THE ROLE OF KUPFFER CELL SURFACE LECTIN IN
ERYTHROPHAGOCYTOSIS IN BOVINE rypanosoma vivaXNFECTION

BY

NAJUME DOGUWAR-GIGINYA IBRAHIM

AUGUST. 1997



THE ROLE OF KUPFFER CELL SURFACE LECTIN IN
ERYTHROPHAGOCYTOSIS IN BOVINETrypanosoma vivaxNFECTION

BY

NAJUME DOGUWAR-GIGINYA IBRAHIM
DVM (ABU) 1982:
MSc VETERINARY PATHOLOGY (ABU. 1988)

A Thesis submitted to the Postgraduate School, Ahma

du BelLLo University, in
Partial fulfilment of the requirements for the deg ree of Doctor of
Philosophy (PhD Veterinary Pathology), Department o f Pathology and
Microbiology,FacultyofVeterinaryMedicine,Ahmad

robi uBelloUniversity,Zaria
- Nigeria.

August, 1997



I do declar~ that this work was carried out by m= and has never been
publishe?! ~l=~vhare. It was carried out in the Department of Veterinary
Pathology and Yicrobiology, Ahmadu Bello University, Zaria, NIGERIA.

Signed -
Najume Doguvar-Giginya IBRAHIN,

Department of Veterinary Pathology and Nicrobiology.
Faculty of Veterinary Medicine., Ahmadu Bello University, Zaria. NIGERIA.

iii



CERTIFICATION

L I

This thesis entitled THE ROLE OF KUPFFER CELL SURFACE LECTIN 1IN
ERYTHROPHAGOCYTOSIS OF BOVINE Trypanosoma vivax INFECTION by HNAJUME
DOGUWAR-GIGINYA IBRAHIM wmeets the regulations governing the award of the
degres of Doctor of FPhilosophy (PhD) of Ahmadu Bello University and is
approved for its contribution to knowledge and literary presentation.

Internal Examiners: External Examiner:

) =

i Svio " 22— 8 — 93
PROFESSOR K. A.N. ESIEVO Dr. S.V.0. SHOYINKA
Dept of Pathol. & Hicrobiol., _ DV.M.., KSc., Ph.D.
Fac. of Vet. Medicine, Senior Lecturer.
Ahxadu Bello Unlvecrs:.ty Zaria, Department of Vet. Pathology,
Higeria. University of Nigeria,

Hsukka.

PROFESSOR D.I. SAROR

Dept of Pathol. & Microbiol,
Fac. of Vet. Medicine,

Ahmadu Bello University, Zaria,
Higeria.

HEAD OF DEPARTMENT,

Pathology and Microbiology,
Taculty of Veterinary Msdicios,
Ahmadu Bello University,

Zaria. MNigeria.

l).ht

OV
DEAN POFTGAMDUATE SCRBGL; ‘\‘\\O‘g

Almadu Bello University,
Xaxia, Nigeria.

iv



ACKNOVLEDGEMENTS

I wish to express my special thanks and gratitude to my supervisors:
Professor K.A . N. Eszievo, Head of Department of Veterinary Pathology and
Microbiology; Professor D.I. Saror, Department of Vasterinary Pathology and
Hicrobiology. and Professor C.0. Njoku, formally with the Department of
Veterinary Pathology and Microbiology, Faculty of Veterinary Hedicine,
Ahmadu Bello University. Zaria, for their supervision throughout the course
of this work and for their useful advice. suggestions. and constructive
criticisas that contributed a lot towards the successful completion of this

resarch work.

I am very grateful to the Ahmadu Bello University Board of Ressarch and the
European Economic Community (EEC) for financial support during the courss

of this work.

The contributions and assistance given by Mallam Gidado Usman in looking

after the experimental animals used in this project i= highly appreciated.

The contributions of those technical staff in the Clinical Pathology and
Histopathnlogy Diagnostic Laboratories. Department of Veterinary Pathology
and Microbiology. Ahmadu Bello University, Zaria., are also appreciated.



ABSTRACT

Desialylated erythrocytes from experimental Trypanosoma vivakfected goats
and cattle were interacted with their respective ho mologous isolated liver
kupffer cellsinthe presence of bovine calf serum, with and without lactose.

The highest percentage of desialylated erythrocytes bound to Kupffer cells
inconjunctionwitherythrophagocytosiswas between 12and19% andl13and14%
for the infected goats and cattle respectively. But , summing the latter
percent values with regards to Kupffer cells bound to desialylated
erythrocytes  without  erythrophagocytosis, and the e xistence  of
erythrophagocytosiswithoutbinding ofredcells,m uchhighervaluesof71%and

62% were obtained in the T. vivaxinfected goats and cattle, respectively,

without trace of lactose.

Interactions of the desialylated erythrocytesfrom T. vivaxinfected goatsin
the presence of lactose, or T. vivaxinfected cattle intravenously infused

with 0.5 g per kg body weight lactose, both in the presence of bovine calf
serum, showedremarkableinhibitionofbothbinding anderythrophagocytosis.

Lowvaluesof 2 %and 0-1 %wereobtainedingoatsandcattle, respctively. The

inhibitory effect was accomplished through competit ive binding of the
kupffer cells surface lectin by lactose. The result ssuggest strongly that
the erythrophagocytosis in acute ruminant T.vivaxanaemia is partly lectin
based, and the significance of these findings were discussed in relation to

the control of trypanosomiasis.

In a separate experiment, 2 out of 4 T. vivaxinfected, and 2 out of another

4 T. vivaxinfected-lactose infused Sokoto Gudali calves, incl uding one outof
4controlcalvesweresacrificedfor pathologicale xaminations.Exceptforthe

4 control, the remaining 8 calves were experimental ly infected using 11 x
10° T vivaxtrypanosomes, intravenously, as a source of neurami nidase. Atthe
peak of parasitaemia, lactose was intravenously inf used at the rate of 0.5
gkg 11 body weight into 4 of the infected calves, to inhi bit the binding of

desialylated erythrocytes to kupffer cells

Vi



(macrophages), and therefore, subsequent erythropha
resulted in amelioration of the anaemia in the 4 in
calves.However,theother4infected,non-lactose

anaemia. In contrast, the 4infected, lactose infus

lesions except for mild anaemia and emaciation.

The major gross lesions observed in the infected, n
calves included rough hair coat, emaciated carcases

coronary fat, enlarged oedematous lymph nodes, and

gocytosis. This
fected, lactose infused
infusedcalveshadmarked

edcalves shoved nogross—

on-lactose infused
, serous atrophy of

hepato—splenomegaly.

Hovever, these changes were not observe —d in the infected, lactose infused

calves and the non-infected control calf.

Histopathologically, the 2 infected, lactose infuse

hepatic sinusoidal space, enlarged Bowman's space,
glomeruli, and a less dense lymphoid hyperplasia (p
lymphocytes) in the spleen and lymph nodes compared
non-lactose infused calves. In addition, no signifi

changes occured in the heart, lung, and intestine o
infusedcalves.However,intheinfected,non-lacto

diffuse hepatic necrosis and erythrophagia by Kupff
hyperplasia(active  lymphoid follicles with  plasma
haemosiderosis. There were haemosiderin laden macro
liver, kidney, and lymph node. Hypercellular glomer
proximal, distaland collectingtubules ofthe kidn

inter-tubular mononuclear cellular infiltration. Th
myocarditis, while the brain, lung and the intestin

significant histopathological lesions.
Nosignificantmicroscopiclesionswereobservedin

heart, spleen, lymph node, brain, and the intestine

examined.

Vii

d calves had narrow
hypercellular renal
roliferation of
to the infected,
cant histopathological
f the infected, lactose
seinfusedcalvestherewere
er cells, dense lymphoid
c ells), and
—phages in the speen,
uli, necrosis of the
eywith periglomerularand
ere was minimal

e of the calves had no

theliver,kidney,lung,

of the control calf



The results of this study have shown that lactose p
preventionorameliorationoftissueinjuryandcel
organs of the body during the course of bovine tryp
further supports the safety use of lactose without
organs. As such, its incoporation vith other chemot

treatment of trypanosomiasis is, therefore, strongl

In a third experiment using abbatoir samples, the i
neuraminidasetreatedbovineerythrocytesandhomol
absence oflactose (aninhibitor)resultedinaver

and erythrophagocytosis (58-93%). However, binding
felltobetween3and16%followinginteractionof

with homologous Kupffer cells in the presence of la

Still using abbatoir samples, interactions between

erythrocytes and homologous Kupffer cells in the ab

resulted in 12 to 65% binding and erythrophagocytos

interactionbetweensuchuntreatederythrocytesand

in the presence of lactose yielded the least observ

erythrophagocytosis rate of 0-8%.

The decreased binding and subsequent erythrophagocy

inhibitory effectoflactose onboth processes. The
erythrophagocytosis(12-65%)observedfollowingint
erythrocytesandhomologousKupffercellsintheab

that some of the slaughtered abbatoir cattle were ¢

infections due to sialic acid cleaving organisms, s

viii

lays a vital role in the
lularreactionsinvarious
amosomiasis. Thisfinding
causingany damageto body
herapeutic agents for

y recommended.

nteraction between
ogouskupffercellsinthe
yhigherythrocytebinding
and erythrophagocytosis
thedesialylatederythrocytes

ctose.

neuraminidase untreated

sence of lactose

is rate. However,
homologousKupffercells

ed binding and

tosis was due to the

highlevel ofbindingand
eractionbetweenuntreated
senceoflactosesuggested
arrying subclinical

uch as trypanosomes.
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A

1.1 GENERAL INTRODUCTION

Trypanosomiasis is a very serious diseass of man and his domesticated
animals in mnany parts of the tropics and sub-tropics. In Africa,
trypanosomiasis assumez a continemtal dimension since the trypanosome= are
cyclically transaittad by Glossina species {(tsetss flies), vhich infest
about 10 million square kilometers south of the Sahara. In other parts of
the vorld, transmission is mschanical by blood sucking arthropods (Connar,
1991). The mo=st iaportant of animal trypanosomes are those belonging to
the monomoxrphic group, notably, Trypancscma congolense and T.vivax. Both
trypanosomes are videly distributed and ars responsible for grsat sconomic
los=es in the livestock industry (Fiemnes, 1970). However, the brucei
group of polymorphic trypanosowss is also of great medical importance since
it includes the human trypanosomes T.rhodensiense and T.gambiense. Another
neaber of this group, T.hrucei, infects wild and domestic ungulates causing

subclinical or clinical dissase (Fiennes, 1970).

Despite the fact that T.vivar infection has for a long tiae been rscognized
as a major cause of poor production and losses in cattle in Vest Africa
(Edward et al., 1956), the pathogenesizs and pathology of bovine
trypanosoniasis has remained the subject of intenszive investigation (Saror,
1980).

A principal pathological feature of trypanoscaiasis is anasmia, and
experiasntal evidences have indicated that the anasmia is hasmolytic in
nature. The hasmolysiz ooccurs principally extravascularly in an expanded
mononuclesar phagocytic systea (Fiennms, 1970; HNaylor, 1971: Losos and
Ikede, 1972; Van Den Ingh et al., 1976).

Resductiorn in the exrythrocytes life—span and erythrophagocytosis are
consistent contributory factors in the amstiology of thes ansemia of bovine

trypanceoniasis (Mackenzis and Cruickshank, 1973; Valli e=t al., 1978. Valli



and Forsberg, 1979 Dargie et al., 1979b). Significant cleavage of
erythrocyle surface sialic acid during peak parasitaemias and. thence.
highest production of trypanosome sialidase (Esievo, 1979) were
incrininated in the shortening of erythrocyte life-span and
erythrophagocytosis in bovine trypanosomiasis (Esievo ot al.. 1982). Huch
support for this wvasz found in ths numerous quantitative and qualitative
biochenical differences bastveen the erythrocyte sialic acid of the
trypancsusceptible Zebu and the trypanotolerant N'dama cattle., vwhich also
provided a favourable explanation to the N'dama’s trypanotolerance (Esiavo
ot al., 1986; 1990: Shugaba et al., 1994). These differences include the
pressnce of an additional band (or sialic acid) on ths surface of the
N'dama exrythrocyte which iz absent in the Zebu (Esievo &t al., 1990).
High=r concentrations of aprythrocyte surface sialic acids, O-acetyl., but
less glycolyl groups occur in N'dama cattle while the reverss is the caze
in the Zebu (Shugaba &t al., 1994).

Ezievo et al. (1982) postulated that, at peak parasita=saia, trypanosoms
sialidase significantly cleaves off exythrocyte surface sialic acids
causing physico—chenical damage on the desislylated erythrocyte rendering
it more prone to premature phagocytosis and destruction by  the
reticuloendothelial system. It has been shown that these physico-chamical
danages are in fact dus to galactose residues exposed on the erythrocyte
menbrane in the T.vivax infected cattle. This wvas confirmed by the binding
and rosetting of such desialylated erythrocytes by freshly isolated rat
peritoneal macrophages (Omage =t al., 1996; personal communication).
Simnilar erythrocyte galactose exposure was achieved with commexrcially-
produced bacterial sialidase (Jancik et al., 1978). The present study wvas
ained at deteraining the roles of lectin and lactoses in the binding and
subzequent aerythrophagocytosis of desialyvlated erythrocytes by Kupffex
cells in acute bowine trypanosomiasis,



The importance of T.vivax infection in domestic animals, especially cattle.

in Nigeria and other tropical African countries necessitated the present

investigation on the disease with the following cbjectives:

1)

ii)

iii)

To investigate the role of lectin on Kupffer cells membrans in
eryvthrophagocytosis in relation to the pathogenesis of the anasmia in
acute bovine trypanosoniasis.

To investigate the role of lactose (an inhibitor) in the inhibition
of binding, hence erythrophagocytosis in acute bovine

trypanosoniasis.

To examine the role of lactose in the maintenance of the cellular
mnorphology and/or architecture in the various tissues and organs of
the body and its possible ability to prevent cellular and tissue
injury in acute bovine trypancsomiasis.



2.0 LITERATURE REVIEW

2.1 Trypanosomiasis

Trypancsomiasis (trypanosomosis) is a very important protozoal disease of
animals and humans in Nigeria and other parts of the world. The dissase is
caused by protozoan parasites belonging to the genus Trypancsoma.
Typically, trypanosomes are transmitted from infected animals or humans to
other susceptible animals or humans by insect vectors belonging to the
genus Glossina, commonly known as tsetse flies. Some trypancsomes
(T.vivax, T.svansi, and T.cruzi) may be transmitted mechanically by biting
flies. Haematophagous insects like Haematophota, Crysops, Stomoxys, and
Hippobosca are the major biting flies affecting animals. while in humans,
the Triatomic bugs are involved with the transmission of Chaga's dissase

caused by T.cruzi.

Trypanosomes are unicellular flagsllate protozoan parasites belonging to
the family Trypanosomatidas, The family has many genera and species vhich
are transmissible to vertebrate hosts through insect vectors. Trypanosomes
can be categorized into two major groups; (a) Salivarian, and (b)
Stercorarian (Soulsby. 1968: Adam et al.. 1971).

2.2 The Salivarian Trypanosomes

The trypanosomes in this group are grouped into thres subgensra bassd on
differences in their morphology and pattern of development within the
tsetse fly (Soulsby. 1968: Adam et al.. 1971). These subgenera are
Trypanozoon. Nannomonas, and Duttonella.

These trypanosomes are found in tropical Africa within the latitudes 14°N
and 30°S vhere Glossina species serve as vectors.



2.2.1 Subgenus Trypanozoon {(brucei group)

The characteristic morphological features of these hasmoparasites include a
slander shape, tapered ends. a lang free-flagellum, an undulating membrane
vith conspicuous wavy flagellum projecting from the surface of the
trypanosome, and a small subterminal kinetoplast. T.b. brucei,
T.b.ganbiense, and 7T.b.rhodensienss belong to this group. They are
restricted to tropical Africa and are transmitted cyclically by tsetse
flies. The final developmental phase occurs in the salivary glands of the
fly. The trypanosomes are pleomorphic in the blood of the vertsbrate host.

T.evansi and 7T egquiperdum occur outside tropical Africa and are
respectively transmitted mechanically by blood sucking flies and through
copulation. However, T.evansi and T eguinus are monomtrphic in the blood
(Soulsby, 1968: Adam ot al., 1971)

2.2.1.1 Davelopment of T.brucei, T.rbodonsiense and T.gaabiense

These trypanocsomss multiply by binary fissiom in fluids. They exist in
three forms in the blood. {1) The siender foras vith the characteristic
features of the subgenus trypanozoon: (2) the intermediate foras which are
broader than the slender forms, having a blunt posterior end, short free
flagellum, and a nucleus that may be displaced posteriorly: and (3) the
stunpy forms are short and broad with blunt posterior end and have no free
flagellum. All these three forass have conspicuous undulating aembrane
(Adam =t al., 1971).

2.2.1.2 T.b brucei

dnimals affected by this trypanosome include horses, donkeys, msules,
canmls, cattle, shesp, goats, pigs, dogs, and various wild ungulaltes. The
major vectors of this trypancsome include G aarsitans., 6. tachinocidas and
G.palpalis,



T.brucei causes Nagana in domestic animals. The infection is most severe
and usually lethal in equidas, camels, and dogs. However, it is aild in
other dommstic animals.

2.2.1.3 T.b . rhodensiense

This trypancsome affects humans and is cyclically transmitted by
G.morsitans, G.surymertoni, and G.pallidipes.

The disesase caused by T.rhodensiense is known as sleeping sickness in
humans. The dissase is acute, nainly restricted to East and Southexrn
Africa, and can be fatal unless treated. Han gets infected as a result of
a bite by tsetse flies carrying infective trypanosoms(metacyclic form).
This usually happens after taking a bloodmeal from an infected wild game,

donestic animal, or man,

2.2.1.4 T b.gasbiense

This trypanosome affects humans and domestic pigs. It is transmitted
cyclically by G.palpalis and 6. tachinoides. It is known to be the cause of
chronic gleeping sickness of man in Vest Africa and in the region of Lake
Victoria. There is a gradual development of the disease, persisting for 1
or 2 yemars before death. Epidemics occur when humans are bitten by tseise

flie= carrying infective trypanosomes.

2.2.1.5 T.b.evansi

The animals affected by T.evansi include horses., donkeys., mules, camsels,
catile, buffaloes, sheep, goats, pigs, dogs, and various vild animals.

The main vectors are hasmatophagous insects that transmit the infection
nechanically. The disease iz known commonly as Surra in Horth Africa,



Southern Asia. Indonesia, Central and South America, and the Phillippines.
It is more pathogenic in horses. donkeys, mules, camels, and dogs.

2.2.1.6 T.b.oguinum

T.b.equinun affects horses, donkeys, mules, camels, cattle
buffaloes, shesp, goats. pigs and dogs. 1t is mechanically transmitted by
ha=matophagous insectis, The disease is important in Horth and Central

Africa. The trpanosome lacks a kinetoplast
2.2.1.7 T.b equiperdua

This trypanosome affects specifically horses and donkeys. It is the only
trypanosome that is sexually transmitted through coitus.

The dissase is commonly known as Dourine. During the acute stage of the
disease, the trypanosomes ar= localized in the prepuce. The
parasites ars rarely found in the blond (Soulsby., 1968; Adam et al, 1971).

2.2.2 Subgsnus Bannomonas (congolense group)

Trypanosomes belonging to this subgenus are transaitted cyclically by
Glossina species and they include T.congoiense, T.simias, and T.godfreyi
(Mohammed, 199]).

2.2.2.1 T.congolense

T.congolense infects horses. camels, cattle, sheep, goats, pigs. and
various wild ungulates, The major vectors include 6. morsitans asarsitans,

G.palpalis, G.longipalpis. G.morsitans submorsitans, and G.austeni.

The dissase occurs exclusively in tropical Africa. T.congolense is a saall

trypanosose with a bilunt postericr end. poorly developed undulating
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membrane, lacks a free flagellum, and is tapered towards the anterior end.
The kinetoplast is at one side and lies near the posterior end. Its small
size, lack of free flagellum, and marginal position of the kinetoplast are
the most important morphological characteristics of T.congolense.

The trypanosomes are variable in length. The longer forms have tapered
posterior end. They can be detected easily in the blood at the acute stage
of the dissase. Later they become scanty or absent from the peripheral
blood when the infection is getting into the chronic stage. Some strains
of T.congolense establish readily in the laboratory rodents while others
seem to be refractory.

Animal inoculation using infected blood may assist in diagnosis (Soulsby,
1968; Adam et al., 1971).

2.2.2.2 T.simiae

T.simniae affects pigs, camels, and wild suids. The major vectors are
G.morsitans and G.hrevipalpalis. The infection in domestic pigs results in
a fulminating and rapidly fatal disease. Mechanical transmission by
haematophagous insects plays a very important role in the spread of the

disease.

T.simiae is pleomorphic in the peripheral blood and is morphologically
similar to T.congolense. However, long forms with tapered posterior ends,
prominent undulating membranes, and free flagella exist (Soulsby. 1968;
Adam et al., 1971).

2.2.3 Subgenus Duttonella (vivax group)

Members belonging to this subgenus are also cyclically transmitted with the
cyclical development within the tsetse entirely restricted within the
proboscis. Those trypanosomes that pass into the midgut with the bloodmeal
do not survive, while those that adhere to the walls of the labrum change



into epimastigotes and multiply. As their number increases they move
tovards the tip of the proboscis and invade the hypopharynx where the

infective metacyclics develop.

2.2.3.1 T.vivax

All domestic animals except dogs and various wild animals can be affected.
The vectors include G.morsitans and G. techinodes.

T.vivax occurs in tropical Africa within the tsetse fly infested zones
where it is transaitted cyclically. It occurs also in Central and Southern
Africa and the West Indian Islands where it is transmitted mechanically
especially by tabanid flies. Various strains of T.vivax that differ in
virulence are known to exist. The disease is more severe in cattle, while
pigs are most resistant (Soulsby, 1968; Adam et al., 1971). T.vivax can be
distinguished from other salivarian trypanosomes by its rapid movement in
peripheral blood. This accounts for the name vivax meaning lively (Adam st
al., 1971).

The characteristic features of T.vivax are the rounded posterior end. a
relatively large kinetoplast which lies at or very near to the posterior
end, a long free flagellum, a prominant undulating membrane, and a broad
shape. It is not infective to laboratory rodemts (Soulsby, 1968; Adam et
al., 1971).

2.3 The Stercorarian Trypanosoaes

These trypanosomes are characteristically host specific and non—pathogenic

except in the case of T.cruzi which causes C(Chagas dissase in humans

(Soulsby, 1968; Adam et al., 1971).



2.3.1 T.cruzi (Schizotrypanum cruzi)

T.cruzi affects man and various species of domestic, wild, and laboratory
animals. It is tranmitted by Triatomid bugs.

The disease is common in Central and South America and the southern parts
of United States. Man gets infected folloving contamination of wounds with
infected faeces after a bite during feeding by an infected bug (Adam et
al., 1971).

The life cycle of T.cruzi involves posterior station development. Infected
triatomid bugs defaecate frequently while feeding and the infective
metacyclic trypanosomes are deposited on the skin. These enter the body
through the bite wound as the host scratches. Interestingly. the bugs are
more active at night. Apparently, infective metacyclic trypanosomes can
penetrate the mucous membranes of the mouth, nose and ear. They penetrate
into wvarious tissues, especially the muscle, where they develop and
multiply into amastigotes displacing muscle fibres. After reproducing, the
amastigotes are transformed into trypomastigotes which invade the
peripheral blood. As the disease progresses., the blood forms become scarce
or absent. If a suitable vector bites an infected person or animal when
the trypanosomes are circulating in the blood, they develop in the midgut
of the bug. The trypancsomes become attenuated and assume the epimastigote
form. These epimastigotes spread into the hindgut of the insect and
metacyclic forms appear in the faeces within at least six days (Soulsby,
1968; Adam et al.. 1971).

Morphologically, T.cruzi has a small size, curved, with a large kinetoplast
that lies close to the posterior end. In fresh blood smears. the
trypanosomes are constantly bending to form loops with twisting movement .
The trypanosomes are fragile and break when thin blood films are nmade.
Thick blood films are more reliable in diagnosis. Demonstration of the
trypanosomes in stained smears under the nicroscope is successful only

during the stage of acute infection.
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Serology is the best method used in diagnosis in chronic cases and involves
Complement Fixation Test, Hasmagglutination Test, and Fluorescent Antibody
Test. These tests are found to be reliable (Soulsby, 1968; Adam et al.,
1971).

2.3.2 T.rangeli

This trypanosome infects hosts similar to that of T.cruzi. It is also
found in the same geographical aresas as T.cruzi. It is distinguished from
T.cruzi due to its long trypomastigote form, and a small kinetoplast that
lies distance avay from the pointed posterior emd. T.rangeli differs
from T.cruzi in its developmental stages as it develops in the midgut of
the bug, passing into the hasmocoele and finally penstrates into the
salivary glands. The metacyclic trypancosomes are inoculated into the host
vhen the bug feeds. In this regard. it is not typical of stercorarian
trypanosomes and is probably non-pathogenic (Soulsby, 1968; Adam et al..
1971). The pathogenicity of salivarian trypanosomes in livestock has been
summarized in Appendix I

2.3.3 T.theileri

This trypanosome infects cattle. Tabanid flies are suspected to be the

main vectors.

The dissase caused by T.theileri is regarded as non-pathogenic. It is
common in cattle and occurs world-widely. Its mode and site of
reproduction in the bovine host is uncertain. Tabanid flies are thought to
be the biological wvectors, but, experimental transmission of the
trypanosome by these flies is yet to be proved. The organisms are usually
scanty in the peripheral blood and demonstration of the trypanosomes is
difficult microscopically. A diagnosis is usually based on inoculating
freshly drawn suspected blood into blood agar medium. The epimastigote
forms appear in the cultures within 5 to 15 days (Soulsby, 1968; Adam et
al., 1971).
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2.3.4 T.lewisi

This is a trypanosome of rats vhich is transmitted by fleas. 7T.lewisi
is regarded as a non-pathogenic trypanosome that has world wide
distribution. It occurs in two phases in rats. During the first few days
the developaental stages appear in the blood. They are variable in size
and shape and many have epimastigotes. After about a week, trypomastigotes
appmar and persist in the blood for several weeks (Soulsby 1968; Adam &t
al., 1971).

2.4 Diagnosis of Trypanosomiasis
2.4.1 Indirect Diagnostic Hethods

As a result of the difficulty in detecting tyypanostmes in the blood.
partly due to antigenic wvariation, several diagnostic methods have besn
developsd in the diagnosis of the disease.

One of the major problems with s=rological tests is the lack of specificity
of the antigen used. Even when anti-trypanosomal antibodies ars detected
they do not distinguish between current and previous infectiomns, and cross—
reactions occur betwveen species.

Th= card agglutination test (CATT) adopted to assist diagnosis of Vest
African human sleeping sickness, relies on the pressnce of anti-
trypanosomal antibody to agglutinate intact. stained preserved
trypanosomes. This was found to be useful in the diagnosis of T.evansi
infections in Vater-buffaloes. However, du=st particles cause non-specific
agglutination, while evaporaticn in the hot and dry climate remnders the
method unsuitable for field diagnosis of T.evansi infection in camels.

The most successful serological tasts for the diagnosis of trypanoscmiasis
are the indirect fluorescent antibody test (IFAT) and the enzyme-linked
immunoscbent assay (ELISA). Unfortunately, thes= antibody assays cannot be

used practically to confirm a diagnosis of animal trypanosomiasis. At
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best, the result of a single determination is only indicative of exposure
to the pathogen. Each of the test systeas requires expensive esquipment.

Hovever, these tests have a role in surveillance of the disease, either
before or after a control operation, wvhen screening a population of animals

for trypanocsomiasis (Coopnor, 19351).

2.4.2 Recent Developments in Diagnosis

Monoclonal antibodies  (MAbs) that distingunish betwe=en T. brucei.
T.congolense, and T.vivaxr have opened a new avenue in the diagnosis of
African trypanosomiases (Nantulya et al., 1987). Vhen HAbs are used in an
antigen—-trapping ELISA. diagnosis is sensitive and specific enabling
detection of latent infections. Hovever, the test gives some false
negative results. This may be due to lov levels of circulating antigemns at
the acute stage of an infection. This necessitates the use of other
diagnostic tests in conjunction with the antigen-trapping ELISA. In
addition, wach serum sample is tested separately with each of the three
Mibs The msthod is also very sensitive to s=light alteration in the
quality of reagents and buffers. Interpretation of the result requires a
lot of experience and extra care (Connor. 1991).

2.4.3 Fisld Diagnosis of Trypanosomiasis

This relies on the use of least expensive direct parasitological methods.

The methods in use include the use of buffy coat technique sspecially for
surveillance. Thin and thick blood smears are important in routine
diagnostic services and are useful in follov up of monitoring treatment and
response to the chemotherapeutic agents. However, the interpretation of
results is difficult in areas of lov tsetse fly densmity when livestock
aovement is not controlled. Another disadvantage is the initial cost of
purchasing a centrifuge and microscope. as well as recurrent cost of
enploving a skilled nicroscopist (Comnor, 1991).
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2.5 Chemotherapy and control of trypanosomiasis
2.5.1 Chemotherapy of trypanosomiasis:

The high rosts of vector control operations and inadequate methods to

protect the areas reclaimed from tse—-tse fly infestation have lad to

wvidespread dependence on trypanocides. The four most important
trypanocides in use are diminazene, homidium and isometamidium which are
used mainly in cattle, goats and sheep. The fourth compound,

quinapyramnine was withdrawn from the market in 1977 due to emergence of
widespread resistance among trypancsomes in cattle. It was re-introduced
in 1985 mainly to treat T.evansi infection in camels and horses (Connor,
1991). The drug is also useful in the treatment of African trypanosomiasis
in horses and pigs. Despite the fact that suramin (the oldest trypanocide
still marketed) is used to treat esarly cases of human sleeping sickness and
T.evansi infections in camels, it is ineffective against the other species
of trypanosomes. The other trypanocides differ in their activity against
the different species of trypanosomes. Diminazene is effective against
T.congolense and T.vivax at the rate of 3.5 mgskg body weight, but must be
used at 7.0 mg/kg body weight or more to treat T.brucei infections. The
Phenanthridinium related compounds, homidium and isometanidium, are
effective against T.congolense and T.vivax but, less effective against the
brucei group. There are strain differences and isomstamidium is effective
against T.evansi in some cases (Connor, 1991; Appendix II). Satisfactory
treatment of trypanosomiasis requires not only administration of
trypanocidal drugs but also adequate nutrition and exercise during
convalescence. However, chronic trypanosomiasis often fails to respond to
therapy. The ferrokinetic disturbances and accompanying dyshasmopoeisis
appear to be irreversible and the affected animals may appear thin and
anaemic despite trypanocidal treatment {(Connor, 1991). Clinical recovery
following treatment results in exposure of trypanosomss to low
concentrations of trypanocide, thersby increasing the risk of drug

resistance.
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2.5.1.1 Attempt to improve efficacy of trypanocides:

The intravenous administration of isometamidium as a 1% w/v solution has
bheen used successfully to treat trypancsomiasis in cattle (Dowler et al..
1989). There is need for care to avoid acute systemic toxic effects and
perivascular leakage of the solution. The likely problem associated with
this drug and its route of administration is that the period of prophylaxis
is likely to be reduced in the absence of a depot of diug at the site of
injection. The several local effacts of isometamidium injection was
reduced by complexing isometanidium with the polyanion dextran sulphate
{(James., 1978; Aliu and Chinems, 1980). The local tolerance and
prophylactic activity of isometamidium—detran complex was found to produce
less severe local reactions in cattle and the period of prophylaxis under
natural tsetse fly challenge was reduced.

Fluck and Hopkins (1988) made an attempt to prolong the activity and
improve the tolerance of diminazeme, homidium., and isowmetamidium by
incoporating msach of them with liposomal foraulations. There wvas no
adverse effect following administration of the phospholipid complex. The
Ireaction to the solution of isometamidium was more marked comparsd to the
less severe reaction at the intramuscular injection site of liposomal
isomstamidium. Subcutaneous injection of the liposomal isometamidium at
the rate of 20 mg-kg body weight produced less severe reaction than that of
isometanidium alon= at 0.25-0.5 mg-kg body weight. However. duration of
prophylaxis was not enhanced with the liposomal preparation of the three
compounds (Fluck and Hopkins, 1988). The disadvantages of liposomal
isometamidium in cattle include high cost of formulation and instability
(Connox, 1991).

2.5.1.2 Toxicity of trypanocides:

Trypanocides have narrov therapsutic indices., hsnce their use is restricted
gince their toxicity varies with animal species. Dimninazene is toxic to

equine, camels and dogs, but may be usaed safely in cattle, goats and sheep
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(Connor. 1991). Apart from systemic toxic effects due to overdose, there
may be marked local side effects following drug administration. This is
more pronounced when isometamidium is used especially following
subcutaneous injectiom. The trypanocides are in powder form
{(isometamidium, gQuinapyreamine), granular form {diminazene), or as tableted
form (homidium). Therefore, each of the drugs has to be reconstituted in
either distilled or boiled cooled water to make up the solution or
suspension before use. Severe reaction can occur at the site of injection
if normal aseptic precautions are not observed in preparing solutions and
giving injections (Connor, 1991).

2.5.2 Control of trypanosomiasis:

2.5.2.1 Chemoprophylaxis against trypancosomiasis:

Several reports have confirmed the efficacy of isometanidium as a
prophylactic agent in controling trypanosomiasis in livestock especially
cattle in tsetse fly infested areas. The advantage of herd protection with
isometanidium over the therapeutic approach was demonstrated (Vilson et
al., 1975; Blaser st al., 1979; logan et al., 1984; Takken et al., 1988).

Vhitelaw et al. (1986) reported that the duration of protection by
isometamidium is as long as five months, following their experimental
studies. However. numerous factors modify the duration of protection
{(Ogunyemi and Ilemobade, 198%9). It was shown experimentally that the dose
of isometamidium has significant effect with higher dose rates conferring
longer protection. However, prolonged protection with isometamidium
requires extra care since the dosage of the drug cannot be increased
greatly because of its toxic effects (Connor. 1991). Normally. the drug is
used at 0.5 mg/kg body weight up to 1.0 mg/kg body weight. A dose rate of
2.0 mgskg body weight was not tolerated by cattle (Connor, 1991).

In practice it is not easy to determine the precise timing of repsat herd
treatments. The need to maintain the protective level of isometamidium at

all times to prevent re-establishment of trypanosomal infections has to be
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weighed against its practicality and economics. Each field situation may
require a diffsrent approach and the criteria for determining the time of
treataent for prophylaxis varies. The decision on vhen to repeat treatment
should not be restricted to parasitological parameters alone but it should
incorporate an element of clinical judgement {(Connor, 1991). VWilson ot al.
(1975) reported that repeat group treatment vith isomstanidium may be given
vhen the first animal in a group of twenty regularly monitored cattle
becomss parasitaemic. However, the authors concluded that it will be more
economical to delay treataent until three out of twventy animals become
parasitaemic. In the absence of regular parasitological and entomological
monitoring to determine the probable risk or the challenge the animals foce
in tsetze fly infested arsas, repsat treatments should be made at arbitrary
three aonthe intervals (Comnor, 1991).

Based on the local epidemiology, strategic chemopyrophylaxis of
trypanosoniasis can be adopted. Cattle entering a tsetse fly infested dry
season grazing reserve are to be given prophylactic treatment before
exposure to challenge. Alzso animals in sedentary herds should recsive
protection before the anticipated onset of high risk (Connor, 1991). The
incidence of infection increases immsdiately after the onset of the rainy
season in areas with unimodal rainfall. Njoku et al. (1985) and Connor
(1989) have demonstrated the efficacy of strategic prophylaxis before the
onset of the rainfall (high risk period). Similarly. prophylaxis was
provided to village cattle over the high risk period as three trsatments
vith isometanidium at three months intervals. resulting in good control of
typanosomiasis and improved productivity (Maloo et al., 1988). Sanative
diminazans treatment was included during the period of lowvest

trypancsomiasis risk.

The beneficial effects of chemoprophylaxis were demonstrated very well by
Trail et al. {1985) vho reported high level of productivity following
chemoprophylaxis in Boran cattle, which compared favourably with that of
Boran cattle under trypanosomiasis—free ranching conditions in Kenya. Ittty
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et al. (1988) reported that chemcprophylaxis in East African Zebu cattle
under tsetsa fly challenge vielded a positive rate of return in
produntivity. The results of the study indicated improvemsnt on =ailk
production intexrms of lactation yield and producer prices. Bourn and Scott
{1978) reported that cattie for traction vere maintained successfully under
tsetse fly challenge following chemoprophylaxis. However, resistance to
isonetamidium as a chemoprophylactic agent emerged and the problem was
controlled by sanative use of diminazene at nine months intexval. Hendy ot
al. (1998) reported favourable responses of goats to chemoprophylaxis with
reducad parturition intervals, higher birth weights., increased kid survival
in the pexrinatal period and increased growth rates of suckling kids of
isometanidiumn—treated dams. In a similar and related study. Connor (1949)
showved a proof of a positive economic impact on productivity in goats and
sheep following chemoprophylaxis. Kanyari et al. (1983) showed the
benaficial mffect of chesoprophylaxis on fertility in goats through pre—
breeding prophylaxis. This improved fecundity, resulting in higher
tvinning rates. Also., prophylazis alone given during pregnancy improved
birth veights. with bigger and stronger kids (Connoxr, 1991).

2.5.2.2 Control of trypanosomiasis through vector control

As early as 1949, Horris and Morris introduced a simple type of trap named
"the animal trap®” for contrulling tsetse flies in Vest Africa. They used
the trap against G . palpalis and G.tachinoides and concluded that the traps
could not compare in efficiency with selective clearing. although they
might be useful as a subsidiary means of tsetse fly control (Morris and
Morris, 1949; Ford. 1970). However. only 2 tsetse fly control methods were
used with reasonable success before 1950, These included the destruction
of larger wild mammals on vhich itsetse flies vere fesding on for their
survival, and the modification of the land bhush cover by felling trees and
clearing the bush so0 as (o destroy the habitat of the tsetse flies. Since
1930, about 10,000 square miles have be=en free from tsetse fly in Rhodesia
by shooting large wild mammals around Zambesi basin (Ford, 1970).
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The use of bush clearing, insscticide application. and confinement of
shooting wild animal hosts favoured by the Glossina has reduced the number
of animals killed yearly while at the same time controlling the tsetse fly
population since 1958 ({Ford. 1570). In recent years, the use of
insecticides to control tsetse fly has been on the increase. Pyrethrum
sprays in deflying chambers have been in the use and the introduction of
powerful residual insecticides such as DDT lead to successiul destruction

of tsetee flies,

Another control method is that of the sterile male relsass. Nales are
rendered sterile by gamma—irradiation and released into a knowm tsetse
infested area. Female tsetze mated by such flies produce non-viable
of fsprings. This technique has proved effective in controlling tsetse
population but is capital intensive and requiring specialized egquipment and
skilled manpower. This wmethod was anticipated several years ago by
Vanderoplank who showed that the closely related tsetse, G mcorsitans and
G.svyaertoni, would mate and produce sterile offsprings. Howewver, an
attenpt to eliminate a saall bhelt of G svyssrtoni by releasing large number
of G.morsitans into it failed, becausme the introduced species {G.morsitans)
took up a different niche in the habitat and as such did not mix with the
indigenous population. It is partinent to note that chemosterilized malss
will not do thi=s wvhen introduced into their natural habitat (Ford, 1970).
Therefore, irradiation to sterilize male tsetse flies became one of the
control measures of Glossina species.

2.6 The clinical signs of trypanosomiasis

The clinical signs of trypancsomiasis include fever. anaemia. abortion,
wveakness, incoordination., hyperesthia, infexrtility, stexrility, coma, loss
of weight and lymphadenitizs (Fiennes et al., 1946; Fiennes, 1954; Edwards
et al., 1956: 1957 Apted. 1970. Omeroid. 1970: Stephen. 1970. Takayanagi
et al., 1974. Saror, 1980; Ilemcbade and Balogun, 19%8l1; Esievo and Saror,
1983; Njoku, 1985).
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2.6.1 Clinico-pathological features of T.vivax infection

in cattle

During infection with T.vivax (strain Y58) four stages vere identified by
Van Den Ingh et al. (1976).

(a)

(b)

(c)

(d)

A prepatent period of about one wesk.

An acute or fulminating dissase characterized by an almost
continuous, fluctuating parasitaemia, a decrease of the number of
thrombocytes, blood serotonin level, packed cell volume (PCV) and Hb,
serum albumin and Gamma-globulin fractions, a lov serum total liquid
content., and an initial rise with subsequent decrease of the blood
bradykinin level.

4 critical stage., about 4-5 weeks post infection during which the
animal may develop a progressive parasitaemia and may die from
disseminated intravascular coagulation. At necropsy, microthrombi
vere a consistent and most significant observation. Other lesions
vere oedema and haemorrhages in the various tissues and organs,
pulmonary oedema and lobular infarction, patches of necrosis in the
liver. spleen, adrenals and nephrotic changes in the Lkidneys.
Perivascular mononuclear infiltrations resulting in local granuloma
formation in the heart and liver were also observed. Related
biochemical changes included increase in blood urea and serum lactate
dehydrogenase levels.

A post—critical stage characterized by an ameliorating conditionm,
vith fev or no trypanosomes in the peripheral blood alternating with
relatively high peaks of parasitaemia. This was associated with
increased blood bradykinin levels, increasing attempt of PCV and Hb

recovery, serum albumin and fY-globulin fractions, number of

thrombocytes and blood serotonin level. & return to normal values of
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the serum total lipids may occur at this stage. However, moderate to
masssive histiocyte, lymphocyte and plasma cells infiltration into
the heart (myocardium) led to cardiac insufficiency (Van Den Ingh et
al., 1976).

The rism of di-amino laevulinic acid dehydratase levels of erythrocytes
during the decline of the PCV and Hb values is an indication for the
production of many young erythrocytes and thereby for the haemolytic nature
of the naemia (Van Dan Ingh et al., 1976).

Other observed micruscopic lesions were centrilobular and paracentral
necrosis in the liver, localized erythropoiesis and mayelopoiesis, lymphoid
hyperplasia in the lymph nodes, mild lymphoid hyperplasia in the splesn and
hemosiderosis in the lymph nodes, spleen and liver. Degenerative changes
in the heart and skeletal muscle. Proteinaceous fluid (oedema) in the
Bowman's space and remal tubules. Erythrophagia in the liver, lymph node
and spleen. Intravascular and extravascular trypancosomes were seen (Van
Den Ingh et al., 1976).

2.6.2 The reproductive pathology of trypanosomes infected livestock

Various pathological lesions caused by trypamosomes have been reported in
the various species of livestock. The lesions have significant effects on
the reproductive performance of our livestock and has serious negative
effects on our economy, protein requirement interms of meat., milk, growth
rate, fertility and fecundity. The results of these are aalnutrition and
sovere economic loses, hence., the need for the review of the effects of

trypanosomasis on the reproductive systea.

21



2.6.3 The effects of trypanosomiasis on the estrous cycle and the ovary

Silent estrous, irregular estrous., temporary and complete anaestrus were
reported in Yankasa sheep infected with T.vivax (Adenowo, 1989).
Chronically T.vivax infected heifers showed anestrus of up to 6 months
(Ogwu et al., 1984). Anaesstrous of 100 days was reported in Boran Cows
infected with T.congolense (Lunckins et al. 1986; Llewelyn et al., 1988).

Irreqular, short estrous cycles and anaestrous were reported in goats
(Luckins et al., 1988). lLow fertility was reported in herds of both male
and female camels by Guleed and Bornstein (1987). The lesions associated
with the reproductive system of the females infected by the various species
of trypanosomes were well documented. The overian lesions included cystic
degeneration in cattle, goats and sheep infected with T.vivax (Vohradsky.
1971; Mutayoba et al., 1985; Isoun and Anosa, 1974a; 1974b). Arrested
ovarian function for 6 months post-infection associated with developmental
failure of the ovarian follicles and corpora lutea was reported in T.vivax
infected Zebu heifers (Ogwu et al., 1984). Also, infection with
T.congolense resulted in stoppage of the cyclical ovarian activities
(Iuckins ot al.., 198B6: Llewelyn &t al.. 1988). Atrophic ovaries with
nultiple follicular cystic degeneration and total absence of corpora lutea
vere reported in Zebu heifers in a similar experiment (Ogwu and Njoku,
1991). Ovarian dysfunction associated with development of atretic
primodial and primary follicles and lack of corpora lutea development were
reported in T.congolense infected goats (Mutayoba et al., 1988). However,
there were reported persistent corpora lutea in goats (Luckins et al.,
1986: Llewelyn et al., 1987).
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2.6.4 The effects of trypanosomiasis on the vagina., uterus. uterine horns

and cerviz

Ogvu and Njoku (1991) ohserved andomstritis. glandular atrophy,
periglandular cellular infiltration, myomstrial atrophy, fibroplasia in the
uteria. csrvicitis associated with non-secretory desquamated mucosa,
vaginitis and necrosis in T congolense infected Zepu heifers. The
severity of the lesion was directly related to the duration of the
infection. Hovever, in an earlier report, Ogwvu et al. (1984) observed
atony of the uterine horns. Isoun and Ancsa (1974a. 1974b)} reported
infertility and sterility in West African Dvarf sheep and goats infected
with T.vivax. Deaths of cattle, sheep, goats, and camels during pregnancy
ar dystocia due to trypanosomiasis was associated with weak or dead
offspring or expulsion of congenitally malformed dead fostuses (Ikede and
Losos., 1972 Akpavie, 1982; Iuckins et al., 1986; Ogwu et al., 1986;
Llewelyn ot al. 1987 Ikede ot al., 1988 Anenm et al., 1991; Vaitumbi and
Connor, 1991). Abortions at the various stages of pregnancy. birth of weak
offsprings, premature births, birth of anaemic offsprings, lov birth weight
and neonatal calf mortalities vere reported in T.vivaxr and T.congolense
infectead cattle (Boyt. 1971: Ogwu &t al. 1986: Ogwu and Njoku 1987; Fio—
Ngaindiro, 1987; Anen=e et al., 1991). Abortions, premature births and
stillbirths were reported in trypanotolerant bresd of cattle infected with
T.congolens=e (Djabakou et al., 1985). Reduced kidding percentage was
reported in female qoats infected with T.congolesnse (Kanyari ot al., 1983).
Cases of abortions were also reported in buffaloes infected with T.evansi
{(Lor &t al.., 1986) and camels (Gulesd and Bornstein, 1987; Waitumbi and
Connor, 1991). Retained placentae followving dystocis was also reported in
Zebu heifers infected with T.vivax (Ogwu ot al., 1986).

Interestingly, intra—uterine transaission of T vivax was associated with
development of atretic ovaries. reduced nunbers of primodial and primary
follicles, and lack of corpora lutea development in T.congolense infectad
goats (Mutayoba =t al (1988). Hovsver, there were reported cases of
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persistent corpora lutea in goats (Luckins et al.. 1986; Llwelyn et al..
1987). In addition, the trypanosomes were demonstrated in the amniotic
fluid in T.vivax infected infected sheep and goats (Isoun and Anosa, 1974a;
1974b). In most cases of the transplacental transmission it wvas associated

with placentitis and neonatal death (Sekoni, 1994).

2.6.5The effects of trypanosomiasis on the testis, epididymis and

seaineferous tubules

Testicular lesions in T.vivax infected bulls including degeneration of the
epididymis, semineferous tubules, interstitial Leyding cells, prevention of
spermatogenesis associated with lack of epididymal spera reserve, severe
degeneration of the seminal vesicles, bulbo-urethral and prostate glands in
T. congolense infected bulls have been reported (Sekoni et al., 1990c).
T.congolense was observed to be more pathogenic than T.vivax in
experimentally infected Zebu bulls. The severe lesions produced resulted
in elevated ejaculation time, poor semen quality (Sekoni et al., 1988;
Sekoni et al., 1990b, 1990d). Chemotherapy with homidium chloride at 12
veeks post-infection failed to revert the deteriorated semen
characteristice to the pre-infection levels at 18 weeks post-treatment
(Sekoni et al., 1991). Grundler and Djabakou (1985), and later Grundler et
al. (1988) reported the deterioration of semen characteristics following
T.congolense infection in West African shorthorn bulls with the testicular
lesions persisting 47-52 weeks after treatment with diminazene aceturate.

An increased scrotal diameter, inflammation, scab formation with alopecia
of the scrotum, periochitis, epididymitis, severe testicular degeneration,
abnormal spermatogenesis and aspermatogenesis were reported in rabbits,
sheep, and goats infected with T.brucei (Anosa and Isoun, 1980: Ikede and
Akpavie, 1982).

Treatment of the rabbits with diminazene aceturate resulted in incomplete
resolution of the genetal lesions. Severe scrotal enlargement, ssvere

degeneration of the testicles, epididymis, and deteriorated sperm
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characteristics in bucks and rams infected with T.vivax were reported
(Isoun and Anosa, 1974a, 1974b; Anosa and Isoun, 1980; Agu et al., 1986;
Sekoni, 1992; 1993). Ram semen characteristics have been reported to
deteriorate following infection with both T.vivax and T.brucei (Akpavie et
al., 1987). The good quality of ejaculates was obtained 19 weeks post-
treatment with diaminazene aceturate. However, T.brucei wvas found to be
more pathogenic in rams than T.vivax (Ikede, 1979). It was therefore
concluded that trypanosomiasis has an important economic impact on the
livestock industry in many African countries., manifested through anaemia,
cachexgia. death, and reproductive disorders involving degeneration of the
hypothalamus, pituitary glands and gonads resulting in hormonal imbalance
thersby causing disturbances in the normal reproductive processes in both
male and female animals. Losses occur through delayed puberty, loss of
libido, degenerative changes in the genitalia resulting in production of
poor or cessation of production. In addition, temporary or
permanent anaestrus, abnormal estrous cycles, death as a result of
dystocia, abnormal pregnancy., premature birth. abortion. low birth weight,
stilbirth, intra-uterine foestal infection, neonatal death, congenital
malformations in foetuses and other pathogemnic effects on foetuses and
of fsprings. Trypanosome—induced reproductive disorders are of great
importance in the tropics especially sub—Saharan African countries where
tsetse flies that transait trypanosomes are endemic. Chemotherapy with
trypanocides has little effect in the resolution of genital lesions
(Sekoni, 1994).

2.7 The anaemia

Anaemia is one of the most important fesatures of clinical trypanosomiasis
in animals and humans. Death due to trypanosomiasis is possibly as a
result of severe haemolytic crisis (Fiennes, 1954; Losos and Ikede. 1972:
Mackenzie and Cruickshank, 1973; Mamo and Holmes, 1975; Kobayashi et al.,
1976). Reports on the mechanisms involved in the development of the

25



anaemia of trypanosomia=zis are numerous and variables. These mechanisas
include:—

2.7.1 Haemodilution as a cause of the anasmia in trypanosomiasis

Hammodilution was reported to b= one of the contributing factors to the
anasmia of animal trypanosomiasis. Thess observations included increase in
blood wolume {(Anosa and Isoun, 1976), increase in volume of plasaa
(Fiennes, 1954; Naylor, 1971: Mawie and Valli, 1978), absence of change in
total blood volume {Clarkson, 1968), and absolute fall in circulating
erythrocytes (Hamo and Holmwes, 1975; Anosa and Isoun. 1976). Hovever,
these observations were challenged by other ressarchers (Jennings et al..
1975. Ingh et ai., 1976; Dargie ot al., 197%a, 1979b). The phenomenon of
haemodilution wvas regarded not to be a feature of animal trypanosomiasis by
Dargie et al. (197%a. 1979b). 56, used to measure plasma volume was found
not to equilibrate with the plasma space and over-estimated the plasaa
volume of anaemic animals (Dargie, 1978, Daxrgie =t al., 1979a, 1%79b).

2.7.2 Response by the haesmopoietic system as a contributing factor to the

cause of the anamaia in trypanosmiasis

Bone marrowv responses in trypanosomiasis has besn studied. Depression of
erythropoiesis with defects in the bone marrov growth has been chserved at
early stages of T hrucei infection in rabbit (Boycott and Prince—Jones,
1913), likewise degenerative changes in the bone marrov of T.congolense
infected cattle. Thus indicating dyshasmopoiesis (Fiennes, 1954; Naylor
1971; Losos and Ikede, 1972).

active erythropoiesis in rabbits infected with T.Lbrucei (Borsham, 1968) and
T.congolanse infectioms {(Holmes and Jemnings, 1976), rats infectad with
T.brucei (Jennings ot al., 1974). and T.evansi (Assoku, 1975). Active
erythropoiesis vas also reported in T.congolense infected shesep (Mackenzie
and Cruickshank, 1973), T . vivar infected goats (Saror, 1980), and cattle
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(Van Den Ingh et al.. 1976). Erythroid responses were mnore marked in
cattle infected with T.congolense than those infected with T. vivax (Maxie
et al., 1976; 1979). These latter reports cast doubt on the role of

dyshaemopoiesis in the anaemia of animal trypancsomiasis.

2.7.3 The role of haemolytic factors as the cause of the anaemia in

trypanosomiasis

Trypanosomes may exert a direct haemolytic action on the erythrocytes by
generating potentially heomolytic factors on autolysis (Landsteiner and
Raubitscheck, 1507; Nguyen Huan, 1975). Landsteiner and Raubitscheck
(1907) showed that T.eguiperdum could release a haemolysin after overnight
incubation in the cold. The investigators showed that the releassd
hasmolysin was a lipid and suggested that it might be fatty acid in nature.

Huan et al. (1975) demonstrated that autolysed 7T.brucei was also
haemolytic. However, it was indicated that the haemolytic factor in this
case vas probably a small protein. 4 toxic pronase-sensitive protein of
molecular weight 10,000 daltons, a haemolytic factor from the serum of
T.bhrucei infected mice and supernatant of the trypanosome suspensions has
been extracted.

Tizard et al. (1977) showed that the haemolytic material from T.congolense
consisted of a mixture of free fatty acids (stearic, palmitic, oleic and
linoleic) and possibly some lysolecithin generated by the action of
trypanosome phospholipase A on endogenous phosphatidyl choline. However,
T.lewisi, being devoid of phospholipase A, does not generate free fatty
acids and is therefore non-haemolytic (Tizard et al.. 1977). T.congolense
releases haemolytic free fatty acids, on autolysis. of which the most
potent is linoleic acid. These fatty acids can lyse washed rat and bovine
erythrocytes in-vitro. Autolysed T.congolense will cause increased
fragility of erythrocytes in whole rat blood but not in whole bovine blood.
The lack of effect of these fatty acids on bovine erythrocytes tends to be

confirmed by the failure of this materials to influence the survival of
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these cells in-vivo. Calculations based on the amount of the free fatty
acids required to cause haemolysis in~vivo, also confirmed that this
mechanien of erythrocyte destruction ie probably not important in bovine
trypanosoriasis since both the fatty acids and lysolecithin are rapidly
esterified and bound to albumin jin-vive (Tizard et al., 1978). This
machanisa may be effective in the lysis of exrythrocytes in cappillaries
vore large number of 7.congolense may accumulate and their lysis may cause
laxge release of fatty acids locally to hasmmolyse erythrocytes in the

capillaries,

It is interesting to note that as sariy as 1954, Fiennes observed that
erythrocytes from normal bovine blood were haemolysed vhen incubated with
plassa from trypanosome infected aninmals. The investigator suggested
possible involvem=nt of haemolytic factors in the anaemia associated with
bovine trypancsomiasis. This was supported by the appmarance of
exythrocytes in blood smears made at the time of crisis, by positive
indirect Van den Bergh reaction., presence of wrobilinogen in the urine of
extrene cases. improved reticulocyte counts following treatment. The
haemolytic factor was present intermittently, and is alvays present
terninally with highest concentration at the time of trypanolysis. Fiennes
{1954) reported that while haemclymis might be associated with the acute
course of the disease, or in the fatal termination of the disease, the
haemolytic factor was not regardsd as the underlying cause of the
progressive anasmia. Thizs factor was found to be produced by other
trypanosomes, eg T.vivax infection in cattle, but., ite role in the
development of the anemia wvas not ascertained (Murray et al., 1977).

2.7.4 Immunclogical basis as a cause of the anaemia in trypanosomiasis

It was suggested that the increased rate of destruction of erythrocytes may
be mediated by immunological mechanisms (Herbert and Inglis, 1973; Kantzier
et al. 1974; Kobayashi =t al., 1976). Repsated intravenous injections into
rats with over 100 ug/100g body weight of =oluble T.evansi antigen resulted



in moderately severs., probably antibody mediated haemolytic anaemia. It
vas then hypothexized that development of the anasmia associated with
T =vansi infection might be immaunologically mediated (Aseoukn. 1975). This
was supported by the presence of trypanosme antigen—antibody—complement
complexes on the surfaces of erythrooytes of calves infected with
T.congolense. leading to the speculation that the immune complexes caused
the elinination of affected erythrocytes resulting in clinical =anaemia
(Kobayashi et al., 1976). Iamunoglobulins bound to erythrocytes of 13
infected calves were detected by a direct antiglobulin test 7 to 10 days
post—-infection. The resation was strongest between 3 to 9 weeks post-—
infection. Immunologbulins were eluted from erythrocytes reacting
positively to the test. Of 74 elutes, 16 contained JgH and IgG. Antibody
activity of the eluatez against T.congolense wvas demonstrated by complement
fization, indirect hasmagglutination and indirect antiglobulin tests. It
was then postulated that the anasmia in mammalian trypanosomiasis and
aspecially in T.congolense infected calves was of immunological origin
{(Kobayashi et al., 1976). IgG and IgH classes were separated from the sera
of mnice infected with 7T .congolense, and both were associated with
agglutination reaction, formation of wvariant =erotypes, and protection
against ianfection (Hudson et al., 1976; Takayvanagi and Enriquez, 1973:
Mansfield, 1978). Other circumstantial evidences for the immunological
basis of the anemia in anizal trypanosomiasis include elevation of Igh
{Clarkson, 1968; 1976 Clarkson et al., 1975; Kobayashi and Tizard. 1976;
Moulton and Sollod. 1976; Tabel et al.. 1978) and complement fragments on
cell surfaces (Kobayashi and Tizard, 1976; Nielsen et al., 1976a, 1978b.
197Bc) during the dissase. Antibodies to certain complement components, =g
C3. wvhich are nainly of the Igh class {Eisen, 1974) were elevated following
infection with pathogenic African trypanosomes (Ingram and Soltys, 1960).
Kobayashi et al. (1974) showed that complement vas not involved in the
attachment and ingestion of T.gambiense by rat msacrophages and suggested
that the rol= of complexent in the pathogenesis of the anasmia might be
restricted to the hasmolysis.
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It wvas shown that erythrocytes of rabbits infected with T.brucie and of
calves infected with T.congolense were antiglobulin positive.
Occassionally, some of the animals possess erythrocytes with detectable
surfae C3. Immunoglobulins vere eluted from thess erythrocytes and wers
shown to possess antibody activity directed against trypanosoaes {(Herbert
and Inglis, 1973. Kobavashi et al., 1976; Hielsen =f aj.., 1978d). It wvas
shown that host erythrocytes adsorb trypanosome antigen In-vivo (Herbert
and Inglis, 1973) and as a result of the immune response to the
trypanosomes. the coated erythrocytes wers subsequently eliainated (Herbert
and Inglis, 1973}.

It may be concluded that immunoglobuling and complement opsonize
desialylated erythrocytes (Jancik et al., 1978; Kuster and Schauer, 1981;
Muller and Schaver, 1983) which are produced in acute bovine
trypancsomiasis (Esievon, 1979; Esievo et al., 1982) leading to
erythrophagocytosis. However, the mechanisms o©of destruction of
mrythrocytes are complex. It varies with the species of the tyrpanosome.
the host, and the stage of infection. A more severe ana=aia, for instance,
occurs in mice with 7. .congolense than T .brucie infections (Ikede a2t al.,
1977).

Jemnings &t al. (1974) suggested that the rapid onset of ansemia in
trypanosomiasis might be due to damage to srythrocytes azs a direct aor
indirect result of trypancsome infection. The investigators were of the
opinion that imaunological mechanisms night bhave been significant only
after 7 days of infection. vhen an iamune response aight have been mounted
by the host. This is sequele to their observations on the anaemia
developed in T hrucei infected aice within 4 days post-infection. The
pathogenesis of the ansemia earlier than 7 days post—infection with
pathogenic trypanosomes vas therefore. yet to be estabiished.
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2.7.5 Role of immunosuppression in the aggrevation of the termination of

trypanoscniasis

It is pertinent to highlight the role of immunosuppression as a possible
factor contributing to the pathogenesis of trypanosomiasis, although, the
present study is mainly investigating the role of exrythrophagocytosis and
lactose infusion in trypanosomiasis. Isnuncsuppression sSimply aeans
prevention of the occurrence of immune reaction (Roper, 1978). Goodwin et
al. (1972) reported the phenomernon of immunosuppression in mice and rabbits
infected with T.hrursi. They observed the depression of antibody response
of the host to unrelated antigens. For over 3-4 weeks of the infection in
nice, the immuncosuppression became progressively greater and accompanied
the increasing parasitaemia. Greenwvood &t al. {(1971) suggested that
immunosuppression wvas brought about by a failure of the antigen processing
mechanisa of the macrophages. Most attention has hitherto besn directed to
alterations in the humoral response. However, Allt et al. (1971} noted
that, concurrent trypanosowme infections reduced the severity of induced
sxperinental allergic neuritis in rabbits. suggesting that celli-mediated
responses were also affected. Goodwin ot al. (1972) reported that the
indications of antiglobulin reactivity obseved in the experiment., mnay
reflect the sxtensive tissue damage vhich occurs during infecticn resulting
in the alteration of modified host tissue proteins vhich act as antigens.
The authors reported that patients with chronic trypamosomiasis show little
resistance to concurrent bacterial pneumonias and septicaemias. It has
be=n recognized s=ince the beginning of the century that patients with
sleeping sickness have an increased susceptibility to bacterial infections,
especially pneumonia the common cause of death., Secondary infections occur
in trypsnosome infected cattle and may hastem their death (Greenwvood.
1976). An impaired antibody response to Salacnella typhi vaccine wvas found
in a study of immune compstence in 38 patients with T.gambiense infection.
The patients failed to respond toc normal skin testing with purified
protein derivative and (Candida antigen. Fever trypanosomiasis patients
than controls responded to skin sensitization with dinitrochlorobenzene
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{(Remd et al. ., 1972). Greenwood (1974a) reportsd that. in man. as in
experimental animals, malaria and trypanosome infections lead to an
impaired humoral immune response to some but not all antigens. In
addition, impairment of cell-mediated immunity has been found in patients
wvith sleeping sickness. The suppression of humoral immunity found in
patients with sleeping sickness was not as marked as that observed in
exparinental animals infected with T brucei. perhaps because T hrucei
infection leads to a auch heavier parasitaemia than T.gambiense in man
(Greenwood. 1974a).

Th= pathogenesis of the immune defects has not been clearly delineated.

Defective function of msacrophages, B-lymphocytes, T-lymphocytes and
breakdown in the normal control aechanisms of the immune response wvere
postulated (Gr=e=nwood, 1976, Nantulya et al., 1982). Hovever., antigem
processing by the macrophages is unlikely to be an important factor as
transfer experimnents have shown that peritoneal macrophages from 7. bBruce:
infected mice can process antigen normally (Murray et al., 197da).

Defective function of B-lymphocytes has been implicated as the cause of the
hunoral defect in trypancsomiasis but, this is unlikely to be a major
factor as lyaphocytes from an infected animal can successfully reconstitute
humoral immunity in a lethally irradiated recipient (Murray =t al., 1974a;
Jayavardena and ¥Waksman, 1978). Histological studies have shown profound
disturbances in the anatomy of the spleen and lymph node of trypanosome
infected animals (Urquhart et al.. 1972). In thes early stages of
infection, proliferation of plasma cells and large mononuclear cells wvas
observed with replacement of normal lymphoid tissue. These changes wvere
associated with an increased uptake of I'" iododeoxyuridine.  Later,
lymphoid atrophy and fibrousis may occur. Depletion of T-lymphocytes as a
result of these changes could directly impair cellular immunity and because
of the helper function of T-lymphocytes in the antibody response to some
antigens, could also affect humoral immunity. However. as noted above,
infected mice have shown a diminished antibody response to thas T-cell
dependent antigen lipopolysaccharide, Defective control of the immune

Iz



response was also implicated (Murray et al.., 1974: Assoku et al. 1977:
Sacks and Askonas, 1980; Sacks et al., 1980; Askonas et al., 1979: 1980;
Musoke et al., 1981; Araujo-Jorge and Souza, 1984: Askonas, 1985).

In this case, immunoglobulin production by cells of the B-lymphocyte series
can be influenced by both helper and suppressor T-cells. It has been
suggested by Terry et al. (1973) that defect in this control mechanisa,
perhaps brought about by a selective depletion of T-cells as described
above, could be the main immunological defect in trypanosomiasis. This
attractive hypothesis also provides a rotational explanation for the
excessive Igi production which is such a characteristic feature of African
trypanosome infections. it is unlikely that any single factor is
responsible for the immune defect of trypanosomiasis. it is much more
likely that several of the mechanisms discussed above are involved. It has
been clearly shown that, what ever the mechanisms involved, the immune
defect depends upon the presence of viable trypanosomes. Immune competence
is rapidly restored on treatment and occurs long before correction of the
pathological changes of the infection could have occurred. This
observation suggests the production by live trypanosomes of some inhibitory
factors, but it has so far not been possible to demonstrate this factor in
the sera of infected animal (Mansfield and Wallace, 1974; Ortiz-Oritz,
1976; Ramos et al., 1978). Suppression of both cellular and humoral
immunity is a frequent accompaniment of African trypanosome infections. It
is unlikely that any single factor is responsible for the immune defects of
trypanosoniasis. It is much more likely that several of the mechanisms
discussed above are involved. It has been clearly shown that, wvhatever the
mechanisms involved, the immune defects depend upon the presence of viable
trypanosomes. Immune competence is rapidly restored on treatment and
occurs long before correction of the pathological changes due to the
infection. These obsarvations suggest the production by live trypanosomes
of some inhibitory factors, but it has so far not been possible to
demonstrate it in the sera of infected animals (Mansfield and WVallace,
1974; Ortiz-Ortiz, 1976; Ramoz et al., 1978). Suppression of both cellular
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and humoral immunity is a frequent accompaniment of African trypanosome
infections. The exact nature of the immune defect was yet to be known
(Greenwood, 1976).

2.8.1 The life—span of the erythrocytes and its sialic acid content

It was reported as early as 1940 that young reticulocytes migrate more
slowly under the influence of an electric field than do erythrocytes
(Yaari, 1969). It was reported later by Rottino and Angers (1961) that the
mobility of the red blood cells obtained from the umbilical cord was higher
than that of infants 48 hours after birth. It has been reported by Danon
and Marikowsky (1966) that the difference in the wmocbility of the
erythrocytes was as a result of difference in the electric mobility of
extremely young and old age group of cells from the same blood samples.
Yaari (1969) reported that young red blood cells have a higher negative
charge than the old red blood cells and that as red blood cells age their
negative charge 1is progressively reduced, supporting the above
observations. Also Harikowsky et al. (1966) reported that young red blood
cells migrate in an electric field more rapidly than the old red blood
cells of the same blood sample. Yaari (1969) reported that the older the
red blood cells the slower they migrate in the electric field.

Durocher et al. (1975) reported that the role of erythrocyte membrane
sialic acid in the erythrocyte survival was not clear, although there was
evidence for a reduction in the sialic acid and surface charge in older
erythrocytes. The surface charge of human, rat and rabbit erythrocytes was
reduced by removing sialic acid with neuraminidase (sialidase). The
reduction in the sialic acid content correlated with decreases in
electrophoretic mobility associated with the loss of periodic acid shift
(PAS) staining of the erythrocyte membrane glycoproteins on the
polyvacrylamnide gels. There wvas exposure of the galactose moiety. It was
also reported by Durocher et al. (1975) that Cr’ labelled erythrocytes
survival in rate and rabbits showed rapid clearance of desialylated
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erythrocytes with sequestration by the liver. This suggested that
reduction in erythrocyte sialic acid is a wmechanisa of erythrocyte
destruction and may be important in erythrocyte senescence (Durocher et
al., 1975). Most of the erythrocytes were cleared by the liver. The
defect induced by desialylation is probably not subtle (Durocher et al..
1975).

The significant increase in the rate of erythrocytes destruction with
a consequent shortening of the erythrocyte life-span was well documented.
Mano and Holmes (1975) reported that the half-life of G1Cr-labelled
erythrocytes was 216 *47 days in control Zebu calves while in T.congolense
infected calves it was 142 133 days. The significant shortening of
erythrocyte life-span due to the accelerated loss of erythrocytes from
circulation could account for the anaesmia observed in T.congolense infected
calves. Mamo et al. (1977) reported that the mean time for Cr’'-labelled
red cell activity to fall by 50% was 3.7 0.7 days in T.congolense infected
calves compared to 6.1 0.8 days in the control calves. It was
demonstrated that the half-life of Cr''-labelled red blood cells in calves
infected with T.congolense dropped from an initial normal value of 10 days
to 4.7 days at about 30 days after infection., followed by gradual return
tovards normal at about 12 weeks. Thus, red—cell life-span was roughly
halved during the acute phase of the infection (Valli et al., 1978). The
erythrocyte destruction occurs largely in the liver., in which extensive
erythrophagocytosis had been observed (Mackenzie and Cruickshank, 1973;
Mamo and Holmes, 1975; Valli and Forshberg, 1979).

2.8.2 The sialic acid content of erythrocytes in trypanosomiasis

Sialic acid. the acylated neuraminic acid occurs in reasonable quantities
on the surface of the erythrocytes in various species of animals (Eylar et
al., 1962; Seaman and Uhlenbruck, 1963). Vibrio cholera neuraminidase—
desialylated Cr*-labelled erythrocytes was cleared rapidly from the
circulation of rats and rabbits followed by subsequent sequestration in the

liver. This. suggested that reduction in the erythrocyte surface sialic
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acid was one of the mechanisms of senescence and destruction (Durocher et
al., 1975). in elevated level of serum sialic acid was reported following
infection of cattle wvith T . brucei and 7.vivax (Esievo et al.. 1982). Banks
(1979 1980) reported that T.congolense bound to bovine erythrocytes in-
vitro, via neuraminic acid receptors on the erythrocytes, leading to damage
to the erythrocytes. Esievo (1979: 1983) reported that 7 vivax has
hydrolysed sialic acid in-viitro and the activity of the nsuraminidase is
proportional to the concentration of the trypanocsomes. It was reported by
Esisvo et al, (1982) that the decline in the erythrocyte surface sialic
acid and increase of free serum sialic acid concentrations in T.vivax
infected cattle corresponded to the time of appearance of circulating
trypanosones with lovest values red cell sialic acids at the initial peak
of parasitaemia. Recovery froa decreased level of the sialic acid content
was observed at the end of the parasitaemic phass and the PCV remained
stable then. The authors indicate that, it appears that the loss of the
erythrocyte surface sialic acid in trypancsome infected cattle wvas rslated
to the intensity of the circulating parasites (Esievo et al., 1982). It
was demonstrated that trypanosome produce neuraminidase in-vitro and the
enzyne was shown to have cleaved off the exythrocyte surface sialic acid in
different species (Evlar et al. 1962; Seaman and Uhlemburck, 1963; Durocher
et al., 1975; Esievo, 1979), Esievo =t al. (1982) postulated that the
early anaeaia observed in infected animals may be attributable to the
activities of the circulating trypanosomes vhich produce neuraminidase.

The neuraminidase cleaves off surface sialic acides from erythrocytex thus
rendering them mox® prone to erythrophagocytosis. The slight increase in
free serur sialic acid concentrations in both the infected and control
calves at the period of greatest erythrocyte surface sialic acid loss and
peak parasitaemia nay be noteworthy despite the fact that there was no
significant diffexrsnce between the= infected and control calves (Esievo et

al., 1982).
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2.8.3The rxole of sialic acid in trypanotolerance in animal

trypanosoniasis

It has been known for many years that N'dama and Muturu cattle, which are
dvarf bremds in West Africa are less susceptible to infection with
trypanosomes than West African Zebu cattle (Hason., 1951). The nature of
the resistance i.e. trypanotolerance which is the natural resistance to
trypanosomiasis is not well understood (Mason, 1951). Choquel (1969)
revieyed the experience with N'dama cattle in several African countries and
considered that their tolerance was natural rather than acquired. Veitz
{1970) suggestex] that the resistance of the dvarf breeds probably results
from a aore efficient imauns response to trypanosome infection compared to
Zebu.

The degrees of resistance that the animals develop seeas to depend on
factor=s such as initial exposure of the dam and the new-born calf to a low
grade trypancsome challenge, continual exposure to the same antigenic types
of trypanoscmes and maintenance of reasonable conditions of husbandry
(Chandler, 1952; Desowitz, 1959).

In recent years. it wvas reported that the relative trypanotolerance
of the H'dana breed of cattle may be attributable to the possession of a 7-
fald increase in erythrocyte surface sialic acids compared to the Zebun
breed {Esievo ot al., 1986). Esievo et al. (1990) showed that erythrocytes
of both the trypano-susceptible zebu (White Fulani) and the trypanotolerant
H'dama breeds of cattle have sialic acids which coincided with K-
acetylneuraminic acid during polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulphate (SDS-PAGE). The H'dama erythrocytes
had another type of sialic acids (with estimated molecular weight of
30.000) trailing behind the HN-acstylneuraminic acid. Howesver. the
additional band was absent in the Zebu breed (Esievo ot al.. 1990). the
existence of the additional type of sialic acid (Esievo =t al., 1990) might
account for the higher H'dama erythrocyte sialic acid concentrations
{Esievo st al., 1986) and the relative trypanotolerance of these breed of
cattle., In our recent studies, it wvas found that the erythrocyte surface
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sialic acid concentrations were 25.4 5.5 mg/dl and 5.9 0.97 mg/dl in
N'dama and Zebu animals, respectively. In N'dama, O-acetyl and glycolyl
groups were present in concentrations of 16.4 4.3 mg per dl and 12.8 %
2.9mg per dl. respectively, vhereas the corresponding values in Zebus vere
2.8 + 5.0mg per dl and 7.6 + 1.7mg per dl, respectively. The differences
between N'dama and Zebu cattle in surface sialic acids and in O-acetyl and
glycolyl groups were significant. HN'dama erythrocyte sialic acids had more
O-acetyl than glycolyl groups while those of Zebus had less O-acetyl than
glycolyl groups. These findings may be relevant to the trypanotolerance of
N'dama cattle (Shugaba et al., 1994), since it was observed that the
protective nature and the rate of hydrolysis of sialic acids by sialidases
depend on the type and concentration of side groups viz O-acetyl: glycolyl
(Reuter et al.. 1983; Schauer et al., 1984).

O-acetyle groups in sialic acid hinder rapid hydrolysis of the sialic
acid by sialidases and the protective nature of this variety was attributed
to the occurrence of 9-O-acyl-N-acylneuraminic acid in erythrocyte
membranes (Reuter et al., 1983; Schauer et al., 1984). The glycosidic
linkage of 4-0-acetyle-N-acylneuraminic acid is resistant to the action of
sialidases (Schauer et al., 1974 Schauer, 1978; Veh et al.., 1979). Sialic
acid becomes susceptible to the action of sialidases only after the release
of the 4-0O-acetyl group, this indicates that the resistance is due to the
presence of the substituent in the fourth position of the neuraminic acid
molecule (Schauer et al., 1974). Sialic acids with O-acetyle or ester
groups at C-7- or C-9 of the neuraminic acid molecule are released by
sialidases at reduced rates (Busther et al. 1974; Schauer, 1978: Reuter et
al. ., 1983).

The observation made of a much higher concentration of O-acetyle
groups in N'dama than in Zebu erythrocyte sialic acid type may account for
the higher concentration of the total erythrocyte surface sialic acid in
N'dama than in Zebu cattle (Shugaba et al., 1994). The higher
concentration of the O-acetyle group in N'dama sialic acid as obsarved by
Shugaba et al. (1994) supports an earlier report of the existence of
another band or type of sialic acid on the erythrocytes of N'dama (Esievo
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ot al., 1990). Based on th= previous reports that O-acetylated sialic
acids are generally resistant to rapid hydrolysis by sialidases (Schausr,
1978 Schauer et al., 1983, Veh &t a&l., 1979), that sialidase activity is
related to the number of parasites (Esievo. 1983) and the severity of the
anaemia in bovine trypanosomiasis is related to the intensity and duration
of parasitaemia (Dergie ot al., 1979b) the finding of a much higher O-
acetyl group concentration in the erythrocyte sialic acid of the
trypanotolerant H'dama cattle (Shugaba et al., 1994) supports the
observation that N'dama differ from Zebus in requiring a wmuch higher
trypanosome parasitasmia to produce same degree of anaemia (Murray et
al. 1977).

Based on the above observations it is possible that the N'dama
achieve their trypanotolerance partly through a reduced rate of the relsase
of ervthrocyte surface sialic acids by the trypanosome sialidase, due to
the occurrence of higher concentrations of O-acetyl groups in their sialic
acids and due to additional type of sialic acid on the N'dama erythrocytes
(Esieve ot al., 1930; Shugaba et al., 199¢).

2.8.4 The possible rnle of sialic acids in trypanosomess antigenic
variation:-

Antigenic variation is important in the survival of trypanosomes in
their hosts. This is achieved by thea trypanosomes through developaent of
different antigens on their surface thereby evading the immun=s defense
mechanism of the host. Antigenic variation also has genstic basis (De Ges
et al., 1979: Reinvald et al., 1979; Liu et al., 1979. Reinwald st al.
1983). This reviev is not intendesd to cover ths vast majority of findings
on the bioclogical. biochemical and genetical basis of the antigemnic
variatiom. It is intended to provide information on the relationship
betveen the sialic acids and antigenic variation of tryponosomes.

The evasion mechanisa of the immun=e system by trypanosomes is
achieved by changing the glycoprcteins pattern of the cell surface which
may be related to sialic acid activity. This is dums to the fact that

sialic acids have been implicated as potential determinants of
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differentiation antigens (Schauer, 1983). In both animal and human
trypanosomiasis, ressarch findings that may have obvious relevance to the
sialic acids and trypanosome antigenic variation are available.
Trypanosore congolense was shown to be bound to bovine erythrocytes through
the sialic acids receptors on the erythrocytes (Banks, 1979). Trypanosoma
congolense has sialic acids which are responsible for the charge
heterogeneity of the variant surface glycoproteins (Reutenberg et al..
1981). Trypanosoma cruzi. the etiologic agent of Chagas, diseass in south
America has its main type of host—immune escape mechanism, it has sialic
acids even though it doesn't appear to be capable of synthesizing sialic
acids from their precursors (Shauer et al., 1983). Also the production of
sialic acid-cleaving enzyme (sialidase) by T. vivax (Esievo, 1979) and T.
cruzi (Pereira. 1983) have suggested that the enzyme is of great importance
in the pathogenesis and pathophysiology of bovine trypanosomiasis (Esievo
et al., 1982) and Chagas' disease of human (Pereira, 1983; Persira and
Hoff, 1986).

2.8.5 The role of erythrophagocytosis as a cause of the anasmia in animal

trypanosomiasis in relation to surface sialic acids removal :—

A review of the role of erythrophagocytosis in the anaemia due to
trypancsomiasis was delayed till nov probably, because of its relationship
to removal of erythrocytes surface sialic acids. The phenomenon of
erythrophagocytosis as contributing to the anaemia in animal
trypanosomiasis vas reported by (Mackenzie and Cruickshank, 1973: Mackenzie
et al., 1978; Fifrer and Askonas, 1982; Anosa and Kaneko, 1983ab). The
authors reported that both the haemolysis of erythrocytes and
erythrophagocytosis alternately act to maintain the animal in a state of
anaemia and to foil compensatory attempts by the bone marrow. Unless the
inmune response of the host is able to keep the parasitaemia at low level,
it would appear that there is little chance of the anaesmia being
successfully alleviated. Haemolysis is dependent on high lewvel of
parasitaemia and subsequent erythrophagocytosis depends on the presence of
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sufficient antigen (Mackenzie et al., 1978). Mackenzie and Cruickshank
(1973) cbserved that. the phenomenon of erythrophagocytosis was noted only
at the acute phase of trypanosomiasis. It was associated with rapadly
declining total erythrocyte count., haemoglobin and packed cell wvolume
{hammatological crisis) and erythrophagocytosis wvas not detected in chronic
cases, According to Mackenzie and Cruickshank (1973)., the most likely
cause of erthrophagocytosis were:

i) The coating of erythrocytes with antigenic material derived from the

trypanosomes, thus converting the erythrocytes to foreign protein.

ii) Production of defective erythrocytes, through increassd osmotic
fragility of the srythrocytes.

iii) An auto—immune reactiom. Leukophagocytosis was also reported in the
liver of animals infected with trypanosomes as early as 1907 by
Laveran and Meanil (1907).

Recent investigation by Hohle et al. (1982) revealed that
carbohydrate may be covalently, bound to protein to form glycoproteins.
The carbohydrates nmay combine with lipids to form glycolipids, the
glycolipids and glycoproteins with their cosponent oligosaccharides are
referred to as glycoconjugates. The glycoconjugates have structural
functions and some of them coat cell surfaces. Sialic acids occur as
terninal sugars in a variety of the glycoconjugates and oligosaccharides.
The sialic acids have been found to occur in serum and on the surface of
the ervthrocytes of mammals (Evlar =t al., 1962; HNuller =t al., 1981:
Esievo &t al. 1982). Binding of desialylated erythrocytes via exposed B-
specific residues to FB-specific lectin on the cell aemhrane of wmacrophage
is necessary for subsequent erythrophagocytosis (Huller et al.., 1981;
Muller and Schauer, 1983).

It was reported by Muller et al. (1981) that bacterial sialidase treatment
exposes B-galactose residues of the membranes of erythrocytes. Interaction
of the celles with a B-galactose—specific lectin on the liver Kupffer cells
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and spleen macrophages resulted in binding, rapid sequestration of the
sialidase treated erythrocytes from the blood strean and
erythrophagocytosis. Goldman and Cooper (1975) reported that lectin
stimulated both binding and erythrophagocytosis. Binding via demasked
erythrocyte surface B-galactosyl residues to the lectin on the macrophage
cell membrane is necessary for erythrophagocytosis (Muller et al., 1981;
Muller and Schauer, 1983). Kolb and Kolb-Bachofen (1978) inhibited binding
between desialylated erythrocytes and macrophages by preincubation of the
macrophages with D-galactose and related sugars. The binding was also
inhibited by PB-D-galactosyle containing glycoproteins including lactose
(Kolb and Kolb-Bachofen, 1978). Lactose is a disaccharide, it has
galactose and glucose. The galactose part competes with the exposed B-
galactose on the cell membrane of the desialylated erythrocytes for the
lectin on the Kupffer cells and binds to it competitively leaving the
denatured erythrocytes floating. Binding of desialylated erythrocytes to
macrophages did not depend on the metabolic stage of the macrophages (the
Kupffer cells), since clusters (rossets) were formed at 0 and 37 by both
living and dead cells (Kolb and Kolb-Bachofen. 1978).

Erythrophagocytosis is playing a very important role in the
maintenance of anaemia in trypanosomiasis. However, not much work has ben
done to study erythrophagocytosis in an experimental infection.
Trypancscma vivax produces neuraminidase which cleaves off silic acids from
the surface of erythrocytes (Esievo, 1979; Esievo et al., 1982) to expose
galactose (Muller et al.., 1981: Muller and Schauer. 1983) thersby
denaturing the erythrocytes for sequestration and destruction. In view of
the above, this project was designed to investigate the role of Kupffer
calls surface lectin in erythrophagocytosis during acute bovine

trypanosomiasis (7.vivax infection).
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CHAPTER THREE

3.0 _THE ROLE OF KUPFFER CFII SURFACE
LECTIN IN ERYTHROPHAGOCYTOSIS FOLLOVING A7UTE RUMINANT
Trypanosoma vivax THFECTION.
3.10 Introduction

Reduction of erythrocyies life-span and erythrophagocytosis is
consistent coutributory factors in the astiology of the anaemia of cattle
trypanosomiasis (Mackenzie and Cruickshank, 1973; Valli et al. 1978; Valli
and Forsberg, 1979. Dargie et al., 197%ab). Significant cleavage of
erythrocytes surface sialic acids during peak trypanosome parasitaemias and
thence highest production of trypanosome sialidase (Esievo: 1979) were
incriminated in the shortening of erythrocytes life-span and
erythrophagocytosis of bovine trypanosomomiasis (Esievo et al., 1982).
Much support for this was found in the numerous quantitative and
qualitative biochemical differences between the erythrocytes sialic acids
of the trypanosusceptible Zebu cattle and the trypanotolerant Ndama cattle,
which also produced favourable explanation for latter's
trypanotolerance(Esievo et al., 1986; Esievo et al., 1990; Shugaba et al..
1994).

Earlier, it was postulated that at peak parasitaemia, trypanosome
sialidase cleaves off erythrocytes surface sialic acids significantly
causing physico—chemical damages on the desialylated erythrocytes rendering
them more prone to premature phagocytosis and destruction by the reticulo—
endothelial system (Esievo et al., 1982). We have very recently shown that
these physico—chemical changes are in fact galactose residues exposed on
the membranes of erythrocytes in the T. vivax infected cattle. confirmed by
the binding and rosetting of such desialylated erythrocytes, by using
freshly isolated rat peritoneal macrophages (Omage, 1996, personal
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communications) Similar erythrocytes galactose exposure was achieved with
bacterial commercially-produced sialidase (Jancik et. al 1978: Kolb and
Kolb-Bachofan, 1978;: Muller et al.., 1981; Muller and Schauer, 1983).

It appears that homologous macrophages, particularly liver Kupffer
cells in trypaosome infected animals may operate an accelarated rosetting
of desialyalted erythrocytes for onward erythrophagocytosis in T. vivax
infected rumiants. This partly involves the liver Kupffer cells surface
lectin, binding onto the galactose exposed on red cell membranes afer
desialylation.

3.2.0 MATERIALS AND METHODS
3.2.1 Experinental Animals:

Four (4) vyoung adult goats of about 12 months old and 4 cattle
averaging about 18 months old were used for this project. These animals
vere part of another experiment where they were experimentally infected
with Trypancscma vivax by jugular venipuncture. All the experimental
animals were screened for any detectable systemic infections, dewormed with
albendazole and tick bathed with chlorfenvinphose.

In vitro studies were performed with the goats using lactose solution
at 10.6mg per ml. whereas in vivo studies were performed with the infected
cattle., 2 of which were infused with lactose at 0.50 g per kg of body
weight, three times a day at 4 hours intervals for 4 days, while the other
2 remained uninfused. All experimental animals were sacrificed immediately

after their first peaks of parasitaemias.

3.2.2 Samples Collections and Preparations:

i. Ten (10) ml of blood was collected by jugular venipuncture from each
of the infected and non-infectd goats and from the infected. lactose
infused and infected non—infused cattle. The blood samples were



ii.

transferred into vacutainers with ethylene diamino tetra-acetic acid
{EDTA) as anticoagulant. The blood was mixed with phosphate buffer
pH 7 and centrifuged at 2500 revolutions per minute {(rpm) at 2°C for 5
ainutes (Beckman Model J-21B) centrifuge. The supernatant was
discarded and the sedimented erythrocytes were resuspended in
phsophate buffer and re—centrifuged. The centrifugation step wvas
repmated until the cell pellets were clear. The pecked ce=ll
volume(PCV) and haemoglobin concentration(Hb) for all the
aninals{gvats and cattle), infected, infected-lactose infused and the
control vere determined using haematocrit method(Table 2 and Appendix
III).

One gram of the liver from each goat and cattle was used. The liver
sanples vere perfused with 10al of warm isotonic 0.9% sodium chloride
(NaCl} solution and 5wl of 0.2% (0.4g97200ml) pronas= E (Sigma) in
Hank's balance salt solution. The liver was eucised. cut into small
pieces in the petri dishes and incubated at 37°C in 15al of the
pronase E solution with comtinuous gentle shaking for 20 minutes.
The cell suspension was filtered inte plastic test tubes through
nylon gauze. The filtrate was centrifuged at 2500 rpm at 2°C foxr &
minutes (BECKMAN Model J-21 B centrifuge). The supernatant was
discarded., the cell pellets (Kupffer cells) were gently resuspended
in cold Hank's balanced salt solution.

The resuspended cell pellets were recentrifuged at 2500 rpm at 2°C for

5 minutes. The centrifugation step was repeated until the cell pellets
vere clear. The cell pellets (Kupffer cells) vere finally resuspended in
mediur 199E (Sigma) aixed with 108% (0.3g/3ml} Bovine calf serum {(Randox) in

plastic test tubes in the presence or absence of 10.8mg-ml Lactuse in case
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of goats, for in vitro study. Lactose infusion replaced this latter step
in the case of cattle. The cells were incubated at 37°C for 18 hours in
humnidified air containing 5% 00, in the presence of desialylated
erythrocytes (from 7T. vivax infected goats and cattle} or noraal
erythrocytes of uninfected goats and cattle respectively., for erythrocyie
nacrophage (Kupffer cell) interaction. After the erythrocyte-aacrophage
interaction, smears of the cells wvere nade on clean glass slides. The
smears vere allowed to dry at room temperature, fixed in methanol for 5
Rinutes and stained with Giemsa stain for 30 minutes, The slides were
allowed to dry and were exanined under the Zeiss microscope (X 40
Objective).

For gquantification, the suggested method by Schauer et al. (1984) was
used. One hundred Kupffer cells (macrophages) were counted and percentage
macrophages with binding and erythrophagocytosis, percentage nacrophages
with phagocytosis but without binding. percentage binding (rosette) and
percentage macrophages that have neither binding nor erythrophagocytosis
vere deterained and the data was recorded.

3.3.0 RESULT
3.3.1 4. Vithout Lactose:-
i. T. vivax infected goats.
Effects of interactions betveen red cells and isclated liver
kupf far cells from T. vivax infected goats are presented (Table 1).
Percentage of Kupffer cells binding to and with phagocytosed
red cells was betveen 12 and 19%, vhile percentage of Kupffer cells
withk phagocytosed red ce=lls but without surface bound red cells was
between 7 and 12%. Percentage of Kupffer cells with red cells bound
to their surface but without phagocytosed red cmlls were betwesn 18
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ii.

iii.

iv.

and 40%. Kupffer cells with red cells neither bound to their surface
nor phagocytosed was betveen 29 and 63%.

Uninfected goats.

Interactions of normal erythrocytes with Kupffer cemlls (frxrom
uninfected goats) in the presence of bovine calf serum showed
decreasmd binding and exrythrophagocytosis. Percentage of Kupffer
cells with bound red cells and erythrophagocytosis was between 1 and
3%, Kupffer cells showing erythrophagocytosis only, without bound red
cells were 2% and thosse with bound red «cells without
erythrophagocytosis were between 10 and 29%. Kupffer cells with red
cells neither bound nor phagocytosed vere betveen 68 and 85%(Table
1).

T. vivax infected and non-lactose infused cattle.

Percentage of Kupffer cells bound to erythrooytes and with
erythrophagocytosis wvas between 13 and 14%. while percentage kupffex
cells with phagocytosis but without bound red cells was between 4 and
9% . Kupffer cellz with red cells bound to their surfaces only.
accounted for 36 to 45%. Hovever, Kupffer cells with red cells
neither bound nor phagocytosad accounted for 38 to 41X (figs. 1 and
2. table 2}.

Uninfected cattle.

Normal erythrocytes interacted with Kupffer cells in the
presence of bovine calf serum also showed markedly decreased binding
and exythrophagocytosis as shovn on Table 2 no.5.
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3.3.28. Effects of Lactose:—
Interactions of the desialylated erythrocytes with Kupffer cells and
lactose as inhibitor (in wvitro in goats and in vivo in cattle) in the

presence of bovine calf serum showed remarkable inhibition of binding and

erythrophagocytosis.

i. T. vivax infected goats.

Only 2% of Kupffer cells showved bound red cells and
erythrophagocytosis, while between 2 and 4% of Kupffer cells showed
erythrophagocytosis without red cells bound to their surfaces.
Kupffer cells with bound red cells, but without erythrophagocytosis
accounted for between 4 and 8%, while 88 and 90% showed neither
binding nor erythrophagocytosis (Table 1).

ad. Uninfected goats:

In another experiment., with uninfected goats' normal erythrocytes
interaction with Kupffer cells in lactose and 10% bovine calf serum,
only 0% was observed for binding and erythrophagocytosis and only 1%
for Kupffer cells with erythrophagocytosis but without bound red
cells. Binding of red cells to Kupffer cells alone, without
erythrophagocytosis accounted for 2 to 3%, while neither
erythrophagocytosis nor bound red cells on Kupffer cells accounted
for 96 to 97% (Table 1).

iii. T. vivax infected and lactose infused cattle.

Kupffer cells with bound red cells and erythrophagocytosis were
between 0 and 1%. One percent of Kupffer cells showed
erythrophagocytosis without bound red cells, while 10 to 34% of
Kupffer cells had bound red cells without erythrophagocytosis.



Neither erythrophagocytosis nor binding of red cells to Kupffer cells
accounted for 64 to 90% (Table 2, Nos. 3 & 4).

All three processes. namely. binding and erythrophagocytosis,
phagocytosis without binding and binding without phagocytosis, vhich
eventually terminate in sequestration of desialylated erythrocytes by
the expanded mononuclear phagocytic (reticuloendothelial) systew.
account for 714 and 62% in T. vivax infected goats and cattle
respectively (Table 1 and 2).
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Figure 1: Binding and phagocytosis of homologous desialylated
erythrocytes from T. vivax infected, non lactose infused
cattle by Kupffer cells isolated from liver of the same
cattle. K-br(Kupffer cell with bound erythrocytes); K-pr
(phagocytosed erythrocytes). Giemsa stain X400,
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Figure 2: Reduced binding and phagocytosis of desialylated
erythrocytes by Kupffer cells from T. vivax infected,
lactose infused cattle (K). Giemsa stain X 400.
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TABLE 1:

LACTOSE (UNIT).

BINDING AND PHAGOCYTOSIS OF RORMAL AND DESIALYLATED CELLS
FROM CAPRINE T. vivax INFECTION IN THE ABSENCE OR PRESENCE OF

Cazse
no.

Kumnber of
Phagocyti

~sed
RBC/#KPC

Treatnent Binding and FPhagocytosis Binding

phagocytosis only (%)

(%)

only{%)

No binding

No phagcy-
tosis (%)

1(a)

1(b)

1i{c)

1(d)

2(a)

2(b)

2(c)

2(d)

1-2

0-1

1-2

0-1

0-1

0--1

Desialylated RBC
+Kupffer cm=lls 19
+1.C0albovine

calf sarum.

Normwal RBC

+ Kupffer cells 1
+1.0ml bovine

calf serum.

Desialvlated RBC

+ Kuptfer cells 2
+ 5.0nl lactose

+ 1.0ml bovine

calf serum.

HNormal RBC

+ Kupffer celis 1]

+ 5.0ml lactose
+ 1.0nil bovine
calf serum

Desialylated RBC

4+ Kupffer cells 12
+ 1.0m}l bovine

calf serum.

Hormal RBC

+ Kupffer cells 3
+ 1.0ml bovine

calf serum,

Desialvlated RBC

+ Kupffer cells 2
+ 5.0nl lactose

+ 1.0ml bovine

calf =serunm.

Nereal REC

4+ Kupffer cells

+ 5.0 al lactoss 1]
+ 1.0ml bovine

calf serum

12

40

29

18

10

29

68

88

97

63

85

90

97

# KPC = KUPFFER CEL
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TABLE 2:  BINDING AND PHAGOCYTOSIS OF NORMAL AND DESIALYLATED RED CELLS
FROX BOVINE T. ¥ivax INFECTION IN THE ABSENCE OR PRESENCE OF

LACTOSE(UNIT)
Cass HNo.of Binding and Phagocytosis Binding No binding
¥o. RBC/#KPC Treatment phagocytosis only (X} only(%) No phagocy
(%) tosis (%)

1. RBC 1-2 Desialylated RBC

4+ Kupffer calls

+ 1.0mnl bovine 13 4 45 38

calf se=rum
2. RBC 1-3 Desialylated RBC

+ Kupffer cells

+ 1.0nl bovine 14 9 3e 41

calf serum.
3. RBEC 0-1 Desialylated REC
+ Kupffer cells
+infused lactose 1 1 34 64
+ 1.0x]l bowine
calf serum.
. RBC 0-1 Desialylated RBC
+ Kupffer cells
+infused lactose
+ 1.0m}l bovine 0 0 10 90
calf serum. |
5. REC 0-1 HNormal RBC
+ Kupffer cells
+ 1.0 al bovine o 0 5 9s

calf serum.

#KPC = KUPFFER CELL
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3.4 .0 Discussion

This studv showed that Kupffer cells (hepatic macrophages) either
bound alone or bound and phagocyiosed homologous desialylated erythrocytes,
both of which were isolated from T. vivax infected goats and cattle
respectively, during the first peaks of paresitaemias and pexriods of
development of anaemia. Recognition and binding of red cells or foreign
structures had beenh recognised as the first step of red cell and macrophage
interaction leading to phagocytosis (Kuster and Schauver. 1981. Mohr, et al.
1987). Thus it is reasonable to presume that all the processes of binding
and phagocytosis, phagocytosis without binding and binding without
phagocytosis observed in this study. are one and the sawe process
terninating as sequestration of desialylated red cells by the expanded
nononuclear phagocytic (reticulo-endothelial) systenm, As a dynamic on—
going process, sach step or phase expectedly ococurs at any sampling time.
Therefore, these processes culminating in phagocytosis of desialylated red
cells, totalling upto 71% in T. vivax infected goats against 22% in normal
goats' erythrocytes (Table 1) and up to 2% in 7. vivax infected cattle
against 5% in normal cattle erythrocytes (Table 2} are very significant. T.
vivar produces sialidase, the activity of which is proportional to the
number of parasites (Esievo, 19%7%9; 1983). The pathogenesis of the anaemia
in T. vivax infected cattle, was linked to a first step removal of
erythrocytes surface sialic acid (Esievo ot ai. 1982). Only recently, it
vas showm in T. vivax infected cattle, that cleavage of erythrocytes sialic
acids exposed penultimate B-galactosyl residues on their erythrocyte
nenbranesz (Omage - Personal communications).

Bacterial sialidases, specificaly, those of Clostridium Perfringens
and ¥ibric cholera wvere used to desialylate erythrocytes of rabbits and
cattle and thus demask their surface B-galactosyl residues: the binding of

the lattexr by DB-galactosyl-specific lectin om the peritoneal and liver
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(Kupffer cell) macrophages was shown to be involved in their subsequent
phagocytosis, as the mechanism of sequestration of desialylated
erythrocytes in vivo (Jancik et al., 1978 and Kuster and Schauer, 1981;
Muller ot al., 1981; Muller and Schauer, 1983). VWith the production of
sialidase by T. vivax infected cattle (Esievo et al., 1982), and the
exposure of galactosyl residuss on mzhré'cy:as of cattle infected with 7.
vivax (Omage personal communications) the finding in this present study of
enhanced Kupffer cells activities of binding and phagocytosis of homologous
desialylated erythrocytes from T. vivax infected goats and cattle very
strongly suggest that similar lectin based erythrophagocytosis 1is
operative, partly, very early in ruminant trypanosomiasis, as a mechanism
of sequestration of desialylated erythrocytes by the expanded monomuclear
phagocytic (reticulo-endothelial) system. It sounds reascnable to
hypothesise that very early in acute T. vivax infection in ruminants, when
an immune response has not been fully operative in the infected host, T.
vivax sialidase cleaves off ervthrocytes surface sialic acids., exposes the
penultimate BPgalactsyl residues on the erythrocyte membranes, this
initiates an activated interaction between the kupffer cells’' and other
nacrophage surface lectin binding onto the B-galactose of the desialylated
erythrocytes for subsequent phagocytosis and sequestration.

Only the amount of released sialic acids is the decisive factor in
the binding and phagocytosis of sialidase-treated erythrocytes (Muller et
al., 1983a; Muller, et al.. 1983b)., by a mechanism independent of opsonins
but as a function of the number of the desialylated erythrocytes and the
binding strength of the macrophages (Muller et al.., 1983b). This gives
credence to the cobservation by Omage (personal communication) of the direct
relationships between the number of rosettes formation, free serum sialic
acids and parasitaemia in T. vivax infected cattle; the parasitaemia being
proportional to the activity of the sialidase produced (Esievo, 1979;
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1983). Therefore. the ocbserved values of 714 and 624 for the processes
leading to sequestration of desialylated erythrocytes in T. vivax infected
goats and cattle respectively, in this study, are indirect measurerents of
the amount of sialic acids released from the hosts erythrocytes and partly,
the units of sialidase activity of the trypanosome parasitaesmias in the
respective hosts.

Remarkable inhibition of binding and phagocytosis of homologous
desialylated erythrocytes by isolated kupifer cells from the T. vivax
infected goats and cattle vas achieved by prior ir vitro interactions with
lactoss in goats or in vivoe lactose infusion in cattle. This observation
agrees with the report of Muller et al. {(1981) in which lactose resulted in
higher percent inhibition by preventing desialylated erythrocyte -
macrophage interactions, a process whersby the lactose, with its galactose
end, binds competitively to Kupffer cells surface lectin, preventing the
latter from recognising and binding to penultinate P-galactosyl residuss
exposed on the desialylated erythrocytes membranes. The latter was
confirmed, =imilarly in 7. vivax infected cattle, using rat peritoneal
macrophages (Omage — personal coamunication).

This report appears to be the first, incriminating mnacrophage,
specifically Kupffer cells surface lectin involvement in the
erythrophagocytosis occurring very early in acute ruminant 7. vivax
infection and strongly supports lactose chesctherapeutically as a base to

trypanocidal agents.

3.5.0 SUMMARY

In the present study, binding and subsequent erythrophagocytosis was
inhibited in runinants {goats and cattle) by lactose, both in vityro and in
vivey. This agreed with earlier emperimemtal report in rats by Kolb and
Kolb-Bachofen (1978) and Huller ot al. {1581}. The authors reported that.
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adherence (binding) was mediated by Bglycosidically bound galactose on
desialylated erythrocytes to the macrophage {(Kupffer cell) surface lectin.
Both the binding and erythrophagocytosis vere inhibited in rats by lactose
{Kolb and Kolb-Bachofen, 1978: Muller et al., 1981. Kuster and Schauer,
1981) and in ruminants in the pressnt study. The most irxportant beneficial
inhibitory effect of lactose on binding and subsequent erythrophagocytosis,
vas the amelioration of the anaemia in ruminant trypanosomniasis observed

in the present study.



4.1.0 INTRODUCTION

Despite the fact that T. vivay infection had long constituted a major

couponent in poor production and losses in cattle in West Africa (Edvard et
al., 1956). the pathogenesis and pathology of trypamosomiasis in cattle
have remained the subject of intensive investigations (Saror. 1980). A
principal pathological feature of trypamosomiasis is anasmia. Experimental
evidence indicates that the anaemia iz haemolytic in nature and that the
haemolysis occurs principally extravascularly in expanded mononuclear
phagocytic system{Fiennes, 1970; HNaylor, 1971; losos and Ikede, 1972:

Saror. 1975, Van Den Ingh et al., 1976). The phenorenon of
erythrophagocytosis as a contributing factor to the anaewmia is well
documented (Mackenzie and Kruickshank, 1973; Esievo et al., 1982. Esievo
and Saror, 1991). Binding between demasked erythrocyte surface B-galactosyl
regidues, tc the lectin on the macrophage cell membrane is necessary for
erythrophagocytosis (Muller &t al., 1981: Muller and Schauer, 1983). The
binding can be inhihited by B-D-galactosyl containing glycoproteins
including lactose (Kolb and Kolb-Bachofen, 1978; Muller et al., 1981;
NMuller and Schauer, 1983) and such inhibition has been experimentally
produced with lactose in animal trypamosomiasis (see Chapter III). Recent
information indicates that lactose has the potential of serving as a base
for trypanocidal agents in eradication or control of animal trypamosomiasis
(sme Chapters III and IV}, This project was therefore designed to re-
exanine the role of lactose infusion on the pathological manifestations of

T. vivax infection in cattle.
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4.2 .0 MATERIALS AND METHODS
4.2.1 (a) The Paragite:

Trypamosoma vivax (Samaru stock) was obtained from a cow with
natural infection. Twa millilitre of the infected blood from the cow
vas used to infect a goat that served as domoxr amnimal. At the first
peak of parasitaemia the blood of the donor goat was used to infect
the calves. experimentally.

4.2.2(b) The Experimental Animals:

Twelve Sockoto gudali calves. aged between 12 and 18 months and
betveen 80 and 90kg body weight wers purchased from Talatan-Mafara, Sokoto
State, Nigeria, an area known to be tsetse-fly free. On arrival in Zaria,
they wvere dewormed with thiabendazole, vaccinated against contagious bovine
pleuropneumcnia, rinderpest, blackquarter and anthrax. They were spraved
with chlorfenvinphose (Pfizona, Pfizer). The animals were kept in a pen,
fed with diet supplemented with a mixture of wheat offal and hay. Their
blood vas taken and =creened for haemoparasites. WVater and salt licks were
provided ad libitum.

4.2.3(c) Infection of the Experimental Animals:

The animals were divided into four animals par group and four
contrcl animals were alsc maintained. Awongst the infected-non-—
lactose infused calves 2 wvere sacrificed; also amongst the infected-
lactose infused calves 2 wvere sacrificed. One of the control calves

was also sacrificed for detailed gross and histopathological studies.
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4.2.4(d) The calves were housed separately:

Eacept for the calves that served as control, the calves in each
group vere infected with 11 =x 10° trypanosomes intravenously with sterile
syringe and needle. The level of parasitasmia was monitored daily by HCT,
wet mount and hasmocytometer technigues.

4.2.5 (e) Preparation of Lactose Solution for Infusionm:

A& 50% solution of lactose in physiological saline (0.9% MNacl) was
rrepared and placed in ap injection bottle, plugged, autoclayed at 151bs
presure for § minutes and allowed to returned to room tewperature. Hormal
saline as a solvent was preferysd to preveat any aminimal systemic
haemolysis. Approximately, 80 to 90ml of the lactose solution was
adainistered into four of the infected calves at the peak of the
parasitaemia(3-6 days), depending on body weight. It was administered at
the rate of 0.5g lactose per kg body weight, three times daily at four
hours intervals. intravenously, with sterile syringes and needles at
approximately 18al/ minute (mar, personal communication). The lactose
infusion was done for four days. The lactose solution was not administered
into the remaining four infected calves. The level of parasitaemia vas
ronitorad and at the end of 5 days all the calves vere sacrificed. The

carcasses yvere exarined grossly and the gross lesions were yecorded.

1.2 6 {f) Histopathology:

Tisgue sections of the liver, Lkidney, spleen, prehepatic and
messenteric lymph nodes, lung., heart, intestine and brain samples were
fired in 10% buffered formalin (PH 7.4) for at least 48 hours. The tissues
vere processed using technicon and sectioped at 5 to bum. The tissue
sections wvere mounted on clean glass slides in the presence of egg albumin.
dried at room teaperature and stained with hematoxyline and eocsin. The
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stained tissue was cover-sliped and dried in the oven. The slides vere
exanined microscopically (Olyapus x 40 objective). The histopathological
findings wvere recorded.

4.3.0 RESULTS
£.2.1 (i) Infected-non-lactos= infused calves.

(a) Gross lesions:

The gross lesions observed in the carcassas of the Trypanosoma vivax
infected-non-lactose infused calves include pale wmucous aembranes
{severe anaeamia){Table 3). rough hair coat., emaciation., gerous
atraophy of fat, hepatomegally, splenomegaly and enlerged cedematous
lynph nodes.

(b) MHicroscopic lesions:

In the liver, there was diffuse areas of necrosis of the
hepatocytes, erythrophagia by the Kupffer cells, dilated
sinuspids{at the portal arsa) and mononuclear cellular infiltration
into the necrotized areas (Fig. 3).

In the spleen and lyaph node, there wvere lymphocyte
proliferation(active follicles), plasma cells, haemosiderosis and
hapnosiderin laden mnacrophages (Fig.4)

The Lkidney had hypercellular glomeruli and adhesion of the
parietal layer of the glomeruli to the Bowvman's capsule, necrosis of
. the proximal, distal and collecting tubuies, periglonerular and
inter-tubular mononuclear cellular infiltration into the necrotized
areas (Fig.5).

The heart bhad ninimal nyocarditis, The brain, lung, and the

intestine had no singnificant histopathlogical lesiomns.
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4.3.2 (ii) Infected-lactose-infused calves:
{a} Gross lesions:

(i} Pre-lactose infusion: The gross lesions in the carcases of
Trypamosoma vivax infected, lactose-infused calves were pale
mucous mspbranes (severe anaemia)(Table 3) and emaciation.

{(ii) Post-lactose infusion: The mucous membranes were slightly pale

(slightly anaemic){Table 3). The carcasses vere relatively amaciated at

the tine of necropsy and there were no significant gross lesions in other

organs.

{b) Microscopically:

There was fatty degeneration of the hepatocytes and scanty
erythrophagia by the Kupffer cells at the centrilobular area, compared to
that of infected-non-lactose infused calves (Figs. 3 and ¢). There was less
dense lymphoid hyperplasia in the spleen{Fig. ?). The glomeruli were
hypercellular and there was no adhesion. The Bovmans space was wide and
there was no necrosis of the renal tubules(Fig. 8). There was no
significant histopathological lesions in the heart. lung, brain, and
intestine.

4.3.3 The Control Calf:
a) Gross lesions: There wvas no observable gross lesions in the
Carcass.
b) Microscopically: The liver, kidney. spleen(Figures 9, 10 and
11). lywph node . lung, heart, brain. and intestine did not
show significant histopathological lasions.
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TABLE 3: PROFILES OF MEAN PCV FOR ALL GROUPS.

Mean PCV (%)
Days Poet Infected Infused Infected Uninfused Ininfected Uninfused
Infectiion group group {(Control) group
(1 25.5 20.0 25.0
1 25.5 20.5 24.5
2 25.8 21.0 245
3 25.0 20.5 24.5
4 25.5 20.¢ 25.0
5 24 .5 18.5 25.0
=p 22.5 18.0 258.5
7 24.0 16.5 25.0
8 20.0 13.6 25.0
9 22.5 16.5 25.0
=10 21.0 16.0 25.0
11 18.5 16.5 26.0
12 19.5 20.0 26.90
13 18.0 17.0 25.0

# The day when lactose infusion started.

== The last day of lactose infusion.
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Figure 3: Histopathological section from the liver of a T. vivax

infected calf. Note necrosis of the hepatocytes(N).
erythrophagia(E) and dilated sinusoids at the portal area.
H & E X400.
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S .

Figure 4: Histopathological section from the spleen of a T. vivax
infected calf. Note the lymphocytes proliferation
(active follicles) in the spleen. H & E X400.
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Histopathological section from the kidney of a T. vivax

infected calf. Note hypercellular glomeruli, adhesion of
the parietal layer of the glomeruli to the Bowman’s capsule
(G). necrosis of the renal tubules and periglomerular and

inter-tubular mononuclear cellular infiltration. H & E X400.
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Figure 6: Histopathological section from the liver of a T. vivax
infected, lactose infused calf. Note fatty degeneration of

the hepatocytes and scanty erythrophagia at the centrilobular
area. H & E X400.
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Figure 7: Histopathological section from the spleen of a T. vivax
infected. lactose infused calf. Note the less dense

lymphoid hyperplasia in the spleen. H & E X400.
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