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ABSTRACT 

DUPLESSIS, J. L., POTGIETER, F. T. & VAN GAS, L., 1990. An attempt to improve the 
immunization of sheep against heartwater by using different combinations of 3 stocks of Cowdria 
ruminantium. Onderstepoort Journal of Veterinary Research, 57,209-212 (1990) 

Neither sheep immune to the Ball 3, the Kwanyanga or the Mara stocks of Cowdria ruminantium 
nor those immunized with combinations of these 3 stocks were protected against challenge with the Mali 
stock. Against challenge with the Welgevonden stock, however, immunization with each of the 3 combi­
nations and with single stocks effected a protective immunity. 

INTRODUCTION 

The blood of sheep infected with the Ball 3 stock 
of Cowdria ruminantium is issued at present as a 
vaccine against heartwater (Oberem & Bezuiden­
hout, 1987). A recent study on the cross-immunity 
between 10 different stocks of C. ruminantium (Du 
Plessis, Van Gas, Olivier & Bezuidenhout, 1989), 
however, has shown that sheep immune to Ball 3 
were only partially, or even unprotected, against 
challenge With 7 other stocks. 

The apparent inability of the Ball 3 stock to pro­
tect adequately against other stocks under labora­
tory conditions may be the reason why vaccinated 
small stock and even cattle still succumb to heart­
water following natural tick challenge. It was sug­
gested that the Ball 3 stock should perhaps be re­
placed by another with a wider range of protection 
(Du Plessis eta!., 1989). It was also clear from the 
same study, however, that none of the the 10 stocks 
investigated elicited an adequate immunity against 
challenge with each of the others. It was therefore 
decided to determine whether the concurrent infec­
tion with 2 stocks would widen the immunogenic 
stimulus and induce a better immunity against heter­
ologous challenge. 

MATERIALS AND METHODS 

Immunizing stocks 
The Ball3 (Haig, 1952), Kwanyanga (MacKenzie 

& Van Rooyen, 1981) and Mara (Du Plessis eta!., 
1989) stocks were selected to compose the 3 possible 
combinations. The first was selected because it is 
considered a reference stock (Jongejan, Uilenberg & 
Franssen, 1988) and because much experience has 
been gained in its use as a vaccine. The other 2 
stocks were chosen because immunization with both 
conferred good immunity against challenge with Ball 
3 and reasonably good protection· against the viru­
lent Welgevonden stock (Du Plessis et a!., 1989). 
Furthermore, the fact that both these stocks can be 
propagated in mice would ~ready facilitate control 
of the infectivity of a possible future combination 
vaccine consisting of these 2 stocks. 

Ten heartwater susceetible sheep were immunized 
with each of the 3 possible combinations, viz., Ball 
3/Kwanyanga, Ball 3/Mara and Mara/Kwanyanga. 
Each sheep was inoculated intravenously with 5 me 
of blood comprising 2,5 me of each stock. As con­
trols, 4 sheep were infected with 2,5 me of the infec-
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tive sheep blood of each of the 3 stocks. Early morn­
ing rectal temperatures were recorded and treatment 
with oxytetracycline at a dosage level of 10 mg/kg 
body mass was given intramuscularly on the 2nd or 
3rd day of the febrile reaction. If considered 
necessary, a second treatment was given. 
Challenge stocks 

Six weeks after having been infected with the com­
bined stocks, 5 sheep, immunized with each of the 3 
combinations, were challenged with the Welgevon­
den (Du Plessis, 1985) and 5 with the Mali stock 
(Logan, Endris, Birnie & Mebus, 1985) at a dosage 
rate of 5 me, given intravenously. Although the Mali 
stock was isolated outside the Republic of South 
Africa, these 2 highly virulent stocks were chosen as 
challen~e stocks because it was reasoned that the 
protectiOn conferred by 1 or more of the 3 combina­
tions against 1 or both of these 2 challenge stocks, 
would also possibly protect against a wide range of 
field stocks. Temperatures were again recorded and 
a reaction index, reflecting the degree of immunity 
to challenge, was calculated for each animal, as pre­
viously described (DuPlessis eta!., 1989). 

Two sheep of each of the 3 control groups infected 
with the single stocks were likewise challenged with 
the Welgevonden and 2 with the Mali stock. 

An additional control sheep was inoculated with 5 
me of the Mali stock infected stabilate, used as chal­
lenge material, and another with the Welgevonden 
stabilate. 

RESULTS 

The febrile reactions of the 30 sheep, infected with 
the 3 combinations, and the 12 control animals, inoc­
ulated with the single stocks are given in Table 1. It 
can be seen that all the sheep reacted severely and 
that all the animals were treated either once or 
twice. One out of 4 control sheep infected with Kwa­
nyanga died, in spite of having been treated once. 
There was very little variation between the average 
incubation period of each combination: 10, 9,5 and 
10,4 days , respectively, for Ball 3/Mara, Mara/Kwa­
nyanga and Ball 3/Kwanyanga. There was also no 
difference between these averages and those re­
corded in the case of the single infections: 10, 10,5 
and 11 days, respectively, for Ball3, Mara and Kwa­
nyanga. 

The reaction indices, reflecting the resistance to 
heterologous challenge of the 30 sheep immunized 
with the combinations, are also shown in Table 1 and 
summarized in Table 2. 
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TABLE 1 Reactions of sheep at infection and when they were challenged 

Febrile reaction at infection 
Sheep Immunizing stock(s) Treatment Challenge stock Reaction index 
No. Day of Duration Maximum at challenge 

onset in days temp. oc 
1 Ball3/Mara 11 6 41,4 2,6* Welgevonden 2,3 
2 Ball3/Mara 9 7 41,2 3,5 Welgevonden 4,5 
3 Ball3/Mara 10 6 41,2 2 Welgevonden 3 
4 Ball31Mara 9 6 41 ,9 3 Welgevonden 7,6 
5 Ball3/Mara 11 7 41,5 2 Welgevonden 0 
6 Ball3/Mara 9 9 41 ,4 3 Mali 24,9Died 
7 Ball3/Mara 10 8 41 ,6 3,7 Mali 26,6Died 
8 Ball3/Mara 11 8 41,9 3,5 Mali 28,5 Died 
9 Ball3/Mara 10 9 41 ,5 3 Mali 28,4Died 

10 Baii3/Mara 10 8 41,4 2,7 Mali 8,8 
11 Mara/Kwanyanga 9 4 41,2 3 Welgevonden 0 
12 Mara/Kwanyanga 9 5 41,8 3 Welgevonden 9,4 
13 Mara/Kwanyanga 9 5 41,7 3 Welgevonden 6,6 
14 Mara/Kwanyanga 9 5 42,0 3 Welgevonden 2,2 
15 Mara/K wanyanga 9 7 41 ,7 3 Welgevonden 3,1 
16 Mara/K wanyanga 9 8 41 ,5 3 Mali 28 Died 
17 Mara/K wanyanga 10 6 41,7 3 Mali 29,2Died 
18 Mara/K wanyanga 10 6 41,6 2 Mali 25,5 Died 
19 Mara/K wanyanga 11 6 41,4 3 Mali 28,7 Died 
20 Mara/K wanyanga 10 5 41,7 3,4 Mali 32,1 Died 
21 Ball3/K wanyanga 11 7 41,5 2 Welgevonden 12,4 
22 Ball3/K wanyanga 10 7 41 ,4 3 Welgevonden 0 
23 Baii3/Kwanyanga 10 7 41,4 3 Welgevonden 5 
24 Ball 3/K wanyanga 10 7 41 ,4 2 Welgevonden 0 
25 Ball 3/K wanyanga 10 8 41 ,3 3 Welgevonden 1,6 
26 Ball3/Kwanyanga 11 6 41,4 2,4 Mali 30,3 Died 
27 Ball3/Kwanyanga 10 6 41 ,9 2,4 Mali 27,6Died 
28 Ball3/Kwanyanga 11 7 42,1 2 Mali 2,6 
29 Ball3/Kwanyanga 11 5 41 ,8 2 Mali 26,5 Died 
30 Ball3/Kwanyanga 10 6 41,5 3,5 Mali 6,1 
31 Ball 3 control 10 6 41,5 4,5 Welgevonden 4,6 
32 Ball3 control 10 8* 41 ,4 3,7 Welgevonden 7 
33 Ball3 control 10 6 40,9 3 Mali 4,7 
34 Ball 3 control 10 6 41,6 2 Mali 34,2 Died 
35 Mara control 10 5 41 ,5 3 Welgevonden 7,2 
36 Mara control 12 6 41,4 2,3 Welgevonden 0 
37 Mara control 10 11 41,3 3,7 Mali 26 Died 
38 Mara control 9 8 41,5 3,5 Mali 28,8 Died 
39 Kwanyanga control 11 7 41,8 3 Died from immunizing infection 
40 Kwanyanga control 10 5* 40,6 3,5 Welgevonden 0 
41 Kwanyanga control 11 5 41 ,9 3 Mali 31 ,7 Died 
42 Kwanyanga control 12 4 42,0 3 Mali 7,2 
43 Challenge control - - - - Welgevonden Died 
44 Challenge control - - - - Mali Died 

* Sheep 1 was treated on Days 2 and 6 of the febrile reaction 

TABLE 2 Resistance to challenge with the Welgevonden and Mali stocks of sheep infected with different combinations of 3 stocks and 
singly as controls 

Challenge stock 

Welgevonden Mali 

Susceptible' Resistant Susceptible Resistant 

Ball3 & Mara (10) 2 0 5 4 1 
Immunization stock combinations Mara & Kwanyanga (10) 0 5 5 0 

Ball3 & Kwanyanga (10) 1 4 3 2 

Ball3 (4) 0 2 1 1 
Controls Kwanyanga (3) 0 1 1 1 

Mara (4) 0 2 2 0 

1 Sheep with a reaction index of 10 or higher were considered susceptible 
2 (10) = 10 sheep immunized with the Baii3/Mara combination were challenged with Welgevonden add Mali 

In transferring the reaction indices recorded in 
Table 1 to Table 2, a reaction index of 10 or higher 
was considered as failure of protection and that the 
sheep was therefore susceptible. This criterium was 
used and motivated in an earlier study (Du Plessis et 
a!., 1989). 

It can be seen that all the sheep, except 1 infected 
with the Ball3/Kwanyanga combination, were resis­
tant to challenge with the Welgevonden stock, 
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whereas the reverse situation prevailed in the case of 
the 15 sheep challenged with the Mali stock. Twelve 
sheep immune to the 3 combinations were fully sus­
ceJ?tible and succumbed to the challenge. Only 1 
ammal, immune to the Ball 3/Mara combination, 
and 2, immune to the Ball 3/Kwanyanga combina­
tion, were resistant to Mali. 

The resistance to challenge with either Welgevon­
den or Mali of the singly infected control animals 



was no different from that elicited by the combina­
tions. All 5 sheep challenged with Welgevonden 
were resistant and 4 out of 6 challenged with Mali 
had no immunity. 

Both control sheep infected with the 2 challenge 
stocks reacted and died , their brain smears being 
positive for heartwater. 

DISCUSSION 

It would appear that, irrespective of the different 
combinations, the immunization of sheep against 
heartwater by the concurrent infection of 2 stocks of 
C. ruminantium gives no better protection than 
when given singly. With the exception of 2 out of 5 
sheep immunized with the Ball3/Kwanyanga combi­
nation, all the animals infected with the 3 possible 
combinations used in this study were fully suscepti­
ble to challenge with the Mali stock. This is disap­
pointing, since in the case of the controls immunized 
with single infections of Ball3 and Kwanyanga, 1 out 
of 2 sheep was also resistant to this challenge. In an 
earlier study (Du Plessis et a!., 1989) , 4 sheep in­
fected and re-infected with Ball 3 had no protection 
against challenge with Mali. But then, only 7 out of 
16 sheep immune to the Welgevonden stock were 
resistant to challenge with Mali . It is therefore evi­
dent that, while the Ball 3/Kwanyanga combination 
protected 2 out of 5 sheep against challenge with this 
virulent stock, the other 2 combinations had no 
beneficial effect. 

Perhaps Mali was an unfortunate choice as a chal­
lenge stock, but its use has at least shown that not 
only is its origin geographically widely different from 
that of the 3 South Afncan stocks, it is also antigeni­
cally totally different from them. 

Against challenge with another virulent stock, the 
Welgevonden stock, the 3 combinations protected 
almost equally well. But here again, the rmmunity 
elicited by the 3 stocks as single infections was as 
good as that given by the combinations. Although 
only 2 sheep per stock were challenged with Welge­
vanden, the observations in the present study differ 
somewhat from those recorded earlier, when larger 
numbers of sheep immune to the 3 stocks in question 
were challenged with Welgevonden (Du Plessis et 
a!., 1989). Particularly in the case of the Ball 3 im­
mune sheep, 56% of the animals then were suscepti­
ble to challenge with Welgevonden. One out of 5 
sheep immune to Kwanyanga and 2 out of 8 immune 
to Mara were also not protected against Welgevon­
den. This is difficult to explain, particularly if one 
bears in mind that in this earlier study the sheep had 
been given a homologous challenge before they were 
subjected to the Welgevonden challenge. 

Because the aim of the present trial was to simu­
late the immunization of sheep in a field situation, 
where a successful combination vaccine would be 
administered only once, the sheep were not given a 
homologous challenge. It is doubtful whether this 
procedure would have enhanced their immunity 
against the Mali challenge, since it has previously 
been found that there was no difference between the 
percentage of animals that reacted to the heterolo­
gous challenge with several stocks after having 
shown mild to moderate reactions to the homolo­
gous challenge and that of the sheep that had failed 
to react to the homologous challenge (Du Plessis et 
a!., 1989). 

Because it is known that in experimentally in­
duced heartwater pathogenicity parallels immunoge­
nicity and that the severer the reaction to infection 
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the better the immunity to subsequent homologous 
challenge (Du Plessis & Malan, 1987), care was ~a­
ken in this study not to treat the sheep unnecessanly 
early. Despite treatment, all the sheep showed se­
vere reactions. This and the fact that all the sheep 
infected with the combined stocks were immune to 
challenge with the Welgevonden stock, suggest that 
the absence of immunity against the Mali stock w~s 
not attributable to poor or unduly hampered reac­
tions·to the concurrent infections. 

Of crucial importance in this respect is whether 
both stocks in each combination had developed and 
replicated in parallel with one another, so that the 
immunogens of both stocks participated to the same 
extent in the expression of the immune response . 
The observation that there was no real difference 
between the average incubation period of each com­
bination on one hand and between these averages 
and those recorded in case of the control single in­
fections on the other, suggests that both stocks con­
tained in the combinations probably participated in 
parallel. It may be argued that this could have been 
verified by immunizing a further 2 control sheep 
with each of the 3 combinations and subsequently 
submitting 1 sheep to challenge with one of the 
stocks, comprising the combination, and the 2nd 
sheep with the other stock. If, however, it should 
e.g. be found that the sheep immunized with the Ball 
3/Mara combination is immune against challenge 
with Ball 3, this would not necessarily prove that the 
Ball 3 moiety of the combination had participated in 
the immune response , since it has previously been 
found that 4 out of 5 sheep immune to Mara were 
also immune to Ball3 (DuPlessis eta!., 1989). Much 
the same applies to the Ball 3/Kwanyanga combina­
tion. 

It has been stated that there does not seem to be 
any pattern in the antigenic diversity of Cowdria 
stocks (Du Plessis et a!. , 1989). The present study 
confirmed this and has shown that there is some­
times also a lack of consistency in the cross-immu­
nity between stocks, as evidenced by the singly im­
munized controls challenged with the Welgevonden 
stock. Despite the small number of these controls , 
and well aware of the shortcoming in this experiment 
that it could not be proved beyond doubt that both 
stocks in each of the combinations had participated 
in the immune response , it is nevertheless suggested 
that there is no justification to replace the Ball 3 
stock in the present vaccine with any one of the 3 
combinations examined in this study. 

REFERENCES 
DuPLESSIS, J. L. , 1985. A method for determining the Cowdria 

ruminantium infection rate of Amblyomma hebraeum: Effects 
in mice injected with tick homogenates. Onderstepoort Journal 
of Veterinary Research, 52, 55-61. 

DUPLESSIS, J . L. & MALAN, LETITIA, 1987. The block method 
of vaccination against heartwater. Onderstepoort Journal of 
Veterinary Research, 54, 493-495. 

DUPLESSIS, J. L. , VAN GAS, LETITIA, OLIVIER, J . A . & BEZUI· 
DENHOUT, J . D ., 1989. The heterogenicity of Cowdria rumi­
nantium stocks: Cross-immunity and serology in sheep and pa­
thogenicity to mice. Onderstepoort Journal of Veterinary 
Research , 56. 

HAIG, D. A. , 1952. Note on the use of the white mouse for the 
transport of strians of heartwater. Journal of the South African 
Veterinary Medical Association, 23, 167-170. 

JONGEJAN, F ., UILENBERG, G . & FRANSSEN, F. F. R ., 1988. 
Antigenic differences between stocks of Cowdria ruminantium. 
Research in Veterinary Science, 44, 186-189. 

LOGAN, L. L. , ENDRIS, R. G ., BIRNIE, E . F. & MEBUS, C. A. , 
1985. Research objectives to improve U.S. diagnostic capabili-



AN ATIEMPTTO IMPROVE THE IMMUNIZATION OF SHEEP AGAINST HEARTWATER 

ties for heartwater disease. Proceedings of 89th Annual Meet­
ing, United States Animal Health Association, Milwaukee, Wis­
consin. 

MACKENZIE, P. K. I. & VAN ROOYEN, R. E., 1981. The isola­
tion and culture of Cowdria ruminantium in albino mice. Pro-

ceedings of International Congress on Tick Biology and Control, 
Rhodes University, Grahamstown, 1981, 33-39. 

0BEREM, P. T. & BEZUIDENHOUT, J . D., 1987. The production 
of heartwater vaccine. Onderstepoort Journal of Veterinary Re­
search, 54, 485-488. 

Printed by the Government Printer. Private Bag X85. Pretoria. 0001 

208 


