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ATTRACT

Two i s o 1 a t m s of Cowd r i » IHSiSJIlliili!!! umtm 
eeparat. el y isolated from nature 1 1 y-.i nf acted rnprinn »nrt 

hnvinn speci es in two distant g«ogr aph i ca 1 locaUons in 

Kenya . The infected goat was in Tana River TVi at rich 

(Coast Province) while infected cow waa in Transmara 

region (Rift Valley). Two healthy adult goats were 

each inoculated intravenously with 1 0 ml of either 

stabilate. Roth gnats stiff ered a clinical disease of 

heartwater and, at the height of fever, blood from them 

was collected in heparin ( . 1 0 i.u per ml blood) and 

varying amounts of it inoculated into mice (60 mice per 

goat) as follows!-

The mice were divided at random into fotir groups 

of fifteen (15) mice each. Mice in groups one and two 

were inoculated intravenously with 0 .1 ml and 0 .2 ml 

respectively. Likewise, mice ing roups three and four 

were inoculated i n t r a pe r i t. on e a 1 1 y with 2ml and 5ml 

respective! y.

Two mice from each group inoculated with either 

isolate were sacrificed every month and microscopic 

examination of the impression smears and histological 

preparations of kidney, heart, liver, spleen, lung and 

brain done. Thp ruminantium parasite could only be

xv -



observed for up to 196 days in the organs of mice which 

were inoculated i nt raper i t. onea 1 1 y with either 2ml or 

5 ml of blood infected with the heartwater agent 

isolated in Tana River. No C._ ruml nanti urn parasites 

were observed in any of the mice infected intravenously 

with the same parasite and in all the sixty mice which 

were inoculated with the Trans Mara isolate of C. 

ruminantium.

Histological examination of kidney, lungs and 

hearts from Infected mice showed pathological changes 

ranging from hydropic degeneration, haemorrhage, 

swelling, occlusion of renal ducts, lung hepatization, 

perivascular lymphocytic cell infiltration to necrosis 

of renal tubules. These changes were not associated 

with the presence of the parasite in the vicinity.

Indirect. Fluorescent Antibody Test (TFAT) was done 

using infected mouse peritoneal macrophages as source 

of antigen ( rumin a n t i u m ). The conjugate was 

prepared using rabbit anti-mouse irmminogl obul in 0 (igO) 

with fluorescein isothiocyanate. The reaction 

procedure was conventional and observation was by a 

fluorescence microscope at 495nm. The reaction was 

positive and confirmed the presence of niminantium.

Lung, kidney and endothelial cells were prepared 

from sheep and goat foetuses by trypsin dissociation 

then cultured at 37nC in Eagle minimum essential medium

xvi



( MFM ) with 1 0 *l» f n p I. n 1 bovine serum ( FRS) . The

r e s u 1 I I ng monolayers of rolls wore separately

inoculated with Ĉ _ r u m i n a n U u m  either as blood

stahilate or homogenised infected mice organs. The

inoculum was mixed with MFIM (one third by volume) prior

to introducing it onto the cultured cells and

incubating at 37°C for 00 to 105 minutes. The inoculum

was then decanted and the culture medium reintroduced

and incubated at 37°C. The culture medium over the

cultured cells was changed on day two of culture and

thereafter on every third day of culture. At intervals

of three days, Leighton tubes, one for each cell type,

had their culture media decanted and the cell contents 
\

f i x e d  w i t h  me t ha no l  f o r  5 m i n u t e s  p r i o r  t o  s t a i n i n g  

with 10^ Giemsa . Microscopic examination revealed 

dense intracytopiasmic parasites in the cultured cells. 

There was no difference in the appearance of the 

parasites in the lung, kidney or endothelial cells.

Passage of ruminantium in mice was attempted by

intraperitoneal inoculation of ten healthy mice with 

homogenised infected tissues pooled from four mice. 

Microscopic examination of the organ preparations of 

the inoculated mice (as above) did not reveal any 

parasites.

x v i i



INTRODUCTION

Heartuahpr , or coudriosis, is an a c u U  septicaemic 

rickpttsJ al disease of ruminants in Africa south of 

Sahara and in the Caribbean region. The disease 

derives its name "Heartwater" from its characteristic 

lesion, hydropericardium, which is found in most 

affected animals. It is caused by Cowdria ruminant! urn 

and is transmitted by at least five species of 

Amhlyomma ticks. Of the tick-borne diseases in East 

Africa, this disease is second to East Coast fever in 

importance especially that it is fatal to cattle, sheep 

and goats. It causes indirect and direct losses to the 

stock owners; indirect losses being due to the 

expensive and repetitive tick control measures while 

direct ones arise from the death of affected animals.

Animals other than ruminants are refractory and 

difficult to infect with this disease but it is 

believed tbat wild ruminants act as reservoirs of 

infection. Calves, kids and lambs less than one month 

old have a high degree of resistance against hoartuater 

but their resistance is not related to their maternal 

immunity to the disease. In this regard, the mortality 

rate raises with increasing age of affected animals and 

peaks at early maturity. It is also known that 

European breeds of cattle, sheep and goats are more 

susceptible to heartwater than are the indigenous 

breeds.

1



After artificial infection of cattle, the 

incubation period is an average of 14 days long but the 

incubation period after natural infection is usually 

four days longer. Affected animals may exhibit 

peracute, acute, subacute, mild or inapparent. forms of 

t.be disease. Highly susceptible ruminants such as the 

European breeds usually suffer the peracute form of the 

disease which is characterised by sudden death after a 

high fever and nervous signs terminally. These

signs include unsteady gait and circling hence the name 

"Turning sickness". At the other extreme is the 

inapparent form of the disease which consists of a 

temperature reaction only and is usually seen in Zebu 

cattle which are fairly resistant to the disease.

The duration of the illness prior to the animal's 

death determines the gross lesions encountered. The

lesions encountered most often are h y d r o t h o r a x , 

ascites, hydropericardium, splenomegaly, froth in 

trachea and petechial haemorrhage on the surface of ttje 

heart and lungs. There may bo hyperaemi a of the 1 tings 

and meninges. Histologically, necrosis and other 

degenerative changes may be seen in the kidneys, lungs 

and liver along with oedema in these organs apart from 

the spleen and brains of affected animals. The

aetiological agent, Cowdr1 a ruminant!urn, can also be

7



i rmminol ogi c di f f er phcps among hhpmsel v ps , whereby anmp 

cross-protect fully, othpra par hi ally whi 1 e othflrs do 

not: cross-prokRct ah all . The nh jprhi vpa of this

rp.aparrh project were!

(1 ) Ahhpmph ho adaph Kpnyaa i nolahps of C. riimj nanti um 

ho laborahory animals (flulss mi c p ) . A laborahory 

model of hpar hwai.er until d bp of grpah pot.pnhial 

importance for fuhnrp studies on asppchs such as 

pathogenesis, diagnosis, immunology and 

rhpmotherapy of hho dispasp.

(?) Attempt to attenuate the Kenyan isolates of C.

ruminanti um using laboratory animals. i t s

success wou 1 d render it for use as a vacci ne i n

future.
I

(?») Ah hemp h ho grow two Kenyan isolates of C 

ruminant turn in cell rulhures. Ths success would 

enhance the study of the parasites biological 

activities, antigens and vaccine development, from 

it.

(4) To demonstrate the persistence of the parasite in 

the tissues of mice. This may provide a cheap 

means of transporting and "storing" Ĉ _ rnmi nantiurn 

as an alternative to using liquid nitrogen. A 

study on the potential role of mice as reservoirs 

of heart water disease agents can then he 

undertaken.
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LITERATURE REVIEW

AETIOLOGY

Coudria r umi na nt. i urn i s a highly pi pnmnrphi c non 

mo iilp mi cro-organi 51m which may hr* intracellular or 

occur frpp as a morular which is often surrounded by a 

halo. More than one colony may he present, within a 

single cell and the cell membrane of such an affected 

cell may Vie stretched without exhibiting any visible 

damage. (Prozesky and Du Plessis, 1007). The organisms 

within the cells are released into the general 

circulation following the rupture of the pa r as i t. i 7.ed 

cel Is.

Cowdr i a rumi nan t. i nm is an organism whi ch has been 

observed to have two mo r ph o 1 o g i r a 1 forms! electron- 

flense and reticulated forms in ticks ( K o c a n e t a 1 , 

1 087) and in cultured endothelial cells (Prozesky et. 

aj , lOflfi). Although organisms within a particular 

vacuole are usually of a specific form, mixed colonies 

have Vi e e n identified in cultured endothelial cells 

(Pro r. e sky, TOP. 7a). The failure to identify mixed 

colonies i t» vertebrate hosts led P roze.sk y and Du 

Plessis (1987) to suggest the causes of mixed colonies 

but, the factors responsible for their formation remain 

largely unknown. The role which the reticulated and the 

electron-dense forms play in the organism’s life cycle 

is unclear but Prozesky and Du Plessis (1987) have 

suggested that the reticulated forms are t h e 

predominant vegetative form.
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Many rpsparrfiprs havp af f.ribiif.efl varl mis modes of 

rppl i rahi nn to C!. rumi nant. i um wifhoiif p 1 ahnraf i nn of 

I lip r 1 rnimsf anrp.a which He f ermine I Iip mntlp f o h e 

adapted by the di (jatii am at various times. Tim inodes nf 

replication which have been reported for this organism 

so far are endn- s pnr n1 a t i on (Pienaar 1070); budding 

( Pro7.esky and Du Pi essis ( 1 0 0 7 ) a nrl binary fission

(Koran eh a 1 , 1007; Munone, 1007; P r o 7. e s k y and Du

Pi psnis, 1 007 ). Du P1 ens i s ( 1 070 ) reported t ba 1 f!. 

rumi  n a n t i  um i n i t i a l l y  r e p l i c a t e  i n  t h e  l y m p h  n o d e s  

a f I. e r w h i c h  t h e  o r g a n i s m s  a r e  r e l e a s e d  i n t o  t h e  

b l o o d s t r e a m  and t h u s  e n d o t h e l i a l  c e l l s  a r e  s u b s e q u e n t l y  

pa r as i i i 7.ed .

Apart from recent s u c c e s s e s in I: he in v j  t r r > 

cultivation nf C. r um i n a nti i i m (Hezuidenhont , 1 007 a;

■longp jan e t a 1 , 1 0 0 0 ), all previous attempts to

cultivate the organism in cell cultures had met with 

little or no success. A review hy Uilenberg (100.0) has 

summed up previous work which demonstrated that: such

varied factors as the inoculum, cell line, medium, 

antibiotics and the techniques used all affect the 

growth of C^ ruminantium. The variation of these 

factors in works hy previous researchers may explain 

the difficulty previously encountered in growing this 

organism in tissue cultures. Jongejan et al_ ( 1000) used 

primary gnat kidney cell cultures in their attempt to 

grow Cl. rumi nant1um 1n vitro but the organism persisted



for only 13 day*?. They concluded that the pprsisi.enrp 

of the organism for thosp f pu days may havp been an 

indication that H ip organism simply snrvi vpd hut. did 

not mill hi ply in thp his sup cul hurft. Although these 

r e s p a r c h p r s w p r p not. a h 1 p ho d p t. p c h t. h p organism 

microscopical ly, hhey succepdpcl in infpching goats with 

heart.water from t.hp cpI 1 cul hum. This may mpan that, 

t.hp organisms in t.hpi r cul hurp occurrpd not as colon! os 

but. as scahhorpd individual parti cl os which would be 

vpry difficult, t. o detect. Effective storage and 

preservation are important, for maintaining isolates of 

the organism for research and for the eventual 

development and distribution of heart.water vaccines. In 

this respect, I.ogan (10*17) sums that it has been 

conclusively demonstrated that C. ruminant, i uni can he 

effectively preserved in a variety of: organ suspensions

at low temperatures (~70n C to -106° C) for indefinite 

periods of time. Tlemobade and Rlot.kamp (1975) found 

that, an isolate of C ._ ruminant i urn from Nigeria could be 

frozen with or without di methyl sul f oxide (DM S O ) without 

alteration of virulence to sheep and goats. This 

finding led them to conclude that, those isolates, from 

other countries, which seem to require the use of a 

cryoprotectant. (DMSO) appear to be more fragile than 

the Nigerian isolate. Stewart (1 9fl7h) cites Du Plessis 

(19*17) who incubated macrophages and the Kurmn strain of 

C . ruminantium _in vitro and showed that the parasites 

entered the macrophages. According to Stewart. (19ft7b),

7



this ohspruaH nn may explain why if. is possible i.o 

infect mice, using this strain, hy the intrapnri tnneal 

route whereas other mi ce-aciapt e<i strains must he given 

i n t ravenous 1y .

EPIDEMIOLOGY INCLUDING VECTORS

During the last Century, there was a long-standing 

suspicion that ticks, especially the bnnt tick, 

Ambl ynmma hebreaum, play a role in the transmission of 

heartwater. According to Rezuidenhout (1007b), this 

suspicion was proved correct experimentally by 

I.ounshury in 1000. The twelve proven Arnhl yoma vectors 

are not all of equal significance in the transmission 

of the disease. Bezuidenhout (1007h) and Walker (1007) 

suggested that the most important vector is A _. 

va r1 ega turn followed by A hehraeum which is apparently 

the major vector of hpartwaler in Southern Africa 

(Walker 10B7). In an article on the ecology of ticks 

which are potential vectors of heartwater in Africa, 

Pet.ney e_t a 1 (1007) have listed the hosts, sites of

attachment, life cycle, habitat requirements and 

seasonal abundance of Amh1y oma species. They have also 

discussed the interactions of the ticks with other 

species and the role of predators and pathogens in 

reducing the numbers of ticks present at a given time. 

This information is important in the planning of 

control measures aimed at the vectors of heartwater.

8



PATH0QKNB3I8

Infected animals serve as a source of infection 

for ticks but it. is not necessary for an animal to be 

clinically affected for it to act as a reservoir of the 

causative agent. In such animals, C. ruminantlum 

infection manifests itself as a latent infection (Du 

Plessis fit a] 19R4, cited by Van De Pypekamp and 

Prnzesky, 1987). According to Oberem and Rpziii denhnut

(1987a),other subclinical carriers of ruminantium

which may act as a source of organisms for ticks 

include wild animals such as the crowned guinea fowl 

( N u m 2 d a m e 1 e a g r i d i_ s ) and the leopard tortoise 

(Geochelone parda1 1 s) ..

T n their efforts to determine the sites of 

development of C_._ ruminantl um in the vector, Kocan et 

5.1. ( 1 9 R 7 ) identified the organisms in the mid gut 

epithelial cells and salivary gland acini cells of the 

ticks. These findings led these researchers to conclude 

that the organisms initially develop in the salivary 

glands of the ticks. The feeding of the infected tick 

thus leads to transmission of the organisms through 

saliva to the vertebrate host. In naturally-infected 

animals, infective organisms are either drained from 

the site of infection by the afferent lymphatics or 

phagocytosed by leukocytes which are in turn either 

drained by the afferent lymphatics to the regional
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lymph nnrlp«5 or directly into the genpral circulation 

( Pro 7,psky and Du Pi pssI s , 1007 ). This is in general

agrppmpni with the findings of Du Pi oasis (1070) who 

rpportpd that C . ruminant 1 urn initially rppl icatn in the 

lymph nodes after which the organisms are released into 

the bloodstream and thus endothelial cells become 

parasitized. Depending on the host, these organisms 

appear to have a predilection for endothelial cells in 

selected organs. T n ruminants, the highest 

concentration of organisms is found in the brain 

followed by the kidneys whereas in mice infected by the 

Welgevonden strain, the highest concentration of 

organisms is in the lungs (Froze sky and Du Plessis, 

1005). Further research to determine the factors which 

enable these organisms to concentrate in their 

predilection sites in different organs of the various 

animal species is desirable.

CLINICAL SIGNS

Heartwater is caused by Cnwdr1 a ruminanti um and 

its clinical manifestation is frequently characterized 

by fever and nervous signs. The nervous signs are 

frequently seen in animals affected by the peracute and 

acute forms of heartwater and these signs are 

attributed to oedema of the brain (Van De Pypekamp and 

Prozesky 1007). These researchers also reported that
4

in few cases of non-fatal heartwater, complications 

such as permanent blindness, torticollis and permanent

10



recumbency are manifested occasionally. The 

rnacr nsropi ca 1 lesions on most animals with heartwater 

include hydropericardium, effusion into body cavities, 

oedema of the lungs and lymph nodes, and splenomegaly 

( P r p z e s k y  H(17c) . In spite of i. hese findings, 

macroscopica 1 lesions alone are not sufficient to make 

a diagnosis of heart.water. Confirmation requires the 

demonstration of C . rmninanti um in either brain smears 

or hi stopsthologica1 sections of organs.

CI.INICAI. PATHOLOGY

Camus and Rarre (.1 087) reported that rickettsemia 

in goats reacting to heart.water is limited to the fever 

period only but IT i 1 enberg (1083) had earlier reported 

that an animal's blood is infective for ticks from the 

start of the febrile reaction until a few weeks after 

recovery. This report is in agreement with the findings 

of I 1emobade (1078) who found blood to be infective 40 

days after recovery in one case and 50 days after 

challenge in another case. Tn this regard, recovered 

animals are held suspect as carriers of heartwater. In 

a recent experiment, some experimental goats being used 

by Rarre and Camus (1087) recovered spontaneously from 

heartwater. This development convinced these 

researchers to acknowledge that recovered goats are

possible carriers of the parasites but they doubt the<
significance of goats as reservoirs of infection.

J1



Apart from the presence of heartwater organisms in 

most organs, the hi s topa thol ogi ra 1 lesions are not so 

obvious. The mild cytopat.hic changes in parasitized 

cells indicate that the damage caused by the organisms 

is most probably not responsible for the Increased 

vascular permeability because the damage to capillary 

endothelial cells caused by the organisms is limited 

(Prozesky, 1087c) . The absence of a direct link between 

the presence of the colonies of the heartwater agent 

and cytopathic changes of the cells harbouring them had 

earlier been confirmed by Prozesky and Du Plessis 

(1085). According to these researchers, their findings 

complement Cowdry's (1075a) observation that the 

organisms cause little damage to parasitized cells.

Van Amstel e t a 1 (1087) cite Clark (1087) who

reported that the light-yellow transudates in fatal 

cases of heartwater frequently coagulate on exposure to 

air. This coagulation is an indication that large 

protein-like fibrinogen can pass through capillary 

walls in the course of this disease. More recently, 

Prozesky (1087c) confirmed this observation but could 

not explain how these large molecules pass through the 

blood vessels when it is widely acknowledged that C .

organisms cause minimal damage to 

endothelial cells. This is a pointer to the fact that 

the pathogenesis of heartwater is one very important 

aspect of the disease which is not well understood

17



currently. Despite this obscurity, Du Pi ess! s ei. a 1 

(1987) stress that, .there is a general agreement that 

increased permeability of smaller blood vessels plays 

an important role In the pathogenesis of the disease. 

Opinions differ, however, on how the increased 

permeabi 1 1 ty is caused. Vascular lesions In the brain 

were at first ascribed to the direct necrotizing effeel 

of the heartwat.er agent (Pienaar et. al 1086 cited by Du 

Plessis et aJ , 1087). This theory lasted only a few

years and according to Du Plessis et al (1087), Pienaar 

(1 070) stibs equen 11 y favoured the toxin hypothesis which 

most researchers subscribed to at that time. To date, 

such a toxin has not been demonstrated and no 

experimental evidence supports this theory. Likewise, 

Du Plessis et a^ ( 1087) cite Du Plessis (1075) who 

attempted to explain the lesion by advancing a 

hypothesis that vaso-active substances liberated by 

mast cells are responsible for the increased 

permeability. In response to this hypothesis, 

unsuccessful attempts were made to demonstrate a rise 

in blood levels of serotonin or histamine in sheep and 

mice with fatal heart.water. According to Du Plessis et 

a_L (1 087), the hypothesis of vaso-active substances is 

invalid and they have gone ahead to suggest that there 

is an involvement of an immune-complex hype of 

hypersensitivity reaction in the pathogenesis of
4

heart.water. They state that this may be triggered by

13



the release of pharmacol ngically-acf.jvp fliibshancps 

through a mechanism which is yet still to bo determined 

through further research.

Tt has heen known for many years that cattle of 

different breeds and ages have varied susceptibility In 

heart water. Although the great differences in 

suscept!hi 1 1 ty between local and exotic breeds in 

Africa have been confirmed, Tlllenherg (10H3) concluded 

that the innate resistance has nothing to do with 7,ehti 

influence. This means that Zebus which have not heen 

exposed to heartwater remain fully susceptible despite 

being of Zebu breed.

Du Pi ess! s and Mai an (19fl7b) reported that the 

suckling-calf resistance to heartwater is at its 

strongest within the first month after birth hut that 

the resistance isn't absolute. This resistance 

diminishes with advancing age and appears to be at its 

lowest about 9 to 12 months. Though the mechanism of 

the suckling-calf resistance is poorly understood, 

these researchers clarified that the resistance hears 

no relationship to the susceptibility or immunity of 

the dam and must not he confused with passive immunity 

transmitted through colostrum. On the other hand, Du 

Piessis and Malan (1987b) confirmed earlier suggest!ons 

that conglutinin is the serum factor which plays a role 

in the non-specific resistance of older cattle and that

14



congl ut.i nin-as.iocl at.ed resist:nnc« to he»rtwat«r taken 

effect at a much later nt.age than the suckl lng-c«l f 

resistance. Since the former strengthens an the latter 

uanen, thin researcher thus concluded that the 

resistance of cattle from calf to adulthood han both 

specific and non-specific components and that the 

effects of the two overlap. In an attempt to explain 

the non-npecific resistance, Mathnron at al (1087) 

suggested that genetic effect may he one of the most 

important factors involved in individual resistance. 

Their hypothesis is that, a recessive sex-linked gene 

could he involved in the control of resistance.

Uilenberg (1003) was of the opinion that animal 

resistance to heartwater is a resistance against severe 

reaction and, consequently, not an absence of 

susceptibility. Prom this suggestion, it follows that 

the resistant as well as susceptible animals are prone 

to infection but they will respond differently to the 

infection depending on their previous heartwater 

histories. This is in agreement with Alexander (1031) - 

cited hy Stewart. (1087a) - who reported that no

immunity could be demonstrated in any farm animal that 

had not passed through an attack of the disease.

Reports on resistance to heartwater have also been 

made on sheep and goats but there is controversy on the 

resistance of indigenous small ruminants. Some authors 

noted a higher resistance on the part of the local

15



hrpprl3 while other rpsparchprs deny this nr observed 
heavy losses among them ( T1 pmnharlp 1 077, Karar , 1060).

In an attempt to settle 1 hi s argumpnh, Mahhprnn p̂h al̂  
(1007) have presented data which tends ho support thp 

opi/iions nf hohh t.hp opposing groups of researchers 
depending on how thpir findings are Interpreted. As 

stated earlier hy Uilenherg (100.0), variation In 

resistance to heartuater may not he a question of breed 

hut of population. Matheron et a] (1007) tended to 

accept that view when they stated that differences in 

susceptibility do not appear to be linked to any 

particular breed or species but prohably depend mainly 

or exclusively on Inherited resistance acquired hy 

local livestock. Though these researchers are in favour 
of acquired resistance only, Grad well e J_ a 1 (1076)

blamed Innai.p as well as acquired Immunity as the 

causes nf the resistance of several species of wild 

ruminants which they couldn't infect artificially with 
heartwater.

The mechanism by which the i mm u n e response 
develops r emaIns largely unknown especially that Du 
Plessis (10114) is cited by Stewart (10117a) as having 
found no correlation between antibody titres and the 
immune status of calves to heartwater. It is unclear 

whether sterile immunity or premunition plays a role ini
the maintenance of protective immunity but 11emobade 
( 107 8) demonstrated the persistence of C. ruminant.i urn

16



in the blond of animals for npto 5 0 days. More 

recently, Steuarfc (1007b) cited Du Plessis (1007) as 

having heen able to recover the organisms from the 

tissues of mice 305 days after infection.

nt.euart ( 1 007b) cites Hu Plessis (1007) who 

reported that the protective immune response which 

develops in mice is apparently ce11 modiated in nature 

and that humoral antibodies do not appear to play any 

role in infection with at least the K umm strain of 

heartwat.er. The various immune mechanisms which occur 

in heartwat.er as well as other Rickettsia has recent, ly 

been reviewed by Tringali et. a] (1003)

T.ogan et al ( 1 007 ) studied the cross i minimi t. y 

between four isolates of C ■ r mn i nn n t i uin in goats and 

mice. Two of the isolates (Kwanyanga and Kumm) were 

from r.out h Africa; one from Mali and the fourth from 

Cluadealope (Oardel). Tn this experiment., these isolates 

demonstrated antigenic variation.

DIAGNOSIS

Prior to the report by Purchase (1045) of the 

brain smear technique for heart, w a t. e r diagnosis 

currently in use, demonstration of C . ruminant1urn in 

smears used to be made from the intima of large blond 

vessels and in tissue sections (Jackson, .1031 - cited

by Pror.esky, 10fl7d). The method of Purchase ( 1045 )
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l n v n l  vp.n o p e n i n g  an a n i m a l  ' s s k u l l  f o r  s a m p i n s  huh

F . c h r e u d e r  ( 1 Of*. 0 )  has  r e p o r t e d  an p a s i e r  m e U i o d  o f  

o h h a i n i n g  h r a i n  s a mp l e s  f o r  s me a r s  t h r o u g h  t h e  f nrampn 

o c c i p i t a l # *  thus o b v i a t i n g  t he  ne e d  t o  open t h n  s k u l l  i n 

l a r g p  a n i m a l s .  Tn h i s  r p p o r t  , P u r c h a s e  ( 1 9 4 5 )  r e p o r t e d  

t h a t  c a p i l l a r i e s  w o r n  n o t  e a s i l y  d e t e c t e d  i n  t h e  

c e r e b e l l u m  as i n  t h e  c e r e b r um h u t  t h i s  was c o n t r a d i c t e d  

by  S c h r e u d e r  ( 1 0 0 0 )  who r e p o r t e d  t h a t  t h e  v e s s e l s  we r e  

r e a d i l y  d e t e c t e d  b o t h  i n  t h e  c e r e b e l l u m  and c e r e b r u m .

A p a r I. f r o m  i h e a b o v e  m e t h o d  o f  p o s t  m o r t e m  

d i a g n o s i s  o f  h e a r t w a t e r ,  r e s e a r c h e r s  h a v e  s o u g h t  o t h e r  

d i a g n o s t i c  me t h o ds  wh i ch  a r e  m a i n l y  i m m u n o l o g i c a l .  Two 

r e c e n t  r e p o r t s  by  Vi  1 j o e n  eh a l  ( 1 0 0 7 )  and Du P l e s s i s  

and  Ma l an  ( 1 0 0 7 a )  h a v e  s umm a r i 7. e d t h e  i mmu n o l  o g i  c a l  

m e t h o d s  f o r  t h e  d e t e c t i o n  o f  a n t . i h o d i e s  t n  C.  

r umi  nan t  i  urn t h a t  h a v e  s o  f a r  b e e n  r e c o r d e d  i n  t h e  

l i t e r a t u r e .  They  i n c l u d e  I n d i r e c t  F l u o r e s c e n t  A n t i b o d y  

t e s t  ( T F A T )  and Fnzy me  - l i n k e d  i m m u n o s o r b e n t  a s s a y  

( FT.TOA)  t e c h n i q u e  w h e r e b y  t h e  l a t t e r  t e c h n i q u e  i s  

r e p o r t e d  by  V i l  j o e n  et. a 1 (1 0 0 7 )  t o  he  500 t i m e s  more

s e n s i t i v e  t han  t h e  o t h e r  k no wn  m e t h o d s  u s e d  i n  

r u mi nanhi  uin a s s a y s .

H e a r  t u a i . p r  i n  m i c e  c a n  a l s o  he  c o n f i r m e d  

m i c r o s c o p i c a l l y  and s e r o l o g i c a l l y  a s  m e n t i o n e d  f o r  

c a t t l e .  L i k e w i s e ,  P r o z e s k y  ( 1 0 0 7 b )  r e p o r t e d  t h a t  

c o n c l u s i v e  c o n f i r m a t i o n  o f  t h e  p r e s e n c e  o f  

XHID.LH i n m i c e  c a n  a l s o  b e  e f f e c t e d  by



s u b i  nncul  ah i ng i n f e c t i v e  mouse t i s s u e s  i n t o  s t i s r e p t i  hi  e 

r u m i n a n t s  anri s u hs e q u e n  1.1 y dpmnns h ra t. i ng t h e  o r g a n i s m  

i n  t h e  l a t t e r ' s  t i s s u e s .

CONTROL
Neit. ,7. anri Al  e xanr l e r  ( 1 0 4 1 )  w e r e  among t.hp e a r l i e s t ,  

ho H ev e l  op a v a c c i n e  aga inst,  h e a r t . w a t e r . T h e l  r method 

w a s  u s e d  u n t i l  r e c e n t  1 y w h e n  R e z u i  H e n h n u t  ( 1 9 8 1 )  

r e p o r t e d  an al  t . e r n a t i  ve  c h e a p p r  method o f  v a c c i n a t i o n .  

He i n t r o d u c e d  t h e  us e  o f  h o m o g e n i z e d  C . r n mi nanhi  urn - 

i n f e c t e d  Amhlj foma h e h r a eum nymphs as i n o c u l u m  but. t h i s  

d i d  not. s o l  vp t.hp usua l  p r o h l  ems c a u s e d  b y  l i v e  and 

v i r u l e n t ,  v a c c i n e s  b e c a u s e  t.hp v a c c i n e  h ad  h h e s p  t w o  

q u a l i h i p s .  W h i l e  t.hp i mmuni t y  p l i c i t . p d  w i t h  t.hp t i c k  

v a c c i n e  was  s i m i l a r  t. o that ,  s t . i m u l  a i . e d  b y  t.hp b l o n d  

v a c c i n p ,  Va n  D p r  M e r u e  ( 1 0 fl 7 ) 1 a m e n t e d  t.hp g r e a t ,

d i s a d v a n t a g e  o f  hhp f o r m e r  as h p i n g  hhp a l l p r g i c  s hoc k  

t h a t .  s o m e t i m e s  o c c u r r e d  a f t e r  i n t r a v e n o u s

a d m i n i s t r a t i o n  o f  hhp v a c c i n p  th u s  r p q u i r i n g  i n t e n s i v e  

t r e a t me n t .  oF a f f e c t e d  s t o c k  w i t h  a n t i h i s t a m i n e s .  T h i s  

e x p e n s e  b e c o m e s  e v e n  g r e a t e r  i f  t h e  i n f e c t i o n - a n d -  

t r e a t m e n t .  m e t h o d  o f  v a c c i n a t i o n  i s  p r a c t i c e d .  T h i s  

m e t h o d  e n t a i l s  t h e  c l o s e  mo n i  t . o r i n g  o f  v a c c i n a t e d  

a n i m a l s  and the  a p p l i c a t i o n  n f  t r e a t m e n t  as s o o n  as t.he 

f e b r i l e  r e a c t i o n  commences as s ummar i z e d  b y  U i l e n b e r g  

(1983).
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A l t h o u g h  i n f e c t e d  b r a i n  m a t e r i a l  has b e e n  f ound t o  

b e  i n f e c t i v e  i f  a d m i n i s t e r e d  s u b c u t a n e o u s l y  ( 11emobade 

and  R 1 o tk  amp, 1 0 7 8 ) ,  o n l y  b l o o d  and nymph s u s p e n s i o n

h a v e  e v e r  b e e n  p r o d u c e d  a n d  u s e d  c omm e r  r 1 a 1 1 y as  

v a c c i n e s .  M et ho ds  o f  p r o d u c t i o n  and t h e  l i m i t a t i o n s  o f  

b o t h  o f  t h e s e  v a c c i n e s  h a v e  b e e n  r e v i e w e d  b y  U i l e n b e r g  

( 1 0 8 . 1 ) .  A p a r t  f r o m  t h i s  r e v i e w ,  Oberem and l l e z u i  den ho ut  

( 1 0 8 7 b )  h a v e  a l s o  s ummar i z e d  t h e  p r e s e n t - d a y  t e c h n i q u e s  

o f  v a c c i n e  p r o d u c t i o n  i n  d e t a i l s .  The  f a c t  t h a t  t h i s  

i s  a l i v e  v i r u l e n t  v a c c i n e  p r e c l u d e s  i t s  use. i n  

b e a r l w a t e r - f r e e  a r e a s  such  as U n i t e d  S t a t e s  o f  A me r i c a  

w h e r e  p o t e n t i a l  v e c t o r s  e x i s t  ( H n r r e  e t  a 1 , 1 0 8 7 ;

U i l e n b e r g  e t  a l , 1 0 8 4 ) .

Of  a l l  t h e  an ima l  d i s e a s e s  whe r e  v a c c i n a t i o n  i s  

p r a c l  i c e d ,  hea r t  w a t e r  i s  t h e  o n l y  one whe r e  i n t r a v e n o u s  

i n o c u l a t i o n  i s  s t i l l  a p r e r e q u i s i t e  f o r  s u c c e s s f u l  

v a c c i n a t i o n  u n l i k e  t h e  c a s e  o f  t h e  o t h e r  d i s e a s e s  whose  

v a c c i n e s  a r e  a d m i n i s t e r e d  s u b c u t a n e o u s l y  ( Rer.ui  d enhout  

e t  a 1 , 1 0 8 7 ) .  D e s p i t e  t h i s  o b s e r v a t i o n ,  t h e s e

r e s e a r c h e r s  c a r r i e d  o ut  e x p e r i m e n t s  wh i ch  showed  t h a t  

t h e r e  i s  a h i g h  c h a n c e  o f  s u c c e s s  o f  s u b c u t a n e o u s  and 

i n t r a m u s c u l a r  I n o c u l a t i o n  a g a i n s t  h e a r t w a t e r .

Du P l e s s i s  a n d  M a l a n  ( 1 0 8 7 c )  r e p o r t e d  t h a t  

i mmunogen i c i  t. y f o r m e d  a g a i n s t  h e a r t w a t e r  d e p e n d s  on t h e  

p a t h o g e n i c i t y  o f  t h e  i n f e c t i n g  o r g a n i s m .  T h i s  f i n d i n g  

i m p l i e s  t h a t  a v i r u l e n t  o r g a n i s m s  w o u l d  b e  l e s s  

i mmu nog en i c  and l a c k  p r o t e c t i v e  a b i l i t y  as  a v a c c i n e .
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Thi s is cnnhrary to the findings of Oezui denhout. e_t a 1 

( 10 07) who rpportpd that some of their experimental 

s h e e p  d e v e l o p e d  1 mm u n 1 t y after only a slight, 

temperature rear: t Ion or no reaction at all. Their 

repqrt is in agreement with what, was reported earlier 

by Mare (1077) that immunity to heart.water may develop 

without a strong vaccination reaction. Tt also agrees 

with Alexander (10?. 1) - cited by Stewart (1007a) - who

reported that the severity of the heart.water reaction 

does not have any influence upon the degree of Immunity 

so long as a reaction Is produced.

Apart, from these views on I he relationship between 

the severity of the disease and the resulting immunity, 

other factors seem to play a role. In the immunity of 

mice to heart.water. Rezui denhout e_t al (1007) concluded 

that in mice, the strain or isolate of C . rumi nantlum 

is a very important, factor in the success rale of 

i n t. raper i t. onea 1 and subcutaneous inoculations.

The control of heart.water by means of tick control 

using acaricides has been practiced by farmers for a 

long time. Rezu I denhout and nigalke ( 1 007 ) reported 

that, the main objective of strategic control of ticks 

is to minimize "Tick worry" without interfering too 

drastically with natural transmission of heart.water. 

This would still; allow natural immunization of young 

a n 1 ma Is and the maintenance of their i mm u n i t. y thus
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m i n i m i  7. { n g  tl r a I. h s f r o m  t h p cH « p a « p . T i c k  c o n t r o l  

c  oi l  p 1 pd wi t .  h v a c c i n a l ,  i o n  n f  1 i v p s t o c k  a g a i n s t  

h pa r t . wa t p r  a f f o r d s  t he  l i v e s t o c k  h e t t p r  r l p f p n r p  a g a i n s t  

t h e  d i s e a s e  .

P A R T  ONTO

1. ASCF1RTATNTNO THE V T AII T 1.1TY OF TilE £OWnRTA
RUMINANTIUM START I.ATF.

1 . 1 MATERIALS AND METHODS

1.1.1 THE EXPERIMENTAL GOATS

T h e  f o u r  g n a t s  ( C a p r a  h i ^ r c u s )  u s e d  i n  t h i s  

p x p p r i m p n t  w e r e  p u r c h a s e d  f r o m  Y a l t a  i n  M a c h a k n s  

d i s t r i c t  and t r a n s p o r t e d  hy u n h i d e  t o  t h e  d e p a r t m e n t  

o f  V e t e r i n a r y  P a t h o l o g y  and M i c r o b i o l o g y .  They  we r e  

s p r a y e d  w i t h  an a c a r i c i d e  ( D e l n a v  W e l l c o m e  ( K )  L t d . )  on 

t h e  s e c o nd  day  o f  t h e i r  a r r i v a l . The g n a t s  w e r e  housed 

i n  c o n c r e t e - f 1 n o r e d  s t a l l s  and p r o v i d e d  w i t h  h a y ,  wheat  

b r a n  and  w a t e r  t h r o u g h o u t  t h e  d u r a t i o n  o f  t h e
i

e x p e r i  men t .

1.1.2 THE STAniLTTATES OF COWURIA RUMINANT HIM

11.7.1 THE TANA RIVER (COAST) ISOLATE

I t  was o h t a i p e d  f r om t h e  V e t e r i n a r y  I . a b o r a t o r i  e s ; 

K a h e t e ,  as a hi  ood  s t a h i l a t e  w h i c h  had be e n  p r e s e r v e d  

i n  l i q u i d  n i t r o g e n  ( - ] . 9 6 nC)  f o r  t e n  d a y s .  O r i g i n a l l y ,
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t  hp 55iahi  1 a f p  was  o b t a i n e d  f r o m  a f e b r i l e  ( 4 0 . 6 °  C ) 

n a h i r a l  1 y i n f p c l  prl gnal .  at f l a l a n a  Ranch o f  Tana R i v e r  

rH nl . r l  rh ( K o n y a ) .  Rnnn a f t e r  d r a w i n g  I ho g o a t ' s  hi  nod 

f r o m  t h e  j u g u l a r  v e i n  i n  I n  a s i  p r l  1 p  f l a s k  c n n l a l  nl  ng 

h p p a r l n  ( 1 0 i . i i  h p p a r l  n ! 1ml hi  n o d ) , i t.  was ml xed w 1 l.h 

d i m e t h y l s u l f o x i d e  (DMDO) wh e r e b y  t h e  l a t t e r  was 10% nf  

t h e  f i n a l  v o l ume .  The DMRO i s  a c r y o p r o t e c t a n t  . The  

b l o n d  was then d i s p e n s e d  i n t o  20rnl pi  as I In v i a l s  h a v i n g  

s c r e w  l i d s .  The  v i a l s  we r e  t h e n  snap f r o z e n  by b e i n g  

i mme r s e d  i n  l i q u i d  n i t r o g e n  and m a i n t a i n i n g  i t  t h e r e i n  

un t  i 1 n e e d e d .

A f t e r  r e m o v i n g  t he  s t a h i l a f e  f r om l i q u i d  n i t r o g e n ,  

i t  was  t r a n s p o r t e d  t o . t h e  D e p a r t m e n t  n f  V e t e r i n a r y  

P a t h o l o g y  and M i c r o b i o l o g y  w h e r e  it; wa s  h h a w e d  on a 

t a b l e  t o p  at r oom t e m p e r a t u r e .

. 1 . 2 . 2 TUF. TRAN DM AIR A ( R T PT VAM.FY} I DOT.ATF.

T h i s  was o b t a i n e d  f r o m  Kenya  A g r i c u l t u r a l  R e s e a r c h  

I n s t i t u t e  ( K A R I ) ,  Mug ug a ,  as  a c r y n p r e s e r v e d  b l o o d  

s t a b i l a t e .  I t  h a d  i n i t i a l l y  b e e n  o b t a i n e d  by  

v e n i p u n c t u r e  o f  t h e  j u g u l a r  v e i n  f r o m  a n a t u r a l l y -  

i n f e c t e d  b o v i n e  f r o m T r ans mar a  r e g i o n  o f  R i f t  V a l l e y  

p r o v i n c e .  The c o n t a i n e r  i n t o  wh i c h  t h e  b l o o d  was drawn 

c o n t a i n e d  e t h y 1e n e d i a m i n e  t e t r a - a c e t i c  a c i d  ( FDTA)  a t  

l mg  t o  lml  b l o o d .  The DMDO was  added a t  10% o f  t h e
4

f i n a l  v o l ume  t he n  d i s p e n s e d  i n t o  s l e n d e r  g l a s s  v i a l s  o f  

2 . 0ml  e a c h .  T h e s e  v i a l s  we r e  t h e n  s t o r e d  o v e r n i g h t  a t
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-ftOnC then transferred into liquid nitrogen (-1.96°C) 

where the vials remained until the stahilate was 

reqtH red.

For this work, six of the vials were removed from 

the liquid nitrogen and placed in a large plastic 

beaker packed with ice. This was then transported 

immediately by vehicle to the department of Veterinary 

pathology and Microbiology where it was allowed to thaw 

slowly in the melting ice. The contents of all the 

six vials were ihen pooled in a cold universal bottle 

standing in ice ready for injection into the 

experimental animals.

1 . 1 . 3  INFECTION PROC E Dl IR E f> IN OOATR

Two adult female goals (Capra hit cus) of the small 

F.ast. African, breed were used in this experiment. 

This was done after the goat, together with 2 other 

control goats, had been in a stall for acclimatization 

for seven days during which time their rectal 

temperatures was taken and recorded twice daily. The 

pre-infection temperature range was 3ft.0°C to 39.2nC. 

During that period, the gnats were kept and fed as in 
sect ion 1.1.1 .

1.1.3.1 INFECTION OF OOAT 425 WITH THE TANA RIVER ISOLATE

As soon as the stahilate was completely thawed, it 

was mixed by gentile inversion movements of the vial . 

An 1ft gauge needle and a sterile disposable syringe was

24



used t. o draw 10ml of thp si: a hi la t.e which was then 

1 n j p r h ad g p n I. 1 y j n hn t. hp jugular vain of the 

pxpprlntpnl. al goal.. The pos t" i n f p c H  on r a c I. a 1 

temperature was taken and recorded twice daily. TKs 

avaragas ara shown In Talil a .1. and Figure 1 . Whan I lia 

temperature rnsa in 41.7nC on day 14 posh-1 nf ect.i on , 

tha goat was wall restrained and 170ml of blood drawn 

from it by jugular venipuncture using a 14 gauge naadla 

without a syringe. On venipuncture, tha blond flowed 

fraaly through the naadla Into a clean star l 1 a flask 

containing heparin (Paines f» Ryrne Ltd, Oreenfnrd, 

Fngland) at a ratio of lOi.u heparin to lrnl blood. Tha 

b 1 ood was constantly swirled to facilitate proper 

mixing of t.ha blood and heparin and thus prevent, 

clo 11 i n g.

.1.3.2 INFECTION OF GOAT 475 WITH TRANSMARA ISOLATE

The thawed stab!late of tha Transmara Isolate of 

rumi nan t i urn was drawn into a 10ml syringe with 1. fl 

gauge needle and injected intravenously into the 

jugular vein of the experimental goat. Tha goat's 

rectal temperature before and after infection was 

monitored as dona under section 1.1.3.1 and is shown in 

Table 7 and figura 7. When tha temperature rose to 

40.0nC on day 16, the gnat was bl ed in a similar manner
I

to goat 425 (section 1.1.3.1).

25



1.1.4 CLINICAL OBSERVATION OP THE EXPERIMENTAL GOATS

After drawing blood from goafs 475 and 475 for 

inoculation into mien, the course of the disease in 

both goats was monitored daily. Their daily mean 

temperature are shown in Tables 1 and 2, and figures 1 

and 7 respectively. The heartwater disease in gnat 

425 which was inoculated with the Tana River isolate of 

Cĵ  r umi nan 11 urn had an incubation period of 17 days 

while in goat 475 (Transmara isolate) the disease had 

an incubation period of .14 days.

1.1.4.1 ORGAN SAMPLES AND IMPRES8ION SMEARS TAKEN

From each goat and each mouse which was subjected 

to post mortem examination, the following samples were 

taken and prepared appropriately for microscopic 

examinati on:

(a) Impression smears of the kidney, spleen, liver and 

lung in separate microscope glass slides.

(b) Squash smear of the brain according to the method 

of Purchase (1045).

(c) Kidney, liver, heart, spleen, lung and brain; all 

these were fixed in 10 per cent (10%) formalin for 

histological examination.

1.1.4.2 PREPARATION OP ORGAN IMPRESSION SMEARS

The impression smears of each organ were made on a 

separate clean and; dry glass slide. After cutting the 

desired organ with a clean scalpel blade, excess fluid
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on the cut surface was removed hy gently pressing a 

clean tissue paper on it to absorb the fluid. The 

impression smears were then made by gently pressing the 

glass slides on the cut surface of the organ. The 

slide was then dried Immediately by waving it in the 

air. '

The smears were fixed hy flooding the slides with 

methanol for three minutes after which they were 

stained with 10 per cent (109.) Giemsa stain for 20 

minutes. The stained smears were then washed with tap 

water and 1eft In dry at room temperature before being 

observed microscopically.

1.1.4.3 PREPARATION OP HISTOLOGICAL SAMPLES

All the organ samples, from the goats and mice, 

which were taken for histological examination were 

trimmed to an approximate thickness of one centimetre 

then submerged in fresh 10* formalin. After fixing for 

at least 7? hours, sections were made from the fixed 

tissues, mounted and stained according t.n Kiernan 

(1983).

From each organ sample, two histological sections 

were made, mounted on separate slides then stained 

either with Giemsa or Hematoxylin and eosin (H&E).
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RESULTS FOR PART ONE

AHCERTA TNT NO THE VT ATIT LI TY OF THE Cx R l IMTNAN T TU M 
START I.ATE

1.7.1 COURSE OF THE DISEASE IN GOAT 425 INOCULATED WITH
. TANA RIVER ISOLATE

The disease syndrome in this goat lasted 5 days. 

At the onset of fever (>40°C) the gnat lost appetite 

and fed only occasional y and at other times, it would 

stop masticating the hay in its mouth. Such hay could 

remain in the mouth for upto 10 minutes then the goat 

would masticate slowly. The goat could drink a little 

water then just stand near the water trough hut with a 

tendency to lean against an adjoining wall . Tt was 

dull and held its head low most of the time. When 

encouraged to move wi i.h a gentle push, it would hold 

its head high and take a few steps before stopping and 

lowering the head again. During the last clinical 

examination, the rectal temperature had dropped from 

41.7°C to 40.fl°C. The goat was found dead four hours 

after the last clinical examination and it was 

immediately suhjeot.ed to standard necropsy examination.
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Tabl e li Mean daily rectal 
control

tpmperatures (°C) for goat: 425 and

Goat 425

(Pm-inf action rang* 30.9-39.1°C)_ Control

1 . 39.0 ( inocul atf»d ) 39.0

2. 39.1 39.1

1J • 39.3 39.0

4 . 30.9 30.9

5. 39.3 39.0

6. 30.0 39.1

7 . 30.3 30.9

8. 39.3 39.0

9. 39.7 39.1

10 . 39.6 30.0

11 . 30.6 30.0

12 . 39.9 30.0

13. 40.3 39.1

14 41.7 30.0

15. 41.7 30.0

16. 41.2 39.1

17 . 40.8 ( di ed) 39.0
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1.2.2 COURSE OP THE DISEASE IN OOAT 475 INOCULATED WITH 
TRANS MARA ISOLATE

This gnat was infected with the Transmara isolate 

of Cowdri a ruminant1um. After drawing the amount of 

blood required for inoculation into experimental mice, 

the goat's rectal temperature continued to he monitored 

daily tint! 1 the goat died (Fig. 2). The temperature 

rose and remained high (>41nC) until death.

This experimental goat suffered the acute form of 

the disease with a course of only three days. From the 

onset of fever, the goat lost appetite, became dull and 

with a laboured breathing. Later in the course of the 

disease, the goat developed a mild shivering and 

si aggered when encouraged to move. Occasional gentle 

head shaking was observed in this goat. This goat died 

at night and was subjected to standard post mortem 

examination early on the following morning impression 

smears of various organs (section 3.5) were made. 

Samples of the same organs were taken and fixed in 10% 

formalin for histological examination.
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Tabl Pi 2 : M«an daily rectal hempurahurfis 
and control goat

(°C) of goat 475

Goat 475

(Pre-infection ranqe 38.6-39. 3°C Control
1 . 38.9 39.1
2. 38.9 38.8
3. 39.2 39.0
4. 39.0 39.1
5. 38.8 39.1
6. 38.9 39.4
7 . 39.1 39.0
8 . 38.8 38.9
9. 38.9 39.2
10. . 38.9 39.0
11. 38.9 39.0
12. 38.8 39.1
1 3. 39.0 39.1
14 39.2 39.0
15. 40.3 39.2
16. 40.9 38.9
17. 41.4 39.2
18. 41.5 (died) 39.0
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1.2.2.1 POST MORTEM FINDINGS

After the death of goat 425, the gross post­

mortem las tons seen included petechial haemorrhages of 

the apicardlum, kidney and liver. There was ascites, 

oedema of the longs with little froth on the cut 

surface of the lungs. The hrain was hyperaemic while 

the spleen and liver were swollen. The pericardial 

fluid was less than 10ml.

The gross post-mortem lesions observed in goat 475 

included petechial haemorrhages of the trachea, 

epicardium, and kidneys. There was froth in the 

trachea and cut surface of the 1ung while the meninges 

and some sections of the samll intestines were 

hyperaemic. The lymph nodes were congested and fluid 

oor.ed from their cut surfaces.

1.2.2.2 THE IMPRESSION SMEARS

Impression smears of organs obtained from goats 

425 and 47 5 revealed the presence of Cowdria 

rumi nant.l urn (Plate 1, 5):-

1.2.2.3 HISTOLOGICAL SECTIONS

Histological sections stained with hematoxylin and 

eosln (lfRE) gave he t. ter result than those sections 

which were stained with Giemsa. In the H&E stained 

specimen, rumi nanti um stained purple while the

surrounding stained pink thus giving a definite 

contrast (Plate 12, 15, 20).
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The detection of rumi nanti urn parasites in the

organs of experimental animals occurred in those 

animals whose organ impression smears had reveal eel the 

presence of the parasite. Of the six organ samples 

taken from each experimental and control animal for 

histology, rumi nan t i urn parasites were seen only in

the organs of the experimentally inoculated goats in 

varying frequencies. They were observed in (descending 

frequency) kidney, liver, heart, lung, spleen and 

brain.

The histopat.hology of the kidney, liver, lung, 

heart, spleen and brain of each experimentally 

inculated animal was observed and lesions such as 

necrosis and haemorrhage in various organs were not 

related to the presence of C. the

immediate vicinity of the lesion.

1.2.?.4 DISCUSSION AND CONCLUSION FOR PART ONE

Heartwater disease derives its name from its 

characteristic lesion: hydropericardium. According to

Pror.esky (1087c), most animals with heartwater manifest 

gross lesions which include hydropericardium but this 

lesion was not observed in the two experimental goats 

used in this experiment. This observation is in 

agreement with the findings of Mehus and Logan (1088) 

who reported that many animals which die of this 

disease do not always exhibit hydropericardium and that 

this lesion is more frequent in cattle than in sheep
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and gnats. Likewise, this experiment confirmed their 

report on the occurrence of ascites, oedema of the 

lungs, aplenomegally and haemorrhages of the 

epicardium, liver and kidneys. Proresky (1987c) and 

Prozesky and Du Plessis (1985) reported the absence of 

a direct link between the presence of Gx rurpi nant i un̂  

parasites and the cytopathi c effects of the cells 

harbouring those parasites. This was confirmed in this 

experiment but without explanation of the pathogenesis 

leading to the development of the lesions, especially 

the haemorrhage and the increased vascular 

permeability. One of the most recent explanation of 

the increased vessel permeability is from Du Plessis et 

al (.1987) who suggested the occurrence of immune- 

complex type of hypersensitivity reaction. The result 

of this experiment cannot rule out this possibility 

especially that degenerative changes observed in 

histological preparations of the lung and kidneys had 

no relation with the presence of the rickettsial 

parasites in the immediate vicinity.

The degree of severity of observed nervous signs 

in the two goats was not dramatic. This result may he 

explained by the conclusion of Uilenberg (1903) who 

reported that pathological lesions develop according 

to the duration of the disease. He stated that the 

longer the disease persists, the more frequently the 

exudates and several of the other lesions are found and
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that In peracute erases, oedema of the lungs, may be the 

only striking lesion observed- Likewise, the 

pathological picture Is believed to vary with the 

strain of cowdria responsible for death. The Kenya 

isolates used In this experiment may be a type which 

neither causes hydropericardium nor serious nervous 

symptoms to goats. Wasslnk at. al (1986) reported the 

existence of a South African isolate of rumlnantlum

which is atypical in that It. does not produce any 

nervous signs in goats. There might exist, a Kenyan

Isolate which Is atypical In its ability to cause some 

pot.hologlcal lesions and its further investigation is 

warrant ed.

The two Kenya isolates of C!. rumlnantlum used were 

equally fatal to goats despite their having been 

initially Isolated from goat and bovine respectively. 

Further research on the ability of these two isolates 

to cause nervous signs and such lesions as 

hydropericardium ought to be done. This is especially 

meant, to test t.he viability of the stabllat.es before 

being used on experiment on mice (part two).
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P A R T  'TWO

2.0 ADAPTATION OF C-. RUM IN ANT IUM TO MICE

2-1 MATERIALS AND METHODS

2.1.1 THE EXPERIMENTAL MICE

A total of ISO a el ill t malp mica (Swiss a train) 

war#? obtained from International Laboratory for 

Rpsparrh on Animal Dl neanes (TI.RAD) and transported by 

vehicle in daap-litter cages to the Department of

Veterinary Pathology and Microbiology. They were fed 

acl 1 i bi turn on commercially-prepared feed (mica pencil, 

Ung a Feeds Ltd., Nairobi) and water In bottles was 

freely available to them throughout the duration of the 

experiment.

All the mice used In this experiment were adult 

males of the white Swiss strain variety. Seventy five 

mice were chosen at random and placed in five groups of 

15 mice each whereby mice in the fifth group were to

serve as controls. Each group was housed in a deep- 

litter cage and fed ad 1ihi turn on commercial feed (mice 

pencil) and water in bottles was freely available to

them before and throughout the duration of the 

experiment.

All the experimental mice were kept in cages in 

the same room in which the goat was being bled in order 

to minimize the time lapse between the bleeding of the 

goat and the injection of the mice.
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2.1.2 MICE INOCULATION WITH THE TANA RIVER ISOLATE

2.1.2.1 INTRAPERITONEAL INOCULATION OP MICE

Each expfirlmenhal mouse was restrained by firmly 

grasping the loose skin at the back of the neck between 

the thumb and index finger. The tall and rear legs 

were also held to prevent violent struggling.

A 21 gauge needle and 5ml syringe were used and 

the needle was inserted lateral to the midline in the 

ventral abdomen whereby the stahilate was administered 

int raper i t.onea 1 1 y . Mice in two of the four groups were 

inoculated intraperitoneally (i.p) with 2ml and 5 m 1 

respectively of stahilate (table .1) while those in the 

remaining two groups were used for intravenous (i .v) 

i nocu1 a t i ons.

2. 1.2.2 INTRAVENOUS (I.V) INOCULATION OP MICE

The stab! late was administered into two groups 

consisting of .15 mice each whereby each group was 

inoculated with 0.1ml and 0.2ml respectively (table 5).

Each experimental mouse was restrained as 

described under section 2.1.2.1 except that the tail 

was left unrestrained. The tail was grasped between 

the thumb and the index finger then it was swabbed 

with xylene followed by an antiseptic (70% Alcohol).
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A ?m1 syringp and a gauge needle were used to

administer the stabilate intravenously near the distal

portion of the lateral tail vein. The volume of 

stahilate administered intravenously to each mouse in 

the various groups is shown in table 3.

During the i.v administration of the stabilate, a

little amoun t of i t was inadvertently deposited

extravascularly in some mice but no effort was made to

quantify the amount of stabilate involved.

TABLE 3: Mouse Infection with the Tana River Isolate of C_̂
ruminanti um

r o u t e  of i n f e c t i o n ; VOLUME OF START LATE | NO. OF MICE
ii (ml ) j

Intravenous
iii 0.1 ! 15

(i.v) ii 0.2 J_ _ i 15

Tnt.raperitoneal
iii

i
2 ! 15

( i -P) iiii
5 !11

15

2.1.3 INOCULATION OP MICE WITH TRANSMARA ISOLATE

Rlood used in this experiment was drawn from goat 

475 (>41°C) as done under section 1.1.2.1.

A repetition of the i ntraperitoneal and 

intravenous procedures listed under sections 2.1.2.1 

and 2.1.2.2, respectively, was done using the Transmara 

isolate of C^ ruminantium. A total of sixty mice were 

injected either intraperitonea 1 1 y (i.p) or 

intravenously (i.v) with varying amounts of infected
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TARL

2.2 

2.1 .

blood as? shown In table 4. Once more, the amount of 

bl oorl which may have been deposited ex t r a vascu 1 a r 1 y Is 

on kown.

E 4: Mouse Infection with the Transmara Isolate of C .
ruminant! urn

ROUTE OF TNFFCTTON { VOLUME OF START LATE { NO. OF MICE
! ("il) !i _ . . i»

Intravenous } 0.1 ! 15
(f-v) !___  i 0.2 ! 15i__ ___i

Int.raperi tonea 1 | 2 ; is
(*-P) 1ii

5 J 151•

RESULTS OF PART TWO

OBSERVATION OF INFECTED MICE

Out of the 30 mice which were inoculated 

intraperitoneally with 5m 1 of infected blood (Tana 

River or Transmara isolate), 4 died within five days of 

Infection (3 Tana River and 1 Rift Valley). No post

mortem examination was carried out on them because it 

was assumed that the deaths were a result of the large 

volume of blood in the perlhoneal cavihy which may have 

caused shock or respiratory failure.

All the surviving mice in both groups were slow in 

their movement and exhibited pi 1oerect1 on. One mouse 

which received 5ml of infected blood intraperitoneally 

(Trans Mara) died: on day 17 post infection. Post 

mortem examination on it revealed a large abscess in
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the abdomen in a nnc adhering to the 1 i ver and the 

peritoneum close to the linear alba. This abscess 

arose from the int.raperi tonea 1 experimental injections. 

Impression smears of its organs together with the 

histological preparations of those organs did not 

reveal any Cowdrla ruminant1nm parasites. One mouse 

which received 5ml TP of the Tana River isolate died 

on Hay post infection. Tts post mortem examination

revealed a mottled liver, froth in the trachea, 

discoloured lungs and a congestion of the meninges. 

The impression smear of its organs together with their 

histological preparations revealed C_̂  4.115?

parasi t.es .

All the mice (30) which were inoculated 

intravenousl y with either the Tana River isolate (IB) 

or the Transmara isolate (15), remained active and 

their hair coats were smooth without signs of 

pi Inerftctinn. They appeared normal throughout, the 

duration of the experiment, and none died other than 

those which were sacrificed at the rate of two mice 

from each group per month for six months.

2.2.1 ORGAN IMPRESSION SMEARS

The impression smears of mouse organs which 

revealed the presence of ruminantium (Plates 19, 15)

were as follows:

(i) Nine out of fifteen mice infected I . P with

?ml st.ahilate (Tana River isolate)
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(ii) El pvpn out of fifteen micp infected I.P with

5ml stabi1atp (Tana River isolate)

On the other hand, no jr 11 m i n a nt i urn parasites

were observed microscopically in hhe impression smears 

of organs obtained from the experimental animals which 

were inoculated as follows:

(i) All the thirty mice which were inoculated

intravenously (i.v) with either 0.1ml (15

mice) or 0.2ml (15 mice) of blood infected

with the Tana River isolate from goat 425.

(ii) All the thirty mice which were inoculated

intravenously (i.v) with infected blood from 

goat 475 (Transmara isolate) either with 

0.1ml (15 mice) or 0.2ml (15 mice).

(All ) All the thirty mice which were inoculated

intraperitonea11y (l.p) with either 2ml (15 

mice) or 5ml (15 mice) of infected blood from 

goat 475 (Transmara isolate).

(iv) All the fifteen non-inocu1 ated control mice.

The parasites were observed

microscopically from the organs of mice as follows:

(i) 20 out of 30 mice inoculated i.P with Tana

River isolate.

(i1) 0 out of 30 mice inoculated i.v with Tana

River isolate.

(iii) 0 out of 30 mice inoculated i - P  with

Transmara isolate.
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(iv) 0 out. of 30 mice inoculated i.v with 

Transmara isolate.

(v) 0 out. of 15 control mice.

The parasites which were observed are shown on 

plates 0, 0, 12, 13 and 15. The impression and squash

smears together with the histological sections revealed 

morulae or single dense forms of the parasites.

The result shows that it is only the Tana River 

isolate of Cl. ruminant! urn which could he recovered in 

mice after being inoculated int.raperitoneally with 

infected goat's blood. The parasites which were 

observed were phot.ogr aphed (Plates 1, 2, 3, 5) while

hraln squash smears revealing the parasite after being 

stained (Glemsa) were also photographed (Plates 4, 5,

7). Only in goats were impression smears of lymph 

nodes taken.
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PI.ATE .1: Impression smear of mesenteric lymph node (goaf.
47 5) showing intracytopl asmic Ĉ _ P M ™ i..1! 5 H1 H TJ* 
within a mononuclear cell (Gi emsa x 630)

PLATE 7: Smear of : aortic intimal scraping (goat 425)
showing granular C_. rjJEQinantiHID morula with 
surface projection suggestive of its recen 
extrusion from the adjacent cell (Giemsa x 1000).
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PI. ATE 3 : Splppn impression smear (Goat 47 5 ) showing
in t racy t op 1 asmi c colonies in a
mononuclear cell (pointer). Three colonies are 
round uhile one is elongated and adhering to host 
cell membrane (Olemsa x 1000).

PLATE 4: Squash smear of brain cortex (mouse) showing a
perinuclear colony of IMminant^um (pointer)
which has deformed the nucleus of a capillary 
endothelial cell (Giemsa x 1000).
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PLATE 5 : Impression smear of liver (Goat 4 2 5) showing
intracytopl a s m i c colonies of Ĉ _
(pointer) in a mononuclear cell (CViemsa x 630).

PLATE 6! Rrain squash smear (mouse) showing a granulai 
colony of ruminanti um (pointer) within a blood
capillary (Oiemsa x 630).

47



PT.ATF 7 : Squash smear nf h y p n h h a 1amus (float 
showing granular porinurlpar morula 
ruminantinm (pointer) (flipmsa x 630).

4 7 5 ) 
o f C .

PI.ATF R : Histological section of mouse 
infection) showing two morul 
in blood capillaries of the 
630 ) .

kidney (day 106 post 
ae of C . ruminant linn 
renal cortex (lI&E x
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7.7.7 GROSS AND HISTOPATHOLOOY

KIDNEY

Grossly, somp pxper1 menta 1 mice had obviously 

enlarged kidneys with no other visible lesions while 

other mice had normal-sized kidneys but with elevated 

nodular grey-white lesions on the renal cortex. The

pin-head sized 1esi ons we re visible when the non-

adhering renal capsu1e was removed. Some mice had

pale or mottled k i d n e y s as the on 1 y gross lesion on

these organs.

Microscopi cal 1 y , there were interstitial

haemorrhages accompanied by lymphocyte infiltration 

(Plate 11, 10). Most of the cell infiltration observed 

was mainly perivascular affecting the renal capillaries 

but also involved the interstitial stroma and around 

the glomeruli. Many degenerative changes were observed 

in the kidneys of the experimental animals. They 

ranged from the presence of hyaline casts in the lumina 

of renal tubules (Plate 14), adhesion of glomerulus to 

Bowman's capsule (Plate 11, 10) to necrosis of renal 

tubules characterised by the loss of cell nuclei (Plate 

11, 13, 14). The architectural arrangement of the 

affected kidneys was distorted especially that some 

necrotic renal tubules were occluded either by casts or 

by swelling. In all affected mice, congestion of the 

blood vessels and. haemorrhage were constantly observed 

1es i ons.
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The degenerative changes observed in the kidneys 

of experimental mice were not. r es t. r 1 cted to those mice 

from which ruminantium parasites were recovered. 

The lesions were also observed in some mice which were 

inoculated with infected blood but no parasites were 

observed in their tissues on histological examination 

of their organs. On the other hand, no degenerative 

changes were observed in the kidneys of control mice.

Microscopic examination of the grey-white nodular 

spots on the kidneys revealed that the spots are 

formed by proliferating lymphoid cells (plate 23, 24). 

Intracellular and extracellular forms of C . ruminantium 

parasites were observed in some of the nodules formed 

by the proliferating lymphoid cells (plate 20). The 

extracellular parasites were in clusters or morulae 

which stained purple while the intracellular parasites 

occurred singly nr paired in each cell and stained 

purple also (plate 20).
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PI.ATF 0; Higher magni f 1 n n U  nn nf pi a hp H nhnwj ng a 1 argp 
colony of r urn l n a n t i u m with sra tlfirptl pairs
fsugqpsH v p nf I hp parasi i.p 's division hy hi nary 
fission (llAR x 1000).

Pi. ATR 10: Histological section of a mouse brain showing
enlarged perivascular space and perivascular 
lymphoid cell infiltration (Hf,R x 1000).



PLATE 11: Mouse kidney showing adhesion of glomerulus t. o
Rouman's capsule (1); perivascular lymphocytic 
cell infiltration in interstitial stroma (?) and 
necrosis of renal tubules (lost nuclei) (.1) (H£E 
x 1000).

PLATE 12: Three morulae of Ĉ _ ruji nantium 
of an arteriole in the cardiac 
(Giemsa x 630).

on the periphery 
muscle of a mouse
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PI.ATF 3 3: Mouse kidney showing necrosis of renal tubules (1)
with casts occluding their luminar (?) and a 
destruction of the renal architectures (3). C. 
ruminant i urn parasites are in endothelial cells of 
hi ond capillary (Ilf. E x 630).

PLATE 34: Higher magnification of plate 13 showing casts in
renal tubules (pointer) and generalised necrosis 
causing loss of renal architecture (H&E x 1000).
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LUNGS

Grossly, a few experimental mice had pale lungs 

with little froth in the trachea while other mice had 

firm lobes of the lungs. Such affected lobes were at 

times darker than the rest of the lung lobes.

Microscopically, there was lymphoid cell 

infiltration in the lungs of many experimental mice 

whereby the lungs exhibiting this lesion were from mice 

whose kidneys had the lesion also. The lymphoid cell 

infiltration was especially concentrated around the 

pulmonary Rlood vessels (Plates 17 & IS) thus causing

congestion of such affected vessels. The infiltrating 

cells were also in the inter-alveolar septae and 

therefore compromised the alveoli. There was often 

oedema fluid in the alveoli whose walls were damaged 

and haemorrhagic.

HEART

Grossly, the blood vessels on the heart were 

congested in all experimental mice.

Microscopica 1 1 y , the experimental mice had 

lymphoid cell infiltration in their myocardium and, 

there was atrophy and necrosis of myocardial fibres in 

the areas with extensive lymphoid infiltration. The

cell infiltration was closely associated with the blood 

vessels of the heart. (Plates 77 & 28). In some cases, 

intermuscular haemorrhage was extensive especially in 

those cases with congested blood vessels.
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PLATE 1 5: Mouse Hver .showing m l  onips 
Kupffer cells on day 160 posh

of C!̂  ruminant hum in 
infection (H6E 630).

PLATE 16: Mouse brain showing 
spaces suggestive of

enl arged peri vase ul ar 
oedema (H&E x 630).
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PLATE 17: Mouse lung showing solidification as a result
of mononuclear cell infiltration (1) 
ha emor rliage (7) and alveolar collapse (arrow)
(Oiemsa x 400).

PLATE 18: Higher magnification of plate 17 showing the
infiltrating mononuclear cells and extensive 
destruction of the lung (Giemsa x 1000).
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PI. ATE 19: Mouse kidney showing glomerula adhpsi nn t.o
nnuman's capsule (1), perivascu 1 ar 1 ymphocyte cnl 1 
1 n f 1 1 t ra t1 on (2); and necrosis of renal tubules 
(3) (USE x 400).

PLATE 20: Mouse kidney showing destruction of renal
tubules by infiltrating lymphoid cells. 
Necrosis of tubules (N) is evident. Note 
morulae of ruminantiurn (arrow) (Oiemsa x
1 0 0 0) .
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LIVER

Grossly, mirp had enlarged livers but only a feu 

of the mien had the nodular grey-white 1 psions on their 

liver 51. Thnse mire which had the lea Iona In their 

liver also had the name lesion on other organa such an 

the kidneys. Rome livers appeared mottled whereby 

patches of paleness were visible grossly.

Microscopically, there were lymphocytic cell 

infiltration in the livers of those mice which had a 

similar lesion (infiltration) in other organs. The 

lymphocytic cells infiltrated mainly the centri1obu1 ar 

zones of the liver and these were closely associated 

with congestion and haemorrhage. Degenerative lesions 

varying from hydropic degeneration to necrosis 

characterised by the loss of cell nuclei were observed. 

The colonies of r uml nan t. i urn in the Ktipffer cells of

the liver stained purple blue (JI&F. Plate 25 & 26).

BRAIN

Grossly, the majority of brains of the 

experimental mice appeared normal except for a few in 

which the surface blood vessels appeared congested.

Histologically, only two mice had brains (Plates 

10 & 1 6) which showed enlarged perivascular spaces 

indicative of oedema. Few of the blood vessels were 

congested. Of all the organs examined, the brains of 

the experimental animals showed least lesions in extent 

and sever!ty.
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SPLEEN
Only four expprimpntal mi re had grossly enlarged 

spleens while a few others had soft, pulp hut were of 

normal size.

Histologically, some cases showed haemorrhage and 

lymphocyte depletion in the white pulp leading to their 

replacement with fibrin material (Plates 21 £ 22). The 

nuclei of some of the lymphocytes were pyknotic 

especially along the periphery of the areas already 

depleted of lymphocytes.
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PLATA! 21: Mouse spleen showing an area of 1 ymplinry I. e
depletion replaced by fibrin (1) and surrounded by 
a haemorrhagic zone (2) (H£F! x 400).

PLATE 22: Coloured photomicrograph of mouse spleen
shown in plate 21 (H&E 400).
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PLATE 2 3: Mouse k i dnpy showing mononuclear cell
infiltration of stroma (1) tubular necrosis 
(N) and cast deposit (C) (Cliemsa x 400).

PLATE 24: Higher magnification of plate 23 showing the
infiltrating cells (Giemsa x 1000).
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PLATE 2 5:  Mnusp ] i v p t  s l i n w l  ng n r p a s  o f  monnnurl p a r  r**11
Infiltration (dark) a n d  n o r m a l  areas (N) 
(Giemsa x 100).

PLATE 26: Higher magnification of plate 25 showing the
infiltrating mononuclear cells (Giemsa xlOOO).
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PLATE 77*. Mnusp hnnrt showing lymphoid rpl Is replacing 
the muscle fibres (llf.E x 400).

PLATE 70: Higher magnification of plate 77 (TIRE x 1000).
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2.1.5 INDIRECT FLUORESCENT ANTIBODY TEST (IFAT)

This was carried out as a confirmatory test of the 

presence of C_̂  ruminant 1 nm in the tissues of the mice 

which were experimentally infected with this disease 

agen t.

2.1.6 PREPARATION OF ANTTREN (Rnhhit Anti-mouse
Titvminoglohtil in)

Whole serum from six healthy mice (Swiss strain) 

was used as antigen to immunise the rabbit.

Each of the six mice was first anaes thesi zed by 

being put in a large beaker containing cotton wool 

soaked with chloroform. The mouse was then removed 

when unconcious, but still alive, and its forelegs 

pinned onto a wooden hoard to hold the mouse on dorsal 

recumbency. A shallow skin incision was then made from 

the neck to the umblicus region and the skin flayed 

laterally to expose the abdominal and thoracic muscles. 

An incision was then made through the thorax along the 

costo-chondra1 junction to expose the beating heart and 

the lungs. Blood was aspirated directly from the right 

venticle using a 21-gauge needle and a 5-ml syringe 

thus killing the mouse in the process. The blood was 

transfered into clean sterile Bijou bottles and allowed 

to clot overnight on a table top. Blood from three mice 

was pooled in each bottle.

When the clotting process was completed, the clot 

of blood in the bottles was hooked out to leave the
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clear serum. The serum .In the two bottles was then

ponied In a conical centrifuge tube and centrifuged at 

740 G. for six minutes. The clear serum was pipetted 

into a clean sterile Bijou battle'while the cell 

sediment left in the centrifuge tube was discarded. An 

aliquot of 3ml serum was mixed with an equal volume of 

complete Freund's adjuvant (Dlfco labs; Detroit., 

Michigan U.S.A.). This was effected with the use of a 

21-gauge needle and a 1.0ml-syringe whereby the contents 

were thoroughly mixed by repeatedly aspirating and 

forcefully expressing out the mixture until a 

homogenous white emulsion was obtained.

2.1.7 RABBIT IMMUNISATION

The rabbit. was immunised by Injecting it 

intramuscularly with .1ml of the antigen-adjuvant 

emu1s1 on.

A booster dose of the antigen (mouse serum) was 

administered intramuscularly to the rabbit 15 days 

after the first injection. The booster serum antigen 

was mixed with incomplete Freund's adjuvant (sigma 

labs; st. Louis, MO, USA) in a syringe to obtain a 

uniform emulsion, as above, prior to injecting 3ml of 

it into the rabbit. The booster dose of antigen was 

injected into the muscles of a different leg from the 

one into which the first, antigen was administered. The 

rabbit was examined daily for any sign of disease or 

excessive reaction against the antigen.
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2.1.8 TE8TINO OF THE RABBIT'8 IMMUNE STATUS

The extent of the rabbit's immune reaction to the

mouse serum was tested by immunodiffusion on day 6

foilowi ng the administration of the booster dose of the

s erum (an tigen). For this test, fresh mouse serum

( anti gen ) was prepared as done under section 2.1.6

whi 1 e the rabbi t serum was prepared as follows!

The dorsal surface of the rabbit's ear was wetted 

with soapy water and the hair on it shaved to expose 

the marginal ear vein along the rear border of ear.

The shaved area was then swabbed with cotton wool 

soaked in 70 per cent methanol then left to dry. The 

surface was next smeared with a thin coating of 

petroleum jelly to prevent premature clotting of blood. 

A diagonal incision was then made across the marginal 

ear vein, without severing it, while holding the base 

of ear with the thumb and finger to occlude venous 

return. The blood was collected in a large centrifuge 

tube coated internally with a thin film of petroleum 

jelly. When 10ml of blood had been collected, the 

pressure at the base of the ear was removed and a piece 

of cotton wool was pressed onto the incision site to 

stop bleeding. The rabbit was cleaned and returned to 

its cage.

A one per cent (1%) agar gel molten over a water- 

bath was poured onto glass slides to a depth of 0.3cm 

and left to set. After congelation, five wells were
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punched into the agar to form a sign of the cross. The 

four peripheral wells were equidistant from the central 

well. The central well was filled with mouse serum 

while the remaining four peripheral wells were filled 

with the rabbit serum (antiserum). The glass slides

were then left overnight on a flat surface in a humid 

chamber at room temperature for Immunodiffusion to take 

pi ace.

The sets of wells exhibitted a continuous line of 

precipitation running between the central well and the 

four peripheral wells. This is indicative of a strong 

immune reaction of the immunised rahhi t. .

2.1.9 PURIFICATION OF THK RABBIT'S IMMUNOGLOBULINS

Serum was obtained from a rabbit. hy hleeding and 

processing the blood as done under section 2.1.8. The 

Isolation and purification of 1mmunog1ohul1n G (TgO) 

was achieved hy ammonium sulphate precipitation of the 

serum proteins • followed by gel exclusion

chromatography.

In this process, 10ml concentrated ammonium 

sulphate solution was added in drops to an equal volume 

of serum in a beaker on a magnetic stirrer, to 

precipitate the serum proteins. The contents were then 

centrifuged at 1660G for six minutes. The supernatant 

was discarded while the precipitate sediment was 

dissolved in phosphate buffered saline (PBS) , PII 7.2, 

to make a total volume of 6ml. The protein in this
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solution was re-precipitated as above using 3 m 1 

(3?i . 33^) of concentrated ammonium sulphate and once 

again centrifuged at 16600 for 10 minutes. The 

supernatant uas discarded while the sediment was 

redissolved in 5ml PBS.

Desalting of the protein solution was effected by 

putting it in a washed cellophane bag (Visking size 9- 

36/32, medicell International Ltd. London) and 

dialysing against one litre of PBS over a magnetic 

stirrer. Fresh PBS was used each day for three days

and sodium azide was put in the PBS used for dialysis 

each time.

2.1.10 QEL FILTRATION CHROMATOGRAPHY OF THE PROTEIN

SOLUTION

This was effected using Sephadex 0-200 (Sigma 

Chemical Co. St. Louis, MO, USA), tubing and glassware 

for column operation as described by Fahey and Terry 

(1970). In this experiment, reverse-flow

chromatographic arrangement was used whereby the sample 

and buffer enter the gel column at the bottom and 

emerge at the top of the column as a result of a 

constant pressure from a peristaltic pump (i.KB, Bromma, 

Sweden). The serum sample (5ml) was introduced into the 

column by placing the free end of the in-flow tubing 

into the sample and allowing the serum to be drawn in. 

When it was all drawn in, the free end of the inflow
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tubing was immediately placed in a reservoir of PRS 

which was constantly drawn after the serum to maintain 

an air-free continous flow throughout 1 he system. The 

eluata was collected in a fraction collector (I.Kn, 

Rromma, Sweden) which was coupled to a 

spectrophotometer for graphically recording light 

absorbance of the emerging effluent. The fraction 

collected in each test tube was Rml . After calibrating 

the spectrophotometer using PRS by setting the optical 

density (OR) reading at zero, a sample of eluate from 

each test tube was put separately in provided cuvette 

and its OD read in an ultra-violet spectrophotometer 

(Reckmann, TJRA) at a wave length of 2R0nm and recorded 

(table 5) and the readings used to plot a graph (Figure

3).

Three pools of the e 1 ua t e s in the test tubes 

comprising tubes 13 to 26, 28 to 42 and 4 4 to 52,

respectively, were made and designated as fractions 

one, two and three respectively.
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Table 5: Spect rophntmel: r ic reading of “ tf-200 eluate from Sephadex

TUBE NO. OPTICAL HENS TTY TORE NO: OPTICAL DENSITY
10. 0.000 36. 1.385
11. 0.008 37 . 0.7 67
12 . 0.010 38 . 0.430
13. 0.01 3 39. 0.764
14 . 0.014 40 . 0.198
15. 0.019 41 . 0.141
16. 0.076 47 . 0.170
17 . 0.036 43 . 0.103
18 . 0.048 44 . 0.097
19. 0.093 45. 0.078
20 . 0.383 46. 0.064
21 . 0.183 47 . 0.058
22 . 1.444 48 . 0.046
23 . 0.891 49. 0.040
24 . 0.554 50 . 0.077
25. 0.373 51 . 0.071
26. 0.358 52 . 0.017
27 . 0.427 53. 0.010
28 . 0.654 54 . 0.006
29. 1 . 373 55. 0.003
30. 7.581 56. 0.000
31 . 2.784
32. 2.786
33. 7.784
34. 2.764
35. 2.320
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Optical Density of column eluates

Jigure  3
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Thp immunngl nbul in f r a r H  nns oht.ainpil from t he 

chromatography column w a a concentrated hy 

ul traf11trat1on under positive pressure using filter 

s 1 7. e P M 1 0 (nlaf 1 o u 1 t. r a f 1 1 t e r s , A m 1 c o n Ltd,

Massachusetts, USA) whereby the pressure was from 

compressed nitrogen. The three pools (section 2.1.10) 

were concentrated separately. After reducing the 

volume of the eluates to half t.helr original volume, 

the concentration procedure was interrupted in order 

for the optical density (OD) of: each of the 

concentrates to be read in a spectrophotometer ns in 

section 5.4. Since an OD reading of 13.8 Is given by 

rabbit sera containing protein concentration of lOmg/ml 

(Williams and Chase, 1907) which is recommended for 

conjugation with fluorescein. The u 1 t r a f 1 1 t ra t. i on of 

the fraction was aimed at achieving this concentration. 

A sample of the concentrated serum effluent was diluted 

with PRS ten times and its OD read by

spectrophotometer. This gave an OD reading of 3.394 

which was thus mult.pl led hy ten to give 13.94 as the 

reading of the concentrated fraction. It then follows 

that the protein con tent of this concentrated fracti on 

is

(13.94 x 10)mg/ml 

13.8

= 10.0Img/ml .

2.1.13 CONCENTRATION OF ELUTE FRACTIONS
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2.1.12 DETERMINATION OP THE EFFLUENT FRACTION CONTAINING 

THE HICJEST AMOUNT OF Ig O.

This was done using Ouchterlony simple diffusion 

technique (Ouchterlony and Nilsson 1978) using one per 

cent agar on glass slide. Three sets of wells 

consisting of five depots (wells) each were punched 

into the agar at regular intervals. The central well 

in each set of wells was filled with pre-prepared goat- 

antirabbit IgG while all the remaining four wells of 

each set were filled either with fractions one, two or 

three respectively. The slides were then put in a 

humid chamher overnight for immunodiffussion to take 

Pi ace. After a night-long diffusion, the three glass 

slides were examined for the presence of precipitation 

and its intensity noted. Glide two whose peripheral 

wells were filled with fraction two had the most 

intense continous line of precipitation between the 

central well and the four peripheral wells. The sets 

of wells on slides one and three with fraction one and 

three respectively, had faint lines of precipitation. 

This result shows that fraction two had the highest 

concentration of IgG while fractions one and three had 

traces of it. From then onwards, fraction two alone 

was used for other subsequent experiments by virtue of 

its having the highest concentration of IgG.
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2.1.13 A8SESMENT OF IgO POTENCY IN FRACTION TWO.

The activity of the isolated T gO (fraction two) 

against its specific antigen (mouse serum) was tested 

by the Ouchterlony plate technique ( Ouchter1 ony and 

Hill son 107R) involving immunodiffusion (section 

2.1.12). The central well was filled with IgO 

(fraction two) while the four peripheral wells were 

filled with fresh mouse serum (antigen) then left in a 

humid chamber overnight. When the results was read, 

the gel showed strong precipitation reaction between 

the central well and the peripheral wells therefore 

confirming that the isolated TgC? was still potent 

against its specific antigen (whole mouse serum).

2.1.14 CONJUGATION OF IgO WITH FLUORESCEIN ISOTHIOCYANATE 
(FITC)
l?ml of protein solution (10mg/ml approx.) was 

dialysed against O.?5mol. carbonate buffer, pH 5.5 to 

introduce this buffer into the protein solution while 

minimising the amount of PRS in the solution. The 

dialysis was effected using a cellophane bag (Visking, 

size 5-36/32, Medicell International Ltd. London) for 

24 hours. After dialysis, the protein solution had a 

pH of 5.5. The required conjugation ratio of 

fluorescein to protein is 40 microgrammes to lmg 

(Johnson et nl , 1578) and the total protein in ,12ml

solution was 120mg which therefore required (120 x 40 

microgrammes = 4800ug.

= 4.8 mg of FITC.
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This amount of f 1 uor escei n dye was measured and 

added dry to the protein solution according to Johnson 

et a 1 , (1978) and placed on a magnetic stirrer. The 

stirring to dissolve the dye was done gently overnight 

at 4°c in a dark room.

2.1.15 REMOVAL OP UNBOUND FLUORESCEIN DYE

This was achieved by gel chromatography using 

sephadex 025 (Sigma Chem. Co. Ltd. St. Louis, Mo, USA). 

The gel powder (20g) was swelled overnight at 4°C in 

excess phosphate buffered saline, pH 7 . 2 r 8 . OM then 

packed in a 40cm perspex column (Pharmacia, Sweden) and 

allowed to stabilize for 24 hours with a constant flow 

of PBS through it.

The conjugate was applied on top of the gel and 

its elution carried out with PBS supplied by a 

peristaltic pump while t.be fractions were collected 

using a fraction collector as in section 2.1.10. The 

colour of the eluate collected in test tubes was used 

to determine those test tubes whose contents were to be 

pooled, concentrated and used for further experiments. 

The test tubes of interest here had yellow contents 

while the rest had colourless liquid.

The 25ml of yellow eluate collected was 

concentrated by ul t ra f i 1 t ra t. i on as in section 2.1.11 to 

13ml .
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This was done* according to a modification of the 

method of Riggs et al (1060). It involves the elution 

of the conjugate using D K - 5 ? cellulose (Whatman, 

England) and phosphate buffer vith sodium chloride 

(N a C 1 ) of varying molarities. The cellulose was 

equilibrated overnight with PBS, G.0175mol/L, pH 6.3 

while the conjugate was also equilibrated in the cold 

with the same buffer overnight by dialysis through 

cellophane bag (Medicel1 International Ltd., London).

After the equilibration, the conjugate (13ml) was 

applied onto the cellulose and eluted gradually using 

phosphate buffer with varying molarities of sodium 

chloride as follows:-
(1) 100ml phosphate buffer 0.01 7 Smo 1 /1., pH 6.3,

(2) 100ml phosphate buffer 0.01 7 Smo 1 /1., pH 6.3 with

O.l25mol/L of sodium chloride.

(3) 100ml phosphate buffer 0.0.17 5mol/L, pH 6.3 with

0.25mol/L of sodium chloride.

The effluent from the column was collected by a 

fraction collector (LKB, Sweden) and it was the third 

(above) phosphate buffer with 0.25mol/L sodium chloride 

which eluted the optimally-labelled conjugate as 

verified by spectrometri c readings as in section 

2.1.10. This optima 11y-1abel 1 ed conjugate (10ml) was 

used in subsequent experiments while the rest of the 

effluent was discarded.

2.1.16 ISOLATION OF OPTIMALLY-LABELLED IMMUNOGLOBULINS
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2.1.17 PREPARATION OF UNCONJUOATED IMMUNE SERUM

(A) Serum was prepared from twelve Swiss mice which 

had been inoculated intraperitoneal 1 y with a stabilate

of C. ruminantium. All the mice had been i nocu1 a ted

with 2ml of stabilate on diverse days after sepa ra 1.1 ng

the mice at random into two groups of six mice each.

All the mice in the first group were inoculated on day 

one only, while group two mice were inoculated on day 

one and on day 15.

Three mice from each of the two groups were bled

to dea th , as in sec t i on 2.1.6, by drawing b 1 ood from

the ir hearts on day 30 . Thei r bl ood was pooled then

processed for s e r u m as in section 2.1.6. The

resulting serum was then preserved at 0 nC in 5ml 

plastic vials and 2-3 crystals of salt added to prevent 

precipitation of immunoglobulins.

(B) Serum was also prepared from six mice which had 

been inoculated intraperi toneal ly with ?ml of

ruminan11 urn stabilate 70 days earlier. Their blood was 

pooled, processed for serum and the latter preserved as 

in section 2.1.17 (above) then used separately in the 

IFAT experiment.

(C) Serum from non-immuni sed mice was also prepared 

from five swiss mice as in section 2.1.17 (above) then 

preserved in separate vials as above until required for 

control purposes in the IFA test.
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2.1.18

Infected mouse peritoneal macrophages (section

PREPARATION OF ANTIOEN (Cowdrla rumlnantlum)

2.1.17 A&R) was the source of the antigen and was 

prepared according to the method of Du Pies sis and 

Malan (1987a). This involved injecting 3ml PRS into 

the mouse abdominal cavity then gently massaging the 

abdominal contents with the needle in situ and maximum 

quantity of fluid withdrawn. The washings were pooled 

into two groups, centrifuged at 4000 for 5 minutes and 

the supernatant was discarded. The cells were then 

resuspended with little buffer before being placed in 

wells on a slide. In this procedure, mice infected 70 

days earlier had their peritoneal washings pooled, 

while those infected 30 days earlier (section 2.1.17) 

had their washings pooled separately and used as such.

2.1.19 INDIRECT 8TAINING ( INCLUDING MOUNTING OF STAINED
SLIDES)
This was done according to the method of Johnson 

e t a (1978) which involves the use of unconjugated 

serum containing antibodies whose sites of reaction is 

demonstrated by means of labelled (conju gated) 

antiserum specific for immunoglobulin.

PROCEDURE
Two drops of the suspension of mice peritoneal 

macrophages containing the antigen ( C . r urn 1 n a n 11 urn ) was 

placed in each well on IFAT glass slides (Wellcome PI.C, 

England) and dried in an incubator at 37°C. The 

antigen in the wells was then fixed by flooding the
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slide with acetone for 3 minutes. Serially diluted 

immune unconjugated serum, specific for the antigen, 

was put in the wells coated with the antigen. Sets of 

four wells received the serum either concentrated or 

diluted 1:1, 1:2, 1:3, 1:4, 1:5, 1:6 respectively then

the si ides were held for 30 minutes in a humid chamber 

maintained at 37°C in an incubator. The slides were

then washed with phosphate buffered saline (PBS), pH

7.2 for 30 minutes by placing the slides vertically in 

a tray immersed in PBS on a rocking platform. After 

the washing, the wells were stained with the 

antiglobulin conjugate by placing it on the wel Is 

without allowing the wells to dry. The slides uere

then held once more for 30 minutes in a humid chamber 

at 37°C. The conjugate was not diluted prior to 

applying it on the wells. After 30 minutes, the 

conjugate was removed and the slides washed by being 

held vertically in a tray immersed in PBS on a rocking 

platform. The continuous washing lasted one hour. 

Control slides wore treated in a similar manner except 

that the serum which was first applied on the antigen 

was from non-immunised animals.

MOUNTING OF STAINED SLIDES

After washing the slides, PnS was shaken off f rom

them then three drops of glycine sali ne buffer , PH 0.6,

0 .5M was placed on.the slides to form a conf1uence over

the wells. A glass cover slip, 22mm x 50mm, was then
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mounted over the wells without forming air bubbles then 

observed with a fluorescence microscope ( L e i t z , 

Germany) at 495nm.

2.2.3 RESULTS OF I FAT EXPERIMENT

When the stained glass slides were observed in the 

fluorescence microscope at 495nm, the areas of specific 

fluorescence were bright-orange in a field which was 

dull as a result of the Evans nine counter stain (Plate 

33). The fluorescent material was closely associated 

with the mouse peritoneal cells (Plate 32) as revealed 

when the ultra viol et. (U . V ) light is cu t off and 

ordinary white light is used to view the fluorescing 

si tes.

Tn this test, positive results were obtained only 

from mice inoculated in t. raper l t onea 1 1 y with the Tana 

River isolate of C . rumlnantium for at least 70 days 

(post infection) when they served as the source of 

antigen.

Mice inoculated with the Transmara isolate were 

not used as a source of antigen in this experiment 

because no C . ruminantium parasites had heen observed 

in the organs of mice inoculated with this parasites.

The positive results also confirm that the mice 

whose serum was used in this experiment had formed 

antibodies against the C. rumlnantium parasites
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P ^ A T E  31: IFAT (positive) showing b right areas o
specific fluorescence of ruminantlum In a
mouse peritoneal washing (fluorescein x 400).

PLATE 32: IFAT (positive) showing areas of specific
fluorescence of £UJDi.H3.n_t i.um in mouse
peritoneal macrophages. The top left shows 
the parasites in association with a monolayer 
cell while the top right is a congregation of
the parasites (Fluorescein x 1000).
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2.2.4 DISCUSSION AND CONCLUSION OF PART TWO

In this st. u d y , two Kenyan isolates of

C .ruminantium from two geographically- distant places, 

one from Tana river district and the other one from 

Transmara region were used. Mice which were inoculated 

with the Tana River isolate were the only ones from 

which the rickettsial parasite could be recovered. 

This result is in agreement with the findings of 

Uilenberg (1983) who reported that there exists a wide 

spectrum of strains of the rickettsia with varied 

infectivity for mice and that some strains are non- 

infective and non-pathogenic to mice. It is possible 

that the Transmara isolate of C. ruminantium used in

this experiment has these character!stics at least to 

the Swiss mice. On the contrary the Tana River isolate 

used was infective but non -pa thogeni c . This result, is 

in agreement uith the findings of Ui1enherg (1983) who 

reported the existence of strains which are infectious 

bpt non-pathogenic to mice. The Tana river isolate 

could he recovered from the tissues of sacrificed mice 

for up to 198 days post infection but only from mice 

infected i n t. r a per i t one a 1 1 y . This finding contradicts 

the popular belief that the intravenous (i.v) route is 

better than the intraperitoneal (i.p) route of 

infecting mice with this parasite.

The Tana river isolate may be infectious to mice 

when inoculated in high doses only as occurs during i.p 

infection. The i.v. route allows the administration of
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on 1 y a little amount of infected blood and therefore

f ew organi sms wh i ch i n turn fail to initiate an

infection. The failure to isolate the Transmara 

i s o l a t e s  from mice unlike the Tana river isolate 

suggest that the two isolates of the parasite vary in 

their ability to survive in mice. This being the case, 

further research should he undertaken to study their 

immunological characteristics and their ability to 

infect various domestic ruminants and laboratory 

animals. This is important because they may have 

u n d e r g o n e  an alteration in their v.irtilence and 

antigenic identity as was reported hy Jongejan et aj_ 

(llOfl) after they undertook a study on the cross 

protection between different stocks of C . rumlnantium

The route of infection and the nature of stabilate 

used are important in determining whether infection 

will occur or not. Jongejan et al̂  (19BB) successfully 

infected Balb/c mice with C.ruminanti um (Senegal) by 

the intravenous injection of tick derived stabilate 

whereas blood stabilate via the same route failed to 

initiate an infection. This report leads this author 

to recommend that tick derived stabilates of both the 

Tana river and Transmara isolates should he 

administered into mice by the intra-venous route. This 

is especially so because the author failed to isolate 

any ruminanti um parasites from all the mice infected

by the intravenous injection of infected goats blood.
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The mice from which the rickettsial parasites were 

recovered showed piloerection as the only sign of 

disease. The suhclinical reaction may he as a result, 

of the isolate's characteristic of being infective but 

non-pathogenic to Swiss mice. This is in agreement 

with the findings of Uilenberg (1083) who reported that 

go a t  blood infected with some two strains of 

rumi nan t i um did not cause symptoms or mortality in 

Swiss mice injected intravenously. In these

experimpnts, the presence of ruminant i um parasites

in the chronically infected mice was confirmed by 

Immunof1uorescence test. This test also confirmed that 

those mice which habou r ed the r 1 c k e t t. s i a s for many 

months had specific antibodies in their sera which 

failed to eliminate the rickettsial parasites.

The Kenyan isolate of rumi nan 11 um persisted in

the mouse tissues for at least 106 days. One would 

expect the immune defenses of the host mice to 

eliminate the rickett.sia during that period but this 

did not happen. Under natural conditions, some

parasites have evolved effective evasive mechanisms 

which allow them to survive while under a full 

immunological attack of a mammalian host. Parasites 

can survive the immune attack of the host by occupying 

sites where they cannot be reached by the host's 

antibodies. According to Greenwood and Whittle (1001), 

micro-organisms within host cells, e.g. macrophages are
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safe from the effects of antibodies and can survive for

p r o l o n g e d  periods causing chronic and latent 

infections. The rickettsia used in this experiment may 

have survived in the host in this manner. Another 

possible method which the rickettsia may have used to 

evade the immune reaction of the host is by undergoing 

antigenic change. This aspect of immune evasion was 

studied by Wassink e_t al̂  (1086) who demonstrated that 

no antigenic change occurred in the isolates which they 

used. This does not rule out the existence of 

antigenic change in other isolates of C . ruminant!um 

incl u d i n g  the Kenyan isolates. It was recently 

reported by Jongejan et a 1 (1088) that stocks of C -

ruminantium from geographically distant areas have been 

compared and shown that some cross-protect fully, 

others partially while others do not cross-protect at 

all . This emphasizes the existence of immunologica1 1y 

different isolates of C . !I!Im i IlfLO t _^um each o f w h 1 c h 

ought to be studied individually for their antigenic 

identity. This is an important step in our search for 

a suitable isolate for use as a vaccine. Any antigenic 

differences between the parasite isolates are likely to 

complicate immunisation against the disease and, 

according to Uilenberg (1983) the existence of such a 

variation may explain some of the disappointing 

vaccination results reported by some authors from the 

field.
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The grey-white lesions which occurred on the 

s u r f a c e  of the liver and kidney were shown 

Histologically to be perivascular infiltrations of 

lymphocytes which had also spread to the lung and 

cardiac muscle. The histological preparations of the 

mouse organs also revealed degenerative changes in the 

kidney, lung and heart mainly. These changes included 

swelling, cast deposits, haemorrhage and necrosis. The 

kidneys also showed interstitial and perig1omeru1 ar 

cel 1 ul ar infiltration as earlier reported by IJilenberg 

(1983). The cellular infiltration seen in this 

experiment were similar to the infiltrations which 

occur in cattle with East Coast Fever (Munyua, 1971). 

This disturbance of the lymphocytes was reflected in 

the spleens of some of the mice where there was often 

depletion of the lymphocytes and these were replaced by 

a homogenous fibrin material. The lymphocytes play a 

rol e in the immune response of the host mice but this 

author has no explanation on how lymphocyte cells 

become disturbed leading to their infiltration of 

organs of animals with heart water. This author 

appreciates that these infiltrating cells can cause 

other pathological changes in the long run when they 

destroy the liver, heart and kidney. Their extensive 

destruction of these organs could lead to oedema as a 

result of ensuing hypoproteinaemia and renal 

dysf unct.i on .
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The nephrosis observed in mice used in this 

experiment confirmed the findings of Prozesky (1987c) 

w h o  reported that nephrosis is a common change in 

animals that die of heart water. Work by previous 

researchers may provide the explanation of how the 

degenerative changes come about. Allison and Houba 

(1976) summarised the findings of other researchers who 

demonstrated that glomerulonephritis in mice infected 

with Trypanosomes and in humans with malaria is a 

r e s u l t  of the formation in circulation of immune 

c o m p l e x e s  which become trapped in the glomerular 

c a p i l l a r y  walls. They also stated that thrombi 

consisting of platelets and leucocytes form in such 

affected hlood vessels. This author suggests that a 

similar situation is true of heartuater. Under those 

circumstances, the hlood capillaries with thrombi and 

i mmune complex deposits suffer localized ischaemia 

leading to the observed necrosis and haemorrhage. 

Likewise, the thrombi could cause increased hydrostatic 

pressure and subsequently to exudation and the oedema 

observed. The pathological changes observed were well 

developed because the mice were chronically infected, 

which means there was sufficient time for the changes 

to be expressed.
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In heartwater infection, the induction of 

a utoim n m n e  antibodies directed against renal glomerular 

b a s e m e n t  membrane is another possibility explaining the 

9  1 omerul onephri tis and this ought to be investigated 

e *perimpnta 1 1 y .

According to Roitt (1986) antigen-antibody 

c o m p l  exes cause aggregation of platelets which form 

niicroihrombi and vasoactive amine release. It is this 

a u t h o r ' s  conviction that the increased capillary 

p e r m e a b i l i t y  in heartwater is a result of similar 

a n t i g e n -  antibody complexes which stimulate vasoactive 

a m i n e  release. This leads to hydropericardium, lung

o e d e m a  and effusion of the body cavities. It. was 

reported by Cowd r y (1 92 5a ) and confirmed by subsequent 

researchers that C_. ruminant 1 nm organisms cause minimal 

d a m a g e  to endothelial cells with the result that no 

plausible explanation was given on how the increased 

vascular permeability is caused. Recently, Du Plessis 

t: a 1 (1987) suggested that the increased vascular

p e r m e a b i l i t y  was an Immune complex type of

Hypersensitivity reaction triggered by the release of 

p h a r m a c o l o g i c a l l y  active substances and that the 

mechanism of release is still to be determined. This 

a u t h o r  suggests that the mechanism of release is as 

explained above by Roitt (1986).
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This author's experimental mice haboured the 

beartwater parasites for many months uithout showing 

nny signs of oedema. This may have been because the 

parasites remained intracellular and out of reach of 

tbe host's antibodies which would have otherwise formed 

complexes with the parasites to cause the release of 

the vasoactive amines in sufficient quantities to cause 

increased vascular permeability. Once in a while host 

cells habouring the parasites may rupture to release 

the organisms into the circulation where some become 

eliminated by the mouse immune defenses. Meanwhile 

those parasites which enter host cells before being 

eliminated remain intracellular and multiply. In such 

a case, the number of organisms present in the mouse 

body As controlled and the mouse lives in balance with 

this infection.

The lesions in the brains of animals with 

heartwater are considered mild and insufficiently 

constant to explain the pathogenesis of the nervous 

symptoms but. some researchers have Invoked toxins 

without evidence, Hi 1enberg (1103). According to Roitt 

(1986), the choroid plexus is favoured for immune 

complex deposition by virtue of its being a major 

filtration site. This could explain the frequent 

central nervous disorders in heartwat.er when antigens 

released by ruminanti um parasites form complexes

with antibodies which in turn become deposited in
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v a r i o u s  sites including the choroid plexus. The 

deposit alone could he responsible for the nervous 

symptoms observed in some animals with heartwater. Any 

oedema which might develop in the brain as a result of 

a release of vasoactive amines could worsen the nervous 

symptoms and cause rapid death. Animals which die hut 

do not exhibit nervous symptoms may have died without 

h a v i n g  formed immune - complex deposits in their 

choroid plexus. Research to verify if animals dying of 

h e a r t w a t e r  have immune-complex deposits in their 

choroid plexus ought to be carried out.

The persistence of ruminantium in laboratory

mice implies that similar situation could occur in wild 

m i c e  which would therefore act as reservoirs of 

heartwater. If the guinea fowl and the tortoise are 

known to habour these parasites then pass the infection 

to ticks (Oberem and Bezuidenhout, 1087), then mice

could play a similar role. The result also shows that 

swiss mice can he infected with the Tana river isolate 

then used t.o transport the organism and at the same 

time, to "store" the parasite for many months.

A laboratory model of heartwater would obviously 

be of major potential importance for studies on aspects 

such as chemotherapy, immunology and pathogenesis of 

the disease. However, the mouse infective isolates 

have some variations in their pathogenicity to mice
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therefore findings obtained from studies in mice are 

not necessarily always representative for the field 

strain in ruminants. This variation of adoption to 

mice together with the recent findings of Munene (1987) 

who reported the existence of an intranuclear Kenyan 

isolate of ruminantium are interesting. His report

is in contradiction to previous literature which 

i n s isted that this parasite occurs exclusively 

i n t r a c y t o p i a s m i  c a 11y . These findings show that 

intensive research on the heartwater parasites isolated 

in Kenya and in other countries should be carried out 

as this may eventually lead to the possible discovery 

of another species and a re-examination of the 

parasite's taxonomy.

In this experiment, t. h e observation of C 

rumina n 1111m within 1 ymph o id cells infiltrating the 

kidneys, liver and lung is in general agreement with 

the findings of Munene ( 1.987) who observed the 

parasites in the lymph nodes of infected goats. These 

findings show that it is possible ho make a diagnosis 

of heartwater from the lymph node smears of live 

affected animals after which such an animal can benefit 

from a specific treatment of the disease.

91



Thf? isolate of C . riimi n a n H  uni used in thi s 

experiment, infected the laboratory mice and multiplied 

in sites which include t. he lymphoid tissue thus 

inducing a marked proliferation of the lymphoid tissue. 

The foci of proliferation gave rise to nodula grey- 

white formations on the kidney, liver and lungs. The 

organisms were observed in lymphocytes of the formed 

nodules and in extracellular spaces. The presence of 

ruminant, ium in mice tissues was confirmed by 

indirect fluorescent, antibody test (TFAT).

P A R T  T H R E E

3.0 ADAPTATION OF C. RUM TN ANT T TIM TO CRM. CULTURER

3.1 MATERIALB AND METHODS

3 . 1 . 1  PR EPAR AT IO N  OF CELT, ClILTUREfl

A gravid uterus was obtained intact from Dagoret.fi 

abattoir and transported in a bucket by vehicle to the 

department of veterinary pathology and microbiology. 

After washing the surface of the uterus, it. was incised
I

to expose the foetus which was then removed and 

suspended by the legs. The foetal abdomen and thorax 

were then dissected open esept.lcally to expose the 

internal organs. The kidneys were dissected out along 

with the lungs and the two organs put in separate 

sterile petri dishes. The pulmonary arteries and major
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vei ns were dissected out and pooled with the jugular 

together with the major hlood vessels of the 

l̂€?a*"t in a third petri dish.

The primary cell cultures were initiated from 

k i d n e y  f lung and endothelial cells from the same foetus 

b u t  in separate culture vessels. All the cell lines 

developed were used in the experimental culture of C ■ 

ruminantium i n vitro .

M -1.1 PREPARATION OP LUNO CELLS FOR CULTURE

After tri mm ing away the connective tissues and 

bronchi, the lungs were cut into small pieces then 

transferred aseptically into a conical flask containing 

a magnet. Phosphate buffered saline (PHS), pH 7.2 was 

add e d  to submerge the magnet and float the lung pieces, 

then stirred gently for five minutes over a magnet I c 

stirrer. This washing process was repeated with fresh 

P B S  which was similarly discarded after the second 

w a s h  ing.

After the second washing, ,10ml of 0.25% warm 

trypsin was introduced into the flask and the organ 

s t i r r e d  by a magnetic stirrer for 15 minutes to 

d i s s o c i a t e  the lung cells. The supernatant was 

decanted into universal bottles and a fresh 0.25% 

trypsin added to the large organ pieces still in the 

flask for further, stirring.
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T h e  c o n t e n t s  o f  t h e  u n i v e r s a l  b o t t l e s  w e r e

c e i  ̂t ri f uged at 1 6fiOG for five minutes. The

, consisting of trypsin, was decanter! and 

while the cell sediment was resuspended in 

warrr* Eagle minimum essential medium (MEM) and re- 

c e n t r i f u g e d  to wash away trypsin. The supernatant was 

^  ̂s c a r d e d  once more while the cell sediment was 

r e s u s p e n d e d  in a little MEM and transferred to a tissue 

c u l  t u r e  bottle. The cells arising from the second

t rypsinisation procedure was similarly processed and 

p o o l e d  with the previous harvest of cells in the tissue 

c u l  tu r p  bottle. Warm ?Oml of MEM was added onto the

c e l l s  and i mmed i ately supplemented with 2ml (lO^K) 

f o e t a l  bovine serum (Gibco Ltd., Paisley, Scotland) and 

s n d i  nm benzy 1 pent ci 1 1 i n (700 i.u/ml) and streptomycin 

s u l  phate (?00ug/ml ) of cul turn medium.

After a thorough mixing by aspiration and forceful 

e x p u l s i o n  using a 1.0ml pipette and a rubber bulb, 2ml 

a l i q u o t s  of the cell suspension was dispensed inf o 

ei g h t  (3) Leighton tubes. The tubes, which are fitted 

w i t h  glass cover slips (.10mm x 30mm), were corked with 

r u b b e r  bungs and incubated at 37 °C. The I.eight on tubes 

a n d  tissue culture flasks containing cultured cells 

w e r e  only removed from the incubator dviring media 

change or microscopic observation.
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p r e p a r a t i o n  o p k i d n e y  c e l l s p o r c u l t u r e

T h e  renal capsules were removed along with 

adhering extrarenal connective tissues and discarded. 

A scalpel blade was then used to separate the cortex 

from tihe medulla by trimming the kidney superficially 

and retaining the cortical material. This was then cut 

into small pieces and transferred aseptically into a 

conital flask containing a magnet then washed and 

s u b j e c t e d  to the cell dissociation process of 

trypsi nisation as in section 3.1.1.1. The resulting 

cells were processed and dispensed into eight ?ml 

Leighton tubes and the tissue culture flasks and then 

incubated as done under section 3.1.1.1.

1.1.3 PREPARATION OP ENDOTHELIAL CELLS POR CULTURE

A f t e r  removing as much connective tissue as 

possible, the blood vessels were slit open and rut 

into small pieces. The resulting pieces were 

transferred aseptically into a conical flask containing 

a magnet then washed and subjected to trypsinisation to 

d i s s o c i a t e  the cells as explained under section 

3.1.1.1. Tn this case, the stirring process was very 

vigorous and the trypsini sation process lasted 7 0 

m i n u t e s  per session. This was because of the 

difficulty of dissociating the cells from blood vessels 

unlike in ..the earlier processes involving either the 

lung or kidney.
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Thf» resulting cells were resuspended in 20ml MEM

c ° n t a i n i n g  1 0 foetal bovine serum (FBS ) , mixed

^ ^ ° r o u g h l  y , then aliquots of 2m 1 was dispensed into 0
Leighton tubes. The remaining cell suspension 

W5,s  ̂dispensed into two plastic tissue culture flasks 

( 2 5 0 m l  ) and then the volume of medium (MEM) increased 

t ° 30ml in each flask. Penicillin (200 i.u/ml) and 

streptomycin (200ug/ml) were added then the cells were 

i n c u b a t e d  at 37°C as in section 3.1.1.1.

1 - 2 CARE OP THE CELL CULTURES

The culture media in all the I.eighton tubes and 

t i s s u e  culture flasks were changed aseptically on the 

s e c o n d  day of culture in order to remove dead and non- 

a t t a c h e d  cells. The fresh replacement MEM contained 

1 0 %  FBS and antibiotics as in section 3.1.1.1., and it 

w a s  warmed to 37°C in a water bath prior to being 

introduced into the tubes. As regards subsequent 

changes of culture medium (MEM), a change of colour of 

t h e  medium over the cultured cells was used as an 

i n d i c a t o r  whereby a change from pink to yellow 

(increased acidity) signalled the time to introduce 

£ r e s h culture medium. The cultured kidney cells 

changed the colour of their culture medium to yellow 

m u c h  faster than cells from either lung or blood 

v e s s e l s .
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3.1.3 CELL PASSAGE

This involved cultured lung, kidney or endothelial 

cells. The cells which were passaged had been cultured 

in plastic tissue culture flasks (250ml) and had formed 

a thick monolayer of uninfected cells. This stage of 

cell growth which necessitated passage was reached in 

twelve to fifteen days of culture and the cells were 

passaged either into Leighton tubes or other tissue 

culture flasks.

The culture medium in the tissue culture flask was 

decanted and discarded then 5ml of a warm mixture of 

0.25% trypsin and versene (1:4 respectively) introduced 

into the flask. After swirling the flask’s contents 

briefly, it was examined using an inverted microscope 

(Leitz, Germany). The swirling procedure was repeated 

and when many cells had detached from the flask, .1.0ml 

of prewarmed (37°C) MFM was introduced into the flask 

and swirled around then decanted into a clean sterile 

universal bottle. Fresh culture medium (MFM) was then 

introduced into the initial tissue culture flask and 

incubated at 37°C so that the remaining viable cells in 

it could grow and multiply.

The universal bottles containing cells detached 

from the tissue cul t.ure flask were centrifuged at 17000 

for 5 minutes then the supernatant was decanted and 

discarded. The sediment was resuspended in 10ml of 

fresh MFM and the centrifugation process repeated to



wash away any residual trypsin. The supernatant was 

then decanted to leave a sediment of cells which was 

resuspended in 5 m 1 of fresh culture m e dium and 

transferred into a clean sterile tissue culture flask 

or into a new set of Leighton tubes depending on 

requirement. The contents of the flasks was then 

raised to 30ml hy the addition of fresh MEM with 10% 

FBS. Streptomycin and Benzylpenici11 in G were added to 

the final volume at 200 ug/ml and 200 i.u/ml 

respectively. Likewise, where the cells were passaged 

into Leighton tubes, the volume of the final culture 

medium was raised to 2ml. All the flasks and Leighton 

tubes containing cells were incubated at 37°0 during 

the duration of thp experiment. except during 

microscopic observation and when changing the culture 

medi um.

3.1.4 TNOCULA AND INOCULUM PREPARATION

3.1.4.1 INOCULUM ONE (Designated S3Q)

This was a heart-water hi ood stabilate (Tana River 

isolate) prepared forty days earlier from an 

experimentally infected goat then preserved with ten 

per cent (10%) dimethy1sulfoxide in liquid nitrogen 

(-196°C). The donor goat had a temperature of 41.5°C 

when its venous blood was drawn and preserved in 

sterile 10ml plastic vials containing F.DTA. The 

stabilate was allowed to thaw at room temperature 

before being used in the inoculation experiments.
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This inoculum was prepared by homogenising organs 

from two mice inoculated 70 days earlier with 

heartwater blood stabilate (Tana River isolate). Both 

mice had been inoculated intraperitonea11y with 2ml and 

5ml respectively, and were sacrificed within .10 minutes 

of each other. From each of the mice, the spleen, one 

kidney and a lobe of the liver were removed and pooled 

in a sterile petri dish. These organs were transferred 

into a sterile frozen (-20°C) mortar and ground with 

pestle by hand.
When the organs froze, 2ml of cold (4 C) culture 

medium ( M E M ) was added into it and the grinding 

continued. Four more 2ml aliquots of culture medium 

was added at intervals during grinding. When the 

grinding was completed, the contents of the mortar were 

transferred Into sterile universal bottles and 

centrifuged at 700C for 3 minutes to sediment large 

tissue particles.

The supernatant, containing suspended cel Is, was 

decanted into a clean sterile universal bottle while 

the sediment was discarded. Streptomycin (IflOOug) and 

Ben zy 1 pen i ci 1 1 i n CJ (IflOO i.u) were added to the 0ml of 

snpernate collected.

3.1.4.2 INOCULUM TWO (Designated OA/B30
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This is the Transmara isolate of C_̂  ruminant lum 

which was prepared and preserved as described under 

section 1.3.2. The inoculum was prepared by thawing 

the stabilat.e at room temperature then mixed two parts 

(8ml) of it with one part (4ml) of cold culture medium 

(MEM) containing 10% FBS and antibiotics as in section 

3.1.1.1 .

3.1.5 INOCULATION PROCEDURES

Two different inocula of Cowdr1 a ruminantium were 

used separately to inoculate the cell cultures on the 

third day of their culture. This was when the cultured 

cells had grown to form a fairly uniform monolayer.

3.1.5.1 INOCULATION EXPERIMENT WITH INOCULUM ONE (B<j0 )
As soon as inoculum one (S30) was fully thawed, 

two parts of the stabilat.e (10ml) were diluted with one 

part (5ml) of cold culture medium consisting of MEM 

with 10% FRR and antibiotics as in section 3.1.1.1.

Fifteen (15) Leighton tubes containing cultured 

cells either from the lung (5), kidney (5) or 

endothelial cells (5) were removed from the incubator 

when the cells had grown to form monolayers.

The culture medium in each of these tubes was 

decanted and discarded. Each tube was then inoculated 

aseptically with 0.8ml of the diluted inoculum and 

incubated at 37 °C for 105 minutes before most of the 

inoculum was drained out of the tubes and discarded.

3.1.4.3 INOCULUM THREE (designated S31)
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The Leighton tubes were then refilled with 2ml of fresh 

warm culture medium and re-incuhated at 37°C throughout 

their culture period except when the culture medium 

(MF.M) had to be changed or when screening the tubes 

microscopically once each day using an inverted 

microscope (I.eitz , Germany).

3.1.5.2 INOCULATION EXPERIMENT WITH INOCULUM TWO (GA/B30

Twelve Leighton tubes of cultured cells were 

removed from the incubator on day three of culture. 

There were four tubes containing cultured cells from 

either kidney, lung or endothelial cells respectively. 

The culture medium from each tube was discarded and 

replaced with 0.7ml of the supernatant obtained from 

organ h omog e n a h e . The cultured cells were then re- 

incubated at 3 7 °C for 10 5 minutes. After the 

incubation, most of the supernatant over the cultured 

cells was decanted and discarded then each t. eight on 

tube was replenished with 2ml of fresh culture medium 

containing FRS and antibiotics as in section 3.2. All 

the tubes were then incubated at 37nC throughout the 

duration of the experiment except during their 

microscopic observation and when changing the culture 

medium. Microscopic observation of the cultured cells 

was done using an inverted microscope (l.eitx, Germany). 

The culture medium in the tubes was changed either when 

microscopic observation revealed too many dead floating 

cells or when the medium over the cultured cells turned
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to yellow. This colour change is indicative of high 

acid content from metabolic activity of the cells.

3.1.5.3 INOCULATION EXPERIMENT WITH INOCULUM THREE (831)

Fifteen (15) Leighton tubes containing cultured 

cells either from the lung (5), kidney (5) or 

endothelial cels (5) were removed from the incubator on 

day three of culture when the cells had grown to form a 

uniform monolayer. The cultured cells in each tube 

were inoculated with 0.Rml of diluted S31 then handled 

and incubated as in section 3.1.5.1.

3.1.6 FIXATION AND STAINING OF INOCULATED AND CONTROL
CELL CULTURES

3.1.6.1 FIXATION AND STAINING OF CELLS INOCULATED WITH S3Q

One Leighton tube for each cell type (lung, 

kidney and endothelial cells), was removed from the 

incubator on day two following inoculation and, after 

draining the culture medium In It, methanol (70%) was 

introduced into the tubes to fix the cultured cells 1 n 

situ. After a fixation of five minutes, the methanol 

was drained and replaced with 1.0% Giemsa stain which 

stained the cells for 70 minutes.

The cover slips on which the cultured cells were 

growing in the I.eight.on tubes were then removed, dried 

and mounted upside down on microscope glass slides 

ready for microscopic observation. One tube from each 

group was treated in a similar manner at intervals of 

every three days.
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3.1.6.? FIXATION AND STAINING OF CELLS INOCULATED WITH 
GA/B30

One Leighton tube for each cell type (lung, kidney 

and endothelial) was removed from the incubator on day 

two and subsequently every after three days then the 

cells therein are fixed, stained and mounted as under 

secti on 3.1.6.1.

3.1.6.3 FIXATION AND STAINING OF CELLS INOCULATED WITH 831

One Leighton tube for each cell type (kidney, lung and 

endothelial cells), was removed from the incubator on 

day two of inoculation then handled, fixed and stained 

as in section 3.1.6.1. More tubes had their contents 

fixed and stained every after three days until the 

tubes were exhausted.

3 .7 RESULTS OF PART THREE

ADAPTATION OF C._ RUMINANTIUM TO CELL CULTURES 

Cultured lung, kidney and endothelial cells grew 

and multi plied very well under the conditions of their 

culture. Under similar conditions, the kidney cells 

altered their cul t.ure medium to acidic much faster than 

the other two cell types, thus implying that the medium 

had to be changed more often. Likewise, kidney cells 

formed a dense monolayer of cells in the Leighton tubes 

or tissue culture flasks faster than the lung or 

endothelial cells could do. This necessitated fixation 

and staining of the cells cultured in Leighton tubes or 

passaging of the cells cult tired in tissue culture
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flasks within twelve days of their culture before they 

died a n d  peeled off from the vessel. On the other hand, 

lung a n d  endothelial cells could he passaged after a 

m a x i m u m  of sixteen days of cul ture when they started 
dying .

3.2.1 R E S U L T S  OF STAINED INOCULATED CELL CULTURES

(A) L U N O  CELLS

Under the light microscope, lung cells inoculated 

separately with either inoculum one (G30), two (GA/R30) 

or t h r e e  (S31) exhibited intracytopl asmic dense forms 

of C . rum inantium which at times appeared in their 

typicral elliptical morula form (plate 30).

(R) K I D N E Y  CELLS

T nt. racy topi asmic dense forms of Ĉ _ 
w e r e  revealed by the light microscope in cultured 

k i d n e y  cells inoculated separately with either inoculum 

one (H30), (GA/R30) or three (S31) (Plate ?9).

(C) ENDOTHELIAL CELLS

Dense forms of ruminantium were observed in the

cytoplasms of the endothelial cells but they were very 

f ew -
It was more difficult to observe cells inoculated 

ui th the organ homogenate (GA/B30) because of t issue 

d e bris from the homogenised organs.
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PLATE ? 9: Kidney cell culture (day 7) showing
in h racy topi asmic dense forms of Ĉ _
ruminant1um (Giemsa x 1 0 0 0 ) .

PLATE 30: L ung cell culture showing an elliptical 
intracytopiasmic congregation of 
ruminanti um (Giemsa x 030) .

105



3.3 DISCUSSION AND CONCLUSION OP PART THREE

There has been a report of successful propagation 

of C . ruminanti urn in cell cultures (Bezuidenhout, 

1987a) hut all the organisms used had been isolated in 

South Africa. The existence of antigenica 1 1 y variable 

organisms which differ in their ability to adopt to 

mice (Logan ej: aX 1987) lends credit to the possibility 

of their having different, abilities to be propagated i_n 

v itro. This kind of experiment hasn't been carried out 

using rickettsia isolated in Kenya hence the avithor s 

a11empt to do so.

The results obtained in this experiment showed 

that the Tana River isolate of r urn l_n a nt i_u m was 

similar to the Transmara isolated in their ability to 

be propagated in cell cultures. Tn both cases, dense 

intracytoplasmlc particles were observed 

microscopically. The observation that the cells 

habouring them were intact and viable implies that the 

parasites must have entered the cells without damaging 

the cell membranes appreciably. The author has no 

explanation of the mechanism by which the parasites 

penetrate the cultured cells.

In this experiment, lung, kidney and endothelial 

cells were investigated for their ability to support 

the propagation of rumi nanti um in vi t ro. The result 

shows 1 hat any of these cell types can be used in the
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propagation of riimin ̂  i_ xj m Although it is

acknowl e d g e d  that an animal is most resistant to 

heartwater at birth (Du piessis and Malan 1987b), 

foetal cells were cultured in this experiment- This 

was done with the knowledge that no effort has been 

made to study if cultured cells are intrinsically 

resistant to infection by the rickettsia by virtue of 

their being foetal cells. This implies that if foetal 

cells are naturally resistant to infection by 

heartwater agents then the few cultured cells which 

were infected in this experiment somehow confirms the 

reports that foetal resistance to heartwater is not 

absolute (Du Plessis and Malan, 1987b).

The result in this experiment was obtained after 

only a feu days of culture thus being in general 

agreement with the findings of Uilenbefg (1983) whose 

cultures lasted a maximum of 14 days. This short 

culture period is disadvantageous. The ideal situation 

is still to be achieved so that the C_̂  r.u!5i.n*DiiH!D 

parasites can be maintained indefinitely iji vitro by 

being passaged in freshly cultured cells every after 

few days. The successful propagation of C . ruminantium 

would be of great research potential because it. could 

facilitate the study of the parasite's biological 

characteristics, antigens and the screening of new 

chemotherapeutic agents. This could lead to the 

development of vaccine against heartwater. Under those
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circumstances r it will bp important to know whether one 

strain can he used in all regions where the disease 

occurs or whether significant antigenic differences 

would preclude this.

In this experiment , the cultured cells with 

granules similar to ruminantlum should have been

tested for their infect.ivit.y to susceptible ruminants 

but economic constrains precluded this important 

confirmatory test. Likewise, the non-availability of 

el actr on-microscope facilities also precluded the 

ultra-structural studies of the intracellular granules.

The results in this experiment affirms ihat. all i_n 

yit.ro attempts to propagate C. r u m in an hi i1 m isolated 

from Kenya and from other parts of the world should be 

continued. This is because of their i mmun o 1 og i cal 

variation which makes it possible that the parasites 

%may be having varying capabilities of heing propagated 

in cultured cells. This may be the explanation of the 

encouraging results obtained from the Kenyan isolates 

cultured in vitro in this experiment.
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