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ABSTRACf 
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plasma centrale live blood vaccine. Onderstepoort Journal of Veterinary Research, 50, 29-31 (1983). 
Cross-bred Bas taurus calves, aged between 6 and 8 months, were inoculated with the Onderstepoort 

Anaplasma centrale live blood vaccine. One group of 15 calves were inoculated once only, while a 2nd group of 
15 were revaccinated 6 months later. All the animals were challenged with approximately 1 X 1010 Anaplasma 
marginate parasites of a known virulent strain 8 months after the first vaccination. The results of blood smear 
examination and the card agglutination test indicated that only 20 out of 30 animals vaccinated contracted A. 
centrale infections after the first attempt, and 3 out of 5 after the second. The vaccine conferred only partial 
immunity to challenge with a virulent A. marginate strain. 

INTRODUCfiON Serology 
The use of live Anaplasma centrale blood vaccine to Complement fixation test: The complement fixation test 

protect cattle against natural Anaplasma marginate in- (CFT) (Anonymous, 1958) was used to screen the ani-
fections in South Africa has been reviewed by Potgieter mals for possible Anaplasma antibodies before the first 
(1979). Local field reports suggested that the use of this inoculation with A. centrale. The animals were tested 
vaccine in 6-month-old calves, as recommended, is not upon their arrival at this Institute and again after approxi-
very effective, as so-called breakdowns in immunity mately 7 weeks after entering tick-free facilities. 
occur amongst vaccinated cattle. 

Two aspects· have been SUSJ?t!Ct for some time, 
namely, the infectivity of the vaccme, mainly because of 
its limited shelf life, and the immunogenic properties of 
the A. centrale strain used in this vaccine since 1912. 

The present study was undertaken to investigate these 
aspects, simulating the application of the vaccme in the 
field under laboratory conditions. 

MATERIALS AND METHODS 

Experimental animals 
Cross-bred Bos taurus calves, aged 6-8 months, were 

obtained from the Cedara Experimental Farm in Natal. 
Upon their arrival at this Institute they were placed on a 
weekly dipping programme using a mixture of dioxa
thion and chlorfenvinphos*. 

T~irty-five animals which were susceptible to anaplas
mosis, as determined by blood smear examination and 
the complement fixation test, were selected from this 
group. These animals were kept in tick-free stables for 7 
weeks prior to as well as during this investigation. 

Anaplasma strains 

The Onderstepoort live A. centrale blood vaccine de
scribed by Potg1eter (1979) was used to vaccinate the 
experimental animals. The origin of the A. marginate 
BW-strain, used to challenge these vaccinated animals, 
was described by Potgieter, Sutherland & Biggs (1981). 

Parameters for the Anaplasma infections 

Parasitaemia: Thin blood smears were prepared 3 times 
weekly from the tip of the tail, stained with Giemsa's 
stain, and examined for parasites. After the detection of 
'the first parasites, smears were examined daily to deter
mine ~ak parasitaemias. Five hundred erythrocytes 
were differentially quantitated at the tip of the smear and 
,the parasitaemia was expressed as a percentage of the 
infected erythrocytes. 

Anaemia: The haematocrit (Ht) was determined with a 
microhaematocrit machine twice weekly for 2 weeks 
before infection, to determine the normal Ht, once a 
week after infection until the first parasites were detected 
in thin blood smears and daily thereafter until recovery. 
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Card agglutination test 
A card agglutination test (CAT), adapted from the test 

described by Amerault, Rose & Roby (1972), was per
formed to detect the serological response in cattle vacci
nated with A. centrale and challenged with A. margi
nate. A. marginate antigen was used. 
Antigen production for the CAT: After the initial infec
tion of a fully susceptible splenectomized ox with a 
blood stabilate of A. marginate, the infection was pas
saged through a further 3 splenectomized animals during 
rapidly rising parasitaemias. This procedure resulted in 
an 88% paras1taemia in the 4th animal within 4 days. 
Blood was collected from this animal in 12% sodium 
citrate, centrifuged and then, after the plasma and buffy 
coat had been removed, it was resuspended and washed 
3 times in normal saline. The erythrocytes were then 
haemolyzed with sterile, filtered tap water in a ratio of 
1:3,5. The released parasites and erythrocyte debris were 
concentrated by centrifugation at 48 400 X g for 20 min, 
the supernatant removed, resuspended in water, then 
centrifuged, as mentioned above. Two more washes in 
saline were done before the pellets were finally resus
pended in fresh saline in the ratio 1:5. Sonication of the 
material at an amplitude of 15 microns for 15 s followed, 
using a MSE model 200 sonifier. After centrifugation of 
the sonicated material a jelly-like layer, visible on top of 
the pellets, was carefully sucked off and the pellet sus
pended in sterile saline, centrifu_ged, and finally reconsti
tuted in an acetate buffer (pH 5) as a 4% solution. This 
was used as antigen. Fast green dye (l% )'was added to 
the solution at the rate of 1 me per 25 me of antigen, 
mixed by shaking and followed by 3 bursts of sonication 
at an amplitude of 18 microns for 10 s each time. The 
antigen was centrifuged again at 17 400 X g for 30 min 
and suspended in fresh acetate buffer. Sonication was 
repeated as above. Finally, the anti~en was stored as a~ 
3% solution in acetate buffer at 4 C. 
Collection of serum samples for the CAT: The blood was 
collected and allowed to clot overnight, centrifuged and 
the serum left at 22-25 oc for 48 hours before being 
tested. Known positive and negative sera as well as the 
Bovine Serum Factor (BSF) were also collected weekly 
from cattle kept under tick-free conditions. 
Test procedures for the CAT: The test was ~rformed 
essentially as described by Amerault & Roby ( 1968) and 
Amerault et a!. (1972). The only modification was that 
the cards supplied in the Brewer Diagnostic Kit were 
substituted with white perspex plates and the test was 
read with the aid of a strong cold light source which 
facilitated the reading of weak agglutination. 
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Experimental design 
Thirty susceptible calves were injected subcuta

neously with the Onderstepoort A. centrale vaccine (Pot
gieter, 1979) 4 days after issue. Blood smears were ex
amined and the Ht determined of all animals as described 
above. Serum samples of the animals were tested with 
the CAT on a weekly basis from the 7th week after 
inoculation with A. centrale. 

Six months later the 30 animals were divided into 2 
groups (Groups 1 and 2). Each group consisted of 10 
animals known to have become infected after vaccina
tion and 5 that failed to react. The 15 animals in Group 2 
received a second 'dose of vaccine. 

All 30 animals in Groups 1 and 2 as well as 5 suscep
tible controls (Group 3) were challenged with approxi
mately 1 x 1010 A. marginate parasites 8 months after 
the first inoculation with A. centrale. The challenge 
reactions were monitored as before. 

RESULTS 

Infectivity of A. centrale vaccine 

Out of the 30 animals inoculated with A. centrale 
vaccine, only 20 contracted the infection as demon
strated by blood smear examination and the CAT (Table 
1). The second inoculation of 15 animals 5 of which 
failed to react to the lst inoculation, r~sulted in an 
equally poor infection rate, as only 3 out of a possible 5 
became infected (Table 1). 

The results of the CAT and blood smear examination 
showed a IOO% correlation. 

Virulence of A. centrale vaccine 

Mild vaccine reactions were seen in the majority of 
c~ses. The virulence of the A. centrale vaccine compared 
With that of the A. marginate strain used to challenge the 
vaccinated animals is indicated in Table 2. 

The 10 animals which reacted on the I st vaccination 
were not noticeably affected by the revaccination in 
terms of increased parasitaemia or lowered Ht. 

Protection afforded by A. centrale vaccine 

The A. marginate challenge reactions of the vacci
nated animals a!e compared with those of the unyacc~
nated controls m Table 3. The level of protectiOn IS 
clearly rather low (see also Table 5). 

The animals that failed to react to inoculation with A. 
centrale vaccine were regarded as fully susceptible. 
Their reactions to A. marginate challenge are given in 
Table 4 and compared with those of the 5 susceptible 
control animals in Group 3. 

It was surprising to find that 3 out of the I 0 animals in 
Group I that showed the highest A. centrale parasitaemia 
and also the highest Ht depression reacted very severely 
upon the A. marginate challenge (Table 5). 
TABLE I Infectivity of the A. centrale vaccine 

Reaction 
Mean 

Vaccination No. of No. of prepatent Blood- CAT animals reactors period smear positive (days) positive 
(No.) (No.) 

I st vaccinatio~ 30 20 47.7 20 20 

2nd vaccina 
lion 15* 3 49.6 3 3 

* Including 5 non-reactors from the I st vaccination. 
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TABLE 2 Virulence of Anaplasma spp. used 

Mean maxi- Mean Ht 
No. of animals mum parasi-

taemia (o/r) 
depression 

(%) 

A. cemrale 23 2,9* 19,1 
A. marginale 5 32,0 60,8 
(Unvaccinated controls) 

* A. centrale parasitaemia < I% taken as x v,..:ir 

TABLE 3 Reactions in vaccinated animals when challenged with A. 
marginale 

Mean maxi- Mean Ht 
Group No. of animals mum parasi-

taemia (%) 
depression 

(o/c) 

I 13* 16,7 51 
Vaccinated IX 

2 10 14,7 46,4 
Vaccinated 2x 

3 5 32,0 60,8 
Unvaccinated controls 

* Including 3 animals from Group 2 that were only infected once 
successfully 

TABLE 4 A. marginale reactions in animals that failed to react to A. 
cemrale or were uninfected 

Mean maxi- Mean Ht 
Group No. of animals mum parasi-

taemia (%) 
depression 

(%) 

I 5 23 58 
Vaccinated I x 

2 2 22,5 56,1 
Vaccinated 2X 

3 5 32 60,8 
Unvaccinated controls 

TABLE 5 Vaccine and challenge reactions of the animals in Group I 
that showed the highest A. centrale parasitaemia compared 
with those of the controls 

Mean maxi- Mean Ht 
No. of animals mum parasi- depression 

taemia (%) (%) 

Vaccine 
A. centrale 3 13,7 45,9 

Challenge 
A. marginale 3 20 54.6 

Controls 
A. marginale 5 32 60,8 

DISCUSSION 

Contrary to observations made on the infectivity of the 
Onderste~rt A. centrale vaccine in a similar laboratory 
study (B1galke, 1980), the results of this investigation 
indicate that the current A. centrale vaccine has a poor 
infection rate. The animals used in this investigation 
were selected from a group of field animals on the basis 
of negative CF tests. Others in the group proved posi
tive. There is therefore a possibility both that the animals 
that showed no vaccine reactions could have had some 
resistance and that we were unable to demonstrate it with 
the CF test/rior to vaccination. This could possibly then 
be reflecte in the poor infectivity of the vaccine. How
ever, after vaccinatiOn, no parasites could be detected in 
their blood smears and they remained negative in the 
CAT. The fact that their reactions to the virulent A. 
marginale challenge can be compared with those of the 
unvaccinated controls indicates that they were probably 
susceptible at the time of vaccination. 



At present, the OndersteJ'09rt A. centrale vaccine con
tains approximateli' 5 X 106 parasites on the day the 
blood is collected (Potgieter, 1979). In this trial the pre
patent periods of the A. centrale infections were 6-7 
weeks, whereas the prepatent period of the Australian A. 
centrale vaccine, contaming 1 x 107 parasites per dose, 
used in a similar study, was reported to be in the region 
of 4 weeks (Wilson, Parker & Trueman, 1980). A drop 
in viability of the parasites in a live-blood vaccine is to 
be expected, and this aspect should be investigated in the 
case of the Onderstepoort vaccine which in this study 
was applied 6 days after collection (4 days after issue) 
and 2 days before the expiry date. It will not be possible 
at present to increase the number of parasites per dose or 
standardize the dose because the blood is collected 
weekly from long-standing, splenectomized A. centrale 
carrier animals, mostly showing parasitaemias of 
<1%. 

The infectivity of the vaccine applied as a subcuta
neous injection, compared with its infectivity by alterna
tive routes, should also receive attention. 

The Onderstepoort A. centrale strain, originally iso
lated by Theiler (1912), normally produces a mild clini
cal response, the exception being severe reactions some
times seen in older adult cattle (Potgieter, 1979; Big
alke, 1980). Kuttler (1966), using the same A. centrale 
isolate from South Africa in a study of the comparative 
virulence of A. marginate and A. centrale, observed only 
minor differences in virulence of 2 American isolates of 
A. mar_sinale and that of A. centrale. A buffalo (Synce
rus caJJer) isolate of A. marginate made in South Africa 
proved to be even less virulent than A. centrale (Pot
gieter, 1980, unpublished observations). Preliminary in
vestigations have shown that this mild oq~anism unfortu
nately affords even less protection agamst virulent A. 
marginate challenge than A. centrale. 

We believe that strain differences of A. marginate 
may play an important role in the epidemiology of ana
plasmosis in South Africa. This aspect should be investi
gated, as it may identify mild A. marginate strains with 
better immunogenic qualities than A. centrale. The latter 
could then possibly be used in a vaccine, as also sug
gested by Kuttler (1967). 

The degree of protection afforded by the vaccine 
against A. marginate challenge was _equally disappoint
ing. Even a 2nd vaccination, as suggested by Wilson et 
al. (1980), given 6 months later to 10 animals in this 
study, did not improve their immune status to the extent 
that it could be regarded as an effective procedure. 

Although these laboratory observations may not repre
sent the natural course of the disease, especially as far as 
the artificial challenge of 1 x 1010 A. marginate parasites 
and the virulence of the strain are concerned, It is still 
disturbing to see that vaccination with A. centrale under 
these conditions did not prevent severe A. marginate 

31 

F. T. POTGIETER & L. VAN RENSBURG 

reactions. Wilson et at. (1980) also found that vaccina
tion of 6-month-old calves with A. centrale left more 
than 50% of the animals without "adequate immunity". 

One would expect, and Wilson et al. (1980) have 
shown, that a good antibody response, as measured by a 
serological test, a marked reduction in Ht and a high 
parasitaemia, would result in resistance to a subsequent 
challenge with A. marginale. However, in the present 
study, the 3 animals that showed the highest A. centrale 
parasitaemia and also the lowest Ht did not show a 
higher level of resistance to challenge than the rest of the 
vaccinated animals. 

These results indicate that the A. centrale vaccine, if 
applied as recommended, would probably not protect 
ammals against natural challenge with A. marginate 
strains as virulent as the one used in this study. 

Field trials would be the obvious extension of this 
experimental work to study the effect of natural chal
lenge of vaccinated animals of different ages. 

ACKNOWLEDGEMENTS 

The authors wish to thank Mr J. A. Roos for his assist
ance in the preparation of the antigen. 

REFERENCES 
AMERAULT, T. E. & ROBY, T. 0., I968. A rapid card agglutina

tion test for bovine anaplasmosis. Journal of the American Veteri
nary Medical Association, I53, I828-I834. 

AMERAULT, T. E., ROSE, J. E. & ROBY, T. 0 ., 1972. Modified 
card agglutination test for bovine anaplasmosis: evaluation with 
serum and plasma from experimental and natural cases of anaplas
mosis. Proceedings of the 76th Annual Meeting, United States Ani
mal Health Association, 736--744. 

ANONYMOUS, I958. A manual for conducting the complement fixa
tion test for anaplasmosis. United States Department of Agriculture, 
I6pp. 

BIGALKE, R. D., 1980. The control of ticks and tick-borne diseases 
of cattle in South Africa. Zimbabwe Veterinary Journal, II, 20-22. 

KUTTLER, K. L., 1966. Clinical and hematologic comparison of 
Anaplasma marginate and Anaplasma centrale infections in cattle. 
American Journal of Veterinary Research, 27, 941-946. 

KUTTLER, K. L., I967. A study of the immunological relationship of 
Anaplasma marginate and Anaplasma centrale. Research in Veteri
nary Science, 8, 467-471. 

POTGIETER, F. T., 1979. Epizootiology and control of anaplasmosis 
in South Africa. Journal of the South African Veterinarv Associa-
tion, 50, 367- 372. -

POTGIETER, F. T., SUTHERLAND, B. & BIGGS, H. C., 1981. 
Attempts to transmit Anaplasma marginate with Hippobosca rufipes 
and Stomoxys calcitrans. Onderstepoort Journal of Veterinary 
Research, 48, Il9-122. 

THEILER, A., 19I2. Gallsickness of imported cattle and the protec
tive inoculation against this disease. Agricultural Journal of the 
Union of South Africa, 3, 1-2. 

WILSON, A. J., PARKER, R. & TRUEMAN, K. F., I980. Experi
mental immunization of calves against Anaplasma marginate infec
tion: observations on the use of living A. centrale and A. marginate. 
Veterinary Parasitology, 7, 305- 311. 


