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ANTIGENIC RELATIONSHIP OF BRUCELLA OVIS TO BR UCELLA ABORTUS 
AND BR UCELLA MELITENSIS USING THE COMPLEMENT FIXATION TEST 

R. W. WORTHINGTON and MARlA S. G . MOLDERS, Veterinary Research Institute, Onderstepoort 

ABSTRACT 

WORTHINGTON, R. W. & MULDERS, MARIAS. G. Antigenic relationship of Brucellaovis 
to Brucella abortus and Brucella melitensis using the complement fixation test. Onderstepoort J. 
vet. Res., 36 (2) , 191-1 98, 1969. 

The CF test was used to investigate the serological relationship of Br. avis to Br. abortus and 
Br. melitensis. A definite antigenic relationship between Br. avis and Br. abortus could be demon
strated. Definitive results were obtained by absorbing sera with Br. avis , Br. melitensis a nd Br. 
abortus before testing. 

INTRODUCTION 

The aetiological agent of the most important cause 
of infectious epididymitis in rams was first isolated 
by Buddie & Boyes (1953) in New Zealand and by 
Simmons & Hall (1953) in Austra lia . Buddie (1956) 
described the organism and named it Brucella ol'is. 
The Subcommittee on the Taxonomy of Brucella 
of the International Committee on Bacteriological 
Nomenclatu re was not satisfied that the organism 
was correctly classified as a Brucella (according to 
Diaz, Jones & Wilson, 1967). The main objection 
was apparently that no serological relationship to 
smooth Brucella was revealed by aggl utination tests 
(Meyer & Cameron, 1956). More recent studies have 
shown that there are definite antigenic similarities 
between Br. avis and Brucella melitensis (Hughes, 
1892), especially when Br. melitensis in the rough 
phase is used (Diaz, Jones & Wilso n, 1967). There 
seems little doubt, therefore, that the organism will 
now be accepted as a member of the genus Brucella. 
The question remaining is probably whether it is 
classed as a biotype of Br. melitensis or whether it 
is accepted as a separate species. 

In our experience the most valuable serological 
test for the detection of Br. avis antibodies in sheep 
is the complement fixation (CF) test. The object of 
the presen t study was to use the CF test to investigate 

the serological relationship between strains of Br. 
avis, iso lated in South Africa and in other countries, 
to smooth phase Br. melitensis and Br. abortus 
(Schmidt & Weiss , 1901). A furthe r object was to 
di scover whether there were antigenic differences 
between various South African strains of Br. ol'is. 

MATERIALS AND METHODS 
Strains: 

The Brucella strains used and details of their origin 
are li sted in Table I. 

Cultivation of organisms and preparation of cell sus
pensions 

Br. avis strains were grown in the liq uid medium 
described by Lawrence & Jones (1961) in large Ro ux 
flasks under a 15 per cent ca rbon dioxide atmosphere. 
The flasks were shaken on a shaking machine during 
incubation at 3rC for 72 hours. Cultures were then 
tested for purity, bulked, killed in a waterbath at 
60 °C for 1 hour, washed twice in 0.85 per cent saline 
containing 0.5 per cent phenol, suspended in a small 
amount of phenol saline and used immediately for 
antigen production or stored at 4 °C until required 
for serum absorption tests. Similar washed sus
pensions of Br. abortus and Br. melitensis were 
prepared from cultures grown on potato agar medium 
in Roux flasks . 

TABLE I. - Strains used in the investigation 

Strain 

21422 
6010 

19703 
6323 

22855 
6324 

16060 
6504 

292 
4154 

15641 
621 8 

16058 
19957 
16073 
Q28E 

16M 
99 

544 

Species 

Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. avis 
Br. melitensis 
Br. abortus 
Br. abortus 

Onderstepoort isolate 
Onderstepoort isolate 
Onderstepoort isolate 

So urce 

Dr. Buddie, Animal Research Station , Wallaceville, New Zealand 
Onderstepoort isolate 
Dr. Buddie, Animal Research Station , Wallaceville, New Zealand 
Onderstepoort isolate 
Onderstepoort isolate 
D r. Buddie, Animal Research Station , Wallaceville, New Zealand 
Dr. Buddie, Animal Research Station, Wallacevi lle, New Zealand 
Onderstepoort isolate 
Mr. Simmons, Animal Research Institute, Yeerongpilly, Queensland , Australia 
Onderstepoort isolate 
Onderstepoort isolate 
Onderstepoort isolate 
Mr. Simmons, Animal Research Institute , Yeerongpilly, Queensland , Australia 
Central Vet. Laboratory, Weybridge, England 
Central Vet. Laboratory, Weybridge, England 
Central Yet. Laboratory, Weybridge, England 
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ANTIGEN fC RELATIONSHIP OF BR. OVIS TO BR. ABORTUS AND BR. MELITEN SIS 

Antigens 
Soluble antigens were made by heating suspensions 

containing 10 to 20 per cent cells in a boiling water 
bath for I 0 minutes. Sufficient merthiolate was 
added to produce a dilution of l in 10,000 and the 
suspension was held at room temperature for three 
weeks. Each suspension was then centrifuged at 
12000 g for 30 minutes and the clear supernatant 
fluid was stored at 4 oc until required for use as 
antigen. 

Antigens were titrated against standard serum to 
determine t he optimum dilution at which they should 
be used in the CF test. 

Rabbit antisera 
All strai ns were grown on tryptose blood agar 

slopes. Well-grown 24 hour cultures, two tubes from 
each strai n, were harvested in 9 ml of normal saline 
and the suspension mixed with an equal amount 
of a mixture containing nine parts of Bayol F* to 
one part of Arlacel A** and shaken until a stable 
emulsion was formed . Rabbits were injected sub
cutaneously with 2 to 3 ml of the emulsion weekly 
for three weeks. The rabbits were bled weekly and 
the sera tested until high CF titres were obtained, 
usually I to 3 weeks after the last injection. A large 
amount of blood was then collected and I ml amounts 
of serum freeze-dried in ampoules were stored at 
- l0 °C unti l used . 

CF and serum absorption tests 
CF tests were done according to the method des

cribed in the appendix. Standard positive Br. abortus 
and Br. avis sera were tested with every batch of 
tests done. End titres of the standard sera remained 
constant throughout the experiment. All sera were 
tested agai nst all the different antigens. 

Sera were absorbed with cells prepared from 
Strains 60 10 (Br. o1•is) , 99 (Br. abortus) and 16M 
(Br. melitensis). T he serum absorptions were carried 
out as follows : To I ml of packed cells 7 ml of serum 
and I ml of undiluted guinea pig complement was 
added. The cells were well mixed with the serum and 
incubated at 37 oc for 2 hours during which time 
thorough mix ing was repeated every 30 minutes . 
The serum mixture was then centrifuged for 1 hour 
(2500 g). The clear supernatant serum was withdrawn 
and again added to I ml of packed cells and incubated 
as before fo r a further 2 hours. The serum mixture 
was then placed in a refrigerator overnight. The 
followi ng day it was centrifuged and the clear, 
absorbed serum was withdrawn and inactivated 
at 56 oc for 30 minutes. The absorbed sera were 
tested agai nst all the antigens used in the experiment 
by the normal CF methods. Sera to which complement 
was added and then inactivated, but which had not 
been subjected to absorption , were used as controls. 

RESULTS 

Details of the results are given in Tables 2 to 5. 
In Table 2 the results of CF tests on unabsorbed 
sera are given, while those of sera absorbed with 

(*) Esso Petroleum Co., 36 Queen Ann 's Gate , London, 
s.w . .I 

(**) Mannide Mono-oleate ; Atlas Power Co., Wilmington , 
Delaware 
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Br. avis (Strain 60 10), Br. abortus (Strain 99) and 
Br. melitensis (Strain 16M) respectively are shown in 
Tables 3 to 5. 

Absorption of sera with Br. avis (Strain 60 I 0) cells 
removed virtually all anti-Br. avis antibodies from 
the sera (compare Tables 2 and 3). The two A ustralian 
strains, 6218 and Q28E, appeared to contain anti
genic factors not shared by the New Zealand and 
South African strains. After absorption with Strain 
6010, antisera against Strains 6218 and Q28E had 
extremely low titres against the South African and 
New Zealand antigens but still showed considerable 
titres against their homologous antigens. 

The absorption of anti-Br. avis sera with Br. 
abortus (Strain 99) cells did cause a slight drop in 
the titres against Br. avis antigens (compare Tables 
2 and 4). The Walsh test (Siegel , 1956) was used to 
test the hypothesis that the titres of unabsorbed 
sera and sera absorbed with Br. abortus Strain 99 
were equal. The hypothesis of equality was rejected 
for all strains, indicating that Br. avis and Br. abortus 
do contain some similar antigenic factors . 

The absorption of anti-Br. avis sera with Br. 
melitensis (Strain 16M), caused minimal drops in 
titres against Br. avis antigens (compare Tables 2 and 
5). In this case the hypothesis of equality was only 
rejected in the case of Strains 6010, 19703, 6218 and 
16073. It is, therefore, concluded that there is little 
antigenic relationship between soluble Br. avis and 
Br. melitensis antigens prepared in the man ner used 
in these experiments. However, other Br. meli tensis 
strains, and different methods of antigen preparation 
or serological tests other than CF tests might give 
different results. 

DISCUSSION 

From the results obtained it is clear that Br. avis 
as it occurs in nature in the rough phase is anti
genically distinct from Bt. abortus and Br. melitensis, 
although some evidence of antigenic similarities, 
especially between Br. abortus and Br. avis, is pro
vided. These findings do therefore confirm the view 
that Br. avis is correctly classified in the genus Brucella. 
From a practical point of view, it is apparent that 
the differences between Br. Ol'is and the other members 
of the genus are sufficiently distinct to allow a dif
ferential diagnosis to be made on serological tests 
alone, if sera submitted for diagnosis are tested to 
end titre with Br. avis and Br. abortus antigens. 
This distinction is especially important when sero
logical surveys are being done with a view to deter
mine the distribution of various types of infection . 

There was some indication of antigenic differences 
within the Br. avis group. The two Australian strains 
showed what appeared to be slight differences from 
the other strains but further more detailed studies 
have failed to confirm this finding (Worthington, 
1968, unpublished data) . Any strain which reveals 
favourable cultural characteristics could therefore 
be used as an antigen strain for routine tests. The 
Onderstepoort Strain 6010 which has been used 
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for a number of years in this laboratory is suitable 
for routine antigen production. 

No studies have been undertaken with rough 
Br. abortus and Br. melitensis strains as difficulties 
were experienced in preparing suitable antisera and 
antigens from them . Further studies using rough 
strains are, however, indicated because the findings 
of Diaz, Jones & Wilson (1967), showed a close 
relationship between Br. ovis and rough Br. meli
tensis. 

SUMMARY 

The serological relationship of 16 strains of Br. 
ovis, originating from South Africa, New Zealand 
and Australia, and standard strains of Br. melitensis 
(16M) and Br. abortus (Strains 99 and 544) were 
investigated using the CF test. Antisera against each 
strain were prepared. Unabsorbed antisera and 
antisera absorbed with Br. ovis, Br. melitensis and 
Br. abortus were tested against soluble antigens 
prepared from all strains used in the investigation. 
It was demonstrated that Br. ovis is antigenically 
related to Br. abortus but there appears to be little 
relationship between Br. ovis and Br. melitensis. 
The classification of Br. ovis within the genus Brucella 
seems to be justified. 
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AN TIGENIC RELATIONSHIP OF BR. OVIS T O BR. A BO RTUS AND BR. M ELITENSIS 

APPENDI X 

THE COMPLEMENT F IXATION TEST 

I. Reagents 

A. Verona! buffer: Is made up according to the method of 
Kabat & Mayer (1961 ). 

B. Complement : 

I . Twenty to 50 ma le guinea-pigs a re starved overnight. 
2. About 20 ml of blood is drawn from each by cardiac 

puncture. 
3. The blood is allowed to clot , and the clot is loosened 

with a ster ile needle. 
4. After a maximum of 4 hours room temperature, the 

tubes are centrifuged at 1020 g for 30 min . 
5. The serum is carefull y collected without contaminating 

with red blood cells, and is re-cent r ifuged if necessary . 
6. The serum is d istriquted into ampoules in 1.0 ml 

amounts and freeze-dr ied . The preparation of the 
serum for freeze-dry ing should be completed in as 
short a time as possible. 

7. The freeze-dr ied complement is stored at - 18oC 
unti l used , and each batch titrated individually. 

C. Amboceptor: Amboceptor is made according to the me
thod of Kabat & Mayer (1961 ). 

D . Red blood cell suspension: l . Negative sheep blood is 
aseptically collected into an equa l volume of sterile Alse
ver's solution (Kabat & Mayer 1961 ) and stored at 4°C 
for I week . 
2. The blood is suitable fo r use for a period up to 2 months. 
3. Fifteen ml sheep blood in Alsever's solution is centr i

fuged for 5 min at 1650 g and the supernatant fluid 
is d iscarded. 

4. The red blood cells a re washed th ree times in verona! 
buffer. 

5. A suspension containing 3.0 per cent packed red blood 
cells , is made up for use in the test. 

Blood fro m different sheep should not be mixed . 
Sheep should not be bled more than once in 8 weeks. 

E. Haemoly tic system : The haemolytic system is prepared 
by mixing equal parts of 3 per cent red blood cell suspen
sion and amboceptor . The suspension is incubated for 
I 0 min at 37°C and stored at 4°C until used . 

F. Antigens: For ant igen preparation see article . 

I l. The complement-amboceptor titration 

A block titration of amboceptor a nd complement is 
done as follows :-

! . Increasing dilutions of complement and amboceptor 
are used as shown in the example given below. Any 
other suitable dilutions may be used depending on 
the end points of the par ticular reagents being used. 

2. Into each tube 0.2 ml amboceptor, 0.2 ml complement , 
0.2 ml red blood cell suspension and 0.4 ml of verona! 
buffer is pipetted. 

3. The tubes are incubated at 37"C for 60 min. 

4. The percentage haemolys is in each tube is read as 
described under the test IV. 

5. Two typica l sets of results a re given in Table I (App.). 

b. The highest complement di lut ion showing complete 
haemolysis at the lowest a mbocepto r d ilution is noted , 
e.g. in titration A it is I in 40 and in B , I in 50. For 
the actual test one d ilution lower than this is used , 
i.e. in case A, l in 30 a nd in B, I in 40. The highest 
dilution of amboceptor showing complete haemolysis 
of red blood cells at this d ilution of complement is 
defined as l unit , e.g. in case A, I in 10,000 and in 
B, I in 900. In the test 2 units of amboceptor are used 

Ill. The antigen titration 

I . In titrating a batch of antigen, the ant igen is tested 
in various dilut ions against a known positive serum, 
usually the standard positive serum. 

2. The test is perfo rmed in exactly the same way as des
cribed in IV except that the serum is t itrated to a titte 
of I in 512. 

3. A typical example of an ant igen titration is given lh 
Table 2 (App. ). 

4. The highest dilut ion of serum in which complete inhi; 
bit ion of haemolysis occurs is noted - in the abo~ 
example 1 in 64. The highest dilution of a ntigen th<\l 
still gives this end t it re is used in the test - I in 9B 
in the above exampl e. 

IV. The test 

I . Blood is collected in bor ic acid preservative (3 per 
cent boric acid in norma l saline), approximately nine 
parts of blood are collected in one part of preservative. 
The blood is allowed to clot a nd the serum decanted 
into a clean bottle. 

TABLE I (APP .) 

A. B. 

I Amboceptor 1- ___ ~=~ceptor .. _ ------· _ 

~~=-· -~-~-1 ~ I_~_:_ ~ I ~ l ~ l ~ I i i I ~,_,,_p_. _ _! ~ ~ ~ ~ ~ I ~ ~ I ~ I ~ ~ I ~ 
1/ 10 
1/20 
1/30 
1/40 
1/50 
1/60 
1/70 
1/80 
1/90 
1/ 100 

I I i 2 I i!lg I I i - I i T ' I 
2 1/40 - - - - - - - - T I 2 
2 l / 50 - - - - T T T I I 2 I 2 

2 2 l /60 T T T T T T T I I 2 2 
2 2 1/70 T T I I I I I 2 2 3 4 

I 2 I 2 I I /80 I I I I I ~I I' 2j 2 2 3 4 

I ~ ~ I. : j~8o ' ~ ~ ~ ~ j ~ ~ ~ : 
I I i i 

2 I 

~ I ~ 

I l I l 
2 I 

! ,ll T 
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TABLE 2 (APP .) 

1/ 10 
1/20 
1/30 
1/40 
1/50 
1/60 
1/70 
1/80 
1/90 
1/ 100 
No ne* 

A ntigen dilutions 

1/2 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

* Reagent replaced by verona ! buffer 

TAB LE 3 (APP.) 

Reagents 

1/4 l /8 

4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 

Tube No. 

2 3 

Verona! buffer (ml) 
Complement (ml) 
Antigen (ml) 
Haemolyt ic system (ml) 

0.6 

0.4 

0.4 
0 .2 

0.4 

2. The serum is inactivated at 56°C fo r 30 min . 

0.2 
0.2 
0.2 
0.4 

3. Antigen , co mplement and ambocepto r are used at the 
optim um strength as determined in the titra tio ns. 

4. Before each day's testing, a control test of the reagents 
is set up as sho wn in T a ble 3 (App.) . 

Tests are incubated a t 3 7°C fo r 15 min . 

If a ll reagents are sa tisfacto ry there should be no 
haemolys is in Tube I a nd 100 % haemolysis in Tubes 2 
and 3. 

5. The test is set up as sho wn in Table 4 (App.) . 

Re-incuba te at 37"C fo r 30 min 

Serum dilutions 

1/ 16 I /32 1/64 1/ 128 1/256 1/5 12 N one* 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 4 2 
4 4 2 
4 4 2 
4 4 I 
4 4 T 
4 4 
4 4 
4 4 
4 4 
3 2 

6. With each batch o f sera tested a standard pos it iv 
a nti-Br. abortus serum a nd a n anti-Br. avis serum a re 
included. The end titres of these sera shou ld remain 
constant . 

7. The reactions in each tube are read with t he aid of a 
suitable lighting box as fo llows : 0, I , 2, 3, 4 , represent 
100 per cent , 75 per cent , 50 per cent , 25 per cent a nd 
no haemolysis respect ively. Tubes sho uld be spun to 
see whether a ny unhaemolysed red blood cells have 
settled to the bottom o f t he tube . 

8. Anti-compl ementa ry activity o f the individual sera is 
contro lled in Tubes I a nd 2. Any inhibition of haem o
lys is in these tu bes renders the serum unsuitable for 
testing. 

9. The end po int is the highest d ilutio n showing 50 per 
cent , or mo re , inhibi t io n of haemolys is. 

R EFERENCES 
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T ABLE 4 (A PP.) 

Reagent s 

Verona! buffer (ml ) 
Serum (ml) 

Verona ! buffer (m l) 
Ant igen (ml) 
Co mplemen t (ml ) 

Haemo lytic system (ml) 

0.2 
0.2 

0.2 

0.2 

2 

0.2 
T wofo ld 

seria l 
dilutio ns 

----> 

0. 2 

0.2 

Inc ubate a t 37"C fo r 60 min 

0.4 0.4 
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0.2 
0.2 

0.2 
0.2 

0.4 

Tube N o . 

4 5 6 

0. 2 0 .2 0 .2 

T wofo ld serial d ilu t io ns 

---- - - ----------? 

0.2 
0.2 

0.4 

0.2 
0.2 

0.4 

0.2 
0.2 

0.4 




