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ABSTRACT

Trypanosomosis in the Savannah Brown (SB) breed of goat was evaluated in a two phase
invetigation.  The first phase involved the study oi the prevalence of natural trypanosomosis in
the SB goat in its natural habitat of the Guinea and Sudan Savannah zones of Northern Nigeria
The study which spanned 28 months involved the random examination of 717 goats of al sexes
and aged between 3 months and 5 years and from a total of 42 flocks through physical and
haematological evaluations. These goats were kept by nomadic Fulani cattle herdsmen;
established private livestock farms; Ingtitutional Livestock farms and household flocks, which were
receiving Veterinary Health Services regularly or on request. Twenty of the goats were positive for
trypanosome parasites, giving an infection rate of 2.79%. Out of 20 goats sampled in the Southern
Guinea Savannah 2 (infection rate of 10.00%) were positive, 11 out of 522 goats (2.1096) in the
Northern Guinea Savannah and 7 out of 175 goats (4.00%) in the Sudan Savannah were also
positive. Mgor clinicd sgns observed included orchitis, pyrexia of up to 41.0°C, abortion,
emaciation in those positive for trypanosome parasites and weak kids born to infected does. T.
vivax was the only trypanosome species isolated. The only potentia trypanosome vectors identified
were hiting flies namely Somaxys calcitrans, Tabanus sp., Hipobosca sp. and Musca spp. The
study revedled the occurrence of natural trypanosomosis in the Savannah Brown goat in its
presumed tsetse-fly free Savannah zone where this breeed of goat is predominantly found: T.
vivax was the only trypanosome from this zone, a finding which confirm the observation of earlier

workers that T. vivax is eadly transmitted by biting flies. The result goes forth to show the need
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for vigorous control measures against trypanosomosis in the small ruminants represented by this
breed of goat in an effort to enhance the regular supply of anima protein to the teeming
population as this breed of goat isamgor source of meat in Nigeria

A comparative study of trypanosomosis experimentally induced in the Savannah Brown breed
of goats by usng T. brucei, T. congolense and T. vivax was carried out, using four groups of 8
Savannah Brown bucks each, aged between 6- 12 months.

An aspect of it involved observing clinicd and haematologica manifestations of
trypanosomosis due to these three pathogenic African anima irypanosomes. One group was
inoculated via the jugular route with T. vivax (stabilate 146), another with T. cungoleme (stabilate
136), the third group with T. bruce (stabilate 135) and the fourth group used as uninfected
control. The goats were later bled at regular intervals and level of parasitaemia, rbc and pcv levels,
total whbc levels, tota protein and body- weights evaluated using approved standard procedures at
regular intervals. Prcpatcnt periods observed were 2.3, 4.3 and 4.4 days for the T. vivax, T. brucei
and T. congoleme infected groups respectively. Observed clinical signs included fluctuating
pyrexia which in most cases coincided with parasitaemia. Parasitaemic peaks were pronounced in
the T. brucei group, an indication that this trypanosome species is pathogenic to goats contrary to
previous reports. The lowest mean pcv level of 8.0% occured in the T. congolcnsc group. The
greatest fdl in mean rbc level was in the T. vivax group whilst the least fal was in the T. brucei
group. The disease produced three distinct phases namely the acute (0-15 days post infection),
subacute (16 - 33 days) and chronic (34 - 74 days). Anaemia was of the normocytic

normochromic form in the early stages of the disease but became microcytic normochromic at the
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latter stage in all theinfected groups. The primary leucocyte response in all the infected groups was
lymphocytoss and later neutrophilia in the T. vivax group, concurrent lymphocytosis and
neutrophiliain the T. congolense and T. brucei groups, though there occured neutropeniain the T.
hrucei group in the chronic phase. Bilatera epiphora was very severe in the T. vivax and T.
congolense infected goats. The occular discharges of some of the infected goats were found to he
positive for trypanosome parasites especidly during period of peak parastaemia. How the parasite
got in to the occular discharges cannot be explained from our study. Central nervous system
complications like trembling, paddling movements, limb paralysis, staggering were observed most
particularly in the T. brucei-infected goats. All the infected groups had progressive fdl in mean
body weights especidly in the chronic phase of the infection. Most of the observations here agree
with findings reported for trypanosome infected cattle, thus further indicating that the Savannah
Brown goal is highly susceptible to Uypanosomosis in the same vein as it s cattle counterpart. Also
that this breed of goat is highly susceptible to dl the three species of trypanosomes contrary to
earlier reports that T. brucei was as pathogenic to smal ruminants as T. vivax and T. congolense
arc.

The pathological changes due to experimentally induced trypanomosis due T. brucei, T.
congolense and T. vivax were aso investigated. Carcasses of dl infected goats were anaemic
especidly in the subacute and chronic cases. Lymphoid organs (lymph nodes and spleen) were
enlarged and hyperplastic, livers of infected goats were enlargement with areas of necrosis as well
as fibrous connective tissue proliferation especidly in the T. brucel and T. congolense infected
goats. Inthe T brucei and T. congolense infected goats, kidney lesions included areas of petechial
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and echymotic haemorrhages in the cortex and medulla regions as well as areas of focal and
diffuse necrosis in the proxima and distal convoluted tubules. Haemorrhages of tracheal and
bronchial mucosal surfaces as well as mononuclear cdlular infilteration of the aveoli were evident
in the T. brucei and T. congolense infected goats. All except one of the goats that developed
cough were negative for bacterid isolates. Tegticles were atrophied; they had aso undergone
degeneration as shown by the distortated basal layers. Also seminiferous tubules necrosis, fibrous
tissue proliferative and aspermia in the chronic stages in al the infected goats. Pericardial space
fluid ranged from 20 - 45 mis compared to 5 - 10 mis in the control group. The T. brucei and T.
congolense-infected goats manifested areas of necrosis as well as infilteration of mononuclear
cdls in the myocardia.  Although brain and pituitary gland capillaries were highly congested but

had no significant microscopic lesions were observed in dl the infected goats.

Impression smears taken a post mortem from jugular and aortic blood vessds were
positive for trypanosomes though at very low parasitaemia. However smears from organs at post
mortem were negative for trypanosome in al the infected goats. The three trypanosome species
produced severe lesons which were closdly related. These lesons so produced could adversely
affect the performance of the goats affected goats.

The effect of trypanosomosis on the serum biochemical components was studied during this
second phase. The experimental goats were bled at specific intervas in the course of the study and
serum samples prepared and assayed using the appropriate methods, for chlorine (C1-) sodium
(Nat), pottasum (K+), bicarbonate (HCO03-), glucose, bilirubin, abumin, serum glutamic oxalo-

acetic transminase (SGOT) and Tota protein (TP) levels. Differences between the control and the



infected groups were significant (p<0.05). The mean albumin levels in the T. vwax group was
ggnificantly lower (p<0.05) than those of T. brucel and T. congolense groups. Whilst the mean
glucose levd in the T. congolense group was dso sgnificantly lower (p<0.05) compared to the
other infected groups. A sgnificant drop in the values of Na+> Cl- and HCGS- levels occured in
the T. vivax infected goats. Similarly T. brucei infected group produced drop in the level of
abumin, total protein as well as the greatest rise in K+ and SGOT levels. On the other hand, the
lowest mean glucose level and highest bilirubin and blood urea Nitrogen levels were observed in
the T. congolense group. The study revealed the serious effect of trypanosomosis on the serum
biochemica components and therefore an idea of the consequences of the disease on the metabolic
activities of affected goats.

The role of trypanosome Sdidase enzymes in the pathogenesis of anaemia in anima
trypanosomosis using the goa as an animal model was evaluated. Significant differences
(p<0.001) existed between the mean rbc sdic-acid concentration of the control and infected
groups. The greatest fdl in rbc saic-acid concentration or the highest sdidase enzyme cleavage
activity occured in the T. vivax group (5.82 + 0.19 -1.88 + 0.28 mg/dl or 67.7% reduction)
followed by T, brucei (5.85 *+ 0.43 to 2.28 + 0.36 mg/dl or 61.33% reduction) and T. congolense
(5.09 £ 0.11 to 3.94 £0.18 mg'dl or 33.22% reduction). That of the control group was 1.04%
reduction (5.78 £ 0.32 to 5.72 £ 0.25 mg/dl). The study further reinforced the reported findings of
earlier workers that there is amammalian blood stream form of sididase enzymein T. vivax. It also
added weight to the suspicion that though mammalian form of salidases have not been confirmed
in T. brucel and T. congolense, the rbc ddic-acid cleavage activities of these two trypanosome
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species suggest the presence of some forms of sialidase, possibly trans-sialidase which undertake
the cleavaging. The study aso reveded that sdidase enzyme plays a mgor role in the pathogenesis
of trypanosomosis induced anaemia because of the relationship between fdl in rbc sdic acids and
consequent tall in rbc and pcv levels in dl the infected goats. The results obtained also gave a
favourable disposition to the future use of smal ruminants in further investigations into the

relationship between sdidase enzyme and anaemia of animal trypanosomosis
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CHAPTER ONE
INTRODUCTION

The importance of small ruminants as a source of animal protein has heen stressed in
many reports. Between 1978 and 1980, small ruminants provided about 250,000 tonnes of
meat which accounted for 36.0 percent of the total meat consumption in Nigeria. This is
higher than the world average of 6.0 percent during the same period (Adegbola, 1982).
Goats and sheep are easy to manage, requiring minimum investment in housing and
feeding; additionally, their production is non-labour intensive and are efficient utilisers of
roughage and agricultural by-products. Their small size, caily maturity, short reproductive
cycle and high fecundity make them suitable for farmers with relatively small capital.

Goats arc well distributed over and across the diverse climatic zones, with an average
herd size of 4 and 10 per household in the southern and the northern parts of Nigeria
respectively and providing ready source of meat, gift, income and security to the house-
holds {Olundimu et o, 1990).

Profitable animal production is enhanced by efficient husbandry and healthy animaly
(Agwuma, 1983). The Yivestock industry apart from heing a source of animal protein also
provides occupation for many people and plays a major role in the economic growth of
Nigeria(David West, 1990). However, the demand tor amimal protcin far outstrips the
supply (Agwuma, 1983).

According to Agwuma (1983), disease is a major Himiting facior to profit attainment in
large scale holding of goats and sheep. Prominent diseases in this respect include

helminthiasis, cctoparasitistn, hacmoparasitism as well as viral and bacterial discases




(Agwuma, 1983). One of the major hacmoparasitic diseares of livestock is trypanosomosis
due to Trypannsoma (T.) brucei; T.vivax and T. congolense (1 ecflang, 1978; Agu, 1983).

This disease condition occurs in domestic livestock in many arcas of Africa especially
West, Central, East and Southern Afiica all of which are areas of high tsetse-fly infestation.
It has also established itself among bovines in The West Indies, Mauritius, Central and
South Amenica (Hoare, 1972). 7. vivax was mtroduced into the new world as far back as
1930 with the importation of zebu cattle from Senegal into French Guyana, the Antiles-
Guadcloupe and Martinique (Cwrrason, 1943) and from where it spread to Panama
(Johnson, 1941), Duich Guyana, Brilish Guyana, Venczuela and Colombia where it iz
refered to as “Secadera” (Wieshulz, 1939 cited by Hoare, 1972.) In Afiica, trypanosomoses
is also rcforred to as “Nagana”. In 1904 onc Chichester was rcported te have diagnoscd
trypanosomosis in 19 out of 150 heads of cattle brought in from Zara province in
Northern Nigeria to an experimental farm at Asaba (now in Delta state) in Southern
Nigeria (Johnson, 1941). According to Johnson(1941), this was the first diagnosis of
trypanosomosis in Nigeria and was predominanatly due to 7.vivax. Garden(1910), also
reported trypanosomosis in sheep at Epe.  Also Macfie{1913a, b) identified 7" Aruces, T.

congolense, ankl T vivar in sheep slaughtered at Tlorin.



TR 1.1. Distnbution of Nigenan Breeds of Sheep and Goats.
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According to an FAO Report(1962), about 4.5 million square miles of potential
grazing land in Africa is infested by tsetse-flies. Only a fifth of Nigeria’s total land area of
920,00 square kilometres is fiec of tsetse flics. This report also obscrved that there were
enormous economic losses due to animal trypanosomosis arising from mortality, abortion,
reduced milk yield, damaged hides, condemnation at meat mspection, poor quality meat,
reduced body weight and loss of draught power, Under poor husbandry especially in areas
with enzoolic rypanosomoses, lhe perfommance of aflecied animals is seriously impaired
and as such the continuing pressure on animal protein resources in such areas tend 1o cause
shoep and goats to play increasing rofc in the national cconomy (Griffin, 1978).

According to the Nigerian Sheep and Goats Production Manual{1990), most of the
sheep and goats population of Nigeria are located in the Savarma zones (Fig L) which are
said to be predominantly free of teetse flies, the major vector of trypanosomes. Over 90%
of cattle in Nigeria are herded by the nomadic Fulani (Nuru, 1974) who, during the dry
lean period of the vear characterised by lack of feed and water, are forced to move into the
derived savanna and forest zones in search of feed and water, thereby e¢xposing their herds
to tsetse tlies and consequently trypanosomosis (Leach ef al., 1965; Leetlang, 1978). Apant
from cattle, the nomads also keep large numbers of Savanna breeds of goats and sheep
which also thus become exposed fo trypanosomosis to which they are also less resistant.
Trypanosomosis research in Nigeria is mostly centred around caitle with less emphasis on
sheep and goals especially the Savanna breeds. 1l is generally believed that small ruminants
only serve as alternative sources of blood mcal for the tsetse flies in the epizootiology of

trypanosomosis(Leeflang, 1978). According to [ischer of al. (1984) there is the belief that



natural occurrence of frypanosomosis is rare ag the highly susceptible Sahelian breeds of
sheep and goats avoid the tsetse fly infested zones while in the Southern Guinea Savanna
(SGS) and Forest (F) zones the local dwarf breeds seem completely resistant. However,
Krammer {1966) had reported high infection rates of 13% in goats.

The major breed of goats n the tsetse fly free savanna zone i3 the Savanma Brown
Goat (SBG) which is bigger in size, more prolific and with greater milking potential
compared 1o the irypanotolerant dwarl breed, the West African Dwarf Goal (WADG)
found in the Southern Guinea Savanna and Forest zones(Wilson, 1991). The SBG is being
gradually introduccd into the SGS and F zoncs of Nigeria, a process being cnhanced by a
Breeding and Selection Program for litter size and milking poicntial being carricd out
presently by the Nationa! Animal Production Research Institute {NAPRI) at Shika - Zaria
in Kaduna State, Nigeria. As this breed, which is also well known for its high quality hide
from which the once famoug Morroco leather was made, penetrates the tsetse nfested arga
of the country its exposure to trypanosomoses increases.

There is therefore the need to further investigate the susceptibility of the Savanna
Brown Goat to trypanosome intection due 1o 7. vivax, T. congolense and T. brucei with
emphasis on the underlisied features of trypanosomosis duc to the above mentioned three
speces in the SBG.

1. Prevalence of trypanosomosis in the SBG in some ¢cological zones of Northern
Nigeria. |
2. The clinical and Haematological picture of experimental trypanosomosis in the

SBa.



3. The pathology of trypanosomosis experimental infection in SBG,

4. Some serum biochemical changes in SBG due to experimental trvpanosomosis

5. The potential of the SBG as an animal model in the study of the roles of
erythrocyte sialoglycoconjugates in the development of anacmia in “Animal-

Trypanosomosis “.



CHAPTER TWO
LITERATURE REVIEW
2,0. TRYPANOSOMAS OF RUMINANTS
The importance of iketse fly and its associated disease has long been known to
African livestockmen. It was not however until the turn of the century that the presence of
small, highly motile, Hagellated protozoa m the blood of infected cattke were
observed.Pamstaking observations between 1895 and 1905 established these organisms as
the cause of the cattle disease in tsetse fly belts and which became known as “Nagana”.
Further studies revealed at least three distinct parasites affecting cattle, namely
Trypanosoma (T.) vivax, T. congolense and T. brucei and a [ourth one 7. uniforme which
is very similar (0 Z.vivax excepl ils smaller size (Hagan and Wilmshurst, 1972). All were

placed under the phyllum Protozoa and Genus Trypanosoma.

2.1. THE TRYPANOSOMA GENUS
The Genus Trypanosomsa congists of three sub-genera (Table 1) namely Duttonella,
Nannomonaz and Trypanozoon with members undergoing multiplication in the blood
stream of infected domestic and wild animals in the form of flattened spindle-shaped
structure known as trypomastigote (Hoare, 1972). The members of these sub-genera are
highly pathogenic. They are alse referred to as “salivarian” because they develop in the
salivary  system of the tsetse fly vector where the development forms are called

epimastigoies which are non-infective to mammals.



Table 2.1. Characteristics Of The Sub-Genera Of The Genus Trypanosoma

SUB-GENERA SPECIES MORPHOLOGY IN

DUTONELLA T vivex Kinstoplast

in
length.
NANNOMONAS | T. congolense | Shghtly polymorphic, medinm » ND. Trypomatigotes ND. | Medium kinetoplast
T simie; sized kinetoplast, no free un- no free flagellum at
T. godfreyr™ dulating Bmﬂcags. Shaggich any stage
movement in wet smears,
12.2 - 17.6u in length
TRYPANOZOON | T. brucei Polymorphic, small lkaneto- N.D. Trypomastigotes, Trypomastigotes ND. | Small kinetoplast,
(Also T bruced | plast, conspicious undulsting epimastigotes and free flagellum in all
gambiense and | membrane long and inter- melatrypansomes stages excepl in
T. brucei mediate forms have free metatrypanosomes
rhodesiense) flagellae Stuimpy (short)
orm withow fres flagellum
330w 225 and 17-2 0
length respactively

* McNamara 1990

Culled from:  The Control of Bovine Trypancsonuasis By Agro Chemicals Division The Boots Company Lid Nettingham, England, 1978. Pg. 10- 11



2.1.1. SUB-GENUS TRYPANOZOON

The major trypanosome here iv 7. hrucei previously referred to as 7. pecandi
{Tavevan, 1909) 7. elephantis (Rruce et al, 1914). It & clearly related to the human
trypanosomes T. brucei gambianse which canses human trypanosomosis in West Africa
sub region, and T.brucei rhodesiense the causative agent of human trypanosomosis in Fast
and Central African sub regions. It was originally observed in the blood of cattle suffering
from “Nagana” in Zululand in South Afvica and later confirmed as the causative agent of
the disease (Bruce, 1914). It was later given the name T.brucei afler Bruce, who was the
first to describe it, Morphologically, 7. drucei is polymorphic in the mammalian hosts as
slender, or intermediate or stumpy torm (Table I). T.brucei exhibits wriggling or snake-like

movement, seldomly moving out of the microscopic fickd(Hoare, 1972).

2.1.2. SUB-GENUS NANNOMONAS

Here is found one of the most important trypanosomes of catile, 7. congoiense. It
develops cyclically in the proboscis and midgul of iselse fly veciors. Also under this sub-
genus are 7. simice Wiich causes acute rypanosotnosis in pigs; and the recently described
T godfreyr which also causey acute trypanosomosis in sheep and pigs(MacNamatra, 1990).
The three members bear close resemblance in stained blood filis and only differentiated
via mosural methods (Hoarc, 1972) with length of 12 - 18 units; 17 - 18 units and 13 - 17
units for T. congolense, T. simiae and T. godfreyi respectively. Mombers have

subterminaly and marginally placed kinctoplast, centrally located nuclei, and lacking frco



flagellum (Kreier and Baker, 1987, MacNamara, 1990). T. congolense (sometimes also
referved to as T. [Nannomonas] congolense) was first discovered in domestic ungulates in
the former Belgian Congo (formerly Republic of Zaire and presenfly Democratic Peoples

Republic of the Congo). Several strains of it have been reported (Hoare, 1959)
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2.1.3, SUB-GENUS DUTTONELA

This sub-genus is made up of 2 members namely 7. uriforme and 7. vivax. These
two are similar in all respects except that the latter is smaller. 7. vivax alio has two forms
namely a club-shaped and slender forms. T, vivax and T. uniforme develop only in the
proboscis of the tsetse fly vector. Also 7% vivax moves extremely rapidly in wet smears

whereas 7. uniforme is more sluggish.

2.2. DISTRIBUTION

All the three major trypanosome species of cattle (and other ruminants) namely 7.
brucei, T. congolense and T. vivax with their corresponding tsetse vectors are widely
distributed in Lropical Africa between latitudes 15° North and 25° South (Davies, 1977).
In Nigeria, only about 1/5 of the country is said to be naturally free from 1setse flies and
this area is in the far North where water and pasture for cattle are also scarce most time of

the year (FAO, 1962).

2.3, TRANSMISSION

The major raminant trypanosomes arc all salivarian and tsetse borne. They are all said
to be capable of developing in any species of Glossina (G.) though with some apecific

preference.
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231 T brucei

The prevalent or the main tsetse vectors are those helonging to the morsitang
group, namely (7. morsitans and (7. pallidipes (Currasson, 1943; Dhuxton, 1955). Also ar
well ar G. palpalis, G. Iongipalis and G. tachincides. According to TDavies (1977), very
littte T. hrucei appears to he carvied by any of the tsetse fly vectars. The trypanosome
undergoes developmental cycle in the tsetse flies before becoming infective t0 mammals.
Mechanical transmission which does not imvolve any stage of development in the
intermediate host does occur through biting thes like Tabanids spp and Stomoxys spp.
(Duke, 1934; Hormby, 1952) with the success of this form of transmission depending on
the of survival of the blood trypanosomes in the proboscis of the insect during the short

interval between interrupted feeding.

2.3.2. T, congolense

1. congolense is capable of developing m any species of Glossing, bt mostly in G,
morsitans, . longipalpis and Yess i C. tachinoides, G. palpalis, G. medicorum and .
nigrofusca (Davies, 1977; Leach ef gl 1965). Mechanical transmission occurs through
biting flies like 1 abanid spp and Stomoxys spp. (Duke, 1934; Homby, 1952). it should be
noted that mechanical transmission is possible through tseise fly, occurring when the fly is
interrupted during feeding on an infected animatl and then completes i3 feeding on another
host especially when animis are herded together (Leach er al, 1965, Momison ef al,
1981). On rare occassions, animals are said to come down with trypanosomosis by feeding

on fresh carcasses of infected animals and abo by drinking mfecied milk (Loach et al.,

13



1965; Ford, 1971 and Siepmund, 1973). Ticks hawve also been incriminated in the
transmiasion of 7. congolense (1.each et al, 1965), 7. vivax and 7. theileri (Agbede,

1987).

2.3.3. 7. vivax

T, vivax can bc transmittcd by any specics of the tsctsc fly, cspecially by G.
Iongipalpis and C. morsitans having a highcr infcction ratc than the former. Others
voctors include G. tachincides and G, palpalis (Davics, 1977), Also, transmission of thesc
spccics has also been atiributed to biting flics like Tabanid and Stomaxys spp all of which
arc often abundant near cattle sites(Davies, 1977). The rate of transmission in Nigeria is
said to be higher than that of T congolernse especially in the North than in the South where
T, congolense is more common{Davies, 1977). T.vivar is also well established in parts of

Africa at distances from the tsetse fly belts(Davies, 1977).

!

2.4, HOST RANGE
The three mosl pathogenic irypanosome spp of ruminanis do vary in their hosl range

(Stephen, 1970).

2.4.1. T. bruces
T brucei infects cattle, sheep, poats, dogs, pigs, horses, donkeys, camels, cat, and
reportedly monkeys (Stephen, 1970; Godfrey er al., 1964; Godwin, 1070; Meltam, 1934;

Davies, 1977, Baker, 1962) and experimentalfy in laboratory animals.
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2.4.2. T congolense
T. congolense infects cattle, sheep, goats, horees pigs, camels, dogs, cate, rodents

(Hoare, 1970; 1972; Godfrey, 1982; Stephen, 1970; Davies, 1977)

2.4.3. T vivax
T. vivax affects caitle, sheep, goats, camels, horses, pigs, cats, dogs and experimentally

laboratory animals (Davies, 1977)

2.5. PATHOGENESIS OF TRYPANOSOMOSIS
2.5.1. HOST-PARASITE RELATIONSHIP
The various animal (rypanosomes vary in the level of severity of infection caused in

their hosts, an indication of their varying degrees of virulence

2.5.1. 1. T brucer

T .brucei is the cause of Nagana and hence of considerable veterinary importance since
practically all domestic animals are susceptible to the infection. It is very virulent for horses
and other equines; sheep, goats and producing a severe and fatal disease. The
pathogenicity in pigs is low with cattle being relatively resistant(Stephen, 1970). According
to Godfrey ot al. (1964) and Godwin (1970), the experimental infection often produces

severe disease and high mortality. It is highly pathogenic in laboratory animale with

13



virulence increasing rapidly with passage unfil the animal succumbe within a few days
(Godwin, 1970).
2,512 T Congolense

7. congolense is pathogenic to al! domestic animals. It causes mild but chronic
infection in caitle, severe infection in sheep, goats, camels and less of a problem in horses,
pigs. dogs, man and cats(Dawvies, 1977). T. comgolense is the most pathogenic and
important cattle frypanosome in East and Central Africa and second to 7, vivax in
importance in West Africa (Teach et al., 1965; Beaton, 1968; Tizard et al, 1977,

Mwambu, 19§3).

2.5.1.3. T vvax

According to Macleanan (1970), T. vivax causes a more acute form of trypanosomosis
in cattle iIn West Africa and chromc form in East Africa. 7. vivgx 18 icss pathogenic in
sheep, goats and camels and horses (Macleanan, 1970). Davies (1977), reported that pigs,
dogs and cats are less susceptible to 7" vivax. T. vivax like T. congolense causes a very
severe anacmia in dwarf goats (Edwards ef. al., 1956a). Anosa and Isoun (1974; 1980)
observed pronounced anaemia in small raminants with acuie 7. vivax infection than those

wilh subacule or chronic forms of the infection.
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2.53.2. TRYPANOSOME DISTRIBUTION IN THE HOST

The distribution of trypanosomes within the affected animals depends on the species

of trypanosome involved.

2.5.2,1. T. brucei group

The T. brucei group made up of T. brucie brucei, T. brucei gambiense and 7. brucer
rhodestense are capable of invading tisimes (Losos and Ikede, 1970; Godwin and Guy,
1973} and multiplying outside the blood vascular systerns such as the cerebrospinal fluid,
acquous humour, fymph and connective tissue and thus producing more widespread lesions

{Banks, 1970, Loso el. al, 1973).

2.5.2.2. T. congdlense und T. vivax

These two trypanosome specics usually do not leave the blood sueam (Losos and
Ikede, 1972; Losos et ., 1973) but rather prefer the microcirculation, attaching to the
capillary vascular cndothclium (Banks, 1970, Losos and lkedc, 1972; Bungencr and
Muller, 1976) and arc therefore more concentrated in capillary beds especially in the
jugular veins; thus producing lesions mere confined to walls of blood vesaels,

However, Luckins and Gray (1979) reported the presence of . congolense in lymph
nodes of cattle and sheep, an indication of the tissue penetrating capability of 7.
comgolensze, hence not a strict plasma parasite although Tizard et al. (197R8a) in their

sarlier work did agree with this observation,
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2.6. FACTORS INVOLVED IN THE SUSCEPTIBILITY OF DOMESTIC
RUMINANTS TO TRYPANOSOMOSIS

Several reasons have been adduced by investigators in explaining the incidence of
trypanosomosis in domestic ruminants. Masake (1980) and Ikede (1981, 1986) reported

that the cause of the infection is determined by factors related to the parasite and host.

2.6.1. PARASITE RELATED FACTORS

These include antigenic and strain variation and virulence.  According (0 Cross
{1975), different strains of trypanosomes succeed in their activities due to their ability to
undcrgo antigenic variation which allows the strains to invade the immanc systcm of the
host and thus produce persistent infection. Van Meitrenne et al. (1977), reported that all

trypancsoma strains have the potential of producing varying stocks of variable antigens.

Wilh regard to strains, West African strains of 7. vivax are said fo be more virvient
than those of East Africa, whilst the opposite holds for the strains of 7. congolense (Griffin

and Allonby, 1979c¢).

2.6.2. HOST RELATED FACTORS
These include vaniations due to age breed nutritional status and trypano-tolerance

{related to breed). Others include degree of challenge and healik status.

2.6.2.1. AGE:
Age is said to be a significant factor in the incidence of animal trypanosomosis. Tn

caftie, calves are said fo be more resistant to 7. congolense infection than aduli (Fiennes,
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1970a). Welde er. ai. cited by Uzoigwe (1984) had reporied that calves are more resistant
than adults to 7. vivax infection. But in sheep and goats, young lambe and kids within the
ages of 2 - 64 days were reported to be more susceptible to 7. congolense than adults
(Griffin and Allonby, 1979d). All these reporls are indications that age factor and

susceptibility vary from species to species

2.6.2.2. STRESS

This is said to compromise the resistance of domestic ruminants to trypanosomosis.
This stress results from intercurrent diseascs, pregnancy and partarition, lactation, long
distance {rekking, siarvalion and exhaustion (Murray and Trail, 1984). Well fed domestic
runiinants tend to resist trypanosome infection more thaa those on poor or Jow planes of
nutrition (Maclcanman, 1970; Anosa, 1983; Murray and Trail, 1984). Maclcanman (1970)
also reported that well fed domestic animals, when exposed to high tsetse fly challenge,
developed chronic or refractory infections. Maxie ef. al (1979) observed relationship
between trypanosome infection and infection with haemoparasites, bacterial infection,
absc;esses in animals and severity of the infection.

According to Katunguka-Rwakishuga ez ! (1993a) although sheep on high plane
mutrition though developed higher parasitaemia than those on low plane, both groups had
similar degrees of anaemia, but erythropoetic activity was more pronounced in animals on
higher plane. This animals also showed faster recovery rate post ircatment as well as better

live weight gain post recovery. Ovejide ef. of. (1989) observed that WAD rams infected
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with 7. vivar but placed on high plane of nuirition developed subacute infection with
minimal pulmonary complication compared to the acute severe disease couwpled with
bronchopneumonia in those on low plane nutrition. However, it was observed that level of
nutrition had no significant effect on packed cell volume (PCV) neither plasma testosterone
nor Ilmmunoglobin (lg) antibodies level.  Pregnancy is another siress factor i
trypanosomosis. Osbome and Kennedy (1981) reported that in such situations the foetus
actg as stress factor and causes production of corticosteroids{from foetal adrenal glands).

These steroids then aci on the placenta 1o siop the production of gonadolrophic hormones
and progesterone resulting in foetal death and abortion. Late pregnancy stress factor has
been incriminated it abortion in buffaloes infected with 7% evantsi (Lohr et &, 1986).

Also, Ogwu and Nuhu(1981) and Ogwu(1986) rcported that stressfid offcet of prognancy

led to cither embryonic death or stillbirth in 7. vivax infected pregnant heifers.

2.6.2.3. TRYPANOTOLERANCE

This 15 a phenomenom whereby certain breeds of domestic ruminants, some wild
game species survive and become even productive without the aid of trypanocidal drugs in
tsetse fly infested areas where other breeds cannot survive (Murray and Morrison, 1979).
This phenom.encm according to the authors has been found to be of tremendous economic
benefit to livestock producers. ‘the humpless and short homed breed of cattle namely the
N’dama, Muturu and Keteku are said to be less susceptible to pathogemic discases of
trypanosomes than the West African Zebu cattle (Roberts and Gray, 1973). This feature is

dependent on exposure of dam and new born call v low grade irypanosome challenge,



continual exposure thereafter to the same antigenic types of trypanosome and the level of
husbandry (Chandler, 1952; Desowitz, 1954; Fiennes, 1970a). According to Stewart
{1951); Desowitz (1959) trypanotolerance depends on transfer of trypancsomal antibodies
from infected dams to new bom calves via colostrum, coupled with low prevalence of
intercurrent disease and less migration,

Certain indigenous breeds of goais and sheep in East and West Africa, several wild
fife, some sirans of in-bred mice JOSTBY6] and C57BVION] are also irypanoiolerant
{(Aslrofl es. of, 1959; Morrison et «f., 1978; Griffin and Allonby, 1979a, 1979¢). Due to
the constraint of Affican animal trypanosomosis 10 Livestock development in Affica in
general and MNigoria in particular and also as a gosult of the failurc to provent the discasc
and to control the vectors, coupled with the frustration encountered in vaccine production
ariging from antigenic variation, there is now a considerable interest in the exploitation of
trypanotolerance as an alternative design for the confrol of animal trypanosomeosis and
hvestock improvement in tsetse zones ( Griffin and Allonby, 1979b; Trail ef. @l, 1979).
However, the N'dama without previous exposure to trypanosomes is said to become
clinically ilt on exposure to primary trypanosome infection with severe disease syndrome
like stunting, wasting. infertility, abortion and even death (Murray and Trail, 1983).

With regard to sheep and goats and trypanotolerance, it has been established that
certain breeds of sheep and goats exhibit this characteristic. The Gaila breed of goat; some
East African goats; the Blackhead Persian and Red Masai sheep show low grade clinical
infection with 7. congolense compared with the severe clindcal signs exhibiied by Saanen

and Karakul sheep, with the former group even undergoing self cure. (Griflin and Allonby,
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1979a,c.d). Also, Toure ef af (1981) observed that Dwarf Djallonke sheep breed
exhibited more resistance to experimental 7 congolense infection whilst Sahelian Fulani
sheep were highly susceptible with 60% mortality within 24 weeks of infection,

In Nigeria, the trypanotolerance of the indigenous breeds of small ruminants has not
been assessed though the nature of the infection of trypanosomosis has been fairty carried
out by Anosa and Isoun (1974; 1976; 1980), lkede and Losos (1975), Saror (1980), Saror
et. al (1981), Kalu (1983) in Nigeria however, the trypanotolerance of the indigenous
breeds of small ruminants has not been properly assessed.

Trypanotolerance in animals is determined by several factors. These include the

following,

2.6.23.1. IMMUNOLOGICAL FACTORS
According to Desowitz (1959) previously exposed trypanotolerant N dama cattle
throw off trypanosome infection than susceptible Zebu cattle during subsequent challenge.
This, according to the authors, is an indication that the trypanotolerant character in
N’dama is due to its ability to mount a superior secondary immune response o the
infection,

Trypanasoma brucel brucei infected Boran and Legune breeds of cattle were
shown to be tolerant to their production of An Tat 1.1 specific ypanolytic antibodies
which were produced in the first week post cxperimental infoction and persisted in level
throughout the period of observation (Doko et al,, 1997). Flynn and Sileghem (1993),

observed immunosuppression in trypanotolerant N'dama cattle experimentally infected



with 7" congolense and this they adduce to the presetllce of T-suppressor cells which acted
in prostaglandin independant manner. They showed that the suppressor ¢ells acted by
arreating nitrogen-induced T-cell proliferation.

Immunological differences between breeds of caitle with regards to response to
ﬁanosomosis has also been demonstrated. Okech, ef al. (1996), observed that intection
with 7. vivax disrupied maintenance of preganancy in susceptible Galana Boran breed of
cattle but not in the Orma Boran breed of cattle. 'This is an indication that the latter breed
18 more tolerant than the former breed to 7. vivax mfection, Pathogemic trypanosomes
according 10 Twinamasiko and Kakaire {1994) may cause a delay in antibody response to
rinderpest vaccine. This i possibly as a resuit of immunosuppression elicited by
irypanosome infecton.

Lutje ef al(1995), demonstrated that thiee years afier trypanofolérant N°dama
cattle wers experimentally infected with T congolense, high levels of memoty T and B-
cells were detected in the ymphoid organs though such has not been demonstrated in
susceptible breeds. This could be a major factor in the ability of trypanotolcrant brecd of
cattle or lvestock to withstand trypanosome infection despite scveral exposures, a feature

which i3 not found in the trypanosome susceptible livesteck.
2.6.2.3.2. PHYSIOLOGICAL FACTORS

The anaemia in trypanotolerant N'dama is less severe In comparison to that of the

susceptible Zebu in the course of infection and it is believed that N'dama mounts a
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superior and effective erythropoietic response to trypanosome challenge than the Zebu,
rapidly replacing destrayed or damaged erythrocytes (Murray et. al., 1977). Dargie ot. al.
(197%) observed in their work on T congolense and T. brucei infection in N'dama and
Zebu catile that anaemia in trypanosomosis is related to the level of parasitaemia, and with
the N'dama being more able to control parasitaemia and thus more registance to
frypanosomosis. It is also believed that the skin colour and smell of the Zebu i3 more
attractive to 1sctse flies than that of the N dama, whose skin is thought to be tougher for the
penctration of tsetse flies proboscis in the course of feeding (Dargie ez ai,, 1978). It is also
believed, that phagocytic and complement systems are very active as to desiroy most of the
irypanosomes at the sile of mnoculation in N'dama caltie as il has a sigmficanily higher

level of lencocytes than in the Zebu (Murray and Trail, 1984).

2.6.2.3.3. RED BLOOD CELL SIALIC ACID CONCENTRATION

Esievo ef. al (1986), had reported that the concentratiom of rbe surface sialic acid in
N’dama cattle is seven times that found on the surface of Zebu’s erythrocyte,

Esievo ef. al (1990) also observed that both N’dama and Zebu cattle have rbe
possessing stalic-acid coinciding with N-acetylneuraminic acid during pelyacrylamide gel
electrophoresis in the presence of sodivm dodecylsulphate (SDS-PAGE). In addition the
authors also observed that the N'dama rbe exhibited an extra band or type of sialic-acid of
molecular weight of about 30,000, trailing behind the N-acetylneuraminic acid, though this
was not observed in the rbe of Zebu. 'Lhis extra band of sialic acid may be the reason

behind the higher concentration of sialic acid in N°dama rbe and the therefore the relative
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on the N’dama rbe surface. Thus with the reported resistance of O - acetylated sialic acid
of quick hydrolysis by sialidase (Schauer ez, al, 1974; Voh et al, 1979) coupled with the
fact that sialidase activity is related to level of parasitacmia (Esievo, 1983) and the
observation that the severity of anacmia in bovine trvpanosomosis is associated with the
intensity and duration of parasitacmiz (Dargic et. al, 1978), it is then verv clear that
N’dama cattle will require a much higher level of parasitaemia in order to develop the same

degree of anaemia as is observed commonly in the Zebu.

2.6.3. PATHOGENESIS OF TRYPANQSOMOSIS IN DOMESTICATED
RUMINANTS

This is determined by factors which relate to the parasite and the host as these
determine the incubation period (LP.), level of parasitacmia, pyrexia, anacmia and the

duration of the infection ).

2,6.3.1. INCUBATION PERIOD

Thiy refers to the period of time the patasite enters ihe host io the appearance of
clinical signs. This according to Macleanan (1970), is determined by (mosily in
experimental infection) the dosage or amount of parasite inoculated, the route of
inoculation (infection), species of the parasite, mode of incubation of the parasite and also
the plane of nutrition of the host.

Edwards et al.(1956a), cbserved an IP of 10 - 17 days in two groups of goats

experimentally infected with T. vivax and 7. congolense respectively via the intravenous



route. Saror (1979) reported and IP of 4 - 6 days in cattle experimentally infected with T
congolense via the intravenous route whilst an IP of 5 days were observed for both 7'
vivax and T. congolense in calves experimentally inoculated subcutaneously. An IP of
| between 9 - 20 days was obtained in T. comgolense infected catile through experimental
tsetse fly feeding on the animals (Luckins, 1976).

Unawarth and Briskett (1952), reported an [P of 4 - 6 days in sheep exposed to
laboratory bred Glossina palpalis infected with 7" vivax. Also IP of 2 - 3 days was
obtained for 7' vivax in an experimental intrperitoneal infection of sheep (Saror, 1980).
Kalu (1983) reported an i.p. of 7 - 8 days in T congolense infected West African Dwarf
(WAD) sheep intravenously. Esievo et. ol (1982) obtained an i.p. of 2 - 3 days in calves
intravenously infected with 7. vivax. An an ip. of 2 days was observed for Tvivax in
experimentally and intrvenously infected Uda breeds of ram (Maikaje et al, 1991).
Anosa and Isoun (1980) obtained ip. of 6days for experimental T. vivax. infected
splencctomised WAIDD sheep whilst an IP of 8 - 10 days was observed for 7. vivax infected
intact WAD sheep with both sets of sheep being inocuated via the intravenous. These
results show relationship between 1P and the specics of parasite, route of infection, species

and breed of the hogt and the immune status of the host.
2.6.3.2. PARASITAEMIA

This is considered mostly in terms of number of waves (occurrence), peaks (height),

intcrval botween peaks which arc in tumn arc determined by the broed and suscoptibility of
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the host; species and strain of the trypanosome parasite (Maclerman, 1970; Stephen,
1970).

According to Desowitz (1959), Griffin and Allonby (1979b) and Murray et al.
(1977, low levels of parasitacmia are achieved by trypanotolerant domestic rominants than
the susceptible ones. Also, lower peaks of parasitacmia are often exhibited by
asymptomalic domestic ruminants compared to the higher peaks shown by those with
severe trypanosomosis (Anosa and Isoun, 1974; Masic 2. al,, 1979)

Edwards et. al. (1956a) and Ikede (1981) reported that T, vivax infections give higher
parasitacmic peaks than those of 7. congolense, with the highest 7. vivax peaks occuring in
the early phase of the infection. Tlowever, 7. brucei is said to exhibit barely heavy
parasitacmnia The rise and falt in parasilaemic waves indicaies the desiruction of some
members of cach antigenic variani and the mulliplication of cach new one, and also, the
pumber and heights of parasitacmic peaks correlate with the number and population sizes

of antigenic variants in the coursc of an infcction (Stcphen, 1970),

2.6.3.3. PYREXIA

Trypanosomosis in domestic ruminants 8 characterivsed by intermittent pyrexia
{Fiennes, 1970). Pyrexic peaks observed in T vivax-infected cattle (Maxie ef. al, 1979)
and sheep and goats (Anosa and lsoun, 1974; 1980) were observed to be related fo
increase in the number of circulating trypanosomes. Each period of pyrexia being

followed by destruction of trypanosomes with consequent fall in body temperature.
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However, Anosa and Tnoun (1974) reported that the level of pyrexia was not always
proportional to that of the parasitaemia. Pyrexia could also possibly be due to the toxic
products of the trypanosome parasite to which the host's immune systme reacts to
climinate culminating in increase metabolic acitivitics which cause increase in the body

temperature of the host,

2.6.34, ANAEMIA
Anaemia, a prominent blood picture in irypanosomosis of domiestic muminants is a
major discasc promoting factor in irypanosomosis, with its pathogcncsis being
multifactorial. Generally, it is agreed that the anaemia is hasmolytic during acutc
trypancsomosis. According to Fiennes (1954), Mamo ot al(1977), anaemia in
frypanosomosis is haemolytic in nature especially in the acute form of trypanosomosis.
Several factors have been incriminated in the cause of anacmia in trypancsomosis

this factors inchade:

2.6.3.4.1. HAEMODILUTION

This is said to be a major cause of trypanosoma anaemia in cattle (Finnes, 1954;
Naylor, 197); Maxic and Valli, 1978: Forsberg, 1979). ‘Lhese authors have also reported
increase in blood volume in animal rypanosomosis although Clarkson (1968) did not
support this in his earlier work.  Anosa and Isoun (1976) also observed haemodilution in
T. vivax infected sheep and goats. Similarly, Holmes and Jennings (1976), reporied

haemodilution in 7. drucei and 7. congolense infected rabbits. The mechanism of
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haemodilution is not wefl understood presently and as such its part in anaemia development
is questionable. Maxie and Valli (1978), opined that this phenomenun could be a factor in
the development of anaemia provided plasma volume increases out of proportion to the
drop in red blood cell volume,  According to Dargie (1978) hacmodilution is not a
characteristic feature of animal trypanosomosis, he explained that the radioactive Fe™ used
by other investigators to measure plasma volume did not equilibrate with the plasma space

and therefore seriously vver estimated the plasma volume of anacmic animals,

2.6.3.4.2. HAEMATOPOETIC RESPONSE

Failure of bone marrow in its red blood cell production activity has been noted as a
prominent factor in anaemia of trypanogsomosis (Fiennes, 1954; Losos and lkede, 1972)
Although there seems to be indication of increased erythropoeisis evidence by the presence
of erythroid hyperplasia in rat bone marrow (Anosa e al, 1970), increase in red bone
marrow (uantity in sheep (Anosa and Isoun, 1980a) and the formation of erythroblast
islaind mn the spleen of mice (Anosa and Kancko, 1983b) in trypanosomosis the
regenerative response is not as much as the rhe destruction taking place (Dargie et al,
1979). According to Murray (1974), and Dargie (1978) blocking of iron transfer to bone
marrow by the mononuclear phagocytic systemn (MPS) causes none availability of iron for
further haemoglobin formation post erythrophagocytosis. This therefore could be a
contributory factor in the bone marrow inadeguacy coupled with its degeneration in the
chronic stage of the irypanosomosis. On the other hand, active erythropocisis have been

teported in 7 brucei infected rabbits (Borehamn, 1966) and in 7. comgulense infected



rabbits (Holmes and Jennings, 1976); rats infected with I bruces (Jennings ef. of., 1974,
Murray ¢f al, 1974) and with T. evansi (Assokn, 1975; T. congolense-infected sheep
{Mackenzie and Cruick-shank, 1973), T. vivax infected goats (Saror, 1980) and cattle {Van
den Ingh et al, 1976). These varying findings tends fo show that anaemia in

trypanosomosis may or may not be due to depressed bone marrow activity.

2.6.3.43. ERYTHROPHAGOCYTOSIS

This 18 another major contributory factor in the development of the anaemia of animal
trypanosomosis. It 13 well documented in 7. bracei-nfected rabbits (Boycort and Price-
Jones, 1913) and rats and muce (Jennings et al., 1974; Muiray et al.,, 1974; Anosa and
Kaneko, 1983), T. congolense-infected sheep (Mackenzie and Cruickshank, 1973), 7.
vivax -infected goats (Saror, 1980) and T. comgolense-infected cattle (Fiennes, 1954,
Naylor, 1971; Losos et. al., 1973; Valli and Forsberg, 1979). The phenomenom is brought
about by several causes which include the attachment of trypanosome antigen to red blood
cells surface leading to combination with antitrypanosome antibody in the plasma and
consequent erythrophagocytosis (Jennings ef. al., 1974).

With ihe help of Indirect Flourescent Antibody Test (IFAT), Mackenzie ef. al. (1978)
were able io show hypaﬁuaumc anligenes on  sheep red oills and indication that ihe
phagocytosis of erythrocytes in sheep infecied with 7. congolense was due to the coating

of the surface of red blood cells with trypanosomal antigen.
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Trypanosome enzyme siahdase (neuraminidase) produced by 7. vivax (Esievo, 1979)
has been incriminated as a factor in erythrophagocytosis; during bovine trypanosomosis,
giatic ( neuraminic) acid is cleared off the surface of erythrocytes hy the enzyme (Fsievo er
al., 1982) thus expoging new anfigenic sites on the surface of affected red blood cells.
Antibody might be produced against these new antigenic sites on the red cells during
trypanosomosis, rendering such cells vulnerable to erythrophagocytosis.

Red cells trom T vivax miected cattle did not show any membrane abnormalitics via
electron microscope scanning (Lisievo, Moore and Miller, 1982 Unpublished). Also fancik
et. al. (1978) using scanning efectron microscope, did not reveal any change in the shape
of rabbit red blood cells treated with sialidase, However, Anoga and Kaneko (1983a) using
same scanning eleciron microscopy, showed alterations on red blood celis of deer mice
with 7. brucei infection.

With regard i the uptake (removal) of langeted erylthrocyles by the hiver and pedioneal
macrophages, Kuster and Schauer (1581) observed that rat peritoneal macrophages bound

homologous sialidase treated crythrocytes through a b-D-Galactose specific loctin on the
macrophage surface for phagocytosis. According to Muller er. @l (1983) the amount of
sialic acid released decides the binding and phagocytosis of sialidase treated crythrocytes.
with a2 requirement for factors of the complement system and later, according to are

phogncytosed as a function of their number and binding strength to the macrophages.



2634, DMMUNOQGLOBULINS  AND COMPLEMENT IN ANAEMIA OF
TRYPANOSOMOSIS

The inunune response clicited by trypanosomes plays a major role in the cause of
anacmia (Balber, 1974). According to Assoku (1975), rats infectcd with 7. evansi
. exhibited significant immunc responsc to the parasitcs, developing peak agglutinin titres 10
~ 12 days post infection and coinciding with destruction of red blood cells.

The view that the development of anaemia following 7. evansi infection is
immunclogically mediated iy supported by the observation of trypanosome anti-body-
complement complexes on the surfaces of red cells of 7. congolense-infected calves. This

leads to the elimination of affected red cells and hence the resultant clinical anaenna
{Kobayashi et 4l, _19'_76); increaseg in levels of IgM during trypanosomosis have been
reﬁm‘ted by Clarkson ef gl (1975), Kobayashi and Tizard {1976), Moulton and Soflod
(1979), Tabel er. ol {1978). Immunoglobuling and complement may be involved in
opsonizing desialylated erythrocytes (Jancik ef. af, 1978; Kuster and Schauer, 1981;
Mauller and Schaner, 1983) praduced in acute hovine trypanoromosis (Fsieva, 1979,
Esievo et al, 1982) with resultant erythrophagocytosis. Also, Woodruff et al. (1973),
observed the presence of immunoglobuling and complements capable of lysing erythrocytes
in some patients infected with T. brucet rhodensiense; Similar observations were also
recorded in T congolense and T. brucei infected mice (Ikede ef al., 1976), T. congolense
infected calves (Kobayvashi et al., 1979), T. vivax infected bovine (Facer ef al, 1982).

These immurnoglobuling on aftaching to ¢rvthrocyte membrancs tend to render the rbe




highly susceptible to phagocytosis by macophages, whereas the complements have

cvtotoxic agents to the rbc.

2.6.3.4.5. DIRECT EFFECT OF TRYPANOSOMES

Jennings et. al. (1974} reported anaemia in 7. brucei-infected mice 4 days p.i. and
attributed the anaemia to damage on the erythrocytes due to the direct or indirect effects of
the trypanosomes and not due to immunological action which could have been significant
only afier day 7 pi., when the host might have mountd an immunorespunse, In
sitwations of very high parasitacmia, injury may be inflicted on the red blood cells due to
the lashing action of thc trypanosomcs (Wintrobe, 1975). Also, the lifc span of the
erythrocytes arc said to be reduced when coated with trypanosome material post
trypanolysis as observed in I. comgolense infected sheep (Mackenzie and Cruikshank,
1973; Murray, 1974) and in 7" evantsi infected rats (Assoku, 1975). Anosa and Kaneko
(19732), observed many tiny foci of discontinuety on rbc membrane at points of contact
between trypanosomes and rbe in 7, brucei infected mice and which tended to expose

these cells to easy phagocytosis by macrophages.

26346, HAEMOLYTIC FACTORS IN ANAEMIA
Fiennes (1954) abserved haemolysis of erythrocytes from normal bovine blood when
being mixed with plasma from trypanosome-infected cattle, he thercfore suggested the

presence of haemolytic factors in the blood of trypanosome-infected animals. The factors
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were observed to be present intermittently with ifs highest occurrence (concentration) at the
time of trvpanolysis.

One factor, a protein with small molecular weight has been isolated, characterised and
purified and found to be produced during major hacmolytic changes in the course of an
experimental 7. brucei-infection in cattle, though its role in the anaemia was not
determued (Murray et. al., 1977). According to Tizard et. al. (1978a), T congolense on
autolysis produces a lipid, which behaves like a very potent cytetoxic and haemolytic
factor. According to the aauthors the activity of this lipid depends on the free falty acids
released by phospholipase A from the host’s phospholy-dylcholine. The authors also
observed that lysolecithin was also released and enhanced the activity of the hacmolytic
factor. The haemolytic factor possessed by 7. brucei is not as effective as that of T2
congofense due to its low level of phospholipase A and hence the free fatty acids produced
(Tizard er. @i, 1978a). Thus, it is now generally believed that 7. congolense and 7.
brucet possess similar mechanisms for the production of free fatty acids from endogenous
phosphotidyl choline by phospholipase A, and the hacmolytic factor in 7. brucer abserved
by Nguyen [Tuan ef of. (1975) may possibly be a phospholipase A (Tizard et. @/, 1978a).
Tluan ef @l (1975( observed that 7. bruces produced a protcin of molecular weight of
10,000 daltons capablc of lysing rcd blood cclls. This could  possibly take place when red
blood cells adhere to trypanosomes and or post trypanosome lysis.  This haemolytic

activity post trypanosome lysis is also possesed by 7. wvivax, T. brucei gambiense and T,



brucei rhodensiense ((Murray ef ¢l., 1977).  Accoding to Tizard ef. ol (1977; 1978), "

lewisi 18 non-haemolytic due fo ite lack of phospholipase A

2.6.3.4.7. REDUCED ERYTHROCYTE LIFE SPAN

Mamo et al. (1977) reported that the half-Yife of Cr* Jabelled erythrocyles was 216 +
47 days in control Zebu calves and 142 + 33 days in 7. congolense-infected calves, with
the latter group developing severe anaemia. This is an indication that the reduced life span
produced a reduction in the level of erythrocytes in the infected calves thereby giving rise
to the anaemia. Similarly, Valli ez al. (1979), observed a drop in the half-life of Cr®-
labelled erythrocytes in T, congolense miected calves from 10 days to 4.7 days after 30
days post infection. This was followed by gradual return to normal half-hfe 12 days later.
‘This reduction couid be due to direct effect of trypanosomes on the erythrocytes.

Though the mechanism of erythrocyle hfe-span reduckion 18 not well undersivod.
Jancik and Schauer (1974), Jancik ei. of. (1975) and Bwrocher ¢ of. (1975) had observed
that partial removal of rbe surface sialic acid leads to rapid disappearance of the cells from
the circulation in rabbit, rat and man. According to Jancik et &l (1978) sialidase weatment
icads to a rapid disappcarance *'Cr-labclicd bovine rbe from the circulation, with mcan
half-life of 3 hours for neuraminidase treated and 21 days for control the respectively.,

The role of erythrocyie sialic acids in the development of anemia in animal
trypanosomosis is evidenced by the attachment of T. comgolense to bovine erythrocytes

through sialic acid receptors on the red cells and their consequent injuries (Banks, 1979;



1980). Other evidences include the production of siakidase by 7" vivax (Esievo, 1979), the
loss of rbc surface sialic acids and development of anaemia at the peak of parasitacmia

(Frievo et. al., 1982).

2.6.4. MORPHOLOGICAL CLASSIFICATION OF TRYPANOSOMAIL ANAEMIA
In terms of the morphology of the erythrocytes in the ensuing anaemia of animal
trypanosomosis, Roberts and Gray (1973) reported that single or mixed infection of cattle
with T. vrvax, T. congolense and T. bruces produced macrocytic-normochromic type of
anaemia in affected cattle. However Saror (1979) observed normocylic normochromic
anaemia with tendency towards macrocyiic-normochromic in 7. vivax infected caitle.
Anosa and Isoun (1980) and Maxic et ai., (1974) reported macrocytic normochromic
anaemia in T, vivax-infected sheep and goais which later tended towards normocytic
normochromic in the chronic stage of the infection. Whilst 7. vivax or T. congolense-
infected cattle on the other hand produced macrocytic-normochromic anaemia (Maxic ef.
al.,, 1974). However, Naylor {1971) had earlier reported that the anacmia duc to 7.
congoiense is initially macrocytic normochromic in the acute stage bui later becomes
nu:mocyﬁc normochromic. According to Mamo and Holmes (1975) ihe severs normocytic
normoclromic anacmia of T\ cungolense infection iv dus 1o loss of rbe from circulation
and not as a result of decreased erythropoeisis. These various classification are due 1o the
cffcct of trypanosome on crythrocytc volume and hacmoglobin concentration possibly as a

result of the infection on the host erythropoeitic activity.



2.6.5. LEUCOCYTE RESPONSE IN TRYPANOSOMOSIS

Cattle infected with 7. comgolense or T. vivax exhibit leukopenia which tends to
coincide with the onset of anaemia (Fiennes ef. al, 1946; Maxie ef. al., 1978) which i
soon followed by leucocytosis. The carly leucopenia is believed to be due to massive
leucophagocytosis due to coating of the leucocytes by trypanosomal antipen (Mackenzie ef.
al, 1978) or duc to loss of stem cells as a result of circulating toxic factor from the
trypanosome (Kaava et. al, 1978).

Naylor (1971) and Wellde er. al. (1974) observed that T. congolense-infected animals
remain leucopenic, whereas in 7. vivax animals, mean leucocyte count increagsed after
trangient lencopenia, and this, according to Maxie et al (1974) may indicate varying
response of leucocytes to pathogenesis in 7. congalense and T. vivax infections. Also
fencocytes may be attracted to trypanosomes localised in the microcirculation in 7.
congolense-infected animals, thus ceasing to circulate (Maxie 22 al, 1974) or that bone
marrow crvthropoiesis may lay too much emphasis on erythropoeisis at the expense of
granulopoeisis thereby resulting in low leucocyte population (Maxie et. al..  1974).

Also in 7. congolense-intected cattle, there were neutropema, tymphocviopenia and
cosinopenia, no change i the monocyte level, with basophils tending to disappear in the
early stage of the infection (Naylor, 1971). Maxie ef, al. (1979) in a further investigation
reported that lcucopaenia was more prominent in 7. congolense than in 7. vivax infected

cattle,



Losos et. al. (1973), also observed tymphopenia and neutropenia in 7. congolense
infected cattle and leucopenia in 7. brucei-infected mice. The authors also observed
predominance of immature forms of these granulocytes in the T. congolense infected cattle
this shows rapid destruction of matwe leucocytes which is an indication of severe
breakdown in the host defence mechanism. Fdwards et. ol (1956) had earlier on reported
letcopenia in the acute stage but later leucocytosis in trypanosomosis of sheep and goats.
This observation peints to the depresssion of the host defence mechanism in the carly stage
of the infection and with attempt at recovery in the chronic stage

Anosa (1977), Anosa and Isoun (1980) observed leucopenia due to lymphopenia and
neufropenia during crisis in 7. vivac-infected sheep and goats. These authors attributed the
lymphopenia to depopulation of the lymphoid nodules and transformation of ymphocytes
o morula cells, whilsi the newlropenia resulied from marrow depression, According o
Valli ¢, ol (1979) neutropenia promotes acute death in bovine typanosomosis. This can
be as a result of reduced phagocytic activity against the trypanosomes as part of the host
defence mochanims against the infcction. Esicvo (1983) repoited that plasma
neuraminidase (sialidase) relcased by trypanosomes may influence the carly leucopenia by
removing sialic acid from leucocytes which later get diverted from the lymph nodes and
spleen 1o the liver for destruction . Schauer ¢f ol (1984), also observed that lymphocytes
rapidly disappear from circulation in animals administered with sialidase, This could have
been due to the cleavage of sialic acid from the lymphocytes and their resutant removal

from circulation as earlier on explained by Esievo(1983).



attributed to an osmotic effect due to high serum protein. Low serum protein levels have
been reported in T.congnlense infected cattle (Tabel et al., 1978; Wellde ez. ol , 197R), T
rhodesiense-nfected monkeys (Sadun et 4i.,1973). On the other hand, high seram protein
levels were ohserved in 7. hrucei infected rabhits (Facer,1976), 7. vivax-infected sheep
and goats (Clarkson, 1968), 7. brucei-infected W AD sheep (Ogunsamin et. al., 1994). On
the other hand, 7. hrucei-infected dogg exhibited no rignificant chang in the total plasma
protein level, whilst 7 rhodesiense infected monkeys did not exhibit changes in their
nommal values (Smithers and Terry, 1959), and mice (Maon af. al, 196R), 7. avansi
infection of buffalo calves (Singh and Gaur, 1983; Verma and Gautam, 1977), calves
(Verma and Gautam, 1983) camels (Jaktar et. al., 1973) and 7. congolense-infected mice
(Whitelaw et. al, 1980). Anosa and Kaneko (1983a) reported that in two groups of deer
mice infected with T° bruces, one of the groups became anaemic but had normal total
protein levels, whergas the other group though did not develop anaemia however produced
elevated serum protein levels,

The decrease in albumin [evels in the first week post infection (p.i) in 7, vivax-
infecied sheep and goats (Anosa and Isoun, 1976) was suggestive of serum extravasation
doe io vasoactive substances, increased protein breakdown and loss by protcinuria, and
increase during the Gith week post infoclion manifesicd the recovery of the infecied goals

from the infection and also the clearance of the parasiic from the host.
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Mackenzie et ol (1975) reported increased serum albumin which coincided with the

peak of parasitaemia,

2.6.7.2. BILIRUBINS
Saror (1981) observed that jaundice is not a feature of animal (rypanosomosis, neither
18 bilirubinaemia nor bilirubinuria, even in very acute cases. Similarly, normal levels were
observed in T. brucei infected rabbits (Jenking er. al., 1980), T. rhodesiense-infected mice,
monkeys and man (Moon et. al., 1968; Sadun er, al,, 1973 and Barret et. al., 1973)
respectively, all in the presence of erythrocliasis. Zwamer and Culbertson (1939) observed
bilirubinaemia in cattle with acute T. congolense, but normal levels in the chronic phase of
the infection,
hicrease in bilirubin levels have been reported in T congolense-infected cattle
(Fiennes, 1954; 1970; Naylor, 1971; Wellde el al,, 1974; 1983), T, vivax-infected cattlc
(Fiermies, 1954; 1970), 7- brucei-infected rabbits (Jenkins er. of., 1974), hoises (Neitz and
Macauley, 1971) and dogs (Omotainse er. ol 1991) and in 7. vivax infected Savanna

Brown (SB) goats (Igbokwe and Mohammed, 1992).

2.6.7.3. BLOOD SUGAR
Measurement of blood sugar levels in trypanosomosis has not been extensively
investigated. Edwards et. al. (1956) observed no change in blood sugar levels in 7, viveax-

infected goats. Van Den Ingh et. al (1976) reported slight increases in blood gugar levels



and also in lactic and pyrvic acid lewels in 7 vivax-infected cattle and thig they attributed
most likely to its utilisation by the trypannsome parasites.

Roberts (1975) suggested that changes in ghicose level were due to the effect of
biochemical reactions at the molecular levels of trypanosomes in the liver of infected
animals whilst blood stream trypanosomes are also said to utilise the blood glucose of hosts
with resultant fall in plasma ghcose levels.

Hypoglycemia has also been reported m acute 7. vivax and T. congolense infection
in cattie (Wellde et al., 1973), in chronic 7. rhodesiense infection m cattle (Wilde and
French, 1945) and man (Barret e, al., 1973), in acuie 7. evansi mfection of buffalo caives
coupled with fluctuating levels in the chronic stage (Singb and Gaur, 1983) and in peracute

T. simiae infection in pigs {Singh and Gaur, 1983).

2.6.7.4. UREA

T. congolense-infected cattle produced high level of urea at peak parasitacmia, but
levsls returned to normal in the chronic phase (stage) of infection (Wellde et al., 1974).
Terminal case of severe 7. vivax infection in a cow produced high lovels of urea in the
blood (Van Den Ingh et oi, 1976). Similar high fevels of urea were observed in T.
rhodesiense infected monkeys (Sadun ez, al, 1973) and mice (Moon ez, al., 1968) and in
7. brucei-infected dogs {(Omotainse ef. af., 1994). As urea (blood urea nitrogen or BUN)
i5 a by-product of protcin catabolism, the incrcasc in scrum wica lovels in cascs of

frypanosomosis indicate excessive protein breakdown due to trypanosome infection.
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2675 SGOT LEVELS IN TRYPANOSOMOSIS

High levels of SGOT have heen observed in 7. rhodesiense-infected mice (Moon .
al., 1968), man (Rarret-Clonner of. al, 1973) and monkeys (Sadun et al, 1973). Wellde
et. al., (1983) and Gary (1963) reported slight increase in SGOT levels in 7. vivax-infected
cattle and sheep. Adah er al. (1992) reported increased levela of SGOT in T. congolanse
infected Red Sokoto (RS) and WAD goats with the levels being higher in the former than
in the lafter.

Specific organ (liver, heart, skeletal muscles) damage and also parasitic metabolic
products are said to be responsible for increase in levels of SGOT and other serum
enzymes in trypanosomosis. However in situaiions where marked increase in serum
enzymes are obscrved, especially within the {irsl 8 days of infection the mosi possible
sources of enzymes will be the parasites as the period may be too short for significant
organ damage (Moon ef. @l., 1968; Whitelaw e, al., 1980). Ilowever, highly pathogenic
and tissue invasive trypanosomes like T. brucei may be able to produce tissue (i.c. liver,
cardiac and skclctal muscles) damage carly in the infoction and hence gives risc to high

SGOT lewels.

2.6.7.6. POTASIUM [ON (K"
Tkejani (1946a;b), Zwemer and Guibertson (1939) observed increased levels of K' in

T.hrucei and 7. equipardum infections in rats. Normal levels were teported in 7°



rhodesiense~mfected mice (Moon el. al., 1968) and low lewels in T evamsi-infected camels
(Raisinghani et. af., 1981)

According to Ikepiani (1946a, b) rbe destruction, damaged tissues, kidneys provide the
extra increase in K levels, with most increased levels of K* correlating with fall in rbe

levels.

2.6.7.7. SODIUM ION (Na")

I. rhodesiense-infected human (Barret-Conner er. al, 1973) and T. evansi infected
mice (Raisinghani et. al., 1981) produce low leveis of Na'. Normal Na“ levels were
observed 1 acute T. rhodesiense infection in mice (Moon er. al,, 1968). On the other
hand, Fiennes el. al. (1946) observed high levels of Na® in T. congolense-infecied cattle.
The Na* decrease supggests its removal possibly by leaving the plasma partly intracelilarty

among olher serum componenis.,

2.6.7.8. CHLORINE ION (CI)

Ogunsammi ef. al. (1994) observed increased serum chioride concentration in 7.
brucei infected WAD sheep.  Movement of seram Na®  is always followed by a
corresponding passive mocvement by Cl ~ in the same dircction. Though Fiennes of ol
(1946), Moon et al.(1968), Barret-Conner et al. (1973) and Raisingham e al. (1981) did

not comment about the Cl ° level in their observations on Na¥ level, it is assumed that



whatever vatiations serum Na' level went throngh similar fate befell the C1° level.

2.6.7.9. BICARBONATE ION (HCO3-)
T. brucei-infected WAD sheep produce high levels of serum HCO3- (Ogunsamm et,

al, 1994).

2.6.8. ORGAN PATHOLOGIES (GROSS AND MICROSCOPIC.)
2.6.8.1. EDEMA

Ikede and Losos (1972) observed that affected catde developed subcutanecus ederma
of about 2om thick;scrous cffusion into the peritoncal and pericardial cavitics of 1 litrc and
10 mililitres respectively; edematous tymph nodes three times the normal size and complete

opacity of the entire right cornea.

2,682, LYMPHOID ORGANS (SPLEEN, LYMPH NODES AND THYMLUIS)

According to Moulton and Sollod (1976) the most sigmficant pathological finding in
experimental 7. brucei infection of calves were generalised enlargement (usuafly % to 2
times) of the lvmph nodes (except the mesenteric lymph nodes); the spleen where the
Iymph follicles were prominent and the red pulp very fim,

Fiennes (1954} demonstrated haemosiderosis of the spleen, hyperplasia of the lymph
nodes and spleen in 7. congolense and T. vivax-infected cattle, Splenic necrosis was
observed in 7. vivax-infected caitle (Van Den Ingh et al, 1976). Anocsa and isoun (1974;

1980b), reported haemosiderosis in lymph nodes of sheep and goats suffering from



trypanosomosis. Moulton and Sollod (1976) observed splenic hyperplasia in 7. bruces

infected calves,

2.6.8.3. REPRODUCTIVE ORGANS

Isoun and Anosa (1974) and Anosa and Isoun (1980) observed testicular atrophy in 7.
vivax intected sheep and goats, Sinular findings were made m 7. brucei- miected rams by
Ikede (1979). Histollogically, Isoun and Anosa (1974) reported sperm abnormalities,
testicular calcification in T vivax-infected sheep and goats. Sckom (1992) reported severe
sperm abnormalities in T vivax infected Yankasa rams. Similarly, Ikede (1979) observed in
7. bruces infection of WAD rams testicular calcification and sclerosis.

Sekoni {1987) reported that testicular degeneration was more s¢vere in 7, congolense-
infected than 7. vivax-infecied bulls, same for the epididymes, scrnmal-vesicies and the
prosirate glands.

It was observed by El-Hassan (1987) that T. vivax infecied pregnant WAIDD ewes died
with or without abortion, premature birth, stiflbirth and neonatal death whilst non-pregnant
but 7. vivax infected WAD ewes experienced disrupted oestrus cycle. The author
altributed the former observation to siress caused by pyrexia, inlraulering infection and
anorexia, and the latter to alterations in metabolism body conditions and hypothalamo -

pituitary axis which thercfore affcetcd the cndocrine mcchanism rogulating ovarian activity.



Ikede and Losos (1972) reported I” vivar in a lamb whilst Isoun and Anosa (1974)
and Ogwu (1983) observed 7. vivay in the amniotic fluid of an infected pregnant ewe and
in calves of infected heifers respectively. Abortion was aleo reported in T. vivax infected
cows (Homby, 1921; Pigneur, 1932); 7. congolense infected cows (Kramptz, 1970); in
T evantsi infected cows (Paikine and Dhake, 1972) and T vivax infected ewes (Ikede and

Losos, 1972). All these observations point to intravterine infection.

2.6.8.4. LIVER, GALL-BLADDER, KIDNEY

Van Den Ingh ez, al. (1976) observed significant liver necrosis, granulation formation
in the hver in 7. vivax-infected catile. Moulton and Sollod (1976) reported that in 7.
brucei-infected calves, the hver showed accumulation of edema thnd and mononuclear
ceils around portal bloed vessels in moderate cases.

Edward et ol (1956) reported distended gall-bladder filled with dark and oily bile
fluids in 7. vivax, 7. brucei and 7. congolense infected sheep and goats. However,
Moulton and Sollod (1976) did not observe any gall-bladder abnormality in 7. bruce:-
infected calves with the exception of shight hyperplasia of bile duct epithelium in severcly
affected liver. Fiennes (1954) observed mild nephrosis. Haemosiderosis were observed in
fiver of sheep and goat suffering {rom (rypanosomensis as well as capillary congestion and

distension of hepatic sinusoids (Anosa and Isoun, 1974; 1980).



2.6.8.5. OTHER BODY ORGANS; BODY FLUIDS

Fiennes (1954), reported haemosiderosis in 7. vivax and T congnlense-nfected cattle.
Whilst Mackenzie and Cruickshank (1973) observed reficulosis and increased
erythrophagocytosis in the acute phase 7. congolense- infection in sheep. The
ervthrophagocytosis arose from increased damage 1o rbc by cither the direct effect of the
trypanosomes or their secretions like enzyme sialidase whilst the increase reticulosis was
attempt by the host to rapidly replace the damage rbe,

Van Den Ingh et. al. (1976) reponted that microscopic findings in 7. vivax-infected
cattle included microthrombi in the blood vessels coupled with skeletal and cardiac muscle
degencration, granuloma formation in the heari, lymphoid hyperplasia wilh localised
erythropoiesis.

Ikcdc and Losos (1975) rcportcd significant microscopic Icsions notably intcrstitial and
perivascular mononuctear cell infiliration associated with extravascular localization of
trypanosomes m the heart, brain and eyes tn 7. brucei-infected shecep, with the cardiac
changes being more extensive in the arterial walls and made up of diffuse and focal
infiltration of lymphocytes, histocytes and trypanosomes (though trypanosomes were not
seen in the blood vessels of hoth the epicardinm and endncardiac).

Moulton and Sollod (1976) did not observe microscopic changes in the cervical,
thoracic and lumbar spinal cords; small intestines, colons, caecum, forestomach,
abomasum, thyroid gland, oesophagus, eves, tongue, oropharynx, thymus and skin in T.

brucei-intected calves,



Ikede and Losos (1975), working on 7. brucei-infected sheep observed trypanosomes
in smears of pericardial, peritoneal and cerebrospinal fluids and the aqueous humour of the

eve, with other body fluids being infective when inoculated into rats.

2.7.1. THE ROLES OF SIALIDASE (NEURAMINIDASE) AND SIALIC ACID
(NEURAMINIC ACI) IN TRYPANOSOMOSIS

2.7.1.1. SIALIDASES

Sialidases (Neuraminidases EC 3.2.1.18) are enzymes belonging to a class
of glyceral hydrolases which releare N-acylneuraminate residues from glyco-proteins,
glyco-lipids and polysaccharides with their efficiency depending on

i enzyme sources
it nature of the glycosidic linkage
it type of substrate

These enzymes are common in ammals from Echmodermata through mammalian and
other micro organisms which exist as commensals or facultative pathogens to animals
(Engstler and Schaver, 1993). Gottachalk (1957) cited by Engstier and Schauer (1993)
proposed the term “Neuraminidase™ for sialidase on observing that N-acefylncuraminic acid
results when bacterial and viral extracts cleave submaxillary gland tmucins and other
glycoprotein substrates,

The investigation of Hist (1941) about the asghitination of red blood cells by
influenza-virus led to the understanding of sialic acid structure and the direct intetraction

hetween viral haemagglutimation and cell associated sialiglycoconjugates. Formerly, the
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specific role of sialidases were unknown, but presently the action of trypanosomal
sialidases is tending to provide the opportunity of assessing the pathophysiological role of
sialidases (Engstler and Schauer, 1993).

Roggentin ef, ol (1993) reporied that though hittle is known about the sialidases at
the molecular level, the rate of sialic acid cleavage from receptive substrate is a property
specific to each sialidase and depends on three main factors namely:

a, The type of ketosidic linkage
b. The kind of sialic acid derivative
¢. Nature of the penultimate sugar residues

2.7.1.2. SIALIC-ACID

Sialic (Ncouraminic) acids arc from a family of carboxylaicd saccharidcs with ninc
catbon atoms (Schauer, 1978; Veh, 1979). Sialic-acid is the acylated neuraminic acid
which according to Seamon and Uhlenbruck (1963) occurs in appreciable level on the
erythrocyte surface in several animal species. Durocher ef. al. (1975) reported that the
rapid clearance of *'Cr labelled erythrocytes (rbe) desislylated with Vibrio cholera
neuraminidase from the circulation of rats and rabbits with sequestration by the liver led fo
the opiion that reduction in rbe smialic acid ia a mechanism of rbe senescence and
destruction According to Magaji (1978) T\ vivax and T. brucei infecied catile were
observed to show elevated serum sialic acid level.

Natural sialidase substrates are generally terminally bound sialic-acids which are
derivatives of the 9 carbon acidic sugar neurammic-acid, and because of the variation of

substituents at carbon-4, §, 7, 8 and 9 positions, more than 30 naturally occuring sialic-
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acids have been described (Faillard, 1981). N-acetyl neuraminic-acid (Neu-5-AC) is the
- biosynthetic precursor for all sialic acids.

Being components of soluble or cell-bound glvcoconjugates, sialic acid are invoived in
a variety of biological events, especially as regulators of molecular and celiular interractions
(Engstler and Schauer, 1993).

According 10 Router ¢ al. (1983) and Schauer er. al. (1984) the protective nature of
rates of hydrolysis of sialic-acids by sialidases depend on the type and concentration of side

groups (O-acaiyl : glycol).

2.7.2. SIALIDASE : SIALIC ACID AND TRYPANOSOMES

A lot of detailed study has been carried out on the biochemistry, molecular biology and
physiological significance of the surface sialidase from 7. cruzi, the causaiive agent of
American trypancsomosis- “chagas”. However, the sialidase of African pathogenic
trypanosomes has not recerved such attention despite the attempits of Esievo (1979; 1980)
on T viver and Enggtler and Schauer (1993) on T- vivar and T. brucer sialidases.

According to Esievo (1979; 1980) 7. vivax hydrolyses sialiceacid in vitro, and that
neuraminidase activity was proporfional to the concentration of trypanosomes. He
therefore postulated that if this could oceur in vitro, then sialic acid could be cleared off
ervihrocytes, resulting in their being removed from circulation and leading to anaemia.

T. cruzi is highly cell invasive, and is also able to escape the host’s immune response

and effected therapautic treatment. On the other hund, T bruces, T. congolense and T.



vivax use intermittent antigenic variants which are able to invade or penetrate cell layer of
vectors and final hosts and also use fimifless antigenic variation 1o evade the mammalian
host’s immune response (Engstler and Schauer, 1993) and that carly anaemia observed was
possibly due to the circulating trvpanosomes producing sialidase to cleave off surface sialic
acids, thus rendering the rbc more vuinerable to phagocytosis by the reticulo-endothelial
system.

In 7. brucei, siatidase has been described in procyclic trypamastigotes forms bat the
mammalian blood stream forms show no enzyme activity. This sialidase is reported to be a
cell surface prolein linked to (he membrane via a modified glycosylihosphatidyl mositol
(C.P.1.) anchor which probably is identical to the anchor of the procyclic acidic repetative
protcin (PARY) which coats the swiface of procyclic rypancsomes (Engsticr and Schaucr,
1993). It was also obscrved that conventional sialidase inhibitors like Neu 5 AC 2 on and

N. (4-trophonyl) oxalic acid lack significant influence over this enzyme which is also

said te be activated by di and tni carboxylic acids and some saccharides especially lactose.
The enzyme is reported to prefer b(2-)-glycosidic linkages than a(2-6) and (2-8) linked
terminal sialic acids, with oligosaccharides acting as better subsiraies than either
glycoprotein or gangliosides (Engstler and Schauer, 1993).

T. brucei, compared to other species of African trypanosomes stay in the isetsetly
vector for more than 5 weeks undergoing division as large procyclic trypamastigotes, then
penetrate the pentrophic membrane and later migrate via the proventriculus to the salivary
glands; whereas 7. vivax completely by passes the tsetsefly’s midgut region and leaving the

insect only after ten days (Vickerman, 1978). It may be said that too much of the parasite’s
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sialidase 1s used up in its insect stage form thus having insufficient amount ot elicit any
activity i the bload stream form of 7. brucei. The parasite’s insect stage sialidase ix
essential for the cleavage of sialic acid from host blood ingested by the vector because
glycaproteins are easily digested when decoid of sialic acid.

According to Engstler et ol (1993) fransialidase of 7. bruces bears close resemblence
to that of . cruzi which is capable of transfering sialic-acids from a variety of sialo-
glvcoconjugates, to a sialo-acceptor moiccule, but that ot T. bruces is found to be lacking
the key enzymes of sialic-acid metabolism. However, it is believed that the major functions
of 7. brucei trans-siahdase 18 to enable the procyclic 7. brucei to sialylate pacasite
glycoconjugates in order to protect surface molecuks from glycosidases in the digestive
tract of the tsetscfly (Engstler and Schauer, 1993).

It is not yet established that 7. congolense, another highly pathogenic trypanosome has
sialidase enzyme cither in the insect form (as it occurs in 77 bruced) or the mammalian
blood stream form (as it occurs in 7° vivax). Sialic acid has been observed on the surface
of 7. congolense is in the mammalian blood stream (Rautenberg et. @l,, 1981). This is
gimilar to reported presence of sialic acid of the American human trypanosome 7. cruzi,
the cause of Chagas discase (Schauer ef al, 1983). It has also been shown that 7.
congolense binds to bovine erythrocyte in vitro, via nevraminic (sialic) acid receptors on
the rbe (Bank, 1979) with resullant damage (o the erythrocyles (Bank, 1980). Mamo and
Holmes (1975) had carlier reported that the half-life of *Cr-labelled the in 7. congolense

infected calves dropped from initial value of 10 days t0 4.7 days at about 30 days post



infection. All these findings are indications that T. congolense may be having enzymatic
activity against erythrocyies, as observed in 7" vivax blood stream forms or 7. Arucei insect
vector form but this 38 yet to be conficmed. Thur it could be seen that removal of
ervthrocvte sialic-acid by sialidase enhances the complement fragment opsonization of rbe
or exposes the f3-galactose on rbo surface with consequent removal of the rbe by
erythrophagocytosis.

It is belicved that the sialidasc of trypanosomc plays a rok in antigenic variation by
cleaving the trypanosome of its surface sialic acid, thereby rendering the new trypanosome
with its new act of incorporated or metabolised sialic acids (Esievo and Saror, 1991) and
that sjalidase from the trypanosomes during different parasitaemic waves may have a
slightty different biochemical characterics. Thir antigenic-variation (AV) iz described as the
method whereby trypanosomes develop sequentially different antigens (ag) on their surface
coats, thus evading the immune response of the host (Cross, 1978; Boyle 2¢ al., 1978;
Vickerman and Taetly, 1978, Williams, 1978). AV is said to be very importamt to the

trypanosomes for their survival in the mammalian host.

2.7.3. OTHER FACTORS AFFECTING TRYPANOSOMOSIS - THE
ROLE OF IMMIUNOSUPPRESION IN TRYPANOSOMOSIS

Tmmunosuppresion is the suppresion of immune responge to heterelogous antigenes
introduced after established infections of pathogenic African trvpanosomes (Godwin et. al,
1972); llemobade ef. al., 1982; Mackenzie et. ol, 1975. This condition is said to be dae to

several factors, including




i. Breakdown in the co-operation between the ceflular components of the humoral
response(Terry et. al., 1973).

it. Non-specific activation of the immunoglobin producing cell causing thus an
inhibition of new responses to further infection (Urgquhuart et al., 1973)

ili. Polyclonal stimulation of B-cells with resultant excess immumoglobubin
production and thercby causing immunosuppression by clonal exhaustion
(Greenwood, 1975a,b;  Assoku, 1974; Askommas ¢, al., 1979)

tv. Impairment in suppressor T. cell controt causing hypergamma globulinaemia M

(Jayawardena and Wakaman, 1977; Manafickd, 1978).

Immunosuppression is also teported in human-mfluenza virus infections (Read et al,,
1972) where ihe virus diverts ihe B-lymphocyies from lymph nodes and spleen to the liver
{(Woodrufl and Woodruff, 1976), and this altcration in lymphocytcs homing was mcdiatcd
by viral sialidase. Thus the inhibitation of I’ vivax sialidasc activity by influenza virus
antiscrum suggests some kind of similaritics between the sialidase of 7. vivax and the
influenza virus (Esicvo, 1983).

It is being suggested that immunosuppression in animal trypanosomosis is mediated
through trypanosome production of sialidase or attachment and subsequent hydrolysis of
levkocyte sialic acids pimanty of tymphaocytes reanlting in the diversion of the hymphocytes
to the reticuloendothelial system (RES) for elimination. This is suppoted by :

a. The tymphopenia seen carly in bovine trypanosomosis when there is high

parasitaenua (Fiennes ef. al., 1946; Maxie et al., 1979).



b. The high sialidase activity and the direct relationship between kevel of

parasitacmia and degree of immune suppression (Baitz et af, 1981).

Immunosuppression seems to be severe during acute infection. According to Sacks et.
al. (1980) and Askommas er, al. (1980a), trypanosome-induced suppression of of host
response to parasite was prominent in the acutc phase of 7. brucei infection in maice. Thig
suppression was associated with the fatture to control the initial relapse vanant of the acute
clone. There i1s lcss suppression in the chromic phase. Though IgG responses were
elimimnated early. Its responses persisted at low level 10 mediate continucd control of

parasitic variants (Sack et ol., 1980)

2.8. TRYPANOSOMOSIS OF SMALL RUMINANTS

2.3.1 IN AT'RICA IN GENERAL

According to Jasiorowski (1972) onc of the greatest hindrances to increased
productivity and steady marketing of livestock in Africa is the problem of digeases in
animals which account for between 30 - 60% of production cost compared to 15% in
developed nations

Urguhart (1974) reported that of all the tivestock direases endemic to the African
continent, trypanosomosis has been reparded as the biggest simgle factor limiting the
number of livestock population.  Homby (1952) described trypanosomosis as being
umgue among discases because it is the only one which by itself has demed vast areas of

land to all domestic animals except pouliry. Africa, according to Finclle (1974) is said to



have seven million square kilometrer of tsetse-infected land capable of supporting livestock.
Jasiorowski (1972), estimated the tsetse-infected area in Africa as 10 million square
kilometres, including 3 square kilometres of equatorial rainforest which accerding to Finelle
| {1974) is unsuitable for livestock production. Within this area, is an estimated population of
30 million sheep and 50 million goats (F.A.O., 1975; Finelle, 1974; Griffin, 1978) and also
52.2 million cattle (F.A.O., 1975). According to Griffin (1978) eradication of
uypanosumoms from this area can lead to increased goat population (o 250 miilion, that of
sheep to 157 million and also cattle population could be raised by a farther 125 million.

Fincllc {1974) scpoitcd that the bencfits resulting from cffective  trypanosomosis
control lic not only in increased hvestock numbers and reduction in mortality rate due to
the diseases, but also in improved carcass quality and increases in growth rate, milk
production and fertility.

In frying to formuiate new livestock policy for East Afnca, F.AO. (1962) had
suggested that it would be advisable to explore fully sheep production in the range areas of
East Africa instead of concentrating on cattle breeding, due to the enormous advantages of
small ruminants over cattle. ‘I'hese according to ¥.A,Q. (1962) include the following:

» (Cattle requires, in the drought stricken range-grazing areas of Africa, to be
watered  everyday, needing 30 - 40 htres of water per day. Thus, catde
cannot graze too far from watering points whereas sheep and goats can roam
further

o Caille arc poor browsers in the absence of adequale pasture {or grazng wercy

as sheep and goats in similar situations survive efectively through browsing.
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e Small ruminanis have lower per capital value than cattle, thus owners are more
willing to sell.

»  Small raminants have a higher annual offtake; a higher reproductive efficiency,
producing most often twins and triplets.

e Small ruminants produce skins of considerable economic value as examplified

by the famous Moroccan -leather derived from Kano Brown goats,

Inspite of the fact that trypanosomosis has been recognised for years to be the most
important obstacle to increased production of lvestock in Africa until recently, not much
investigation has been carried out on frypanosemosis in sheep and goats.

Kramer (1966) in a limited survey indicated that small ruminantz trypanosomasis in
Nsukka area in Eastern Niperia was of little importance though incidence was between 11 -
15%.

Stephen (1970) reported that sheep and goats are not often infected under natural
conditions, and Maclennan (1970) dismissed frypanosomosis as an vnimportant discase in
small rominants.

Eweil a joitit FAQ/WHO éxpert commiitte on fiypanosomosis (1963) laid emphasis on
the importance of the disease in cattle, camels and pigs, but without airy maention on sheep
and goats. This could be due to the fact that until recently, only fow studies on the nataral
occurrence of the disease in small, raminants had been carried out and with the emphasis
on catile production; most earlier observations on the disease in small ruminants have been

subjective and anecdoted from stock owmers whose major concern was with cattle.
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However, surveys and epidemiological studies indicate that small ruminants are and
can be seriously affected by trypanosomosis. Homby (1952) in an extensive survey of the
endemic Lambwe Valley of Kenya reporied that pathogenic trypanosomosis affected 5%
and 2.01Y% of the sheep and goats population respectively and also observed that
T.congolense was the most common specics, foltowed by T, vivax, with 7. drucei being
the least common.

Zwart et, al. (1973) in a survey in the Kiboko area of Kenya reported that 42% of
sheep and 44% of goats had antitrypanosomal aniibodies (detected via Indirect Flourescent
Antibody Test IFAT) vr showed parasiiacmia by siandard detechion methods.

Mabmoud and Elmalik (1977) have emphsized the importance of sheep and goats in
transmission of trypanosomosis to other domestic stock in Sudan; rcpoting the casc with
which a 7. congolense isolate may be transfered between calves and goats, producing an
acute fatal discasc in calves but a milder chronic form of about 6 months duration in the
goats. This isolate was observed not to loose its virulence for calves during infection in
goat, an indication that goats may act as ready source of infections under fiekl conditions
where they are grazed along-side cattle.

Leach (1973) observed that heavv losses among sheep and goats due to the disease do
odcur when exposed to the Savanna speces of Glossing, However Leach (1973) also
reported that small ruminants are rarely fed upon by riverine speces of Glossing as
indcated by a survey camed out in Nigena which revealed an incidence of only 2% in

sheep and goats exposed to rivering tsetse species,



Griffin (1978) reported an infection rate with T. comgolense of up fo 80% in Karakuul
gheep and 90% m Saanan and Galla cross-bred goats these animals having been grazed on
range land infested with (7. Pallidipes, a Savannah species of tsetsefly. |

Mackenzie and Cruicshank (1973) observed that black persian sheep grazed in an
endemic arca of Rhodesia (Now Zimbabwe) easily got infected with T, congolense, though
7. vivax infection was intermitient. They also observed 3-phases (stages) of the disease
syndrome namely an acuic fatal discase lasting 43 days after appearance of trypanosomes
in the general circulation; a protracted form of eleven to twelve months. Similarly, Gritfin
(1978) observed 3 phases of the discase in T. comgolense-infected sheep and goats in
Kenya, namely an acute form lasting up 1o & months with a rapid fall in pev, fluctuatng
temperature Jduring the period of parasitaemia and with death in some cases and self cure in
others; the chronic form in which the hosl makes a compleic recovery with normal pov
level and temperanus and the disappearance of parasites from the blood stream; and the
sub-acutc form lasting up to 12 wecks (3 months) with slow but stcady fall in pcv and
weight with fluctuating temperature. However, no acute episode just before death was
observed as reported by Mackenzie and Cruicshank (1973).

According to Griffin (1978), most accounts of naturally occurring trypanosomosis in
sheep and goats occurs in East Africa and is due to infection with 7. congolerise which is
the most widespread and economicafly nnportam trypanosome in East Africa., but with
fewer reports from West Africa where 7. vivax is the most important and widespread

trypanosome. Natural 7. hruces infections in sheep and goats are scarce because they are
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nor the preferred hosts for the tsetse flies. It is believed that when sheep and goafs are
infected they may act as reservoirs of the sub-species of 7.hrucei that can be transitted to
man. The few reports on the incidence of natural T.hrucei infection could he due to
limited interest in ils occurrence in small mminants in Nigeria. Sheep and goats like cattle,
are also believed to be reservoirs for T.Arucei infection in man because, I’ brucei isolated
from sheep and goats in Kenva was found to be infective t0 man (Hornby, 1952).
Rickman (1974) reported that 33 goats within a sleeping sickness focus iIn Zambia, were
found to be positive for . brucei and that these goats possibly acted as reservoirs of
infection in the course of the outbreak. However, these T.brucei isolates may be that of
the T.brucei rhodesiense which 18 the cause of siceping sickness in East and Central parts
of Africa where Kenya and Zambia are regpeciively located.

Natural 7. simiae infection in small ruminants had been reported by Mackenzic et ai.
(1972) in which one¢ case was fatal and another one mild, isolatcs from the latter case
produced a mild discase when introduced into a pig. However, Godficy (1972) observed
that due to variation of typanosome from different hosts ot stages of development, T.
sz‘mfae tnay be confused with 7. congolenye,

2.8.2. SMALL RUMINANTS TRYPANOSOMOSIS IN NIGERIA
2.8.2.1. SOME REPORTS ON NATURAL OCCURRENCE

Most of the work on animal trypanosomosis in Nigeria had centered on cattle with
very little emphasis on sheep and goats. Not much information is available on natural

incidence of small ruminant trypancsomosis As stated earfier in this work, (rypanosomosis



was reported in sheep at Epe by Gordon (1910). Also 7. congolense, T. vivax and T.
Brucei were identified in sheep slaughtered at Horin (Macfie, 1913a,b). Connal and Coghit
(19186, cited by Kramer, 1966) observed I vM in one out of 44 gheep and one out 16
goatz in Southern Nigeria. Kramer (1966) made observation on frypanosomosis and
trypanosome infection rates of between 11 - 15% in the WADS. Kalu and Agu (1984)
reported on natural infections of trypanosomosis in WAD sheep and gpats in Jos - Plateau
area of Nigeria and and Ademosun (1990) reported on natural infection of trypancsomosis
in WAD sheep and goats with the latter observing that only goats under siress succumb to
the infection. Nawathe et @l (1994) reported an infection rate of 1.10% in the SB goats.
Daniel et, al (1994) reported a prevalence rate of 7.4% in sheep and 5.0% in goats in
Alkaleri and Gombe areas of Bauchi Siate, due to 7. vivax. Fallae and Chicjina (1993)
observed an infection rate of 13.64% in WAD goats with 7. brucei, T. congolense and T.
vivax accounting for 30%, 43.0% and 36.0% infection respectively. Thizs finding
contradicts the earlier opinion that 7. vivax is the most important trypanosome in Nigeria.

Howewer, this finding may be an isolaied finding with regard (o level of infection due o

this 3 pathogenic ruminant trypanosomes.

2.8.2.2, USE OF SMALL RUMINANTS IN EXPERIMENTAL TRYPANOSOMOSIS
Sheep and goats are said to have greater advantage over catfle as research models.
The advantages of small raminants in experimental trypanosemosis as listed below have led

to their being weed in several areas. Trypanocidal activity of isometamidium chloride
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administered intravenously (Tour ef. af, 1981); antigens of various trypanosomes (Gray,

1961); resistance to druge (Ilemobade ot al,, 1925).

2823 PRESENT STATUS OF TRYPANOSOMOSIS AND ANIMAL
PRODUCTION IN NIGERIA

Vegetationally, Nigeria is divided into mangrove; Forest; Derived-Savannah,
Southern-Guinea Savannah; Northem-Guinea Savannah, Sudan-Savannzh; Sahel and
Montane (Fig. 1). The Derived-Savannah up to the Northern-Guinea Savannah areas are
also often referred to as the Sub-Humid zone; and the Sudan-Savannah and the Sahel as
Semi-Arid 7zome consisting of the northern fringes of Nigeria.

According to Bourn (1983), aerial surveys in 1982 showed that the Sub-Humid zone
of Central part of the country supported about 4.5 million zebu cattle (40% of the national

herd) with no significant change with season.

2.8.2.3.1. EPIDEMIOLOGY OF THE DISEASE AND ECOMOMIC IMPORTAMCE
Akinwuid and Ikpi (1985) showed that 76% of cattle permanently residing in the
Humid-zone were of the zebu breed. Takken ef. ol {(1986) observed that tsetse fly catches
in the humid zone are low (0.01 to 5.50 tsetse per trap per day for G. tachinoides and 0.10
to 19-30 for G. palpalis), but, lower catches were obtained by Madubunyi (1986),
Omogun (1987) and Ikede (1987) with G. morsitans subsp morsitans confined mostly io
game reserves Kalu (1984) reporied detection of tsetse and trypanosomosis in the high

altitude Jos Platcay, formerly thought to be too high for tsetse fly survival. And also an
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acule trypanosomosis outbreak in a sedentary herd of cattle on the Jos Plateau (Kalw,
1996). Tnfact, Nawathe ef. al (1994) reparted an outhreak of 7. vivax infection in cattle
near [ake Chad which was said to be tsetse-free.

Bourn (1983) observed that both organised and unorganised conirol measures have
brought about the decline in prevalence, of trypanosomosis, and these include improved
road network allowmg for economical and profitable transportation of trade cattle to
abbatoirs in vehicles thereby greatly reducing or totalfy eliminating the possibilify of animals
coming down with {rypwnosomiasis in transit through high (setse challenge areas.

According to Ikede (1987) despite the observed fall in prevalence of tsetse and
infcction rate of trypanosomics in the supposcdly tsctsc infosted arcas of the countyy, there
is still deficit in meat and milk supply due to the fact that industrialists find it not easy to
obtain credit facilities for commercial cattle production in the humid and submid zones due
to the old belief that these zones are heavily infested with tsatse and hence are credit risk
areas for such investments. Maclennan (1983} reported that 86% of the cattle population in
the couniry’s northern area are found in the tseise-free/fightly infected areas during the
rainy season. According to Tkede (1987), between 1955 and 1978, nearly 200,000 square
kilometres of land in North-Eastermn and North-Central Nigeria got reclaimed from tsetse
flics through the use of insecticides and the impact of the measure is now bemg {elt. Bincan
{1990) observed that the majority of livesiock especially ruminants are found in the semi-
arid and sub humid zone, with the lwo zones containing 90% of Nigeria’s catlle herd; and
with the semi-arid arca characterised by a short growing season, limited rainfall bui

rclatively frcc of tsctsc flics but holding nearly 80% of Nigeda's cattle population during
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the short wet season. These caftle however move to the helminth and tsetse infested sub-
humid zone as a result of lack of grazing land and water for thern.

The Semi-Humid zones contain nearly 26 million hectares of savannah range-land
highty favourable for ruminant production, however the range land has the constraint of
not being able to sustain livestock year round due to seasonal scarcity of grazing resources
and water despite the fact that these zones harbour most of Nigeria's pastoralists (Bincan,
1990). On the other hand, though the Humid zone favours livesiock production as a result
of shoit dry scason and all year round supply of herbage and water, it is also hampered by
high tsctsc-fly and hclminth problom and also most of the inhabitants of this zonc arc
mostly arable farmers lacking experience in livestock rearing

Bincan (1990), have observed that there is ample evidence that lots of zcbu animals,
predominantly raised by the pastoralists and best suited to the tsetse-free but feed and water
deficient for most part of the year Semi-Arid zones are now being raised successfully in
tsetse infested areas. This therefore is an indication that the small ruminants of the semi-
Arid areas can also thrive in this tsetse infested zones,

In a recent study carried owt by Anosa (1991), under an EXC sponsored program on
the epidemiology of trypanosomosis in Nigerian livestock, the following observations were
made

i that there is generaily low provalence of irypanosomosis in catle, sheep and
goats compared to earlier ycars due possibly to forest degradadion, increasing
human population which is cncroaching on fly habitats couplcd with the usc of

trypanocides by veterinarians and farmers.

66



i, That the highesi incidence rates of trypanosomosis in catile, sheep and goats
occuredin the  Southem-Guinea Savannah, followed by the Derived-
Savannah. Slightly lower rates in the forest, Northern-Guinga Savannah,
Sudan-Savannah and the Montane zoncs, whilst the Sahcl-zonc has the lowest
mcidence

iti. That 7. wvax is the most common trypanosome followed by 7. congoiense and
lasity 7. brucei

iv. That, there is relatively high raies of trypanosomosis in the Jos, Obudu and
Mambila plateaux, with Jos platcaux. Tseise flies notably G. fachinoides

species were also found in the previously isctse-froe Jos plaicau.

2.8.2.3.2 DIAGNOSTIC PROCEDURE

According to a study carried out by Anosa (1991), with regard to epidemiology of
trypancsomosis in Bvestock m Nigeria, ELISA technique developed by Nantulya and
Lundquist (1989), for detecting trypanosome antigens in sera, 18 more sensititve and
efficient than normal parasitological methods. According to Anosa (1991), the ELISA
tchnogue gave a positive result of 357 out of 850 cattle compared to 54 out of the same
850 cattle by the normal parasitological techniques. Nantulya and Lundquist (1989) had
indicated that animals infected with trypanosomes had antigens in their sera for a while post
freatment with Diminazene-aceturate (Berenil®) hence some of those tested positive might

have been recently treated or had seif-cure.



CHAPTER THREE
SURVEY OF THE PREVALENCE OF TRYPANOSOMOSIS
(TRYPANOSOMOSIS) IN THE SAVANNAH BROWN GOAT (8BG)
IN NORTHERN NIGERIA

3.1 INTRODUCTION

Caprine trypanosomosis (trypanasomasis) has not been regarded as important as that of
cattle (Maclennan, 1970). Infact, goats and sheep have long been seen as atternate source of blood
meal for tsetsetlics in the absence of cattle, the primary target of these flics. Maclennan (1983)
reported that dwarf breeds of goals survive in arcas which cannot support cattie due to the
presence of tseigeflies. However, reports from East Africa (Griffin and Alionby, 1979a, b),
Central Afvica (Mahmoud and El-malik, 1977) and West Africa (Kalu and Agu, 1984) have
stressed the importance of rypanosomosis in goats and sheep and regarded these small nuninants
as reservoirs of trypanosomosis for cattle and possibly man. In Nigeria, natural infections in goats
have been described mostly in the dwarf breed found in the Forest, Derived Savannah and the
Southern Guinea Savannah zones (Kalu and Agu, 1984; Ademosun ef al., 1985). Falac and
Chicjina (1993) reported an infection rate of 13.6% in the dwarf goats with T brucei,
T.congolerise and 7. vivax accounting for 50.0%6, 43.0% and 36.0% of the infection respectively.

The Savannah Brown Goats {SBG) are found in Southern Nigeria and Northern Nigeria
between latitudes 12° North and 14° N and longitudes 4°N and 10° E. In Nigetia, its main areas of
distribution are Sokoto Emirate where the breed is commonly known as “Sokoto Red” and in
Kano FEmirate where it is referred to as “Kano Brown™, with the variant around the Barnn area

refetred to ag “Bomo White” and even the “Sckoto Red” also often referred to as “Maradi”



{(Wilson, 1991), The SBG is kept primarily by the sedentary Hausas, though Iagge flocks are also
raised by the nomadic Fulanis as part of their herd of cattle and sheep..

Information on natural icidence of trypanosomosis in the Savannah Brown Goat is
bmited. Danicl ef ol (1994), Kramnmer (1966), Nawathe ef /. (1994), and Ahmed and Agbede
{1993) reported infection rates of 5.0%; 13.9%; 1.1% and 0.7% respectively in SB-goats. In
order to further assess the level of the prevalence of trypanosomosis in the SB-goats, a survey was
underiaken to ascertain the situation in the Sudan and the Guinea Savannah vegetational zones of

Northern Nigeria.

3.2. MATERIALS AND METHODS

'the survey was caiticd out between January, 1989 and December, 1993. It involved goat
flocks kept by nomadic Fulani herdsmen, private established farms and institutional (Government)
farms where Veterinary Health Services were provided either regularly or on request. Prior to
sampling cach fock, flock health history was oblained (rom (he owners. Randomly sclecled goais
were then physically examined. Then, prominent car veins were picked up, disinfected and
pinprickcd to obtain blood sampls for 2 wet mount, which was then cxamincd under a ficld-
microscopc. Where wet mounts were positive for trypanosomes, about 2 millilitres of blood was
then obtained via the jugular vein into bleod sample bottles containing ethylene diethyltetra-acetic
acid (EDTA) as anti-coagulant and analysed in the laboratory wsing hematocrit centrifuge
technique (HCT) and thin blood smear methods. Only trypanosome positive goats were later bled,
and this was done to cut down the number of animals to be bled to the satisfaction of the goat

blood owners. Attempts were also made to trap flies observed within the environment of the flock
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being sampled. The type of vegetational zone in which the sampled flocks were located were
noted. 42 flocks of Savannah Brown goats located in some parts of the Southem Guinea
Savannah, Northern Guinca Savannah and Sudan Savannah zones were sampled, and 717 goats
were bled.

33 RESULTS

A total of 717 Savannah Brown goats were sampled, this was made up of 570 aduits aged
10 months and above; 115 growers aged befween 5 months and 9 months and 32 young goais
(kids), aged between 1 monih and 4 months.

Among the total number were 70 bucks out of which 4 (5.7%) were positive for
trypanaosomes and 15 male kids with nonc being positive; 500 docs with 13 (2.6%) positive, 115
young fomales with 3(2.6%6) positive and 17 female kids with none positive.

Trypanosome infection in the SBG was detected in all the three vegetattonal zones namely
the Scouthern Guinea Savannah, Northern Guinea Savannah and the Sudan Savannah zones
(Tablesn 3.1, and 3.2.). The prevalence rate was highest in the Southern Guinea Savannah (10%)
followed by the Sudan Savannah (4%) and then the Northern Guinea Savannah (2.1%) (Table
3.2.).

The prevalence rate was observed to be higher in the dry scason (3.3%) than in the wet
season (1.69%). In all, 20(2.79%) out of the total of 717 SBG sampled were positive for
trypanosomes as dctermined by the combined Wet Mount, HCT (Buffy-coat) and stained Thin
Smear methods.

The level of pacasitaernia ranged from 3 - 20 trypanosome parasite per microscopic field.

7. vivax accounted for 100% of the observed infection (Table 3.2.).



Observed chinical signs included abortion in 8 of the positive does, whilst 2 other such does
gave tise to very weak kids; orchitis and tymphadenitis of superficial lvmph nodes (prescapular
and prefemoral), reduced libido and inappetance in 2 of the positive bucks. Rectal temperature of
the trypanosome infected goats ranged between 38.5 - 39.2°C.

No tsetse fly was trapped throughout the survey period, though some of the herdsmen in
the Southern Guinea Savannah zone reported secing isetse flies. The biting flies trapped were
Musca domestica, M.  autumnalis, Stomoxys calcitrans, Tabanids species and Hipobosca
species. These flies were predominant during the rainy season (May to October) than during the

dry season (November o April).
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TABLE 3.1.  PREVALENCE OF TRYPANOSOMOSIS IN THE SAVANNAH BROWN
GOATS IN SOME PARTS OF NORTHERN NIGERIA.

Year Month  Vegetational zone Sample size Number +ve % +ve
1989 Jan. NGS 30 0 0.00
Feh. NGS 45 2 4.44
Apr. NGS 20 3 15.00
May SS 30 0 0.00
Jun. NGS 20 0 0.00
Jul, NGS 10 0 0.00
Oct. NGS 15 0 0.00
Dec. NGS 15 1 6.67
1990 Feb. SS 30 1 3.33
Mar. SS 15 1 6.67
Mar. NGS 25 2 8.00
Apr. NGS 10 1 10.00
1991 Feb. NGS 25 0 0.00
Mar. NGS 5 0 0.00
Mar, SS 30 2 6.67
Apr. NGS 10 1 10.00
Jun, NGS 20 1 5.00
Oct. SS 20 1 5.00
Nov. NGS 25 0 0.00
Dec. NGS 10 0 0.00
1992 Oct. SS 25 0 0.00
Nov. NGS 15 0 0.00
1993 Jan. 3GS 20 2 10.00
Tan. NGS 20 0 0.00
Feb. NGS 35 0 0.00
Mar. NGS 35 0 0.00
Apr. NGS 10 0 0.00
May S8 25 1 4.00
Oct. SGS 15 1 6.67
Nov. NGS 20 0 0.00
Dec. SS 10 0 0.00
Total 717 20 2.79




TABLE. 3.2. SUMMARY OF THE OCCURRENCE OF TRYPANOSOMOSIS IN THE
SAVANNAH BROWN GOAT IN DIFFERENT VEGETATIONAL ZONES

OF NORTHERN NIGERIA

Vegetational zone Sample size  No. positive %  positive  Species of trypanosomes
isolated

SGS 20 2 10.00 T. vivax

NGS 522 11 2.10 T. vivax

SS 175 7 4.00 T. vivax
Total 717 20 2.79

‘T'otal number of flocks sampled - 42

SGS - Southern Guinea savannah
NGS - Northern Guinea savannah
SS - Sudan savannah



34 DISCUSSION

This study shows that natural incidence of trypanosomosis in the savannalh Brown goats
does occur, as reported by other workers (Krammer, 1966; Daniel ef «l., 1944; Nawathe ef al.,
1994). The finding that only biting flies were trapped in this study is a further indication that these
flics play a major role in the transmission of trypancsomosis as reported by Anosa (1983),
Nawathe cf al. (1994). Also, the presence of only 7% vivar in this natural infection further confirms
the observations of Davies (1977) that biting flics play major role in T vivax transmission and also
that 7" vivax transmassion is higher than that of I\ congolense in the Nerthern part of Nigeria,
Similarly, the presence of only 7. vivax in these three ccological zones in the North confirms the
obscrvations of Davics (1977) and Anosa (1983) that 77 vivax is often found wall cstablished at
distances from the tsetscfly belts. The observation that highest prevalence of trypanosomosa
ocenred in the Southern Guinea Savannah is in agreement with the findings of Anosa (1991).

A noteworthy finding in this study is the observation of abortion and orchitis in naturally
infected does and bucks. This agrees with similar findings in East Africa made by Griffin (1978)
and Mackenzie and Cruickshank (1973), but not yet reported in Nigeria. Though there other
causes of abortion and orchitis notably brucellosis, babesiosis and leptospirosis the major disease
condition in diagnosed in this study wag frypanosomosis which also has these as chinical signs. The
infection rate of 2.79% observed in this study is much higher than the value of 1.1% reported by
Nawathe ef al. (1994) and 0.7% observed by Ahmed and Agbede (1993) but lower than values of
5.0%; and 13.9% rcported by Daniel ef @l (1994) and Krammer (1966 respectively). However,
these difterences could possibly be due to varations in sample sizes and the type vegetational

zones mvolved, though methods of sampling were mostly that of random sampling technkmue. The

74



high infection rate observed in the goais in the Sudan Savannah zone compared fo those in the
Northem Guinea Savannah zone could be due to the fact that most of the herds in the former had
migrated {o the Southern Guinca Savannah zone during the dry scason of the North and might
have contacted the infection whereas most of the herds in the latter zone we were told had not
migrated for some years.

There is no plavsible explanation for the observed higher infection rate during the dry
season compared {0 the wet scason. 1t could be due to the fact that more animals were sampled

during the dry season (460) than in the wet season (257).

350, SUMMARY

The provalcnce of natural trypanosomosis in the SB-goat in the Sudan and Guinca
Savannah zones of Narthern Nigenia was determined in a survey lasting 28 months, Of the 717
goats examined, 20 were positive, giving an infection rate of 2.79%. 7. vivax was the only
trypanosome parasite observed in the study. No tsetscfly was trapped, only biting flies notably
Stomaxys sp., Tabanus sp., Hipobosca sp., Musca domestica and Musea autumnalis.

The highost infcction ratc was in the Southem Guinca Savannah (10.0%) followed by the
Sudan Savannah (4.09) and the Northern Guinea Savannah (2.1%). The infection rate was
higher in the dry season (3.379%) than in the wet season (1.69%). Of the 717 goats examined, 70
were bucks, with 4 (5.7%) positive out of which 2 of them had severe orchitis. 500 of the goats
were doeg of which 13 (2.60%) were positive with & out of this aborting prior to being exarnined.

The study confirms the presence of natural trypanosomosis infection in Savannah Brown
Goats even in their natural habitats which previously were thought te be trypanosome free due to
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absence of tsetseflies, the primary vectors. Biling flies play major role in the transmission of
trvpanosomosis. There is need to pay attention to control of trvpanosomosis in goats so as to
improve their performance, as indicated by the orchitis and reduced libido, abortion and weak kids
observed m the study. The observed abortion 18 a torther confirmation of the report of Ogan e? al,

(1993) of this ¢pisode in goats experimentally-infected with 7° congolense.
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CHAPTER FOUR

4.0. THE CLINICAL,HAEMATOLOGICAL, AND
PATHOLOGICAL MANIFESTATION OF EXPERIMENTAL
TRYPANOSOMOSIS IN THE SAVANNAH BROWN GOATS

DUE TO T. vivax, T. congelense and T. brucei INFECTIONS

4.1. INTRODUCTION

Goats are well distributed over Nigeria, across the diverse vegetational zones, with an average
of 4 per house-hold in the southern and 10 in the northern parts of the country respectively (Wosn
and Nwanta, 1992; Oludima <7, al, 1990),

Most of the goat population i& lncated in the Northern Guinea-Savannah and the sudan-
savannah. In these zones, the major breed of goats encountered is the savannah Brown Goat
(SBG) with its two subspecies of Kano Brown (KB) and Sokoto Red (SR) which are light brown
and deep brown in colour respectively. These goats, like the cattle found in these ecological zones
are believed fo be highly susceptible to trypanosomoesis when exposed 1o highly tseisefly-tnfected
zones of the couniry,

Not intich waoik has been done on wypanosomosis of goats in Nigetia, The works of
Akinbamijo et. al. (1990); Bealby et «l. (1993), involved the use of the West African dwarf
{WAD) breed of goat which i8 believed to be kess susceptible to trypanosomosis.

The SBG is much bigger in size, more prolific, has greater milking potential compared to the
WADG. On the accoust of the last two faetures, the National Animal Production Research
Institute (NAPRI), which is a Federal Nigerian Rescarch station in Zaria is gradually introducing

the SBG into the suspected high tsetse zones of Nigeria through the breeding and selection
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programs for litter size and milk production. Thus as the SBG penetrates the tyetvefly infected
areas of the country there is the high probability of it getting more exposed to trvpanosomosis,

This study was camied out fo obtain more information on trypanosomosis in the SBG due to
experimental intection with T, vivax, 7. congolense and T. brucei with emphasis on clinical,

hacmatological and pathological manifestations.

4.2. MATERIALS AND METHODS

42.1. ANIMALS:

a). Forty (40) Savannah Brown intact male goats aged between 6 - 12 months, were procured
from an arca on the Kaduna/Katsina Statcs border in the Northern Guinca Savannah Zonc which
is believed to be tsetse free. Future rescarch would be done using only females.

b). Pre-infection preparation.

{1y Housing: The goats were housed in fly-and tick-proof pens

(i) Feeding: The goaty were placed on groundnut and beana crop residuetharawa); cotfton
reed cake/cotton seed meal; wheat and corn bran; Andrpogon gavanus hay. Salt-lick
and water were also provided ad libitum.

(i) Treatment: The goats were screcned for haemo and intestinal parasites and later
dewormed with broadspectrum anthelminthic. Also, the goats were prophylactically
treated against coccidiosis using Amprolium. Goats positive tor Anaplasma ovis were
treated with terramycin Long Acling® (Pfizer Products Ltd., lkgja, Nigeria). 1he
goals were also vaccinated against Pestes de Petit Ruminantes (PPR), and Anthrax

using Tissue Culture Rinderpest Vaccine (TCRVY) and Anthrax Spore Vaccine (ASV)
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respectively. Ectoparasite confrol was carrted out by spraying the goats with solution of
Asuntol (Bayer AG., Germany) fortnightly. The goals were routinely dewormed every
6 weeks. All these were done in order to ensure that the animals were fres from bothe
gcto and intestinal parasitcs completely to climinate their possible eftects on haematocrit
values.

{iv) Evaluations: Daily body (rectal) temperature were evaluated in the mornings and

evenings (8.00 am and 5.00 pr respochively).

Bload samiplcs were collected from the jugular wein from cach goat oncc a week, the
packed cell volume (pev), hacmoglobin concentration (Hb), total serum protein (TP) concentration
were determined for each blood sample using the micro-hacmatoerit technique (HCT), Electronic
haemoglobinometer (Coulter FElectronics, Luton, UXK.) and the refraciemetric method
respectively, as described by Cales (1967). Total erythrocyfe (RBC) and total leucocytes (WBC)
counts were estimated nsing a coulter counter (Coulter Electronics Model ZBY: Hialeash Florida,
U. 8.A) whilst the differential leucocyte counts made according to Schalm er. 2. (1975).

The goats were algo weighed once a week. All these ¢valuations were carried out for nine
weeks. ‘The goats were later randomly divided into four groups of cight goats each. Thereatier, the

evaluations were carried out for a further 4 weeks prior to experimental infection, to obtain base-

fine data, including those for serum clectrolytes.



4.2.2. PARASITES:

a) Trypanosome stabilates:

(i) 7. vivax stabilate 146 (bovine isolate from Zangon Aya in Northem part of Kaduna State)

(ii} I" congolense stabilate 136 (bovine isolate from Kachia in Scuthem part of Kaduna State

(iiiy 7. brucei stabilate 155 (bovine isolate from Kaduna municipality and received from the

National Institutc of Trypanosomosis Rescarch (NITR} in Kaduna Statc).

The atabilates were stored in liquid nitrogen. Before being used, they were inoculated into
white mice and when these became positive for trypanosomes, the infection was transferred into

donor goats.

4.2.3. INFECTIONS (INOCULATIONS):

4.2.3.1. Donor Animals: 3 of the goats were uscd as donors,
(1) One goat was mfected with 2 millilitres (mils) of I. vivax stabilate 146 at lewvel of
parasitacmia of 10 - 20 parasite per microscopic field (+-+4) via the jugular vein.
(ii) A second goat was infected with 7. congolense stablate 136 also at level of parasitacmia
of +++
{iii} A third goat received the T. Arucei stabilaic 155 as described above, with parasitaemia of

+++ (20 irypanosomes per ficld)

All the donor goats werc then monitored daily to cstablish thier levels of parasitacmia.



4.2.3.2. Inoculation of Experimental Animals, Monitoring and Sample collection,
4.2.3.2.1. Inoculation:

When the 7" vivax donor goat on attaining parasitacmic level of ++++ (> 20 trypanosomes
per microscope field for two consecutive days, 2 mis of its blood was obtained via the jugular vein
and inoculated also via the jugular vein into each of the eight goats in the 77 vivax group. The same
procedure was repeated for the 7. congolense and 7. bruces groups using their respective Mm
goats,
4.2.3.2.2. Sample Colilection:

From day 2 post infection,(pi), 15 mis of blood was collected via the jugular vein of cach goat
ihree times 4 week ai 2 days inlerval for 2 weeks, Tollowed by twice & week for another 3 weeks
and then once a week for the rest of the experimental period. Seven mls of the collected blood was
placed in vacutainers containing EDTA as anticoagulant, and the romiatning cight mis placed in
bijou bottles without anticoagulant for serum preparation. On other days, blood was obtained from
each goat via ear venapuncture for the determination of level of parasitaemia using HCT, wet flm

(Wet mount) and Thin smear methods.

4.2.3.2.3. Monitoring;
(a). Haecmatology:

Packed Cell Volume.(pcv %), haemoglobin (Hb) concentration (g %), total plasma protein (TP,
g/100m), total erythrocyte couni(rbe, 10°1). Total leucocyte count (WBC, 10°1) and differential

feucocyte count (10°71) were evaluated as cartier described.
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(b). Parasitaemia:

This was determined using three major parasitological methods namely

-Wet film (Wet mount); About 5 microlitres (or a drop) of blood was placed on the centre of a
clean, grease-free microscope slide. ‘this was then covered with a clean coverstip and then
viewed under the light-microscope at x40 magnification.

-Hematocnit Centrifuge Techniques (HCT): A microhaematocrit capiiiary iube containing about
70 mi of blood was centrifuged for 5 minutes (Just as for estimation of pov). The  tube was then
placed on a clean glass slide,then a drop of immeision oil was put oa fop of the tube, afier which
the buffy coat/plasma junction was then cxamined under the light  microscopc  using x 100
magnification {Woo, 1969).

-Thin blood smear methed: A drop (abeut § micrelitres) of blood was placed at one end of a

clean, grease-free microscope slide. With the help of another microscope slide, a thin - smear
was made. The shde was quickly air-dried, then fixed in methanol for 3 minutes, and then stained
with 10% Giemsa and rinsed under the tap and then dried. Oil-immersion was then placed on it
and viewed under the light microscope at x100 magnification.

The level of parasitemia was rated +; ++; +++; ++++; and massive representing 1-5, 6-10, 10-20,
20 and >20 trypanosomes per microscopic field respectively. On other days, blood was obtained
via ear venapuncture from each of the infected goats for the determination of parasitacmic level
using fhe lechniques described above,

(¢). Temperature:

The daity body (rectal) tomperaturc in dogrees comtigrade (°C) of both infocted and contral goats

were determined every momming (and evenings) using a clinical thermometer.



). Clinical-Signs:

Both the infected and control goats abserved for any abnormal behaviour from moming to evening
each day. Their occular and buccal mucous membranes were examined, also were their appetites,

physical appearance, nature of facces, occular/nasal/oral secretions, gait, posture, appearance of
superficial lymph nodes notably the pre-scapula and pre-femoral,  scrotai sac (and aiso reaction
fo palpation of festicles), nature of urine (if possible), cutancous swellings and appearance of hair-
coal.

¢). Body Weighis:

All the oxporimental goats wore weighcd once wockly using the foot weigh-balance, to

determine body weight changes in kilogram (Kg).

f). Pathology:

i). All goats which died in the course of the experimental infection were immediately necropsied.
Some conirol goats were similarly enthanised. Gross pathological examination were performed on
the carcasges and their organs.  Also, impression smears were made from the liver spleen, lungs,
heart, kidney. bone marrow, acqueous-humour, lymph nodes, brain, and also pericardial

peritoneal and cerebrospinal fluids together with blood from aorta and jugular vessels of each
necropsied goat. These were then stained with Giemsa and examined for trypanosomes,

ii). Pericardiat sac content of ¢ach of these goats were aspiraled using syninges mic measuring jars
and volume estimalted,

iif). Samples of lungs from all the goais which exhibitd clinical signs like nasal dischaiges and

coughing wore subjocted to microbiological cxamination.



iv), Similary, samples were taken from heart, liver, kidney, spleen, lymph nodes, lung, bone
marrow, skeletal muscles, brain, eyes, pituitary gland, spinal cord from each necropsied goat and
fixed in 10% formalin solutton and later transferred to buffered formalin after 24 hours. Samples
from {testicles, spermatic cord and vas deferens were fixed in Bouins solution.  These fixed
samples were later processed first by being embedded in paraffin wax, then sectioned mnto 6 mm
thickness and stained first with Haematoxylin and Eosin(H&E) and later Giemsa. The prepared
slides were later examined under the light microscope at x 40 magnification. In lissues showing
haemosiderosis during examinaiion of stained samples, fiesh preserved samples of such were
staincd with Pcarl’s Prussian Bluc Stain (PPBS) and then cxamined to confimn the suspcctcd

hacmosidcrosis,

4.2.4. Method of Statistical Analysis:

Statistical analysis of the varable data were carried out by the use of ANOVA via the
Duncan’s Multiple Range Test for variables. Mcans of the various parameters were compared and
those that had a probability of 0.05 or less of being from the same population were reported as

significantly different.

43. RESULTS

4.3.1. PRE-INFECTION BASELINE DATA:

All the goais were clinically in apparent good health prior to the experimental infection. They

wore negative for blood parasitcs/intcstinal parasitcs and with nonmal roctal temperaturcs.



Haematological parameters notably PCV, Hb, RBC, WBC (total and differential counts) and total

plasma proteins (TP) were all within normal ranges (Table 4A.)

4.3.2. POST-INFECTION RESULTS

4.3.2.1. Phases (stages) of Infection:

In all the infected groups, three phases of infection developed, namely an caute, phase which
lasted for 13 days pi,; a sub-acute phase lasting up to 23 days p.i. and a chronic phase which
persisted up to day 58 n.i. tnthe 7. brucei infected goats and to 74 days p.i. in the 7. vivax and 7.
congolense infected goats (Table 4.h.)

4.3.2.2. Temperature:

Temperature increascs were obscrved on the day of patent parasitacmia and the next 3 to 4
days after, in all the infected groups. Thercafter, temperature increases became intenmittent.
Though 7. vivax-infected goats which died in the course of the infection still showed high
temperature, those of the T congolense and 7. brucei groups died with subnormal temperatures.
On the whole, increases were higheat in the 7. vivax group than in the ather infected groups. Also,
peaks of pyrexia did not alsvays correspond to peak of parasitaemia or fall in PCV in the mfected
groups (Fig.1). A highly significant difference between the temperature of the contrel groups
(p<0.001) was observed, also the temperature increase in 7. vivax group was higher than that in

both the T. congolense and T. brucei group (p<0.01) (Appendix 1. Table 1.)
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4.3.2.3. Parasitaerma:

Seven of the 7. vivax infected goats were patent by day 4 p.i.. All but one of the goats in
T.congolense infected group were patent by day 4 p.i., with the last being patent day 7 p.i.. In the
T. bruces infected group, one goat pateni by day 2 p.i., 6 others by day 4 p.i. and the remaining
goat 8" day p.i. (Table 4B). The study therefore showed an average pre-patent period of 2.3 daya
for T vivax, 4.4 days for 7. congolense and 4.3 days for T° brucer. These differences in patency
could be duc to typanosomc specics variation and host responss 1o infoction duc to difforomt
trypanosome specics.

T. vivax produced parasitacmic waves at an average of 9.3 days interval (day 4, 8,16 .and 32
post incculation), an average of 8.0 days interval (4, 10, 21, 28 days p.i.) for T bruces and 6.7
days (day 8, 14, 18 and 28 p.i.) for T\ congolenye (Table 4.4. , Fig. 4.1}

All the T. brucei infected goats died within 58 days post infection, whereas T. vivax and
T.congolense infected goats died within 74 days post infection (8th and 10th week of infection
respectively). (Tables 4,2.). The infected goats also died with varying levels of parasitaemia (Table
4.2) The differences in the level of parasitaemia between 7. brucei group and those of T% vivax
and T.congolense groups was significant (P<0,05) but not sc between 7. vivax and T congolense

infected groups (p>0.05) (Appendix 1, Table 2},

4.3.2. 4. Packed Cell Volume:

Thc onsct of patency triggered off rapid fall in PCV in all the infected groups. PCV foll faster
in T.vivax and T. brucei groups than in 7. congolense group in the first six days p.i., but there
after the PCV fall was faster in the T congolense group than in 7. vivax and 7. brucei g&'oupr;.
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(Fig.1; Appendix 1, Table 3). The PCV of the infecied groups between day zero of infection and
death of the last member of the group ranged from a mean of 30.11 - 9.0%; 30.6 - 8.0% and 30.3
~ 10.0% for T. vivax, T. congolense and 7. brucei groups respectively. That of the control group
had a mean of 30.00%. Despite the high mean parasitaemia of 7. congolense and T. bruces
animals, these two groups exhibited high levels of PCV, an indication of much eardy recovery. The
mean PCV of al} the infecied groups after the onset of patency were highly significantly less than
their mitial mean values and that of the control group (p<0.001) (Appendix 1, Table 3). Also,
there were significant differences (p<@0.035) between the PCV of the 7. druce: group on one hand,
and the 7, vivax and T. congolense groups on the other hand (Appendix 1, Table 3). Infected
animals which died acutely exhibited a more rapid fall in PCV, compared to those which survived
much longer.

4.3.2.5. Haemoglobm (Hb) level:

The variation in all the infected groups were similar to that of PCV described above.,

4.3.2. 6. Total Red Blood Cell (RBC) Count:

The mean total rbc level of the T. vivar and 7. comgolense infected groups fell much faster
than that of the 7. &ruces infected group within the first 16 days p.i. {(Fig.1;, Appendix 1, Table 5).
Mean PCV values increased moderately between day 18 and 40 p.i. in the 7. congolense group;
between day 18 and 35 in the 7. vivax group; and from day 35 p.i. in the 7. bruce; group. All
these increases were indications of attempts at revovery by the infected groups. The mean total
rbe levels in all the infected groups bore relationship to their corresponding PVC and Hb levels.

The differences between the infected and the control groups were highly significant
(p<0.05) (Appendix 1, Table 5). Anaemia was progressive in all the infected groups, Anaemia was
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initially that of normocytic normochromic but had become microcytic nt;nnoc}uonlic by day 16
p.i. in the 7° vivax and T\ congolense infected groups and day 32 pi. in the 7. brucei infected
group, as indicated by the Mean Cell Volume (MCV), Mean Cell Haemoglobin Concentration
(MCHC) vahues (Fig 2; Appendix 1, Table 6). Also, the 7' vivax and T. congolanse infected goats
which survived up to day 74 p.i. developed microcytic microchromic anaemia between days 67
and 74 pi.). The 7. brucei infected goats which went through the chronic phase of the intection
exhibited anisocvtosis but this was not observed in the chronic cases of the 7. wvivax and 7.

congolense groups.
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4.3.2.7. Total and Differential White Blood Cell (WBC) Counnts:

In the 7. vivax itifected goats, mean total whe level rose gradually from 15.4 x 10°1 on day 12
p.i. to 16.9 x 10°1 by day 26 p.i. (Slight leucocyiosis), then dropped to 15.93 x 10°1 on day 28 p.i
and incroasing again to 17.5 x 10°4 by day 35 p.i. (Modcrate koucocytosis). It came down to 16.3 x
10°4 by day 40 p.i. (Fig 4.3.; Appendix 1, Table 7). During the same period the mean lymphocyte
level was clevated from 12.94 x 10°1 on day 12 p.i. to 13.12 x 10°1 by day 26 p.i (Moderate
tymphocytosis), then dropped to 11.96 x 10%1 by day 28 p.i., and again rising to 12.34 ¥ 10°1 by
day 35 p.i. (Slight lymphoacvtosig).  All these are indications of the level of immune response of the
infected groups and different degrees of recovery.

The mean neutrophil level fell from 3.6 x 10°/1 by day 8 p.i. to 2.18 x 10°11 by day 12 p.i.
(Moderate neutropenia), there after it increased to 3.19 x 10°/ by day 28 p.i. and later up to 4.64 x
10°1 by day 35 p.i. (Fairly high neutrophilia) and stightly down to 3.91 x 1071 by day 40 p.i. On
the other hand, the mean cosinophil level roge sharply from day 12 p.i. and continued in this rend
up o day 40 pi. {117 - 139 respeciively) with a peak mean of 255.5 on day 26 p.i. This is an
indication of progressive eosinophilia.

The mean monocytc levels also rosc fram 150 on day 4 p.i. to 326 by day 40 p.i. with the
cxception of days 12 and 21 p.i. where mecan values were 51 and 68 respectively.  The monocyte
responae 18 that of progressive monecytosis.

The T. comgolense infected group exhibited increase the mean total leucocyte level from
15.02 x 10° on day 12 p.i. to 17.1 x 10°1 by day 28 p.i (moderate leucocytosis), falling there after
to 13.9 x 10°1 by day 40 p.i. (Leucocytopenia) (Fig 3; Appendix 1, Table 7). The mean leucocyte

level rose slightly, from 11.74 x 10°/t on day 8 p.i. to 12.69 x 10°/1 by day 10 p.i., but plammeted
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to 9.54 x 10°/1 by day 18 p.i. (Severe leucopenia). It then rtarted to rige, reaching 11.1 x 10°1 by
day 21 p.i. and continued up to 13 .5 x 10°1 by day 35 p.i. (Moderate leucocytosis). The level
started to fall down again and by day 40 p.i. was at 10.98 x 10°/. The mean neutrophil level fell
from 3.6 x 10°1 on day 2 p.i. to 2.2 x 10°/1 by day 10 p.i (moderate neutropenia). 'The level later
started increasing, reaching 5.01 x 10°/1 by day 2! p.i. (High neutrophilia) and again fell to 2.50 x
10°/1 by day 40 p.i. (Severe neutropenia). There was increase in the mean eosiniphil level between
days 14 and 40 p.i. (117 - 139 eosinophils), an indication of shighi cosinophilia. Similar increases
in mean monocyte Jevels were observed between days 16 and 40 pi (12) - 278), indicating
modcratc monocytosis,

In the 7. brucei infected group, the mean leucocyte level rose from 15.03 on day 10 pi. to
17.24 x 10°2 by day 28 p.i. (Moderate Jeucocytosis) and this persisted 64 day 40 pi. with mcan
value of 17.0 x 10°A (Fig 3; Appendix 1, Table 7). The mean lymphocyte level rose from 11.95 x
10°1 on day 18 p.i. to 13.43 x10°/1 by day 40 p.i. (Moderate tymphocytosis). There was a slight
fall in nevtrophil level from 3.57 - 3.0 x 107/ between days 2 and 6 p.i., followed by a rise up o
5.21 x 10°A by day 21 p.. (newtrophilia). By day 40 p.i., the level had fallen to 3.17 x 10°/6.
Mean eosinophil leve!l increased consistently between day 26 to 40 p.i (172 - 291) . The mean
monaocyte levels (with the exception of high levels on days 14 and 40 pi. (308 and 226
respectively) and a very low level of 34 on day 28 p.i.) were within the mean for the pre-infection
values (Fig 3; Appendix I, Tables 8 - 11).

There were significant differences between the infected and control groups; the 7. vivae amnd
T. brucer groups and the T, brucer and T, congolense groups {p<0.03 in all cases) but not between

the 7. wivax and T. congolense groups (p>0.03) with regard to mean leucocyte levels post



infection. The differences in the mean lymphocyte levels of the infected and control groups; T
vivax and 7. brucei, T. vivax and 7. congolense infected groups were highly sipnificant (p<0.001
in all cases) but not between 7 brucei and T congolense groups (P>0.05). Similar patterns were
obtained for neuirophil values and the mean monocyte level (p<0.001) and (p>0.05). The
differences in the mean eosinophil levels between the infected and control groups were significant
(0p<0.001); that between the T vivax and T brucer; T. brucei and T. congalense groups were also
significant (p<0.001 and p<0.01 respectively) but not between the T vivax and 7. congolense

groups (P>0.05).
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4.3.2.8. Observed Clinical Signs:

With the onset of parasitacmia, clinical signs began to manifest, initially mild but increasing in
scvenity as the infection progressed, intcrmixed with fluctuating featurcs. Initial clinical signs wore
dullness, reduced foed intake, and later lcthargy, anorexia and recumbency in the first week of
patency. The mucous membranes initially were highly congested and later became pale after 2
weeks. Animals later became very weak and died. Bilateral epiphora was very much in evidence,
especially in the 7. vivax-infected goats where lacrimation was very pronounced. Wet mounts of
tear samples of goats No. 5256 and 5255 (7. vivax infected) and goat No. 562 (7. congolensa
infected) were positive for trypanosome parasites. Surprisingly, this phenomena was not nbserved
in any of the T hrucei infected groups.

Animals with severe epiphora exhibited evidence of blindness manifested by their bumping
into other animals, feeding troughs and the walls of the pens. Most goats, especially in the T.
brucei-infected groups had their eye-lids siuck together by sero-mucoid occular discharges. Such
goats developed corneal opacity and conjunctivitis, with resultant drastic reduction in feed intake
leading to emaciation, ‘These ¢ye lesions could be duc to secondary bacterial infection resulting
from timmunosuppression arising from the trypanosomal infection of the goats.

Edema later developed, affecting mostly the face, knee and hock joits, the lower jaws, scrotal
sacs which on palpation elicited sign of pain, These features were severest in the 7. drucei-infected
goaty; moderate in the 7. congolense-infected group and mild in the 7, vivax-infected group.

All the imfecied animals developed disrhoca characlerised by watery but non mucoid nor
blood stained feces. The diarrhoca was severe tn 7. vivax infected goats and moderats in the 7,

vongolense and T. bruces infected goats.



The superficial lymph nodes especially the pre-femoral and pre-scapular nodes were
prominently enlarged in the infected animals notably thase in the 7. brucei and T. congolense-
infected group of goats. Wet mounts from lymph nodes aspirates of some of the infected animals
were positive for trypanosomes. (Goat number 5255 from the 7" vivene-infected grotp produced 10
Ir_v]::tanosnmcs from 20 microscopic fields and dying later in the day with a parasitacmic level of
4+. Also, goat number 5259 and 564 had positive tymph aspirates on days 30, 34 and 21, 23 p.i.
respectively (goat 52355 had positive aspirate on day 74 p.i.). in the T. congolense-infected group,
goats number 362, 551 and 557 had positive lymph node aspirates of an average of 1+ on day 9,
12, 14, 17, 18 and 20, 22 p.. respectively. Goats number 565, S70 and 563 had positive lymph
node aspirates of 1+, 1+ and 2+ on day 20, 38, 39; 21, 22, 45 and 46 p.i. respectively. All the
positive tymph aspirates were obtained on days coinciding with high parasitacmia of 4+ or more in
thc animals mvolved, |

Observed respiratory problems were dyspnca, cough, scrous nasal discharges in all the
infected goats, being most severe in goat number 5239 (T. vivax-infected);, 5§59 and 557 (T.
congaolense-infected) and A; and 570 (T brucei-infected).

Signs of central nervous gystem disorder were observed from day 30 p.i. onwards, being more
pronounced in the T. brucei-infected goats. These signs included limb paralysis especially the hind
limbs; twitching of the eye-lids and ears; trembling, staggering, torticollis.

Prior to death, the goats involved became recumbent and hypersensifive as shown by their
padding movements when excited, a situation which can make one to confuse thier condition with

cowdriosis.



Mean weekly body weights in both the control and infected proups increased, though more
signicantly in the control group, up to the 5th week p.i., and thercafier, a progressive weight loss
follwed though feed consumption was not drastically reduced in the infected groups. The mean
weight loss was more pronounced m 7. vivax-infected group: moderate in the 7. congolense-
intected group and mild in the 7% brucei (Fig. 4.4.; Appendix 1, Tables 12a,b). The mean weekly
body weights and mean weight gains of the infected animals were significantly different from the
control animals (p<i0.03). However, the differences among the miected groups were not significant

(p>0.05).
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TABLE. 4.1. PRE-EXPERIMENTAL. INFECTION BASELINE VALLIES FOR SAVANNAH

BROWN GOATS (BUCKS)
PARAMETER RANGE MEAN SD +
L
Rectal Temp. °C 38.20 - 38.41 38.24 0.22
PCV % 28.54 - 32.00 31.45 136
Haemoglobin grvdl 9.50 - 10.26 10.05 0.65
Total Plasma Protein gm %  7.80 - 8.82 8.10 0.30
Total RBC Count 101 6.99- 7.89 7.65 0.81
WBC “ 104 14.80 - 15.03 14.95 250.05
Lymphocyte  10°11 10.91 - 11.31 11.05 280.00
Neutrophil ~ 10%1 3.23 - 3.76 3.45 275.40
Monocyte 10°1 0.00 - 0.15 0.069 £0.20
Eosinophil  10°1 0.00 - 0.13 0.074 56.87
Basophil 10°1 0.00 - 0.00 0.00 -
Band Cells 10°4 0.00 - 0.00 0.00 ‘ -

L - Mcan values for data collecied for 4 weeks prior (o experimenial infection.



TABLE. 4.2. RESPONSE OF SAVANNAH BROWN GOATS TO TRYPANOSOME
INFECTION.

Experimental  Amimal  Pre-paleni Duration of  Duraiion of Lovel of Phase of

Group Number FPeriod(Days) Patency(Days) Survival Post  Parasitemia  infection
Infection{days) at Time of at tume of
Death death
T. vivax 571 2 5 7 3+ )
567 2 6 g - Acuie
566 2 13 15 -
. S
+ Sub-acute
560 2 3] 33 3+ bl
564 4 37 41 - i .
5259 2 72 74 2+ hmors
(2.23) ' “

T. congnlense  Ag 4 5 9 4+ Acute
558 4 5 9 4+ s
563 4 4 o 44 »
562 4 9 13 4+ s ‘
551 4 15 19 4+ Sub-acuie
557 4 19 23 . . 3+
573 4 31 35 , - “ ”
559 T 67 74 - Ch!"?nic
(4.38) '
Acds
Tbrcer  $33 o 3 is 3 :
. brucer +
565 4 17 21 4+ Sub:?cute
5258 4 25 29 4+ -
570 4 36 40 4+ .
5252 4 41 45 - Chromic
569 4 43 47 4+ :
5251 4 54 58 - "
(4.25)
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TABLE 4.3 PARASITAEMIA IN TRYPANOSOME INFECTED SAVANNAH BROWN
GOATS.

T. vivax T. brucer T um#ok:nnc
DPP HPP NPW DPP HPP NPW DPP HP NPW
(+)

(+) (+)
. 2.6 4 2.0 8 34
8 3.0 10 3.0 14 3.0
16 3.0 21 2.2 18 2.0

32 2.0 4 28 2.0 + 28 4.0 4
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4.3.3, PATHOLOGY
Goats in all the infected groups died either in the acute, or subacute or chronic stage of the
mfection whilst goats from the uninfected control group were euthanised at specific periods{wecks

2,4, 6, 8 and 11 p.i.) for comparison with the dead infected goats.

4.3.3.1. Gross-Pathological Findings:

Some similaritics were observed butween lesioms in acute amkd subacuic phases whercas
pronounced differences occured between them and the chronic cases in virtually all the infected
goats. In acutc and subacutc cascs, carcasscs appcarcd normal to slightly cachctic and anacmic
with no or minimurn serous atrophy of adipose tissue whilst chronic cases were cachetic with
severe serous atrophy of adipose tissue. In the acute and subacute cases there was slight
lymphadenopathy especially of the superficial lymph nodes in the T. vivax and T, congolense
infected goats but moderate in the 7. brucei mfected goat. In the chronic phase,
tymphadenopathy was pronounced in the 7. vivax group and more so in the T, brucei and T.
congolense infected poats.  Suprisingly, none of the lymph node impression @em was positive
for trypanosomes, despite the fact that some of the infected goats had produced tymph node
aspirates which were trypanosome positive,

Petechial to echymotic haemorrages were seen in the intestinal mucosae especially in the
acute cases in I vivax infected goats, and also some T’ congolense infected goats (¥ 558 and
563), aﬁd T. brucei infected goat (# Al) which in addition had blood tinged inpesta in the
abomasusn. Similar haemorragic lesions were observed in the messenteric fat which also had

undergone s¢vere serous atrophy in the chronic cases.
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The liver showed no abnormal lesions in the acute cases in all the infected goats but congested
in the subacute cases and enlarged , firm with petechial fo echymotic hacmorragic in the chronic
cases in the 7. congolense and T. brucei-infected goats but not in the 7. vivax-infected goats. Gall-
bladders were normal to stightly enlarged in the acute and subacute cases in all infected goats and
highly distended with tenacious bile in the chronic cases. However, 7. brucei-intected goat
#5251 showed no gross lesions in the gall bladder even though it died in the chronic-stage,

‘There were ne observable gross kidney lesions i the 7. vivax-infected goats m bath the acute
and subactite cases whereas those of 7. comgolense and T. brucei mfected goats showed petechial
to echymotic haemorrages in the cortex and medulla respectively. However, the chronic cases in
all the infected groups had echymotic and petechial haemorrages of the cortex and medulla regions
respectively .

Spleens were mﬂafgcd and highly congested in the acuic and subacute cases in all the infected
goats with the exception of animal # 5251 from T. brucei-infected group. In the chronic cascs,
the splocns were also cnlarged with promincnt folliclcs and congested pulps which wore promincnt
particularly in the 7. brucei and 7. congolense-infected goats.

Lungs were highly congested and filled with frothy exudates; whilst the bronchial and tracheal
mucosae showed echymotic haemorrhages in the acute, subacute and chronic cases in T.
congolense-infected goats, in the acute and subacute cases in 7, brucei-infected goats with T,
vivax-infected goats exhibiting similar but milder lestons in all the stages. Also, with the exception
of goat # 5259 from the 7" wivax group which was positive for Pasteurella haemolytica, all the

other lung samples submitted for microbiological investigation were negative.
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The volume of fluid aspirated from the pericardial sac in the acute and subacute cases in all
the infected - goats was between 20 - 25 millilitres, compared to 5 - 10 mis in the uninfected
control groups, with the volume rising to as much as 45 mis in the chronic cases especially in the
T. congolense and T. brucei-intected poats. Serous atrophy ot the coropary tat was severe in the
subacute and chronic cases of 7" brucei-infected goats, moderate in the 7. congolense and slight in
the 7. vivax-infected goats respectively. Also, there were petechial to cchyvmotic haemorrhages in
the heart muscles in the acute and subacute cases in all the infected goats most prominently in the
T congolense and T. brucei-infected goats. Hacmorrhagic foct were observed in the ventricles in
T. brucei and T. congolense-infected goats. There were also diffused haemorrhages in the auricles
in the chronic cases of all the infected goats.

The blood capillarics in the brain and pifuitary glands in the acute and subacute cases were
congested in ail the infected goais most especially in the 7. congolense-group. There were
peicchial and cchymolic haemorrages especially in the cerebral corlex and cercbellum in the
chronic cases in the 7. congolense and 7. brucei-infecied goats. The meninges in 7. brucei-
infected goat # 5251 was enlarged and tough.

Scrotal sacs and tcsticles wore promincntly thickcncd and cnlarged duc to cdoma in all the
infected goats in the subacute cascs. Testicular atrophy evidenced by decrease in size of the
testicles of the infected goats compared to those of uninfected control goats was clearly evident in
the 7. vivax and T. congolense-mfected goats m the chromic cases,  There were arcas of
caleification in the testicles of goat # 5251 (7" brucei-infected) and # 559 (7. congolense-infected)

as indicated by the gnitty sound produced when cut through in the chronic cases.
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Conjuctivitis was observed in five goats namely # 5255, 5256 (7. vivax-infected), 551 (7.
congolense-infected), 565 and 5258 (7" brucei-infected) all of which died in the subacute stage of
infection. Comeal opacity developed in the chronic cases in all the infected goats.

The bone marrow (from the long bones notably humerus and femur) in all the infected goats
in the acute and subacute cases appeared congested. especially in the 7" vivax-infected goats. In the
chronic cases. the bone marrows were pale vellow in appearance especially in goat # 559 (7.
congolense-infected) and # 5259 (7. vivax-infected) though there were some focis of haemorrage.

Blood smears from goats necropsied about an hour after death (# 5256, 560 - 7. vivax;
551, 557 - T’ congolense and 570, 5252, 569 - T' brucei-infected respectively) were positive for
trypanosome parasites but at very low parasitaemic level of between 1 to 5 trvpanosomes per 20
microscopic fields. The blood smears were made from heart, aorta, and jugular vessels of infected

goats. All the other impression smears were negative for trypanosome parasites.

4.3.3.2. Histopathological Findings:
The prominent organs/tissues, lesions observed and the trypanosome specics associaied with
arc summarnscd bclow. The obscrved histopathological changes which boic some degice of

similarity in all the infected goats and were mostly observed in the chronic phascs of the infection.

4.3.3.2.1. Lymphoid Organs (Spleen and . ymh nodes)
The charactenistics lesions observed in these organs were lymphoid hyperplasia

(lyymphocyte proliferation) in thr chronic cases of all the infected groups.



43.3.2.2. Kidney.

In the 7. vivax infected goats the most prominent kidney lesions were non-suppurative
focal and diffusc areas of necrosis of the glomeruli, proximal and distal convoluted tubules and
also the collecting tubules (Plate 4.1.3.).

The T. bruces infected goats exhibited slight adhesion of the parictal layer of the glomeruli
to the Bowman’s capsule, slight proliferation of fibrous connective tissue coupled with non-
suppurative focal necrodis of the proximal and distal convoluted tubules, periglomerular and inter
tubular mononuclear cellular infiliration (neufrophils and monocytes}(Plate 4.1.4. ),

In most of the 7. congolense infected goats there were areas of diffuse non-suppurative
necrosis of the proximal and distal convoluied {ubules, prolifcration of fibrous conneciive lissue al
the cortico-medullary junction especialty in animal # 559 and periglomerular and intertubular

mononuclcar cellular infiltration (Platc 4.1.2.).

4.3.3.2.3. Liver.

There were areas of diffuse suppurative necrosis of the hepatocytes and also dilated
sinusoide in the 7 vivax infected ooats (Plate 4.2.2.).

Focal areas of non-suppurative necrosis of the hepatocytes were prominent in the 7. brucei
infected goats (Plate 4.2.3.).

In the 7. congnlense infected goate significant lesions were diffues necrosis of the
hepatocytes, dilated sinusiods, mononuclear cellular infiliration (neutrophils and monocytes) and

fibrous connective tissue proliferation in animal #559 (Plate 4.2.3.).
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433.2.4, Heart.

The T vivax infected goatx exhibited areas of focal necrosis in the myocardium with
mononuclear cellular infiltration into the necrotic areas and the inter-fiber spaces (Plate 4.5.3.).
These werg prominent in goats #5255,

In the 7. brucei infected goats there were areas of focalised necrosis in the myocardiutn,
mononuclear cells infiltration of the inter-fiber spaces. 'LThere were also congested blood vessels in
goat #5251 (Plate 4.5.2. ).

The major micrescopic lesion observed in the 7. congolense infected goats were necrosis
of myocardial fibers, mononuclear cellufar infiltration into the necrotised arcas and also the inter-

fiber spaces (Plate 4.5.3.).

4.3.3.2.5. Lung

No significant lesion were observed in the lungs of T. vivax infected goats.

The major lesion in the T brucei infected goats were ocdema in the alveoli prominently in
goat #5252, mononuclear cellular infiltration into the alveol and inter-atveoli spaces especially in
goat #5251 (Plate 4.3.3.).

In the I\ comgolense infected goats there were mononuclear cellular infiltration into the

atveoli and inter-alveolar septae (Plate 4.3.2.).

4.33.2.6. Testicles.
There was disorganisation and distortion of the basal lamina of the seminiferous tubules in

the 7. vivax infected goats (Plate 4.4.1. and 4.4.4.),
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In the T. brucei infected goat there areas of non-suppurative necrosis in the seminiferous
tubules coupled with proliferation of fibrous connective fissue into the necrotised area (Plate
4.4.2.).

The T. congolense infected goats exhibited non-suppurative necrosis of the seminiferous
tubules as well as proliferation of fibrous connective tissue into the necrostised areas fo replace the

seminifcrous tubules (Plate 4.4.3. and 4.4.5.).

4.3.3.2.7. Other organs,

In all the infecied goats there were no significant findings in the brain piluilary bodies, bone

marrow, skeletal muscles, eyes and iniestines.
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Platc 4.1.1. A scction of the kidncy with no significant findings (Control S.B. bucks). H & E.
X400

- -

Platc 4.1.2. A scction of the kidncy. Notc non-suppurative nccrosis of the glomclurus and the
renal tubules.  Also note adhesion of the glomerulus to the Bowman's capsule (7.
congolense-infceted S.B. bucks). H & E. x 400.



Plaie 4.1.3. A seciion of the Kidney. Noie necrosis of ihe glomerulus and the renal ubules. Also
note the adhesion of the Bowman’s capsule by the right side. (7" vivax infected S.B.
bucks). Il & L. x400.

Plate 4.1.4. A section of the kidnev. Note necrosis of the renal tubules with some intertubular
mononuclear cellular infilieration. Also note the adhesion of the Dowman’s capsule
by the right side. (7" vivax -infected S B. bucks). H & E. x400.
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'Y
Plate 4.2.1. A section of the liver with no significant findings (Control S.B. bucks). H & E. x400,

Platc 4.2.2. A Scction of the liver. Note diffuse nccrosis of the liver at the portal arca (7. viviax
infected S.B. bucks) H & E. x 400
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Platc 4.2.3. A Scction of the liver. Note necrosis of the lobe cspecially at the middle portion as
well as mononuclear cellular infiltration. (7. congolense as well as 7. brucei- infected
S.B. bucks). H & E. x 400.



Plate 4.3.1. A scction of the lungs with no significant findings (Control S.B. bucks). H & E x400.

Platc 4.3.2. A scction of the lung. Note mononuclear cellular infiltration in the interalveolar
spaces and some alveoli (interstitial pneumonia) and congested blood vessels at the top
right comer (7. congolense-infected S, B. bucks) H & E x400.
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Plate 4.3.3. A section of the lung. Note mononuclear cellular infiltration in the interalveolar
spaces (interstitial pneumonia). (7. brucer- infected S.B. bucks) H & E x400.
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Plate 4.4.1. A section of the testis. Nole disorganised seminiferous tubules (7. vrvax- mfected
S.B. bucks) H & E x400,

Plate 4.4.2. A section of the testis. Note the non-suppurative necrosis of the seminiferous tubules
(7. brucei-infected S.B. buck) H & E x400.
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Plate 4.4.3. A section of the testis. Necrosts of the semintferous tubules, Note fibrosis at the
infertubular spaces (1. congolense-infected S.B. bucks) H & E x400.

Plate 4.4.4. A section of the testis. Note severe necrosis of the semimiferous tubules and marked
ntertubular fibrosis (7. vivax-infected S.B. bucks) H & E x400.

116



Platc 4.4.5. A scction of testis. Notc necrosis of the seminiferous tubules (7. congolense-infected
S.B. bucks) H. & E. x400.

Platc 4.5.1. A scction of the heart(myocardium) with no significant findings (Control S.B. bucks)
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Platc 4.5.2. A scction of the heart (myocardium). Notc necrosis of the myocyics and mononuclcar
cellular infiltration (myocarditis) (7" brucei-infected SB bucks). H & E x 400

Plate 4.5.3. A section of the heart (myocardium). Note mild necrosis of the myocyies and few
mononuclcar cellular infiltration (mild myocarditis) (7. vivax as well as 7. congolense-
infected SB bucks). H & E. x 400
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44. DISCUSSION

Incicase in body temperature (pyrexia) indicates metabolic disorder due to activies of
infectious agents which in this casc wore trypanosomcs. Pyrexia in this study (which was duc to
circulating trypanosomes and their by-products) mostly coincided with high levels of parasitacmia
in all the infected groups, in agreement to similar observations made by Ancsa and Isoun (1974,
1980). In other situations pyrexia was not concurrent to high parasitaemia as also reported hy
Anosa and Isoun (1974), T vivax elicited the highest peaks of pyrexia among the three species of
parasites and this may indicate the level of virulence of 7. vivax in the Savannah Brown goat.

The mean prepatent period (pp) of 2.25 days in the T vrvaxr-infected poats agrees with similar
findings made in T vivax-infected Uda rams (Maikaje 1. af, 1991), 7. vivax-infected yankassa
gheep (Saror, 1980, 7. vivax-infected cabves (Esicvo er. al, 1982); but at variance with 10.0 days
reported by Edwarde et. al. (1956a) in 7° vivar-infected goate and 16 days in T vivax-infected
sheep and goats (Stephen, 1970) and 5 days in 7. vivax-infected calves (Maxie of. 4l 1979).

Maxie ef al. (1979) observed a pp of 5 days for T. congolense-infected calves, which agrees
with the observed vahie of 4.38 days in this study, which however contrast the value of 17 days
reported by Fdward et al. (1956a) in T. congnlense-infected goats, and 7.8 days in WAG sheep
as reported by Kalu (1983). According to Maclennan (1970), the pp depends on the nature and
species of the trypanosome, dose of the infective organism, route of infection, and the plane of
nutntion provided for the host. In this study, the only variation was in the species of the
trypanosome. Thus this study confirms the observations of most investigators that 7. vivax has the

shortest pp compared to T.congolense. Though mformation on PP of 7. brucer 18 scarce, the
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result of the study indicates that it is longer than that of 7% vivex but comparable to that of 7.
congolense.

Edward ez ol (1956a) and Ikede (1981) reported higher parasitaemic peaks for 7° vivax than
T.congolense, with minimum peak for T. brucei in the earty phase of infection, but in this present
study, similar levels of parasitaemic peaks were produced by bath T vivax and T. congolense
during the early phase of infection. Also, T.brucei produced pronounced peaks, indicating that the
SBG succumbed fairly equally to all the three specier of trypanosomes wsed in this study. The
shorter interval between parasitaemic waves exhibited by all the species in the early phase of the
infection is an indication of much faster multiplication during this period.

Although the infection became patent carlier in the 7. vivax group, followed by both the T.
congolense and T. brucei groups, T. brucei produced a shorter course of the disease (58 days).
This is an indication that T. brucer could be economically important to goats in the same way that
T. vivax and T, congolense were previously regarded. The observed cowrse of 10.5 weeks for the
T. vivax-intected goats in this study is shorter than the 12 weeks reported tor 7. vivax-infected Uda
rams by Maikaje ef. @/ (1991}, turther showing that SBG succumbs to 7. vivax much more easily
than Uda sheep, both of which are found predominantly in the Northern Guinea Savanna
vegetational zone. The rapid death within 10.5 week of all the infected goats in this study is a
pointer fo the fact that al) the three species of frypanosomes are of egual economic smportance in
the SBG, an observation which is al vanance with the reporls of Grillin (1978), Lecflang (1978)
and Anosa (1983) all of whom staied that T, wvivax is the most pathogenic trypancgome in West

Afiica, followed by T. congolense; with T. brucei a8 the least, if any at all,
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The observed acute, sub-acute and chronic phases within a period of 74 days agrees with
similar observations by Edward er. al. (1956a); Anosa and Isoun (1974); Griffin and Allonby
(1979d); Saror (1980) and Maikaje ez al. (1991). The fact that all 7. hrucei-infected goats died
within 56 days, compared to 74 days in the 7. vivar and T. congolense-infected goats further
shows the susceptibility of the SBG to 7' hrucei, a fact usually overlooked or discounted by other
investigators. This is also an indication that SBG is highly susceptible to trypanosomosis duc to
these three pathogenic specie and therefore needs to be protected from the disease like the zebu
cattle found in the same geographical or vegetational zone as the SBG in Nigena.

The faster fall n the pev of 7. vivax and 7. brucei-infected goats may be duc to the
appearance of these two parasites in the penipheral circulation earhier than 7. congolense. The
anaemia in animal trypanosomosis has long been shown to depend on the magnitude and duration
of parasitacmia as indicated during the first 8 days pi in this work. Further support to this is shown
by the marked drop in pcv between days 8 and 18 pi following the first and higher peak of 7.
congolense. Bul despite the highest fall in pev of the 7. congolense-infected animals i the initial
slage, the pev recovery seems 10 be highest in this group than the other infecied groups, The only
plausible explanation for this could be that the trypanosomes appearing in the peripheral circulation
after successive parasitacmic waves may not be as virulent as the initial infccting trypanosomcs
since it is cxpected that new variants of trypanosomes follow successive, parasitacmic waves which
is a characteristic of the phenomenem of antigenic variation. The vanation in the mean pcv and
RBC values was similar in all the infected groups. However, the varation in the RBC level in the
T brucei infected group was low compared to the other two infected groups and this could be due

to low sialidase activity in 7" brucei and hence slower rate of RBC removal in the 7% brucei



infected group. This tends to agree with the observations of Muller ez al. (1983b) that the amount
of sialic-acids released from the RBC surface decided the binding and phagocytosis of sialidase
treated erythrocytes. However, this is not strongly supported by the sharp fall m pev. Pyrexia as
observed in this study may be due to the circulating trypanosomes and their by-products and this
could play a significant role in the process of haemolysis and consequently the pev level.

The severe anaemia exhibited in the acute phase of the infection in all the infected groups
agrees with obscrvations of Anosa and Isoun (1974; 1980} and Maikaje et. al, (1991) m 7. vivax-
infected small ruminants. The anaemia in this study was classified based on mean corpuscular
hacmoglobin (MCH) and mean corpuscular volume (MCV) values. All the infecied groups
developed normocytic-normochromic anaeria in the first 14 days p.d. This later became
microcytic-normochromic by day 18 pi in the 7. vivax and T. congolense-infected groups and by
32 piin the 7. brucei group. Thosc surviving up to and beyond 67 day pi developed microcytic
microchromic anaemia. These obscrvations do not agree with the observations of Maxie er al.
(1974) and Ancsa and Isoun (1980) who reported macrocytic-normochromic and normocytic-
normochromic anaemia in the acute and chronic phases respectively in 7. vivax-infected goats and
sheep. However the type of anacmia observed in the acute phase agrees with the findings of Saror
(1979) who also reported an inifial normocytic-normochromic anaemia in 7. vivax-infected cattle
but which later developed macrecytic-normochromic anasmia. Alse the observed form of anaemia
in the 7. congolense and T. brucei-infected goats is not in agreement with the macrocytic-
normochromic anaemia observed i T\ congolense and T. brucei-infected cattle (Roberts and
Gray, 1973) and Scottish Rlackhead sheep (Katunguka-Rwakishaya et al, 1992) and early

macrocytic-normoechromic which later became normocytic-normochromic in 7. congolense-
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infected cattle (Fiennes, 1950; 1954; Naylor, 1971). The reported macrocytic-normochromic
anaemia in T.congolense-infected WAD and Red Sokotn goats alko do not agree with the
observed findings in this study. This is an indication that recovery was slower in the present study
compared to the previous ones.

The observed amusocytosis in the 7. brucei-infected goats and the basophilic stipplings
(indicating degenerative ervthrocyte changes) in the 7. vivax and T congolense intected goats in
the chronic stage of the infection are not common occurrences in trypanosomosis. All these point
to severe anaemia as indicated by the very low pcv of 9 - 10% in such animals,

The leucocytosis in the 7. congolense-mfected goats observed in this study agrees with similar
findings in 7. congolense-infected WAL goats (Adah ez al., 1993} and Scottish-Blackhead sheep
{(Katunguka-Rwakishaya et al, 1992); but, whereas it was due to neutrophilia and later
tymphocytosis in the present study, those of Adah et. al. (1993) and Kaunguka-Rwakishaya et. al.
(1992) arose from lymphocytosis only. The observed lymphocytosis is however in agreement with
the nature of lencocytosis observed in the T. vivax-infected goats in the present study, but contrary
to that of the 7. brucei-infected goats which was as a result of both lymphocytosis and
neulrophilia. The observed leucocytosts in this study i all the infected animals does not agree with
the reported teucopenia due to tymphopenia and neutropemia in 7. vive-infected poats and shesp
(Anosa, 1977, Anosa and Ivoun, 1984), 7. cungolense-infected animals (Naylor, 1971,
Vohradsky, 1971; Wellde el al,, 1974; Maxie ¢f. «l., 1974), atd in 7. vivax-infected cattle (Esievo
and Saror, 1983). The variation could be possibly to strain differences. The neutrophilia could be
attcnpts by the infected animals to climinatc the trypanosomes from circulation and also as an

attempt at recovery as indicated by the lymphocytosis. The observed ncutropenia in the 7" vivax-
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infected poate agrees with similar findings in I vivax-infected goats and sheep, coupled with
tymphopenia (Anosa and Isoun, 1984) and the neutropenia, according to the authors, was possibly
due to bone marrow depression though microscopic examination did not reveal any significant
bone marrow lesions. Valli et ol (1979) and Saror et ol (1979) suggested that neutropenia
enhances acute death in bovine (rypanosomosis, and this could also explain the high death rate of 5
goaty within the first three weeks p.i. in the 7. vivax group, the very period when neutropenia was
very pronounced. (But this could not be said of the 7. congolense group which also had similar
high death rate during the same penod but without pronounced neutropenia).

The observed feucocytosts m the . brucer-infected goats i i contrast to leucocytopenia
reported for T. brucei-infected mice by Fiennes ef. al. (1946). The cosinophilia and monocytosis
observed in all the mfected animals in thos work does not agree with the reported cosimpaema and
normal monocyte level seen in 7. congolense-infected cattle by Nayler (1971b). This may be due
to difference in species response fo these types of whbe. |

This siudy also reveaied ihai red cell desiruciion by irypanosomes did nol correspond Lo
white-cell destruction. The variation in bilirubin level which increased soon after the fall in rbc
and pov, Hb lovels supports the hacmolytic natwre of the anacmia in trypanosomosis. Infact,
Esievo et al. (1984) had reported depleted serum hacmoglobin binding protein-haptoglobin during
acute bovine trypanosomosis at the time of high parasitaeria, an indication of carly intravascular
haemolysis.

The obrerved trypanosome remnants in neutrophile of some of the infected goate in the
chronic syndrome has not been reported anywhere before, The reported erythrophagocytosis in

the chromic phase; especially in animals surviving beyond day 65 p.i. in the T. vivax and T.

124



congolense groups supports similar findings by Boycott and Prince-Jones (1913), Jennings ef. ol
(1974), Murray ef. ol (1974) and Anosa and Kaneko (1983a) in 7° brucei mfected rabbite and
mice/rats; in 7 congolense-infected sheep (Mackenzie and Cruikehank, 1973); cattle (Naylor,
1971; Losog et. o, 1973; Valli and Forsberg 1979) and in 7. vivan-infected goats (Saror, 1980).
This phenomenom, according to Jemnings ef al. (1974) 18 due to several factors mcluding
attachment of trypanosome antigens (a.g.) to red cells surfaces and combination with plasma anfi-
trypanosome a.b. and consequent scquesiration and phagocylosis. Kimeto {1989) had also
reported eryvthrophagocytosis in the spleen, lymph-nodes. bone-marrow, myocardium and
peripheral leucocytes in expertmental T'vivax infection m catfle, The author reported that
erythrophagocytosis was mostly seen in the spleen. Affected spleen was enlarged and iron was not
release erythropoiesis which led 1o low pev and hence the anaemia in the infected animais. Similar
observations were reported in humans suffering from “sleeping sickness” (Human
Trypanosomosis) as reporied by Eisen (1974).

The observed fall in the value of 1otal plasma (T.F.) concentraiion in all the infected animals
in this study is not in agreement with the reported normal values seen in 7. vivax, 7. brucei and T.
congolense-intected goats and sheep by Edwards ef. al. (1956). Anosa and Isoun explained that
dectease in albumin and gammaglobulin (and consequently T.P.) were suggestive of increased
protein breakdown, protein or urea loss, haemodilution and serum extravasation., the latter of
which could be the cause of the observed facial, lower lmbs and scrotal edema in the infected
goats. This obscrvation is in agrecmont with similar reports by Losos and Tkede (1972) and Ikode
and Losos (1975) in T vivax-infected WAD sheep; Maikaje et. af. (1991) in T, vivax-infected Uda

ramg. It 18 also a general belief that hypoproteinaemia (coupled with hypoalbuminaemia) is a



pointer to liver damage which usually also evidenced possibly by rige in SGOT level (as indicated
in Chapter 3 of this work).
All the 3 species of trypanosomes used in this study tended to show similar levels of

pathogenecity. The survival period was 7 - 74, 9 - 74 and 12 - 58 days for I. vivax, T. congolense
and 7. brucei-infected goats respsctively, whereas Adah of. ol (1993) and Josuah et al (1994)
reported & duration of 11 days in 7. congolense-infected red sokoto goats, Maikaje of al, (1991)
reported a duration of 18 - 85 days in 7" wvivax-infected Uda rams. The longer duration in this
study compared to the very short pericd of 11 days in the cases of Adah et ol (1993) and Joshua
et. al. (1994) could be due to the high plane of nutrition which was higher in this study {(as the
present work and those of the authors involved the same apecies and breed of animals) though the
plane of nutrition in the other works was not indicated. This is also supported by the findings of
Katunguka-Rwakishaya ef of (1995) that adequate energy and protein nutrition promotes the
ability of infected animals to withstand adverse effects of infection by moderating the severity of
the pathophysiological changes of the disease. The fact that all the 7" hrucei-infected goats died
much earlier than the T. vivax and 7. cnngonlense-infected goats tend to diragree with the belief of
several workers including Unswaorth (1953) and Fiarharm (1962) that 7. vivax ik the most
pathogenic trvpanosome in West Africa, followed by 7. congolense, whilst 7. brucei ir comsiderved
less pathogenic. The disparity could be due to the fact that most of the carlier works invohed
species and breeds of domestic animals in the tsetsefly infested areas, with some degree of
trypanotolerance; whercas the breed of goats used in the present work thrives in the tseise free
zone and hence could easily succumb, to infections with fulminating clinical signs. The findings in

the present study is an indication that all three species of trypanosome are of great economic
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The presence of T vivax and 7. congolense in the lymph node smears of some of the infected
goats confiom the findings of Lucking and Gray (1979) and Mwangi et al (1993) about the
presence of these parasites in the lymph of 7. congolense-infected sheep and catile, and in both
the afferent and efferent lymph of 7" vivax and T. congolense infected cattle. However, the finding
in this study contradicts the observation of Tizard et. ol (19 ) that no trypanosome parasite was
observed in the lymph of T" congolense-infected sheep. Though there is no report on the presence
of T. brucei in the lymph of domestic animals, the observation made in this study further confirms
the tissue invasiveness of T brucei. Hagan and Wilmshurst (1978) had earlier repoted that
trypanosomes can be detected in wet preparations of tymph obtained from superficial lymph nodes
smears and also in Giemsa stained lvmph node smears, an observation contradicting the commonly
held view that 7. vivax and T.congolense are strictly confined to the vascular system.

The obsetved broncho-pnenmonia (as both clinical signs and postmortem lesions) in some of
the infected goats agrees with similar findings made by Krammer (1966) in natural mfections of 7.
brucei, T. congolense and T. vivax in WAD sheep and goats in Eastern part of Nigenia. This could
be due to the resultant stress from the infection leading to lowered body immunity apainst other
infectious agents like those along the respiratory tract.

The observation in this study, of iimb paralysis, lethargy, trembiing, staggering and paddling
movermments in all allected groups (all in the chromic stages of the infection) shows thai
trypanosomosis causes CNS derangement. Cowdriosis can produce similar manifestations but they
were negative for cowdriosis. Mamman et «l {(1994) obscrved that relapses in wreated 7,
congolense-infected goats was not due to CNS involvement because the cerebrospinal fluid (CSF)

was negative for parasites or its antigen, an observation contrary to the findings of Ferdinand er, o,
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(1974) that trypanosomes muitiply in CSF, thus indicating that the parasites could elicit CNS
derangements, a situation usually observed in trvpanosomosis of humans with features like
lethargy, anorexia, inability to stand and walk unaided, trembling and ataxia (Triolo et al., 1992;
Villanmueva, 1993). Some of these signs were observed in the infected goats in this study, thus
indicating CNS derangement.

Fall in weekly body weights and body weight gains are indications of the wasting nature of
trypanosomosis. The observed muscle wastage in this study in the infecied animals was more
pronounced in those which survived longer, (his 18 in agreement with the observalions of minimum
loss in weight in T, viveoc-infected Uda ram which died in the acule stage of the infection (Maikaje
el. af., 1991) and similar findings in acute animal frypanosomosis (Griffin and Allonby, 1979¢,d).
The pronounced wastage in the 7. vivax-infected goats in compatison to the other infected groups
appeared to suggested that 7% vivax produced a more chronic and wasting discase in the SBG.

The fall in the body weight of the un-infected conivol goats is an indication thai goats do not
do well in confincmeat despite praper fecding undcer such condition as obscived in this study.

The study also reveals the very high susceptibility of SBG to trypanosomosis. It is thercfore
pertinent that for this breed to thrive in the tsetse and trypanosomosis endemic Zones, there i need
for effective tsetse control and prophylactic therapeutic cover.

Also, the general belief that 7. bruces is not very pathogenic to small ruminants especially
goats, compared to . vivax and T. congolense should be reconsidered in line with the findings of

this study.
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Pathologicalty the severity of the anaemia in trypanosomosis in Savannah Brown goats due to
T. brucei. T. congolense and 7. vivax was clearly evident in thig study as shown by the paleness of
the carcasses of affected goats especially those in the subacute and chronic stages of the infection.

The observed fymphadenopathy, splenomegally and tymphoid hyperplasia (tymphocytes
proliteration) m this study agree with the findmgs of Moulton and Sollod (1979) in 7" brucer-
infected calves and Tkede and [.osos {1979) in catile irypanosomosis, though reporis on I, vivax
and 7. congolense-intected livestock regarding lymphoid hyperplasia are rare.

‘I'he liver necrosis in the chronic stage in all the infected goats agrees with similar findings by
Van Den Ingh et ol (1976) in F. vivax-mfection of cattle. The observed mononuclear ceil
infiltration in the liver of all infected goats was similarly reported by Moulton and Sollod (1979) in
T. brucer infected cafves. There is no previous repori of concerning fibrous connective tissue
protiferation in the liver due i0 trypanosomosis. The observed gall-bladder distension in this work
agrees with similar findings by Edward ef. ai. (1956) in T. vivax., T. congolense and T. brucei
infecied shecp and goais but not in 7. brucei-infecied calves (Moulion and Sollod, 1979).

Though 7. brucei and T. congolense-mfected goats produced haemorrhagic iesions in the
kidney, the kidney nephrosis reporied by Fienncs (1954) in 7° congoiense and Naylor (1971) in 7.
vivax-infected cattle were not obscrved in this stody.

The cardiac mononuclear cell mmfiliration, myocardiis iamd necrosis of cardiac muscles
observed in this work agree with the reports of Tkede and Losos (1975) in 7. brucer-infected sheep
and Van Den Inghi et, «l. (1976) in T. vivax-itifected cattle, The cardiac muscle necrosis observed
in this study could cxplain the cause of the increased volume of pericardial sac fluid in all the

affccted goats cspecially in the chronic cascs.
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The pulmonary haemorrhage in all the infected goats, atveoli edema in the 70 brucei infected
goats and the mononuclear cell infiltration into the alveoli and interafveolar spaces in the T brucei
and T congolense infected goats confirms the tissne invasiveness of T brucei though there is no
gimilar picture reported for T. congolense yet. The absence of bacterial isolate from lung samples
of infected goats which exhibited respiratory distress signs like coughing may indicate a possible
relationship between tryvpanosomosis and the observed pneumonia and lung necrosis in some of
the infected animals.

‘the absence of any significant histopathological lesions in the brain and pituitary bodics
{though were observed to be grossly congested) is an indication that 7. vivax and T congolense
rarely find their way into such areas of the body of afiected animals to cause damages. However
T. bruces has been reportedly observed in brain tissue.

The testicular atrophy in the T. brucei and T. vivax infected goats agree with similar findings
by Isoun and Anosa (1974), Anosa and Isoun (1980) in T. vivax-infected bucks and tkede (1979)
in 7. brucer infected rams. Similady the observed necrosis of the seminiferous tubules and fibrous
conneciive tissue proliferation in the 7. congolense and T, brucei infected goats agrec with the
reports of Isoun and Anosa (1974) in 7. vivax infected rams and bucks, Ikede (1979)in T. brucei
infected WAD rams and Sckoni (1987) in 7. vivax and 7. congolense infected bulls and Anosa
and Kancko (1983) in 7. drucei-infected deer mice,

The comeal opacity observed in all the infected groups has been reported in caitle
irypanvsomosis by Tkede and Losos (1975).

Despite the obscived congestion of the bong marrow in the acute and subacuic cases and the

hacmorrhagic foci with pale ycllow background in the infected group, similar roporis wore not
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found in the literature. The haemorrhagic foci could have been areas of active erythropoiesis
armidst depleted cellular active areas as represented by the pale vellowish areas.

Aortic and jugular vein impression smears were all positive for trypanosomes though at very
low level of parasitacmia but similar smears from other body fluids and organs were however
negative although Ikede and Losos (1975) had cobserved trypanosomes in fluids from pertonecal
cavity, pericardiai sac, aqueous humour of eyes and aiso C.S.F.

The vbserved clinical, hacmatological and pathological findings in this study are indicative of
the fact that the Savannah Brown bieed of goat is highly susceptible to these three pathogenic

specics of African trypanosomcs though with slight vanations in the Icsions produccd by them.

45. SUMMARY

Four groups of cight SBG cach were used. 3 of the groups were infected via the jugular vein
with stabilate 146 of 7. vivax, stabilate 136 of 7. congolense and stabilate 155 of 7. brucei
respectively, all of which were isclates from field cases of bovine trypanosemosis. The other group
was used as un-infected control. The observed mean prepatent periods were 2.25 days, 4.25 days
and 4.38 days for 7. vivax, T. brucei and T. congolense respectively. Chnical trypanosomosis
which developed m all the infected groups within seven days p.i. was characierised by fluciuaiing
pyrexia and parasitacmia cspecially in the I\ vivax group. Although pyrexia did not always
coincide with peak of parasitacmia. T. brucei exhibited proncunced peaks, a very rare occurence
and an indication of high susceptibility to it by SBG. Anaemia (pcv level) was as low as 8.0%,

9.0% and 10.2% in I" congolense, T. vivax and I brucei groups respectively.
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There was a more rapid fall in RBC level in T vivax and T. congolense than in T. brucei-
infected groups with that of the latter being at constant level up to day 42 p.i. Anaemia initially
was nrormocytic rormochromic in all infected groups, becoming later microcylic normochromic by
day 18 p.iin the T. vivax and T. congolense groups, and by day 32 p.i in the T. brucei group.
Goats in the T. vivax and T. congolense groups which survived beyond 60 days p.i. produced
microcytic microchromic anaemia.

All the three infected groups exhibited anisocytosis and basophilic stipplings in the chronic
syndrome of (he disvase. Leuvocyiosis was ihe leucosyle respunse in alt the infocted groups and
was duc to an initial ymphocytosis and later neutrophilia in the 7. vivax group, concurrent
lymphocytosis and neutrophilia in the 7. congolense and T. brucei groups with the later developing
neutropenia. There were monocytosis and eosinophilia in all the infected groups from day 15 p.i.
onwards.

Remmnanis of trypanosomes were found in nevtrophils in some of the infected T vivax and
T .congolense animals that survived beyond day 60 p.t.

Moderate hypoproteinemia ocoured in all the infected groups.

Pronounced bilateral epiphora occured especially in the T. vivaxr and T. congolense infected
goats with some showing presence of trypanosomes in the occular discharges. Conjunctivitis and
keratitis developed in most of the infected animals.

Edema of the lower jaws, face, knee and hock joints and limbs and scrotal sacs was more
pronounced in the 7. brucei groups. There was lymphadenitis especially of the pre-scapular and
pre-femoral nodes with aspirates from some of them being positive for trypanosomes especially

during high level of parasitacmia.
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Respiartory problems characterised by nasal discharges and coughing were exhibited by all
infected goats.  Central nervous system degencration manifested by staggering; uncoordinated
movements; paddling when recumbent, body tremoms, uncoordinated chewing movements and
twitching of eye-lids, limb paralysis were observed in all the infected goats, most prominent in the
T. brucer-infected goats.

With regard to the observed diarthoca, the fact that # was not associated with
helminthiasis nor coccidiosis (protozoa) iends credence to ficld obscrvations by the investigator
with regard [0 dimrhoea i diagnosed cases of trypanosomosis i calile.

Mean weekly body weights and weiglit gains started falling progressively from day 35 p.i.
onwards. Therc was abscrved mcan weights oss in the control group also.

The SBG was shown to be highly susceptible to alf the three major trypanosome specics
of ruminants,

With regard to differences between infections of the different species of trypanososmes,
the following were observed. Pre-patent period was shortest in the 7 vivax-infected group with
the two other groups showing similar periods. Fall in red cell level was least in the 7. bruces
group. 7. vivax and T. congolense-infected goats developed microcytic microchromic anaermia
in the chronic syndrome. The T brucei group exhibited neutropenia after an initial
neutrophilia.  Trypanosome remnants were observed in neutrophils of 72 wivay and T
congolense-infected goats. The observed CNS degsenerative changes were most pronounced in
the T brucei-infected goats. The fall in mean weekly body weight and weight gain was most

severe in the T vivax-infected group.
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Pathological changes resulting from experimental infection of the Savannah-Brown goats
with T.brucei, T. congolense and T. vivax were investigated. Gross and microscopic lesions were
observed among nearly all the major organs in all the infected goats.

Carcasses were anaemic especially in the chronic cases, adipose tissue degeneration were
prominent,

There were enlarged lymph nodes and spleen coupled with lymphoid hyperplasia.

Subacute and chronic cases produced hepaiomegaly and congestion of liver with focal and
diiTuse arcas of necrosis characlenised by conneclive lissue proliferaion especially in the chronic
cases of the 77 congolense-infected goats, and areas of petechial to echymotic hacinorthages in the
7. brucei and T. congolense-infected goats.

Gross kidney lesions of petechial and echymotic haemoirhages in the cortex and medulla
regions were observed in the 7. brucel and I congolense-infected goats but focal and diffuse non
suppurativc nccrosis in the proximal and distal convolutcd tubulcs in all the infocted goats. Also
fibrous connective tissuc proliferation was observed in the T% brucer and 7. congolense-infected

goats.

Though lungs were highly congested with haemorrhages on the tracheal and bronchial
mucosal surfaces in the infected goats, mononuclear celtular infiltration into the alveoli occured
only in the T brices and T. congolense-infected goats. Pastenrella haemolytica was isolated only
in one goat among all those coughing in the course of the study.

The major lesions that were observed in the testicles were atrophy: degeneraton of
seminiferous tubules characterised by distortion. necrosis and fibrous connective  tissue

proliferation,
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Pericardial sacs contamed significantly higher volumes of fluid compared fo those of the
vninfected control animals though none of the aspirated fluids was positive for trvpansomes. Focal
necrogis, mononuclear cellular infiltrations were observed in the myocardia in all the infected goats
in the chronic phase. coupled with coronary fat atrophy, and petechial to echymotic hacmorrages
which were prominent in the T. brucei and T. congolense-infected goats especially in the subacute
and chronic cases.

Brain and pituitary gland capitlaries were congesied grossiy but there were no significant
microscopic lesions.

Impression smeais from the aoita aind jugular vein were positive for trypanosomes in all the
infcctcd groups, howover, smears from the other organs were nogative.

The three pathogenic African trypanosomes produced lesions in the Savannah Brown goat

indicating the susceptibility of these breed to these trypanosomes.
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CHAPTER FIVE

OBSERVATIONS ON SOME SERUM BIOCHEMICAL
CHANGES IN SAVANNAH BROWN GOATS (SBG)
EXPERIMENTALY INFECTED WITH Trypanosoma vivax,
Trypanosoma congolense and Trypanosoma brucei

5.1. INTRODUCTION

Not much data is available on serum biochemical changes duc to animals
trypancsomosis in ruminants. Of the available information, most of it ia centred on cattle,
with goats and sheep providing very little.

Edwards ¢1. al. (1956) did not obgerve any change in total serum protemn (T_P) level of
T. vivax, T. congolense and T. brycei-infected goats and sheep. Anosa and Isoun (1976)
on the other hand reported increased level of T.P and also gamma-giobuling and decrease
in albumin in T. vivax-infected goats and sheep. Similar falt in albumin level were reported
in 7. vivax-infected sheep (Clarkson, 1978), 7. evansi-infected buffalo calves (Singh and
Geur, 1983), calves (Verma and Gautam, 1983); 7" congolense-infected cattle (Wellde 1.
al., 1974); T brucei-nfected WAD sheep (Ogunsanmi ef. al., 1994) and T. hrucei-
infected Red Sokoto goats (Igbokwe and Mohammed, 1992).

Saror {1981) reported that despite acute cases of trvpancsomosis in cattle, there were
neither bilirubinaemia nor bilirubinuria. However, high levels of bilirubin in serum have
been reporied m acute 7. congolense infection in cattle (Zwemer and Culberison, 1939;
Fiennes, 1954, 1970; Naylor, 1971; Wellde ef. al, 1974, 1983); n 7. vivax-infected cattle

{Fiennes, 1954, 1970). T. vivax-mfected goats did not produce change in blood sugar
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levels (Edwards et al, 1956). Van Den Ingh of al. (1976) observed slight fall m blood
sugar, lactic and pyruvic actd lewels in which they attributed to metabolism of
trypanosomes 7. vivax-infected cattle. Wellde er. al. (1973) had reported hypoglycemia in
acute 7. vivax, T. congalense wn cattle. Similar findings were aleo made in chronic 7.
rhodesiense-infection in cattle (Wilde and French, 1945) and acute 7. gvansi-infection of
buffalo catves with fluctuating levels in the chronic stage (Singh and Gaur, 1983).

At peak of parasitacria, there was high level of wea; which however retumed 1o
normal in the chronic phase during 7 congolense-infection in cattte (Wellde et. al., 1974).
A terminal case of severe 7.vivax infection in a cow revealed pronounced urcamia (Van
Den Ingh et. af., 1976).

Slight mcreases in SGOT levels in 7. vivax-infected catfle and sheep have been
repotted (Gary, 1963; Wellde et. al., 1983). Adah ef al. (1992) observed increased levels
in T. congolense-intected Red Sokoto and WAD goats. These levels were higher in Red
Sokoto goats.

Fiennes et. al. (1946) reported high levels of sodmm ions (Na+) in 7. congolense-
infected cattle. Increased serum chloride (Cl-) and bicarbonate (HCO3-) levels have been
observed in 7. brucer-infected W ADsheep (Ogunsanmi et. al., 1994),

The objective of this study was to further obtain more information on the effect of
trypanosomosis due to 7. vivax, T. brucei and 7. Congolense on serum biochemical

cumponenis and consitluenis pariicularly in the Savannah Brown goals,
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5.2. MATERIALS Aanp METHODS

5.2.1. Animals:
The samc scis of goats uscd for the provious studics (Chaptor 4) werc uscd.
5.2.2. Sample Coilection:

Samples were taken once a week for 3 weeks and then 2 days prior to experimental
infection, and thercafter thrice a week for 4 weeks p.i. 10 measure the serum biochermical
changes in acufe, subacule and carly chronic stages of the infection. Based on this,
collections were made on days 2, 4, 6, 8, 12, 14, 16, 18, 21, 26 and 28 p.i. On such days
20 millitittcs of blood was collcctcd from cach of the cxperimental goats by jugular
venapuncture using disposable syringes and sterile 18 guage by 14 inches ncedle and
placed into anticoagulant free vacutainers. The clotted blood samples were later centrifuged
at 2000 rpm for 15 minutes. The resultant serum was decanted into small clean sterile
polythene baps which were sealed and stored at 20° C until required for analysis,

5.2.3. Sample-Analysis:

The scrum samples were analyscd for the following componcents using the appropriate
method: Sedium (Na+) and Pottastum (K+) were analysed using Flame Emission
Spectrometry (Cheesbrough, 1991); Chloride {Cl-) by the method of Schales and Schales
(1941) as outlined by Coles (1974); Bicaronate (HCO3-) by Titrimetric methed
(Cheesbrough, 1991) modified from Van Slyke (1956); Blood Urea Nitrogen (BUN) by
the method of Stroev and Makarova (1989); Bilirubin by the method of Jendrassik ef. al.
(1958) as cited by Cheesbrough (1991); Glucose by the Glucose oxidase-peroxidase

method (Cheesbrough, 1991); Total protein by the Biuret method of Doumas (1975) as
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cited by Cheesbrongh (1991); Albumin by the method of Cheesbrough (1991) and SGOT
(AST) by the Reitman-Frankel AST method as described by Cheesbrough (1991).

Summaries of all the listed methods as described (Appendix 3A).

S3. RESULTS

There were fluctuating levels in the serum bhiochemical components of all the infected
goats with varying degrees in relation to the species of trypanosome used when compared
to the levels in the control uninfected goats. Some components experienced increase, whilst
others ¢xhibited fall or decrease in levels (Figures 5.1. - 5.5; Appendix 2, Table 1 - 13),

‘The establishment of the diseas¢ was mdicated by the deviopment of anaemia. Iwo
parasitacmic waves within the first 14 days preceeded changes in the levels of all the serum
biochemical components under investigation.

Significant decreases were observed in the levels of Na+ (hyponatremia), Cl-, and
HCO3- (P<0.05) and increase in that of K+ (hypeikaicnia) (P<0.05) Compaied to those
of the control group, howover, the differonces botweon the infocted groups in the lovels of
these components were not significant {p>0.05). There were highly significant differences
between the levels of bilirubin in the infected groups (with an increased

hyperbilirubinaemia) and those of the control group
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TABLE. 5.1. SOME SERUM BIOCHEMISTRY OF EXPERIMENTALY INFECTED SBG AS
PERCENTAGE OF CONTROL GROUP'S VALUES

SERUM COMPONENT/ CONTROL T vivax T. congolense T, brucei GROUP
"ON GROU ouU
CONSTITUENT - p GROUP
VALUES

Pottastum K+ (mmol1) 561 £0.35 105.86 % 10701 % 107.46 %
Birubin  (mmol/) 2591056 165.60 205.74“ 15778

6104022
BUN (mmol) 115.56% 117,01 = 11589 «
SGOT (V) 60774 1.56 13801 13989« 14097«
Sodium Na+ (Mmoll) 14060 + 1.82 9020 90.89« 9101
Chlofine Cl- (Mmol1) HO.54L 308 9112+ 9198« 91.41
Bicarbonatc HCO3(Mmal) 82.45 8505 8351
Albumin  (gm/dl) — 8351 7922« 7845+

, 90.80 8938 « 8902

Total Protein (gm/dl)

e 58.51 an- 5562
Glucose  (mmoli) 594 + 035 ' ' '

The mean values - All data collected from the day of the first peak of parasitacmia to the last day
of sampling post expenmental infection

This was hetween day 4 - 30 pi in the 7 wvivax and T brucei infected group

- 8- 30 prin the 7. congoiense group
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TABLE. 52  COMPARISON OF DEGREE OF CHANGE IN THE LEVELS OF SOME

SERUM BIOCHEMICAL COMPONENTS IN

EXPERIMENTAL

Trypanosoma  vivas, Trypanosoma  congolense  and  Trypanosoma  brucei

INFECTION OF SAVANNAH BROWN GOATS.

1. Changes charactensed by increase in the level of serum component/constituent

COMPONENT HIGHEST IN HIGHER IN HIGH IN
K+ (mmol1) T. brucei T. congolense T vivax
Bilirubin (mmolA) T. cangolense T vivax T. brucel
BUN  (mmol/1) T congolense T brucei T vivax

1. Changes charactensed by fall in the level of serum component/constituent

MOST MODERATE LEAST
COMPONENT DECREASE IN DECREASE IN DECREASE N
N+ (mmol1) 7 vivax T congolense T. brucei
Cl- (mmol/1) T vivax T brucei T. congolense
HCO3- (mmol1) T vivax 7. brucei T congolense
Albumin (g/dl) T. brucei T congolense T vivax
Total Protcin (g/dl) 7. brucei 7. congolense 7. vivax
Glucose (mmol/T) T. congolense T brucei T vivax
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(p<0.001) and this corresponded to fall in RBC levele in the infected groups from day R

pi. ofnwards. Though differences emerged between the 7. comgolense group and the
other infected groups from day 16 p.i onwards, these were however not significant
(p>0.05).

Significant falls (p<¢.001) in the levels of total protein (hypoproteinemia} and altbumin
{(hypoatburminaemia) in the infected groups became noticeable from day 10 p.i. There were
also significant differences (p<0.001) among the infected groups with regard to the tofal
protein level. Differences occured in the aibumin level beiween the T. vivax and T. brucei
groups was significant (p<0.01) and between 7. congolense and 7. brucei (p<0.05).

There was simificant difference (p<0.05) between ihe blood wrea nitrogen (BUN)
fevels of the infected and conirol animals, The difference between the Jevels in the 7% vivax
and 7. cungolense group was also significant (p-<0.05).

Fall in the glucose levels (hypoglycemia) of the infected groups became evident by day
6 p.i., with the difference between thom and the control group being highly significant
(p<0.001). The 7, vivax and T. brucef groups had differences which were also significant
(p<0.05).

The increases in the levels of the enzyme serum glutamic oxaloacetic transaminase
(SGOT) also known as Aspartate Aminotransferase (AST) in the infected groups was
significant (p<0.01) when compared to that of the control group. Also among the infected
groups, there were significant differences (p<0.01) between 7. vivax and 7. congolense
groups, and 7. congolense and T. hrucei groups hut not between 7. vivax and T. Arucei

groups (p>-0.05).
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Thus the following serum biochemical components or constituents K+, bilirubin,
BUNand SGOT exhibited increased levels, whilst Na+, Cl-, HCO3-, albumin, glucose and
total protein had fall in their levels in the infected groups.

The I" brucei group exhibited the highest increase in levels of K+ and SGOT and the
lowest increase in bilirubin level: 7. congolense group exhubited the highest increase in
lewels of bilirubin and BUN: 7. wivax group showed the lowest increase m levels of K+,
BUN and SGO1 (Appendix 2, 'Iable 12).

The T. vivaer group exhibited the greatest fall in Na+, Cl- and HCO3- but the least fall
in albumin, total protein and glucose levels; T. brucei group produced the highest drop in
albumin and total protein levels and the least fall in Na+ level, whilst 7. congolense group
had the greatest fall in glucose and the least in Cl- and HCO3- lewels (Appendix 2, Table

12).
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54. DISCUSSION

The observed increase in bilirubin levels in all the infected groups in this study agrees
with similar findings made by Igbokwe and Mohammed (1992) in 7. brucei-infected Red
Sokoto goats; in T.congolense infected cattle (Tiennes, 1954, 1970; Naylor, 1971, Wellde
et. al., 1974, 1983) and in T vivax-infecied catile (IMiennes, 1974,1980). Other animals in
which similar repoits have been made inchude I brucei-infected rabbits (Jenkins er. al.,
1974) , horses (Neitz and Macauley, 1971) and dogs (Omtainse et al., 1994). This, they
cxplaincd may be duc to imcrcascd red cocll destruction or increascd hacmolytic crisis
{erythrocliasis), and this is supperted by the observation in this study that the level of
bilirubin increased soon after the fall m RBC, PCV and Hb became prominent, thus
supporting the haemolytic nature of the anaemia of trypancsomosis which may partly be
due to very early intravascular and mostly extravascular due o destruction of damaged
ervthrocyies in the liver and spleen of affected host. The increase in bilirubin is similar to
the observation of Zwenner and Culbertson (1939) of initial bilirubinacmia but later normal
levels m the chronic stage in T. comgolense-intected cattic. However, the increase in
bilirubin levels observed in this study is in contrast to the observations of Saror (1981) who
observed normal bilirubin levels in cattle with acute trypanosomosis. Similar observation
were made in I brucer-infected rabbits (Jenkms et al., 1980), T. rhodesiense-infected
mice, monkeys and man (Moon et. al., 1968; Sadun er. @i, 1973 and Batret et al., 1973)
respectively, all in the presence of erythrocliasis. This could be explained by the fact that

hiver funcuonal reserve coukl be mobiliscd even in hacmolylic discase condilion fo
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conjugate and excrete excess hilirubin, thus giving rize to normal bilirubin levels (Zwenner
and CMom 1939).

The observed increase in BUN levels reported in this work is in agreement with similar
reports by Wellde e, al. (1974) in T. congolense-infected cattle at peak parasitacmia but
which returned to normal in the chronic stage; tn a severe case of 7. vrvax infection n a
cow (Van Den Ingh et o, 1976); in I. brucei-infected WAD ewes (Ogunsanmi ef. al. ,
1994) and in 7. congolense-infected caftle (Isoun er al, 1979). Others include 7.
rhodesiense-infected monkeys (Saun ef. al., 1973), mice (Moon e!. al., 1968) and tn 7.
brucei-infected dogs (Omotainse ef. al., 1994). Most of the reported merease in BUN, as
also observed in this study coincided with periods of peak pyrexia and parasitacmia.
Glomerulonephritis iy often associated with pyrexia in irypanosomosis and results in
increased levels of BUN which also could be due to damage o the liver, heart muscies
coupled with increased protein  breakdown (as  observed in  this study). The
glomerulonephritis enhances leads o reduced excretion of BUN which therefore increases
in level,

The increased levels of SGOT obsernved in this study agree with similar observations
by Adah et af. (1992) in T. congolense-infected Red Sckoto and WAD goats, Wellde et
al. (1983) and Gary (1963) in T. vivax-infected cattle and sheep and also in T.
rhodesiense-infected mice (Moon ¢f. al.,, 1968), man (Barret-Connor ¢f. al.,, 1973) and
monkeys (Saun ot al, 1973) but in contrast to fall in SGOT level reported in T.
congolense-infected cattfle (Wellde oz af,, 1974) in the first 8 weeks of infection but later

stabilized. Increase in levels of SGOT and other serum enzymes i¢ Apase, OCT, IDH., are
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said to be ar a result of damage to liver, heart and skeletal muscles and atso from metabolic
products of parasites (Moon er. al, 1968; Whitelaw ef ol, 1980; Gumbmann and
Williams, 1969; Cysewski 2. al, 1968; Sisk ef. al, 1968). However, in sitnations where
marked increase in serum enzymes are observed cspecially within the first few days of
infection, the most possible sources of the enzymes will be the parasites as the period may
be too short for signiticant organ damage {(Moon et. al., 1968; Whitelaw, 1980). However
in this study, the increase in SGOT levels in all the infected animals was from day 20 p.i.
onward, indicating damage to organs as the potential sources of the enzyme.

The ohserved increase in levels of K+ in all the infected animais agree with similar
reports by Ikejani {(1946a, b) and Zwemer and Culberison (1939) in 7. brucei and T.
congolense infected rats, but in conirast to normal levels observed in 7. rhodesiense-
infected mice (Moon ef. ai, 1968) and 7. evansi-infected camels (Raisinghani ef. ai.,
1981). RBC destruckion, damaged tissues and the kidney are said (0 be the sources of exira
increase in K+ Jevel. The notion that rbe destiuction is a sowrce of extra K+ may agree
with obscrvations in this study bccausc increased K1 lewels coincided with fall in rbe lovels.
However, the increase in K+ Ievels corresponded with the fall in HCO3- level which is the
normal occurrence physiclogically in mammals i case of metabolic acidosis, The
observations on K+ levels made in this study could lead to significant opening into what the
effect is of trypanosomoris iz on K+ levels in ruminants. The fall in the levels of Na+, Cl-
and albumin agrees with the known physiological observations that increase in plasma K+
level is always accompanied with subsequent fall in plasma levels of the latter ions due

possibly to some metabolic malfunctioning (Breazile, 1971). The observed fall in Na+
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which ocevored in the infected groups agrees with the report of Barret-Connor et al. (1973)
in T .rhodesiense-infected humans and that of Raisinghani et. al (1981) in 7. evansi-
infected mice but is contrary to the observed normal Na+ levels in acute T.rhodesiense
infection in mice and the high levels reported in 7. comgolense-infected cattle by Fiennes
et al. (1946). The Na+ decreage suggests ite removal possibly by leaving the plasma partly
infracelbularly among other serum components. This movement is supported by the
significant increase in K+ in the plasma since any movement of Na+ intracellularly is
accompanied by displacement of K+ from intracellular compartments info the plasma.
Also, K+ movement out of the cell may lead to the retention of Na+ intracellularly hence
the observed fall in extracellular concentration.

Fali in CI- levels was reporfed in ail the infected groups in this work, but this is not in
agreement with the high levels reported by Fiennes ei. al. (1946) in 7. congoiense-infecied
cattle and Ogunsanmi ef. @l (1994) in T. brucei-infecied WAD sheep, though no mention
was made of the Nat levels, However, i is (he general belief thai a corresponding [ail in
Cl- lovel always follows a fall in Na+ level, which was observed in this study due to its
mavement in the samc gradicnt with Nat,

The observed fall in HCO3- lovels in this study is in contrast to the reported increase
in its levels in 7. brucei-infected WAD sheep by Ogunsanmi ez al, {1994) HCO3- is
physiologically said to move in opposite direction (gradient) to K+ ions (Breazle, 1971).
As such, any movement of K+ iong extracellularty and hence increase in plasma level, leads
automaticaity to movement of HCO3- jons infracellularly and az such fall in the plasma

level, a phenomenom observed n this study. Also, the fall in the plasma Na+ level together



with that of Cl- especially during the acute phase of the infection especially after 14 days
pi- and the increase in K+ level suggests a level of metabolic acidosis especially in cases of
diarrhoea which was a very prominent symptom in the infected goats in this study.

‘The significant low level of total serum protein in this study agrees with findings made
by Tabel et al. (1978) m 7. congolense-infected cattle; Wellde e, al. (1978) also in 7.
congolense infection in cattle and Sadun ¢t, al. (1973) in 7. rhodesiense infected monkeys
but in contrast to the high levels reported by Facer (1976) in 7. brucei-infected rabbits;
Anosa and Isoun (1976) and Clarkson {1968) in 7. vivax-infected goats and sheep; and
Ogunsanmi et al. (1994) in 7. brucei infected WAD sheep and the normal values reported
in 7. brucei infected dogs, T. rhodesiense mfection in monkeys (Smithers and Terry,
1959} and mice (Moon et @l., 1968); in 7. evansi-infected buffalo calves (Singh and
(Gaur, 1983; Verma and Gautam, 1977), calves (Verma and Gautam, 1983} camels (Jaktar
et. al., 1973) and T. congolense infection in mice (Whitelaw et. «f,, 1980). Albumin,
which together with giobulins determine the ioial protein ievel of piasma, was significantly
low in all the infected animals as was previously reported by Clarkson (1968} in 7. vivax-
infected sheep, 7. comgolense infecied caifle (Weilde et ai., 1974), in 7. brucei infected
Red Sokoio goats (Igbokwe and Mohammed, 1992) and WAD sheep (Ogunsanmi ez. al,
1994), though the lasi two groups of investigators observed in addition, increase in the
levels of globuling. The fall in total ssrum protein level may be due to reduced piotsin
synthcsis ansing from damaged liver which was somcwhat amplificd by the high SGOT
level or as a result of cxcessive protein breakdown arising from reduced fecd-intake as

observed in all the infected animala. It could alse arise from low level of albumin which is a
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confributory factor to plasma total protein level. Low plasma total protein level could also
be due to protein deficient diet. However, this counteracted by the fact that these animals
received high protein diet. The fall in albumin level in ali the infected groups could not had
therefore come from deficient protein intake. Hepatocytes, the sources of atbumin are said
to withstand severe pathology, but in this work, it is possible that these were overwhelmed
by the pathological conditions. However, it is an accepted faci that hypoproteinemia and
hypoalbuminemia are indications of liver damage. Hypuealbuminemia has been reporied in
concurrent 7, congolense and Haemonchus conlortus infection in N dama calves, but in
this study, all the experimental animals were routinely dewormed so the hypoalbuminemia
could not havc been duc to concurrcnt helminthiasis.

The observed hypoglycacmia roflected in all the infocted goats tally with similar
findings in cattle with acute 7. vivax and 7. congolense mfections but not in the chronic
phases (Wellde et al.,, 1974); chronic 7. rhodesiense infection in cattle (Wilde and French,
1945), man (Barret et. al., 1973) and monkeys (Wintrobe, 1974), acute 7. evansi infection
of buffalo calves (Singh and Gaur, 1983) and peracute 7. simiae infection of pigs. Thus,
fall in glucose level evidenced in trypanosomesis 18 possibly due to its uhilization by the
large parasite level in circulation which may be using it for their metabolic activities.
Ruminants in particular have low levels of glucose in their body. Hence, the rapid fall in
their glucase levels due to trvpanosome activity may account for the generally observed
lethargy in such animals, In other situations, especially in the chronic stages of infection

lethargic conditions could lead te impairement of gluconcogenesis.
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55. SUMMARY

An investigation was carried out to establish any changes in some serum biochemical
componcnts, in thrce groups cach of 8 Savannah Brown goats cxperimentally infocted with
Trypanosoma vivax, 7. brucei and T. congolense vespectively, and 8 uninfected goats
(SBG) serving as control group.

A mean prepatent period of 2.3; 4.3 and 4.4 days emerged for the T. vivax, T. bruces
and 7. congolemse-infected groups respectively, followed by the establishment of the
disease (frypancsomosis) as manifested by the anaemia. Within the first 14 days (2 weeks)
post infection 2 parasitaemic waves occurred in all the infected groups, followed by
significant changes (p<0.05) in the activity of SGOT and the concentrations of glucose,
blood urea nitrogen (BL/N) bilirubin, albumin, total protein, HCO3-, Cl-, Na+ and K+ of
the infected groups in comparison 10 the control group. Though there were differences
between the infected groups these were not significant (p>0.05) with the exception of
albumin and glucose. The level of albumin in the 7. vivax-infected group was significantly
different (p<0.01) from those of the T. brucei and T. congolense-infected groups, whilst
the level of glucose mn the T congolense-infected groups was significantly different
(p<0.05) from those of the 7. vivax and 7. brucei-infected group.

The 3 species of trypanosomes used in this study were observed to affect these serum
components or constituents similarly in the SBG though with different degrees of
influence, for instance T vivax caused the most severe fall in Na-+, Cl- and HCO3~; whilst

T. brucei did cause same in albumin and total protein and the greaiest rise in K-+ level and
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SGOT activity with 7. congolense causing the most severe fall in glicose and rige in
bilirubin and blood urea nitrogen (BUN) concenirations.

The fall in plasma Cl- and HCO3- suggest some level of metabolic alterations. Also
the changes in bilirubin, BUN, SGOT and albumin levels are indication that organ
damages do occur wvery early in trypanosomoses. ‘Lherefore, there is nced for cardy
detection of the disease condition tn mmfected animals for quick intervention in the form of
treatment to be effecied. From the findings observed in this srudy, caprine irypanosomosis
i3 as imporiani as those of caitle and as such greater emphasis should be laid on #'s
climination as is being done for caitle. Also, acidosis due 0 low levels of Cl-, Na+ and
HCO3- and high level of Kt and BUN may be a primary feature of trypanosomosis in
small ruminants as exemplificd by the reported finding in the Savannah Brown goats in this

study.
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CHAPTER SIX

THE SAVANNAH BROWN BREED OF GOAT AS A
POTENTIAL ANIMAL MODEL IN THE STUDY OF THE
ROLE OF ERYTHROCYTE SIALO GLYCOCONJUGATES
IN THE DEVELOPMENT OF ANAEMIA IN ANIMAL

TRYPANOSOMOSIS

6.1. INTRODUCTION

Anacmia, a prominent blood picture in trypanosomosis of domestic animals, is
regarded as the major pathological finding in animal trypanosomosis. Several factors have
been incriminated in the pathogenesis of anaemia. These are haemodilution, reduced
haematopoetic responge, immunological responge; ervthrophagocytosis, reduced rhe life
span and of late, the role of sialidase enzyme in the cleavage of sialic acid off the surface of
erythrocytes, making them thus highty valnerable to ervthrophagocytosis.

Sialidase enzymes (also known as Neuraminidases EC 3.2.1.18) are enzymes of the
glycerol hydrolases group. They act on substrates like the giyco-proteing and glyco-lipids
with the release of N-acylnenraminate residues. They are present in lower animals like
Echinodennata, micro organism which exist as commensals or facultative pathogens to
animals (Tingstler and Schauer, 1993). Though originally called sialidases, these enzymes
later became known as Neuraminidase when it was obscrved by Gottachalk (1957) that
bacterial and viral extracts of sialidases on cleaving submaxillary gland mucins and

glycoprotein substrates produce N-acetylneuraminic acid.
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The action of trypanosomal sialidases is providing the opportunity of assessing the
pathophysiological role of sialidases (Engstler and Schauer, 1993). Each enzyme cleaves
off sialic acid from receptive substrate, an action determined by factors which include:

i. the type of ketosidic linkage
1. the kand of sialic acid derivative
iii. the nature of the penultaiive sugar residue

Sialic acid (also known as acylaled Newraminic acid) is from a family of carboxylated
saccharides with nine carbone atoms (Schauer, 1978; Veh, 1979). It occurs in appreciable
Icwel on rbe surfaccs in scveral animal specics (Scamon and Uhlkenbruck, 1963). The
observed rapid clearance of *'Cr-labelled rbc from rats and rabbits circulation desintylated
with Vibrio cholera neuraminidase with resultant sequestration by the liver led to the
opinion that reduction in rbe sialic acid 13 a mechanism of rbc senescene and reduction.
Being a derivative of the 9 carbon acidic sugar - neuraminic acid, sialic acid is said to offer
protective cover for the sugar moiety b-gatactose on the surface of rbe to avoid their being
picked up by the lectins in the reticulo-endothefial system (res) of the liver and gpleen.
When it happens, the removal of such rbc from the circulation via phagocytosis is
enhanced,

The degree of sialidase enzyme activity, if any during infection with pathogenic
African trypanosomes namely T vivax, 7. brucer and T. congolense did not receive much
atteniion until Esievo (1970, 1980) observed the hydrolyses of sialic acid in vitro with
siaitdase enzyme of T vivax, He also observed that the enzyme’s activity was

proportional fo irypanosomal concentration. Esievo (1979) therefore postulated that if this
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hydrolysis of sialic acid can occur /n vifro, then sialic acid could be cleared off
erythrocyies, leading to their being removed from circulation and with resultant anaemia.
Esievo (1980) also observed that there seems to be in existence a relationship between
increased parasitacmia, hence increased sialidase activity at peak parasitacmia, and
signficant removal of erythrocyte sialic acid with the development of anaemia signified by
low rbe and pov levels. Magaji (1975) had carlier reported a significant increase tn serum
sialic acid concentration in relationship to parasitaemic level in 7. vivax-infected Mutiru
and N'dama catile and this he atiributed io inflammaiory response and organ invasion by
lrypanosomes.

In 7. bruced, the maminalian blood sirearn form is not known ¢ show sialidase
enzZyme activity but it is the procyclic rypomasiigoies form in the insect stage that show
sialidasc cnzyimnc cativity, as a ccll surface protcin lihkcd to the mcmbranc (Engstler and
Schauer, 1993). T. brucei stays in the tsetse vector for more than S weeks, undergoing
drvision as large procyclic trypomastigotes, and later penetrates the peritrophic membrane
to the salivary glands via the proventriculus, whereas 7. vivax by-passes the vector’s
midgut region and leaves the vector after only 10 days (Vickerman, 1978). Thus it is
believed that 7. Arucei’s sialidase enzyme becomes deficient or insufficient to elicit any
activity in the marmmalian blood stream forms because the enzyme is used to cleave sialic
acid from ingested blood cells for easy digestion by the fly becuase proteases and
glvcosidases act more efficiently on glvcoproteins after the removal of sialic acids (Engstler

and Schauer, 1993). According to these authors, the trangialidase of 7" brucei functions
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primarily to sialylate the parasite’s glycoconjugates in order to protect rurface molecules
from gtvcosides in the tsetse vector’s digestive tract.

The presence of sialidase enzyme on the tsetse-fly vector or the mammalian blood
strcam form of T.congolense has not been established. There have been several reports
regarding the possible presence of sialidase enzyme on T.congolense. Mamo et af. (1975)
reported that the haf-lite of *'Cr-labelled rbe in T..congolense-intected calves had its value
reduced from 10 days to 4.7 days at about 30 days p.i. Bank (1979) observed the binding
of I.congolense to bavine rbe in vitro via the sialic acid receptors on tbe. Rautenberg et
al. (1981) reported the presence of sialic acid on the surface of 7. congolense an
observation similar to that seen in T cruzi a related trypanosome and the cause of Chagas
discase in humans in the Americas. However, the presence of sialidase enzyme in either
the isetse fly vector or the mammalian biood stream form of 7. congolense 18 yet to be
estabiished.

In all these reported studies on irypanosome sialidase engyme aciivity, catile have been
the animai model. Small rominants are the other major links in food animal
trypanosomosis. They have also been reported to be highly susceptible 10 7. brucei, T.
congolense and 7. vivax. Small tuminants are also more ¢conomical with regard to
fecding, maintenance, and being casicr to handlc for experimental and rescarch purposcs.

This work svas aimed at further imvestigation in to the role of trypancsome sialidasc
enzymes in the pathogenesis of anaemia in animals trypancsomosis and the potential of
small ruminants, in this aspect, the Savannah Brown breed of goat ag a potential animal

model in this area of investigation.
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6.2. MATERIALS AND METHODS
6.2.1. Expetimental-animals:-
All as doscribed under Matcrals and Mothods under chaptei 4.
i - Feeding
ii - Housing
it - Screening
iv = Evaluation
6.2.2. Parasites:-
Also ag described under materials and methods - chapter 4.
6.2.3. Experimental Inoculations:-
6.2.3.1. Donor-goats:
As described under Materials and Methods chapter 4.
6.2.3.2. Experimenial groups; monitoring; sample collection

6.2.3.2.1. Inoculaiion:

Priar to being inoculated cach of the Sxporimental goats had 10 mis of blood taken via

jugnlar venapuncfure into sterile screw-capped tubes containing 1.5 mis of acid citrate

dextrose (ACD) and assayed for rbe sialic acid concentration.

6.2.3.2.2. Moniforing and Sample Collection:

At first peaks of parasitaemia in each infected group the presumed period of peak

sialidase activity 10 mis of blood was collected as earlier described from both infected and

non-infected control goats.



6.2.3.2.3, Sample - analysis:
i). PCV (%), RBC (x 10'%/L) levels: as earier described under Materials and Methods
chapter 4.

ii). Erythrocyte sialic-acid concentration assaying: the 10 mis of blood samples
coliected in duplicate into ACID containing screw-cap tubes were assayed for erythrocyte
sialic-acid concentrations using the Thiobarbituric acid Assay method for sialic-acid as
described by Warren (1959, 1963), Aminoff (1961) and Esievo et. al. (1982). Means of
values for pev (%) RBC level (x 10™/L) and sialic-acid congeniration (mg/dl) were
esiimated for the first peak parasitacmia in ¢ach infected group and the vhinfected conivol

group.

63. RESULT

T. vivax-infected group attained first peak of parasitacmia at day 4 p.a. same as T,
brucer-infected group whilst the T. comgolense group attammed mean first peak of
parasitacmia by day 8 p.i. The highest rbc sialic-acid cleavage occured in the 7. vivax
group and therefore the lowest ¢stimated rbce sialic acid concentration of 1.88 mg/dl at first
peak of parasitacmia, followed by that of 7. brucei (2.28 mg/dl) and that of T\ congolense
(3.94 mg/di)}Table 6.1}. The mean value for the control group was down to 5.72 + 0.25
mg/dl from an initial value of 3.78 + .32 mg/dl (Table 6.1). The difference between the
control and infected groups with regard to sialic acid cleavage was highly significant
(0<0.001). The difference between the Tivvax and 7. bruces, 1. congolense groups were

significant (p<0.03 and p<0.01 respecitvely). The difference between 7. brucer and
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T.congolense groups was also significant (p<0.01) {Table 6.1). The fall in rbe sialic-acid
concentrations were 1.04%, 33.22%, 61.37% and 67.70% in the control, 7. congolense,
T. brucet and T vivax groups respectively (Table 6.1.). The fall in the infected groups
coincided with fall in the e and pov lewvels and hence the omset of anaemia. It 8

presumed that fall in rbe sialic acid concetration corresponds to increase in serum sialic acid

level.
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TABLE 6.1. COMPARISON OF ERYTHROCYTE SIALIC-ACID COMPONENT
IN  EXPERIMENTAL TRYPANOSOMAL INFECTION OF

SAVANNAH BROWN BREED OF GOATS.

Experimental Group T. brucei T. congolensc T. vivax Uninfccted
Control
No. of goats in group 8 8 8 L
Day (p e1 of FPP) 4 L] 4
Level of FPP (+) 2.13£1.55 343075 263 052
Mean rbc level (x 10°/1,)
On day zero  (0) 7.28+0 23 7.2840 25 7.0540.25 1.2940.32
On day of FPP 4 6140 5] 43640 48 5914021 7.1340.22
ean pov Ya level
On day 2eto0 30.5740.79 30114106 27.73:0.92
On day FPP 30.30+0 85 18.7442.06 22 4840.25
Mean rbe S-acid cone. 24 5441 40 29.98+1 44
On day zero {mg/dlj 5.50+0.11 5.82+0.19
On day FpPP  ~ 53540 43 3944018 1.8840.23 3.7840.32
% fall in mean S-acid conc 2.28+0.36 33.22% 67.70% 5.7240.25
61339 1L.04%
peir = Post expenmenial infection
FPP = Furst Peak o) Parasitacma
Level of significance of difference between
Control vrs Trt - P<0.001 Highly sigmficant
Tv * Te P<0.01 . n
™ " T =001 . N
v = Tb P<0.05 Significant



64 DISCUSSION

Falt in erythrocyt sialic-acid conceniration occured in all the infected groups,
coinciding with first pcak of parasitacmia and dccrcasc in rbe and pov valucs, confirming
the obscrvation of Esicvo (1979, 1980) of the relationship between incrcased lewvel of
parasitasmia and hence elevated sialidase enzyme activity and development of anaemia as
indicated by low rbe and pov values. It alen agrees with the cbserved relationship between
parasitaemia and significant increase in sermm sialic-acid conventration in T vivar infected
Muturu and N'dama cattle by Magaji (1975) who had attobuted the observation to
inflammatory response and organ invasion by trypanosomes. The high sialic acid cleavage
of T_ vivax-infected goats in this study agrees with the reports by Esievo (1979, 1980) in
- cattle infected with T vivax, it could be said that the development of anaemia in T vivax
infected goats is similar to that obtained in 7. vivae-infected cattle. This is a favourable
indication that goats can be used as animal model in further investigation into sialidase
enzyme activity in animal trypanosomosis,

The pronounced fall in rbe stalic acid concentration in the 7. bruces group at peak of
parasitacmia fends to agree with similar finding made by Magaji (1975) in 7. brucei-
infected cattle, It also gives an indication of the presence of a form of sialidase enzyme in
the mammalian blood strearn form of 7° bruce:r. Engatler et. af. (1993) reported that there
is a common naturc between sialidase and irans-sialidase enzymes because highly enriched
trans-sialidase fractions display sialidase activity in 7. brucei and therefore it could be

pusiulated thal irans-sialidase carried over from the (seise stage of the irypanosome into the
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mammalian blood stream stage may be behaving as sialidase in the mammalian host though
trans-sialidase activity was not measured in this work.

The significant fall in the rbc sialidage-acid concentration in the 7. congolense-infected
group is a further indication that the sialidase enzyme may be present in this specics of
frypanosome as was postulated by Rautenberg ef. al. (1981).

This study has contirmed the eatlier repoits of sialidase being present on I vivax and
with its activity related to the evel trypanosomes. it has also revealed that there is stalidase
enzyme activity in the blood stream forms of 7. bruces and T. congolense despite their
reported absence, However from this study these enzymes, 18 less poient i its achvity
when compared to that of 7. vivax although their activity bears a relationship with the level
of parasitaemia.

The study has also confirmed ihie polential use of small ruminanis as animal models in
further investigating the sialidase enzyme activity in the pathogenesis of anaemia due

African animal swypanosowmies namely T. brucei, T. congolense and T. vivax.

75. SUMMARY

The potential of the Savannah Brown breed of goat as an animal model for futher
investigations into sialidase enzyme activity in the pathogenesis of anacmia in African
animal trypanosomosis due o T. drucel, T. congoiense and 7. vivax in relationship to rbe
sialic-acid cleaved was studied. Four groups of 8 Savannah Brown-bucks aged between 6
- 12 months were used. Three groups of were inoculated with 7. vivax stabilate

intravenously via the jugular route, 7. brucer, and 7. cungolense regpectively.  Whilst the
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fourth group was nsed as uninfected control. The rbe, pev levels and exythrocvie sialic-acid
concenftration were evaluated on day zero of experimental inoculation and on the day of
first peak of parasitaemia. The first peak of parasitacmia in all the infected groups
coincided with fall in rbe sialic-acid concentration and consequent fall in rbe and pev levels
with the resultant development of anaemia. The rbc sialic-actd cleavage was highest in the
7. vivax group, with a 67.7% fall in rbe sialic-acid conceniration, followed by T, brucei
group (61.37%) and T. congolense group (33.22%). The difference befween the control
and infected groups sialic-acid concentration at first peak of parasitaemia was highly
significant (p<t0.001). The observed sialidase activity in T. vivax in this study confirms the
enzyme’s presence in the mammalian blood sircam form of this species of irypanosome.
The observed cleavage of sialic-acids off tbe of T\ brucer and T. congolense-infected goats
confimed the possible presence of a form of sialidase enzyme on the surface of these two
specics of trypanosome which arc yot to be confirmed to posscss this cnzymic on their
surfaces in the mammalian blood stream forms.

The study has shown the favourable potential of the Savannah Brown breed of goat as
an animal model in further investigating the role of sialidase enzyme in the development of

anaemia in animat trypanosomosis due to T. vivax, T. brucei and T. congolense.
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CHAPTER SEVEN

GENERAL DISCUSSION

A study was carried out to determine the level of occurrence of natural trypanosomosis
in the Savannah Brown breed of goat {3BG) within the Sudan and Guinca Savannah
vegetational zones of Northern Nigeria from January 1989 fo December 1993,

Results from this study showed a frypanosomosis prevalence fevel of 2.8%. All the
other observed infections were due to 7. vivax trypanosome, Also the prevalence was not
higher in the dry season (3.37%) than in the wel season (1.69%); highes( in the Southern
Guinea Savannah (10.0%0) followed by Sudan Savannah (4.0%) and the Northemn Guinca
Savannah (2.1%). Eight prognant but frypanosomc positive goats aborted whilst 2 others
kidded very weak kids which died later. Also, affected bucks developed orchitis and
reduced libido. The major vectors identified were biting flies namely Musca spp, Stomexy's
calcitrans, Tabanus sp, Hypobosca sp.

The findings agree with the reports of Krammer (1966), Daniel ot ol (1994) and
Nawathe ¢f al. {1994) who previously reported natural occurrence of irypanososmosis in
the SBG. The importance of biting flies in the transmission of frypanosomes as observed in
this study confirms the earlier observations of Anosa (1983) and Nawathe er ol (1994),
However, the level of prevalence of 2.8% recorded in this study is much higher than the
value of 1.1% reported by Nawathe of 4l (1994) and 0.7% by Ahmed and Agbede (1993)
though lower than the values of 5.0% and 13.9% reported by Daniel o1 @l (1994) and

Krammer (1966) respectively, The history of the observed abortion and orchitis agree with
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similar reports by Griffin (1978); Mackenzie and Cruickshank (1973) in goats with natural
infections in East Africa. This observation is being reported for the first time for West
African goats. The findings of this study arc indications that natural rypanosomosis do
occur in the SBG and hence 18 of economic importance, so ¢tforts should be made towards
its control as it is being done in cattle,

The clinical and haematological manifestations of experimental trypanosomosis due to
T. vivax, T congolense and T. Brucei in the Savannah Brown goats were investigaied. The
shortest prepatent period of 2.4 days occured in 7. vivax, followed closely by those of T.
brucei and 7. congolense (4.3 and 4.4 days respectively). All the three infecied groups of §
SBG each developed clinical trypanosomosis, characlerised by fluciualing pyrexia and
parasitaemia; anaemia, lethargy, CNS degenerations, enlaiged supeificial lymph nodes,
gpiphora, diarthoca and weight loss. Some of the 7. vivax and 7. congolense-infected
goats were positive for trypanosames in their tears (occular discharges).

The prepatent period of 2.4 days observed for 7. vivax agrees with the 2.0 days
reported by Maikaje ez, al. (1921) in T\ vivax-infoected Uda rams, Yankassa sheep (Saror,
1280) and calves (Esicvo e al, 1982) whilst the valuc for T congolense agrees with the
teports by Maxic et @l (1974) in cabves. Reports on the prepatent period of Tt brucei in
small ruminants is scarce.

The course of infection was shortest in the 7. brucei infected group (58 days)
compared to the other 2 infected groups (74 days), an indication that this spece is very
virulent in SBG hence of economic importance as the other two gpecies. It could also be

said that SBG scems to succuombs to T vivar much eadier than Uda ram which according
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to Maikaje er. al. (1991) produced a course of infection of 84 days, compared to the 74
days obrerved for SBG in this study.

PCV fell faster in the T. vivax infected group followed by 7. brucei and 7. congolense
groups. The anacmia was of the normocytic-normochromic type in the acute phase in ali
‘the infected groups which later became microcvtic macrochromic. The acute phase
anaemia agrecs with similar observation by Saror (1979).

Leucocyte response in all the infected groups was that of leucocytosis due primanly to
tymphocytosis and neutrophilia in 7. congolense, and T. brucei groups and fymphocyiosis
in the 7. vivax group. Previous reports were that of leucopenia (Anosa, 1977; Anosa and
Isoun, 1984; Wellde ef. af, 1974, Maxic et. al, 1974; Esievo and Saror, 1983).
Eosinophilia and monocytosis observed in this study also contradicts the reported
cosinopenia and normal monocyte levels (Naylor, 1971b) in T.congolense infected catile.
These findings are indicalions of good immune response by the infecied goals 1o the
infections,

There weore Increase in bilinubin lovels in the infectcd goats and thesc coincided with
fall m rbe and pov lewels and scem to s?pport the hacmolytic nature of anasmia in
trypanosomosis a3 reported by Esievo et. af (1984).

There was fall in the total protein level in all the infected groups. Thisg fall could have
been due to the decrease in albumin levels observed m this study. Other fators could be
increased protein breakdown, protein loss in urine, and haemodilution. Previous reports
have noted normal values in 7. vivax, 7. congnlense and T. brucei-infected goats and

sheep (Fdwards ef. al., 1956).
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The facial, limb and scrotal edema observed in the infected goate may be due to
hypoproteinaemia and hypoalbuminaemia observed i this study as well as liver damage as
indicated by the high SGOT (ALT) levels. Edema incidence in this study agrees with
similar findings in T vivax-intected WAD sheep {(Losos and Ikede, 1972; Kkede and Losos,
1975) and Uda rams (Maikaic ef. al., 1991).

The occwrence of trypanosomes i the occular discharges of some goats in the 7.
vivax and T.congolense groups agrees with or confirms the beliet’ of Lucking and Gray
(1979) that T. vivax and T. comngolense are capable of tissuc penetration. There had been a
report of occurrence of 7. vivax in occular discharges in a calt’ (Tlemobade and Schithorn,
1974).

Lymph node smears from some 7. vivax, T. brucei and I. congolense-infected goats
were positive for trypanosomes. This observations agrees with those of Lucking and Gray
(1979) in T. congolense-infecied sheep and cattle and 7. vivax and T. congolense-infected
cattle (Mwangi et. al., 1993). However, there is ne report yet of the presence of 7. brucei
in the tymph node smears of infected domestic animals. The observations further confirm
the belief that 7. vivax and T. congolense are not found only in the blood sircam.

The observed  CNS  degencralive signs  particularly (rembling, staggenng,
uncoordinated movements, paddling when recumbent, eye lids twitching, limb paralysis,
body tremors and uncoordinated chowing movement arc similar in human rypancsomosis
as reported by Triolo ez . (1992), Villannueva (1993). The fall in the values of weekly
body weight and weight gains in the all the infected goats agree with similar observations in

T. vivax infected Uda rams (Maikaje ef al,, 1991) cattle and goats (Griffin and Allonby,
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1979¢,d). The fall in body weights shows the wasting nature of the infection, which was
more pronounced in the 7. vivax-infected group than the other two species. The observed
fall in the mean body weight and weight gains in the control group is an indication that
goats possibly do not perform well under prolonged restriction or confinement,

The pathology of trypanosomiasis due to 7. brucei, T. congolense and T, vivax in the
Savannah Brown breed of goat was investigated.

Carcasses were very anaemic especially in the subacute and chronic stages. The
observed iymphoid organ changes like ltymphadenopathy, splenomegally and Iymphoid
hyperplasia agree wilh similar findings by Moulion and Sollod (1979), Tkede and Loso
(1979) in T". brucei infected calves and cattle respectively.

Liver necrosis and mononuclear cell injiliration agiee with the repoits of Van Den
Ingh ez al. (1976) in 7" vivax infected cattle and Moulton and Sollod (1979) in 7. brucei-
infcoted calves. The obscrved fibrous comncctive tissuc proliferation in the liver is a rarc
occurrence. The observed gall-bladder distension with tenacious content especially in the
chronic form of the infection agree with similar finding by Edward et @l (1956) in 7.
vivax, T. congolense and T. brucei-infected sheep and goats.

Changes in the kidney and the heart were evident in all the infected goats and agree
with similar findings by Fiennes (1954) in 7. congolense infected cattle, and 7. vivere-
infected cattle also by Naylor (1971); Ikede and Losos (1975) in 7. brucer-infected sheep,
and Van Den Ingh et al (1976) in 7. vivax-infected catile. Kidney changes include
haemorrhagic lesions whilst those of the heart were muscle necrosis and monenuclear cells

infiltration.



The absence of bacterial isolates from lung samples of infected goats which were
coughtng in the coursec of the study is a further indication of the possibility of
trypanosomosis eliciting respiratory tract reactions. Field cases in caitle have been observed
to show signs like coughing, though no such report has been cited in the literature so far
pulmonary oedema could be the cause of the observed coughing but this was not seen in
any of the affected goais in this study.

The observed iestcular degeneralion coupled with seminiferous ubules necrosis and
fibrous connective tissue proliferation agree with similar findings by Isoun and Anosa
(1974), Anosa and Isoun (1980 in 7. vrvax infected bucks, Tkede (1979) in 7. brucei-
mfected WAD rams, Sckont (1987) in 7. vivax and 7. comgolense-infected bulls
respectively.  Also, tho obscrved comcal opacity in somc of the infocted goats have been
reopricd by Tkede and Losos (1975} in ovine trypanosomiasis.

Investigations were carried out to assess the possible effects of experimental
trypanosomosis due to T, vivax, T. congolense and T. brucei on some serum biochemical
components/constituents of the Savannah Brown goats.

Increase in serum hilirubin levels were observed in all the infected groups. The
increases were found to have coincided with fall in mean total rbe and pev levels, indicating
the possible source of the increase to higher rbc destructions in the general circulation and
further confirming the haemolvtic nature of the anaemia of trypanosomosis. Similar rise in
bilirubin levels have been reported in 7. brucei-infected Red Sokoto goats (Igbokwe and
Mohammed, 1992); T. congolense-infected cattle (Wellde er. al, 1974, 1983; Naylor,

1971) and 7. vivax-infected cattle Fiennes, 1974, 1980
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There were significant increases in the levels of BUN in all the infected goats and
these increases coincided with peak pyrexia and parasitaemia which could have resulted in
kidney damage and consequent reduction in excretion of BUN by the kidney, resuiting in
high levels in the blood and serum. ‘the increased levels of BUN reported in this study tally
with observations of Van Den Ingh et. al. (1976) in a T vivax-infected cow; 7. brucei-
infected WAL sheep (Ogunsammi et. al., 1994) and T. congolense-infected cattle (Isoun
et al., 1979).

The possibility of damages to the lver, cardiac and skeletal muscles could have caused
the drasiic increases in the levels of SGOT (ALT) in all the infecied groups in this study.
These findings agree with the reports of Wellde ef. al. (1983) in 7. vivax-infected cattle;
Adah et. al. (1992) in 7. congolense-infected Red Sokoto and WAD goats and also by
Barret-Connor ef ai., (1973). Other sources of SGOT, according to Moon et. al. (1968)
arc lhe irypanosome parasiics themselves. The pathological findings confirmed (he
suspected liver, kidney and cardiac muscles damages.

There were increasc in the lovels of K1 with concurrent fall in HCO3-, Nai, Cl- and
albumin tevels in al! the infocted groups in this study. The risc in levels of K+ coincided
with fall in HCO3- levels, this is the normal physiological gradient movements of these two
ions. The increase K+ levels could have been brought about by leakage of K+ from
damaged rbe, kidney and other fidsues. The increase in K+ levels agrees with similar
findings in T congolense-infected rats (7wener and Culbertson, 1939) and also 7. hrucei

infected rats (Tkejani, 1946a,b).
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The fall in levels of Na+, Cl- and albumin which also coincided with rise in K+ levels
agree with reports of Breazile (1971) who edxplained that fall in the level of these serum
components could be due to metabolic malfunctioning. Also the fall in Na+ corraborates
the tindings of Barret-Connor ef. al. (1973) in T. rhodesiense infection in man and that of

Risinghani et. a!.l (1981) in T, evensi-infected mice, The fall in Cl- is expected as this
component always moves passively along the same gradient with Na+. The variation in the
scrom fons pbserved m this study poinl to a possible acidosis due to the frypanosome
infections.

There were significant falls in the levels of lotal protein and albwmin in aft the infected
groups. The fall in total protein could be due 1o excessive protein breakdown, reduced feed
intakc, as obscnved in this study; fall in albumin ovcl and reduced protoin synithcsis duc to
liver damage. The fall in total protein agreed with similar findings in T congolense-infected
cattle (Tabel et al., 1978; Wellde et al, 1978) and T. rhodesiense-infected monkeys
(Sadun ez. al., 1973).

There was significant hypoglycemia manifisted by all the infected groups. The
observation is similar to that of Wellde <2 al (1974) in acute 7. vivax and T, congolense-
infected cattle; Singh and Gaur (1983) in acute T\ evanss infection in buffalo calves and
paracute T simiae infection in pigs. Causes of hypoglycemia include liver damages and
resultant fall in gluconeogencsis, and also the utilization of the blood glucose by the
trypanosomes in their metabolic activities.

The possible use of small ruminants ar potential models in the study of trypanosomal

sialidase and ervthrocvte sialoglycoconjugates activity in ruminants was investigated using
\
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Savannah Brown goate. The rbe sialic acid cleavage wag highest in the T vivav-infected
group, followed by that of the T brucei group and then the 7. rongolense group. This
shows that sialidase enzyme activity is highest in 7. vivax and lowest in the 7. congolense
in the mammalian blood stream forms of these three pathogenic species in ruminantg, The
degree of cleavage of tbe sialic-acid coincided with the level of parasitaemia and the
incidence of severe anacmia, thus confirming the reported relationship between increased
parasitacmia, and increased sialidase enzyme activity with significant sialic-acid cleavage
and development of anaemia as reported by Esievo (1979, 1980). Also, despite the
reported absence of the sialidase enzyme from the mammalian blood stream forms of 7.
brucei and T’ congolense, significant sialic-acid cleavage was observed i goats infected
with these trypanosome speces, indicating the possibie presence of a form of the enzyme in
the mammalian [forms of these parasiies, a8 was suggesicd by the findings of Magaji
(1975) and Rautenberp et «f. (1981), and the potential role of trans-sialidase in sialic-acid
cleavage activity it 7~ congolense as teported by Engstler and Scliauer (1994).

This investigation has shown that this biced of goat is a very good animal model for
wsc in further studics concoming sialidase cnzyme and dovclopment of anacmia in African
animal trypanosomosis.

With regards to the menace of trypancsomosis in Nigeria, there seems to have been
a serious decline in activities geared towards the control of the disease. Now that this study
has shown that the Savannah Brown breed of poat is highly susceptible to the discase,
intensive efforts should be made towards its control in order to forestall severe shortage in

meat production.
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Also, further work is needed in the area of gialic acid cleavage from the surface of
rhe of affected hosts. In this regard, preparations (medications) capable of preventing this
activity by the trvpanosome’s sialidase enzyme will go a long way in drastically reducing
the anaemia which is the major effect of the disease and as such minimise the destructive
nature of the disease in livestock.

The serum biochemistry revealed the serious effect of the discase on electrolytes
tike HCO,, Na™ and CF and other components like glucose which gives ise 1o acidosis and
hypoglycacmia respectively, all of which lead to lethargy which is commonly observed in
the infoctod amimals. This thorefoic calls for the noed to munimisc this offcct by
incorporating these electrolytes and components in the medication,

There is need for further investigation into the potential tissue invasiveness of 7.
vivax and T. congolense as evidenced by their presence in occular discharges in yoms of
the infected goats used in this study,

There is alse the need to further investigate the effect of these three pathogenic
Afyican trypanosomes on the reproductive performance of the female SBG as the bucks

used in this study exhibited severe testicular damage due to all the three parasites.
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APPENDIX 1
ANALYSIS OF VARIANCE FOR MEAN RECTAL
TEMPERATURE, MEAN PARASITAEMIA, MEAN
HAEMATOLOGICAL VALUES AND MEAN WEEKLY

BODY WEIGHTS AND BODY WEIGHT GAINS
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Table 1.

Mean Rectal Temperature°C') in Groups of Trypanosome Infected Savanna Brown Goats (SBG)

and Non-Infected Control,
Days Post Infection T. vivax T. congolense T. brucei Control
Mean sD Mean SD Mean SD Mean 8D
28
.21 aRIE 0.20 R 031 W40 03¢ IR06 018
.14 3836 031 3829 029 3830 0.23 3834 027
3836 0.39 3824 022 3834 037 /I 027
-7 31833 027 3810 Q.34 3840 0.43 3813 030
-3 g0 0721 3820 037 3R47 020 3813 029
0 3828 022 3820 0.41 38.10 033 3831 048
2 3973 042 3879 036 3923 088 3839 038
4 4073 0.45 3883 0.48 3986 0.69 3845 017
6 930 064 047 062 2089 0.84 3854 029
8 025 077 3919 066 38.13 0.78 3830 019
10 3985 0.55 3936 0.77 3954 088 3820 028
12 3943 108 3888 047 39331 105 3830 0.38
14 3088 094 3805 062 3872 09] 3212 026
16 3992 039 38.65 024 3895 0.58 3827 033
I8 3983 0063 3873 121 3880 0.47 3850 037
il 1973 044 3910 0.32 3886 0.40 817 0.43
26 3013 0.49 ]3I 120 3788  0.41 /SO 041
28 3941 107 39.40  0.20 38.18 1.10 3834 0.14
R IRS7T 073 3870 0.30 3780 0.50 %20 0.40
35 31940 090 3900 - 3835 04l 3802 023
40 3805 0.60 3800 - 3783 0.20 3830 0290
Chronp Maan 1053 053 WRY 045 WL 032 R2T 0.8
Analysis of Variance
Sonrce of 88 NF MS F P>k T.evel of
Variation Significance (%)
period 61.375 8 23 26685 791 0.000i 0.001
Treatment 291337 3 97112 2678 00001 0.001
Residual 113.3605 136 03374
Total 203.8760 362
Tv Vs To 43842 I 43842 1299 0.0004 9.001
Tv Vs Te 3.3171 I 33171 983 00019 0.01
Te Vs Tb 0. 0143 i 00i43 004 03373 Not signifucant
Ty~- 7. vivax To- 7" brucei Te- T congolense
SS - Sum of squares
DF- Degree of freedom
MS- Mean of squares
F- F-value.
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Table. 2. Mean Parasitaemic Level of Groups of Trypanosome Infected Savanna Brown

Goats,
Days Post Infection T. vivax T. congolense T. brucei
Mean SD Mean SD Mean SD
-3 0o - 0 - 0 -
0 0 - 0 - 0 -
2 0.88 0.55 0.0 0.0 0.0 0.0
4 263 092 1.29  0.77 2.13 1.55
6 2.57 098 2.00 1.00 0.25 0.46
8 3.0 1.27 3.43 0.79 1.63 1.41
10 233 207 260 055 3.13 1.13
12 0.19 041 2.80 1.79 3.00 0.82
14 1.83 1.94 3.00 062 1.72 0.76
16 3.00 193 1.00 1.42 0.50 0.55
18 300 173 200 133 1.50 0.84
21 3.00 1.42 1.33 2.70 2.20 1.31
26 1.00 205 3.00 0.01 1.80 1.31
28 3.00 270 4.00 0.10 2.00 1.67
32 200 167 0.00 0.00 0.00 0.00
35 0.00 0 0.00 0.00 0.75 0.96
40 0.00 0 0.00  0.00 0.00 0
Group mean 1.65 1.16 1.76  0.65 1.39 0.75
Analysis of Variance
Source of §S DF MS F ProF Level of
Vanation . — ~ . Signficance (%)
period 211 4666 23 Q1042 1031 0.0001 0.001
Treatment 78.4136 3 26.1379 29.30 0.000} 0.001
Residual 2997017 336 0.8922
Total 5896419 362
Tv Ve Th 742421 1 742421 SRS 00161 0.05
TvVsTe 0.2415 i 0.2415 0.02 0.8904 Not significant
TeVsTb To 3185 i 76.3185 0.02 0.0147 0.05
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Table.3. Mean Packed Cell Volume (%) of Groups of Trypanosome Infected Savanna
Brown Goats and Non Infecied Conirol SBG

Days Post T. vivax T. congolense T. brucei Control

Infection Mean  SD Mean SD Mean  SD Mean  SD
28 3031 110 3043 127 3038 092 3018 057
21 3033 105 3079 081 3085 065 3048 102
7 2088 085 057 079 2063 092 3007 1042
-l 3028 0.66 000 082 028 092 2050 123
o' { 278 108 3043 098 2903 092 2854 .07
g, 3011 108 3057 079 3030 095 2079 092
0 2763 075 2014 000 W0 134 W13 164
2 2248 138 26.14 0.50 2456 1.40 2998 1.4
4 1843 230 2314 279 2250 087 2913 084
o 2047 08) 1872 206 1969 163 2062 143
a 1858 050 1530 230 1744 145 3003 120
10 1758 0392 1320 217 1567 0.51 2874 0.75
12 1738 053 1250 082 1417 063 3040 141
14 1670 045 1225 263 1415 020 3033 102
16 1600 04} 1350 466 1250 045 2055 1135
18 1267 035 1433 635 1320 028 3000 198
21 1427 065 1850  0.50 1240 0.42 3030 121
26 1517 060 1450 050 1340 042 2036 0OR7
28 1650 050 19.50 0.50 1375 029 K7 083
kY] 1600 0.10 2150 - 1350 041 2924 066
s 1400 08S 2300 - 1500 0.65 2066 |0V
40

Group Mean 2107 053 218 087 2060 052 3019 111
Analysis of Vanance

Sourcc of 88 DF MS F Pr>F Level of

Vanation Tyl %)

Penod 7742 6225 23 336 6358 2653 00001 0001

I'reatment 24351286 3 B1L7095 6398  0.000) 0.001

Residual 4263 0878 336 12.6878

Total 144408387 362

TvVsTh 74.2421 1 74.2421 585 00161 0.05

Ty Vs Te 0.2415 } 02415 002 08904 Not significant

Te Vs Th 76 318S 1 76 31RS 602 00147 005
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Table.4, Mean Haemoglobin Level (Gm/dl) of Groups of Trypanosome Infected
Savannia Brown Goats and Non Difscicd Control SBG

Days Post T. vivax T. congoleiise T. brucei Contiol

Infection Mean b1 9] Mean by B Mean 18] Mean S0
2% 1011 0.38 10.16 0.43 10.13  0.30 1005 0.19
21 10.11 036 1026 028 003 034 10,06 034

996 028 1020 027 9%E .59 1002 048
-14 1000 024 1000 025 1013 023 084 042
-7 991 033 10.14 032 535 0.30 9.50 0.50
-3 10.06 636 10.19  0.29 1016 032 993 031
0 920 025 972 031 960 .36 1009 055
2 750 (.46 272 031 820 0.8 067 050
4 614 0.78 772 091 791 630 9.80 0.45
6 6482 020 767 341 6.56 053 987 U050
8 620 019 S12 079 581 051 1002 044
10 587 032 440 0M 520 016 997 028
12 580 .17 418 103 472 021 1013 0.47
14 554 0.4 408 090 472 041 1000 0.41
16 531 013 450 180 450 0.8 9.78 0.52
18 120 9027 610 020 138 0.11 908 052
21 477 0.33 550 0.0 446 0.17 10.10 041
26 493 035 485 0.25 a%0 017 978 028
2% 550 029 650 0.20 450 012 9.58 0.30
k] 530 0.10 720 - 150 0.16 276 0.20
a5 465 025 770 - 497 033 986 ©.50
4
Group Mean 725 030 2186 0.57 6.86 (.30 990 04l
Analysis of Variance

Source of S8 DF MS F Pr>F Level of

Variation R e Signifcance {%6)

period 700 8770 23 24,3860 2277 0.0001 0.001

Treatment 2006075 3 26.8692 64.14  0.000! 0.001

Residual SO7.4273 136 1.5102

Total 1588.9118 562

Tv Vs Tb 0.9220 1 0.9220 061  0.4352 Not significant

Tv Vs Tc 8.0113 1 B.0113 530 007219 0.05

Te Vs T 13.6484 1 11.6484 904 0.0028 0.01
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Table.5.  Mean Erythrocyte Count (x 10'/1. ) of Groups of Infected Savanna Brown
Goals and Non Infecied Conirol SBG

Days Post T vivax T. congolense T. brucei Control
Infection Mean  SD Mean SD Mean  SD Mean  SD
28 725 019 733 029 749 054 699 017
21 741 040 722 032 789 032 710 014
730 03§ 730 029 754 014 T0R 024
-14 738 020 729 027 712 064 702 05l
-7 708 0.19 726 024 7.20 030 789 0.7
-3 729 037 724 025 725 033 708 025
] 712 024 643 035 733 050 708 024
2 591 021 564 048 661 061 713 029
4 403 030 529 09 635 044 700 025
6 422 035 436 048 609 030 713 02
R IR0 025 360 048 574 030 700 016
10 177 029 290 042 532 030 702 020
12 350 035 280 0.23 473 039 705 0.4
14 326 020 275 065 388 024 723 024
16 233 028 333 136 363 038 753 034
18 233 017 273 055 374 026 705 015
2i 300 030 355 015 37 022 706 0.29
26 277 02 245 005 348 019 706 020
2R 114 02 2125 025 155 006 715 024
2 255 005 450 - 345 042 734 023
35 245 0.5 500 - 393 017 702 034
40
Group Means 466 026 49 034 533 034 714 021
Analysis of Vanance
Source of SSs DF MS F Pr>F Level of
Vanation o . Signuficance (%)
penod 350.0693 7 152204 1761 0.0001 0.001
Treatment 12.6195 3 42065 487 00025 00!
Residual 290 4031 3136 08643
Total 653.0918 362
Tv Vs T 0.0427 i 0.0427 005 08243 Not significani
v Vs Tc 1.8493 1 18493 214  0.1445 Not significant
Te Va'Th 1.1783 1 11783 136 00438 Mot sigmficant
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Table, 8,  Mean Corpuscular Volume (M.C.V.) Mean Cell Haemoglobin (M.C.H.) And
Mean Cell Haemoglobin Concentration (M.C.H.C.) of Groups of
Tryvpanosome Infected Savanna Brown Goats and Non-infected Control
SBG

DPLoM oCo v M. C. H M C. H C

w1 1m < V. TC T8 C vV TC 1B C
-28  41.51 41.65 40.56 43.21 1384 1397 13.53 14.45 33,37 33.55 33.24 33.44
-21  40.99 42.77 39.05 4293 13.66 1431 12.70 14.31 33.34 33.25 32.50 33.33
=14 4043 41 88 3883 42.47 1249 (397 13 1 14.16 3334 3353 3373 3333
<07 38.92 41.i5 42.58 42.88 12.97 13.72 14.24 14.02 33.31 33.33 33.44 33.36
03 411 402 412 4241 13.1 13R 141 142 330 331 33.0 333
0 4138 42.23 41.81 42.08 13.08 14.01 14.02 14.02 33.40 33.32 33.33 33.32
2 3885 4533 39.17 4253 1294 15.11 13.11 1425 3330 33.33 33.46 33.49
4  38.03 46,33 37.15 42.06 12.68 15.44 12,40 13.57 33.35 33.33 33.38 32.24
6 4574 43.78 35.53 41.61 1525 1459 12.46 14.00 33.33 33.34 35.07 33.65
8 4847 4295 3234 41.54 16.14 17.60 10.78 13.85 33.31 40.99 33.34 33.33
10 4890 42. 5 30.39 42,38 1632 14.22 10.13 1413  33.36 33.47 33.33 3335
12 4668 45.52 2049 40923 15.58 15,17 995 1420 33,37 33.33 33.73 34.65
14  49.67 44.64 29.97 43.16 16.57 1491 9.97 14.38 33.37 33. 4 33.27 33.32
16 51.23 44.55 3644 41.93  17.12 14.82 12.15 13.83 33.41 33.27 33.34 32.97
18 ©68.82 40.60 37.16 39.23 22.90 13.54 1239 12.99 33.28 33.33 33.33 33.11
21 5430 4038 3530 4249 1800 2232 11.71 1416 33,16 42,56 33.19 3328
26 47.56 52.11 32.98 42.92 15.89 1549 11.86 1431 33.41 29.73 3397 33.33
28  54.14 59.19 3563 4292 17.83 19.80 13.79 13.85 32.53 33.45 35.82 3331
32 52.67 60.00 38.73 40.22 7.56 20.00 12.68 13.40  33.33 33.33 32.73 33.32
35 62.75 47.78 39.13 3984 20.78 16.00 13.04 13.32 33,13 33.49 33.33 33.38
40 57.14 45, 0 38.14 4225 1898 15.40 12.63 1405 33.21 33.47 33.10 33.24
42 4219 52. 5 43,56 40.67 14.06 17.50 14.58 13.56  33.33 33.33 33.46 33.33

D.P.1 - Day Post Infection

T.V. - T vivax Infected Group
T.C
T.B.

Cc

- T. congolense Infected Group

- 7. brucei Infected Group

- Control non - Infected Group
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Table.7. Mean Total Leucocyte Count {x 10 */6 ) of Groups of Trypanosome Infected
Savanna Brown Goats and Non Infecied

Days Post T. vivax T. congoiense T. brucei Control
Infection Mean sD Mean sD Mean 8D Mean SD
-28 15,0200 14090 149930 381.0 14,7250 1385 149705 1854
=24 14,8838 190.1 15,0260 160.0 14,887.5 150.0 14,9213 204.0
-14 14,9375 140R 150714 1313 140000 1300 148200 1711
-7 15,037.5 226.4 149288 1498 150125 1248 148187 1889
-3 14981.2 123.5 14,8285 170.4 150000 i309 14,9870 321.0
0 14,9937 1205 149714 9R] 149750 1165 14,8600 2078
2 148437 1591 150143 226 R 15,187.5 1354 148000 3100
4 15,0083 1657 148425 1272 150812 1193 14,8500 23%.0
(3] 14,7403 34.1 148897 900 14,8880 3E7.0 14,8697 1907
8 15,133.3 206.5 {48714 [11.3 150750 1830 146210 2710
10 15,1667 2160 15,0400 1140 150373 1280 147420 2219
2 15,4000 374 150200 1090 152214 13350 148229 1544
14 154170 449 13,820.0 330 154000 1155 14,6430 4i20
16 15,8000 158.1 15925.0 500.0 1572833 2401 149170 3190
iR 16,1500 2650 10,1006 10040 16,1170 2640 146670 2R00
2 16,9330 1207 17.200.0 128, 17,1000 2350 137500 2050
26 16,400.0 400.0 17,0500 5000 17,230.0 311.0 14,3400 2970
28 15,933.0 2100 17,1000 1600 17,1400 1673 148100 1439
2 15,4000 2000 168000 1100 168000 141 4 149600 1517
35 17,5000 1000 16,000.0 - 16,700.0 2580 148100 1884
40 16,300.0 - 13,900.0 - 17,000.0 1600 14,6704 2490
Group ieans
Analvsis of Variance
Source of 38 DF MS F Pr>F Level of
Variation _ e Significance %
Period 834162186.1 23 ARRT66168H 041 (.9940 Mot significant
Treatment 6002371062 3 233079035 4 2.43 0.0649 0.05
Residual 32186487458 335 95793117
Total IFTTORBGTS0 362
TvVsTb 3821238243 } 3821238243 309 0.0466 0.05
Tv Vs Tc 3629.9 | 36299 .00 0.0807 Not significant
Te Vs TL 3577206062 i 357720006.2 373 0.0541 0.05
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Table.8. Mean Lymphotyte Count (x 10 YL ) of Groups of Trypanosome Infected
Savanna Brown Goats  atid Non Infected Contwol SBG
Days Post T. vivax T. congolense T. brucei Control
Infection Mean SD Mean SD Mean 8D Mean sD
28
.14 ii,2646 {195 112,430 4620 [1,006 8 {030 11,1709 2224
.7 11.296.6 1449 11.260.7 1592 109698 864 110448 1829
112401 1707 11,7499 1205 11,1276 BR6 11,076.7 175.1
-3 11,306.4 169.3 11,0794 1854 16,988.2 2288 11,0150 285.0
0 11,2450 114.1 12500 1299 FL100.4 jod3 10,9380 2481
3 11,1326 1485 112401 2520 113050 1734 105050 3520
11,1419 1558 11,1321 1277 118570 1024 11,044.4 1RBO.0
6 15,4990 2926 11,7387 1787 11,7282 2150 11,1143 152.4
8 11,9310 2810 12,302.0 209.0 11,4302 2659 10,9370 2820
10 12,1330 2304 126936 1043 11.493.5 1235 11,0151 2420
12 129330 3130 11,1448 0QOR 11,6553 202 R 10,9622 18R7
Ig 12,9260 6050 1L,078.0 39L0 11,6650 1634 10,7110 38240
18 13,2068 1383 10,7800 241.0 VL2825 190.0 11.087.0 245
134193 1124 95388 1161 119525 1610 109995 1992
2l 13773.0 1535 I1,0BS.0 2080 11,764 4 2015 107680 2510
36 13,1200 3200 12,7025 250.0 12,470.6 2007 10.7550 2340
;g 1910 1,147.0 13,730.,0 4600 1240906 1704 109602 203.4
110160 2360 13.521.0 2650 128490 798 10,772.0 1546
35 12,3376 17.0 13,300.0 - 13,1930 2700 10,9724 1570
40 11,8990 1200 10,9810 - 13,4300 221.0 10,9720 1333
Group Mcans
Analysis of Vanance
Sowrces of s§s DF MS F Pr>F Level of
Vanation ~ Significance %
Period 842.7941 23 36.6432 595 0.0001 0.001
Treatment 327 86O 3 100 2600 17.76  0.0001 0.001
Eesidual 2.067 8122 335 61542
Total 3,238.4132 362
TvVsTb 2257073 1 2257073 36.68  0.0001 0.001
I'v Vs'i¢ 141 4706 1 141 4706 2249 0.0001 .00
TevVsTob 43779 1 4 2779 0.70 0.4050 Not significant
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Table.9. Mean Neutrophil Count (x 10 1 ) of Groups of Trypanosome Infected Savanna
Biown Goats and WNon Infected Control SBG

Days Post T. vivax T. congolense T. brucei Control
Infection Mean SD Mean SD Mean sp Mean sD
28
21 37554 1314 34913 1567 36202 %19 6490  RYSG
14 36272 929 37136 389 36294 1392 35099 105.9
7 35481 024 36810 1704 26603 866 36254 579
- 37219 1231 36257 1246 36988 195 35201 2235
-3 36500 751 35227 979 36934 627 Y1610 I81%
0 36737 1260 36149 1176 35881 915 36535 154.7
2 3636.9 121.9 36240 108 35724 2236 35480 116.5
4 35857 1246 33925 N5 29410 875 36768 1273
6 3659 1250 29133 789 30i54 745 36745 1286
3 30268 2185 2442.4 2455 32966 189.1 36122 757
10 27830 176.0 31963 049 33054 782 37277 180.5
12 2182.2 1388 36852 100.3 32826 1544 3830.6 120.0
14 22338 1126 44710 1200 13881 987 36394 2132
lo 2212.2 1176 4899.0 237.0 38080 1833 3555.7 117.7
18 Y9062 1812 50182 31498 41642 1508 35205 131.6
21 28750 186.0 5607.0 361.0 51540 1603 37122 1546
26 28530 2120 37500 (1.0 43420 263 34992 1874
28 31867 416 3890.0 160.0 4561.0 1099 3701.4 114.2
32 4221.0 888.0 200 200 4240 2200 37432 199.2
3 45370 1400 39600 - 30486 1000 37020 923
40 39120 650 25020 - 31697 795 35510 1935
Group Means
Analveis of Vartance
Source of §S§ DF MS F Pr>F Level of
Vanation — Significance %
Period 1472 0938 3 486128 346 00001 0.001
Treatment 302.3628 3 100.7876 748 00001 0.001
Residual 4530.1131 136 13,4829
Total 5004.5698 162
TvVsTb 1993563 1 199.3563 1479 0.0001 0.001
Tv Vs 1'c 101.4545 1 101.4545 752 0.0064 0. 0)
TeVsTb B.5201 1 9.5201 071 04017 Not significant
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Table.10, Mean Monocyte Count (x 10 L ) of Groups of Trypancsome Infected

Savaiina Brown Goats and Non Tinfected Contiol SBG
Days Post T. vivax T. congolense T. brucei Control
Infection Mean 5D Mean 8D Mean SD Mean SD
28
21 1103 509 (283 569 116, 680 2 692
14 1118 69.0 1506 878 1206 936 1067 381
7 742 794 129.3 1030 1492 802 111.5 1057
- 59 785 1070 1138 1428 1070 1295 944
-3 375 694 1484 849 1874 689 1309 539
0 75.0 802 1280 1029 1499 113.0 1480 78.1
-2 744 795 150.1 23 1515 807 1100 680
4 1504 818 1274 562 1697 1259 1114 688
¢ 1050 718 1274 50.5 1312 535 1257 955
8 125.7 1126 1203 563 169.6 53.5 1257 505
10 1262 1127 1502 105.4 188.4 1340 130.5  $0.1
12 510 790 15060 105.4 1744 137.7 201 587
14 1297 1195 1593 33 3080 23 1476 &5
16 1578 1124 1213 809 127.8 1158 1493 937
18 1217 81.2 2815 797 1385 500 1220 S98
2 1687 1080 1720 100 1372 767 1475 187
26 1627 164.0 3410 1.0 I3 34 292 653
28 159.0 160.0 1990 10.0 40 260 1182 663
k7l 2173 889 1520 1620 1000 560 1192  66.6
35 3500 20 1800 - 166.5 1358 149.0 1068
40 3260 6.0 1RO - 7367 982 I170 634
Analysis of Variance

Source of S8 bDF MS F Pr>F Level of

Variation Significance %

Period R.4760 23 0.3685 1.00  0.4547 Not significant

Treatment 6.6120 3 2.2040 SO 0.0006 0.001

Residuat 123.8267 336 03685

‘Total 138.9146 362

TvVsTh 5.6438 i 5.6438 1531 0.0001 0.001

TVVs T 2.6035 1 2.6033 706 00082 0. 01

To Vs Tb 0.3636 1 0.3636 099 03213 Net significant



Table.11, Mean Eosinophil Count (x 10 *1) of Groups of Trypanosome Infected Savanna
Brown Goats and Non Infected Control SBG

Day FPost T. vivax T. congolense T. brucei Control
Infection Mean SD Mean SD Mean  SD Mean SD
-28 0 0 1299 574 0 0 376 697
-21 933 772 0 0 1296 936 0 0
-14 186 587 216 571 1119 890 880 523
-7 216 527 h; 0 75.4 BO.6 742 794
-3 0 0 1066 725 1310 vo.l 746 98
0 0 0 0 9 1309 956 111.1 1047
2 ] 0 Q Q0 1524 80.7 Q 1]
4 233 1111 106.1 72.% 1130 1346 18.7 53.0
L] ¢ 0 og3 724 1228 626 0 1]
8 0 0 1063 726 1692 76.0 1480 8646
10 126.6 61.8 0 0 378 60.3 0 0
12 2312 B5.0 00 571 102.1 1160 i o
i4 1268 1135 W27 7835 {7 750 1480 809
16 221.2 885 1192 79.7 12781158 1243 1112
18 1623 1328 201.5 817 0 Q 247 604
2f 112.3 9R.I 1154 996 342 765 i225 60.0
26 164.0 4.0 2555 827 {7272 3 284 635
28 105.7 91.5 1900 100 13201437 288 656
32 2127 7 ¢ 0 126.0 160.2 804 816
Kh) 175.0 1.0 1800 - 2512 B43 0 0
40 163.0 30 {30 - too 1.0 00 672
Group Mezan
Anatysis of Variance
Sougoe of 58 DF M3 F Pr> Lovcl of
Variation Significance %
Period 18.2858 23 0.795¢ 2.57  0.0001 0.001
1reatment 8.2952 3 27651 894 0.0001 0.001
Residual 103.8653 336 1.309]
Total 130.44]13 362
TvVsTh 5.0977 } 50977 1642 0.0001 0.001
Ty Ve Te 0.185¢ } 0.1856 0.60 (.4580 Mot sipmficant
Te Ve T 2.9290 1 20200 948 00023 an1
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Table.12a.

Mean Weekly Bady Weights (Kg) of Groups of Trypanosome Infected
Savanma Brown Goats and Non Infected Conticol SBG

Week {(Days) T. vivax T. coigolense T. brucei Control
Post Infection Mean sDh Mean sL Mean S0 Mean S0
-4(28) 1746 0.40 1586 Q.43 12.86 Q.30 2061 0.09
-3(21) 19.23 0.43 17.47 0.39 1426 036 22.16 032
-2014) 20.79 0.60 187 0.39 1566 036 24.13 0.43
T 2265 065 2032 0.39 17.16 035 26.23 042
(0) 2398 0.63 22.04 0.48 18.86 0.35 2843 Q.78
1N 25.44 0.6] 23.52 0.47 2034 0.34 3041 101
214) 26.64 073 2433 0.50 21.43 0.4] 32.46 10t
321 27T Q.38 2533 Q.18 22.54 013 3459 134
4(28) 28.67 0.36 26.16 0.10 23.i4 Q.44 3081 @81
5(33) 29.55 0.36 2440 - 2335 0.72 38.67 0.57
6(42) 2780 - 2450 2367 033 4022 0.53
Group Mean
Analygis of Vanunce
Source of 88 DF MS F Pr>F  Levelof
Variation Significance %
Perniod 1759840428 23 781.9410 8665 00001 0.001
Treatment 1767.5432 3 5891811 6529 00001 0.00)
Residual 31032.0075 36 0.0241
Total 2279.2835 g2
Tv Vs Th A06.2246 1 406.2246 4502 00001 000I
Tv Vs Te 43.0932 1 43.0932 478 0.029%6 0.05
Te Vs Th 155 5290 1 155.5290 1723 0.0001 0.001
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Table,12b. Mean Weekly Body Weight Gains (Kg) of Groups of Trypanosome Infected
Savanna Brown Goaty and Un Infected Control Group of SBG

Weeks (Days) T. vivax T. congolense T. brueei Conuoi
Post Infection Mean sD Mean SD Mean SD Mean sD
-4(-28) 1.46 162 1.0t 1535
-3-2h) 1.56 1.70 1.40 1.96
-24-14) 176 1.95 158 2.10
~1{-) 193 als 170 22

o0y 1.97 2.3 1.96 1.98
14))] 200 181 1.72 305
214 1.67 1.01 11t 213
aoen 0.97 37 £.94 2.22
A(28) 0.38 -0.40 0.56 1.86
5(35) -1.78 -1.40 032 1.55
6(42)

Group Mzan
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APPENDIX 2

ANALYSIS OF VARIANCE FOR MEAN VALUES OF

SOME SERUM BIOCHEMICAL PARAMETERS



Table.1. Mean Serum Sodmm Levels (M Mol/L. ) of Trypanosome Infected Groups of
Savarmali Browii Goats and Un-Infected Conttol SBG

Days Post T wivax T. congolense T. brucei Contiol
Infection Mean 8D Mean SD Mean SD Mean SD
-14 i49.17 .60 14733 216 14950 1.05 14988 925
-7 15050 1.05 14883 147 15000 0.63 150.25 337
-3 §5033 052 15067 t21 15000 141 14963 450
0 14967 163 14950 0.84 150.17 0.75 150.00 3.76
P 15050 176 14917 117 150333 0.5 15037 100
4 15067 1.97 150,47 147 149.50 (.84 149,75 2.05
é 14963 137 14933 163 14060 055 15000 2.5
8 15020 0.84 14283 183 14020 045 148.2¢ 365
i0 14980 0.84 150.40 G.55 15000 90.21 14320 2.59
1?2 14940 1.52 15060 0.55 14580 0954 14983 172
14 14940 0RO 15000 082 15020 0R4 14967 052
16 143.00 2.35 14250 058 14960 1.52 150.17 293
I8 140.50 (.58 143536 Q.58 146.00 2.97 15060 1.34
21 13933 1.25 14167 034 14240 313 15020 049
26 130.00 498 130.50 040 13840 523 150,20 0.6l
23 121.67 1225 13127 154 13335 327 14581 2.36
Group Mean 143.73 146.96 146.75 149.74
L
Analysis of Vanance
Source of 35 DF MS F PrF Level of
Vanation Sigmificance %
Period 693.7545 15 495539 5.44 0.0001 0.00%
Treatment 452700 3 15.0900 1.66 0.1763 0.05
Residual 2758.8632 303 91052
Total 3497 8879 320
Te Vs T 83592 i $.3592 8404 G.8427 Nl sigmificant
Tv Vs Te 1.8254 1 1.8254 0.20 0.6547 Not significant
Te Vs Th 0.6011 1 0.6011 .07 07974 "
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Table.2. Mean Serum Pottasium Tevels (M Mol/L) of Trvpanosome Infected Groups of
Savaina Brown Goats and Un-Infected Control Group of SBG

Days Post T. vivax T. congolense T. brucel Caontrol
Infection Mean SD Mean S Mean 5D Mean 8P
-14 556 021 560 046 583 0.75 383 071
-7 563 028 552 Q.40 565 0.21 520 067
-3 577 023 527 061 543 0.50 594 050
0 578 023 535 045 528 0.37 563 052
2 335 030 528 0.32 503 052 514 057
4 555 049 492 031 325% 0.3 560 0.52
6 505 026 520 034 550 047 569 041
8 530 230 510 al6 538 057 548 013
10 370 029 490 Q.10 519 .47 564 0.20
12 518 022 530 045 520 (.48 550 049
14 512 013 543 044 520 045 5.50 0.28
16 582 015 505 042 6.67 .12 558 0.19
15 050 041 685 037 680 (.28 332 D24
21 703 017 75 034 726 034 354 049
26 783 024 785 035 766 0.42 566 0D.24
28 B13 087 837 04 848 038 596 Q.40
Group Mean 6.05 5.09 561
Analysis of Variance
Source of 58 DF MS F Pr>F Level of
Vanation Significance %
Period 106.5264 [ 76000 0.93 0.5239 Not significent
Treatiment 15.1457 3 50486 0.62 0.6033 0.03
Residual 2472.3637 303 8.159%
Total 25940350 320
Tv Vs Tb 1.4552 t 1.4532 0.1R 0.6731 Not significant
Tv Vs Te 0.3748 | 0.3748 0.G5 0.8304 Not sigruficunt
Tc Vs Tb 3323 i 3.3231 6.41 0.5238 “
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Table.3. Mean Serum Chloride Tevels (M Mol/L. ) of Trypanosome Infected Groups of
Savanna Brown Goats and Un-Infected Control SBG

Days Post T. vivax T. congolense T. brucet Control
Infecﬁon Mean s Mean sD Mean SD Mean sD
-14 102.17 703 9983 556 103.57 932 10363 292
-7 100.67 4.27 101.50 686 10417 299 10162 7.15
-3 10483 1977 103.00 335 100.53 489 10063 6.25
0 W00 632 101.83 624 10000 368 10102 3%2
2 9933 LTS5 gel) 559 i0le? 197 10063 6.7
4 100.33 36i 101.50 6.09 W0 465 101.87 251
6 10233 6.22 100.33 6.41 9060 527 100,50 6.63
8 9860 283 10100 6.26 9900 Q.16 10000 281
10 101.60 336 10220 192 10240 29 99.40 532
12 10000 583 10160 1.52 10020 336 9383 4.45
14 100.40 8.50 100.75 189 9080 3.35 9098 4.03
HH 5580 1.64 5873 094§ 9680 5.28 16133 7.9¢%
It S 9.0 082 9525 1.0 0660 537 0000 122
21 90.33 0.67 0267 082 090.60 3.63 100,40 0.55
26 8267 2.64 {750 150 8600 7.52 10100 3904
28 R2.00 1.75 B332 095 8156 21.63 102.35 1.85
Croup Mean 57.004 100,01 97.00 100.89
Analysis of Varance
Source of 5SS DF MS F Fr>F Levet of
Variation Sigraficance %
Perind 2862 7483 15 204, 4820 1.49 d.1142 Nof significant
Treatment 423 8348 3 1412783 1.03 .3806 0.05
Residual 416570792 303 137.4821
‘Total 44943.60623 320
Tv Vs Th 2469581 1 2406 9381 .80 0.1812 Not significant,
TVVsTe 46,4490 1 40.4496 0.34 04.5612 ot significant
Te Vs Tb 76. 1666 H 76.1666 0.59 04.4573 "
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Table.4. Mean Serum Bicarbonate Levels (m Mol/L. ) of Trypanosome Infected Groups of
Savanna Brown Goats  and Un-Infected Control SBG

Days Post T. vivax, T. congolense T. brucei Contrel
Infection Mean S Mean SD Mean 5D Mean 8D
-14 2033 082 2433 082 2050 0.55 2650 1.20
-7 19.50 0.%4 2117 117 21.83 0.75 21.00 1.3t
-3 2033 082 2083 0.75 20.00 0.R9 2100 185
N 2100 1.27 21.17 075 2033 0.52 2100 200
2 2100 063 20,17 075 2000 050 2063 1.92
4 21.00 1.10 fY.X3 0.93 20017 .75 21.38 1.51
] 21.00 0.63 23.00 0.89 20.28 0.45 21.00 1.51
) 1500 210 w17 078 2000 071 2040 182
10 20.00 0.71 20.80 6.84 20.20 0.45 21.00 1.0G
12 17.60 0.9 21.40 .55 20.20 .43 2033 1.03
14 16.20 084 1825 D.50 17.20 0.45 20.50 1.05
16 1620 045 17250  0.57 1520 084 2000 127
18 1525 0.50 1430 058 14.60 055 2060 1.14
21 1367 133 1400 153 1400 100 21.00 1.00
26 12.33 0.71 13.00 0.76 12 R0 1.30 21.20 084
28 1133 148 1208 133 1083 Q.84 2176 0.64
Group Mean
Analysis of Variance
Source of 58 DF M3 Pl Level of
Vanation Signtficance %
Period 1188.1232 15 RB4.8660 2.64 0.0012 0.01
Treatment 524.2903 3 174.7634 544 0.0012 0.01
Residual 9226.0911 303 32,0993
Tolal 11438.5047 320
TvVsTh 1.6700 1 1.6700 0.05 0.8197 Wot sigmificant
Tv Vs Te 27.4656 1 27.4656 0.86 0.3557 Mot significant
Te Vs Th 43,6790 1 43.6790 1.36 0.2443 "
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Table. 5. Mean Serum (Blood) Urea Nitrogen Levels (m Mol/L ) of Trypanosome Infected
Groups of Savanna Brown Goats and Un-Infecied Control SBG

Days Post T vivax T congolense T brucei Contiol
Infection Mean SD Mean SD Mean SD Mean SD
-14 050 071 605 034 588 010 640 0.68
-7 0.05 Uol 592 021 592 010 584 0 82
= 618 029 613 019 607 025 584 206
0 675 030 607 012 S8 012 644 042
p: 608 031 585 023 588 012 6206 0129
4 683 019 568 022 557 016 595 052
6 687 0le 605 023 598 005 621 030
B 6.80 0.11 §03 0.12 5.78 021 600 0.11
10 610 016 012 0.1l 600 030 612 013
12 0.32 0.25 6.24 0.25 6.20 0.45 592 024
14 680 032 725 050 690 023 600 028
16 646  0.75 755 053 770 0.5 620 018
i8 755 0.42 825 029 776 055 004 023
21 827 035 817 042 B50 050 58 023
26 873 029 850 064 95 014 6l6 015
28 910 067 B 97 0.18 10.31 0.12 6.0l Q.14
Group Mean
Analysis of Vanance
Source of SS DFE MS F ProF Lavel of
Varation o Significance %
Penod 240 0557 15 17.1897 0.00 0.8044 Not  sigmificant
Treatment 103.6717 3 345339 521 0.0307 0.05
Residual 8676.6206 303 28.6357
Total 9020 8790 320
Tv Vs Th 622120 1 622120 217 01418 Not  sigmificant
Tv Vs Te 786277 | 78.6277 2.75 0.0983 0.05
Te Vs Tb 1.3245 1 1.3245 0.05 0.8299 .
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Table.6. Mean Serum Bilirubin Levels (pn Moll. ) of Trypanosome Infected Groups of
Savanna Brown Goais and Un-Infecied Conirol SBG

Days Post T. vivax T. congolense T. brucei Control
Infection Mean SD Mean SD Mean SD Mean SD
-4 233 052 2.33 0.52 250 055 2.25 0 do
-7 233 051 233 0852 250 055 250 054
-3 250 055 250 058 2331 09 250 046
0 233 052 233 0.52 217 .41 o 4 0.52
2 233 0e2 233 095 217 041 238 052
4 250 055 250 055 267  0OR2 238 074
6 217 041 267 052 2 R0 044 24R 052
8 3.82 0.18 317 04l 240 055 2. 0.52
10 420 045 4 4 0.55 300 055 2.60 085
12 440 055 460 055 400 050 233 032
14 480 0.45 525 0 50 4.10 06S 267 0O.R2
16 4.40 0.55 4.50 0.56 440 0.42 2.67 0.52
1B 475 0.50 553 el 4,60 055 280 0.45
21 500 065 000 054 540 055 260 055
26 6133 055 7 50 0 50 6.40 074 260 056
28 700 0.60 813 04 7250 062 2.1 0.66
Analysis ol Vanance
Souice of S35 DF MS F Pi>F Level of
Vanation o . B Signuficance %
Penod 191 2048 15 136575 2403 0.0001 0.001
Treatment 48.0083 3 16.0228 28.19  0.0001 0.001
Residual 172.2203 303 32,0993
Total 411.4933 320
TvVsTL 0.0000 i 0.00000 0.00 0.9993 Not  significant
Ty Vs Tc 0.2811 | 0. 2811 049 0.4824 Not  significant
TeVeTh 0.2892 1 0.2892 0.51 0413 '
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Table 7. Mean Plasma Total Protein [evels (Gm/100mls) of Trvpanosome Infected
Groups of Savannah Brown Goats and Uninfected Control SBG.

Days Post T. vivax T. cangolense T. briicei Control
Infection Meen 8D Mesn SD Mesn SD Mean SD
-14 ' glo 431 882 0.22 YO8 0.2% T8¢ 053
-7 813 033 805 ¢350 508 (.28 B.O> 031
-3 8lé 052 863 (73 BO0 029 788 0.6
¢ 223 01 2o0 064 796 013 R11 023
2 803 033 BB6 090 790 (.46 793 0.8
4 8.08 0.4l 836 048 793 027 TRT 0.Z)
6 803 Q.18 793 016 784 036 g.13 022
] 872 017 77 049 780 0.16 ROO 041
1) 850 0.45 TG 09 308 0.36 7RI 041
12 743 038 760 042 7.84 0.22 8.0z 037
141 A7 033 750 0Al 647 (38 786 030
16 646 075 7.20  0.40 652 022 783 0.3
1¥ 550 058 65 104 6.357 035 7535 0.33
21 393 017 .10 0.27 580 0.23 813 024
26 603 0.2 550 050 610 0.4 g08 013
28 600 0.20 570 025 6.32 0.24 7RB8 0.23
Analysis of Vanance
Source of SS DF MS F Pr>F Level of
Variatio - - Significance %
Period 11590060 15 8.3500 2323 00001 0.001
Treatment 25.5103 3 8.5034 2366 00001 Q.00
Residual 10R 9076 203 03504
Total 251.3180 320
TvVsTh 1.5330 | 1.5330 427 00398 0.05
Tv Vs'le 12,7705 1 12,7705 3333 0.0001 0.001
TeVsTh 23.6401 1 23.6401) 63.77 09001 0.001
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Table.8, Mean Serum Albumin Levels (Gm/100mls ) of Trypanosome Infected Groups of
Savatma Brown Goats and Un-Infected Control SBG

Days Post 7. vivax T vongolense T brucei Corirol
Infection Mean S0 Mean 5L Mean 5D Mean S
-14 303 0352 305 055 308 075 3.01 1.25
-7 3 142 315 LUS 303 032 300 16l
-3 312 0.75 305 0.55 3.00 0.41 306 1.41
0 308 0.79 310 0.80 303 0.52 o4 1.51
2 2.97 0.32 302 0.41 3.02 0.41 310 0.86
4 290 032 295 0.55 302 04l a9 97s
6 282 012 272 001 288 045 300 1389
B 2.88 Q.81 280 0.10 2.80 07 30 0.9
i0 272 084 29 1.00 276 @.55 308 0384
12 286 055 2y 045 292 {54 305 055
14 2.82 0384 265 0.58 2.54 0.55 108 {098
14 2.60 1.00 2.57 Q.50 194 0.55 3.07 0.52
18 230 (.82 203 050 190 0.5 304 114
pA | 1.90 1.42 1.83 167 1.82 .45 304 0.55
26 173 1.3 170 013 150 o7 08 084
28 14T 056 150 032 128 Q82 310 04
Analysis of Varance
Source of 88 PF MS F Pr>F Level of
Vanation - Significance %
Period 158.5045 15 11.3217 9.13 0.0001 0.001
Trealmen( 50.2294 3 16.7451 13.50 0.00401 0.001
Residual 375.8521 303 1.2404
Total 584.5860 320
TvVsTo 0307 1 Q3227 752  G.0085 0.01
Tv VaTe 0.ROB8 1 ().8088 0.65 0. 4200 Not sigruficant
TeVsTb 4.5246 1 435246 3.65 0.057% 0.05
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Table.9. Mean Serum Glucose Level (M Mbol/L ) of Trypanosome Infected Groups of

Savanna Brown Goats and Un-Infected Control SBG

Days Post T, vivux T. congolense T brucei Conliol
Infection Mean SD Mean 5D Mean 5D Mean 5D
-14 550 045 522 043 575 0353 548  0.66
-7 5.55 0.43 500 014 5.42 .49 3.25 0.55
-3 568 0.46 542 0.24 550 0.45 570 0.53
0 610  0.24 518 027 582 052 5908  0.38
2 388 102 505 Q14 517 041 595 0.49
4 448 029 422 0.23 378 0.72 6.14 0.50
é 367 027 aso 032 340 065 595 047
8 3gs 026 262 063 260 042 588 oM
10 204 0.20 2.00 0.35 2.50 0.35 5.70 0.22
12 214  0.14 140 042 150 100 5% 024
14 1.84 0,17 1.33 0.54 1.10 0.55 575 0.25
16 082 020 LOd 071 68 022 620 025
18 0.60 0.82 1.00 0.25 0.78 6.23 6.20 0.1
21 0.43 011 087 0.52 0.64 0.42 574 0.44
26 0.33 0.07 0.65 .04 0.30 027 578 0.30
28 050 0.l1¢ 081 006 07t 010 610 042
Analysis of Variance
Source of S8 pDr MBS r el Level of
Vanation _ Significance %
Period 4821705 15 34.4407 28.08  0.0001 0.001
Treattnent 350.9923 3 116.9974 9539  0.0001 0.004
Resvdual 3716196 303
Tolul 320
TvV¥YsTh 3.9607 1 39607 3.25 0.0733 0.05
Tv Vs Tc 3.0380 1 30389 248 01165 Mot significant
Te Ve Tb 0.0447 1 0.0447 004 02487 "
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Table. 10. Mean SGOT Levelr

(1U) of Trypanosome Infected Groups of
Savannza Brown Guats and Un-Infected Control SBG

Days Post T. vivax 7' congolense 7 brucei Cunsirod
Infection Mean 5D Mean 5L Mean 5D Mean D
-14 00.33 0352 59.5G .55 60.00 1.90 60.25 0.71
-7 6150 1405 6033  0.52 60.50 138 0200 1.20
-3 6300 090 6067 052 60.50 072 6188 146
0 61.50 1.05 60.17 0.52 60.67 0.52 61.00 120
p 61.00 0.63 5550 1.05 01.17 053 01.06 0.96
4 6033 052 6033 052 61.67 0.52 6130 170
6 6050 1.05 6033 052 61.00 045 6088 113
8 6000 1.42 £0.67 0.52 61.060 021 60.00 1.14
1a 00.00 .55 00.40 Q.55 60.00 0.55 6040 1.i4
12 6040 055 61.00  0.71 60.60  U.55 60.67 103
14 6720 110 6325 073 6780 084 61,17 1.7
16 6R8.60 1.52 70.50 1.29 59.60 1.14 60.67 0.82
i8 T0.25 2.06 T1.00 1.2% 70.20 1.3§ 00.40 i.l4
21 300 105 7033 Q.51 7220 203 alo0 1L
26 7467 2.8 7550 050 7780 229 61.00 280
R 7533 057 7597 2.31 7003 1.4 61.35 1 a0
Analysis of Variance
Source of SS DT MS F P>’ Level of
Variation Significance %
Period 3496.7897 15 249.7707 3.48 0.0001 0.001
Treatment 978.8059 3 326 2686 4.54 0.0039 0.01
Residual 21764.3437 303 71.8298
Toiul 262399492 320
TvVsTh 0.1561 1 0.1561 0.60 0.9629 Not  significant
Ty VaTe 46,7530 1 486.7530 66.78  0.0077 0.01
Te Vs Th 519.796Q 1 5107060 724 0.0075 0.01
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Table 11. Mean Estimated Serum Globylin Levels (Gm/100mils) of Groups of
Trypanosome Infected and Controt Savannah Brown Goats

Days Post T vrvax T. congolense 7. brucei Control
Infection Mean Mean __ Mean _ Mean
-14 513 577 500 474
-7 3.13 450 500 5.05
3 504 5.58 5.00 - 482
0 515 190 A83 500
2 504 574 - 468 473
4 518 541 47 4.78
6 321 5321 4.96 5.04
4 594 492 514 4.9
10 578 4.96 i 4.75
12 4.62 4.68 492 4.97
14 4.65 4385 39 4.88
16 386 143 1.58 1.76
iR 320 447 487 441
21 403 427 4.08 509
26 430 380 4.60 5.00
2% 433 420 5.04 4H)
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APPENDIX 3

SUMMARY OF METHODS USED IN THE
ESTIMATION OF:

Aivii. SOME SERUM BIOCHEMICAL COMPONENTS/
CONSTITUENT LEVELS

B. RBC SIALIC ACIDS CONCENTRATIONS



SERUM ELECTROLYTES ESTIMATION PROCEDURES

Ai. Na+ & K+ determination by Flame Emission Spectrometry (Cheesbrough, 1991)

Using compressed air, diluted serum is sprayed as a fine mist of droplets into a non-
luminous gas flame. These then give the colour of emission characteristics of Na+ or K+
metallic ions.

A light filter selects the light of a wavelength corresponding to the metal being
measured.

This is then allowed o fall on a photosensitive detector sysiem which then emils lights,
the amount of which depends on the concentration of metallic ions, The value is then

cvaluated in mmoll

Aii. Serum Bicarbonate Estimation by Titrimetric Method {Cheesbrough, 1991)

Principle: A known amount of strong Hcl 14 added to a sample of serum. The reaction
forms CO2 which i3 expelled by shaking. The H+ remaining are titrated againet NaOH,
with phenol red as the indicator.

Summary:

L Preparation of comparizon solution.

The following are pipetted into a conical flask or beaker

NaCl  10g/ 6.0mi
Serum sample (treated with angfoaming agent) 0.1ml
Phenol red indicator 0.1ml

These are then mixed well.



II. HCO3- measurement

The following are pipetted into flasks or beakers

STANDARD TEST

51 52 11 12
NaCl  10g1 4mi 4ml
HCO3- standard 25mmoll 0.1mi (100m1) .
Serum sample (ireaied with aniifvaming agent) - 0.1iml

HCL - 10mmoli imi T
The content of flask is then swirled to cxpel CO; and then left for 1 minutc.
0.1mt phenol red indicator then added to cach flask. Then titrated with NaOH 10mmol/
until the  colour matches the comparison flask.

Concentration of serum HCO2- = A = 100 mmeol1

Where A = 100 - vol of NaOH used

Then the mean of duplicate tests estimated

1 mEq = Immol

(Mongovalent ion)
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Aili, Serum (plasma) Total Bilirubin Estimation by Cheesbrough {1991) modified

from Jendrassik and Grof {1958)

Principle: Reaction between NaNO3 (Sod. Nitrate) and Hel (Hydrochloric acid)
produces pitrous acid which 1s then used to diazottize sulphuric acid, This is then used to
react with the bilirubin in the serum (plasma) sample to form a pink azobilirubin acid. This
is later converted to a blue coloured azobilirubin acid via aikaline tarirate reagent. Then the
absorbance of ihe blue-green solufion is read n 4 colorimeier via an orange filier or in a

spectrophotomeier ai wavelength 600 un

Summary;

Titration into tubcs Standard Control Tcsts
S _S.Blank £ CBlank 1,2¢tc. Blank 1,2 ctc.

Cafleine Benzoate reagent 1ml Iml] iml 1ml Iml Iml
Standard serum 0.Iml  0.1lml - - - -
Control serum - - 0.Imt 0.1lml - .
Serum sample - - - - 0.1ml 0.1ml
Diazzo reagent 0.5ml - 0.5ml - 0.5ml -
Sulphanilic acid Sg/t - 0.5ml - 0.5ml - 0.5ml

These are then thoroughly mixed, and then left at room temperature for 5 minutes.
Alkaline tartrate reagent
added 1ml imi imi 1mt 1mi 1mi

And mix well,
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Then absorbances are then read using spectrophotometer at 600 nm or colorimeter
with ora
Principle: Protein molecules made up of amino acids in long chains (peptide cahins). The
links between the amino acids are the peptide bonds. In the Biuret reaction, the cupric ions
in the reagent join with the peptide bonds to torm a blue-violet coloured complex. ‘The
absorbance of the colour produced is measured in 2 clorimeter using a yelfow-green filter
or in a specirophotometer at 540 nm wavelengih. Blank solutions

used 1o avoid errors due 10 turbidily

Summuaury.
Pipetic into fubes Standard Control Test
B. S. C. Ce 1,2,ctc., Blanks, 1B,2B,clc.
Biurct reagent 2.5m! 25ml  2.5ml - 2.5mt -
Biuret Blank reagent - - - 2.5ml - 2.5ml
Distilled water S0ml - - - - -
Standard 60g/1 - 50ml . - . -
Control Serum - - 50ml  50mi - -
Serum Sample - - - - S0mi  50ml

These are then well mixed and left at 37°C for 10 minutes or at room temperature for
30 minutes. Absorbances are then read using either colorimeter (Yellow-Green filier)
or Specirophotomgeter at 540 nm. These instruments are zeroed wiih blank solutions, The
comirol and lest blanks are read.  The blank readings are then substracied.

’©

Total proteini g1 = Absorbance of test or control x 60
Absorbance of 60ug/ standard

239



Av. Estimation of Serum Albumin by the BCG Method as of Cheesbrough (1991)

Principle: Bromocresol green (BCGY) albumin method is used. BOG is an indicator, Tt is
vellow between pH 3.5 - 4.2. On binding to albumin, the colour changes from yellow to

bhie-green. Albumin + BCG pH 4.2  Albumin. BCG complex (Blue-Green ).

Summary:
Pipette into tubgs Blank  Standard Control ‘'est
B S C 12.etc.

BCG reagent 4ml 4mi 4mi 4ml
Disiilled Waler 20mi - - -
Standard  30g/1 . 20nd - -
Control scrum - - 20ml -
Serum sample - - - 20ml

The test tubes are then shaken to mix well (in such 2 way as to avoid frothing)
Absorbance is read immediately using either colorimeter (orange filter) or
specirophotometer  (at 632 nm)

The instrument is zeroed with blank solution in tube B.

Albumin = Absorbance of testorcontrol  x 30
Absorbance of 30ug/ standard



Avi. Determination of AST Enzvme Activity T evel Using the Reitman-Frankel AST
Method as Described by Cheesbrough (1991).
Principie: AST is incubated at 37°C for 1 howr (60 winuies) i a pH 7.5 buffered

substrate containing aspartate and ketoglutarate. AST catalyses the transfer of the amino
group from aspartatc to ketoglutaratc to fonm oxaloacctaic and glutamate. The former then
reacts with 2, 4-dinitrophenylhydrazone which in an alkaline medium gives a red-brown
colour. The absorbance of this colour is measured using either colorimeter with a green

filter or a specirophotometer at 508 nm wavelength.

AST DNPH
Red
Aspartate + keto-glutamate ———  Glutamate + Oxaloacetate ——— Brown
37°C 60 mins. Alkaline pH



Summary:

Pipette into tubes Blank Standatrd Control Test
B S L 1. 2etc
Reagent 1 (substrate) - - , 0.5 ml 0.5ml

Substrates in tube C and test 1,2 etc are warmed at 37°C for 5 minutes.
Control serum - - 0.1 ml -
Serum sample - - - 0.1 mi

Incubale tubes C, lesi 1,2 el al 37°C for 60 mins. Then just before 60 mins is due, pipeiic

disitled water 0.1 m} 0.1 mi - -
Reagent 1 (substrate) 0.5 mi 0.3 ml - -
Reagent 4(pyruvate) - . 02ml - -

At exactly 60 mins pipette as follows:

Reagent 3 (color reagent) 0.5 ml 0.5 ml 0.5 mt 0.5 ml

Mix well and leave at room temperature for 30 minutes,

NaOH 0.4 mol1 Sml Smil 5 mi 5ml

Mix well and leave at room temperature for 5 minutes. Then read absorbance using either
colorimeter with green filter or spectrophotometer at 505 nm. (Instrument 18 zeroed with

blank soluiion in tube B). Values obtained in U/T from the calibration graph
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Avii. Determination of Senum Glucose level by the Glucose Oxidase - Peroxidase
Method {Cheesbrough, 1991).

Principle: Glucose oxidase (GoblD) ¢atalyses the oxidation of ghucose to give hydrogen
peroxide (H,0,) and gluconic acid. In the presence of enzyme peroxidase (Poi)) the H,(O,
is broken down and the oxygen released reacts with 4-aminophenazone (4 -
aniinoantipyrine) and phenol to give a pink colous.

The absorbance of the colour produced is measured via a colorimeter using a green

filter or a spectrophotometer at 515nm

GOD
Giucose + O ————* Gluconic acid + Hydrogen peroxide

POD
H2()2 + Amino phenazone + Phenal —————» Coloured complex (pink).

Summary:

Pipette into tubes Blank Standard Control _ Test
B S L L2et

Protsin precipitant
Reagent 1.5 ml 1.5 mi 1.5 mi 1.5 ml
Distilledt water 50ml - - -
Standard 10.0 mmol1 - 50 mi - -
Control Setum - - 50 nd -
Scrum sample - - - 50 mt
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These samples are then mixed well. Tubes C and test 1,2 etc are centrifuged to obtain clear
supernant fluids.

Take a second set of tubes and label B,S, C, 12 etc,

‘I'ransfer from first to
second set of tubes 0.5 ml 0.5mi 0.5 mi 0.5 ml
Add colour reagent to
sscond set of iubes 1.5 ml 1.5mi 1.5 mi 1.5ml

Mix well. Incubate at 37°C for 10 minutes, shaking occasionally.

Rcad absorbance using cither colorimcter with green fikicr or spoctraphotomcter at 515 nm
wavelength,

Instrument zerced with biank sofution in tube 5. The resulting values are obtained from
calibration graph (if the result of 10 mmol standard agrees with the calibration) or with the

formula

Glucose mmol./1 = Absorbancg of test or control x 10
Absorbance of 10.0 mmolAd standard

Awviiz. Determmation of Urea in Blood, Serum by the Method of Stroev and

Makarova (1989)

Reagents: Color reagent; a 1g/l (16.65 mmol/l)
Standard sotution of “Urea test diagnostic Kir”; Urea.
Material:  Blood or serum samples

Apparatus: Set of test tubes in a stand, pipettes of 0, 1, 2 and 5 mi capacity,
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aluminium foil, water bath, photocolorimeter

Principle: Urea forms a red coloured compound when rzacted with diacetyl
monoxime in the presence of thiosemicarbazide and Iron Salis in a strongly acid medium,
with the intensity of the red colouration being proportional to the concentration of urea the

anatysed sample,

Summary: A proportion of the serum is diiuted 10 umes
Pipeite into tubes Standard Control Test

Serum sample (poriion)

diluted 10 times - - 0.1 ml
Standard Urca solution 0.1 m! - -
Distilled water . 0.2ml .
Colour reagent 2ml 4ml 2ml

Mix contents well with shaking. Cover the tubes with aluminium foil and place them in
a boiling water bath for about 10 minuies. Remove them and cool under stream of running
water. Then measure the absorbance of the standard and sample solutions against the

control solution on a photocolorimeter with green light filter at 540 - 560nm.

Blood Serum Urea Concentration nmol/d = E sampie 16.65

E standard.
E sample = Absorbance of sample sclution measured against control solution,

E st = Absorbance of standard solution measured against control solution

16.65 = Concentration of Urea in Standard Solution in mmol/



The Urea nitrogen (in mmoid) = Biood Serum Urea Concentration
2.14 o

214 = Urea Molecular Mass (70)

Usrca nitrogen molccular mass (28)
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B. THE THIOBARBITURIC ACID ASSAY OF SIALIC ACIDS METHOD

(Warren, 1958, 1963; Aminoff, 1961; Esievo et. al., 1982)

Preparation of Haemoglobin free ervithrocyte memhrane ((vhosts)

Stepl.

Reagents: Isotonic buffer, prepared from NaH,PO, and Na,HPO.,.

: Hypotonic buffer made by adding 64.5 mls of isotonic buifer to 935.5 mis of

distilled water and pH corrected to 7.4

Siep 11.

Ghosts Preparation by the Method of Dodge et. al. (1963).

a). RBC-washing:

10 mis of the collected blood in ACD centrifuged at 2000 rpm for 15

minutes. Plasma is then decanted to buffy coat level. Then the isotonic phesphate buffer
solution (pH 7.4) is added up to the iniyial plasma level and centrifuged at 2,000 rpm for
15 minutes.

Then supernant is decanted and the process repeated frve more times. This is to  achteve
proper washing of the ervthrocytes.

b). RBC-haemolysis:

The hypotonic phosphate buffer (pH 7.4) is added up to the initial level of the  plasma
and then cenirifuged at 2,000 rpm for is minuies. The haemogiobin solution is decanied.
The process is repeaied 6 times until the Ghosts become pink in colour. Afier the final

decanting, a tiny drop of the hypotonic buffer is then used to resuspend the Ghosts cells.



Hydrolysis and Assay for Erythrocyte Surface Sialic acid

Stepl. Hydrolysis:
0.25 tal (250 ml) of Ghosts ervthrocyte is incubated with 0. 1ml (100 ml) of dilute 0.125 N
H,S0, in a water bath at 80°C for one hour to liberate bound erthrocyte surface sialic acid.

Step 11, Assay:
0.125 ml periodate solution is added to hydrolyse sialica-acids from the ghosts cells in a
screw cap tubes and mixed vigorously. The mixture is then incubated in water bath at 37°C
for 30 minuies to oxidise the sialic acid.
Then 0.1 ml (100 mi) of Arsenite solution is later added (to each tbe) and allowed to stay
until thc mixturc turns ycllowish to colourdcss. Thercafter, 1 ml of thiobarbituric acid is
added and mixed. The resulting solution is then kept in boiling water bath for 7.5 minutes.
A colour reaction is initiated, with the sialic acid producing pink coloured sclution. This is
then ceoled in ice-water. The pink-colour is then extracted with § ml of acid butanol by
centrifuging at 1000 rpm for 5 minutes.

The aqueous solution is then withdrawn from the tubes into glass curveties and

placed in a spectrophotomeier where the absorbance is read at 549 nm.
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GLOSSARY ON THESIS COSTING

I. Experimental Animals (37)

2. Feeds

3. Teeders and Waterers

4. Chemicals

5. Drugs, Needles and Syringes

6. Stationaries

7. Analysis (Chemical and Statistical)
8. Photocopying

9. Typing

10. Graphs

11. Binding

Total Expenses
Grant Approved by UBR

Amount Released by UBR

18.770:00
11,795:00
1,025:00
4.165:00
3.450:00
5,620:00
14,500:00
4.000.00
2.000:00
2.900:00

1.500:00

69.725:00
7,000:00

4,200:00



