there is no observable loss of condition, but as the infection becomes chronic the carcass
becomes anaemic, emaedtand usually cachetic. Hemorrhages, petechial and ecchymotic,
were reported in the lymph nodes and on the mucosal and serosal suffaeesdt al,

2003; Takeet and Fagbemi, 2009he lymph nodes and spleen may be enlarged, normal,
atrophied, or fiboreed Masake and Morrison, 1981; Morris@t al., 198L; Mwangi et al,

1996. The changes in the spleen have been considered to be dependent on the duration and
severity of the diseasdprrisonetal., 1983. Most often the spleen has been noted as being
obviously enlarged. Subcutaneous edema, particularly in horses and sheep; excessive fluid in
the body cavities (more fluid than normal in the chest, lungs, abdomen and pericardium) and

pulmonary edema may also be seen. The liver is enlarged and conJestealdt al, 2003;
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Fatihuet al.,2008. The heart may be somewhat enlarged and may show a few hemorrhages
on the muscle surface (flabby heart) and its weaker pumping action may have contributed to
circulatory disturbances and increased fluid in the tsgoedema).The kidneys are pale and
swollen. Wasting or emaciation and dehydration are comfhakeet and Fagbemi, 2009)

Some trypanosomes can directly damage tissues, resulting in lesions such as keratitis or
cardiac damage. Immune complexes also canff@mmation and damage in a variety of
tissues, including the kidneys and blood vesddlsr(ary and Dexter, 1988; Taylor, 1998

The skin may show pressure sores and ulcers, when the animal has been unable to stand up
for some time. The fat reserves undiee skin would have been used up and the skin is

closely adherent to the underlying muscles and bone.

2.2.6 Histopathologyin african animal trypanosomosis

It is believed that trypanosomosis is a disease that results from anaemia and that the main
changs occurred in blood and hematopoietic tissugargr, 1980 Mwangi et al, 199%
Andrianarwoet al, 1995. In some bones especially in the femur, usually the active marrow
is only present in the distal epiphysis in some animals and serous atrophy ofrfastly

found in the rest of the marrow as a result of trypanosomBatih(et al,, 2008; Takeet and
Fagbemi, 200

Anosa et al(1992 found damage to the endothelium causing oedema, petechial, and
ecchymotic haemorrhages. An accompanying hyperpt#diae myeloid tissue and multiple
perivascular accumulations of lymphocytes were evident in the liver, kidney, skin, and
testicle. Tissue necrosis was also reported. Round cell infiltration accompanied by
degeneration and necrosis of parenchymatous @aisirred, and these changes were
correlated to liver function HgbeNwiyi et al, 2005; Takeet and Fagbemi, 2009

Erythrophagocytosis and haemosiderosis have also been reported in all the components of the
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reticuloendothelial systenT &ylor and Authie, 204; Fatihuet al, 2008. It wasreported that

in Nagana, cerebral capillary haemorrhages is considered to be caused by the aggregations of
trypanosomes Trypanosoma congolensafection), in the blood vessel@viasakeet al,

1984) They made the generahtion that there was abundant evidence that trypanosomes in
the blood do not injure vessels except by capillary embolism that occurred when the blood
swarmed with the parasites.

A second interpretation given to the microscopic observations was preserAiaddaet al.

(19973 1997h; they postulated that the disease process could not be the result of the
anaemia alone. They concluded that the damage to the blood vessels, characterized by
denudation of the endothelium, resulted in a widespread thrombiothe emaller arteries

and veins, and this in turn caused infarction as shown by the perivascular inflammatory cell
infiltrations and parenchymal necrosis particularly in the kidney and adrenal ¢katdsiet

al., 2008)

In the cryptic form of the disese, they observed that trypanosomes accumulated in the
capillaries of the myocardium, and postulated that the parasites were responsible for the
necrosis of myocardial fibres. Mononuclear cell infiltrations of the epicardium, myocardium,
and endocardium ave been described by others in association with infections by
Trypanosoma congolensand Trypanosoma vivaXMorrison et al, 1983; Anosaet al,

1997a) Losos and lkede (1972), reported accumulatioiirgpanosom bruceiin the brain.

Brain lesions havelso been reported Hyosos and lked€1972) in aninfected animal. There

was atrophy and terminal central lobular necrosighe liver, and an obvious hypertrophy of
haemolymph nodes and of the red pulp of the spi@eiwo et al, 2003; Takeet and
Fagbem 2009) Mononucleadtcell infiltrations, both diffuse and nodular, were present in the
interstitial tissues of the kidney, and were most often found around large blood vessels and

glomeruli.
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2.2.7 Diagnosis ofafrican animal trypanosomosis

A variety ofdiagnostic tests are available for trypanosomosis (Toure, 1976) and researchers
are still trying to improve existing tests and to develop new ones. The current diagnostic tests
vary in their sensitivity and specificity, the ease with which they can beedpuid their cost
(Pariset al, 1982). The choice of a particular test will be guided by the economic principles
and the availability of expertise, but especially by the diagnostic requirement. Reliable
diagnosis may be achieved by combining appropdagnostic tests. Reliable interpretation

of results from diagnostic tests will depend on test validity as well as on proper sample
selection/collection, the sample size and the waydtagnostic tests areonducted(Pariset

al., 1982.

2.2.7.1 Parasitedetection techniques

These techniques are highly specific, but their sensitivity is relatively low (i. e. the proportion
of false negative results recorded is high). Sensitivity is especially low when results are
considered at the individual animal lewather than the herd level. Sensitivity is highly
variable during the cause of the infection, (Bailey and Smith, 1992) in the early phase, the
sensitivity is high as parasites are actively multiplying in the blood in the absence of
immunological control; Bengalyet al, 2002). During the chronic phase the sensitivity is low
asa result oimmune response of theost;the parasites are scanty aaterarely seen in the

blood (Bengalyet al, 2002) Sensitivity is almost nil in healthy carriers, where paessare

never seen. At the population level these variations mean that parasite detection techniques
are highly sensitive during epizootic outbreaks (when most of the animals are in early stages

of infection), and are of low or very low sensitivity in eo#io areas where most of the

23



animals are in the chronic stages of infection, especially during subclinical phases of the
infection (healthy carriers)Bengalyet al, 2002.

Due to this low sensitivity the apparent parasitological prevalence of trypansisom a

littte or much lower than the true parasitological prevalence. The low diagnostic sensitivity
also makes it difficult to detect trypanosomosis when present at low parasitological
prevalence and it is impossible to establish the absence of #wesdisvith a high degree of
confidence(Bengalyet al, 2002. More over, in areas where trypanocidal drugs are used
extensively, parasites may not be detected (OIE, 2008).

Several parasite detection techniqsesh as wet mount, thin, thick smears, bufbat and
haematocrit centrifuge techniquase available, each with varying sensitivity. The choice of
the techniques will depend on the laboratory facilities available and the aim of the diagnosis
(Bengalyet al, 2002.

2.2.7.1.1 Direct parasite detectotechniques

The simplest techniques are examination of wet, thick or thin films of fresh blood, usually
obtained from the ear vein, jugular vein or the tail. Amongst the direct examination
techniques, stained thin blood films are usually regarded as spexgfic but less sensitive

than the other twqgPariset al, 1982) The actual specificity and sensitivity of these
techniques is directly dependent on the volume of blood actually examined and the skill and
the experience of the microscopist (Pa&tisl., 1982).

2.2.7.1.2 Wet blood films.

The diagnostic sensitivity of the met hod i s
experience and the level of parasitaemia. Sensitivity can be improved significantly by lysing
the RBCs before examination usinghaemolytic agent such as sodium dodecylsulphate

(SDS) (Parist al, 1982; OIE, 2008).
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2.2.7.1.3 Thick blood films
Trypanosomes are easily recognized by their general morphology, but may be damaged
during the staining process. This may make it diffi¢coltdentify the specie@Pariset al,

1982).

2.2.7.1.4Thin blood smears films

Thick smears contain more blood than thin smears and, hence, have a higher diagnostic
sensitivity. Thin smears on the other hand allbwpanosomapecies identificatiofParis et

al., 1982.

The following morphological characteristics can be used to idenfifigdanosomapecies;

I. Trypanosoma vivais about 2027 um long(large speciesthe undulating membrane

is not obvious, free flagellum is present at the anterior, podterior end is rounded, the
kinetoplast is large and termin&dare, 197

il. Trypanosoma congolense about 8 25um (small species), undulating membrane is

not obvious(no undulating membrangejree flagellum is absent, posterior end is rounded;
kinetoplast is medium sized and terminat subterminal Although T. congolenseis
considered to be monomorphus, a degree of morphological variation is sometimes observed.
Within T. congolensedifferent types or subgroups exist (savannah, forest, Kilifi,dsthat

have a different pathogenicity, (Bengaty al, 2002). However, these types can only be

distinguished by using PCR5gyseret al., 2003.

2.2.7.1.5Parasite concentration techniques
The probability of detecting trypanosome in a sample froninégcted animal depends

largely on the amount of blood examined and the level of parasitaemia. The amount of blood
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examined with direct examination techniques is little and parasites are often very scanty in
the blood of an infected animal. These factoostribute to the low sensitivity of direct
examination techniques. Sensitivity can be improved by increasing the volume of blood to be

examined and by concentrating the trypanosomes (Woo, 1970).

2.2.7.1.6Microhaematocrit centrifugation technique

This technique is widely used for the diagnosis of animal trypanosomosis. It is based on the
separation of the different components of the blood sample depending on their specific
gravity (Pariset al,, 1982.

The microhaematocrit centrifugation technique is ensensitive than the direct examination
techniques because it concentrates the parasites (Kratzer and Ondiex, 1989).

In the case ofl. vivaxinfections, the sensitivity of the HCT approaches 100% when the
parasitaemia is >700 trypanosomes/ml of blood. fHeityy decreases to 50% when
parasitaemia varies between 60 and 300 trypanosomes/ml of blood. Trypanosomes become
very difficult to detect when the parasitaemia is lower than 60 trypanosomes/ml blood
(Desquesnes and Tresse, 1996). Identification of tiypame species is difficult.

As for Trypanosoma congolenstine specific gravity is similar to that of RBCs and parasites
are often found below the buffy coat in the RBC layer. To improve the separation of RBCs
and the parasites, and increase the sengitiat Trypanosoma congolenséhe specific

gravity of RBCs can be increased by the addition of glyq@&etquesnes and Tresse, 1996)

2.2.7.1.7Buffy coat technique.
This technique represents an improved method for the detection of trypanosomes and is

widely used (Murraryet al.,1977).
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As with the microhaematocrit centrifuge technique, the buffy coat technique is more sensitive
than direct examination techniques (Murragt al, 1977). Compared with the
microhaematocrit centrifugation technique, théfyp coat technique has an added advantage

in that preparation can be fixed and stained for more accurate identification of species and for
retention as a permanent record.

Both methods give direct results and can be used for screening large numbeiraad$.an
They require specialized equipment and an electricity supply making the test more expensive
compared with the examination of the wet blood film. However, this is compensated for by
increased sensitivity. However, both techniques rely on the detectiomotile, live,
trypanosomes. Because trypanosomes can lose their vigour and die rather quickly once the
blood sample is drawn, samples collected in capillary tubes should be cooled immediately
and should not be allowed to over heat in the microhaemiatoentrifuge or on the
microscopic stage. Samples should be examined as soon as possible after collection,

preferably withinan houror two hourgMurraryet al, 1977)

2.2.7.1.8 Animal Inoculation

The subinoculation of blood into rodents, usually ewi or rats, is particularly useful in
revealing subpatent infectiorfoure, 1976)It is more sensitive than direct examination of

the wet blood film. Nevertheless, the method is not practical; it is expensive and diagnosis is
not immediate. The method isghly sensitive in detectingrypanosoma brucei brucei
infections. However, somé&rypanosoma congolenstrains are not easily transmitted and

Trypanosoma vivasarely infects laboratory anima($oure, 1976).
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2.2.7.2 Indirect methods of diagnosisfipanosomal antigen detection test (Serology).

During the past 20 years, immunoassay methods have been widely used for diagnosis of
bovine trypanosomosis in the field (Nantulya, 1990; Luckins, 1992). These indirect
techniques, detecting specific antibodiesantigens, offered a sufficiently simple, robust, and
inexpensive tool which appeared accurate and reliable for diagnosing trypanosomosis.
Several antibody detection techniques have been developed to detect trypanosomal antibodies
for the diagnosis ofr@mal trypanosomosis, with variable sensitivity and specificity (IAEA,
1993).

2.2.7.2.1ndirect Fluorescent antibody test.

The original method for this test (Luckins, 1977) has been replaced by a new technique for
the preparation of trypanosomal antig€Rstendeet al., 1987), which involves fixation of

live trypanosomes using a mixture of 80% cold acetone, the erdayknand 0.25% formalin

in normal saline.

2.2.7.2.2Antibody- detection enzymdinked immunosorbent assay

The original antibody ELISA (Lckins, 1977) has recently been further developed for use in
large scale surveys of bovine trypanosomosis (DesquesnesplB@pkinset al., 1998).
Recommendations have been made that allow antigen production and standardization of the
test on a local bas(Greineret al, 1997; Desquesnes, 2004).

The standard antigen for trypanosomosis antibody tests is derived from blood- $tveam
trypanosomes. Trypanosomes are purified by DEAE anethange chromatography of
parasites from whole blood of infectealts. Antigens are prepared as a soluble fraction with
lysis using seven freezéhaw cycles and centrifugation at 10,000g for 30 minutes. Antigens
obtained fromn-vitro propagated procyclic trypanosome forms can also be used (Get¢iner

al., 1997). Solule antigens can be stored ®0°C or -20°C for long and short periods,

respectively, but they may also be lyophilized for conservation at room temperature
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(Desquesnes, 1987b). ELISA usingTrypanosomacongolenseor Trypanosomavivax pre

coated microtite plates have been developed that have the advantage that a standardized
denatured antigen is used that can be stored for long periods at room temperature gRebeski
al., 2000).

Each ELISA micreplate is run with strong positive, weak positive and negateference

sera, which are required to comply with pset values for quality assurance. The absorbance

of each ELISA sample tested is expressed as a percentage (percentage positivity; PP) of the
strong positive reference standard (Wrightl, 1993),or the positive and negative reference
standards (Desquesnes, 1997); results are therefore, quantifiable. To# wcalue is
determined using known positive and negative field or experimental samples (Desquesnes,
2004).

Both antibody detection tests dve high sensitivity and genus specificity. Their species
specificity is generally low, but may be improved by using a standardized set of the three
speciesspecific tests (Desquesnes, 2004). They detect immune responses to current and past
infection and an, therefore, only provide a presumptive diagnosis of active infection.
However, persistence of antibodies after a curative treatment oreuselis estimated to be

on the average of-8 months in young and adult cattle infections (Desquesnes, 2004);
athough it might take up to 13 months before all antibodies would have disappeared in some
animals (Van den Bossclet¢ al, 2000).

Immunodiagnosis needs expensive, sophisticated equipment and expertise, which is not
always available. It has to be performadspecialized laboratories and there is a substantial
delay between the actual sampling and availability of the results. Antibody ELISA is a very
useful test for largescale surveys in determining the distribution of tsétaesmitted
trypanosomosis lwause of the high degree of automation and standardization, in addition to

the use of filter papers for sample collection and storage.
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2.2.7.2.3 DNA amplification tests.

A polymerase chain reaction (PCR) method has been developed as a tool for the diagnosis of
infection with African trypanosomes in humans and animals; as well as tsetse flies. Specific
repetitive nuclear DNA sequences can be amplified Toypanosoma vivaxand three
subspecies ofrypanosoma congolengblasigaet al, 1992; Desquesnes, 1997; Desgessn

and Davila, 2002); however, current primers Toypanosoma vivageem not to be able to
amplify some genotypes within this species. A common primer set is available for detection
of threeTrypanosoma brucedubspecies. The primer sets available fofedint trypanosome
subgenus, species and types are referred to as follows: Trypanozoon sulidgRusand
TBR2; Trypanosoma congolensgSavannah type)} TCN1 and TCNZ2; Trypanosoma
congolensgforest type)- TCF1 and TCF2Trypanosoma congoleng&enya coastype) -
TCKland TCK2 andlrypanosoma vivaXx TVW1 and TVW2. Due to the multiplicity of
these taxonspecific primers in tsetse flies or cattle, a full trypanosome species identification
requires that five PCR test be carried out per sample, which coaisiglencreases the cost of
diagnosis. Recently PCR restriction fragment length polymorphism (RFLP) assays and
Information Technology In Science InquiryTEI) of ribosomal DNA amplification have
been developed that allow the identification of Bypano®ma species as single or mixed
infection using one single test (Desquesnes and Davila, 2002; Delespaly»2003; Geysen

et al.,2003); however these tests are not yet suitable for routine diagnosis.

2.2.8 Treatment and control

Control of African trypansomosis iggenerallydependent largely on vector control and use

of drugs (chemotherapy and chemoprophylaxis). In animals, the drug control of
trypanosomosis is dependent essentially on three drugs, namely; homidium (Homidium
Chloridé Novidium® and Homidim Bromidé Ethidium®), diminazene aceturate

(Berenil®) and isometamidium chloride (Samorin®,Trypamidium®) (Leach and Roberts,
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1981; ILRAD, 1990; Molyneux, 1997; Geerts and Holmes, 1998). However, almost all of
these trypanocides are gradually losing thedficacy due to drug resistance (Williamson,
1970).

The use of drugs for the prevention and treatment of trypanosomosis has been important for
many decades, but the rapidity with which the trypanosomes have developed resistance to
each drug introduced hag®mendously complicated this approach to controlling the disease.
In spite of this, some of the older chemoprophylactic drugs such as the quinapyramine
derivatives Antrycide and Antrycide Prosalt are still in used and give effective protection
againstT. b. bruceiinfection in horses, camels, and cattle for up to 3 months (Robson, 1962).
The drug pyrithidium bromide (Prothidium and AD2801) is useful in the prophylaxis of
Trypanosoma vivaand Trypanosoma congolensgefections in cattle, sheep, and goatsl a

can give protection for up toé months. The most widely used of the newer
chemoprophylactic drugs (and aldgbe least expensive) is isometamidium chloride
(Ogunyemi and llemobade, 1989). This drug has being in use for ovgea6 and sold
under the tade names Samorin, Trypamidium, and M&B 4180A,ekcellent for the
prophylaxis of all three African animal trypanosomes, and gpresection for 36 months
(Mammanet al, 1995). The development of resistance to this drug hasrbeperted in both

East ad West Africa (Sonest al, 1988; Clauseet al, 1992; Codjieet al, 1993; Leaket

al., 1993; Peregrineet al, 1994). Although extensively used in trypanosomosis control,
chemoprophylaxis is an expensive, tho@nsuming, and thus unsatisfactory leeegm
solution to the problem of African animal trypanosomosis.

Homidium bromide has also been found to be an effective chemoprophylactic drug in East
Africa, and the newly introduced arsenical Cymelarsan is effective in treatment of

Trypanosoma brucei brucanfection(Desqusnest al, 1995; Geerét al, 1997, 2001)
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A very widely used chemotherapeutic drug in West Africa is diminazine aceturate (Berenil),
which is effective against all the three African animal trypanosomes (Williamson, 1970;
Roberts, 198). Diminazene aceturate has been used extensively across the African continent
with very satisfactory results (Roberts, 1981). Its popularity in cattle has been largely due to
its therapeutic efficacy with an index that was found to be higher than widlr aintt
trypanosomal drugs used in animals (Williamson, 1970). In addition, diminazene is often
effective against infection that has proved refractory to treatment with other trypanocidal
drugs (Williamson, 1970Q)and for about 2 decades after extensistdf usage, the reported
incidence of resistance to diminazene has remained low (Williamson, 1970).

The solutions of resultant formulation can be used for up tb518ays when stored at room
temperature without loss of activity (Fairclough, 1962)

Controling arthropod vectors is important in preventing new infectiginse typanosomes
cannot survive for long periods outside the host, and disafpe=a) quickly from the
carcass after death (FAO, 1994). In endemic areas of Africa, African animal tsgpainsis

can be controlled by reducing or eliminating tsetse fly populations with traps, insecticides and
sterile male insect release techniqudidopp, 1992) Although tsetse control has great
potential and has aroused strong feelings, both for and sigasalistically it must be
appreciated that, except in a few countries, it has had minimal impact on animal
trypanosomiosis compared to trypanocidal drugs (Geerts and Holmes, 1998). Under such
circumstances, the application of control of trypanosomissisuld, as in the past, be
considered as distinct from the control of other animal diseases. However, present day
thinking is moving away from the concept of large area eradication of the vector and towards
a reduction of disease risk by control of thetegcoften over relatively circumscribed areas

(FAO, 1994) With or without owner participation, tsetse control is still a specialised activity
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and requires a separate organisation for the application of control measures against any other
animal disease$Q0, 1994).

In Nigeria, the control strategies of animal trypanosomosis over the years have been
directed against both the parasites and the vector. Strategies developed for the control of the
vectors have been those of bush clearing (Steiner, X6dvafemi et al, 2007, the use of

traps and screens (Challier and Laveissiere, 1973) and the use of sterile insect technique
(SIT), (Oladunmade, 1990). The main approach of controlling the parasite in the host has
been by chemotherapy and chemoprophylaxixu¢@ifemi et al., 2007). Experence has
however shown that no one single technology or approach will result in the eradication of
tsetse flies from an area.

The natural resources are never affected by tsetse control alone but by a wide range of other
factors occurring parallel with it. These include sceeionomic, sociological and
demographic processes which are istependent and act in combination on the landscape.
Opinions as to the actual influence of tsetse control measures on the natural resageces ra
from the view that the dAwildernesso can onl
measures to the claim that the consumption and degradation of the natural resources within
the tsetse belt continues without any tsetse control measures (J&8&nNagel, 1991). In

the case of residual applications, considerable negative effects etargeh organisms

must partly be expected, the effects of aerosol applications are usually easily identifiable but
tolerable. The implementation of stationary &gy currently comprises of the most
environmentally sound control method (FAO, 1971/ ).

Advances in recombinant DNA technologies have recently fueled the development of
molecular genetic approaches for the control of velotwne diseasg@ksoy etal., 2001).

The most challenging application of this technology, transgenesis, aims to modulate vector

competence of insects, that is, to eliminate the ability of insects to transmit pathogens by
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introducing and expressing foreign genes with antipathog®ojgerties that interfere with

pathogen viability, development or transmission (Aksbyal., 2001). It is proposed that

these genetically engineered refractory insects can then be driven into natural populations to
replace their susceptible counterparifie consequences and risks associated with field

release of genetically modified organisms need to be carefully assessed before this approach
can be used. In the meantime, the approaches proposed here stand to benefit the ongoing
vectorcontrol techniqueby improving their efficacy and reducing their cost.

However, Trypanosoma vivam South America does not require tsefiges; this technique

would not be effective ther@rypanotolerant cattle remain an important option but they have

not been widely sed beyond the geographical boundaries within which breeds like the
N'dama are endemid'lteren and Trail, 1988; Murray and Trail, 198Bnimals given good

nutrition and rested are more likely to recover rapidly than undernourished and stressed
animals(Murray and Trail, 1988

2.2.8.1Vaccination

Despite all the antirypanosome trails reported (Greca and Magez, 2011) not a single
Opromi singbd experimental result obtained 1in
vaccination trial. Indeed, in rag} it appears that trypanosomes have evolved two defensive
mechanisms that protect them from antibodgdiated elimination by the immune system.

The first mechani sm involves the capacity t
the second mechanismel i es on under mining the hostoés

immune response and to maintain its immunological memory (Greca and Magez, 2011).

One of the most remarkable features of trypanosomes is their ability to regularly switch their
surface coat r@d hence evade immune destruction. This mechanism is known as antigenic

variation (Payet al, 2004; Vanhamret al., 2001).
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Subsequent to the sequencing of the trypanosome genome, an enormous repé&ftoieaipf
Surface GlycoproteinSG) was identified made up out of fullength VSG genes as well as

a huge array of pseudogenes (Berrinetnal, 2005). The parasite greatly increases the
variations of the expressed protein by creating a puzzle made of fragments of several genes.
Trypanosomes exclusivelgxpress only one VSG out of that vast repertoire at a time. This,
together with the fact that altypanosomesurvive extracellularly, would theoretically turn
the parasite i nto a-medéated&kifing by therhgseimmune sgstem a nt i
(Beriman et al,, 2005) Even though the latter occurs upon infection, by the time the host
mounts an efficient response against the most frequently encountered VSG, VSG switching
has already taken place and a different WS(ressing population has arisen.nide, the
mechanism of antigenic variation allows the parasites to continually escape the immune
system of the host and in conclusion, it appears that even if many VSGs share combined
epitopes, this molecule is unable to be targeted by an efficient dastraotibody response
(Greca and Magez, 201I)aken the fact that many VSGs are expressed as mosaic proteins
of previously OusedO6 VSGs, it remains remar
seems to be so effective in escaping immune recognilioa.reason why this is the case, is
most likely linked to the second defensive mechanism that trypanosomes have developed,
i.e., the abrogation of Bell homeostasis and the destruction of the hosts immunological
memory(Greca and Magez, 201I)ogether, hese immune dysfunctions result in the lack of
build up of anivVSG memory, and hence allow the parasite to use over time very similar
VSG molecules, or even+ese a surface coat protein that already has been encountered by

the host (Greca and Magez, 2011

A number of studies reported four decades ago have already described the following key facts
of Trypanosomanfections (1) the immune system is unable to react against unrelated new

antigens upon infection (Goodwin, 1970); (2) there is a-smerific ativation of
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immunoglobulin production (Urquhamt al, 1973); (3) the cellular components of the
humoral response are no longer coordinated upon infection (€ealy 1973); (4) despite a
sustained plasma cell hyperplasia, failure of antibody praolu¢toth IgM and IgG) at the
cellular level occurs ati2 weeks post infection (Jenningsal, 1973). Those findings were
directly associated to the presence of living trypanosomes, since the immune competence was
restored after treatment (Murrat al, 1974), and define the basis of immunosuppression

which is a hallmark of trypanosome infections.

Further insight into Rell dysfunction was gained through the study of morphological and
gualitative changes in secondary lymphoid org@herry et al, 1973) The first peak of
parasitemia and a marked splenomegaly were observed simultaneously, the latter was due to
plasma cell proliferation in the white pulp and erythrocyte expansion in the red pulp of the
spleen. These events were followed by a gradual gisazation of the white pulp caused by

the increasing number of red blood cells, whereas the amount of plasma cells grew smaller
with time (Greca and Magez, 2011). Under no circumstances were germinal centers observed
(Morrisonet al, 1981). As confirmethy Radwanskat al (2008), not only is the architecture

of the spleen severely affected Byypanosomalinfection, but the study of the cellular
composition revealed a drastic disappearance of marginal zone B cells as well. This cell
subset is the main md&tor of T-cell independent immune responses. Finally, the same
authors showed that-8ell memory was gravely impaired, due to either depletion or hindered
reactivation. Important to stress is that the destruction of tHgellBmemory compartment
appearsto affect not only anttrypanosome responses, but immunological memory in
general. Using this knowledge, it was later shown that during experimental trypanosome
infections, exposure to a particular VSG does not provide the host with the capacity to mount
a protective memory response against this given VSG. Indeetialienge with a previously

encountered trypanosome stock is possible within weeks after encountering the same VSG
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antigenic variant (Mageet al, 2008).The ability of the parasites to chantheir surface coat
antigens continuously, blocking the efficiency of the specific host antibodies has hindered the

prospects of developing a protective vaccine against the disease (Seifert, 1996).
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CHAPTER THREE

MATERIALS AND METHOD S

3.1  Study Area

The studies were conductedMakurdi and Idonn Benue StatendKadunarespectively:

Makurdi the administrative headquarter of Benue state, lies approximately between latitude
7°44'N and longitude 8°54. The town is located along tlheast of the River Benue. The
climatic condition in Makurdi is influenced by two air masses: the warm, moist south
westerly air mass, and the warm, dry northeasterly air mass. The southwesterly airmass is a
raini bearing wind that brings about rainfatbfn the months of May to October. The dry
northeasterly airmass blows over the region from November to April, thereby bringing about
seasonal drought. The mean annual rainfall in Makurdi is about I29@Akintola, 1986).
Temperature in Makurdi is howevegenerally high throughout the year, with February and
March as the hottest months. Temperature in Makurdi varies from a daily of 40°C and a

maximum of 22.5°C.

Idon is located irKachia Local Government in Southern part of Kaduna State in Northern

Gunea @vanna zonelt is located between latitudé®8 6 dhd6 N land L O6Bgi t uc
and84 86 E wi t h a nabaual0lémm. It masfifearionths of fvet period (May

October) andemperature range of 41 to 27C (Ammaniet al, 2012) Based on preous

report and consultation with the farmetise two places were selected for isolation because

they are tsetseflies infested areas. Two herdsatifecfarms were visited anthe animals

were examined aniolood samples were collected from e
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3.2Souce of Parasite

3.2.1 Field Isolation of th@rypanosoma vivaandTrypanosoma congolense

Trypanosoma vivaxand Trypanosoma congolenseere isolated fromclinical casesin a
sedentary farm comprising of white Fulani in Makurdi, Benue Stateldon, Kaduna State
Twenty four (24) cattlenith pyrexiawere identified and samplddom a farm in Makurdi
About 3 misof blood sample was collected from the jugular vein of each animal into sample
bottle containing EDTAand placed orice. The samples were analyzedmedately after
collection on the field using wet mount and microhaematocrit centaitiogf buffy coat
techniques.Three of the samples were positive using wet mount technique. Two of the
positive wet mouns were mixed infections of Trypanosoma vivaxand Trypanosoma
congolensgwhile the third was monoinfection of Trypanosoma vivaxl'he samples were
then transported on ice tihe Parasitology laboratory ofhe Department of Veterinary
Parasitology and Entomology, College of Veterinary Medicine, Federal etsity of
Agriculture, Makurdi where thirblood smears of all the blood samplesllected were
prepared The single positiveTrypanosoma vivasample was then inoculated immediately
into one of the precreened goatthrough the jugular veifior parasitemultiplication. The

goat became positive four (4) days post inoculation (pi). A week later, the parasitaemic goat
wastransported by road to Department of Veterinary Parasitology and Entomology, Faculty
of Veterinary Medicine, Ahmadu Bello University, Zanehere they were kept in aty-

proof pen and monitored. The infected goat was left as donor for the experiment.

The Trypanosoma congolenseas isolated from cattle in Kaduna Stafetrip was made to
cattle herd in Idon village situated 80km on Kadwhachia road. Fourteen cattle with
history of pica appetite and emaciation were identifiad separatedRectal temperaturesf
these animalsvere taken andttle quantity of blood samplevastaken from the jugular vein

of each animal with pyrexia. Eachrmaple was collected into sample bottle contairinggy/
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ml of EDTA kept on ice. The samples were analyzeunediately after collection as
described by Woo, (19700ne of the samples was positive and was suspected to be
Trypanosoma congolensbased on the ovement while the rest were negativer
trypanosome parasiteThe positive blood sample was immediately kept on ice and
transported by road to Zariahere itwas immediately inoculated into a sheep previously
prepared for isolation of the parasite. Theeghwas kept ifly -proof pen in the Department

of Veterinary Parasitology and Entomology, Faculty of Veterinary Medicine, Ahmadu Bello
University, Zaria and monitored. The sheep becaaragitaemidwelve (12) daysi. The
characteristienorphological feturesof the trypanosomim Giemsa stained thin blood smears

confirmed it to bélrypanosoma congolense

3.3 Experimental Animals

Thirty six (36) Yankasa sheepf similar age andf both sexesvere purchased from an
open market at Karfur in Kastina Sta@n arrival,the sheep werthen introduced into fly

proof pens of the Department of Veterinary Parasitology and Entomology, Faculty of
Veterinary Medicine, Ahradu Bello University, Zaria andcreened for ectpende and
haemaeparasites Physical examinatio was used taheck for presence of ectparasites.

Two ( 2ml) of blood was obtained from the jugular vein of each of the sheep, and examined
for haemoparasites using thin blood smear, wet mount and microhaemegotrifugation
methods as described byod/ (1971) Facal sampls werecollectedfrom the rectum of each
sheep using a clean polythene bag and taken to helminthology laboratory for detection of

helminth eggs using floatation and sedimentation methods as described by Cole (1986).

All the experimeral sheep were dewormed using Albendazole® at the dose rate of 7.5
mg/kg. Ecteparasites infestations were treated and controlled with deltamethrin®opour

preparation and asuntol® spray. Those found Witlaplasmainfections were treated with
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oxytetracydine long acting at the dose rate of 20mg/kg body weightproliumat dose

rate of 10mg/kg body weight for 5 daywas given to those that were infected with
Coccidia. The sheep were also vaccinated each with 1 ml subcutaneous injection of
monoclonalpests de petit ruminante@PPR) vaccine against PRRd pre-conditioned for

two weeks before the commencement of the experiment.
3.3.1Management

The animals were fed on cotton seed cake and nadiiae ground nut bisk Digiteria hay,
salt lick and watewasprovidedad libitum. The feed were sourced from Nationahifal

ProductionResearch Institute (NAPRI), Shika, Zaria.
3.4 Experimental Design
3.4.1Trypanosoma vivaandTrypanosoma congolense

The experimental animals were tagged and randomly dividedhree groups (A, BandC)

of six animals each Base line data were obtained from each of the animal in all the groups

for a period of one week prior toaoulation Two (2 ml) of blood containing approximately

2.0x10 Trypanosoma vivaxas quantified usinghe improved Naubauer haemocytomter

(Pet ana, 1963) with grfastmiukiplyiod theiparasite mea dana di | u
sheepwasinoculaked through the jugular veimto each of the sheep in groups and B.

Group C served as uninfected contr@roup A animals were further divided into 3 sub
groups(A1, Az, and A) of two animalseach. Animals ireach of the sugroups weretreated

with one of 3different trypanocidesdiminazene aceturatet dose rate of 3.5 mg/kg body

weight isometamidium doride at dose rate of 0.5 mg/kg body weigdhd homidium

chlorideat dose rate of 1mg/kg for 2.5% solufiamhen the parasitaemia wasry high.
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The Trypanosoma congolensxperimental sheep weedsodivided into three groups (E, F

and 2C) of six animalsach Base line data were obtained from each of the animal in all the
groups for a week prior to infections. Each sheep in groups E and F was infected through
intravenous inoculation of 21l of blood containing approximately 2.0x i@rypanosoma
congolens as quantifieddescribed fofTrypanosoma vivaxGroup 2C served as uninfected
control. All the groups were provided with feewhile salt licks and water were provided

libitum. Group E animals were further divided into 3 spbups(E;, E; and E) of two
animalseachand each of the sugroup was treated witleither one of the 3Jifferent
trypanocides diminazene aceturatat dose rate of 3.5 mg/kg body weiglgometamedium
chlorideat dose rate of 0.5 mg/kg body weigimdhomdium chlorideat dose ree of 1mg/kg

for 2.5% solutioh when the parasitaemia wasry high.
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36 Sleep

T. vivax
18
Group A Group B Group C
6 Sheep 6 Sheep 6 Sheep
| |
Infected untreated Uninfected control
Al=2 Sheep || A2=2 Sheep| | A3=2 Sheep
D.A treated I.C treated H. C treated
4.1 Flow Chart of experimental design

T. congolense

18
Group 2C Group F Group E
6 Sheep 6 Sheep 6 Sheep
| |
Uninfected control infected untreated
E1l= 2 Sheep || E2=2 Sheep | | E3=2Sheep
D.A treated H. C treated I.C treated
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3.42 Post infection monitoring
3.42.1 Clinical observations

All the expermental sheep (infected and nroimfected) were monitored daily through
physicalexaminationfor change irgait, posture, possible discharges from the eyes and nose,
cutaneous edemanlargemenbof superficial lymph node and appeti@)d laboratory tests

(parasitaemia, haematologndserum proteingstimation).
3.42.2 RectaltemperaturgQ°)

Daily rectal temperature was takearly morning consistentlyith the aid of clinical digital
thermometer by restraining and inserting the thermometer into ttemeof each of the

sheep.
3.4.2.3WeightchangeqKg).

Live weights of all the experimental sheep were determined once a week with the aid of

bathroom weighing scale.
3.42.4 Parasitaemia

Parasitaemia was determined every 3 days using wet mount arydcbatfas described by

Murray et al (1983).
3.42.5 Packed Cell Volum@CV) (%)

Packed Cell Volume was determined twice weeklyhlagmatocritcentrifuge technique as

described by cole (1986)
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3.42.6 Total Plasma Proteirfg/dl)

Serum protein concentian wasestimatedusing Goldberg Refractometer (Kerr, 1989) as
follows. After reading the PCV, the microhaematocrit tube was brake#ng a diamond
tipped pencil athe buffy coafplasma interface. The piece containing plasma was drained
through establishg capillary flow onto the refractometer prism. The protein value was read

directly from a scale inside the refractometer and expressed in gram per dl of {@&diima

3.42.7 White Blood Cell Count8VBC)

Total and differential white blood cell countsere determinedsadescribed bychalmet al.

(1975).

3.42.8 Gross and Histopathological Examination

At day 5 post infection (pi), oneeachof the treated sheep in groups A, B, E and F as well

as one animal each from the control groups C and 2C wekedpat random, sacrificed and
necropsied. Samples of the spleen, lungs, brain, liver, heart, kidney, testicle, ovary, uterus,
adrenal gland and pancreas were taken, fixed in 10% formal saline, embedded in paraffin
wax, cut at 5u thickness and stained witeamatoxylin and Eosin (H and E) as described by
Drury and Wallington (1976). Tissue sections were examined under light microscope

(Olympus Optical Co. Itd, Olymp Tokyo, Japan) at x40 objective lens.
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3.4.2.9Molecular Characterization of Trypanosomaax and Trypanosoma congolense

using Polymerase Chain reaction TechnidBER).

Isolates from different stages tife infectionswere collected and preserved-20°C and

later subjected tdRAPD-PCR Multiplex TrypanosomaPCR and Trypanosomaspecies

speific PCR

1 Acutestageform of Trypanosoma vivaandTrypanosoma congolense

2 Relapsestageform of Trypanosoma vivaandTrypanosoma congolense
3 Chronicstageform of Trypanosoma vivaandTrypanosoma congolense

The multiplex PCR primers forTrypanosomaand Trypanosoma Vvivaxspeciesspecific
primers were supplied from South Afritey Ingaba Biotechnical Industries LTD, Hatfield
Pretoria, S/Africa, and RAPIPCR primers wer@btainedfrom United State of America

(BioneerBiotech Company, \&hstington DC, USA)

The experiment was divided into three different phases.

i. RAPD- PCR was conducted on the three different forms (the field isolate, the relapse
and the chronic forms) of the two isolates.

il. Each of the two isolates was subjectedidtiplex PCRusing primes for
identificationof mixedinfections.

iii. Trypanosomavivax speciesspecific PCR was conducted on the two field isolates for

species identification of the isolates (i.e. confirmatory test).
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3.4.2.10 DNA extraction from whole blood

Buffy coat wasfirst obtained from the whole blood and théwo hundred and fifty
microlitres (250ul) ofthe buffy coatwas mixed with 250pul of lysis buffer (0.31 M sucrose,
0.01 M Trig Cl, pH 7.5, 5 mM MgCI2, 1% Triton X00). The mixture was centrifuged at
13,000xg {c) for 20 secs, the supernatant was removed and 500pl of lysis buffer was added
and mixed by vortexing. Centrifugation and addition of lysis buffer was repeated twice. After
the last centrifugation and removal of the supernatant, the pellet was resuspe?si@a of

1x PCR buffer (10 mMTrisHCI, pH 8.4, 50 mMKCI, 1% Triton XL00) and 1.5ul of
proteinaseK (10 mg/ml) was added, mixed and incubated at®66for 1 hr. Finally the
mixture was incubated at $& for 10 minutes to inactivate the proteindseThe resulting

eluate was stored frozen-20°C until used (Clauseet al, 1998).

3.4.2.11 Experimentl: RAPD-PCR of Trypanosoma vivax and Trypanosoma congolense
Procedure: Stabilates of the two samplesirypanosoma vivaxand Trypanosoma

congolensgwere retrieved from the freezer2Q).

3.4.2.12 Characterization of the Extracted DNA Using Randomly Amplified Polymorphic

DNA PCR(RAPD-PCR).

Procedure: The DNAsextracted from the two isolates were subjected to RARIR using
short random primers (10 ke as described by Welsh and McClell@h@90) and modified

by Tibayrencet al (1993). Genomic DNA samples (20ng) were amplified in 60ul of specific
buffer (10mM Tris HCL, 50Mm KCL, 1.5mM Mgcl, PH 8.3), in presence of 0.2uM of
primers, 4x 100mM, dNTPral 0.9ul of Tag DNA polymerase. The RAFECR was based
on the use of ten base pairs primers (FEESAAACAGCTATGACCATGA-3' and Tpmns'

CCAAGTCGACATGGCACAAG3").The total number of amplification was 45 cycles at
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94°C for 1 min and72°C for 2 min and a finaklongation at 72 for 7min. The amplification

was repeated three times for the pair of the primers. The amplified product was separated by
electrophoresis on 1.6% agarose gels with TAE buffer (40mM &adstate PH 7.5, 1mM
EDTA) at 5V/cm and DNA fragmes were visualized after staining with ethidium bromide.

The patterns of amplified fragments of each isolate were used to compare the esathtes

stages of the disease

3.4.2.13 Experiment 2:ldentification of different Trypanosoma species using mukiple
Trypanosoma primer@CR).
This method focused on the internal transcribed spacer 1 (ITS) of ribosomal DNA as

described by Desqueserasal (2001).

Briefly, a pair of primers designed for ribosomal DNA was usdte amplification was

performed in aihal volume of 5& | contedi nofngDNA extract (t em,)
10L) of each pri mer ( F: 5630CGTHCAABGAT
CGCCCGAAAGTTCACG3 6 )mM oReach dNTP, 32.5uL of Nucleateee water and 0.5

unit of Tag DNA polymerase. Initial denaturinggg at 94C for 5 minuteswas followed by

30 amplification cycles. Each cycle consisted of a denaturation step°@tf®4 30seconds,

an annealing step at 38 for 30seconds, 5% for 30 secs and an extension step &7 for

1 minute and a final éension at 72C for 10minutes. The total number of cycles was 42 (4

cycles for 58C, 8 cycles for 58 and 30 cycles for 5€).

Then 10 micro-liters of the amplified products of the PCR were resolved on 2% agarose gel
at 100 Volts for 60 minutes contang 10mg / ¢ | of ethidium bromid

observed on ultraviolet light and photographed.

In order to confirm the presence or absencérgpanosoma vivaik any of the samples, they

were subjected tdrypanosoma vivaxspecific primers PCR.
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3.4.2.14 Experiment 3Trypanosoma vivax specigpecific PCR
Extraction of DNA was performed as described above for experiment one.

Primers. A Pair of specific primers foFrypanosoma vivawas used in this study
TVW A-d: -GT& CTC CAT GTGCCACGT T 6
TVW B-d. -GAJ ATG GTC TGG GAG CGG GBB @§Dhesquesenext al., 2001)
DNA amplification:
The amplification was perforend i n a f i nal vol ume of 25¢l
(template), (1 uM= 1pL) of the primef YW A-d: -GT& CTC CAT GTG CCACGT TG
3 dVWB-d -GAF ATG GTC TGG GAG CGG GB ) 10 mM Trig Cl, pH 8.3, 50 mM
KCI, 1.5 mM MgCI2,200 uM of dNTPs, 10jL of Nuclease free water, chelex 10ul. Initial

denaturing step was carried out at’@4for 5 minutesnd then annealing step at’60for 60

secs and 7Z for another 30 secs. The total number of amplification cycles was 30 cycles.

The final extension waat 72°C for 5minutes.
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3.43 Statistical analysis

Groupmeangs S. E. M was cal cul ated for each of the
protein, RBC and live body weight. Significance difference between the means was
calculated by ongvay andysis of variance (ANOVA). Post test analysis was done where P

values were <0.05, using Minitab
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CHAPTER FOUR
RESULTS
4.1  Pre-infection Observation
4.11 Temperature

The pre- infection meanrectal temperaturef the sheepvas 384°C, which is withinthe

normal range (normal= 38-38.8%c).
42. Postinfection Observations
4.21 Prepatentperiod of Trypanosoma vivaxand Trypanosoma congolensafections

All the infected sheep became positiee presence afhe parasite six (6) day®gt infection

Butthe levels of parasitaemia differed in the sheep.

42.2 Rectal temperature of Trypanosoma vivaxand Trypanosoma congolensmfected
Yankasasheep

The pre-infection values ofmean rectal temperature of ti@ypanosoma vivainfected
untreated(group B) infectedtreated (group A) and uninfected control (€heep were
38.33:0.26%c, 38.630.17°c and 38.180.15c respectively. There were statistichl
significant differences (F0.05) in thevaluesof meantemperature of the groups(A, B and

C), (39.25:0.11%, 39.580.01% and 38.880.14c) at week 2 post infection shortly before
treatment of group A animalslowever, the value of the infected, treated group (Group A)
dropped(38.32+0.02¢), while that of infected untreated animals (3%@94c) remained
high and the uninfected control (38#821) was within normal range at the end of the

experiment at week 8 post infectiofisgure4.1).

Preinfections values of thenean temeratureof the Trypanosoma congolensafected,
untreated (group F), infected treated (group E) and uninfected control (2C) were
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38.35:0.2%%, 38.1%0.16c and 38.280.17°c respectivelyHowever, here were statistici
significant differences (F0.05) betweergroup F and groups E and 2C at weeks 4 and 5
(39.44+0.09c, 39.08:0.2%c, 38.750.0Fc and 39.120.1Fc, 39.050.2%c, 38.84:0.21%)
respectively post infections At week 8 post infections the values of groups E, and F
(38.48:0.1%c and 38.8+0.13c) dropped.The values of theuninfected control remained
relatively unchangedhroughout the period othe experiment38.58+0.13c at week 8),

(Figure4.2).
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Figure 4.1: Meant+ SEweekly temperature ofrypanosoma vivaifected and treated (A)
infected untreated (B) and uninfected control (C) Yankasa sheep.

T The arrow indicates point of treatmegitgroup A animals
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Figure 4.2. Mean = SE weekly temperature ofrypanosoma congolensefected treated
(E), infecteduntreated (Fand uninfected control (2C) Yankasa sheep.

T The arrow indicates point of treatmexitgroup E animals
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4.3 Mean + SEweekly body weight of Trypanosoma vivaxand Trypanosoma congolense
infected Yankasa Sheep.

The values of mean body weights of th&rypanosoma vivaxnfected and treated (A),
infected untreated (B) and uninfected control (C) Yankasa siheaeased b§.5kg, 4.34kg

and 1.75kg fronweek 1 pst infectiondo week 8 pst infectionsrespectively. The infected
untreated animals (B) had theghest decreas@ value(4.34kg) in weight lost There were
statisticaly significant differences (F0.05) in thevalues ofmeanweight lost of group F

animals and those of groups E and 2C at w8¢gk-8 postinfections(Figure4.3).

Theae was a decread of 2.59 kgmeanweekly weight of theTrypanosoma congolense
infected untreated (F) sheb&etween weeks 1 and 8 post infectibtawever, the values of
the infectedtreated (E)anduninfected control (2C)ncreasedlightly by 0.34 kg and 0.29 kg

respedwvely from weeks 1 and 8 post infectios. There were statistidgl significance

differences P’ 0.05) in themeanweight of group F animals and those of groups E and 2C

from weeks 28 post infectionFigure4 4).
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Figure 4.3 Mean+ SEweekly body weight offrypanosoma vivaifected and treated (A),
infected, untreated (B) and uninfectexhtrol (C) Yankassa sheep.

T The arrow indicates point of treatment.
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Figure 4.4: Meant SEweeklybodyweights ofTrypanosoma congolens#ected and
treated(E), infected, untreated (F) and uninfected con2@) Yankassa sheep.

T The arrow inttates point of treatment.
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4.2.4 Daily parasitaemia of Trypanosoma vivaxand Trypanosoma congolensafected
Yankasa sheep.

There vere relapseinfectionsin the homidium chloridetreated animals on daya7 post
infections (ie day 15 post treatm® and 32 post infections (ie day 20 post treatment)
respectively. The two relapgenfectionswere treated witldiminazene aceturat dose rate

of 3.5mg/kg body weightwhich cleared the parasite from the peripheral blood within 24
hours st secondaryreatmentand the animals remained negative through out the period of
observation. The experiment was terminated after monitoring for eight (8) wesks p

infection (Figure4. 5).

In Trypanosoma congolensefected and treated group] ¢he treated anima had relapse
infectionson day37 post infections (ie day 25 post treatmefithey were then treated for the
second time with diminazene aceturdtdays post relapse. A second relapse occurred day 6
post secondary treatment (pst) and all the relapsedasswere later treated for the third
time (tertiary treatment) with homidium chlori@é the dose rate of 1mg/kg (2.5% solution)
The parasite disappeared from the peripherial circulation after 24 houiteni@sy treatment

and the experiment was teimated after monitoring for 8 weeks post infectighgjure 46).
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425 Clinical manifestaions of Trypanosoma vivaxand Trypanosoma congolense
infected animals

The following clnical signs were observeid Trypanosoma vivaexperimentdl/ infected

sheep. These were; anorexia, rough hair coat, ocular discharge, pale mucous membrane,
diarrhea, severe weakness, depression, edema of the eye lids, teeth grinding, emaciation and
cental nervous system (CNS) disorder. Three of the animals in group B died before
treatment at week post infectionsin Trypanosoma congolensgfected animalsapart from

central nervous disorder and teeth grindiad) other signs seen ifirypanosoma viva

infected animals were also obserymd in mild forms.
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4.2.6 Packedcell volume of Trypanosoma vivaxand Trypanosoma congolensmfected
animals

Thee was a decrease raluesof 9.58:0.96% in meanpacked cell volume (PCV) of the
Trypanosona vivaxinfected untreated sheep (Group Bgtween weeks 1 and 7 post
infection. At 8 weekspost infection,slight increase oR.2%% was observeafter treatment.
However, themean PCV of the Trypanosoma vivainfectedtreated group (A) dropped
slightly by 1.6®%6 betweenweeks 1 and8 post infection The mean PC\of the uninfected
control group (¢ increasd by 2.18%6 betweenweeks 1 and 8 post infections Therewere
statisticdly significant differencesR 0.05 in the mean values of the PCV of the three

groups at week 2gst infectionand weeks 8 post infectiongFigure4.7).

There was a decreass#f 8.7%% in the value ofthe mean PCV of the Trypanosoma
congolenseanfected untreated sheep (Group Bgtweenweeks 1 and 6post infection The
highestdecrease occurred at week 2 post infectidinweek 8, a week after treatmetie
mean PCWalue increased by 2.98 The infected and treated animals (E) also had their
lowest value at week 2opt infections (24.00+1.29%),following 4.58% loss in values.
However, there was an increase of ¥sdetween weeks 1 and 8 post infectinrthe mean
PCV of the uninfected control animals (3CThere were statisticlyl significant differences
(P 0.05) in themeanPCV of group F and those of groups E and®&Bveenweeks 38 pi

(Figure4.8).
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PCV (%)

Post-Infection (Weeks)

Figure 4.7. Meant SEweekly Packed Cell Volume dfrypanosoma vivaifected and
treated (A), infected, untreated (B) and uninfected control (C) asakheep.

T The arrow indicates point of treatment.
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Figure 4.8. Meant SE weekly Packed Cell Volume dfrypanosoma congolensafected
andtreated(E), infected untreated (F) and uninfected control (2C) Yankasa sheep.

T The arrow indicates poimf treatment.
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42.7 Total plasma proteinof Trypanosoma vivaxand Trypanosoma congolense
infected animals

There was a decreasaf 0.95¢g/dl in the value of mean total plasma protein of the
Trypanosoma vivainfected untreated sheep (group iBtween weks 1 to 8 post infection.
The nmean valus of this parameter inhie infected treated sheep (group A), and uninfected
control group (C)slightly decreasedby 0.92g/dl and1.03 g/dl respectivelythroughout the
period of the experimen® here verestatisticdly significant differerwes (P 0.05) at weels 1
and3 to7 post infectionbetweergroups B, A and C(Figure4.9).

In the Trypanosomacongolenséanfected animals,hie variation in thelecreasen values of
plasma proteins wett@gherthan inTrypanosoma vivaxi here was a decrease of @.§/dlin
the value of mean total plasma proteiftom weeks 1to 6 post infectionsConversely,
increases were observed in the values of the infaotatied (E)(0.85 g/dl)and uninfected
control animals (2C)(1.64 g/dl) at the end of the experimen6tatsticaly significant
differences (P0.05) exist in thevalues ofmeantotal plasma proteibetweenthe groups at

weeks 24 and 68 post infectiongFigure4.10).
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Plasma Protein (g/dL)
I

Post-Infection (Weeks)

Figure 4.9 Meant SEweekly total plasma protein drypanosoma vivainfected and
treated(A), infected untreated (Band uninfected control (C) Yankassa sheep.

T The arrow indicates point of treatment.
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Figure 4.10: Mean = SE weekly total plasma protein of th€rypanosoma congolense
infected and treated (E), infectadhtreated (F) and uninfected control (2€3nkassa
sheep.

T The arrow indicates point of treatment.
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428 Total white blood cell Count (WBC) of Yankasa sheepexperimentally infected
with Trypanosoma vivaxand Trypanosoma congolense

ThemeanWBC count of thelTrypanosoma vivainfected untrated (B) sheegdroppedfrom
6.80+0.54x18&L at week 1 pst infectionto 3.62+0.5%10%L at week 2 pi. The valukater
roseto 7.23+0.40x18L at the end of the experimenHowever, the infected and treated
animals (A) had value of 6.85+0.50x. at weekl post infection,which laterrose to
7.0520.41x18L at the end of the experimerithe mean WBCof the uninfected control
groupdropped slightlyfrom week 1 post infection&.77+0.34x18L) to 5.45+1.08x1YL at
week8 post infectionsThere verestatistcally significance differencéP 0.05)in the mean
values of group BA and C at week 2gst infection(Table J).

In the Trypanosoma congolensgefected animals,iie WBC counts were characterized by
flutuctions in valuesin all the groups during the experent Theae was a los of
7.79%0.85<10°L in the meanWBC of the Trypanosoma congolensefected untreated
sheep (Fbetween prénfection week andveek 1 st infectiors. There was slight increase
of 2.22+0.41x10°/L at the end of the experimerithe infected treated animals (E) had
decreasedvalues of 7.71+1.16 x10°/L between prénfection week and week 1 post
infections. There were statisticlgl significance differences (®.05) in the mean values of
WBC of group F animals and those of groups E and 2C at weeks 5 aost &fection

(Table 3.
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Table 1: Mean + SE weekly WBC ofrypanosoma vivaifectedtreated (A), infectedintreated (B) and uninfectesbntrol (C)Yankasasheep

Class Prelnfection Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
7.33+%1.23 6.85+0.50 5.90+0.64° 5.25+0.80 6.72+0.62 5.48+0.81 4.93+0.57 3.72+0.50 7.05+0.41
B 5.15+0.63 6.80+0.54 3.62+0.5% 477+0.86 6.37+0.71 5.92+0.61 5.47+091 595+1.39 7.23+0.40
5.68+0.16 7.77+0.34 7.80+1.34 6.15+0.97 8.52+1.02 7.08+0.56 7.02+0.67 5.45+1.08 8.22+0.23
x 10°7/L

* Mean +SEM based on three observations.
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Table 2 Mean = SE weekly WBC ofrypanosoma congoleng&ectedtreated (E), infeteduntreated (F) and uninfectedntrol (2C) Yankasa

sheep

Class Prelinfection

Week 1

Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
14.33+1.3% 6.20+0.39  6.62+0.18 5.87+057 6.17+0.6% 7.73+0.36 7.20+0.48 8.28+1.54 6.72+0.33°
F 13.17+1.0% 5.3840.16 5.93+0.27  7.44+0.43 4.28+0.48 5.30+0.38 7.65+2.21 6.88+0.76 6.50+0.29
2C 18.33+0.76 8.02+0.37% 8.42+0.26 9.31+0.36 7.07+0.5% 8.67+0.16 9.44+1.15 5.38+0.75 8.38+#

x 10°/L

* Mean +SEM based on three observations.



43  Observations on the Gross Pathology of YankasaSheepExperimentally | nfected
With Trypanosoma vivaxand Trypanosoma congolense

The gross pathological lesions observedTmgypanosoma vivaxnfected untreated animal

were serous atrophy of pericardial fat, focal haehagic area on diaphragmatic lobe of the

right lung, hydropericardium (17mls), diffuse pin point haemorrhagic areas on the liver and
kidney surfaces and empty gall bladder. The infected and treated revealed serous atrophy of
pericardial fat, congestion dlfie entire right apical lobe and parts of the diaphragmatic lobe

and focal areas of hyperemia.

The Trypanosoma congolensefected untreated and Isometamedium treated sheep showed
pale carcasses and slight congestion of the liMeere were no pathologicahanges seen in

the uninfected controlrypanosoma vivaandTrypanosoma congolenggeoups.

4.3.1 Histopathology of Yankasa sheep experimentally infected witfirypanosoma vivax
and Trypanosoma congolense

Histological section of the brain dffrypanosora vivax infected untreatedankasa sheep
(group B)revealed areas of neuronal degeneration (plate xix), the spleen showed areas of
haemosiderosis in the red and white pulps (plate thg Kidney revealed necrotic renal
tubules and glomerular degenerati(piate xxi). The Lung was congested with areas of
haemorrhages and thickened alvenémbranegpneumonia) (plate xxii). There was atrophy

and degeneration of the skeletal muscles with absence of sperm cells and normal epithelium

of the epididymis.

The Trypanosoma vivax infecteleated animal (group Aungs revealed thickened alveolar
membranes (Pneumonia) and uterine necrosis in the uterus.There were focal areas of tubular
and glomerular necrosis in the kidneys. The spleen revealed haemosiderosiseof dmel

white pulps.

Histological sections of th€rypanosoma congolengdected untreated sheeprégp F)
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adrenal glands and pancreas revealed areas of necrosis in the glands and pancreatic cells. The
spleen showed areas of haemosiderosis and pulmopnagestion of the lungs. There was
infiltrative myositis in the skeletal muscles and congestion of the IMest of the organs

(Uterus, Kidney, and Skeletal muscls)the Trypanosoma congolensafectedtreated with
Isometamedium chloride sheep (E9veded areas of necrosis and therergthickened

alveolar membranes of the lungs. The spleen revealed haemosiderosis of the red and white
pulps. Histopathology of all the organs froominfected control sheemoups C and 2G

revealed normal cells and tissu€he lesions are shown on platdsto XXVII 1.
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Plate Ill : L- Photomicrograph of the brain @rypanosoma vivaitected, untreategheep
showingareas of neuronal degeneration (arrow)sRowing brain of uninfected
control sheep with normal brain (H &IE400).
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Plate 1V: Photomicrograph of the brain ®f congolensénfected, Isometamedium
chloride- treated sheep, showing areas of haemorrhages (H) and neuronal
degeneration (S) (H & E400).
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Plate V: Photomicrograph of the liver @ congolensenfected, untreated sheep showing areas
of congestion of sinuses (C) and hepatic degeneration (D), (H &H0).
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Plate VI: Photomicrograplof theliver of T. congolensenfected,isometamidium
chloridetreatedsheepshowingcongestedinusegC) andhepatic
degeneratioD), (H & E,T 400).
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Plate VII: Photomicrograph of the liver @f. congolensénfected, Isometamedium chloride
treated sheep, showing mild hepatic degeneration (arrow), (H &@))x2
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Plate VIII: L- Photomicrograph of the spleenTivivaxinfected, untreated sheep showargas
of haemosiderin (arrows) and depleted follicles (D)sRowing a normal spleen from
control sheep (H & B, 400).
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Plate IX: Photomicrograph of the spleenTifcongolensanfected, untreated sheep showing
areas of haemosiderin (arrow), (H &IE400).
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Plate X: Photomicrograph of the spleen @f vivaxinfected, diaminazene
aceturatdreatedsheep showing area$ haemosiderirfarrow) in
the white and red pulps. (H & E,400).
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Plate XI : L- Photomicrograph of the Kidney dF. vivaxinfected and untreated sheep, showing
foci areas of necrosis of tubules (C) ajidmeruli(G); R- showing apparentigiormal
kidneyfrom the kidney of control sheep (H & E400 ).
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Plate XII: Photomicrograph of the kidney &f congolensénfected and
Isometamedium chloride treated sheep, showing congested vessels
(arrow) (H & E,T 400)
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Plate XllI: Photomicrograph of the kidney @f vivax infected,
diaminazene aceturateeated sheep, showing focal areas of
necrosis of the tubules and glomeruli (arrows), (H & E, x 400)
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Plate XIV : L- Photomicrograph of the Lung of sheep infected Witkivax for 8 weeks
showing congestion with haemorrhages (C) and thickened alveoli membranes (
R-showing Photomicrograph of the lung of sheep from the uninfected control sheep.
(H & E, 1400)
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Plate XV : Photomicrograph of the lung df. congolenseanfected ,
Isometamidiunchloride treategheep, showing mild pneumonia (H
& E, T 200)
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Plate XVI: Photomicrograph of the lung 8f congolensmfected and untreated sheep showing
pulmonary congestion (arrows), (H & E400).
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Plate XVII: Photomicrograph of the lung @f vivaxi infected, diaminazene aceturate treated
sheep, showing thickened alveolar membranes (arrow), (H & E, 400).
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Plate XVIII : Photomicrograph of the pancreasifcongolensenfected and
untreated sheep, showing necrosis of the pancreatic cells (arrow) (H & E,
400)
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Plate XIX: Photomicrograph of the pancreaslotongolensenfected,
isometamedium chloriczeated sheep, showing mild pancreatitis (arrow)
(H&E, 1 400).
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Plate XX: Photomicrograph of the pancreasiotongolensénfected and untreated sheep,
showing infiltration of the inflammatory cellsufow),(H & E, T 400)
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Plate XXI : Photomicrograph of the adrenal glandTafongolensenfected isometamidium
chloridetreated sheep, showing mild areas of necrosis (N), (Hi8480).
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Plate XXII : Photomicrograph of the adrenal glandTagongolensénfected, untreated sheep,
showing normal cells (H & &,400).
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Plate XXIlI: Photomicrograph of the uterusfvivaxinfected, diminazene aceturdteated
sheep, showing necrosis of the uterus (arrow). (H &4B0)
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Plate XXIV: Photomicrograpfof the testis off. congolensénfected , Isometamediunghloride
treatedsheep, showingeminuferougubules (arrow), with low spermatogenic activity
(H&E,I 400).
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Plate XXV: Photomicrograph of the epididymis Bfvivaxinfected , untreated shedpvoidof
sperm cells (arrow)] 00)

95



Plate XXVI : L- Photomicrograph of the skeletal muscleToivivaxinfected, untreatesheep
showingmuscle atrophy and degeneratior;FRotomicrograph of the skeletal muscle
from uninfected control sheep (H & E400)

96



Plate XXVII: Photomicrograph of the skeletal muscléTo€ongolensénfected, untreated sheep,
showing areas of cellular infiltration (arrow), (H & E400).
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Plate XXVIII : Photomicrographof the heart muscle of T. congolensanfected,
Isometamediunchloridetreatedsheepshowingmild atrophyof the muscle
(H& E,T 400
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44  Molecular Characterization of Trypanosoma vivaxand Trypanosoma congolense
using Polymerase Chain reactio@echnique (PCR).

44.1 Observation on the RAPDPCR of Trypanosoma vivaxand Trypanosoma
congolense

The different forms (acute, relapse and chronic forms) of Qottpanosoma vivaand the
Trypanosoma congolenseere subjected to RARPCR before Mulplex andTrypanosoma
species specific PCR were carried out on th&€he results of the experiment revealed that
the amplicons of the acute (N) and chronic forms (C) ofTthganosoma vivaxvere the
same, whereas that of the relapse form (K) was differen

However, inTrypanosoma congolensine acute (A) and the relapse forms (D) yielded bands
of the same molecular sizes but the chronic form (R) had a different pattern from the other

two forms (Plate XLVIII)
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100bp
Marker

500bp

Plate XXIX : RAPD-PCR ofTrypanosoma vivax
andTrypanosoma congolensadlifferent
forms.

L= Marker (100bp)

D= relapse form oTrypanosoma congoleng&pproximately 420bp & 290bp)
A= Acute Isolate offrypanosoma congoleng@pproximately 420bp & 290bp)
R= Chronicform of Trypanosoma congolengApproximately 510bp & 290bp)
N= Acute Isolate off rypanosoma vivagApproximately 390bp & 220bp)

K= Relapse form oTrypanosoma vivagApproximately 390bp & 290bp)

C= Chronic form offrypanosoma vivagApproximately 390bp &20bp)
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44.2 Identification of the species of trypanosomesusing multiplex Trypanosoma
primers PCR.

The result shows that the isolate from the Northern Guinea savannah (Idon in Kaduna state)
is Trypanosoma congolensgith a bandweight of 750bp and the one from Makurdi is

Trypanosoma vivax
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750bp
700bp

500bp 540bp

250bp

Plate XXX: Identification of different species of trypanosomes using multiplex
Trypanosomaprimers PCR.

Lane M-50bp DNA Molecular Wight Marker (Therm8cientific)

This result confirms the species of the paraditalsoconfirmsthat they are right speciesd

no mix infection
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44.3 Trypanosomavivax speciesspecific PCR

In order to confirm the presence or absencdmypanosoma vivaxn any of the samples
(Kadunaand Makurdi), the samples were subjected tgpanosoma vivaspecific primers

PCR TheTrypanosoma vivayielded the species specific amplicon of 175late XLVII).
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250bp
175bp

50bp

Plate XXXI: Trypanosoma vivaRCR with TVWA/TVWB Primer

Lane M-50bp DNA Marker (Thermo Scientific)
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The resuk revealed that sample from Southern Guinea Savannah (Makurdi) was pure
Trypanosoma vivaxsolate since it was negative to multiplex primers PCR for other
trypanosomesut positive forTrypanosomavivax by yielding the expected amplicon of 175

bp.
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CHAPTER FIVE

DISCUSSION

The prepatent period ofrypanosoma vivagbserved irthis studywas 6 days post infection.

This is in agreement with the® days reported by Hoett al (1948) in shep and goats

Congq although, it contrasts the days that was reported by other authiordNigeria
(Ogwuet al,, 1986; Bawaet al.,, 2000; Akinwaleet al, 2006). However, it has been reported
(Hoare, 1972) that the incubation period Tofypanosoma wvax in sheep and goats vary
depending on the level of host resistant and the virulence of the parasite strains/isolates
involved. They further explained that, the more virulent the parasite, the shorter the
incubation period and the more resistant the,lbstlonger the incubation period (Batistia

al., 2007).

The incubation period of 6 days férypanosoma congolensieat was observed in this study
disagrees with -41 days reported by other researché&seneet al, 1997;Sackey, 1998;
Takeet and Fagmi, 2009). The fairly short incubation period recorded in this experiment

revealed that the two isolates gr@bablyhighly pathogenic.

Pyrexia, observed in this study which was suggested to be due to circulating trypanosomes
and their byproducts corrsponded with increase in rectal temperature in the first two weeks

post infection for the animals treated with the three different trypanocidal drugs. However,

the same animals treated with Novidiuchloride experienced secondary pyrexia during
relapse. Tis finding is in line with similar observations made by Anosa and Isoun (1974;
1980) and Batistat al (2009). Pyrexia in trypanosomosis usually resulted from increased
basal met abolic rate of the hostoés eedoy syst
increase pathogenicity of the resurgent parasitaemia and the response of defence mechanism

to curtail it.
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Weight loss was observed in all the infected untreated animals, an observation that has been
reported by many authors (Siled al, 1999; Ainwale et al., 2006; Batisteet al, 2007;

Damillo et al, 2012). The decrease in weight may be due to poor absorption and utilization
of nutrient and also from the utilization of body fat to meet up the energy demand of the
ani mal 6 s b odgdecrdased faed ohtekie and digedn willldefinitely lead to loss

of weight.

It has been reported that parasitaemia increased concomitantly with temperature éBatista
al., 2009). This is in agreement with the finding in this work because high parasitaene
observed in most of the infected animals at weelo& mfectionwhich corresponded with

the period of high temperature.

The relapseanfection observedin the two sheep infected withrypanosoma vivaxtreated

with Novidium chloride was an indidan of the resistance of the isolate to the recommended
therapeutic dosed mg/kg body weight of 2.5" solutiomf the drug which is in support of

the earlier reports by other authors (Peregrine, 1994; Geerts and Holmes, 1998), of the
resistance of tryparsomes to most of the commonly used trypanocidal drugs in most African
countriesespecially in East AfricaThe resistant problem was seen to be more serious with
Trypanosoma congolenssince more than three relapses were experienced in all the
Trypanosomaongolensenfected animals treated with the three different trypanocidesh
parasitaemia were recorded in the/panosoma congolensefected animals 1-24 hours

before death.

Over the years, diminazene aceturate and isometamidium chloride havesbdesuhe best
therapeutic and prophylactic trypanocides respectigiminazene aceturat@as reputed as
the only drug to which trypanosomes do not easily develop resistance because of its rapid

elimination from the system when compared with the monmsigtent prophylactic drug,
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isometamidium chloride (Aliet al.,1981). However, the findings from the present study are
suggestive of necessary update of the isolates used in this experiment developed resistance to
all the trypanocidal drugs. Treatmenildaes with shortened prophylaxis have been observed

and attributed to infections with drugsistance trypanosome species (Chitambo and
Arakawa, 1992; Peregrine and Mamman, 1993). The outcome of this work confirmed the
reports of other researchers thagtidrugs resistance are encountered in the field with
Trypanosoma congolengiganTrypanosoma vivagGeerts and Holme4,998; McDermotiet

al., 2003. Most of these cases of resistance rhayhat these parasites probably could be in

the past been expostmsubtherapeutic dosages therapy by farmers or non veterinarian in the

field.

Although clinical signs were more severe in ffrigpanosoma vivainfected animals but
more mortality was recorded in tAgypanosoma congolensafected animals. At week 7
pod infection only two infecteduntreated sheep survived in tligypanosoma congolense
group while four animals survived in thErypanosoma vivaxgroup. This observation
agreed with the earlier report that infection wittypanosoma congolengemore fatathan

infection withTrypanosoma vivailejon et al, 2003).

The decrease in Packed Cell Volume (PCV) in all the infected untreated animals observed in

this study is an indication of anaemia which is in agreement with the earlier findings, that
animal sdfering for trypanosomosis usually develop anaemia (Baést@., 2007; Danillo,

et al, 2012). It was reported that most of the clinical signs observed in trypanosomosis are
associated with anaemia and that when the rate of blood destruction by téieepaand its

products are high, the infection becomes incompatible with life and the infected animal dies
within a week or two post infections (Anosa and Isoun, 1974) Tiyyganosoma congolense

infected untreated group had their lowest PCV at weebkdipfectionwh en t he ani ma

immune system had been overwhelmed with the infections (i.e. immunosuppression of the
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host by the parasite). It has been reported that hemolysis is usually from the irritation by the
parasites or by the enzymes produced byptrasites which are recognized as foreign bodies

by the body defensive system (Losos and Ikede, 1972).

The observation of the gradual drop of plasma protein of allTthpanosoma vivaxand
Trypanosoma congolensefected untreated animals from week dspinfectionto week 8
postinfectionis in tandem with the previous report that animals infected with trypanosomes
develop at a stage, an irreversible loss of appetite, total plasma protein and other
haematological indices even after treatment (Bgl&yi and Anita, 2003). Another reason

why plasma protein may decline in the infection is as a result of dearhrhis affects

normal absorption of nutrient from the small intestine.

The study shows that thmeanWhite Blood Cell (WBC)countsof the Trypanosmna vivax
infected untreated animaiscreased at week 2optinfectionsand later dropped at week 8
postinfection This type of initial increase and decrease at the late stage of infections has
been reported in other parasitic infections by Coles (198&)as observed that the initial
leukocytosis is as a result of massive mobilization of the body defensive cells in response to
the infection but as the disease lingéeacopenia sets in baese most of the cellwere been
destroyed thereby decreasing tbells population. Consequently, leukopenia is a consistent
finding in the chronic form of trypanosomosis because of the immunosuppressive action of

the parasites (Batist al.,, 2006; Bezerrat al, 2008).

The gross pathological changes were more sewefrypanosoma vivainfected group than
Trypanosoma congolenge line with observations on the clinical manifestations which were
more severe in th€rypanosoma vivafected animalsThis observation is a confirmation of
previous report by Losos anllede, (1972) that pathology in tissues is associated with the

relative ability of Trypanosoma vivato invadeboth vascular andxtravasculasystemsand
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Trypanosoma congolensemain confined to the vascular systérhis explains why lesions
were more seere in Trypanosoma vivaxfected groupsViscerd organs were variously
affected because of the strategic physiological roles. Consequémlyiver was more
affected grossly because of its important function as the major site of erythrocytesnaad
times parasites clearance from the body system while splenomegsdyalso seeit the
acute stage of the disease as a result of red cell and lymphocyte sequedtrestiznand

Ikede, 1972

The nervous signgbserved in the twdrypanosoma vivaxnfected and untreated sheep
manifested asreas of neuronal degenerationthe histopathological section of the brain

whereas theTrypanosoma congolensafected untreated had normal brain cells. The
Trypanosoma congolensafected, diminazene aceturdteateda ni mal 6 s brain r
areas of haemorrhages, depletion of pyekicells, as have been observedollyer authors

(Losos and lkede, 1972; Batist al, 2007). These lesions may be due to hypoxia from

anaemia or partial occlusion of the brain vesselthbyparasites or their products.

Histologically, the liver in bothTrypanosoma vivaand Trypanosoma congolensefected

animals revealed hepatic necrosis, degeneration and congested sinuses. The hepatic necrosis
may have resulted from the insufficigoibod supply to the liver due to anaemia and partial
blockage of liver vessels by the parasites and their products at a certairf-atine €t al.,

2008. The haemosiderin and follicular depletion seerthia spleen oboth Trypanosoma

vivax and Trypanosona congolensenfected animals might have been caused by hemolysis

and anaemia which are associated with the disease. Similar observations have been reported

by Lososet al (1973), Valli and Forsberg, (1979).

In the kidney of théfrypanosoma vivainfected untreated animals, there were foci areas of

necrosis in the renal tubules and glomeruli while thatrgpanosoma congolensefected
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diminazene treated animal, there was congestion of the renal vessels. All these findings agree

with the early reportypKaliner, (1974).

The respiratory involvements were exhibited in bétigpanosoma vivaand Trypanosoma
congolensenfected animals by the thickened alveolar membranes, congested and
haemorrhagic lungs. The associated pneumonia may be due to secomtiznglbafections

as a result of immunosuppression commonly seen in trypanosomosis @tizard 978).

In the pancreas of thérypanosoma vivaifected animals, there were areas of necrosis in
the glands, unlike those of tAgypanosoma congolensefected group that revealed mild
pancreatitis. Similar inflammatory changes in the glands of the body have been reported by
Losos and lkede, (1972). There was also necrosis of the adrenal glandS ofphirosoma
vivaxinfected, untreated animals. Enlargadrenal glands, characterized by inflammatory
changes have been reported by Ogwal. (1992). Such inflammatory reaction if prolonged,

can lead to cells necrosis, so this finding is in agreement with the former report.

The histological sections ofrypanosoma vivaxand Trypanosoma congolensafected
females uterus revealed uterine necrosis. This may be one of the reasons for abortion that
have been widely reported in the disease by other researchers (Maikdjel991; Bawaet

al., 2000; Akinwaleet al., 2006; Batistaet al. 2007).Section of the epididymis from both
Trypanosoma vivaandTrypanosoma congolensafected males revealed normal epithelium

that was devoid of spermatozoa. This finding is in disagreement with the earlier report that

trypanosomosis causes epididymitis (Batistal, 2007; Bezerrat al.,2008).

Therewas mild atrophy of the skeletal and cardiac muscles associated with both infection and
could be as a result of anorexia and poor utilization of the feed taken by the afdimslis
one of the reasons behind the disease being referred to as wasting dissaseafd Ikede,

1972.
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The results obtained from the Randgramplified Polymorphid®®NA analysisPCR (RAPD

PCR) shows that acute and chronic fer(about ®0bp and220bp) were the same but
differed from that of the relapse form (ab@#0bp and290bp) for Trypanosoma vivaxin
Trypanosoma congolensthe bands observed with the acute and relapse f@a@p and
290)were the same and differed from the bands of the ahform (510bp and 290bp)rhe
difference in band weights of the three forms of the two isolates may be responsible for the

differences in the pathogenicity of the parasites.

Thesamples wersubjectedo multiplex andTrypanosoma vivagpeciesspecific PR which

confirm the species of the isolatésalso confirms that the parasites were the right species
and proved that the samples were not contaminated by other species of Trypanosomes (ie no
mixed infections). It is known that multiplex PCR can simultagously detect multiple
infections with Trypanosoma vivaxTrypanosoma congolensand Trypanosoma brucei
bruceiin ruminants(Nyekoet al, 1990) The isolates were confirmed through thetection

of bandswidth of 750bp and 175bp for the primers used inphafying the fragments from

Trypanosoma congolens@dTrypanosoma vivasespectively.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

The study showpre-patentperiodsof 6 days for botirypanosomasivaxand Trypanosoma
congolensénfections This stidy confirms the existence ddsistancestrains ofTrypanosoma

vivax and Trypanosoma congolense the study areat the commonly used trypanocides
(diminazene aceturate, Isometamidium chloride and homidium chloride) at the recommended
therapeutic dosageand the resistances found to be more serious ifirypanosoma

congolenseéhanTrypanosoma vivaifections.

The study also revealed thalinical manifestations angathological lesionsvere more
severe infrypanosoma vivainfections buflTrypanosoma aogolensanfections caused more
fatality thanTrypanosoma vivaxnfection of theTrypanosora vivax has both vascular and
extravascular effectsherebycausing more organ necrosis thafection with Trypanosoma
congolensewhich causes problems mainly ithe system. The study also shows that
chronicity in trypanosomosis is associated with weight loss, gradual drop in all the
haematological indices and leucopenia. The pathology in the reproductive system observed in
both Trypanosoma vivaxand Trypanosoma auogolenseinfections is indicative of possible

economic losses.

The study revealed that theo isolates of the parasites used were the right species and that
they have specific gene of interest. It also shows that the samples were pure and free of

contamnation by other species of trypanosomes (ie no mixed infections).
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62 RECOMMENDATIONS.

3 More work should be done on thaeea of chemotheragy review the currengfficacy of

the commonly used trypanocidal drugs to stem the rising problem ofésigjance.

3 lIsolates from different geographical locations should be testgtvo to charaterise the

existing strains in the country.

3 More isolates from different geographical arehwuld beassesdor existence of drugs

resistance strains.

3 Studies should beonductedn the pathogenesis of organ necrosis in trypanosomosis.

3 Isolates ofTrypansoma vivaxand Trypanosoma congolengeom different geographical
areas should be characterize molecularly to check whether all the esigdoigsn Nigeria

will be amplify at the same band weight using the same primers sequence.
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APPENDIX 1: Summary of comparativein vivo characteristics of Trypanosoma
vivax and Trypanosoma congolensesolates of Nigeria origin.

S/N

Variables

Trypanosomaivax

Trypanosoma congolens

Rectal Temperature {0

Infected untreated grou
had higher temperatur
than  normal  (38C)
through out the period ¢
the experiment (39%-
40.1°C)

Higher than  norma
(38°C) but lower (39.6C)
than T. vivax infected
group @0.1°C)

Incubation period

6 days

6 days

Parasitaemia

Massive (++++). At day4
post parasitaemia

Moderate (++ to +++). Al
day 4 post parasitaemia.

Packed Cell Volume

Dropped with about 6.59
from wk 16 pi.
Progressive decrease frg
23% to 17% awveek 6 pi.

Lowest value at week 6 |
(16.50+0.61%) with abou
8.75% drop from week
pi. More profound decling
from 25% at week 1 pi t¢
16% at week 6 pi.

Clinical signs

Anorexia,
coat,ocular
mucous
membrane,diarrhoea,seve
weakness, depressio
oedema of the eyelids,tee
grinding, emaciation an
CNS disorder.

rough  hai
discharge,pa

As for T. vivax but no
nervous systen
involvement.

Relapses

Resistant to Novidiun
chloride only. Relapse
seen only in the Novidiun
treated group.

Relapses seen iall the
drugs (Novidium chloride
Isometamidium  chloride
and diaminazeny
aceturate) treated groups

Total plasma protein

Lowest values at weeks
& 7 pi (49 and 4.7
respectively).

Lowest values at week
pi (4.18+0.30).

Total WBC

Lowest value at wek 2 pi
(3.62+0.51)

Lowest value at week 4 {
(4.28+0.46)

Neutrophil

Lowest values at weeks
&7 pi

Lowest value
(21.83+£0.95) at week 5 p

10.

Lymphocyte

The value dropped at weg
2 pi (0%).

Was high (73 76%)
through out the period ¢
observation

11.

Monocyte

Recorded low value
through out the

Low through out.
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experiment.

12.

Eosinophil

Recorded zero from weel
1-6 pithen 0.17 and 1.17
weeks 7 and 8 respectivel

Low to zero through out.

13.

Basophil

Recorded zero through o
the observatio period

Low to zero through out

14.

Band Neutrophil

No band at weeks 4 & 6 |
then value of 2.33 wa
observed at week 7 pi.

Low through out.

15.

Weight Variations

About 3.5kg decrease fro
weeks 18 pi.

About 2 kg drop at wee
4 pi.

16.

Gross Patholog

Serous atrophy o
pericardial fat, foca
haemorrhagic area ¢
diaphragmatic lobe of th
right lung,
hydropericardium, diffuse
pin point haemorrhagi
ares on the liver an
kidney surfaces and emp

gall bladder.

Pale carcasses and slig
congestion of theliver
were the only gros
pathology observed.

17.

Histopathology

Neuronal degeneration |
the brain, pneumonig
haemosiderosis of the re¢
and white pulps of thg
spleen, degeneration of tl
glomeruli and necrosis ¢
the Kkidney tubules an
uterus. There W&
haemosiderosis of th
spleen, atrophy an
degeneration of the skelet
muscles with absence
sperm cells in  th¢
epididymis.

Necrosis of the adreng
glands, pancreas ar
infiltrative myositis of the
skeletal muscles.Ther
was congestion of th
lungs, Iver and
haemosiderosis of th
spleen.

18.

Multiple primers PCR

Negative forTrypanosome
vivax

Positive for Trypanosome
vivax at amplicon of
750Dbp.

19.

T. vivax speciesspecific

PCR

Positive  for
175bp amplicon.

expecte

Negative at
amplicon.

1750y

20.

RAPD-PCR

Acute and chronic form
have the same amplicor
but differ from the

amplicon of relapse form.

Relapse and acute forn
have the same amplicons
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APPENDIX 2 : Meant SEweekly Temperature ofrypanosoma vivainfectedtreated

(A), infecteduntreaed (B) and uninfectedontrol (C) Yankasa sheep
Prelnfection Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 W
38.63+0.17 39.74+0.08 39.25+0.1% 38.47+0.19 39.00+0.28 38.56+0.13 38.48+0.1? 38.42+0.08 3¢
38.33+0.26  39.65:0.07 39.58+0.10 39.29+0.28 40.08+0.2% 39.59+0.18 39.34+0.14 39.21+0.19 3¢
38.18+0.15 39.02+0.17 38.80+0.14 38.22+0.280 38.62+0.25 38.34+0.1? 38.80+0.36° 38.81+0.35 3¢

* Mean +SEM based on three observations.

APPENDIX 3: Mean = SE weekly body weight dirypanosoma vivaifectedtreated
(A), infecteduntreated (B) and uninfectaxbntrol (C) Yankasa sheep

re-Infection

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 V

5.33+0.92 16.00+0.89 14.83+087 14.08+0.67 13.83+0.70 14.00+0.58 14.25+0.60 14.50+0.67 1
4.67+0.33 15.17+0.54 15.75+0.36 12.67+0.58 13.17+0.40 11.75+0.38 11.33+0.3% 11.00+0.34 1
6.67+0.96 18.00+0.86 16.83+1.08 16.33+0.99 15.50+1.15 15.50+1.18 16.00+1.0¢ 16.25+1.05 1
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Mean +~SEM based or

Nree observations.

APPENDIX 4: Meant SE weekly Parasitaemia dfrypanosoma vivaifectedtreated

(A), infecteduntreated (B) and uninfectembntrol (C) Yankasa sheep

D1

D3

D7

D10

D14

D17

D20

D23

D27

0.00+0.00

0.42+0.49

2.92+0.42

0.83+0.53

0.00+0.06

0.42+0.49

0.83+0.83

0.83+0.83

1.67%

w

0.00+0.00

2.50+0.00

2.92+0.42

4.58+1.00

3.75+1.07

4.17+0.83

4.17+1.08

3.33+0.53

3.75%

0.00+0.00

0.00+0.00

0.00+Q00°

0.00+0.00

0.00+0.00

0.00+0.00

0.00+0.00

0.00+0.00

0.00+

* Mean +SEM based on three observations.
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APPENDIX 5: Meant SEweekly Packed Cell Volume of Trypanosoma vivax infeeted

treated (A), infectedintreated (B) and uninfected control (C) Yankasa sheep.

elnfection Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Wi
.67+1.89 23.75+1.80 20.92+1.54 22.33+2.11 21.83+1.42 21.42+0.82 25.83+1.13 20.75+1.08 22
.00+0.97 23.75+0.88 17.17+0.47 19.92+0.95 22.33+1.76 18.25+0.77 17.00+0.760 14.17+094 16
.17+1.35 24.67+0.85 23.67+0.6%7 25.17+1.35 26.58+1.09 27.17+0.78 24.42+1.5%7 25.83+202 26

* Mean +SEM based on three observations.

APPENDIX 6: Meant SEweekly Total Plasma Protein dfypanosoma vivaifected

treated (A), infectedintreated (B) and uninfectexntrol (C) Yankasa sheep
PreInfection Week 1 Week?2 Week 3 Week 4 Week 5 Week 6 Week 7 V
5.97+0.22 6.20+0.271 5.63+0.20 6.68+0.32 6.10+0.371 6.28+0.16 5.92+0.18 5.78+0.16 5
6.03+0.06 557+0.10 5.27+0.30 5.45+0.13 4.93+0.17 5.25+0.28 5.12+0.28 4.75+0.28 4
5.33+x0.4 6.20+0.22 5.93+0.12 6.52+0.2% 6.00+0,26 6.33+0.24 6.03+0.17 5.30x0.2%1 5
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* Mean +SEM based on three observations.
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APPENDIX 7: Meant SE weekly Temperature ofrypanosoma congolensefected
treated (E), infectedntreated (F) andninfected-control (2C) Yankasa sheep

PreInfection

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 W

38.17+0.16 38.88+0.11 38.77+0.09 38.78+0.29 39.08+0.22° 39.05+0.22 38.85+0.18° 38.77+0.15 3
38.35+0.22 39.03+0.12 38.77+0.14 3916+0.23 39.44+0.09 39.12+0.19 39.15+0.15 38.91+0.13 3
38.28+0.17 38.71+0.08 38.55+0.19 38.57+0.13 38.75+0.09 38.84+0.21 38.58+0.07 38.62+0.08 3

* Mean +SEM based on three observations.

APPENDIX 8: Mean = SE weekly body @ght of Trypanosoma congolensefected

treated (E), infectedntreated (F) and uninfectexntrol (2C) Yankasa sheep
Prelnfection Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 W
1393+0.17 13.17+0.87 12.83+0.78 13.83+0.83 13.33+1.6 13.50+1.08 13.50+0.8? 13.00+0.68 14
1397+0.17% 13.80+0.76 13.33+0.80 12.17+0.98 12.67+0.80 12.00+0.5% 11.33+0.58 10.58+0.63 1C
16.20+0.2% 17.83+0.79 17.83+0.79 15.67+1.26 15.33+1.31 18.01+0.92 17.74+0.89 17.78+1.2% 1€

* Mean +SEM based on three observations.
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APPENDIX 9: Meant SE weekly Parasitaemia offrypanosoma congolensefected

treated (E), infectedntreated (F) and uninfectexntrol (2C) Yankasa sheep

D1 D3 D6 D9 D12 D15 D19 D23
E | 0.00£0.00 0.00+0.00| 0.83+0.53 | 3.33+0.58 | 0.00+0.08 | 0.00+0.06 | 0.00+0.06 | 0.00+0.06
0.00+0.00 0.00+0.00] 2.08+0.42 | 3.75+0.56 | 5.42+0.77| 5.42+1.18 | 583+1.54 | 6.67+1.39%
2C | 0.00+0.00| 0.00+0.00 0.00+0.06 | 0.00+0.08 | 0.00+0.08 | 0.00+0.06 | 0.00+0.06 | 0.00+0.06

* Mean +SEM based on three observations.
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APPENDIX 10: Meant SE weekly Packed Cell Volume (PCV) dffrypanosoma
congolenseinfectedtreated (E), infectedntreated (F) and uninfectedntrol (2C)
Yankasa sheep

PreInfection

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 W
30.50+1.12 28.58+1.65 24.00+1.29 29.17+1.70 25.33+1.5% 26.17+1.83 26.42+1.48 25.92+1.93 2¢
28.67+1.41 25.25+1.36 22.58+0.52 21.25+0.67 17.17+1.37 18.67+1.3? 16.50+0.6% 23.03+0.8% 1¢
26.83+2.06 27.92+2.03 26.08+1.64 29.17+1.12 29.08+1.2% 29.67+1.17 28.44+0.68 31.16+0.64 2C

* Mean +SEM based on three observations.

APPENDIX 11: Mean+ SE weekly Total Plasma Protein dfypanosoma congolense

infectedtreated (E), infectedintreated (F) and uninfectemntrol (2C) Yankasa sheep
PreInfection Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 W
5.07+0.15 4.98+0.19 5.52+0.18 5.81+0.24 5.83+0.3%° 5.97+0.30 5.43+0.12 5.08+0.14 5.
5.27+0.08 5.05+0.11 5.15+0.06 5.00+0.16 5.28+0.18 5.27+0.27 4.18+0.360  5.02+0.14 4.
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4.97+0.31 4.93+0.23 5.93+0.15  6.10+0.27% 6.37+0.2% 6.17+0.26 5.79+0.24 6.22+0.18 6.

* Mean +SEM based on three observations.
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