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Study of the plate agglutination test with rose bengal
antigen for the diagnosis of human brucellosis
M. I. tERNY9EVA,1 E. N. KNJAZEVA,2 & L. S. EGOROVA3

This study presents the results of a number of serological tests, in particular the plate
agglutination test using acid antigen stained with rose bengal, in the examination of 440
human sera for brucellosis. In addition, the sera were examinedfor the presence of specific
antibodies of various classes (IgM and IgG). These investigations showed the rose bengal
plate agglutination test to be highly specific and sensitive as a rapid methodfor the diagnosis
of human brucellosis.

Mass epidemiological screening for human brucel-
losis calls for rapid and specific diagnostic methods.
Most rapid methods are based on the phenomenon
of agglutination, which results from the interaction
of whole serum and specific antigen in high concen-
trations. The most popular of the rapid methods for
diagnosis of human brucellosis is the plate test
proposed by Huddleson in 1943 (19). The specificity
and sensitivity of this test has been studied by many
authors (2, 4, 5, 6, 9, 10, 18, 20). It should be noted
that the plate agglutination test, like the tube test, may
at times give a nonspecific result (18, 23, 24). The use
of antigens of pH 4.0 in these tests has been shown
to suppress nonspecific reactions (18, 23, 24).

In setting up the plate test (Huddleson test), the
practice in the USSR is to use a single brucellosis
diagnostic preparation made with a 120 g/litre
sodium chloride solution with the addition of gen-
tian violet and brilliant green.

In the USA, a new rapid method called the card
test has been developed for the diagnosis of bovine
brucellosis. This method has been in use there since
1966 in screening herds for brucellosis. In other
countries (France, United Kingdom, etc.), the test
has been called the rose bengal plate test.
The antigen is prepared from the smooth form

of Brucella abortus strains 99 or 11 19. A sus-
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pension of heat-killed brucellae is stained with rose
bengal and suspended in a lactic acid buffer of
pH 3.6.
The rose bengal plate agglutination test has been

studied principally as a test for animal sera (cattle,
sheep, and reindeer) (7,11, 12, 14, 15, 24, 25, 26,
27, 28). Various authors have found that its sensi-
tivity is fairly high and that its results agree with
those of other serological tests in as many as 99.1 %
of cases. Thus, in cases where the tube agglutination
test had given titres of at least 100 IU/ml (12, 15),
the results of the rose bengal plate test were in
agreement in 95% of cases (27).
The published data thus indicate that the rose

bengal plate test holds great promise for animal
screening. However, it is not yet certain whether this
test may be used for the diagnosis of human brucel-
losis. According to some authors, the test gives
frankly positive results when used to examine human
sera found by the tube agglutination test to contain
128-180 IU/ml (30, 31).
Other workers consider that the rose bengal plate

test has no advantage over the tube agglutination
test. Thus, in a study of 738 persons (16, 17), the rose
bengal plate test was positive in only 2 cases (0.3 %),
although the tube agglutination test had shown that
5.58% of those tested had antibodies in titres of
about 50 IU/mi. In a study (29) carried out on 452
persons with suspected brucellosis in order to com-
pare the sensitivity of the rose bengal plate test with
that of the tube agglutination and complement fixa-
tion tests, the results of the rose bengal plate test
were in disagreement with those of the agglutination
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test in 0.22% of cases and with those of the com-
plement fixation test in 0.44% of cases.
A study of the mechanism of the rose bengal plate

test (13) has drawn attention to the considerable
influence of the acidity of antigen on the intensity
and specificity of the test. Some data show that IgG
antibody plays an active part in the rose bengal plate
test (21, 24). This information has been of great
importance in developing and improving serological
tests.
The purpose of the present study was to compare

the rose bengal plate test with other serological tests,
taking into account the levels of the various classes
of immunoglobulin in the sera.
Of 440 human sera tested, 51 came from patients

with acute brucellosis, 173 from patients with
chronic brucellosis, 99 from persons inoculated with
live vaccine of B. abortus strain 19-BA, and 117
from people living and working in a focus of bovine
brucellosis. All the sera were subjected to the rose
bengal plate test, the Huddleson test, the tube
agglutination test, the passive haemagglutination
test, and the Coombs test. Determination of immuno-
globulin composition, with particular reference to
IgG, was carried out by treating sera with cysteine
hydrochloride before setting up the serological tests.

MATERIALS AND METHODS

Rose bengal plate agglutination test

This test was set up with antigen obtained together
with a test kit from Becton, Dickinson & Co.a The
test was performed on flat cards. Equal volumes
(0.03 ml) of serum and antigen were taken and
mixed on a rocker at a rate of 12-14 rocks/min. The
test was read after 4 min. The appearance of a large-
grained or small-grained agglutinate indicated that
the test was positive. A negative result was shown by
a uniform homogeneous distribution of antigen.

Huddleson test

This test was set up on a clean glass plate marked
out in small squares. Whole serum was placed in
three of the squares in doses of 0.04, 0.02, and
0.01 ml. 0.03 ml of sera was placed in a fourth
square as a control. To each of the first three doses
of sera, 0.03 ml of stained antigen was added, while
0.03 ml of physiological saline was added to the
control. Serum and antigen were mixed with a glass

a Rutherford, NJ, USA.

rod and the plate warmed uniformly. The test was
read over a period of 8 min. The result was consid-
ered to be positive if agglutination of not less than
++ appeared in the squares with the 0.02 and
0.01 ml serum doses. It was considered doubtful if
there was agglutination only at a dose of 0.04 ml of
serum.

Tube agglutination test

This test was set up in test tubes with a dilution of
1: 50. The antigen was standardized against the
Soviet standard serum, which gave 50% agglutina-
tion at a dilution of 1: 1000. In reading the results, a
value of 50 IU/ml was taken to be a doubtful
response and 100 IU/ml a positive one.

Coombs test

This test was set up after the agglutination test
had been read. At least three tubes giving negative or
weakly positive results (+, + +) in the agglutination
test were used. The tubes were centrifuged at 2500 g
for 20 min. The supernatant fluid was carefully
aspirated with a Pasteur pipette and discarded. The
residue was washed three times with physiological
saline. After the final centrifuging operation, 0.5 ml
of antiglobulin serum at the working titre was added
to the pellet of washed antigen. The tubes were
shaken and placed in an incubator. Like the agglu-
tination test, the Coombs test was read after 24 h.

Passive haemagglutination test

The method used for this test was that developed
by the Brucellosis Laboratory at the Gamaleja Insti-
tute. Dried antigen-treated erythrocytes were em-
ployed (1, 8).

Cysteine test

The presence of IgG antibody was determined by'
treating antisera with a 0.2 mol/litre solution of
cysteine hydrochloride prepared in 0.2 mol/litre
sodium hydroxide. The test serum was diluted 1: 5
with physiological saline to a volume of 2 ml, 1 ml of
which was placed in each of two test tubes. To the
first tube (test) an equal volume of 0.2 mol/litre
solution of neutral cysteine hydrochloride was added
and to the second (control) 1 ml of physiological
saline. The tubes were tightly closed with rubber
stoppers, shaken, and placed in an incubator at 37°C
for 18-20 h. The test and control tubes were then
tested for specific antibody by the serological tests
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being used in the study (agglutination test, passive
haemagglutination test, and Coombs test).

After the results had been read, the serum titres in
the test and control tubes were compared on the
following basis. If the serum contained IgG anti-
body, the test titre after cysteine treatment would
remain unchanged or would fall by no more than
one dilution. If the serum contained both IgG and
IgM antibodies, the titre would fall after cysteine
treatment by two or more dilutions. If the serum

contained IgM only, the test would become negative
after cysteine treatment.

RESULTS

The sera from 440 persons divided into 4 groups
(acute and chronic cases of brucellosis, persons
inoculated with B. abortus strain 19-BA, and people
living in a focus of bovine brucellosis) were exam-

ined by the tube agglutination, passive haemagglu-
tination, Coombs, and rose bengal plate agglutina-
tion tests.
The rose bengal plate test was positive in 150 cases

(31.8 %). The tube agglutination test gave somewhat
less good results than the rose bengal plate test. Of
the 440 sera examined, agglutinins were found
(> 100 IU/ml) in 16.1 %, while in 10.9% the titre was
no more than 50 IU/ml. The percentage of positive
results in the passive haemagglutination test (21.3 %)
was higher than for the tube agglutination test
(15.2% were doubtful). The most sensitive test was

the Coombs test (62.7 %).
The data from the rose bengal plate test was then

compared for sensitivity with the results given by
other serological tests. The results of the rose bengal
plate test did not agree completely with those of the
other serological tests. Of 150 sera that gave a

positive reaction to rose bengal antigen, 42.6% were

found to contain agglutinins, 50% haemagglutinins,
and 86.6% incomplete antibody in the agglutination
test. Of the sera found to be negative by the rose

bengal plate test, 2.4%, 6.5%, and 49% were found
to contain antibody by the agglutination, passive
haemagglutination, and Coombs tests, respectively.

It is well known that the results given by serologi-
cal tests depend upon the stage of the infective
process and the degree of contact with the causative
agent of the disease. Table 1 shows that in the case

of patients with acute, subacute, and chronic forms
of brucellosis, the percentage of positive results is
higher for rose bengal antigen than for the agglutina-
tion or passive haemagglutination tests. The
Coombs test, however, was found to be the most
sensitive in the case of both acute and chronic forms
of the disease. Persons inoculated with live vaccine
from B. abortus strain 19-BA gave approximately the
same results in the rose bengal plate, agglutination,
and passive haemagglutination tests. Results for the
Coombs test were three to four times higher. In an

epidemiological survey of people living in a focus of
bovine brucellosis, the rose bengal plate test was

found to be more sensitive than the agglutination or

passive haemagglutination tests, but was still inferior
to the Coombs test.

Since in the Soviet Union the method stipulated
for use in screening for human brucellosis is the
Huddleson test, we made a comparative study of the
sensitivity of that test and of the rose bengal plate
test. A total of 260 sera were subjected to both tests,
143 from brucellosis patients and 117 from people
living in a focus of brucellosis; 35.7% of the sera

contained antibody according to the rose bengal
plate test. The Huddleson test was positive in 30.4 %
of cases and gave a doubtful result in 13 %.
The sensitivity of the two tests with sera from

acute cases of the disease (Group I) was roughly the

Table 1. Percentage of positive results of serological tests on brucellosis patients,
persons inoculated with live vaccine (B. abortus, strain 19-BA), and people living in
a focus of brucellosis

Rosebengal Tube Passive Cob
Group Rose bengal agglutination haemagglutination test

test test~~~~~~~~es
Acute and subacute

brucellosis 68.6 58.8 61.7 80.3

Chronic brucellosis 44.5 13.6 23.6 77.4

Persons inoculated 10.9 12.1 13.1 41.4

Brucellosis focus 16.2 3.4 7.7 44-4
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same (71 % and 73.6 %). With sera from chronic
cases, the rose bengal plate test detected antibody in
44.7% of cases and the Huddleson test in 35.2%. In
tests on people living in a focus of the disease the
Huddleson test also turned out to be less sensitive
(the figures being 16.2% and 11.9%, respectively).
Hence, the sensitivity of the rose bengal plate test
was not inferior to that of the Huddleson test.

In studies of the various classes of specific anti-
body in man, it has been shown that the presence of
IgG antibody in sera is associated with the active
stage of the infective process and with severe cases of
the disease. In recent years reports have indicated
that it may be possible to identify specific antibody
of various classes by immunological tests. For exam-

ple, it has been shown that IgM and IgG2 can be
detected by the standard tube agglutination test. The
agglutination test carried out with antigen of pH 3.6,
the complement fixation test, and the rose bengal
plate test all detect IgG, antibody (21). The Coombs
test reacts to the presence of all classes of antibody
(3, 29).
An investigation of the rose bengal plate test to

determine its sensitivity in detecting antibody of
various classes was carried out as follows. We
identified the classes of brucellosis antibody present
ni sera reacting positively or negatively to rose

bengal antigen. The sera were first treated with
cysteine hydrochloride and then subjected to the
tube agglutination, rose bengal plate, and Coombs
tests. The test results are shown in Tables 2 and 3.
As seen from Table 2, 101 (67.3%) of the 150 sera

with a positive response to rose bengal antigen were

found to contain cysteine-resistant (IgG) antibody.
Table 3 gives the results for sera giving a negative
response to rose bengal antigen and shows that in
such cases the sera of 53 (18 %) out of 290 persons

were found to contain cysteine-resistant (IgG) anti-
body. Three such cases (1 %) were detected by the
agglutination test and 5 (1.3 %) with the passive
haemagglutination test. The Coombs test, however,
showed 53 persons with IgG incomplete antibody.
The figures given in Table 3 suggest that the rose

bengal plate test principally detects complete anti-
body. It therefore appears to be sensitive to sera that
contain both IgG antibody and IgM complete anti-
body.

DISCUSSION

Analysis of the published data and the results of
our own investigations indicate the high specificity
and sensitivity of the rose bengal plate agglutination
test. Its sensitivity is in no way inferior to that of the
Huddleson test or the agglutination test. It should be
pointed out, however, that the results of the rose

bengal plate test do not altogether agree with the
results given by the Coombs test, which detects
incomplete antibody.
On the basis of the data obtained, we feel that it

would be advisable to broaden the investigation of
the rose bengal plate agglutination test as regards its
comparison with the Huddleson and tube agglutina-
tion tests, in view of the great promise it holds out as

a method for the diagnosis of human brucellosis.

Table 2. Cysteine-resistant (IgG) antibody found in sera giving a positive rose bengal
test result

No. with cysteine-resistant (IgG) antibody
No. positive b h asvGroup to rose bengal by the by the passive by the

test No. % agglutination glutination Coombs

tet test test

Patients with acute and 35 33 94.2 17 14 33
brucellosis subacute

cases

chronic 77 47 61 13 14 46
cases

Persons inoculated with
live vaccine of B. abortus
strain 19-BA 19 13 68.4 - 2 13

Persons living in a focus
of bovine brucellosis 19 8 42.1 1 2 8

Total 150 101 67.3 31 32 100
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Table 3. Cysteine-resistant (IgG) antibody found in sera giving a negative rose bengal
test result

No. with cysteine-resistant (IgG) antibody
No. negative bythepassiveGroup to rose bengal by the Yhaemagv by the

test No. % agglutination glutination Coombs
tet

test test

Patients with acute and
brucellosis subacute

cases 16 8 50 1 3 8

chronic
cases 96 21 23 1 2 21

Persons inoculated with
live vaccine of B. abortus
strain 19-BA 80 20 25 - - 20

Persons living in a focus
of bovine brucellosis 98 4 4 1 - 4

Total 290 53 18 3 5 53
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RESUME

DIAGNOSTIC DE LA BRUCELLOSE HUMAINE PAR L'EPREUVE D'AGGLUTINATION SUR PLAQUE

AVEC ANTIGENE COLORE' AU ROSE BENGALE

L'experience relatee ici visait A comparer 1'epreuve
d'agglutination sur plaque avec antigene colore au rose
bengale avec d'autres epreuves utilisees pour le diagnostic
de la brucellose: epreuve de Huddleson, epreuve d'agglu-
tination en tube, epreuve d'hemagglutination passive et
epreuve de Coombs; elle a porte sur 400 echantillons de
serum humain. La methode testee s'est revelee aussi sen-
sible que 1'epreuve de Huddleson pour des serums pro-
venant de cas aigus de brucellose, et plus sensible que
celle-ci pour des serums provenant de cas chroniques,
de personnes vaccinees contre la brucellose et de personnes
vivant dans un foyer naturel de la maladie. L'epreuve
de Coombs a ete la plus sensible dans tous les cas.

Les serums ont d'abord ete traites par adjonction d'hydro-
chlorure de cysteine, puis soumis A l'epreuve d'aggluti-
nation en tube et d'agglutination sur plaque avec antigene
colore au rose bengale, ainsi qu'A l'epreuve de Coombs.
On a constate que 1'epreuve utilisant le rose bengale
permet de deceler principalement l'anticorps complet.
Elle est donc sensible A l'egard des serums qui contiennent
des anticorps IgG et des anticorps complets IgM.

Les auteurs concluent que l'epreuve d'agglutination
sur plaque utilisant le rose bengale est une methode A la
fois specifique, sensible et rapide de diagnostic de la
brucellose humaine.
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