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ABSTRACT
 

Andrew, H.R. and Norval, R.A.I., 1989. The carrier status of sheep, cattle and African buffalo 
recovered from h,artwater. Vet. Parasitol.,34: 261-266. 

Sheep, cattle and the African buffalo (Syncerus caffer) were shown to remain cc,riers of heart
water (caused by Cowdriu ruminantium) for long periods after recovery; 223, 246 and 161 days,
respectively. Transmission was achieved using adu!ts of the southern African bont tick (Am
bb'omma hebraeum) that had fed as nymphs on recovered animals. Our findings differ from those 
of other workers who attempted transmission using nymphs that had fed as larvae on recovered 
animals or with blood from recovered animals. 

INTRODUCTION 

The question of the existence of a carrier state in r-mii',nts that have re
covered from heartwater (Cowdriaruminantium)has been examined by heart
water researchers over the years. in most cases, these studies have involved 
inoculating blood from heart~vater recovered animais into susceptible ones 
(Barre and Camus, 1987). Alexander (1931) reported that blood (animal un
specified) was infective for a maximum of 35 days. Neitz (1939) and Neitz et 
al. (1947) found the period of infectivity in sheep to be a maximum of 2 months. 
Ilemobade (1978) found sheep blood to be infective up to 50 days after recovery 
;n one case. 

Few investigator, have attempted transstadial transmission with natural 
vectors of heartwater, such as the southern African bonb tick (Amblyomma 
hebracum), when investigating the reservoir status of ruminants (Barrg and 
Camus, 1987). Alexander (1931) fed two batches of A. hebraeurnlarvae on 
recovered animals and found the resulting nymphs to remin uninfective. Barre 
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and Camus (1987) fed 88 batches of A. hebraeum larvae on Creole goats around 
and just after the temperature reaction and concluded that these goats were 
not reservoirs of Cowdriafor more than 5 days after recovery. Nymphs, fed as 
larvae over a 42-day period on a heartwater-immune sheep which was chal
lenged with virulent blood, were reported by Bezuidenhout (1987) to be unable 
to transmit the disease. B,'zuidenhout also reported that he and Olivier (un
published data, 1986) fed nymphs at regular intervals on two sheep experi
mentally infected with heartwater before and during the febrile reaction, and 
up to 20 days after treatment. None of the ticks that dropped before the start 
of the febrile reaction or 3 days after treatment transmitted the disease in the 
adult stag . According to Uilenberg (1981, 1983), blood is infective for ticks 
only from tLe start of the febrile reaction until a few weeks after recovery. 

To determine whether or not a carrier state exists in ruminantn which have 
recovered from heartwater, we carried out numerous transstadial transmission 
trials u-Ing uninfected nymphs of A. hebraeum and various heartwater-re
covered sheep, cattle and African buffalo (Syncerus caffer). 

MATERIALS AND METHGOS 

Heartwater-susceptible sheep, cattle and weaner buffalo, raised at the Vet
erinary Research (VRL) Field Station in an area free of heartwater and its 
vectors on the Zimbabwe highveld near Harare (Norval, 1973), used.were 
These animals were infected with various Zimbabwe and South African iso
lates of heartwater (see Table 1 ) and monitored for febrile reactions. Brain 
biopsies were taken from sheep on the third day of fever, and, if positive for 
heartwater, the sheep were treat d intravenously with oxytetracycline hydro
chlo.ride (8 mg kg- 1 ). Cattle w,e either treated or left untreated. Buffalo were 
monitored, but as they showed no febrile reactions or clinical signs, they were 
left untreated. Five millilitrcG of blood was collected in heparin from each buf
falo 16 dayr after their initial inoculation with heartwater. This blood was 
combined and inoculated into a heartwater-susceptible sheep which wVs then 
monitored for a febrile reaction. 

All recovered animals were kept at the VRL Field Station when not required 
for tick feeding. 

All ticks used in the experiments werL -onfined in cloth bags that were glued 
to the backs of the animals. 

Five hundred uninfected Malipati stock (established at the VRL in 1978)
nymphs ofA. hebraeum,the larvae of which had fed on raLb)its, were placed on 
each of the heartwater-recovered sheep, cattle and buffalo at various times 
after recovery. These nymphs engorged, dropped off, and were placed in an 
incubator at a relative humidity of 80% and 27.0°C where they moulted to 
adults. 

Surviving adults were placed on heartwater-susceptible sheep (Table 1) 

/ 
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which were then monitored for febrile reactions. Brain biopsies were taken Un 
the thirdday of temperature and, if the bran smears were positive, the animals 
were treated with oxytetracycline. In some cases the disease was allowed to 
take its course to either death or recovery. Non-reactors were fully susceptible 
to heartwater when challenged by intravenous inoculation of heartwater-in
fected sheep blood. 

RESULTS 

The carrier state was demonstrated in the three ruminant species tested 
(Table 1). Heartwater was transmitted with relatively low numbc -s of adult 

TABLE 1 

Transmission ofCowdria runinantium from heartwater-recovered ruminants to nymphal ticks, Amblyommo 
hebraeum 

I.D. of Ruminant Cowdria No. ofdays I.D. of sheep No. adults Heartwater IP' 
recovered species stock after receiving (M = males, diagnosis (days) 
animal infection to adults moulted F=females) 

placement from nymphs 
of nymphs fed on 
on recovered recovered 
animals animals 

051 
053 

Ovine2 

Ovine2 
Nyats2 

Lemco 
114 
118 

1398 
1395 

22 M 
18 M 

Negative 
Positive3 

-

12 
1659 
215 
89 
91 

1764 
1621 

Ovine' 
Ovine2 

Ovine2 

Ovine2 

Ovine2 

Ovine2 

Mbizi 
Welge 
Welge 
Lemco 
Welge 
Lemco 

201 
90 

166' 
183' 
179' 
223 

10 
4381 

4382 

4387 

7 M, 6 F 
1 M, 8F 

10 M, 5 F 

6 M, 10 F 

Negative 
Negative 

Positive3 

Positive 

-
-

12 

14 
1433 
1404 

Ovine 
Ovine4 

Ball 
Lemco 

245 4388 6 M, 5 F Negative -

1410 Ovine4 Lemco 102 4392 20 M, 15 F Positive 17 
1441 Ovine4 Lemco 
1342 Bovine Lemco 98 1454 7 M Negative -
1322 Bovine Lerno 98 1393 10 M Positive 14 
1342 Bovine4 Lemco 
1322 Bovine4 Lemco 246 4394 10 M, 10 F Positive 13 
Tobe Buffalo 4 Lemco 
Sany Buffalo' Lemco 17 4383 10 M, 2 F Positive 15 
Tobe Buffalo Lemco 98 1409 10 M, 15 F Negative -

Sany Buffalo Lemco 98 1396 13 M, 8 F Negative -

Tobe Buffalo Lemco 161 1453 30 M Positive 33 
Sany Buffalo Lemco 161 1455 27 M Negative -

II.P., Incubation period.

2Nyats = Nyatsanga; Welge = Welgevonden; Lemco, Nyatsanga and Mbizi stocks are Zimbabwean field isolates.
 
Ball and Welgevonden stcks originate in South Africa.
 
'Animal died despite treatment.
 
'indicates that ticks from the same host species were combined and placed on the receiver animal.
 
'Blood taken from the two buffalo at this time was combined and injected into a sheep causing a fatal hear
twater infection.
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ticks (15-35) from two of five individual sheep, from two pools of three sheep, 
from one individual bovine, from a pool of two bovines, from one of two buffalo 
(tested on two occasions) and from a pool of two buffalo. With one buffalo, 
transmission was not achieved using ticks fed on it 98 days post-infection, but 
it was achieved using ticks fed on it 161 days post-infection. Sheep were shown 
to remain carriers for 223 days, cattle for 246 days and buffalo for 161 days. 
Some individual animals may have remained infected for longer than these 
periods, but the maximum duration of the carrier state was not determined. 

The sheep inoc'ilated with blood collected 16 days after infection from buf
falo developed a febrile reaction after 14 days and died of heartwater. 

DISCUSSION 

We have shown that sheep, cattle and African buffalo remain carriers of 
heartwater for long periods and therefore serve as reservoirs of infection. These 
findings contrast with previous accounts of the carrier state in heartwater 
(Alexander, 1931; Uilenberg, 1981, 1983; Barr4 and Camus, 1987). It is possi
ble that in recovered animals, low numbers of organisms are reproducing in 
capillary cells and periodically being released into the bloodstream. This would 
explain why ticks are able to pick up infections from individual animals on 
some occasions and not on others. In our attempts to detect the carrier state, 
we used nymphs, rather than larvae (Alexander, 1931; Barr4 and Camus, 1987) 
to pick up infection. As nymphs ingest considerably greater amounts of blood 
than do larvae, they would be more likely to ingest organisms. It is also possible 
that the organism multiplies more effectively in nymphs than in larvae. 

Cowdriaruminantiummultiplies in the epithelial cells of the tick gut (Kocan 
et al., 1987); thus. if even low numbers of organisms are ingested, the ticks are 
likely to become infected. This concentrating effect could explain why trans
mission through nymphs is also more likely to succeed than transmission by
inoculation of blood from carrier animals. The number of circulating organ
isms is probably high during the febrile reaction and for a short period there
after, corresponding to the period when it is easy to transmit infection by blood 
inoculation. 

Further evidence for the existence of the carrier state in heartwater is pro
vided by Jongejan et al. (1988) who isolated heartwater from Lutale in Zambia 
by feeding uninfected laboratory-reared nymphs of Amblyomma variegatum 
on apparently healthy indigenous cattle. 

Our findings indicate that the risk of spreading heartwater with recovered 
animals is significant. The results may also provide an explanation for the 
occurrence of relapses as reported by Neitz (1968), Neitz et al. (1947), du 
Plessis (1981), Uilenberg (1983) ind Uilenberg et al. (1985). 

Although the buffalo in this experiment were born and raised in an area free 
of heartwater and its vectors, they remained symptoinless when infected with 
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heartwater. This concurs with the observations of Keffen (1985), who inocu
lated two fifth generatici, captive African buffalo with heartwater-infected 
blood 'oth failed to develop clinical disease. Blood collected from our two 
buffalo, 16 days after iniection, was infectious to sheep. Ticks fed on the buf
falo at the same time also became infected. This is proof that buffalo can play 
a role in the epidemiology of the disease. The occurrence of a carrier state in 
African buffalo indicates that wild ruminants are prcbably also symptomless 
rese,voirs of heartwater. This is supported by the finding of Mackenzie and 
Norval (1980) that losses due to heartwater occurred in cattle taken to 
Rekomitjie Research Station, located in Mana Pools National Park, Zim
babwe, where no other cattle were present. 

In South Africa, du Plessis and Malan (1987) have reported that enzootic 
stability for heartwater can occur where the numbers of A. hebraeumon cattle 
are low. In these circumstances, losses due to heartwater are common in intro
duced susceptible cattle, but rare in those born in the areas (Bezuidenhout and 
Bigalke, 1987). Similar observations have been made regarding cattle infested 
with A. variegatumin Kenya ('3arnett and Bailey, 1955). The existence of the 
carrier state, together with high infection rates in adult ticks, provides a likely 
explanation for these observations. 
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