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ABSTRACT 

Du Plessis, J. L. 1993. An in vitro test to demonstrate the inhibitory effect of homologous immune 
serum on the infectivity of Cowdria ruminantium. Onderstepoort Journal of Veterinary Research, 
60 69-73 (1993) 

Homologous immune sheep serum inhibits the infectivity of mice for the Kumm stock of Cowdria 
ruminantium in an in vitro test. The presence of complement and an optimal ratio between the reagents 
are of cardinal importance. With the exception of the Ball 3 stock, there is no cross-inhibition between 
the immune sera of sheep infected with several other heterologous stocks and the Kumm stock. The 
role played by the humoral component of the immune response in naturally acquired heartwater is 
unknown, but probably small compared to the cellular component. 

INTRODUCTION 

The immunity in heartwater is considered to be cell
mediated rather than humoral (Stewart 1987). The 
view that antibo'dies do not influence the course of 
the infection was largely based on the finding that 
serum or large quantities of gamma globulin from 
immune animals fail to influence the outcome of the 
disease, irrespective of whether it is given at the 
time of infection or during the incubation period 
(Alexander 1931; DuPlessis 1970 & 1982). 

Evidence has recently been obtained that immune 
serum inhibits the infectivity of the heartwater agent 
in the presence of complement and mouse perito
neal macrophages, but that this inhibitory effect 
cannot be demonstrated in the absence of 
macrophages (Du Plessis, Berche & Van Gas 
1991 ). 

Since it is important to know whether antibodies 
play a role in the heartwater immune response and 
since no explanation was given why macrophages 
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appear to be essential, it was decided to do further 
experiments in which optimal quantities of the 
reagents would first be determined. 

MATERIALS AND METHODS 

Cowdria ruminantium infective inoculum 

Cowdria ruminantium-infected tick homogenate, 
also used in earlier experiments (Du Plessis et a/. 
1991 ), was prepared as described (Du Plessis 
1982) from 1 00 engorged Amblyomma hebraeum 
nymphae that had fed on a sheep infected with the 
Kumm stock. The ticks were homogenized in 40 me 
buffered lactose peptone (BLP), centrifuged at 
1 000 r.p.m. for 5 min and the supernatant deep
frozen in liquid nitrogen in suitable quantities. A 
sample was withdrawn and an infectivity titre of 
1 04

•
8 determined in mice, according to the proce

dure previously described (DuPlessis 1982). 

Mice 

Female, conventional, outbred Swiss white mice, 
6--8 weeks old, were used in al l the experiments. 
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Preliminary experiments 

Stabilizing effect of bovine foetal serum 

In an earlier study (Du Plessis 1982), in which it was 
found that both pre-infection and convalescent 
sheep serum had an inhibitory effect on the infecti
vity of the heartwater agent, the addition of bovine 
foetal serum (BFS) enabled an incubation time of 2 
h at 37 oc without excessive loss of infectivity. To 
ascertain whether BFS was also required as a stabi
lizing agent in the present series of experiments, 2 
1 0-fold serial dilutions of the KOmm stock infective 
inoculum (KSII) were prepared in BLP. One me of 
the 1 o-2 dilution was transferred to each of 4 test 
tubes. 0,5 me BFS was added to 2 of these and an 
equal volume of BLP to the other 2. One tube with 
BFS and 1 without were incubated at 37 oc for 1 h 
and the other 2 for 30 min. Four groups of 5 mice 
were then inoculated intraperitoneally (i .p.) with 0,3 
me of the 4 samples. A further 4 groups of 5 mice 
were inoculated with the 1 o-3 dilution of the KSII with 
and without BFS. Mouse mortalities were recorded 
and the specificity of the mortalities confirmed as 
having been due to C. ruminantium infection as pre
viously described (Du Plessis & Malan 1988). 
Serum samples obtained 4 weeks after inoculation 
from mice that had survived were subjected to the 
indirect fluorescent antibody (IFA) test conducted 
as previously described (Du Plessis & Malan 1987). 

Concentration of complement 

Since it has been shown that the infectivity of C. 
ruminantium is adversely affected by complement 
(C') (Du Plessis, Malan & Kowalski 1987) and that 
the infectivity is inhibited by an immune serum in 
the presence- but not in the absence- of rabbit 
C' (Du Plessis et at. 1991 ), an experiment was car
ried out to determine the highest dilution of the KSII 
that would retain its infectivity in the presence of the 
highest possible concentration of C' . This would 
ensure that the mice would not be infected with 
overwhelming numbers of Cowdria in the final in 
vitro test in which the heartwater agent would be 
exposed to an immune serum and C'. 

To 1 me of a 1 o-2
, 1 o-3 and 10- 4 dilution of KSII was 

added 0,1 me of reconstituted freeze-dried rabbit 
serum (the source of C')* and 0,4 me BFS. Likewise 
0,2 me rabbit serum was added to similar volumes 
of KSII and 0,3 me BFS. After incubation of the 6 
samples at 37 oc for 30 min, 5 mice per sample 
were inoculated i.p. with 0,3 me per mouse. 

Immune sera and C. ruminantium infectivity 

It was decided to use 0,2 me undiluted rabbit serum 
per 5 mice and a 1 o-3 dilution of KSII to test the 
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effect of immune serum on C. ruminantium infectiv
ity. The sera of 3 sheep infected with the KOmm 
stock, collected 2-3 weeks after the height of the 
febrile reaction, was used in 3 separate tests. The 
sheep had been treated with oxytetracycline on the 
3rd day of the febrile reaction. In each of these tests 
a volume of 0,2 me undiluted immune serum, 0,6 me 
BFS (0,8 me in the absence of C') and 1 me of a 
10-3 dilution of KSII were incubated in the presence 
of 0,2 me rabbit serum at 37 oc for 30 min. The 
immune serum without C' and the serum of a 
sheep susceptible to heartwater, with and without 
C', were incubated in the presence of KSII and 
BFS as controls. Four groups of 5 mice each were 
inoculated i.p. with 0,4 me per mouse. 

In a final experiment, the sera of sheep infected 
with heterologous stocks of C. ruminantium were 
compared with the homologous serum used in the 
previous experiment. Antisera to the Ball 3, Welge
vanden, Kwanyanga and Mali stocks were obtained 
from sheep inoculated with deep-frozen sheep 
blood infected with the above stocks as previously 
described (Du Plessis, Van Gas, Olivier & Bezui
denhout 1989). The sheep were treated with oxyte
tracyline on the 3rd day of the febrile reaction and 
bled 4 weeks after infection. The sera were sub
jected to the IFA test and stored at - 18 oc. A non
immune serum was included as control. The same 
volumes of serum, C', BFS and KSII were used as 
described in the previous experiment. 

RESULTS 

Mouse mortalities 

Once mice commenced showing clinical signs of a 
ruffled hair coat, listlessness and dyspnoea 12-15 
d after having been inoculated, they invariably 
died. The sera of those that survived with few exep
tions, were negative in the IFA test at a dilution of 
1:20. Since antibodies are produced only if infec
tion is established and replication of Cowdria takes 
place (Du Plessis & Malan 1987), it can be con
cluded that the viable infective organisms in the 
inocula had been reduced to numbers too small to 
initiate infection in the case of mice that survived. 

Preliminary tests 

It can be seen from Table 1 that a prolonged incu
bation period of 1 h adversely affected the infectiv
ity of both the 10- 2 and the 10- 3 KSII dilutions. The 
stabilizing effect of BFS becomes evident in this 
period of incubation. If one compares Groups 5 and 
7 on one hand and Groups 6 and 8 on the other, it 
can be seen that there was a decreased mortality 
rate in the absence of BFS and therefore poorer 
preservation of infectivity. In order to be able to use 
the 1 o-3 KSII dilution in future experiments and 
thereby avoid an overwhelming concentration of 
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TABLE 1 The effect of bovine foetal serum on the infectivity of TABLE 3 The in vitro effect of immune serum and complement 
the heartwater agent in vitro on the infectivity of the Kumm stock 

Incubation time Bovine C. ruminantium 

Group (min) foetal concentration Mouse 
mortality 

30 60 serum 10-2 10-3 

1 + + + 5 
2 + + + 5 
3 + + 4 
4 + + 4 
5 + + + 4 
6 + + + 3 
7 + + 2 
8 + + 0 

TABLE 2 The effect of complement on the infectivity of varying 
concentrations of C. ruminantium 

Complement Dilution of Kumm 

Group me/5 mice stock inoculum Mouse 
mortality 

0,1 0,2 10- 2 10- 3 10- 4 

1 + + 5 
2 + + 5 
3 + + 2 
4 + + 5 
5 + + 5 
6 + + 0 

Cowdria, it was decided to place the immune sera 
in contact with the heartwater agent for 30 min in 
the presence of BFS. 

The results summarized in Table 2 indicated that a 
KSII dilution of 1 o-3 and the addition of 0,2 me rabbit 
serum per 5 mice would ensure an adequate 
amount of C' and avoid an unnecessarily high con
centration of the heartwater agent and also main
tain Cowdria infectivity. The detrimental effect of C' 
is shown by the fact that at the lower concentration 
of C' , 2 out of 5 mice inoculated with the 10- 4 KSI I 
dilution died, while infectivity was totally destroyed 
at the higher concentration of C'. 

Immune sera and C. ruminantium infectivity 

It can be seen from Table 3 that in 3 separate 
experiments the infectivity of the heartwater agent 
was markedly inhibited by the sera of 3 different 
sheep that had recovered from infection with the 
Kumm stock of C. ruminantium. In Exps 1 and 2 
only 2 and 1 mice, respectively, died, while in Exp. 
3 not a single mortality was recorded. Except for 
Exp. 2 in which 4 out of 5 mice died, the infectivity of 
Cowdria was not affected by the same immune 
serum in the absence of C' (Table 3, Group 2). The 
essential role played by C' is therefore evident. 
The inhibitory effect can be attributed to the im
mune sera that contained high levels of antibody, 
as shown by IFA titres of 1 :5120 and 1:20480, and 
not to an excess of C' or any other factor, since in 
Groups 3 and 4 the infectivity of C. ruminantium 

Immune Non- Comp- Mouse mortality 
Group serum immune lement serum Exp. 1 Exp.2 Exp.3 

1 + + 2(20480)* 1(5120) 0(20480) 
2 + 5 4 5 
3 + + 5 5 5 
4 + 5 5 5 

*(20480)= reciprocal of IFA test titre 

TABLE 4 The effect on the infectivity of the Kumm stock of anti
bodies against several heterologous stocks of C 
ruminantium 

Immune serum 
Group Mouse mortality 

C. ruminantium IFA test titre stock 

1 Kumm 1:20480 0 
2 Mali 120480 5 
3 Welgevonden 11280 5 
4 Kwanyanga 1:1280 4 
5 Ball3 11280 1 
6 Non-immune - 5 

control serum 

incubated with a control serum was unaltered, irre
spective of whether C' was added or not. 

Except for the Ball 3 antiserum, the convalescent 
sera of sheep that had recovered from infection 
with the Mali , Welgevonden and Kwanyanga stocks 
had no inhibitory effect on the infectivity of the hete
rologous Kumm stock, whereas no mouse mortali
ties were recorded in the same experiment in the 
case of the homologous Kumm immune serum 
(Table 4). The Ball 3 convalescent serum, however, 
clearly reduced the infectivity of the Kumm stock, 
since only 1 out of 5 mice died. Although the anti
body levels of the Welgevonden and Kwanyanga 
sera were well below that of the Kumm serum, the 
Mali serum that showed no inhibitory effect had a 
high IFA titre, while that of the Ball 3 serum was 
only 1:1280. The levels of antibody therefore did 
not seem to play an important role. In this experi
ment the maintenance of the KSII infectivity was 
proved by the mortality rate of 5 out of 5 mice inoc
ulated with the control non-immune serum, C' and 
Cowdria (Table 4, Group 6). 

DISCUSSION 

The view hitherto held that immunity in heartwater is 
cellular rather than humoral, is mainly based on the 
finding that a specific subset of lymphocytes, the 
Lyt-2+ T cel ls, play a key role in the immunity of mice 
to the Welgevonden stock of C. ruminantium. The 
inability of athymic nude mice to mount an immune 
response against Cowdria was considered as sup-
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portive evidence. Several findings also suggested 
that antibodies do not play a protective role. The 
inability of hyperimmune serum to influence the out
come of the disease (Alexander 1931; Du Plessis 
1979, 1982; Ramisse 1971 cited by Uilenberg 
1983) and the fact that calves born from immunized 
cows with demonstrable colostral antibodies were 
no more resistant to challenge than calves without 
antibody (Camus 1987), suggest that antibodies do 
not afford protection. 

Furthermore, immune sheep with high titres of anti
body are partially or fully susceptible not only to 
heterologous challenge (Du Plessis 1982; Du Ples
sis & Van Gas 1989; Du Plessis eta!. 1989), but also 
to homologous challenge (Du Plessis et a!. 1989). 
The finding in a recent study (Du Plessis, Loock & 

Ludemann 1992) that no antibody was detectable 
with the IFA test in the serum of 42 cattle that were 
fully resistant to challenge and an earlier observa
tion that a considerable number of serologically 
negative cattle were immune to challenge 6-24 
months after experimental immunization (Du Ples
sis, Bezuidenhout & Ludemann 1984), also suggest 
that resistance to challenge is not dependent on 
serum antibodies. In cattle there is therefore poor 
correlation between resistance to challenge and 
levels of antibody detectable with the IFA test. It 
must be pointed out though, that antibody is usually 
detectable in sheep (Du Plessis et a!. 1989) and 
mice (Du Plessis et a!. 1991) that are resistant to 
challenge. 

This report records an in vitro serum-Cowdria-com
plement test system to assay the influence of anti
bodies on the infectivity of the heartwater agent. 
The finding that homologous immune sheep serum 
inhibits the infectivity of the Kumm stock under spe
cific experimental conditions, necessitates a recon
sideration of the protective role possibly played by 
serum antibodies. The present observation differs 
from an earlier finding that the inhibitory effect of 
immune serum was dependent on the presence of 
macrophages of naive mice (Du Plessis et a/. 
1991 ). The present experiments differed from the 
earlier test in that a 1 0-fold higher dilution of the 
Kumm stock infective inoculum and double the 
concentration of C' was used in the former. It 
would seem that a rather delicate balance between 
a minimal number of Cowdria and the maximal 
amount of C', that would not per se compromise 
the infectivity of the heartwater agent, has to be 
maintained in order to demonstrate the inhibitory 
effect of antibody-rich serum. 

It would therefore appear that inhibition of Cowdria 
infectivity by immune sheep serum can be attri
buted either to opsonic antibodies or to a direct lytic 
effect on the heartwater agent through the anti
body/C' -dependent pathway. The fact that a con
trol serum, from a heartwater susceptible sheep, 
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failed to bring about the inhibitory effect indicates 
that specific antibodies are responsiqle for this ef
fect. Although the indispensability of C' suggests 
that immune serum has a direct cowdricidal rather 
than an opsonic effect, additional experiments are 
required to clarify this point. The inhibitory effect of 
antibodies was demonstrable in the absence of 
macrophages during the incubation of the rea
gents, but phagocytosis and inactivation of Cow
dria by the peritoneal macrophages of the mice 
injected with the inoculum may have been facili
tated by opsonic antibodies. Although the immunity 
to challenge of cattle, in which antibodies are no 
longer detectable, would indicate that serum anti
bodies, whether through opsonic or cowdricidal ac
tivity, are not essential, it must be borne in mind that 
a negative IFA test does not imply the total absence 
of antibody and that only trace amounts of antibody 
may be required to promote protection. 

Even though the extent to which serum antibodies 
participate in the development of protective immu
nity would appear to be small at this stage, the find
ings in this study nevertheless suggest that the 
immunity in heartwater is not solely cell-mediated, 
but that there is also a humoral component. This 
would be compatible with the finding that maximal 
immunity to the intracellular growth . of the closely 
related Ehrlichia canis required the interaction of E. 
canis with both humoral and cellular factors in 
proper sequence (Lewis & Ristic 1978). It is also 
consistent with the protective synergism between 
cellular and humoral elements in the immunity of 
other obligate intracellular rickettsial agents such 
as Rickettsia mooseri (Gambrill & Wisseman 1973) 
and Coxiella burnetii (Kishimoto & Walker 1976). 

The relative degree to which the cellular and 
humoral components determine immunity in heart
water requires further investigation. · Whereas 
immune macrophages alone (Du Plessis et a!. 
1991) and even in the absence of C' (Du Plessis 
1982) can protect mice against the Kumm stock, it 
cannot, as explained above, be concluded from the 
results obtained with the in vitro assay that anti
bodies alone afford protection. Furthermore, the 
question is justified whether observations made in 
mice infected with the Kumm stock can without 
reservation be extrapolated to domestic ruminants 
and other stocks of C. ruminantium. 

It is noteworthy that in the in vitro test there was no 
cross-inhibition between the Kumm stock and anti
sera against the Welgevonden, Mali and Kwan
yanga stocks. In cross-immunity tests there was 
also no cross-protection between sheep immune to 
the Kumm and these 3 stocks (Du Plessis et a!. 
1989; Logan, Birnie & Mebus 1987). The inhibitory 
effect of an anti-Ball 3 serum on Kumm stock dem
onstrated in the present study was, however, un
expected, because none of 10 Ball 3-immune 



sheep were resistant to challenge with the Kumm 
stock in a previous experiment (Du Plessis et a!. 
1989). 

Previously (Du Plessis et a!. 1991) anti-Ball 3 and 
anti-Welgevonden serum failed to inhibit the infec
tivity of the Kumm stock, even though the IFA test 
titre of the anti-Ball 3 serum was 4 x higher than that 
of the serum used in the present study. The homolo
gous antiserum in the same experiment, however, 
also had no effect. The only differences between 
the 2 experiments are the lower concentration of the 
heartwater agent and the larger amount of C' in the 
2nd attempt, underlining once more the importance 
of an optimal ratio between the reagents in the in 
vitro test. 

REFERENCES 
ALEXANDER, R. A. 1931 . Heartwater: The present state of our 

knowledge of the disease. 17th Report of the Director of Veter
inary Services and Animal Industry, Union of South Africa.· 
89-149. 

CAMUS, E. 1987. Contribution a l'etude epidemiologique de Ia 
cowdriose (Cowdria ruminantium) en Guadeloupe. These 
Doct. Sci., Universite de Paris-Sud, Orsay. 

Du PLESSIS, J. L. 1970. Immunity in heartwater. I. A preliminary 
note on the role of serum antibodies. Onderstepoort Journal of 
Veterinary Research, 37: 147- 150. 

Du PLESSIS, J. L. 1982. Mice infected with a Cowdria ruminan
tium-like agent as a model in the study of heartwater. D.V.Sc. 
Thesis, University of Pretoria. 

DUPLESSIS, J. L., BEZUIDENHOUT, J.D. & LUDEMANN, C J . F. 1984. 
The immunization of calves against heartwater: Subsequent 
immunity both in the absence and presence of natural tick 
challenge. Onderstepoort Journal of Veterinary Research, 51· 
193-196. 

DU PLESSIS, J . L. & MALAN, LETITIA 1987. The application of the 
indirect fluorescent antibody test in research on heartwater. 
Onderstepoort Journal of Veterinary Research, 54:319-325. 

J. L. DU PLESSIS 

DUPLESSIS, J . L., MALAN, LETITIA & KOWALSKI, Z. E. 1987. The 
pathogenesis of heartwater. Onderstepoort Journal of Vet
erinary Research, 54:313-318. 

DUPLESSIS, J . L., & MALAN, LETITIA 1988. Susceptibility to heart
water of calves born to non-immune cows. Onderstepoort 
Journal of Veterinary Research, 55:235-237. 

DuPLESSIS, J. L. & VAN GAS, L. 1989. Immunity of tick-exposed 
seronegative and seropositive small stock challenged with two 
stocks of Cowdria ruminantium. Onderstepoort Journal of Vet
erinary Research, 56:185-188. 

DU PLESSIS, J . L., VAN GAS, L., OLIVIER, J. A. & BEZUIDENHOUT, 
J.D. 1989. The heterogenicity of Cowdria ruminantium stocks: 
Cross-immunity and serology in sheep and pathogenicity to 
mice. Onderstepoort Journal of Veterinary Research, 56: 
195-202. 

DUPLESSIS, J. L., BERCHE, P. & VAN GAS, L. 1991. T cell-mediated 
immunity to Cowdria ruminantium in mice: The protective role 
of Lyt-2+ T cells. Onderstepoort Journal of Veterinary Re
search, 58:171-179. 

DUPLESSIS, J. L, LOOCK, P J. & LUDEMANN, C. J. F. 1992. Adult 
Amblyomma hebraeum burdens and heartwater endemic sta
bility in cattle. Onderstepoort Journal of Veterinary Research, 
59:75-89. 

GAMBRIL, M. R. & WISSEMAN, C . L. 1973. Mechanisms of immunity 
in typhus infections. Ill. Influence of human immune serum and 
complement on the fate of Rickettsia mooseri within human 
macrophages. Infection and Immunity, 8:631-640. 

LEWIS, G. E~ & RISTIC, M. 1978. Effect of canine immune macro
phages and canine immune serum on the growth of Ehrlichia 
canis. American Journal of Veterinary Research, 39:77-82. 

LOGAN, L. L , BIRNIE, E. F. & MEBUS, C A. 1987. Cross-immunity 
between isolates of Cowdria ruminantium. Onderstepoort 
Journal of Veterinary Research, 54:345. 

KISHIMOTO, R. A. & WALKER, J. S. 1976. Interaction between 
Coxiella burnetii and guinea pig peritoneal macrophages. In
fection and Immunity, 14:416-421. 

STEWART, C. G. 1987. Specific immunity in farm animals to heart
water. Onderstepoort Journal of Veterinary Research, 54 
341-342. 

UILENBERG, G . 1983. Heartwater (Cowdria ruminantium infec
tion) : Current status. Advances in Veterinary Science and 
Comparative Medicine, 27:427-480. 

73 


