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ABSTRACT 
NEITZ, A. W. H. , VIUOEN, G . J., BEZUIDENHOUT, J.D., OBEREM, P. T. , VAN WYNGAARDT, 

W. & VERMEULEN, N. M. J., 1986. The detection of antigen to Cowdria ruminantium _in serum and C. 
ruminantium antigen in Amblyomma hebraeum by an enzyme-linked immunosorbent assay. Onderstepoort 
Journal ofVeter{niiry Research, 53,-J9.-41 (lgg-6). 

A sensitive and reliable enzyme-linked irnrnunosor{)ent assay for the detection of antibodies to Cowdria 
ruminantium in serum and C. ruminantium antigen in Amblyomma hebraeum nymphae is described. For the 
screening of antibodies , C. ruminantium from A. hebraeum nymphae, partially purified by wheat-germ lectin 
affinity chromatography, was used as antigen. To screen nymph populations, sera from either Ball 3 strain­
infected sheep or Kurnrn-strain infected mice were used. By using appropriate controls the assays were rendered 
specific with respect to C. ruminantium. 

INTRODUCTION 

The detection of antibodies to Cowdria ruminantium 
in serum is important for studies on immunological as­
pects of heartwater (Alexander, 1931; Neitz, 1939; Du 
Plessis, 1970) in epizootiological investigations and in 
the diagnosis of the disease (Ilemobade, 1976). 

Both Du Plessis (1970) and Ilemobade (1976) had 
negative or inconclusive results using an indirect fluores­
cent antibody (IFA) test with squashed brain material as 
antigen for the detection of antibody to C. ruminantium 
in serum. However, Du Plessis (1981) was successful 
with an IF A test employing peritoneal cells of mice in­
fected with a mouse infective strain (Du Plessis & 
Kumm, 1971) as antigen. A simple, useful capillary 
flocculation test using crude brain material as antigen has 
also been reported (Ilemobade, 1976; Ilemobade & Blot­
kamp, 1976). 

Since the sensitivity and specificity of serological tests 
depend on the source and the method employed for the 
preparation of the antigen as well as on the detection 
method for antibody-antigen interaction, alternative tests 
were investigated. In this paper an enzyme-linked, im­
munosorbent assay (ELISA) is described, using as anti­
gen C. ruminantium from Amblyomma hebraeum 
nymphae partially purified by wheat-genn lectin affinity 
chromatography. In addition, the screening of C. rumi­
nantium antigen in A. hebraeum nymphae by an ELISA 
was undertaken. The latter study could be of value in the 
study of the _infection rate oftick populations, which is 
one of the factors governing the epizootiology of heart­
water (Uilenberg, 1983). Furthermore, an indication of 
the infectivity of nymph suspensions used for vaccina­
tion (Bezuidenhout, 1981) could be obtained. 

MATERIALS AND METHODS 

Analytical quality reagents were used in all the experi­
ments. All the glassware and equipment were sterilized 
with 70 % (v/v) ethanol and the buffers by filtration 
through 0,25 JLm filters 1

• 

1. Detection of antibodies to C. ruminantium in 
serum 
Preparation of antigen 

C. ruminantium antigen was prepared ·from infected 
A, hebraeum (Spes Bona strain) nymphae using wheat-

1 Millipore, South Africa 
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germ lectin affinity chromatography (Viljoen, Vermeu­
len, Oberem, Prozesky, Verschoor, Bezuidenhout, 
Putterill, Visser & Neitz (1985). Non-infected nymphae 
were used as controls. 
Preparation of sera 

Sera from 41 heartwater-infected and 14 non-Infect~d 
(susceptible) sheep and 9 heartwater-infected cattle were 
used for serum screenings. Sheep were infected with I 
dose of the Onderstepoort Ball 3 heartwater blood vac­
cine (Bezuidenhout, 1981). Except for one sheep which 
·had been inoculated subcutaneously (sc) the dosage was 
by intravenous (iv) injection. Animals which shqwed no 
rise in rectal temperature during the 21-day observation 
period, were challenged with the vaccine. Reacting 
sheep were treated by intramuscular injection with oxy­
tetracycline at a dosage rate of 10 mg!kg. All the sheep 
were then boosted 17 weeks after the initial inoculation 
with the vaccine. Sera were collected 5 weeks after the 
final challenge. · 

Six lambs under 3 weeks of age were inoculated with 
the heartwater vaccine and sera was obtained 5-6 weeks 
later. 

One-year-old cattle (9) were injected iv with 2 me 
infective nymph suspension (Bezuidenhout, 1981), con­
sisting of I nymph per dose. After 8 weeks they were 
challenged iv with 5 me of heartwater infective sheep 
blood. Sera were collected 19 weeks after the initial · 
inoculation. 

The blood samples were left to clot and after 4 hours 
the coagulated blood was centrifuged for I 0 min at 300 
X g at room temperature in a Piccolo bench top centri­
fuge . The sera were siphoned off, divided into I me 
aliquots and stored at -75 °C. 
2. Det~ction of C. ruminantium antigen in A. 
hebraeum nymphae 
Preparation of nymph crude extracts 

In order to screen A. hebraeum nymphae for the pre­
sence of C. ruminantium Ball 3 train, nymphae were 
homogenized individually for 10 min in I me of0,05 M 
HEPES, 0,154 M NaCI buffer (pH 7 ,4), at low speed 
with an Ultra Turrax 1• • All the preparation .steps of the 
crude extracts were perfofllJ.ed at 4 °C. The nymphal 
homogenates were centrifuged for 30 min at I 000 x g 
in a Rotor 40 in a Beckman L5-65 ultracentrifuge2 which 
was also used in all subsequent centrifugations. 

The supernatants were th~n centrifuged for 30 ·min at 
10 000 X g in a Rotor 40: The resultant supernatants 

1 Janke & Kunkel, Kika-Werk, Fed. Rep. Germany 
2 Beckman Instruments, Palo Alto, USA 
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were centrifuged at 30 000 X g for 30 min. The final 
sediment was resuspended in 1 me of the HEPES buffer. 
Nymphae which were known to be non-infected were 
used as controls. 
Preparation of sera containing antibodies to C. rumi­
nantium 

Sera from Kumm strain C. ruminantium-infected mice 
(Du Plessis & Kumm, 1971) and sera from Ball 3 strain­
infected sheep were used to screen A. hebraeum nymph 
populations. Sera were prepared as described above. 

3. Protein determinations 
Prot~in was determined by the high temperature, biu­

ret-Fohn method described by Dorsey, McDonald & 
Roels .(197?>·. The Folin Ciocalteau1 reagent was diluted 
.I: 1 wtth dtstllled water. The colour development was 
monitored at 660 nm in a Beckman Model 25 spectro­
photometer against a blank, containing 0,1 me of HEPES 
buffer. 
4. Enzyme-linked immunosorbent assay (ELISA) 

A modification of the ELISA mehotd described by 
Notermans, Timmermans & Nagel (I982) as employed 
by Viljoen et al. (1985) was used. 

Serum solutions were made up as follows: 1 me of 
serum was diluted 1:30 with a 0,05 M Tris, 0,154 M 
NaC1 buffer, pH 7 ,4. As antigen, 10 p.g of protein/me of 
sonified-infected or non-infected nymphal fractions or of 
wheat-germ lectin column Peak 2 was used. A 1000 x 
d!lutio!l of either rabbi~-at;~ti sheep IgG perioxidase2

, rab­
btt-antt mouse lgG penox1dase2 or rabbit-anti bovine IgG 
perioxidase2 conjugates in I % (w/v) bovine serum albu­
min/phosphate buffered saline was used for detection. 

To 10 me of the freshly made substrate buffer, con­
taining 1 mg/me of o-phenylenediamine3 in 0,1 M citrate 
b~ffer, pH 4,5, 5 p.e 30% (v/v) H20 2 was added imme­
dtately before use. Colour development was monitored 
with a Titertek Multiscan MC4 at 690 and 450 nm for 
30-45 min. 

The infected to non-infected (PIN) ratios reported for 
sera screening were calculated by dividing the absor­
bance value obtained from the lectin fraction (Peak 2) 
from infected nymphae by the value obtained from the 
corresponding lectin fraction from non-infected 
nymphae. 

In the case of nymph screenings, PIN ratios were cal­
culated by dividing. the absorbance values obtained for 
nymphae which had been tested by the absorbance value 
for known non-infected nymphae. 

RESULTS 

Detection of antibodies in sera 
From Table I it is evident that of the 41 sheep sera 

screened for antibodies to C. ruminantium after 2-3 in­
oculations with the Ball 3 strain, IOO % showed PIN 
ratios of I ,S-2, of which 83 % were above 2. The 6 
lambs infected once at under 3 weeks of age and tested 
5-6 weeks later, showed lower ratios of l ,6-I ,8. All 
Ball 3 negative sheep sera exhibited P/N ratios of less 
than 1 ,05 . All of the cattle sera screened exhibited PIN 
ratios higher than 2. No negative cattle sera were tested. 

Detection of antigen in nymphae 
The results obtained from infected nymphae (Table 2), 

whether tested with sera from Ball 3 strain infected sheep 

1 Merck, Darmstadt, Fed. Rep. Germany 
2 Miles Laboratories, Napierville, USA 
3 Sigma, South Africa 
4 Linbro Division, Flow Laboratories, McLean, Virginia, USA 
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TABLE 1 ELISA screening of antibodies to Cowdria ruminantium in 
the sera of sheep and cattle 

Material source 

Serum screened Antigen PIN ratio 

41 Ball3 +sheep Ball3 WG (P2) >1 ,8 
>2 

6 Ball 3 + sheep2 Ball 3 WG (P2) 1,6-1,8 
14 Ball3- sheep Ball3WG(P2) <1 ,05 
9 Ball 3 + cattle Ball3WG(P2) >2 

WG(P2) = Peak 2 of wheat-germ lectin column 
+ = Heartwater infected 

= Heartwater non-infected 
= %of animals showing indicated PIN ratios 
= Sheep infected only once as Iambs 

%1 

100 
83 

100 
100 
100 

TABLE 2 ELISA screening for Cowdria ruminantium antigen in 
Amblyomma hebraeum (Spes Bona strain) nymphae 

Material source 

Antigen screened Serum PIN ratio %1 

50 Ball 3 + nymphae Ball3 +sheep >1,5 78 
>2 60 

<1 ,1 22 
50 Ball 3 - nymphae Ball3 +sheep <1,1 100 

30 Ball 3 + nymphae Ball3 +sheep >1 ,5 80 
>2 66 

or <1 ,1 20 
Kurnm + mouse >1 ,5 77 

>2 66 
<1,\ 23 

50 Ball 3 + nymphae Kurnm + mouse >1 ,5 74 
> 2 60 

<1,1 26 
50 Ball 3 - nymphae Kumm +mouse <1 ,1 100 

+ = heartwater infected 
- = heartwater non-infected 
1 = of ticks showing indicated PIN ratios 

or sera obtained from Kumm strain-infected mice, were 
virtually identical, with at least 74 % of the infected 
nymphae showing ratios above I ,5 (>60 % exhibited 
values above 2). 

DISCUSSION 

From the results it is evident that a clear indication of 
the absence or presence of antibodies to C. ruminantium 
in the serum of sheep or cattle is given by ELISA em­
ployed in this study. Furthermore, since Peak 2 of 
wheat-germ lectin (Viljoen et al. , I985) from non-in­
fected nymphae was used as control, the test is specific 
for C. ruminantium. The antigen, obtained from A. 
hebraeum nymphae and partially purified by lectin chro­
matography (Viljoen etal., 1985), proved to be satisfac­
tory for this assay. 

The fact that sera for screening were obtained 5 weeks 
after the final inoculation suggests that the antibody 
being tested was lgG. Ilemobade (1976), on the other 
hand, found by the capillary flocculation test that anti­
bodies were detectable for l- 3 weeks only after treat­
ment, spontaneous recovery or challenge-inoculation of 
infected animals. He deduced that the antibodies in­
volved were lgM, since they are the first antibodies pro­
duced in response to an immunogen and have a relatively 
short half life (Bauer, Mathies & Stavitsky, I963). 

The screening of nymphae for the presence of C. ru­
minantium by the described ELISA showed that virtually 
identical results were obtained with either sera from Ball 
3 strain infected sheep and sera from Kumm strain in­
fected mice. This confirms the notion of Du Plessis 
(1981) that the 2 strains are immunologically closely 
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related. The obserVation that 22 %-26% of the infected 
nymphae showed absorbance ratios of less than I , 1 
could either be due to the inability ofthe test to detect the 
organisms in these ticks or to their absence. Since the 
nymphae were infected in the larval stage and sub­
sequently fed as nymphae on susceptable sheep (Bezui­
denhout, 1981), either the larvae were refractory to in­
fection or the organisms were lost during moulting. 
Screening of larvae for C. ruminantium should be con­
ducted to help solve this enigma. Bezuidenhout, Pot­
gieter & Du Plessis (1985) reported infection rates of 
between 1 o/o--20 % using a fluorescent antibody test and 
mice as experimental animals. 

The ELISA reported in this paper should prove to be 
of value in epizootiological investigations and in the im­
munodiagnosis of heartwater. The application of the as­
say in the determination of the earliest stage of detection 
of antibody in diseased animals, and the determination of 
the persistence of antibody are to be explored in further 
investigations. These studies, in conjunction with the 
determination of immunity to challenge, could in tum 
substantiate the finding of Du Plessis that immunity to 
heartwater is mediated cellularly rather than humorally. 
(DuPlessis, 1970; 1981). 
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