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Sera from 65 persons with clinical brucellosis were employed in a comparison of
standard and rapid serological tests. The results obtained with the Rose Bengal test
correlated very well with those of the standard tube agglutination test, whereas results with
the rapid plate agglutination test and the Coombs (antiglobulin) test were inferior.
Absorption ofpatients' sera with specific anti-human immunoglobulin sera showed that IgM
was active in the Rose Bengal test but not in the Coombs test, whereas IgG and IgA were
active in both tests. In addition to the A & M antigen, which plays the most important role
in the agglutination, Rose Bengal, and Coombs tests, other antigenic fractions of Brucella
were examined in precipitation tests. A protein antigen reacted with 94 % of the sera in
counter-immunoelectrophoresis. On the basis of the results with both groups of sera, the
Rose Bengal test and counter-immunoelectrophoresis appear to be the most promising
methods for diagnosing clinical brucellosis. The tests differ qualitatively since different
Brucella antigens are employed.

There are a number of serological tests in use for
the diagnosis of human brucellosis but there is no
general agreement on the method of choice (1, 2).
Simple, rapid techniques offer obvious advantages
over more time-consuming methods if their sensi-
tivity and accuracy are comparable.

Variation in results obtained with different tests
may be attributed to the involvement either of
different classes of immunoglobulin, or of different
components of the Brucella antigen, or both. We
have demonstrated previously (3) that lipopoly-
saccharide (LPS) is the antigenic component that
plays the most important role in the agglutination,
Rose Bengal, and Coombs (antiglobulin) tests. Anti-
bodies to other antigenic components in sera from
infected persons have been revealed by immuno-
diffusion (4) but the significance of these precipitins
is poorly understood at present. Counter-immuno-
electrophoresis (5) is a rapid and sensitive technique
that offers an opportunity to study the serological
response to antigens other than the LPS involved in
established tests.
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In this comparative study, the standard tube
agglutination, rapid plate agglutination, Rose
Bengal, Coombs, and precipitation tests (the last
with 3 different antigens), were performed with sera
from 65 patients with clinical brucellosis (1). Some
sera were examined to determine which classes of
anti-Brucella immunoglobulin were present.

MATERIALS AND METHODS

Serum specimens
Sera examined in this study were obtained, over a

period of a year, from 65 patients who entered the
Hospital (Residencia Sanitaria " Virgen del
Camino" y Clinica Universitaria) in Pamplona for
confirmation of a clinical diagnosis of brucellosis
and for treatment. Blood taken for culture was
inoculated into Trypticase-soy broth.a Control sera
were selected from patients without brucellosis who
were suffering from other bacteriological or parasitic
diseases. Table 1 shows the number of patients with
each disease. These sera were used as controls in the
Rose Bengal test and in counter-immunoelectro-
phoresis.

a BBL Division of BioQuest, Cockeysville, MD 21030,
USA.

3454 - 417 BULL. WORLD HEALTH ORGAN., Vol. 53, 1976



418 R. DIAZ ET AL.

Table 1. Number of patients with diseases unrelated
to brucellosis

Etiology No. of cases

Yersiniosis caused by Y. enterocolitica serotype 9 10

Tuberculosis 15

Typhoid fever 10

Bacteraemia caused by Gram-negative bacilli 10

Bacteraemia caused by Gram-positive cocci 5

Echinococcosis 1 5

Total 65

Serological tests
Tube agglutination test. The antigenic suspension

was prepared from B. abortus strain 99 grown on
potato-glycerine agar a and standardized according
to the recommendations of Alton & Jones (6). The
sensitivity of the test was adjusted by means of a
bovine serum b of the same titre as the International
Standard Anti-Brucella abortus Serum. In the test,
50% agglutination at 1: 80 dilution represented 100
International Units.

Rapid plate agglutination test. An antigen labelled
"Brucella abortus antigen " in a " febrile antigen
set" obtained from Difco Laboratories was em-
ployed. One drop of antigen and one drop of
undiluted serum were mixed and after 5 min the
reaction was read.

Rose Bengal test c The test was performed accord-
ing to the method described by Morgan et al. (7). In
addition, positive sera were diluted in saline to give
dilutions of from 1: 1 to 1: 512 and the Rose Bengal
test was repeated with these dilutions.

Mercaptoethanol test. To determine the sensitivity
of sera to 2-mercaptoethanol, 0.1 ml of serum was
mixed with 0.9 ml of 0.05 mol/litre 2-mercaptoetha-
nol, incubated at 37°C for 1 h, diluted in normal
saline, and the usual tube agglutination test per-
formed. Serum dilutions treated in the same manner
but without 2-mercaptoethanol were tested at the
same time.

a Difco Laboratories Inc., Detroit, MI, USA.
b Obtained from Dr R. Fensterbank, INRA, Nouzilly,

Indre et Loire, France.
c Antigen for this test was obtained from the Central

Veterinary Laboratory, Weybridge, Surrey, England.

To test the action of 2-mercaptoethanol in the
Rose Bengal test, 0.2 ml of serum was mixed with
0.2 ml of 0.05 mol/litre 2-mercaptoethanol, held for
1 h at 37°C, diluted with saline, and tested in the
usual manner.

Coombs (antiglobulin) test. The antigen prepared
for the standard tube agglutination test was em-
ployed in the antiglobulin test, which was performed
by the method of Foz & Garriga (8).d Reactions
were considered positive if the end-point was at least
a double dilution above the normal agglutination
titre. Titres were expressed as the number of double
dilutions giving reactions as defined above.

Precipitation tests. The soluble antigens employed
in immunodiffusion and counter-immunoelectropho-
resis were as follows:

Lipopolysaccharide. LPS was extracted from
B. melitensis strain 16 M by the method of
Readfearn (9). This preparation contained at least
two antigenic components. A & M antigen, de-
scribed by Wilson & Miles (10), is responsible for
the biological activity of endotoxin. Polysaccha-
ride B always accompanies A & M antigen but the
biological significance of this antigen is not known
at the present time (11).

Polysaccharide B. Certain strains of Brucella in
the rough phase contain this antigen but lack the
A & M antigen. The antigen was prepared from
B. melitensis strain B115 by extraction with tri-
chloroacetic acid followed by precipitation with
5 volumes of ethyl alcohol as previously described
(12).

Protein antigen. Strain B1 15 of B. melitensis was
grown in Trypticase-soy broth on a shaker for
36 h and the cells were sedimented by centrifuga-
tion. Harvested cells were washed 3 times in saline
solution before acetone treatment. Protein antigen
was prepared according to the procedures de-
scribed by Bhongbhibhat et al. (13), except that
the precipitate was dissolved in water, dialysed at
40C, and then centrifuged at 100 000 g for 6 h. The
supernatant fluid was lyophilized.
A similar antigenic extract was obtained from

Yersinia enterocolitica, serotype 9.

For gel diffusion tests by the Ouchterlony tech-
nique, slides of 50 x 75 mm containing 6 ml of 1%

d Anti-human globulin serum was obtained from Ortho
Diagnostics Inc., Raritan, NJ, USA.
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Difco Noble agar in borate buffer, pH 8.3, were
employed. In certain cases, 20% sodium chloride
was added to the gel.

Counter-immunoelectrophoresis (CIEP) was per-
formed on slides of 50 x 75 mm. The buffer com-
prised 9 g barbital sodium, 0.5 g sodium azide, and
1 litre distilled water, with the pH adjusted to 8.6
with HC1. The buffer was used undiluted in the
electrophoresis vessel. For the preparation of the gel
for agar slides, the buffer was diluted 1: 2 in distilled
water and 0.8% agarose was added. Two rows of
holes 4 mm in diameter and 6 mm apart were made.
Serum was placed in the holes at the anodal side of
the apparatus and the protein antigens were placed
in the corresponding holes on the cathodal side. The
antigen concentration was 1 g/litre. Electrophoresis
was run for 2 h at 2 V/cm. Only the protein antigen
was used in CIEP because the LPS and polysaccha-
ride B antigens move towards the cathode in immu-
noelectrophoresis. In addition, serial dilutions (1: 1
to 1: 512) of positive sera in saline solution were
made and the gel-diffusion tests and counter-immu-
noelectrophoresis were repeated with these dilutions.

Absorption ofpatients' sera
In order to determine which of the immunoglobu-

lins (IgA, IgM, or IgG) was responsible for the
various serological test reactions, some of the sera
were treated with antisera a prepared against the
specific heavy chains.
For the absorption of patients' serum, 0.1 ml of

the serum was placed in each of four small tubes.
Arbitrarily selected amounts of each of the three
specific antisera were then added to three of the
tubes and the same amount of saline solution to the
fourth tube. They were incubated for 2 h at 37°C,
centrifuged, and the supernatant fluids tested by
immunodiffusion with the specific antiserum used in
that particular tube. If precipitation lines appeared
with the absorbed serum, additional amounts of
specific antisera were added and the absorption was
repeated. By this method, it was found necessary
to add 5 ml of anti-IgG, 0.3 ml of anti-IgM, and
0.9 ml of anti-IgA to each 0.1 ml of test serum.

Absorption was carried out for 2 h at 37°C. A
control sample of the same serum was diluted with
saline solution and held at the same temperature.
After absorption, the absorbed and control serum
samples were centrifuged and the supernatants used
in the serological tests.

a Obtained from Behringwerke-Marburg-Lahn, Federal
Republic of Germany.

RESULTS
Bacteriology
Blood cultures were attempted with 40 of the 65

patients who had not received antibiotic therapy; 35
were positive. All cultures were identified as B. meli-
tensis on the basis of their growth in air without
added CO2 and their agglutination with monospeci-
fic B. melitensis serum. Twenty-five cultures were
confirmed as B. melitensis biotype 1 and one as
B. melitensis biotype 3.

Serological tests
Table 2 shows the results obtained with the differ-

ent serological tests.
The Rose Bengal test was positive with 64 of the

65 sera; the negative serum came from a patient with
a positive blood culture. This serum had a titre of
1: 40 in the tube agglutination test, the agglutinins
were mercaptoethanol resistant, and the serum was
positive in the Coombs and precipitin tests but
negative in the rapid plate test. The maximum titre
obtained with the Rose Bengal test was 1: 256.
The Rose Bengal test was more sensitive than the

rapid plate or Coombs tests. The Coombs test
augmented the tube agglutination titre in 50 of the
65 sera; the 15 negative sera had agglutination titres
greater than 100 IU and titres in the Rose Bengal
test between 1: 4 and 1: 128. After treatment with
mercaptoethanol, 12 of these 15 sera were negative
and 3 had much lower titres in the tube agglutina-
tion and Rose Bengal tests. Blood cultures were
positive in 13 cases and negative in one; one was not
performed. The 15 sera came from patients who had
had clinical symptoms for no longer than 10 days.

Five of nine sera with tube agglutination titres of
100 IU or less precipitated the LPS antigen in the
immunodiffusion test. With one exception, all sera
with a tube agglutination titre higher than 100 IU
gave precipitin lines with LPS (A & M) antigen. The
exception (patient No. 23) had a titre of 1: 640 with
a prozone up to 1: 80. This serum was positive in
the Rose Bengal test but negative in the rapid plate
test. When the immunodiffusion test was performed
in gel containing 20% sodium chloride, the serum
precipitated LPS and polysaccharide B. The serum
precipitated protein in normal gel. The maximum
titre obtained with the immunodiffusion test using
the LPS antigen was 1: 64. Twenty-one of the 65
sera developed a line of precipitation against poly-
saccharide B in immunodiffusion.

Titres obtained in the agglutination test correlated
with those obtained in the Rose Bengal test (r =
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Table 2. Results of tests on sera from patients with clinical symptoms
of brucellosis

Tube No. of sera giving positive reactions in:
agglutin- Total No.

ation of sera rapid Rose C mmunodffusion CIEP
titre plate Bengal Coombs _y Cprotein

20 1 0 1 1 1 0 1

40 2 1 1 1 0 0 2

80a 6 2 6 6 4 0 6

160 11 9 11 9 11 1 10

320 4 2 4 4 4 1 4

640 20 1 9 20 1 6 1 9 5 20

1280 15 15 15 10 15 10 12

2560 4 4 4 2 4 3 4

5120 2 2 2 1 2 1 2

Total 65 52 64 50 60 21 61

% positive 80 98.5 76.9 92.3 32.3 93.8

a Equivalent to 100 International Units.

0.96; P <0.001) and in the immunodiffusion test
using the LPS antigen (r = 0.47; P < 0.01).

Likewise, the titres obtained in the Rose Bengal
test were closely related to those obtained by immu-
nodiffusion against the LPS antigen (r = 0.40;
P<0.01), whereas there was a poor correlation
between these results and those obtained in the
Coombs test.

Mercaptoethanol tests were performed on 59 of
the 65 sera. In 31 sera there was no significant
reduction in agglutination titre, whereas 28 sera

showed a reduction of more than 2 dilutions follow-
ing mercaptoethanol treatment. There was a correla-
tion in the reduction in titres of the tube agglutina-
tion and Rose Bengal tests.

Study ofprecipitins by CIEP

The 65 sera from patients with symptoms of
brucellosis were examined by CIEP using the protein
antigen. The concentration of antigen employed was

1 g/litre, although it was possible to demonstrate
lines of precipitate with 500 or 250 mg/litre.

In CIEP with the protein antigen, 61 of the 65 sera

developed a precipitation line in less than 2 h. The
number of lines of precipitate that appeared and the
highest dilution of serum that produced at least one

line was determined. The number of lines varied

from one to seven. The four negative sera came from
patients who had had clinical symptoms for no
longer than 2 weeks.

Table 3 shows the average number of precipitin
lines and average titre of precipitation obtained in
two groups of sera separated on the basis of sensi-
tivity or resistance to mercaptoethanol in the tube
agglutination and Rose Bengal tests. The titres of the
Coombs test were also averaged in these groups of
sera. Sera with mercaptoethanol resistant agglutinins
had higher average values in all cases than sera with
mercaptoethanol sensitive agglutinins.

Table 3. Average number of lines of precipitation and
average titre of precipitins in counter-immunoelectro-
phoresis with protein antigen and average titre in the
Coombs test of sera shown to contain mercaptoethanol
sensitive or resistant antibodies

Number Average Aeae Average

ofs pum ipitif precipitin antiglobulin
lines tir tte

2-mercaptoethanol
sensitive 31 1 3.5 0.6

2-mercaptoethanol
resistant 28 3 58.8 3.1
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Specificity of the Rose Bengal test and CIEP
All but ten sera from patients without brucellosis

were negative in the Rose Bengal test. The ten
positive sera were those obtained from patients with
yersiniosis.

None of the control sera developed precipitin lines
in CIEP against the protein antigen from Brucella.
In the same way, none of the sera from patients with
brucellosis developed precipitin lines against the
protein antigen from Yersinia. However, three sera
from patients with yersiniosis developed at least one

precipitin line against the protein antigen obtained
from Yersinia.

Specific immunoglobulin inhibition test

Four sera with mercaptoethanol sensitive and
four with mercaptoethanol resistant agglutinins were
absorbed with antisera specific for IgG, IgA, and
IgM. Table 4 gives the results obtained before and
after absorption with anti-IgM. The four mercapto-
ethanol sensitive sera showed reduced or negative
titres in the tube agglutination and Rose Bengal tests
and in the precipitation test with A & M antigen,
whereas the four resistant sera showed little or no

reduction in titre in these tests following absorption
with anti-IgM.

Following absorption of these sera with anti-IgG
and anti-IgA (Table 5), there was no change in the
tube agglutination or Rose Bengal titres, but anti-
IgG removed precipitins against the protein antigen.
When mercaptoethanol resistant sera were absorbed
with a mixture of anti-IgM and anti-IgG, there was a

considerable reduction in the tube agglutination and
Rose Bengal titres. These results indicate that both
IgM and IgG are involved in these two tests.
An interesting observation was made with serum

from patient No. 23, which had shown a prozone in
the tube agglutination test. Absorption with anti-
IgA produced negative titres in the tube agglutina-
tion and Rose Bengal tests, whereas absorption with
anti-IgG and anti-IgM had no effect on the titres.
From this we conclude that IgA is also involved in
these two tests.
The class of Ig involved in the Coombs test was

determined in the sera of 24 patients by using as the
reagent anti-human immunoglobulins specific for
IgG, IgM, and IgA and also by absorption of the
patient's sera with these antisera. Anti-IgG pro-

Table 4. Results of tests on selected sera following absorption with
anti-human IgM compared with non-absorbed sera

Tube Rose Immunodiffusion
Serum Treatment agglutin- BengalNo. ation tir A M poentitre tir A&M pren

2-mercaptoethanol 2 none 640 16 +
sensitive

absorbed 80 4 - -

6 none 1280 16 + +

absorbed 80 4 - +

10 none 2560 64 +

absorbed 80 4

70 none 1280 16 +

absorbed 80 4

2-mercaptoethanol 22 none 1280 64 + +
resistant

absorbed 640 32 + +

13 none 640 16 + +

absorbed 320 8 + +

30 none 320 16 + +

absorbed 320 8 + +

59 none 640 16 + +

absorbed 320 16 + +
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Table 5. Summary of results of tests on selected sera following absorption with specific
anti-human immunoglobulin sera

Absorbed Tube RoeImmunodiffusionSera Abdwith: agglutin- Bengal Coombs &M protein
ationA M prti

2-mercaptoethanol none + + NT +
sensitive

anti-lgM aa

anti-lgG + + +

anti-IgA + + +

2-mercaptoethanol none + + + + +
resistant

anti-lgM + + + + +

anti-lgG + + + + +

anti-IgA + + + + +

anti-lgG+lgM - a - NT

anti-IgG+IgA NT NT - NT NT

a Reduction or elimination of titre.

duced positive Coombs reactions in all 24 sera, anti-
IgA in 15 sera, and anti-IgM in none. Two sera
absorbed with anti-IgA or anti-IgG did not lose their
Coombs reactions, whereas absorption with both
anti-IgA and anti-IgG removed the Coombs reac-
tion.

DISCUSSION

This comparative study of diagnostic tests with
sera from patients with acute brucellosis revealed a
close correlation among the results obtained with the
agglutination and Rose Bengal tests and the precipi-
tation test with the A & M antigen, but no correla-
tion between these tests and the Coombs test. Deter-
mination of the immunoglobulin class involved con-
firmed previous findings (15, 16) that IgM, IgG, and
IgA are active in agglutination tests, whereas only
IgG and IgA are active in the Coombs test (16-19).
We have shown that IgM can mediate the agglutina-
tion reaction in the Rose Bengal test with human
serum. Previously, the role of IgM in the Rose
Bengal test has been studied with bovine serum only,
Corbel (20) reporting that it is not active and
Levieux (21) reporting that bovine IgM is able to
cause agglutination in the Rose Bengal test.
Although the lipopolysaccharide (A & M) antigen

plays the most important role in agglutination tests,
other antigenic fractions of Brucella may be involved
in other tests. Two soluble antigens, in addition to
the A & M antigen, have been examined in precipita-

tion tests. Our unpublished studies on the d&xelop
ment of precipitins following the artificial infection
of animals such as the rabbit, mouse, and cow
showed that the earliest serum samples react with the
A & M antigen, later samples react with polysac-
charide B, and the final reactions occur with the
protein antigen. The number of lines varied with the
infecting dose and the duration of the infection. We
have reported (4) that, of 102 sera from patients with
brucellosis, 82.3% had precipitins to the protein
antigen demonstrable by immunodiffusion. In the
present study, 94% of the sera gave 1-7 lines in
counter-immunoelectrophoresis. Although the time
of onset of clinical symptoms was not always known,
we observed that sera giving more than 3 lines of
precipitation with the protein antigen came from
patients known to have had symptoms for at least
3 months. The four negative sera came from patients
who had had clinical symptoms for two weeks or
less.
The technique of counter-immunoelectrophoresis

has been reported to be useful with bacterial anti-
gens of a polysaccharide nature (23-25). We have
not found it suitable for use with the Brucella
lipopolysaccharide or polysaccharide B antigens, but
the technique shows great promise with Brucella
protein antigens.
The Brucella protein antigen preparation used in

counter-immunoelectrophoresis is the same as that
previously shown (14) to lack any trace of lipopoly-
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saccharide (0-somatic) antigen, specific for the
smooth phase of the genus Brucella (12). This lipo-
polysaccharide is the antigen component that plays
the most important role in the agglutination,
Coombs, and Rose Bengal tests (3). It has been
shown by Diaz et al. (26) that the lipopolysaccharide
from Y. enterocolitica serotype 9, obtained in the
phenol phase by hot phenol-water extraction, con-
tained antigenic determinants in common with the
lipopolysaccharide obtained in the same manner
from B. abortus and B. melitensis. These results
explain the marked cross agglutination pieviously

reported by Ahvonen et al. (27) and confirmed by
complement fixation, Coombs, immunofluorescence,
and gel precipitation tests (4, 28, 29, 30, 31, 32).
The availability of an alternative test employing

an antigen other than Brucella lipopolysaccharide
may be useful in both human and veterinary medi-
cine because of the problem of cross reaction. Pro-
tein antigens from Brucella and Y. enterocolitica
serotype 9 show no cross reaction (4, 32, 33).
Counter-immunoelectrophoresis with the protein
antigen provides a rapid, sensitive, and easy confir-
matory test.
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RtSUMI-

COMPARAISON DE L ELECTRO-SYNEIRESE AVEC D'AUTRES EPREUVES SEROLOGIQUES
POUR LE DIAGNOSTIC DE LA BRUCELLOSE HUMAINE

On a effectue une comparaison des epreuves serolo-
giques standard et rapides sur les serums provenant de
65 personnes atteintes de brucellose clinique. Il y avait
une tres bonne corre-lation entre les resultats de l'epreuve
au rose bengale et ceux de l'epreuve standard d'aggluti-
nation en tubes, alors que les resultats de I'agglutination
rapide sur plaque et ceux de la reaction de Coombs
(antiglobuline) etaient inferieurs. Chez 15 malades dont
le serum etait negatif en reaction de Coombs mais positif
a l'epreuve au rose bengale, on estimait que les immuno-
globulines anti-brucelles appartenaient A la classe des
IgM, compte tenu de leur sensibilite au 2-mercapto-
ethanol. L'absorption des serums des malades avec des
serums specifiques anti-immunoglobulines humaines a
montre que 1'IgM intervenait dans l'epreuve au rose

bengale mais non dans la reaction de Coombs, alors que
les IgG et les IgA avaient un r6le actif dans l'une et
l'autre de ces epreuves. On a etudie par des tests de pre-
cipitation, diverses fractions antigeniques de Brucella
outre l'antigene A-M dont le r6le est primordial dans
l'epreuve d'agglutination, celle au rose bengale, et la
reaction de Coombs. Un antigene proteinique r6agissait
avec 94% des serums dans l'epreuve d'electrosynerese.
D'apres les r6sultats obtenus avec les deux groupes de
serums, les epreuves au rose bengale et d'electro-synerese
semblent etre les methodes les plus prometteuses pour le
diagnostic de la brucellose clinique. L'une et l'autre sont
d'execution rapide et facile, mais elles different qualitati-
vement car elles sont fondees sur l'emploi d'antigenes
brucelliques differents.
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