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ABSTRACT

The fad side effect of heartwater vaccine derived from
Amblyomrna hebraeum infected Cowdria ruminantium has reduced its use
in Southern Africa despite its numerous advantages over the infected sheep
blood vaccine. The work reported here aims at eliminating the side effect
to enable its use within this environment. Poor technology and logistic
problems may not alow effective use of inactivated of molecular vaccine
localy. . Moreover, there is the emerging fear of antigenic diversity
among Cowdria isolates which could be worsened by the use of a sub unit
vaccine.

In preparing the crude vaccine (ground up tick supernatant).
Amblyomrna variegatum ticks were collected from resident domestic
ruminants in Zaria. Fully and partially engorged femaes of these ticks
were incubated a 27°C and 80% relative humidity, Giemsa stained
haemolymph smears were made, examined and found negative for
rickettsia bodies.  Fully engorged ticks oviposited 7 to 10 days post

incubation while the partially engorged ones oviposited on the Sth day.
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The larvae progeny were fed using earbags, on a goal identified
as NNI infected with cryo-preserved Cowdria ruminantium (Jaji stock).
Engorged larvae were harvested from the earbags when the goat was
reacting to infection (indicated by arise in temperature of 40°C - 41.3°C).
The lavae were expected to have been infected by feeding on the goat,
were subsequently incubated as described earlier and moulted to nymphae.
The nymphae were pre-fed on a susceptible goat which reacted 9 days
post infestation and the brain was positive for Cowdria  colonies
confirming that the nymphae were infected and infective.

Crude vacciene was prepared by grinding them up in morta and
pestle with pnosphate buffered saline (PBS pH 7.4) added as diluent. Two
mls of the supernatant (vaccine) was inoculated into a parasite free
susceptible goat which had fever (temperature 41°C) 10 days later
showing that the vaccine was potent.

Reaction-free minimum infective/dose (mid) was determined by
inoculating different levels of dilutions of the crude vaccine into 25
savanna brown goats that had been kept in arthropod-free pen. The
coneentration of each dilution was determined based on the calculated
number of nymphae per ml of the vaccine (N/ml). Two levels of
concentrated forms (2 N/ml; 3.6 N/ml) were used to determine the

threshold level. Other concentrations used were 0.025, 0.0125, 0.03125,



N/DOSE. Inoculation of the concentrated forms (3.6 N/m; 7 N/ml) elicited
side reactions classified as violent. These included staggering, urination,
constant bleating, profuse salivation. The animal inoculated with 3.6 N/ml
recovered while 7 N/ml caused death of the animal. The side reactions
decreased with decreasing concentrations. Side reactions were completely
eliminated at 0.03125, 0.025 and 0.0125 N/dose. However, 0.0125 N/dose
did not give effective result as an animal which faled to react at this
concentration reacted at a higher concentration of 0.10 N/dosc. Incubation
period ranged from O to 14 days and were affected by the concentration of
the inoculum, being shorter at higher and longer at lower concentration.
Duration of febrile reactions were longer in younger than older animals.
There was no clinical reactions within the three weeks observation period
following homologous challenge using a uniform concentration of 0.10

N/dose.

Immunity and cross immunity studies were done using Cowdria
ruminantium isolates from Akure (Forest) and Shika (Savanna). Differential
white blood counts were done. Mice, rats and guinea pigs were inoculated.

Isolation of C. ruminantium from Akure (forest zone) was done by
collecting Amblyomma variegatum ticks from resident cattle in some farms

in Akure. The ticks were brought to Zaria and ground up using morta



and pestle with broken glass dides to facilitate grinding. Phosphate
buffered saline (P.B.S pH.7.4) was added as diluent at .8ml/tick. The
mixture was alowed to settle on iee at room temperature and 2mls of the
supernatant was inoculated into a goat No. 5256, while the remaining
supernantanl was preserved as stabilate (CR4) alter dimethyl sulphoxide
(DMSO) was added a 1ml per 9 mls of the supernatant. The anima
showed a febrile reaction a day 13 post inoculation with maximum
febrile temperature of 40.5°C and stabilate CR7 was prepared and cryo-
preserved in liquid nitrogen. The brain of the goat was heavily colonised
by Cowdria granules.

Isolate from Shika was similarly obtained from A. variegatum ticks
(collected from a sedentary herd in Shika) which were ground up as
described above and 2mis of the supernatant injected into a goat identified
as 5253 while the remaining supernantant was cryo-preserved as stabilate
(CR 6). The anima reacted 3 days post inoculation (pi) with a maximum
temperature of 40°C. The anima died and the brain was positive tor
Cowdria colonies which were scanty.

The forest isolate was used to immunize goats Nos. 5255. 271 and
NNII. Reactions to primary infection were followed by secondary
(homologous) challenges. There was no reaction to secondary infection.

None of the animals was treated. The savanna isolate was aso used to
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immunize animal Nos. 5253, 5254, 5257 which reacted between clays 2
to 4 clays post inoculation. Two of the animals (5252, 5257) that were
treated during pyrexia survived while those not treated died within two
weeks of infection. While none of the animals immunized with Shika
isolate reacted when cross challenged with forest isolate, one of the
animals, No. 0271, which was immunized against forest isolate died and
Cowdria colonies typical of the Shika isolate were observed in the brain.
Although no clinical reactions were observed after the heterologous
challenge.

The three isolates used in these studies were compared and found
to have differing characteristics. The forest isolate resembled closely
another savanna isolate (Jap stock) in terms of characteristic of the
colonies, length of incubatuion period and infectivity for the savanna
goats. Akcie and Jaji isolates showed extensive colonization of brain
capillaries while Shika isolate is scanty. However none of the isolates is
murinotrophic.

No definite pattern could be established as regards the percentage
circulating white blood cells in the infected animals. There is a wide
variation in % lymphocytes in Akure isolate infected animals.

Animals infected with Shika isolate showed a decrease in the

percentage of neutrophils and an increase in lymphocyte during pyrexia

X i



although the mean pre- and post infection values did not vary much.

Monocytes remained within the norma range while a total absence of

eosinophils was observed during reactions.
The highlights of these studies are as follows

i) Eggs of fully engorged femae Amblyomma variegatum are better
for preparing crude infected lick-derived Cowdria vaccine than
those from partialy engorged ticks

i) Concentrations of 0.03125 and 0.025 of A. variegatum nymphae
in 2 mis inoculum are both infective, immunizing and do not
produce side effects when inoculated intravenously

i) An isolate from the forest zone (Akure) is immunogenic but
produces mild reaction in savanna brown goats

V) Akure and Shika isolates are cross-protective but a god that was
immunized against the Akure isolate reacted and died when cross-

challenged with the Shika isolate.
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CHAPTER ONE

INTRODUCTION
Heartwater, also known as Cowdriosis 18 a seplicaemic tick-borne
disease of ruminams caused by a rickettsial organism called Cowdria
ruminantivm (Cowdry, 1925). It is transmitted transtadially by three -
host ticks belonging o the Genus Amblyomma. The causative organism
is commonly found in the cndulghelial cells of the brain capillaries,
although it can also be found in the intima of large blood vessels

{llemobade, 1976).

The disease may either be peracule, acute, subacute or chronic in
susceptible animals. Characteristically, the signs of the acute form; which
is commonest, are lever, diarchoea, and various (orms ol nervous signs
like  hyperesthesia, intermitient  convulsion,  high  stepping  pait,
opisthotonus and pedaling ol limbs cspecially at the terminal stage and

death.

Hyperacmia  of  the  intestinal - mucosa,  hydrothorax and
hydropericardium from where the name heartwaler was derived are the

" main postmortemn signs,



The disease was 1irst recognised in South Africa (Hutcheon, 1900)
and was first named heartwater in Duich/Afrikan which was later
translated into  English and  CGerman as  heartwater and  heariwater
respectively.  However the origin ol heartwater has also been traced (o
the Last, especially Persia (fran)  (Lounsbury, 1904). 1t was said that the
disease spread through the east coast of Africa 1o mest of 1he countrics in
Africa south ol the Sahara and Madagascar (Utlenberg, 1983) through
dircet fmportation of infected animats, movement of diseased or tick
infested animals across the borders or through migratory birds especially
the cattie egrets or wikl animals. Perreau ef af. (1980) (irst reported the
presence of heartwater in the Western hemisphere. This gencrated a lot
of world wide intercst in a disease that was hitherto considered a peculiar
problem to Africa. The tropical bont tick, Amblvomma variegativin. was
first introduced intw the Caribbean in 1928 trom Alrica (Crersabeck,
1993). Presently about thirteen Caribbean islands are infested with the
ticks while heartwater has been conlirmed in three of them, viz: Maria
Galante, Antigua and Guadeloupe (Camus and Barre, 1982). There has
been an increasing fear that the disease may spread into the American
mainland Uilenberg gf af:  1984). 'This f¢ar is further heightened by
Sutherst and Mayward {(1985) who repurted that the Southern, Central

America and large part of South America are chimalically sutable or the

; 2



survival of A. variegatum using the climate matching model (climex).
This invariably means that the disease can casily establish once i spreads
into these arcas.  In another report, sera from white  tiled  deer
(Odocoilens  virginianus) — tested  positive with the  recombinant
ruminantiwn antigens i South castern Unmited States although negative

results were obtamed with cattle sera (Katz ef al; 1996).

However,  Clark and Doten (1995) reported that 46% ol the
39,934 animals imported into United States were infested with a wide
range of ticks which include A. hebraewm, A. variegatum, A. lepidim, A.
gemma, A. Sparsum (natural vectors), A. mormoreum and A. dissimile
(experimental vector). It has been estimated that the spread of heartwater
into the American mainland would cost livestock producers i the United
States $761 million annually, $224 million annually in Brazil and $144
million annually in Mexico (Gersaberk, 1993}, An eradication campaign
therefore started in 1994 in the Caribbeans, sponsored by several donor

agencies.,

Africa has 175 maullion heads of cattle which are at risk due 1o
heartwater (FAO/WHO/OILE, 1990). These cattle are either in countries

where the disease has been confirmed (Provost and Bezuidenhout, 1987)



or where the vectors and the disease are likely to occur (Walker and
Olwage. 1987). Tronically heartwater receives less attention in Alrica
when L'uhlpurul to enormous control effort in the Caribbean despite the
relatively Tow cattle population on the islands (the Towest s about 7000
heads on St Lucia and Nevis and the aghest s 74 000 heads on
Guadeloupe, FOA/WHO/OIL:, 1990). The presence ol A variegatum
and heartwater have been sources of concern on these islands hecause ol

their economic importance.

Reviewing the economic impact of the disease Bezuidenhout (1993)
classified them into lethal losses due to mortality resulting from movement
of susceptible ammals into endemic areas, the disease outbreaks, lailure
ol tick control and rasing ol susceptible antmals i endemic areas. The
non-lethal losses are due o production losses caused by subchinical
infection, cost of disease and vector control and treatment ol clinical cases
and production losses caused by infestation of vectors and mability 1o
upgrade local livestock by cross-breeding with exotic breeds causing loss
of production potential (Utlenberg, 1982). Although, the non-lethal losses
are not easily quantitied, Maltezer (1990) estimated that some large scale
livestock farmers i Zimbabwe pay from USS1 o 17 US dollars per

head/year to dip their animals against ticks.



In Nigeria, heartwater was first reported in Vom stock farm and
later in various parts of northern and southern provinees (Hall, 1931 as
cited by Hemobade, 1976). It causes losses in local and exotic animals
(Isoun et al. 1974; Lawal er al; 1992). Nigeria maintains a dynamic small
ruminant population over the years. In 1981, the population of sheep and
goats was 24 million and 1.7 million respectively (FDLPCS, [981).
This increased 1o 32,1 million sheep and 34.5 million goats in 1991
(FDLPCS, 1991), Small ruminants especially goats contribute immensely
to individual and national cconomy in Nigeria. Their small sizes allow
them to reach maturity carlier than cattle. They have short reproductive
cycles, high fecundity, adapt better to hostile environment and resist
draught more than cattle. Goats are well distributed in Nigeria ranging
from 3 - 5 goats per houschold in the South to 10 per houschold m the

northern parts of the country (Wosu and Ibeke. 1990).

Tick-borne diseases are serious impediments to small rominant

production in Nigeria and heartwater 1s the most important of the tick

borne haemoparasitic discases.  The Savanna brown goats are  the
predommant breeds i the northern parts of Nigeria.  The high

susceptibility of these breeds 1o heartwater has been widely reported

(Hemobade & Blotkamp, 1978b: Audu er al; 1995 Ulayi er al: 1992).



Recently, the West African dwart goats were also reported 1o be highly
susceptible o the discase although the mortality varied (Okayeito, 1995),
The most teasible method of controlling the disease is by immunising
susceptible  stocks  (Van der Merwe,  [979), Consequently — trial
vaccinations have been done in some parts ol Nigeria (Anon, 1989). As
the blood vaccines possess several inherent problems especially the
fikelihood of fransmitting other diseases, the ground up tick supernatant
(GLITS)Y vaceine has been used during these (rials (Anon, (989, The
GUTS vaccines do elicit side reactions which can be fatal atumes when
intravenously moculated.  Consequently, administration of the vaccine s
usually Timited to few experienced hands. This has affected the use of the
vaccine in South Africa (Pipano, 19895). 1t is pertinent to mention at this
point thar several advamcements  have been made m vacome prodoction
and vaccination agamnst heartwater disease.  These mclude the use of
atenuated  vaccines  Gougepan ef afl.  1993¢);  macuvined  vaccines
(Martinez er af; 1994) and the use of molecular vaccines or recombinant
vaccines (Mahan, 1993), However, the problems of these vaccines are
numerous.  These include high cost of production. mduction of shorter
mmunity than that cansed by hve matenial and problems of antgemce

diversity (Uilenberg, 1995). Therefore, the use of live material, by

5]



infection and treatment technique is still the main method of controlling

heartwater today despite its shortcomings.

There 15 a serwous gap of knowledge w the epiudemiology ol
heartwater in Nigeria.  Most studies have been Timited largely 1o the
northern parts (Hemobade, 1976: Audu er al; 1995: Ll Imairi, 1991
Lawal er al; 1992). There is paucity of information on the status of the
disease in the southern parts, a situation which calls tor concern becanse

of the widespread nature of the tick vector (Anon, 1989).

These studies were therelore undertaken with the followimg specilic
abjectives:

1) Determination of reaction-free minimum infective dose (MID) ol
ground up tick supernatant (GUTS) heartwater vaccine m hrown
Savanna goats.

2) Isolai.on of Co ruminantinm from the lorest vegetation (Southern
part) zone and savanna zone (Northern part) of Nigeria.

3 Immunity/Cross immunity  studies of the forest and savanna

isolates.



CHAPMYER TWO
REVIEW OF LITERATURE

2.1 Historical development

Heartwater has been recognised for many years and known by
ditterent local names in several African countries (Hemobade, 1976). 1
was stated by Neitz (1947) that a Voortreker or South African Pioncer
Louis Trichardt mentioned 1 his dairy dated 9th March 888 that a
disease "nintas” was noticed among his sheep that had massive tick
infestation on February 17, 1888 approximately three weeks previously.
In another version, Hutcheon (1900) said that heartwater was first
observed in 1860, the time that hont tick Amblvomma hebraeum was also
recognised.  Almost 50 years later after the record ot Louis Trichardt,
a farmer, John Webb reported to the cattle and sheep commission at their
meeting in Grahamstown in February, 1937 that a disease "boschsickness”
which has by now been generally known as heartwaler caused heavy
mortality among sheep in eastern Cape (Alexander, 1931). According to
Henning (1956) the disease was subsequently reported i difterent parts
of South Africa. However, i ounsbury and Robertson (1904) believed that
heartwater was brought into South Africa by imported Persian sheep in
1872, "They felt that the strong resistance shown by these animals must

have been due to previous exposure at the place of their origin which was



thought to be in eastert countries,  One ol the outstanding break through
in the early research on heartwater was by Dixon (1898 as cited by
Provost and Bezutdenhout y1987).  He showed that susceptible animals
could be infected artilicially by intravenous inoculation of blood from sick
animals  and  concluded that  heartwater  was  caused by a living
microorganism which was neither demonstratable in the blood nor tissues
of dead ammals. Hutcheon (1900) speculited that the causative
microorganism was an unltravisible virus.  Later, Spreull (1904) and
Lounsbury (1902) simuitancously confirmed 1ts vector o be A, liebraenm.

The work of Dixon allowed the disease to be reproduced in susceptiblc

anithals. "Vhis paved way for studies on s control,

Sir Arnold Theiler a renowned  parasitologist had speculated that
heartwater might be caused by rickeusia, thus Cowdry, a visiting Scicntist
from Rockfeller Institute in New York in various experiments conlirmed
it by demonstrating the organisms mn tissues of affected animals and
infected  ticks (Cowdry, 1925), He named the agent Ricketisia
ruminantion but Moshkeviski (1947) changed the name o Cowedrin
ruminantivn in honour of Cowdry, The discovery by Cowdry stimulated
olher workers w devemp a micthod of its diagnosis (Jackson 1931

Purchase, 1945). The brain squash technique ot Purchase (1945) is still



the most acceptable method for diagnosing heartwater. It has long been
discovered that wild ruminants and laboratory animals are susceptible o
heartwater.  Neitz (1944) first demonstrated the susceptibility of the
blesbok (Damaliscu albifrons). The black wild beast (Choanochaetes gnie)
and springbok (Antidorcase masurpialis) 1o heartwater.  Heariwater
spreads from South Africa through the castern coast (o Kenya and other
arcas, througn several ways especially  movement of animals across

borders,

In Kenya, Daubney (1930) contirmed the disease by demonstrating
the organism in brain and kidney sections and showed that the disease was
transmitted by A. variegatum. In Nigeria, the disease was first confirmed
in a stock farm in Vom in a sheep according to Hemobade (1976).  The
Fulani cautle rearers aiso recognised heartwater as "Kaboa™ which means
trembles (Anon, 1934 cited by Iemobade, 1976). It was also stated that
by 1943, heartwater was known to occur in all the provinces of the
former northern Nigeria and one ol the Agricultural farms i southern

Provinces.

10



2.2 Distribution of heartwater

The distribution of heartwater is confined to areas tavourable (o the
development of its vectors (Haig, 1955). According to Provost and
Bezuidenhout (1987). Camus and Barre (1982), heartwater has been
reported in almost all the African countries South of the Sahara apart from
Guinea, Sierra Leone, Burkina Faso, Togo, bEguitorial Guimea and
Namibia where there are presently no available records of the disease.
Heartwater was recently reported in Gambia (Mattoli er af; 1993). 1t has
been reported i some Indian Ocean Islands of Madagascar (Buck, 1965).
Mauritius (Perracu ef al. 1980). Reunion (Perracu er al: 19800 and
SaoTome (Udenberg ef al; 1982). At the Caribbean Ishnds. there are
reports of its existence o Antigua (Birme er al; 1985), Guadeloupe
(Perraeu ef al: 1980) and Marie Galante (Camus ef af, 1984). The report
ol heartwater i Guadelovpe was the tirst case owside the Alrican
continent apart from the accidental case in Brazil (Alves e al: 1937 cited
by Camus and Barre ef a’* (1987). ‘There is high possibility that
heartwater may be recorded in some countries infested by A. variegatin
in future. A variegatiom adapts casily (o domestic hvestock and s the
only natural vector known to have established itself outside the African

continent (Walker and Olwage, 1987). It has been predicted that it may

- » - 473928 |



find suitable ecological environment for establishment if it eventually gets
into the American mainland. The distribution of heartwater in Africa and

the Caribbean is shown in Figs. | and 3.
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; Host range of Cowdria ruminantium
2.3.1 The invertebrate host/Natural Vectors of C. raminantinm
Heartwater is transmitted exclusively by three host ticks ol the
genus Amblvonuna.  These belong 1o the order Acaring.  suborder
Ixodoidea: familv Ixodidae (Soulsby, 1982). The disease is tanstadially
transmited (Hemobade and Fecellmg . 1978 Soulshy 1982: Losos, 1986).
A report ol transovarian transmission by larvae, nymphs and adulis ol A,
hebraeum has been made (Bezuidenhout and Jacobsz: 1986). Ambivonuma
ticks which can transmit the disease either experimentally or naturally are
many. ‘The known matural vectors are A. variegatum, A. hebraeum, A.
lepidim; A. pomposiom and A. gemma (Karrar, 1965). A, variegatin is

the only natural vector that has successtully established outisde the African

continent.

It 1s also called "The vanegated tek™ or "The tropical bont tick”.
It s the most widely distributed of all the Amblvomma species (Walker
and Olwage, 1987). 1t occurs o West Africa from Sahel downwards,
Southern Africa to tar south as Zantheze Rover and centrad Mozambigue

(Fag. 2)
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It s also the most widely distributed ticks in Nigeria (Anon. [989).
Aparl from the African continent, A. variegaium is tound i Yemen.
Indian Ocean Islands of Reunion, Madagascar, Grande Comoro and
Mauritius.  Atlantic Ocean Islands of Cape Verde, Caribbean Islands of
Guadcloupe, Maria Galante, Martinique, Antigua, St. Lucia, St Kits,
Nevis, St. Maarten, La Desirable. MontSerrat and Dominica (Walker and
Olwage, 1987y, A, vartegatum also occurs in Vesques, Culebra, Anguilla
and St Croix (Alderink and MoChauley, TORR). Some other Ishinds ol the
AntitHean chain of Barbados, Puerto Rico, Saba. St. Bustatius, St Vineent
and the US Virgin Islands are also reportedly infested with A, variegatiom
(Alderink and MacCauley, T988). The tieks were first mtroduced i 1830
o the Caribbean with African zebu cattle from Senegal (Curason. 1943)
and has since then been spreading to many Islands (Fig. 3).  Daubney
(1930) showed that heartwater s transmatted by AL variegatun.  Apart
from heartwater, it also transmis  Nairobi sheep  discase. ) fever
(Soulsby, 1982), dermatophilosis (Bida, 1973: Barre er al: 1987). Cattle
and sheep are the principal hosts of all stages of the tick (Strickland,
1961). The ecology of the tick in the Caribbean Islands seems 1o differ
from what obtains in Africa. In Guadeloupe for example. 97% ol
Nymphs and nearly 100% of adults teed on cattle and goats while 4.5%

of immature stages feed on wild lite and birds. Only 1 1o 4% ol adulis



are infected and only a small proportion of these are actually mfective
(Camus and Barre e al; 1987). A. variegatum in the Cartbbeans are
found mamty on domesue hivestock (Barre ef al: 1987) wiile a larpe
number of sccondary hosts are usually involved m Alrica (Sirickband ef af.,
[976). Thus control ol the ticks by application of acaricide 1o hivestock

1s more hikely 1o succeed m o the Caribbean than Alrica.

A. hebraeum also called ""The bont tick"

It occurs in warmer paits of South and Central Africa parasitizing
all domestie and many wild animals (Fig. 2). However, the voung stages
attack birds (Soulsby. 19K2). Males of A, Aebraeum are known o remain
on hosts for several months (Norval, 1974) and to mate with multiple
females. Unlike many other three-host Ixodid ticks that rest on
vegetation awaiting contact with a suitable host, post-larval bont ticks
actively look out for their hosts. They emerge from sub-surlace resting
places and run rapidly to hosis on sensing their presence  (Norval ef ol
1088). It has been reported that losses in domestic ruminants caused by
heartwater in Zimbabwe and Mozambigue are greater when the vector s
A. hebraeum than when 10s A variegatum (Norval ef al; 1992). This is

thought to be associated with the rates at which unfed adulis of these two

species attach to unintested hosts. The males of A. hebraewm attach more
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rapidly that, A. variegatim.  Unled adults of A. hebracion are usually
stimulated by odors of cattle and sheep and high concentration of carbon
dioxide {(Norval ¢ af; 1987). ‘The behaviour of this tick must have

contributzd to its efficiency in the transmission of heartwaler.

A. pomposum arc found in highland arcas of northern Angola,
Gomes {1993) reported that it is the most widely distributed and most

important ol all 1he six Amblyomma species identified in Angola (Fig. 2).

2.3.1.1 Experimental vectors of C. raminantinm

These include A. asterian (Uilenberg and Nieuwold, 1981): A.
cohaerens (Walker and Olwage, 1987); A tholloni and A. mormorenti
(Fivaz et al: 1990y A, macutatum, "The Gull coast ticks" and A.
cajennese "The cayene ticks™ (Uilenberg ef ol 1984). longejan (1992)
showed that A. dissimile recovered rom snakes imported Trom Suriname

into the Netherfands transmsitted heartwater experimentally.

2.3.1.2 Natural or Field vectors of heartwater
Natural or field vectors are ticks that are capable of transmitting
heartwater from asymptomatic carriers to susceptibie hosts. Presently the

capability 10 transmit [row carriers has been demonstrated only lor
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nymphs of A, hebraenm and A, variegatum (Andrew and Norval, 1989;
Jongejan er al: 1988) respecuvely.  Experiments have shown that all
proven vectors of heartwater belong to Ambivommnig species (Bezadenhout.
1987).  Alexander (1931) and Hemobade (1976) reported that male can

transmit heartwater but are poor vectors.

2.3.2 The vertebrate hosts of heartwater
2.3.2.1 Susceptibility of domestic rominants to heartwater

All domestic ruminants are susceptible to heartwater although with
some varhoas (Neitz, 1939)0 The Merino sheep are highly susceptible
while the Persian sheep have Tagh resistance (Alexander, 1931).  Local
domestic animals raised in endemic arcas ol Madagascar also show high
resistance (Uilenberg, 1971a). Age resistance noticed in lambs and calves
ranges from | to 3 weeks and vpto 6 weeks in Kids (Neitz and Alexander.
1941). Local breeds are more resistant than the exotic breeds. Bonsma
(1944) observed a 5% mortality in native African deer compared (o 60%
in European calves mmported into South Africa.  In Guadeloupe  a
mortality of O.8% m natve Creole zebu was recorded as apainst the 13%
i halt bred himousine and Zebu cross.  The local small ruminants
however varied m thewr susceptibihity. While some authors reported high

resistance ol Jocal sheep and poins 1o heartwater (Hilenberp, 197 1a),
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others observed high susceptibility (Karrar, 1968; llemobade, 1976:
Aklaku, 1980; Audu et af; 1995, Okaiyeto 1995). The resistance rate of
different populations of the same breeds of Creole goats was reported to
be depended on the previous exposure (Matheron e af; 1987).
Hemobade a:rd Blotkamp (1978b) observed (hat the Nip,c;.ri:m brown
savanna goats that originated Trom Zaria and areas north ol it had high
uniform susceptibility to heartwater whereas goats from arcas south of
Zaria and sheep from diflerent parts of northern Nigeria showed variable
susceptibility. The West African Dwarl goals have gl susceptibility but

variable mortality (Okaiyeto, 1995).

2.3.2.2  Susceptibility of wild animals to heartwater

Clinical and subclinical reactions 1o heartwaler have been observed
in wild animals (Oberem and Bezuidenhout, 1987). These include Black
wild beast (Neitz, 1933y, Sitatunga (Okolv ef af; 1986) and Bushbuck

(Young and Basson, 1973),

AL 4 T I . »
2.2, %« Susceptibility of Laboratory Animals to heartwater
The search Tor sunabie Taboratory animals tor heartwater research
started several years ago.  Earlier attempts (o infect Guinea pigs and rats

onty resulted in the survival of the organisms for only short periods
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(Manson and Alexander (94(h, 1Tiudson and Henderson (1941) reported
the survival ot C. rninantinn Tor two weeks i infected albino rats fed
on Vitamin B, deficient diet and Rhrabdomys puimifo kept on normal diet.
Haig (1952) observed that the Kaasplaas stock of €0 ramiénantitim could
be reclaimed from the spleen ol 6 week old albino mice 90 days post

mfection and the Mora stock upto 60 days.

The first wwolale ol Co reaiinanéiin (Kuman stock) ad was hightly
pathogenic 1o mice was reported by Du Plessis  and Kunun (1971),
Mackenzie and MclHardy (1984) reviewed  the mouse infective stock ol
C. rominantin and classified them into three groups based on their level
ol pathogenicity. The pathogenic stocks: These kill infected mice within
a given }allgc ol time. They include the Kumm stock (Du Messis and
Kumm 1971) the Kwanyanga stock (Mackeozie and Van Rooyen, 1981
Nonile stock (Mackenzie and Mellardy, 1984y, (he  Welgevonden and

Mali stocks (13u Plessis [983),

The nop-pmbogeaic bl ndecive stock:  They produce non-
noticeable climical signs m laboratory amimals.  They can alse bhe
susceessiully passaged and still retin their pathogenicity for sheep, goits

and cattle.  Examples are the mara stock (Haig, 19523, Kaaplass stock
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(Haip. 1952): Ball 3 stock (Haig, 1952); K2 Malagasy stock (Ramisse and
Uilenberg, 1971)  Zeerust stock (Utlenberg, 1983) and Senegal stock.
The non-intective stock: These are stocks that are neither lethal 1o mice
nor suceesstully passaged i mice. They simply do not survive in
laboratory mice.  They inchude the Unune Bancetr stock from Sudan
(Uilenberg, 1983); SaolTome stock (Lilenberg, 1983); D225 stock trom
Nigeria (Uilenberg, 1983): Gardel stock from Guadeloupe (Logan er al;

[O85) and Maoribabongou stock trom Malt (Logan ef al: 1985).

Pathogenicity ot . riminantinm mice is also affected by route
of infection.  The Kumm stock s highly pathogenic (o mice when
inoculated by either intravenous or intraperitoneal routes.  On the
contrary, the Kwanyanga and the Nonile stocks are only pathogenic when
intravenous route 15 used (Mackenzie and Van Rooyen, 1981).  The
variation in susceptibility was believed (o be related to histocompatibility

{actors (Mchlardy and Mackenzie, 1984).

The susceptibility of domeste rummants (o murinotropic stocks ol
C. ruminantium varies.  The Kwanyanga stock is mild and produces no
nervous signs in Dutck goats (Wassink ez al; 1986) but it results in high

mortality in sheep (Mackenzie and Van Rooyen, 1981). The Kumm stock



15 not pethogcme tor caitle (Do Plessis, T98 1) but i s highiy viealent i
Duteh poais but produces no nervous symptoms e them helore death
(Wassink ¢/ al: 1986). Mouse pathopenme stain ol Co raminaitioni s
not been mebated e Nigeria althouph efforts lave been nuade by several
workers (Anon, 1989). There will be Tess dependence on domesti
ruminants for m vivo studies of heartwater when a murmotrophic molate

15 obtamed.

2.3 Classitication ol C, peominantinom
The classibcatwon or Co ruminantiom has been an arca ol
controversy.  New chssithication keep on emerging as more Lacts and
advances are made.  Several records on this sulyects e therelore
available (Cowdry, 1925a; Moshkoviski, 1947 Picnaar, 1970; Hemaobade,

1976y,

A new classihication based on the hindings trom the moleenlin
studies has been proposed.  Jongega o af; (1989) noticed  nmerons
similaritics between Cowdria and Chifamivdia but Lailed to agree with
carhier sugeestions tat they are relaed and that Cowdria might occupy an
mtermediary posttion between Chlamyvdia and Flulichia. They reporied

that ChEumydue and nehetisades are not closely related. Tnanother stady



Van Vet et al. (1992) showed through the analysis of the 16 S ribosomal
DNA sequence that Cowdria forms a tight phylogenetic cluster with /.
canis and human /L. chaffeensis despite their  ditferences in host
preferences and target cells. The analysis also showed that F2. ewingi
(agent o granuloeytic canme ehrlichiosis) and F. muris Trom wild mouse
are closelv related o Cowdria. The studies showed that Anaplasma
marginale, F. phagocytophila I equi, I visticii and I sennetsn were

distantly related.

The evolutional distance of Cowdria and other rickettsia (Van Vet ef of,

1992) is shown on page 26.
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2.5  Morphology of C. ruminantium
2.5.1 In ine Yertebrate hosts

The morphology of C. ruminantium has been widely studied in the
vertebrate hosts and the vectors using the light and electron microscopes,
Cowdry (1925a) reported that the orgamisims consisted ol small comma or
coccus shaped, pleomorphic, spherical or ellipsowdal and rod shaped
occasionally and vary in size from 0.2pm o 0.5x2m. Diploid torms were
occasionally observed.  Jackson (1931) also described various forms.
shapes and sizes in smears which varied from 0.2um 10 2. 5pm.  Ring
torms, horse show shaped, bacillary forms, comma forms, coccoid torm
and single large bodies were also described by Jackson and Newz (1932).
They class:fhiee the organisims as small (coccoid) medium and large torms
noting that small organisms in one group were fairly uniform although the
large forms varied or are pleomorphic. It has also been reported that
although the orgamisms may vary in size, they are generally less than

0.5nm,

Through the examinations of Giemsa stained brain squash smears
ol a Nigerian solate, Hemobade (19760) recogmsed tour types based on the
sizes of colonies and the orgamisms.  These are type 1 (0.60 - 1.322m)

containing loose colontes and the organisms staining blue 1o reddish



purple. Type 2 (0.69 - 1.72um) small to medium size colonies with the
organism staining purplish 1o decp blue. Type 3 (0.72 - 2.16um) small
to medium size colonies with large size ring shaped parasites and staining
pale to purplish blue. Type 4 (1.2 - 2.39um) small sized colonies. They

contain giant sized organism which stain purplish. -

2.5.2  In the tick vectors:

The midgut epithelial cells of both nymph and adalt of A.
hebraeunt infected as larvace and nymphs and adult A, variegatem infected
as nymphs showed vartous sizes ol the organisms using light microscopy.
It ranged rom 3w 45pm in A fiebracim and 1o 00 in A, variegatiin
(Kocan ¢t al; 1986). Ultrastructurally electron dense and reticulate forins
were identificd in midgat epithelial cells and salivary gland acini cells of
A hebrecwer nymphae infected as Larvae (Kocan ef af; 1987). Colonies
were Tormed uﬁly when the ticks had fed o repletion oninfected animals.
The organisms were usually Tound within an inclusion membrane and were
more (;f reticutated than the electron dense forms in the gut cells and were
usually with inclusions 0 which the organisms were adhered.  The
morphotogy and the staining qualitics of these inclusions were simitar 1o

haemoglobin inclusions usually seen in tick gut cells. 1t seems (rom these
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studies that ¢ organisms found in the vectors are larger than those seen

i the vertebrate hosts.

2.5.3 In Culture:

Using the call endothelial cell line, Bezuidenhout ¢r al (1985)
reported that the morphology of Cowdria colonies were similar 1o the type
observed i bram smears (Jackson 1931, Pienaar, 1970) and mlected teks
(Cowdry, 19250,  He observed various intracytoplasmic colonies in
Giemsa stained smears. Many cells had multiple colonies and some had
as many 15 moa cell. Individual parasites were difficult 1o distinguish
using l'nc-dircn Haorescent antibody test.. Mixed colonies have also been

observed in culture (Prozesky. [9R7).

Ultrastructurally, reticulate bodies and smaller intermediate bodies
characterised by electron dense core were identified.  Prozesky er al.
(1993) observed some extracellular reticulate bodies with peptidoglycan-
like layer. Hart ef af/. (1992) using the transmission microscopy noticed
various lorms ol colomes or orgamsms which also included single large
reticulated organisms or in colonies, small reticulated organisims. clectron

dense forms and pleomorplie reticnlated torms i endothelial cell cultures.
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254 In vitro Cultivation of C. ruminantium

The successtul cultivation of €. rumiinantinm i endothehal cell
line 18 a major stride in heartwater research (Bezuidenhout er al: [9RS).
The cultured orgamisms have been used as antigens for serological tesis
such as. the direct and indirect  fluorescent  antibody  (FA)  1ests
(Bezuidenhout er al: 1985; Yunker e7 al: 1988: Martinez er al: 1990) and
ELISA, test (Viljoen. et al 1988). The competitive ELISA test (longejan
1990) was also based on the monoclonal anubody, from culture. It has
also been employed in the solation of Cowdria, DNA for the purposes
of establishing DNA genomic libraries and DNA probes (Jongejan, 1990
Yunker, 1991) and in biochemical studies leading to the isolation of
immunodorminant surface proteins (Jongejan and Theilemans, 1989;
Rossow ef al; 1990). Attenuation of the Sencgal stock ol C. rununantinm
has been achieved using the culture technique (Jongejan ef af; 1993¢) and
consequently an attempt to replace (he present vaceime. which uses in vivo
derived antigens with live ussue cultured materials.  Presently no
laboratory in Nigeria is mvolved in o cultivation ol the organism.
Consequentiv all the studies were based on in in vivo experiments using

domestic ruminants.



255 G.rnwth and Life Cycele of Cowdria in cultures

Most o the nlormation on the growth stages o Cowdria are
mainly based on the observations and studies in coltures wsing the Tight
and electron microscopes. The endothelial cells (EC) take up infected
materials injected into cultures.  The organising divide by binary fission
in these cells forming the reticulale colonies. These develop into smaller
intermediate bodies which have electron dense core after 3 to 4 days. The
intermediate bhodies condensed [urther into evlectrun dense clementary
bodies which rupture from the cells and are released into culture medium
as initial bodies to initiate a new infectious cycle lasting between 4 - 6
days (Jongejan ef «f; 1993¢). Colonies can be detected as early as 2 days
after inoculation (Bryom and Yunker, 1990). Cywpathic etlfect (CPLE)
usually observed from day 5 after infection is more noticeable when
cultures are kept in constant movement on a rocker or m roller botdes.
CPE is seen as streaks in the monolayer where affected cells arc almost
detaclung (idryom et af; 1991). The reticulate bodies were observed (o be
less infective than the elementary bodics (Tongejan er af; 1991b). Similar

patiern ol life cycle was noticed by llart ef al. (1992),

Bezuidenhout (19493 noticed  that  the  hazard, of  Covdria

cultivation  included  sporadic  contamination ol cultures and  poor
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performance.  The slow rate of cell division especially the bovine
endothelial cells are also part of problem areas. The ovine endothelial cell
line SBE 189 supports growth well and may possibly replace the bovine
umbilical endothelial cell (BUE) as culture medium.  Yunker ¢ al . (1988)
also observed that poorly rinsed glasswares could create problems
growing C. ruminantium in vitro. He also stated that since the nutritional
requirements and metabolic processes ol C. ruminantium are poorly
known, researchers are therefore never specific when culture media are
selected.  Consequently culture fatlures usually result in some cases.
F'rom the foregoing, mitiation ol i vitro culture for C. ruminantium using
endothelial cell Tine requires a standard well equipped laboratory which

most laboratories in developing countries can not alford.

2.5.6 Staining Propertics

Brain is the most convenient and relable site for the diagnosis ol
heartwater i infected antmals (Purchase, 1945). In additon, histological
sections of tissues such as the lungs, heartmuscles, bronchial, prescapular
and mesenteric lymph nodes, Kidneys, spleen, adrenal glands, abomasum,
choroid plexas, small intestie. and spimal cord could also be examined
for the parasite but with difficulty (Hemobade 1976) especiallty in their

vascular endothelia.  In these sections, Hemobade (1976) observed that
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Cowdria organisms stained light purplish blue with Hacmatoxylin and
Eosin (H&E) and were located in the cytoplasm of the endothelial cells.
The colonies were surrounded by chromophobic halo (Cowdry, 1920a;
Pienaar, (970 and Du Plessis, 1975). Other stains that have been
successfully tried included Dilt Quick (Awa, 1991) and Toluidine blue

(Prozesky, 1987a).

C. ruiminesitinn stains reddish purple to blue with these stains.
The Romanowsky stiins particularly the Giemsa stains have becen used and
the colour observed is usuatly iniluenced by the type of fixation used

(Alexander, 1931).

The smail forms ol C. rwninantiion appeared reddish purple and
the large forms stains bluish in Giemsa stained brain squash smears
(Uilenberg, 1983). He aiso reported that prolonged (15 minutes) washing

of the stained smears in tapwater may improve the staining qualities.

In the tick vector, Yunker et af. (1987) used Mallory’s Phyloxine
methylene blue stain to differentiate colonies of C. ruminantium in A,
variegatum gut cpithelial cells i paraftin scctions of lissues.  Cowdria

colonies were cffeclively differentiated from the tick cell nuclei and other
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structures because of (he bi-chromatic rendering of tick midgut by the

stain,

Bezuidenhout (1984) und Kocan et al. (1987) uscd  epoxy-
embedded sectioms, varied the Mallory’s stain which produced a
monochromatic  effect  rendering  colomies,  tissue  component  and
laemoglobin in various shades of blue. However, clectron microscope
was required to differentiale the parasite from pigmcnléd granules ;m;l tick
dssue inclusions.  The use of Giemsa methyl green pyronin Y- and
acridine orange stains in [rozen tick sections gave unsatisfactory results

(Bezuidenhout, 1984).

2.5.7 Localisation of C. raminantitm in blood and ticks

Several controversial resulis had been produced as to the portion
of the blood in which the organism is usually located. Knowing the
location is necessary for the understanding of the pathogenichy and
cultivation of the parasite. Larly reports claimed an even distribution and
attachment of C. ruminantinm (10 bolh white and red blood cells
(Adexander, 1931) or lying free 1o plasima {Jackson and Neitz, 1932),
They argued that since the organisms did not pass through Seitz {ilers,

they could be seen using the light microscope,  Fawi ef af. (1977)
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reported that the organisins were located only in the red hlood cells.
Contrary to this, lemobade and Blotkamp (1978a) found that the red
blood cell component of an intected blood separated in I-'ic::ll—lwp:ique
gradient failed 0 induce heartwater whereas the leucocyte fraction and to
a larger extent the plasma induced heartwater in susceptible animails,
Serum of an .inl'eclcd animals was nol inlective when inlr;wcnuusly_
inoculated.  No organism could also be detected in stained blood smears
(Cowdry 1926 Alcxaicr. 1931 [lemobade, [976). Cowdry (1926a)
suggested (hal Coneria probably occurred singly in blood smears and not
as large masses making them difficult to detect in blood smears.  Apart
from the vascular endothelium and the circulating blood, some workers
reported the occurrence ol Cowdria in various other cells such as
macrophages, monocyies, histiocyles, Kupfer cells, reticula cells of
lymphuodes Tibroblasts and bronehial cells (Du Plessis, 1970a, Hemobade,
1976). However, Uilenberg (1983) observed with certainty that Cowdria
is located and multiplicd m vascular endothielial eells and circulating blood
as mst of shese reports were notl convineing.  C. ruminantinm is located
in tick epithelial cells and gat fumen as densely packed group.  As no
uother organs were Jound o contain (he organism, Cowdry (1920D)
therelore speculated that infection probably occurred by regurgitation, an

assumption supporied by Uilenberg (1983). 1t has however been



confirmed that the organism can be found i salivary gland cells,
haemocvtes and malphigice taebules of infected ticks (Kocan ef al: 1987
Du Plessis, 1984).  Infection of gut and salivary glands was confirmed
immunologically using FLISA (Viljoen et al, 1988) and DNA probe

(Yunker er al; 1993),

In the tick vector, two forms of C. ruminantivm have been
confirmed. These are reticulated and dense forms (Kocan er al: 1987:
Hart et al; 1991). The simple granular cells of Type 1 and Type 1
salivary gland acim are osually miected and not the Tvpe 1 acim o
complex granular cells of the Type I and 1T acini. This leature 15 also
shared by Auaplasma morginate, Theileria and Babesia (Kocan, 19955,
However A, marginale is the only hacmoparasite of the four organisms
that has been known to infect and develop i tick gut muscle cells (Kocan

el al; 1995),

258 Preservation ot O, ruminantivm

Ditferent methods have been employed to preserve the organism.
Addition to and madifications of previous methods are being progressively
made as the understanding ol the parasite is mercasingly camed.  Initially

the organism was thought to be fragile that it could hardly survive for
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over 24 houre at room temperature because Alexander (1931) could only
preserve it in blood for 38 hours at room temperature and at 4°C. This
was later improved upon when the organism was preserved for 4 days at
room temperature (Henning, 1956). Weiss et al. (1952) tirst stored the
organism at low temperature using 10% phosphate buffered spleen
homogenate at -74"C. The orgamisim has also been transported in infected
blood frozen on dry we at -45"C over a long distance (g, 1955).
Neitz (1968, preseived the organism i infected spleen and  blood
homogenate mamtaimed at -76"C for 2 years, On the contrary however
there were reports of futile atempts at preserving it at - 3.2°C and -70°C
(Rahim and Shommein, i978), The use of Dimethy! sulphide (DMSO)
and snap freezing as preservation technique was initially reported by
Ramise and Uilenberg (1970) € riminantium was successtully preserved

(1]

using this method at -75"C and - 180°C for about 13 months using 10%
I)MS(}.as cryopreservant,  Slow freezing of blood using glycerol as
crypopreservant failed to preserve the organism so also rapid freezing
without crypopreservant, slow freezing with 7.5% DMSO and rapid
freezing with 20% DMSC,  On the contrary llemobade er al. (1975)
preserved the organism at -85"C" and -196"C with and without using

cryopreservant. He preserved the organism in whole blood at varying

temperature range of 4°C and 35"C for 27 hours. The organisim was
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reportedly preservable for an indefmite period of time ar -85"C and -196"C
and could even undergo extra freeze thaw cycle. Hemobade ef gf. (1975)
also observed that since the organism survived rapid and not slow
freezing, the use of a cryopreservant was not critical. e also succeeded
in maintaining the organisn in nymphs for 132 days and for 459 days in
adult A. variegatum. Hemobade er al. (1975) preserved the orpanism in
brain homogenate in phosphate butfered saline (PBS) frozen with or
without DMSO. Infected tick homogenate i butlered lactose phosphate
and 5% DMSO snap frozen i Liquid nitrogen has been employed 1o

preserve the organism (Bezudenhout, 1981).

Logan (1987) reported that fresh blood collected from febrile goats
infected with the Kwanyanga stock and maintained for 72 hours at 4°C
was infectious to mice so also were the neutrophils from the poals
separated and maintained in moditicd RPMI medium at 37°C 68 hours and

also 96 houre.

2.6 Transmission
2.6.1 Natural transmission
Heartwater is transmited naturally by a three host tick of the Genus

Amblyomma.  Lounsbury (1904) first proved that the bont tick A.

18



fiehraenm was the vector of the disease.  OF all the naturat vectors A.
hebraeum and A. variegatuwm exhibit complete transtadial transmission
from larval through nymphal to adult stage (Bezwdenhowt, 1987).
Cowdry (1926b) reported that nov all Amblvomuma species transmit the
disease as he did not detect the organism in gut smears of many

Amibivenpna and vion Amblyonirua tick.

The importance of proven vectors vary and this depends on the
adaptation to domestic animals, the extent of distribution and its efficiency
as vectorsl {Uilenberg 1983). Viewed in this context A. variegatan is the
most important  lollowed by A, hebraewm  (Bezuidenhom, 1987).
Adaptation of C. ruminantium strain to its local vectors does not seem o
exist as strain of parasite can easily be transmitted by the Ambfvonuia
species from a widely separated geographical areas (Uilenberg, 1983),
Mahan e o/, (1994} however, reporied that A, variegatam was inore

susceplible o infection with Gardel {Guadeloupe) and Nigerian stock than

wilh crystal spring (Zimbabwe) and South African Balt 3 stock whercas

A. hebraeum was highly susceptible (0 all of them. Cowdria ruminantium
usually retains s abitity to be transmitted by its vectors afier several
mechanical passages and thus differ in this aspect from some parasites

such as Babesia and Trypanosomes.
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The organisin is usuallv transmitted transtadially except for a
report of transovarian transmission (Bezuidenhout and Jacobsz, 1986).
Some vectors do not possess the ability for a complete transtadial
transmission (Bezuidenhout, 1987). Lounsbury (1902) failed 1o transmit
the disease intrastadially,  Male ticks are also capable ol transmitting the
disease intranstadially by transier of male ticks from infected 1o

susceptible hosts (Kocan ef al: 1993b)

Infection is acquired by ticks while feeding on a reacting animals
(Lounsbury, 1902). Infection can also be acquired when ticks feed on
subclinically infected animals or animals that have recovered from clinical
attach (Barre et al; 1987) or perhaps immune animals alter reinfection
(HHemobade and Leeflang, 1978). There 1s a marked increase i the
infectivity of infected ticks during teeding but it decreases betore and
during moulting (Bezuidenhout, 1987), Homogenates from larvae during
and after feeding on reacting sheep lailed (o initiate nfection on
intravenous inoculation (Du Plessis, 1982).  Their homogenates alter
moulting *o vymphace were only mfective on high concentration ol 5
nyinphae. I has been shown that cectain period of time s required tor €
ruminantinm to infect tick tssues and to be detectable, The inital tissues

infected are the midgut epithelial cells C. rununantinm has been detected



i gut epithelial cells with electron microscope only after 15 days that A.
variegatipn had {cd on susceptibic animals (Kocan ef wf; 1986). Cowdry
(1926b) however observed he organism in unfed A. hebraciun nymphae

40 days after being infected as larvae.

Hitherto it was thought transmission of the parasite to another lost
by ticks was by regurgitation or by exretion from the alimentary canal
because the organism were onfy scen in gut epitheltum and fumen
(Cowdry, 19205). However, Covdria colonies have been demonstrated
in salivary gland acint of A. lrebraeum nymphae (Kocan ef af; 1987).
This suggests that infection probably takes place through the saliva after
the organism have developed and multiplied in salivary glauds (Kocan,

1993).

Neitz. (1968) reported that the organists are liberated within 24
hours after ticks have attached.  Some authors alse observed (hat it was
withitt 38 hows for nymphae and 75 hours for Lhe adult (Bezuidenhout and
Oliver, 19%7). Camus and Barre (1992) reported that C. rreninantinm is
transrmitted from ticks to susceptilde antmals after a delay of 2 - 3 days of
leeding by nymphae and 4 days by adults of A, variegatum  in

Guadeloupe. They aiso observed that the disease is more fatal when
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transmitted by ticks than by needle. Infection and transmission rates are

higher in nymphs than adult ticks (Gueye et al; 1993).

2.6.2  Artificial transmission

Heartwater was first transmitted artificiaily using mlected blood
(Dixon, 1898). Various infected tissues and even milk from reacting
animals have been found infective.  The intravenous route (iv) is more
rehiable than any other route.  The size of imoculum is also important
although 5 ml is usually vsed for smail ruminants and 10 ml tor cattle

(Uilenberg, 1983).

Subcutancous imoculation of brain homogenate has been used 1o
transmit heartwater (llemobade and Blotkamp, 1978a).  The route was
however less reliable than intravwenous injection and the use of tick

materials.

There were also tutile attempts 1o wse the muadermal and
intravenous routes (Alexander, 1931). The mtravenous route is also used
to administer vaccine 1o control the disease making infection amd treatment

of vaccination cumbersome.



2.6.3  Vertical Transmission

Deem ef al. {1996) demwonstrated that the vertical transmission of
heartwater docs occur possibly through the colostrum. This assumption
wits based on the finding that the disease could be initiated in o goat by
inoculating intravenously, colostral cells collected from dams resident in
a heartwater endemic areas. This could be an advantage in endemic arcas
because animals could be exposed early in life and consequently develop

immunity before the susceptible ape.

2.0.4 Epidemiological factors of Heartwater in Nigeria

It is known that the incidence and severity of heartwater is
commonly related 1o (he presence and (he prevalence of the vectors and
in most cases 1heir distribution and the density ol some Amblyvonma
species.  Lpidemiology ol the discase is aftecled by severul factors which
include variation in the Cowdria species Amblyomma species, response

of the host and animal husbandry,

Presently only one species of Cowdrie is known,  However
domestic, laboratory and ferral hosts differ in their susceptibility to the
organism. Isolates in Nigeria such as 13225 (llemobade, 14976) and Jaji

(Anon, 198Y) respond to common oayletracycline chemotherapy and are
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pathogenic 1o exotic breeds (Isoun er al; 1974) indigenous savanna goats
and zebu cattle (llemobade, 1976). Okaiyeto (1995) experimented on a
new uncharacterized isolate (Basawa stock) and noticed that 1t was less
severe in the West Africa dwarl goats (Okeiyeto 1995).  Also the
susceptibility of Yankasa sheep and goats from arcas South ol Zaria
(Hemobade, 1976: El-imairi, 1991) vary. Immunity and cross immunity
studies showed that solid immunity is conferred following  homologous
and heterologous challenges (Anon, 1989: Audu ez al; 1995). Acute form
of the disease are the most predominant i both natural and experimental
imlections (Hemobade, 1976: Lawal er al; 1992). However, peracute form
has been observed in some experimental infections in Savanna goats
(Ulayi et al; 1992). Variation in the vector is also an important factor in
the epidemiology of heartwater disease in Nigeria. It has been reported
that Amblyomma  variegatum is the most widespread tick in Nigeria
(Anon, 1989). So far, only two species A, variegatum and A, splendidum
is not considered important i the epidemiology of heartwater in Nigeria
because ol its restricted distribution  (Hemobade, 1976) have been

identified.

The response of the host animal to Cowdria ruminantiim infection

also varies. This depends upon the species, breed, strain of the parasite,
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sex, and age. Research findings in Nigeria showed that goats are more
susceptible to heartwater than other species while the Savanna goats are
more susceptible to the discase than the West Africa dwart (Okaiyeto,

1995). Age resistance has also been noticed.

Kids exhibit some resistance (Audu e al; 1995) while the adults
are highly susceptible (Lawal er af; 1992). Variation in sex related

susceptibility has not been reported.

Animal husbandry system has also been reported o influence the
incidence of heartwater (llemobade, 1976).  Poor tick control and poor
nutrition leading 1o stress are likely to contribute signiticantly to the
incidence of the disease in Nigeria, although there is little or no report as

regards this factor.
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2.6.5 Clinical Signs, Pathogenesis and Pathology of Heartwater
2.6.5.1  Clinical signs in ruminants

Incubation period varies according (o species and breeds ol
animals, the mode of mansmission and  size of nocolum. When
transmitted by ticks, it varies from | to 5 weeks with an average of 9 (o
10 days i small ruminants and an average of 12 days i cattle when i s
artthicidly tansmiied throuph the muavenous route (Hilenberp . 1983

Hemaobade and Blotkamp, 1978b). However, incubation period as low as

3 days was reported atter arnihicial infection (Gueye and Vassilides, T985).

The clintcal signs of heartwater i ruminants have been extensively
reviewed by Alexander (1930, Hennimg (1956), Hemobade (1976),
Uhlenberz ¢1983) id Losos (1986). The information presented here s
extracted maindy from the work of these authors. The mtensity of clinical
signs depends on the susceptibility of the anunals, breeds and virulence ol
the organism. Four forms ol heartwater have been recognized. These are

peracute, acute. subacute or chronic and mild or abortive torms.

Peracute form
This form usually results m the death of the alfected animals

without any warning sign.  This form is usually observed in exotic breeds



(Isoun er af; 1974). Peracute torms have also been noticed i mdigenons
brown Savanna goats experimentally infected with a Shika isolate of the
parasite (Ulayi ef al: 1992) i local call (Bida and Adam. 1973) and also
in West African dwarl goats (Okayeto, 1995). Anmnal often collapse
suddenly with convulsion and die. Signs olten last for few hours and

usually begin with fever of 40°C or more.

Acute form

This is the commonest form ol the disease i most susceptible
animals. A sudden rise m temperature is usually the intial sign and
usually reaching 41"C or more within the first or second day ol fever and
may drop to subnormal fevel ar the erminal stage.  Appetite s usually
lost, rumination ceases, the mucous membrane becomes cyanotic followed
by respiratory signs such as dyspnoea and moist rales on percussion of the
thorax.  The nervous signs wineh include rapid blinking ot eves, high
stepping and unsteady  gar with legs stretched apart tor balance and
leaning on the wall for support set in within a few days. The wongue is
often protruded rapidly, and there is hypersentivity to touch. The animal
may become vicious espectally in cattle (Uilenberg, 1983) and charges at
any object. The discase usually progresses rapidly when nervous signs set

in, the antmal can nardly recover at that stage and often several Tius and



convulsions are observed. At this stage the animal usually goes on lateral
recumbency, legs are stretched out and exhibit some pedaling movements
of the legs, jewimg movement of the jaws, nystagmus, opisthotonos and
trathy Hfim saltvation from the mouth (Hemobade, 1977). Pregnant
animals vsually abort dead  fetus (Okaiyeto, 1995). Recovery is usually
rare but when 1t occurs it s usually prolonged or protracted hiienberg,

1983).

Chronic or Subacute form

The signs are similar (o the acute form but milder and
characterised by diarrhoca. It takes a longer course and could be upta 10
days (Hemobade, 1977). Then the aftected animals may just collapse and
die from some other causes such as congestion ol lungs  causing
pneumonia and ramen atony.  Convalescence s usually slow when it

OGUCUrs.,

Mild or abortive or inapparent form:

The signs are so mild that the disease is seldom noticed under field
conditions and the atfected antmal usually recovers.  Animals with ligh
natural resistance (lambs, kids, Persian sheep, Africander sheep, native

cattle sheep and goats) i endeone arcas and partially immune animals
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usually contract this form of heartwater.  The thermal response s mild
lasting for only 2 - 3 days and infected animals usually act as reservorrs

ol mmfection tor ticks.

Mortality and Morbidity rates:

In Angora goats a Q0% mortality has been recorded (Uilenberg.
1983). In Nigeria 100% mortality have been recorded i the indigenous
brown savanna goats (Hemobade, 1977) and 50% in experimentally
infected West Africa dwarl goats (Okaiveto, 1995). However. these two
main breeds of Nigerian poats have shown a 100% morbidity (Hemobade,
1977, Okaiyeto, 1995). Uilenberg (1983) noticed that the mortality rate
depended on the virulence of the strain ol the organism and the morbidity
rate which s also atfected by fick control (Matheron e7 al; 1987).
mmmunization and treatment. The age of the antmals also allects mortality
(Haig, 1955).  The tindings of Du Plessis. (1985) that anmmals with
conglutinin (K) i the serum resist heartwater infection may also alleet
morbidity and mortality. He reported that animals with hiph concentration
of conglutinin K were protected against fatal infection.  The suckling
calf resistance which decreases as calves become older differs from K
assoctated resistance which in calves increases with advancing age thus

one becomes stronger as the other wanes (Du Plessis, 1985).  1le also



observed that the levels of conglutimm were almost not detectable i new
born calves and increased shightly during the few months of hie.
2.6.5. 2 Clinieal signs of heartwater in Iaboratory animals

The climcal signs of heartwater described inomice are nuinly
infected outbred Swiss albino mice experimentally infected with the
Kwanyanga, Nonile and Welgevonden stocks.  The signs are qune
different from those observed m raommants. An incubation period ranging
from 9 - 14 days is usually observed and signs are most evident about 24
hours to death (Prozesky and Du Plessis, 1985). These include increase
respiration,  pilocrection and Jethargy.  Incoordination may  he seen
occasionally in moribound mice (Mackenzie and Van Rooyen. [981),
Other signs such as lethargy. anorexia and rutfled coats may be observed
(Prozesky and Du Plessis, 1985).  Hypothemia within 12 - 72 hours 1o
death is often a constant feature with the imfected mice being cold 1o
touch. A fall in the body temperature by as much as 10°C prior to death
was recorded i mice mlected with the Kwanvanga stock (Mckenzie and
‘an Rooyer, 1981). There is always a complete absence of pyrexia in the

infected mice,



2.6.5. 30 Gross Pathology in Ruminants

The gross pathology of ruminants that died ol heartwater was
extensive discussed by Clak (1962); Hemobade and Blotkamp (1978b);
Uilenberg (1983) and Prozesky and Du Plessis (1985).  The external
appearance ol the carcass usually appears good but  ticks may be found
on the body (llemobade, [1976).  The major macroscopic lesions as
described by Bemobade and Blotkamp (1978b); Ulilenberg (1983) and
Prozesky and Du Plessis (19R5) are hydrothorax, ing edema charactenised
by dilatation of terlobular septa and presence of froth (o the teachea and
bronchi.  Atelectasis ol the ventral lung borders, hvdropericardinm
petechial hacmorragpes of endocirdinm . hyperacmia ol the abomasum.
enteritis and swelling of Iymphnodes.  Hacmorrhages i central nervous
system, vagina and urinary bladder have been reported (Camus and Barre,
1982; Prozesky. 1987). Splenomegaly and distension of bladder are also
reported,  Hydropericardium is more common in sheep and goats than
cattle.  There are usually no macroscopic brain lesion apart  from
congestion of meningeal blood vessel Uhlenberg, 1983). 1o acute cases.
the most striking feature as lung cdema
2.6.5.4 Histopathology

Several histopathological changes may be observed. These include

marked alveolar congestion and edema, myocardial hacmorrhages and



edema, dilation of portal vein, congestion of central, portal and sinusoidal
vessels (Hlemobade, 1976).  Spleen and lymphnodes are also congested
with hyperplastic reticular cells.  Renal vessels and glomeruli are
congested. I the brain, there is lencostasis, striking proliferation ol glial

cells, congestion of chroid plexus and cercbellum,

2.6.55 Haemogram of Heartwater

There are various areas of disagreement as regards hacmograms of
heartwater, especially on the level of hemoglobin, haematocrit, total and

differential white blood counts and cosinophil level as explained below:

Haemoglobin Level:

The level of hacmoglobin usually decrease  (Hemobade  and
Blotkamp 1978: Owen er @f; 1973: Rahim and Shommein 1978; Van
Amstel ef al; 1987a; and Okaiyeto, 1995). The decrease may oceur just
alter the onset o pyrexia (Van Amstel er al: 1985b) or durig pyrexia
(Okaiyeto, 1995), The claim by Clark (1962) that there is terminal rise

in haemoglobin was not confirmed by Hemobade and Blotkamp (1976),
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Haematocrit

A drop in haematocrit has been reported by several authors
lemobade and Blotkamp 1978b; Owen ef al; 1973; Rahim and Shommein
1978: Van Amstel 7 al; 1994 and Okaiyeto, 1995).

Rahim and Shommein (1978) reporied that the mean corpuscalar
haemoglobin concentration (NCHC) and mean corpuscular volume (MOCV)
were signiticantly lowered in the course ol heartwater and suggested that
there was development of microcytic hypochromic anacnia. Van Amsiel
et al. (1985b) however reported that anacimia was more ol nomocytic
nomochromic type as no change in MCHC and MOV was observed,
They suggested that such anacmia could result from acute hlood loss,
acute hemolysis. sequestration of red blood cells in spleen. hacmaodilution
or bone marrow depression.  Prozesky (1987) noticed that sequestration
of red blood cells in the spleen could partly account for the drop in
haemaoglobin, hacmatocrit and red cell count. It has been contirmed that

there is usually no blood loss,

Total and Ditferential White blood cell (WBC) count
Diftering observations have been expressed as regards the Total

and Differential (WBC) count.
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While llemobade and Blotkamp (1978b) reported leucocytosis duc
to neutrophilia and lymphocytosis.  The occurrence of neutrophilia was
supported by Camus and Barrc (1982). [llowever, there is general
agreement that the monocyte count remains the same (Van Amstel ef af;
1987a). A terminal rise in the total lencocyte count has been reported
(Van Amstel et a(_.'_ 1994y, Van Amstel e al. (19835) observed that
neutropenia, lymphocytosis and eosinopenia were consistent ch.anges in
heariwater hacmogram, e suggested that is could be due 1o hone
marrow depression sinee (hey are produced there or due to clevation of
cortisol but there is no lymphopenia which is also associzted with this

steroid.

Eosinophil level

The circulating oesinophils usually disappear either before the onsel
of fever (Clark, 1962) or during {ebrile reactions (Owen ef af; 1973,
Rahim and Shommein, 1978). The drop and probably the disappearance
of the oesinophils has been atiributed to stress (llemobade, and Blotkamp

1978b).
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2.6.6  Chemical Pathology in heartwater

Blood glucose:

A terminmal rise in blood glucose was reported (Clark, 1962:

llemobade and Blotkamp, 1978h).

Blood proteius

Clark (1962) reported no change in serum protein.  However a
drop in ganaa globulin and a rise i alphaglobulin have been reported
(Itamobade and Blotkamp, 1978). A drop v gammaglobulin is generally
a non specific response to injury observed in many conditions (Schalm ¢f
al; 1975).

A decline in albumin fraction has been reported (Van Amstel ¢f al;
1987a). This is because of being smaller than globulin it could pass

+

through the endothelium with case.

Laciate and Pyruvate

There are merease i lactate and pyruvate, The rise in pyruvale
was associated with the respiratory and cardiac insufficiency leading 10
less availability of oxygen to oxidise it (Ilemobade and Blotkamp, 1978b).
There is metabolic acidisis due to drop in blood pH and subsequent

accumulation of lactic and pyruvate acids.  The decrcase in plasima
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volume prior to death is due to a sudden increase in capilfary permeabifity
alfowing escape of plasma protems from vascular system  (Clark 1962).
The transudates in heartwater {requently show coagulation, indicating that

proteins as farge as fibrinogen can pass through the capillary wall.

Plasmia colour

A darkening in colour (orange colour) of the plasima of heartwater
infected Angora goat has been report (Gruss, 1981).  The observation
which was confirmed by Metelerkemp et al. (1986) was associated with

elevations of total birtlubin levels.

Bload urea nitrogen (BUN):
Fhis usually rises while creatme remains normal (Clark 1962),
Owen ¢f al. (1973) obscrved that the blood pressure usually
changes in heartwater and this could explain the noticeable changes in

blood urea nitrogen.

Serum electrolytes: Owen ef al. (1973) reported a shight increase
in the chloride and sodium levels while Clark (1962) observed no change.
The blood potassium level shows a terminal drop because the level of

cftusion fluad 1s usually more than those in the plasima.  This makes the



osmolarity in the effuse fluid greater than that of the plasma (Van Amstel

et al; 1987), -

A terminal hivpocaleaemia has been reported while magnesiumnt and

inorganic phosphate remain constant (Owen et al; 1973). Van Amstel ef -

al. (1994) noticed a progressive decline in total calcium while the ionized
calcium also reported that thrombueyte count decline markedly but both
prothrombin tme (P and activated partial  thromboplastin: (APUT)
increased including fibrinogen although therc was no detectable increase

m fibrinogen degradation products (FDP).

2.6.6.1 The central nervous system during heartwater

The electroencephalographic  (EEG) changes showed a high
voltage theta or delta rliythm without any discrete features and thus were
non specific (Van Amsici, 1987). e associated these changes with brain
edema and congestion.  The changes are similar ml those commonly

observed in most central nervous disease (Klemm, 1969),

2.6.7 DPathulogy of heartwater in mice

The gross pathology of heartwater in mice varies greatly from that

of ruminants. Brown and Skowronek (1990) noticed that the predominant
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gross pathology were puimonary edema, hydrothorax hydropericardium
and splenomegaly.  The lungs were congested, wet and lailed 1o collapse
normally.  Microscopically, alveolar edema were the mam findings.
Prozesky and Du Plessis (1985) in addition to the above features. observed
some small foci of emphysema. surrounded by arcas ol atelectasis

distributed throughout the Tungs of some mice.

In spite ot the differences i the pathology of mfected mice and
ruminants, McHardy and Mackenzie (1987) showed that laboratory
animals could providc models for screening chemotherapeutic agents. The
results obtained using mouse model were comparable to those obtained in

infected ruminants and in the fields,

The main shortcoming of using mice is the determinant factors
such as time of death and lack of pyrexia which are rather poor. The
organisms are osually dithicult 1o observe i tissues and are hardly

observed 1 the braimn thus Tmiting its usetulness.

2.6.8 Pathogenesis of heartwater
There is no conclusive agreement by scientists as repards the

pathogenesis of heartwater. The parasites are taken up by the Iree
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tlloll(arlucfear phagocytes of blood when the vertebrate hosts are infected
either through ticks or by artificial inoculation ol infected materials. The
mononuclear phagocyies of cither blood vessel lining or the lymph sinuses
could also ingest the parasites.  The parasites are transported to the
regional tymphnodes where multiplication "primary replication” probabyly
occurs {Losos, 1986). The parasites are rcleased into bleod circulation
through the efferent vesscls (Ilemobade, 1976}, Parasitization of vasicular
endothelivm and other organs occur where another round of multplication
"secondary replication” occurs {(Du Plessis, 1975). It was presuined (hat
the endothelial cells are injured daring this process and become permeable
allowing plasma proteins 10 pass into perivasicular spaces.  There is
consequently an increase in osmotic pressure outside the vessels causing
water to pass tfrom plasma into tissues as edema amd intocavitics as
hydropericardium, hydroperitoneum and hydrothorax.  Reduction in
plasma which could diminish by 70% in severe cases occur causing death
from shock. The murphology of the parasite in the primary replication
sites may differ from those of the secondary replication siles {lcmobade,

1976).

Utlenberp (1983) noted however that the pathogencsis of heartwater

18 an arca ol controversy because the lesions observed, do not correlate
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with the presence of the parasites. He stated that the parasitized
endothelial cells rarely show morphological changes except that in some
few occasions, growing colonies may push them aside or be flattencd.
Hydropericardium was associated with cardiac insuifficiency and lung
edema while death was thought 10 be due to ;isphyxiation (Uilenberg,
§983: Owea ef al; 1973) rather than shock from decrease blood volume.
Toxin (Neitz, 1968) rather than injury 1o endothelial cells was claimed to
be responsible for increase capillary permeability, Also the nervous signs
were also largely atiributed to toxin rather than brain lesions. Uilenberg
(1983) and Hemobade (1976) wlso lavoured the suggestion ol wxin
involvement in the pathogenesis of beartwater. The intense muscular
activity was also supgested 1o be linked to toxin (Uilenberg, 1983). The
increase aclivity in Lurn leads 1o the increased levels of blood lactate,
pyruvate and ghucose and a4 drop in blood pll. The risc in pyruvate was
explained o be due (o respiratory and cardiac insufficicncy resulbting in
tess availability ol oxygen for immediate oxidation of  pyruvale
(Hemobade, 1976). The drop in pH causes mewabolic acidosis (Tasker,

1971), tactic and pyruvic acid accumulation.

Lymphopenia and subsequent decrease in gamma globulin result in

suppression ol humoral response.  This tends o increase tlie severity of
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the disease (Hemobade 1976).  The involvement of endotoxin and
inflammatory products have also been suggested to explain the severity of
the effusions found in the lungs and cavities which are less reflected in the
histological and ultrastructural morphology ol the infecied cells (Camus
and Barre, 1982:  Du Plessis. {985).  Comphiment and comphiment
binding proteins, conglutinin which are unique to rumimants were also
speculated 1o partake in the pathogenesis (Du Plessis 1985: Du Plessis ef
al; 1987).  Nan Amstei et al. (1987h) demonstrated the presence ol
endotoxin in the blood of lected sheep, However, Van Amsiel e al.
(1994) reported that endotoxin was not too signiticant in the pathogenesis
because the elevation of the endotoxin was observed to be of shori
duration and decrease in 24 howrs follow-up samples.  In the same
experiment, the levels of leukotrienes (B, €, and D,) in the blood or
thoracic or pericardial fluids were not elevated,  Leukotrienes are potent
inflammatory products  generated  via the  arachidonic  aciud  trom
phosphelipid membrane in response o cellular injury and causing elfects
like decrease in cardiac functions and decrease in vasicular permeability
with plasma water leakage and edema (Bottoms and Adams, 1992). The
non elevation of leukotrienes levels therefore questions their role i the
pathogenesis. More studies are therefore required 1o resolve the role of

endotoxin in heartwater,



Brown and Sknwmm—:k (1990) using immunochemical studies to
support this arguement, suggested that the pathologic effects in the lungs
and myocardiwm nmight be mediated from a distant site. "T'his wus because
they found no  organisms nor was there any immunochemical staining in
these organs.  He also disagreed with Prozesky and Du Plessis (1985) that
the lung edema might be caused by gram aegative endotoxemia because
the histologic evidence of [ibrin associated with endotoxacmia  was
lacking. Toxins, ead travma and eapid increase in cerebro spimal Huad
(CSF) pressure were suggested as possible cavses (Brown, 1990). Tt was
noted that the multiplication of the parasites in cerebral endothelinm could
creale enough lucal disturbance to increase CSF pressure and could cause

neurofogic myocardial degeneration and pulmonary edemia.

Totte ef af. (1994) reported (hat some cylokines especially the
interferons could play some "adjuvant” roles in the pathogenesis of
heartwater by allowing the animal to resist the disease. They showed that
alpha interferone (alFM) possessed some Iimited_ anti cowdria aclivity in
vivo, allowing infection to occur (o induce a protective immune response.
They also reported that aninials that resist expertmental infection produced
a high level of circulating 1N - whereas animals that died did not. Daily

injection of gamma interferone (II'N-y) for 2 weeks has been shown o
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protect mice against Cowdriosis (Tolte er al; 1994), but injection af lesser
perivd only delayed the milection. Other eytokines such as interleukin-2
(IL-%), interleukine -6(11.-*) and tumor necrosic factor (TNF) do not play

a role in the pathogenesis of heartwater (lotte er af; 1994).,

Malan (1993) also reported that concanavalin apgiutinin (Con A)
stimulated bovine T-cell supernant but did not affect entry of Covefria into
cells. tle suggesied that it could be one of the mechanisims by wiuch 'I'-
cells control the multiplication of (he organisms and consequently the

severity of the discase.

Toue ¢f al. (1994) found that Human recombinant myeloperoxidase
(rec. MPO) used in vitro at a concentration (18 units/mouse} protected

mice against heartwater (Kumm stock),

2.7 Diagnosis of Heartwater in ruminants and mice
2.7.1  Antemortem diagnosis

The diagnosis of heartwaler in five animals can either be tentative
based on the clinical and cpidemiological observation or conflirmalory
based on the brain biopsy (Synge, 1978) which is mainly used

experimentaily. Confirmation can also be done by subinoculation of oo
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into susceptible  animals  (Ilemobade and  Blotkamp, 1978a) or
subinoculation of homogenate of ticks which have led ou inlected animals

(Bezuidenhout, 1981),

Several haematological changes can also be used in (culalive
diagnosis of heartwater in live animals,  These include considerable
decrcase in circalating costmophils (Clark, 1962) leucopenia (llemobade,
1976) ncutrophilia (Perraeu, [981), orange pigmentation of the blood
plasina of Angora goais which is not due 10 bilirubinenmiia (Gruss, 1981).
The electroencephalographic (EEC) changes in the clinical diagnosis of
field and experimental cases were not specific and were attributed to brain
edema Van Amstel, [987). A DNA Probe which is a nucleic acid based
test was recently developed o dingnose C. ruminamtinnm in inlected

animals and ticks.

The DNA and RNA probes to detect ricketisia and other organisms
in animals and arthropod vectors by nucleic acid hybridisation have been
acclaimed 1o have high specilicity and sensitivity (Barker ¢ al, 1986),

Aparl from the cloned genes Trom DNA of the Zimbabwcean isolate

(Crystal springs strains) genes fom DNA of Kiswani sirain of Kenya have

also been cloned PCr 9 (Waghela ef af; 1991).
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Using the nucelic acid based tests, it has been shown that Cowdria
is closely related to Anaplasma marginale and  Ehrlichia  canis
phylogenetically. Mahan ef al. (1993) reported that the 32 KDa protemn
(MAPI]) encoding gene (MAPL) has homology with MSP-4 protein of A,
margimale (31 KDa) and cross react serologically with antigen comtaining
cross reacting epitopes of I camis (27 KDa).  For these reasons, talse
positive in field sera from heartwater free areas in Zimbabwe were
observed using the 32 KDa specific CELISA (De Vries ef al: 1993) and
immunoblotting assays (Mahan ¢f al; 1993). It has been noticed that the
sensitivity of the DNA probes is limited by the amount of the target DNA
present in the sample.  Posnett and Ambrosio (1991) observed that the
sensitivity of DNA probes is within the range ol microscopic detection (1.¢
10 - 10") when used to detect parasites in blood.  Conrad er af. (1992)
rcpurlcd- that DNA probes based on the genes encoding for ribosomal
RNA appcared to be more sensitive.  The DNA s particularly usetul in
the identification ol carrier animals or where specificity is required amd
also in post mortem diagnosis especially i decomposing  animals
(Jorgensen and Timms quoted by Dalgliesh, (1993). The DNA probe was
meant to provide solutions to the non specific reactions in serological tests
caused by cross-reactions with certain Ehrlichia species some of which can

not be eliminated by dilution or the use of monoclonal antibodics
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(Jongejan er al; 1993a). However, the DNA probes are expensive, slow,
sophisticated, applicable m well established laboratory with tacilivies for
handling radioactive substances (Camus, 1994) and lack sensitivity. Tt
needs to be aimproved upon so that a non-radiolabelied indicator of

hybridization can be used (Yunker and Allsopp, 1994).

Polymerase Chain Reaction (PCR) Technigues.

!’("R primers of oligonucleotides are being developed from ()
ruminantiven small ribosomal RNA sequences, (o idennty carriers and
active infections. The studies aim at finding a way of developig a non-
radioactive detection methods for use with these probes 1o make the

technology useful in most countries that have heartwater.

Where high sensitivity is required, the PCR supercedes the DNA
probes. The PCR test repeatedly amplified a specific DNA sequence in
the genome of the target organism using polymerase enzyme to produce
products that are casily detectable. The test is so sensitive that as minute
as [ pg of DNA i a sample can be detected.  Persing ef al. (1992)
observed a Babesia parasitaemia of 107 can be detected making PCR 100
times more sensitive than the limit of microscopic detection. The PCR s

particularly used in validatimg results from other diagnostic techniques
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because of its sensitivity and specificity and also for export certification

of livestock.

2.7.2 Postmortem Diagnosis

Van de Pypekamp and Prozesky (1987) and Prozesky (1987)
suggested that an auampesis ol the anmimal should be iaken betore the post
mortem is done.  Information such as the signs before death, vaccination
history, ItiL'k control programme species, breeds, age and origin of the

animal are necessary.

Gross lesions

In peracute cases, gross lesions may not be readily seen. In acute
and chronic cases, several non-pathognomonic macroscopic changes may
be observed. These lesions are very similar in most domestic and wild
ruminants and mice (Uilenberg, 1971a;  Uilenberg, 1983: Hemobade
1976; Prozesky [987a). The main lesions include effusion ol blood
cavities, hydropericardinm and lung edema. There are also mediastinum
and brain edema, widespread petechiae hacmorrhages and splenomegaly.
Brain edema may be the only pathologic changes in animals that died of

chronic infection (Prozesky, 1987b).
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Micruscupic lesions

Diagnosis of heartwater based on histological changes was said to
be of limited diagnostic value (Prozesky  1987a).

The use of smears Trom brain cortex (Purchase, 1945) has been the
most reliable method for confirming the disease. Thus the use of smears
from intima of large blood vessels and tissue sections (Prozesky, 1987)
for confirmation had to be abandoned. The difficulties oiten encoumtered
in getting brain specimen under field situation ()!'tell ltmit the diagnosis of

heartwater {Uilenberg, 1983).

2.7.3 Diagnosis in treated animals

It has been reported that the organisims are difficult (o identify in
brain smears made 48 - 60 hours after animals are treated (Prozesky.
1987). It was explained that chemotherapy usually affected the smatl
forms than the large forms making them to fuse and become poorly
delincated and thus difficult to differentiate from phagosomes on
endothelial cells, group of blood plateletes, the chromatin of® capillary

endothetial cell nuclei and mast cell granules.
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2.7.4 Diagnosis of heartwater in mice

Using the Welgevonden isolate, the main gross pathology noticed
were hudrothorax, hydropericardium, lung cdema and splenomegaly (Du
Plessis 1975; Prozesky and Du Plessis, 1985).  Microscopically 1he
organisms were reporied to be highly concentrated in the lungs.,  Using
the Kumm isolates, the organism were seen in many cells but they were
most prominent in the peritoneal macrophages and reticulo endothelial
cells in spleen and lymphnodes (Du Plesssis, 1975). I both cases, the
authors reported the presence of the organisms in brain smears but in low
concentration and not as frequent as obscrved in ruminams (Prozesky,
1987). For conlirmatory diagnosis subinoculation of blood of infecied

iice inte a susceptible ruminant is usually advocated (Prozesky, 1987h).

2.7.5 Serology
Several serodiagnostic tests have been developed 1o monilor
heartwater infections in expertmental and ficld mfections. They include

- the tollowings:

i) Capaillary locculation 1est (Hemobade and  Blotkamp
1976),
it} Indirect fluorescent antibody test using infected moused

macrophages (120 Plessis, 1981):
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iii)

iv)

V)

vi)

vii)

vii)

x)

xi)

Xk}

Indirect fluorescent antibody test using infected neutrophils
{Logan, 1987);

a direct antibody tcst (Sahu, 1988);

an indiceet fluorescent antibody  test using an infected
bovine endothehal cell antigen (Martinez et al., 1990
Semu et al., 1992);

competitive enzyme linked immunosorbent assay (CELISA)
based on an epilope of the major antigen protein (MAPI
antigen) of C. raninantion (Jongejan e uf; 1691b);

an immunobiotting/western - blotting  assay  based  on
reactions (o the MAPE antigen (Mahan ef af; 1993);
indirect ELISA based on C. raminantinm tysates (Martinez
et al; 1993; fongejan ef al; 1991b);

a recombimant indireet MAPID ELISA based on partially
expressed MAPI protein (Van Vet ef al; 1992):

MAPI - antigen (@ baculovirus  expresscd)  bascd
immunoblotting assay (Katz ¢t «f; 1996);

an MAP2 - hased indireet and CELISA o alse have heen
developed and evaluated for the diaggoosis of heartwaler
(longejan e al: 1991Dh);

a nuclet acid based (est, the polymerase chain reaction
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(PCR) has also been developed and evaluated for the
diagnosis of heartwater (Mahan er al; 1993: Yunker and

Allsopp, 1994,

The problems associated with these tests are many.  ‘They range
from their variations in sensitivity and specilicity, cross reactions with
Ehrlichia species leading to false positive results and ivolvement of some

sophisticated echnology.

Immunofluorescent antibody (1FA) Test

IFA test was first developed for diagnosing heartwater by DU
Plessis (1981). Infected peritoneal mouse macrophages was used as
Cowdria antigens using the Kumm strain (Du Plessis and Kumm 1971).
The test was mamly used m South Alrica for seromonitoring  of

experimental animals (Du Plessis and Mahan, 1987).

There is cross reaction between Cowdria and Ehriichia in 1A 1est
based on infected neutrophil cultures (Logan er al; 1986) or infected
mouse macrophages (Du Plessis, 1981). The cross-reactions usually cause

problems in the interpretation of serological results.
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A new dimension was created on the serology of heartwater with
the successful in vitro cultivation ol Cowdria on long 1erm basis
(Bezuidenhout ef al; 1985). Cowdria antigens can theretore be produced
on a large scale for scrology. Various ovine and bovine endothelial cells
were used (Yunker e af; 1988 longejan 1990; Byrom ¢ al; 1991 and
Mahan, 1993). The IFA test on cultured antigen is based on the brightly
fluorescing free extracellular elementary bodies (EB) of Cowdria while the
intracellularly located reticulate bodies which  fluoresce only famntly are

not considered.

Direct Muorescent antibody (DFA) Test
DFA test is not widely used. However, Sahu (1988) used it o
detect C. rioninantivm in tissues collected trom goats, sheep and cattle that

died of experimental heartwater. The test is for less superior to TFA test.

Monoclonal Antibody-mediated ELISA test
The direct ELISA test is usually found unsuitable for Cowdria
serology because of the high background resulting from the unpuritied

Cowdria antigens harvested from endothelial cultures. The use of specitic

monoclonal antibody is therefore adopted to avoid this problem.
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A monoclonal  antibody-medicated  competitive  ELISA  test
(CELISA) was therefore developed based on the use of Mab to determine
the localisation of ('r32 {MAPD and the circulating antibody.  Jongejan
et al. (1991b) also showed that the serotype specifity does not play a role
in the CELISA because Cr32 is a conserved protein present in most of the
C. ruminantium that have been tested. It has been noticed that CELISA
is better than 1FA test but Western blotting appeared (o be more sensitive
than CELISA in detecting antibodies against Cowdria specilic proteins,
However Western blotting is not very practical foer large scale serological
test and is used as an additional method for evaluating previous exposure

to Cowdria (Jongejan, 1093a),

The high background fluorescence in field sera which may
probably be due to cross-reactions with Ehrlichia species poses another
problem. This makes the determination of realistic cut-off point difficul
especially in CELISA. The recombinant indirect MAPIb ELISA was
developed to solve the problem of cross reactions with Ehrlichia species

of CELISA.



The Indirect ELISA (IELISA) or Solid

Phase ELISA

The TELISA has been used experimentally and in field surveys.
It was used in 1 osser Antitles  for seroepidemiological surveys (Camus ef
al; 1993).  The percentage ol positive was higher in Antigua and
Guadeloupe  where the disease is known to occur and less in arcas with
no record of clinical disease. The positive test in these arcas were
attributed to cross-reactions with other organisms.  The speciticity of
IELISA was reported to be lower for sheep than for goats and cattle
(Martinez e al; 1993).  They also recorded cross-reactivity with

Ehrlichia bovis and L. ovina but not with F. phagocvtophila.

Competitive ELISA (CELISA) has the advantage over the TELISA
or indirect binding assays by having low background levels at high serum
concentrations and by not requiring pure antigens because the specilicity

ol monoclonal antibodies 1s used.

Obcrens e al. (1984) and Neitz e al. (1986) had produced
Cowdria antigens from infected sheep bran, A. hebraewnr nvmphae and
sheep brain respectively using the percoll density gradient and 1ecitin
chromatography. The antigens produced were unsuitable for ELISA due

to pleomorphism of the organism making 1t difficult to concentrate them



in a single band to give sulhcient quantty antigens.  In addition, the
bands comained more impurities than the orgamsm giving  high

background levels.

Cross yeactions

The specilicity of TFA test is greatly hampered by cross reactions
between Cowdria and Ehrlichia species based on antigens from neutrophil
cultures (Logan ¢r af; 1986: longejan ef af; 1989).  Strong reactivities
were recorded between Cowdria  antigens and . equi antisera but less
with £, canis (Logan et al: 1986). E. phagocviophila showed bilateral
cross reactions in neutrophil culture antigens while £ bovis had unilateral
cross reactions using infected macrophages based 1FA tests, so also were
E. phagocytophila and I, ovina (Du Plessis er al; 1987) Cross reactions
with Ehrlichia species usually hampers serological diagunosis of heartwater
using CELISA, immunoblotting and 1FAT. Consequently recombinant
MAPIb ELISA was developed to solve the problems of cross reactions
with Ehrlichia species. MAPIb ELISA involves using a specilic fragment
of the MAPI protein implemented as a possible specific alternative ELISA
antigen.  Cross reactions are not Imked o cross immunity  between
organisms. £, phagocytophila did not cross react in CELISA and Western

blots but cross reacted i 1F'A test (Jongejan er al; 1993a).






