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ANTIBODIES IN BRUCELLOSIS 

CHRISTINE E. RICE* 

Wallaceville Animal Research Centre 

SUMMARY 

‘The antibodies, or immunoglobulins (Ig), in sera of cattle with 
brucellosis or of calves vaccinated with Brucella abortus, Strain 19, 
fall into two general groups: heat-labile macroglobulins with a sedi- 
mentation constant of approximately 19s (IgM), and smaller, heat- 
stable immunoglobulins with a sedimentation constant of approxi- 
mately 7s (IgG and possibly IgA). The IgG class may be further 
divided into two sub-classes, “fast” and “slow” IgG (or IgG, and 
IgG2), on the basis of electrophoretic behaviour and antigenic 
makeun. I&I antibodies develou earlier than IgG antibodies in 
vaccinated ialves and in cattle experimentally infected with virulent 
strains of Br. abortus. In field cases of brucellosis, the antibodies 
appear to be predomi’nantly heat st’able but in sera of certain ex- 
perimentally-infected animals that have continued to shed Br. 
abortus organisms in their milk, heat-labile antibodies have been 
found to persist for months or years along with heat-stable “fast” 
and “slow” InG antibodies. Inactivation of the IgM antibodies in 
sera of shedder cows by heating for 15 milnutes at 65°C or their 
removal by density gradient ultracentrifugation, gel filtration or 
anion exchange chromatography revealed the presence of antibodies 
that produced prozone effects in agglutination tests with Br. abortus 
antigen. This prozone behaviour appeared to be associated with 
the “fast” IgG antibodies. 

BECAUSE of the proven value of serological tests in the 
diagnosis and control of bovine brucellosis, antibody pro- 
duction in this infection has probably been more exten- 
sively studied than in any other disease of cattle. Using 
physical-chemical methods developed relatively recently 
in studies of serum proteins, Amerault et al. (1962) and 
Rose and Roepke (1964) showed that sera of calves vac- 
cinated with Brucella abortus, Strain 19, contained two 
kinds of agglutinative antibodies. These could be differen- 
tiated on the basis of sedimentation rate in the ultra- 
centrifuge, heat stability at 65” C, and sensitivity to 2- 
mercaptoethanol. The heavier antibodies, IgM, developed 
more rapidly than the lighter antibodies, IgG. In their 
experiments, Rice et al. (1966, 1967) detected IgM anti- 
bodies as early as four days post-vaccination but failed 

*Senior Research Fellow, N.Z. Department of Agriculture; formerly Health 
of Animals Branch, Canada Department of Agriculture. 

14 



ANTIBODIES IN BRUCELLOSIS 15 

FIG. 1: Electropherograms of serum of a calf collected before and at 2 
weeks, 3 und 6 months after vaccination with Brucella abortus, Strain 19. 
Rabbit antiserum for normal bovine serum in upper wells and for a 

gamma-globulin fraction in lower wells. 

to demonstrate IgG agglutinins before six days. Both 
classes of antibodies persisted for some weeks. Figure 1 
shows the patterns obtained by immunoelectrophoresis 
of sera collected from one calf prior to and at two weeks, 
three and six months post-vaccination. Although the pre- 
vaccination serum of this calf was negative for brucella 
agglutinins, it already contained considerable amounts of 
“fast” and “slow” IgG immunoglobulins ( IgGl and IgG2j 
which presumably reflected previous antibody responses 
to various other antigenic stimuli. Therefore, in spite of 
the demonstrated development of brucellosis antibodies 
of the IgG class, the intensity of the main IgG arc or its 
IgG, spur did not increase significantly following vaccina- 
tion. On the other hand, the IgM arc which appeared faint 
in the immunoelectrophoretic pattern for m-e-vaccination 
serum, had become pronounced in that formed by the 
early post-vaccination bleedings. By six months post- 
vaccination, when agglutination titres had fallen to low 
levels, the IgM arc had almost disappeared. Similar results 
were observed with serial serum samples from other vac- 
cinated calves. 

Bmoth IgM and IgG antibodies also appear in the serum 
of sheep (Merriman and Rice, 1969) and swine (Rice et al., 
1968) after Strain 19 vaccination. In general, IgM anti- 
bodies seemed to persist longer in calves after vaccination 
than in sheep or pigs. 
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Both IgM (19s) and IgG (7s) antibodies have been 
demonstrated in sera of cattle experimentally infected 
with a virulent strain of BY. abortus (Rose et al., 1964b) 
and in suspected early field cases of brucellosis (Rice et aZ., 
1967). However, in the majority of sera from field cases 
examined, only 7s antibodies could be detected by density 
gradient ultracentrifugation (Rice et al., 1967). 

The heat-labile, presumably non-specific, agglutinins 
occasionally encounttired in sera of individual cattle in 
brucellosis-free herds appear to be macroglobulins as 
judged by their heat lability and sensitivity to mercapto- 
ethanol (Rose et a!., 1964a). Heat inactivation has been 
suggested therefore as a means of differentiating these 
non-specific agglutinins from the heat-stable IgG anti- 
bodies which tend to predominate in sera of naturally in- 
fected cattle. Heat inactivation has also been recom- 
mended by the American workers as a means of dis- 
tinguishing heat-stable IgG antibodies engendered in active 
infection from residual heat-labile IgM antibodies which 
continue to persist in sera of a few cattle after vaccination 
with Br. ahortus, Strain 19. 

Results recently obtained by Miss Betty Boyes (un- 
publ.) at the Wallaceville Animal Research Centre, how- 
ever, indicate that the use of heat inactivation as a supple- 
mentary test may lead to quite an eri-oneous conclusion 
in this regard. Working with sera from a group of cattle 
experimentally infected in May, 1964, she has found that 
animals that have continued to excrete BY. abovtus 
organisms in their milk, have retained their heat-labile as 
well as their heat-stable agglutinins. Other animals, ex- 

TABLE 1: TYPICAL AND ATYIJICAL AGGLUTINATION PATTERNS OBTAINED IN 
TESTS OF UNHEATED AND HEATED’ BRIJCELLOSIS Cow SERA 

Serum 
Agglutination Reaction of Description 

Serial 2-fold Dilutionst of Reaction 

Non-shedder cow No. 8: 
Unheated serum ..,, 44444443- typical 
Heated serum 

Shedder cow No. 12: “” “” 
44444442- typical 

Unheated serum 4444444443- typical 
Heated serum .,,, -___-4443- prozone 

Shedder cow No. 19: 
Unheated serum 334444444444433- typical 
Heated serum . . . . 34443---134443- interzone 

‘Heated 15 minutes at 65°C. 
‘iBeginning at a 1: 2 dilution, 
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perimentally infected at the same time but which have 
ceased to shed these bacteria, show mainly heat-stable 
agglutinins in their sera. On the basis of these results, Miss 
Boyes developed a test which seems promising as a means 
of distinguishing among serologically reactive animals 
those that are shedders OF Br. aborttls in their milk from 
those that are not. This test may be of considerable value 
in dealing with “problem” herds in the coming brucellosis 
control programme in New Zealand. 

Miss Boyes has kindly supplied the writer with sera 
from 11 of her experimentally-infected cattle for study of 
the physical-chemical properties of the antibodies they 
contain. Among the serologically reactive cattle, three were 
still excreting BY. abortus in their milk at the time of 
serum collection, two had been doing so consistently until 
a few months earlier. The other five were no longer shed- 
ders. 

AGGLUTINATIVE ACTIVITIES OF SERA 

Serial twofold dilutions of sera, unheated or heated for 
15 minutes at 65” C, were titrated for agglutinative activity 
for Br. abortus suspensions in tests incubated overnight at 
37” C or 56” C. Sera of all five presently or recently shedder 
cows were found to contain heat-labile as well as heat- 

TABLE 2: AGGLUTINATION REACTIONS* RECORDED IN TESTS OF FRACTIONS 
OBTAINED FKOM SERA OF NON-SHEDDER AND SHEDDER Cows BY DENSITY- 

GRADIENT ULTRACENTRIFUGATION (D.G.U.) 

D.G.U. Non-shedder Cow Serum Shedder Cow Serum 
Fract iont No. 3 No. 9 No. II No. 19 

1 and 2 
3 
4 . 
5 
6 
7 
8 
9 

10 :::: :::: 
11 
Original serum 

- . 
- . . . I 

41- 
I 431- 

431- 
31- 
- 
- . . . 
- 
- * 
452- 

4’32- 
4231- 
432- 
431- ’ 
- 

431- 
4’- 
4”3- 

121- 
_31’_ 
_3122_ 

-122- 
-‘232- 
-‘l’- 

-2321- 
-221- 
4’31- 
4’0- 

- 
-24”2- 
-‘45- 
-‘14343- 
-“13*421 
-‘3’43- 
-‘4X3- 
4*33- 
42321- 
4’32- 
34”- 

“To conserve space, the reaction values have been presented in condensed 
form. Thus, the agglutination readings for eight serial serum dilutions, 
44444432- are expressed as 4&32-. 

+Fractions collected from top of centrifuge tube downwards. Fractions 
10 and 11 therefore contain the heaviest serum proteins. 



TABLE 3: AGGLUTINATION REACTIONS IN TESTS AT 56°C OF SUCCESSIVE UNHEATED AND HEATED FRACTIONS 
CBTAINED BY GEL FILTRATION THROUGH SEPHADEX G-200 OF SERUM FROM ONE NON-SHEDDER AND Two SHEDDER 

cows 

Number 
of 

Non-shedder Cow 
Serum No. 8 

Shedder Cow Serum 
No. 19 No. 11 

Frktion Unheated Heated* Unheated 
____ 

1 - . 
2 21 21 432- 
3 4231- 321 4j3- 
4 4”2- 2*3’1- 453- 
5 452- 324 46332- 
6 _. 4’- 34’1- 4336- 
7 . . 4431- 4’3I2- 43-Z 13’- 

8 451- 4’3- 423-2136- 
9 44- 44- 43-43’- 

10 . 421- 4’- l-435- 

11 - - _54332_ . . 
12 - _ -324’2- . 
13 __.......... - - -24232- 
14 - - 4’32- 

~~ 

“Heated 15 minutes at 65” C. 

Heated* Unheated Heated’ 

- _ 

42- 4231- 423- 
4’21- 4’2- -421- 
-13432- 452- -24’- 
-3342321- 4’32- _3422_ 

I-“4’2- 4’2- -‘14’2- 
4-+14231- - 4214’1- -‘2431- 
1-54322- l-‘34’2- -314z1- 
3-54232- -32423 l- -4342- 
_=433=_ -j3432- --‘1241- 
_5433_ -342 1_ -’ 1 322- 
-434’2- -243 l_ -23’21- 
-v2- -24’3- -134’- 

431- 3431- 14’- 
--.____-___ 
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through the anion exchanger, diethylaminoethyl (DEAE) 
cellulose, using a series of phosphate buffers, 0.005 to 
0.3M and pH 8.0 to 4.5 as eluants. It was possible by this 
means to separate atypically agglutinative fractions of 
sera of shedder cows into “slow” and “fast” IgG immuno- 
globulins, as verified by immunoelectrophoresis, through 
application first of a 0.005M buffer, followed by one of 
0.02M. The “slow” IgG which was eluted with the 0.005M 
buffer produced a typical agglutination pattern, whereas 
the “fast” IgG eluted with the 0.02-0.05M buffer exhibited 
atypical agglutination. The 7s agglutinins from sera of the 
non-shedder cows was almost entirely confined to the 
0.005M eluates and appeared to be mainly slow IgG. Anti- 
bodies in a 7s fraction eluted with 0.05 to O.lM phosphate 
buffer may have represented IgA immunoglobulin. The 
heat-labile macroglobulin antibodies were not eluted until 
the molarity of the eluting buffer had been increased to 
0.2M or higher. Antigenic differences in the “fast” and 
“slow” IgG fractions were demonstrated not only by 
immunoelectrophoresis but also by immunodiffusion 
(Quchterlony method). 

DISCUSSION 

Fractionation by physical-chemical methods of sera 
from shedder and non-shedder cows has provided data 
which seem to account, at least in part, for the relative 
differences in the effects of heating upon the agglutinative 
properties of the two classes of sera. Whereas, after heat- 
ing for 15 minutes at 65” C, sera of non-shedder cows con- 
tinued to produce typical agglutination of Br. abovtt~s 
suspensions, heated sera of shedder cows exhibited pro- 
zone and interzone effects. Two possible explanations of 
this atypical agglutinative behaviour were suggested. In 
the first place, it seemed that during heating at 65” C not 
only were heat-labile antibodies inactivated but some 
change might also have occurred in the heat-stable anti- 
bodies which was reflected in the failure of lower dilutions 
of the heated serum to bring about agglutination. This 
change, as investigated by Huddleson (1964) and others, 
might be the result of a complexing with other serum pro- 
teins. Alternatively, it could be surmised that atypically 
agglutinative or prozoning antibodies were initially present 
in sera of the shedder cows but were masked by typically 
agglutinative macrosdobulin antibodies before these had 
been inactivated by heating. 
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The results of our experiments using density gradient 
ultracentrifugation, gel filtration, anion exchange chroma- 
tography and immunoelectrophoresis lend support to the 
second suggestion. Prozones were observed in agglutina- 
tion tests of unheated 7s fractions of sera of shedder 
cows that had been separated from the heat-labile macro- 

lobulins by density gradient ultracentrifugation or gel 
a ltration. Heating of these 7s fractions had little or no 
effect on their agglutinative behaviour. Immunoelectro- 
phoresis appeared to indicate the presence of only one 
class of immunoglobulin, “fast” IgG, in the prozoning 
fractions prepared by gel filtration and/or DEAE cellu- 
lose chromatography. 

In other words, Br. abortus organisms sensitized by 
lower dilutions of fractions containing “fast” IgG specific 
antibody failed to aggregate, whereas organisms sensitized 
by higher dilutions of these fractions were strongly agglu- 

. tinated. Heat-stable, typically agglutinative antibodies of 
the 7s class in sera of non-shedder cows seemed to be 
associated with the “slow” IgG immunoglobulins. Frac- 
tions of sera from shedder cows that produced interzone 
patterns of agglutination appeared to contain a mixture of 
“slow” and “fast” IgC antibodies. Evidence suggestive of 
a fourth class of heat-stable 7s antibodies, corresponding 
possibly to human IgA, was obtained by immunoelectro- 
phoresis. 
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