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COMPARISONOF THE COOMBSTEST WITH OTHERMETHODS
FORBRUCELLAAGGLUTININS IN HUMANSERUM1

By WENDELLH. HALL ANDROBERTE. MANION

(From the Veterans Administration Hospital, Minneapolis, Minn. and the Department of
Medicine, The Medical School, University of Minnesota)

(Submitted for publication September 12; accepted November 3, 1952)

During the past year we have compared several
techniques for testing human sera for Brucella
agglutinins. These have included a tube dilution
method, the rapid slide method (Huddleson) and
a rapid slide or screening test designed by Casta-
neda (1). In addition, a blocking test and a
modification of the indirect Coombs test were in-
vestigated. High speed centrifugation of Brucella-
serum mixtures was also used to increase the titer
of Brucella agglutinins.

Several unsuccessful attempts also were made to
adapt the Middlebrook-Dubos (2) hemagglutina-
tion method to the detection of antibodies against
Brucella. In addition, paper chromatograms were
made in attempts to differentiate specific from
non-specific Brucella agglutinins by the method
of Hess and Roepke (3).

Sera from 104 adults were studied. Of these
subjects, 27 had brucellosis proved by culture, 28
had presumptive evidence of brucellosis, and 49
had no evidence of infection with Brucella and
were classed as "normal" controls.

METHODS

Venous blood was obtained aseptically and allowed to
clot in a sterile glass tube in a refrigerator. The serum
was separated within a few hours. It was not heat-
inactivated but was tested immediately or stored in a
deep-freeze cabinet at O° C. until tested.

Tube dilution agglutination method. The agglutinin
titer was determined by a modification of the method of
Fitch, Donham, Bishop, and Boyd (4). The serum was
diluted two-fold serially from 1: 10 to 1: 2,560 with 0.85
per cent saline solution. Brucella abortus antigen (0.5
ml.) was added to 0.5 ml. of saline (control) and 0.5 ml.
of each dilution of the serum in separate tubes.' The

1 Sponsored by the Veterans Administration and pub-
lished with the approval of the Chief Medical Director.
The statements and conclusions published by the authors
are the result of their own study and do not necessarily
reflect the opinion or policy of the Veterans Administra-
tion.

2 Final dilution of the serum was carried thus to 1: 5,120.

antigen was prepared by diluting a heavy suspension of
heat-killed Br. aborts cells to 1: 100 with saline solution.
The stock antigen suspension (B.A.I.) was obtained from
the Bureau of Animal Industry, U. S. Department of
Agriculture, Beltsville, Maryland. After the addition
of the antigen, the content of each tube was mixed by
shaking and then incubated for 24 hours in a water bath
at 37° C. The tubes were then refrigerated at 50 C. for
1 hour. They were examined immediately against a black
background with mild agitation. The degree of agglu-
tination was recorded as 0, ±, 1 +, 2 +, 3 +, and 4 + de-
pending on the size and number of aggregates as well as
the degree of clearing of the supernate. The agglutinin
titer was taken to be the highest dilution of serum show-
ing 1 + or greater agglutination. The antibody titer as
determined by all other methods was based on a com-
parable endpoint.

Rapid slide agglutination method. The method of
Huddleson (5) was followed exactly. The serum was
diluted serially from 1: 20 through 1: 320 by addition of
Brucella antigen.' In those sera with a high titer of ag-
glutinin the serum was diluted 1: 16 with 0.85 per cent
saline solution prior to the addition of antigen to extend
the range of dilution from 1: 320 to 1: 5,120. The mix-
tures were examined at room temperature after mixing
and rotation on a glass plate for three minutes.

Castaneda slide or screening test (1). Br. abortus
killed by heat and stained with methylene blue was ob-
tained through the courtesy of M. Ruiz Castaneda, Hos-
pital General, Mexico City. The test was performed by
two methods which proved equally satisfactory. In the
great majority of cases, capillary blood was obtained
from the finger tip by a small puncture with a sharp,
sterile needle using aseptic technique. A large drop of
blood was touched immediately upon a glass plate. A
small drop of the stained antigen was added to the blood
from a tuberculin syringe fitted with a 26 gauge needle.
The blood and antigen were quickly mixed with a sterile
needle or platinum inoculating wire. Proper proportions
of blood and antigen yielded a mixture having a blue-
green color. The glass plate was manually rocked in a
circular fashion in the horizontal plane so as to swirl the
mixed drop around gently in a depression on the surface
of the glass plate. Any evidence of drying vitiated the
results. Hence, the degree of agglutination was recorded
within 60 seconds after mixing the blood and antigen.
Complete (4+) agglutination was indicated immediately

8 Febrile Br. abortus antigen was obtained from Lederle
Laboratories, Pearl River, N. Y.
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METHODSFOR BRUCELLAAGGLUTININS IN HUMANSERUM

upon rotating the plate by the appearance of a dark blue
peripheral ring of agglutinated antigen separated by
centrifugal force from a distinct central red zone of
erythrocytes. Lesser degrees of agglutination (1 +, 2 +,
and 3 +) were indicated by slower and incomplete sepa-
ration of the antigen from the erythrocytes. In a few
cases where only frozen serum was available for study
the serum was melted at room temperature and added to
an equal volume of fresh, normal, whole human blood.
The test was then carried out as described above.

"Blocking" antibodies. Only fresh, unheated sera were
tested for "blocking" antibodies. The method was almost
exactly the same as for the tube dilution agglutination
test. After serial dilution of the suspected "blocking"
serum and addition of the B.A.I. Br. abortus antigen, 0.03
ml. of a potent human immune serum' was added to each
tube and a saline control tube containing no "blocking"
serum. Incubation and interpretation was carried out
as in the tube dilution method. Blocking was indicated
by less agglutination than found in the control tube.

'Tube dilution agglutination test revealed a titer of
1: 10,240. The serum was stored in a deep-freeze cabinet.
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Coombs antiglobulin agglutination test. As with the
tube dilution method, serial dilutions of the patient's se-
rum were prepared in saline. The final volume of the di-
luted serum in each tube was 1 ml. One ml. of B.A.I.
Br. abortus antigen was added to each tube. After mix-
ing, incubation was carried out at 370 C. for 24 hours
and at 5° C. for 1 hour. The tubes were then centrifuged
at 4,000 r.p.m. in a Sorvall angle centrifuge for 15 minutes.
The supernate was aspirated and discarded. Two ml. of
0.85 per cent saline solution was added to the sediment.
After the sediment was resuspended by shaking, the tubes
were again centrifuged. The washing of the sediment
was carried out three times and the sediment was then
resuspended in 0.5 ml. of saline. Coombs anti-human-
globulin rabbit serum' (0.1 ml.) (6) was then added to
each tube as well as a control tube with no immune se-
rum. After mixing, incubation was carried out at 370 C.
for 30 minutes. Agglutination was then recorded.

Centrifugation agglutination test. The method was ex-
actly as described for the Coombs method with omission

5 Obtaied from Ortho Pharmaceutical Corp., Raritan,
N. J.

1:640 1:2,560 1:10,240
1:320 1: ,280 1:5,1zo

Rapid Slide Titer
FIG. 1. BRUCELLAAGGLUTININS IN 80 SUBJECTSBY TUBE DILUTION ANDHUDDLESONRAPID

SLIDE METHODS
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of the Coombs serum. The patient's serum was diluted
serially with saline and an equal volume of B.A.I. Br.
abortus antigen was then added. After mixing, the tubes
were incubated at 37° C. for 24 hours and at 50 C. for 1
hour. They were then centrifuged in a Sorvall angle
centrifuge at 4,000 r.p.m. for 15 minutes. Agglutination
was recorded upon resuspension. Washing with saline
proved unnecessary although it did make agglutination
more definite.

Paper chromatograms. The method of Hess and
Roepke (3) was used. A strip of S&S 589 filter paper
(3/ X %inches) was placed on a flat surface and 0.02 ml.
of serum allowed to soak in at one end. The strip was
hung vertically with the spot of serum immersed in 0.05
M. potassium acid phthalate (pH 6.2). After 15 minutes
Br. abortus antigen' was applied along the path of mi-
gration of the phthalate developer and serum with a fine
brush. The strip was then washed with 1 per cent saline

6 The antigen was hematoxylin-stained Br. abortus
commonly used for the "ring" test for agglutinins in
cream. The glycerine was removed by washing with sa-
line. We are indebted to Dr. Martin H. Roepke, Divi-
sion of Veterinary Medicine, University of Minnesota, St.
Paul, for this antigen.
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using a second brush on an absorbent towel. Migra-
tion of the antibody was taken to indicate the presence of
specific Brucella agglutinin. Adsorption of the antibody
to the paper and failure to migrate were typical of non-
specific antibody.

RESULTS

The serum of 80 subjects was tested for Bru-
cella agglutinins by both the tube dilution and the
rapid macroscopic (Huddleson) methods. The
results are given in Figure 1. It was readily ap-
parent that, with sera containing agglutinins for
Brucella in a titer of 1: 40 and above, the tube
dilution method was more sensitive than the rapid
slide method. It will be noted that five patients
with brucellosis proved by culture and ten with
probable brucellosis had an agglutinin titer of
only 1: 80 or less by either method. These pa-
tients, however, had contracted the disease at least
11 months earlier and had shown higher ag-
glutinin titers during the first months of their ill-
nesses. No "normal" subject was found to have

I+ 2+ 3+ 4+

Castaneda Slide Test
FIG. 2. THE CASTANEDARAPID SLIDE TEST ANDTUBE DILUTION BRUCELLAAGGLUTININ TImR

IN 140 SUBJECTS

0

0 Normal' Subjects (73)
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I:zo 1:40 1:80 1:160

Titer of Btocking Antibodies
I 320 1:640

FIG. 3. THE TITER OF BRUCELLA AGGLUTININS AND "BLOCKING" ANTIBODIES IN 31 SUBJECTS

an agglutinin titer greater than 1:20 by either
the tube dilution or rapid slide methods. With
few exceptions those subjects with an agglutinin
titer of 1: 40 or greater by either method acknowl-
edged past or present symptoms commonly found
in brucellosis and admitted exposure to Brucella
through ingestion of unpasteurized milk or by
contact with fresh meat. The diagnosis of brucel-
losis had been proved by the isolation of Br.
abortus from the blood of 16 and Br. suis from
the blood of 2 of the 38 patients with brucellosis,
in Figure 1.

There were seven patients with proved and five
with probable brucellosis whose serum showed the
prozone inhibition phenomenon with the tube dilu-
tion agglutination method. The prozone exceeded
a titer of 1: 20 in only three individuals. In these
patients the prozone extended through 1:40 in
two and 1: 160 in the other. The inhibition of ag-

glutination was usually only partial in the prozone

but it was complete at the 1: 20 dilution in three

patients. The tube dilution agglutinin titer in the
entire group of 12 patients ranged from 1: 40 to
1: 5,120 (median = 1: 320). A definite prozone
was not seen in a single instance with the macro-
scopic rapid slide method.

The Castaneda rapid slide or screening test for
Brucella agglutinins was compared with the tube
dilution titer of the serum from 140 subjects, in-
cluding 30 patients proved by culture to have
brucellosis and 37 with probable brucellosis (Fig-
ure 2). There was a fair correlation between the
agglutinin titer and the results of the Castaneda
test. There were only two individuals, both re-
covered from brucellosis, whose blood gave a posi-
tive Castaneda test in the absence of an agglutinin
titer of 1: 80 or higher. None of the 73 "normal"
subjects had a positive Castaneda test although
Brucella agglutinins were detectable by the tube
dilution method in a titer of 1: 80 or less in 5 in-
dividuals. The sole "normal" subject whose
serum had an agglutinin titer of 1: 80 had received
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1:20
1:40 1:160 1:640 9:2,560 1:10,240

1:80 1:320 1:1,280 I:S,1zo >1:10,Z4a
Coombs Antiqlobulin Titer

FIG. 4. THE BRUCELLAAGGLUTININ TITER IN 67 SUBJECTS BY TUBE DILUTION AND COOMBS
ANTIGLOBULIN METHODS

a booster dose of 0.5 ml. cholera vaccine 6 weeks
earlier. Four patients with probable brucellosis
and two with bacteremic, active brucellosis did not
have a definitely positive Castaneda test although
their serum agglutinin titer was 1: 160 to 1: 320.
The Castaneda test was positive with 86 per cent
of 44 patients whose serum had an agglutinin titer
of 1: 160 or greater and was positive with only
5 per cent of subjects whose serum had a titer of
1: 80 or less. Of the seven patients with proved
brucellosis, whose Castaneda test was not posi-
tive, only two had active brucellosis at the time the
test was done; the others had recovered from the
disease. No false positive Castaneda tests were

observed when correctly done with normal blood.
If the blood-antigen mixtures were allowed to
stand and dry, however, false "agglutination" fre-
quently resulted.

Fresh, unheated serum was obtained from 31
individuals to be tested for "blocking" antibodies
against Brucella agglutinins. Only 1 of 10 nor-

mal subjects showed any "blocking" and then only
a slight suppression of agglutination in a dilution
of 1: 20 (Figure 3). Twenty-three selected pa-

tients with brucellosis were included; the diag-
nosis was proved by isolation of Br. abortus from
the blood of nine. The patients were selected be-
cause their tube dilution agglutination test showed
an inhibition prozone or only a low titer of ag-

glutinins. Many of these patients had been ill
for more than a year and most of them had been
exposed to Brucella for many years.

There was little correlation between the titer of
Brucella agglutinins and the titer of "blocking"
antibodies. The titer of "blocking" antibodies ex-

ceeded 1: 40 in only three patients. The "block-
ing" or inhibition of agglutination was not com-

plete except occasionally in the lowest dilutions.
The Coombs antiglobulin method proved ef-

fective in increasing the sensitivity of the aggluti-
nation method without destroying its specificity
(Figure 4). The Coombs method frequently in-
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METHODSFOR BRUCELLAAGGLUTININS IN HUMANSERUM

creased by fourfold or more the agglutinin titer of
the serum from patients with brucellosis. Only
two subjects without brucellosis had a titer over
1:40 by the Coombs method; one man had re-
cently recovered from a dysentery caused by Sal-
monella oranienburg and the other had been given
cholera vaccine. Several of the patients with bru-
cellosis had recovered from the disease and their
agglutinin titer was less than 1: 160 by the tube
dilution method; their Coombs antiglobulin titer,
however, ranged as high as 1: 640. The Coombs
antiglobulin method nearly always removed the
inhibition prozones.

Serial washings and addition of antiglobulin
rabbit serum, which are an integral part of the
Coombs procedure, did not contribute as much to
the increase in agglutinin titer as did the centrifu-
gation incident to the washing procedure. The
most time-consuming and expensive features of

1:10,240

1:5,120

1:2,560

1:1,280

L.

w

0

4-

._

C

1:640

1:320

1:160

1:80

1:40

1:20

1:40
1:80

the Coombs test were therefore eliminated. The
serum dilutions need only be mixed with the Bru-
cella antigen, incubated and centrifuged in order
to obtain the highest agglutinin titer of the serum.
Figure 5 compares the agglutinin titer of the
serum of 102 subjects by the tube dilution and
centrifugation methods. The results were prac-
tically the same as with the more cumbersome
Coombs antiglobulin method. Only three of 47
"normal" subjects showed a Brucella agglutinin
titer of more than 1: 80 after centrifugation; one
of these men was infected with S. oranienburg and
two had received cholera vaccine. Generally the
agglutinin titer of sera from patients with brucel-
losis was increased by four to eightfold by the
centrifugation method. Centrifugation almost
completely eliminated inhibition prozones and the
"blocking" phenomenon. All the patients with
proved brucellosis and most of those with proba-

1:l16 1:640 1:2,560 1:10,240
1:320 1:1,280 1:5,120 >1:10,240

Centrifugation Titer

FIG. 5. THE BRUCELLAAGGLUTININ Tim IN 102 SUBJECTSBY THE TUBE DILUTION AND

CENTRIFUGATIONMETHODS
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FIG. 6. BRUCELLAAGGLUTININS BY COOMBSANTIGLOBULIN AND CENTRIFUGATION
METHODSIN 68 SUBJECTS

ble brucellosis whose tube dilution agglutinin titer
was less than 1: 160 had contracted brucellosis
many months earlier and were asymptomatic when
tested.

Some variations of the centrifugation method
were tried. Although washing of the antigen-
antibody was not necessary, it removed back-
ground turbidity and made the agglutinated pre-

cipitate more compact. Interpretation of the de-
gree of agglutination was thus made easier. The
data given in Figures 5 and 6 were obtained by
centrifugation of the incubated serum-antigen
mixtures in a Sorvall angle centrifuge at 4,000
r.p.m. for 15 minutes. Almost identical results
were obtained in comparative studies with six im-
mune human sera using an International cen-

trifuge (No. 2) at 2,500 r.p.m. for 30 minutes.
Close correlation between the results with the

Coombs antiglobulin and the centrifugation meth-
ods was demonstrated by simultaneous examina-

tion of serum from 68 subjects (Figure 6). In
some cases the centrifugation method gave an

agglutinin titer two to four dilutions higher than
did the Coombs method; in only one instance was

the reverse true. Two "normal" individuals, pre-

viously mentioned, had agglutinin titers over 1: 40
by both methods; one had a recent Salmonella
dysentery and the other received cholera vaccine.
The patients with brucellosis did not all have
active disease when tested; several with low titers
had recovered or were convalescing.

The results of paper chromatograms for Bru-
cella antibody in the serum of 23 subjects are

given in Table I. The normal individuals had
negative chromatograms. All but one patient with
brucellosis had "specific" Brucella antibody in his
serum; the one exception occurred with a patient
tested more than four years after he contracted
the disease and long after he had recovered. The
chromatogram showed "specific" antibody to be

c'Normalm Subjects (42)

*-Proved Brucellosis (13)

* Probable Brucellosis (1.3)
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TABLE I

Comparison of the Brucella agglutinin titer (tube dilution)
and the paper chromatogram of the serum from 23 subjects

Tube dilution Paper chromatogram*
Status and Brucella Nega- Positive

no. of agglutinin tive Non-
patients titer specific Mixed Specific

Normal-4 <1:20 4 0 0 0

Probable
brucellosis
-6 0 0 0 6

<1:20 (1)
1:80 (1)
1:160 (1)
1:640 (3)

Proved
brucellosis
-13 1 0 1 11

1:20 (1) (1)
1:40 (2)
1:80 (1)
1:320 (3)
1:640 (4)
1:1,280 (1)

Totals= 5 0 1 17

* Method of Hess and Roepke (3).

present as early as 3 days and as late as 39 months
after the onset of symptoms. The intensity of
the fixation of antigen by "specific" antibody on
the paper strip correlated only roughly with the
Brucella agglutinin titer by the tube dilution
method.. A "non-specific" antibody (1 +) was
found in the serum of one patient with proved
brucellosis due to Br. abortus during convales-
cence; his serum also contained "specific" anti-
body (4 +) but the agglutinin titer was only
1:80.

Six normal adults were given cholera vaccine
(Table II). The dose was 0.5 ml. subcutaneously
followed by 1.0 ml. seven days later. Serum was

obtained before each injection and weekly there-
after for six weeks. Brucella agglutinins were

measured by the tube dilution and paper chro-
matographic methods. Four of the six showed a

maximum Brucella agglutinin titer of 1: 20 to
1: 320 two weeks after the first dose of cholera
vaccine. The titer did not exceed 1:80 in any

subject at six weeks. Paper chromatograms
showed that the Brucella agglutinins were com-

posed of a mixture of "specific" and "non-specific"
antibodies.

DISCUSSION

In our hands the tube dilution method has.
proved to be the most reliable test for Brucella
agglutinins. It was the method used by Wright
(7) when he first described the agglutination test
for differentiating Malta fever from typhoid fever
in 1897. It measures both the quantity and avidity
of the serum antibody with a sensitivity and
specificity offered by no other method. It would
be an advance if the tube dilution method were to
be generally accepted and used as the preferred
method for Brucella agglutinin titration in labora-
tories throughout the world (8). Unfortunately
a standard antigen is not universally available for
the test. The B.A.I. antigen widely used by
veterinarians in this country is an excellent anti-
gen but it is not available for use with human sera

except in a very few laboratories. Details of the
method, including preparation of the antigen, were

TABLE II

Brucella agglutinin titer (tube dilution) and paper chromatogram of six normal subjects given cholera vaccine

Control
Time 0 week 1 week 2 weeks 3 weeks 6 weeks

Chroma- Chroma- Chroma- Chroma- Chroma-
Subjects Titer* togramt Titer togram Titer togram Titer togram Titer togram

M. N. 0 0 0 0 X 0 M 0 N? <20 M?
._I._

H. E. 0 0 c <20 0 20 N 20 S 40 0

E. S. 0 0 l ^ 0 N e > 0 M 0 M? 0 M?

R. W. 0 0 .s <20 0 ° <20 M 20 M <20 M
Cd ~~~~~~~~~~CZ

R. F. 0 0 <20 0 g 160 M 160 M 80 M?

R. B. 0 0 O 80 M? , 320 M 160 M 80 S?

* Reciprocal of final dilution giving 1+ or greater agglutination of Br. abortus antigen.
t Method of Hess and Roepke (3). S = "specific." N = "non-specific." M = mixed. 0 = negative.
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worked out in detail by Fitch (4). Variations in
antigens and method make it desirable to have
standard immune sera available for comparisons
among laboratories. The few comparative studies
that have been published indicate that there is an
appalling variation in results in different labora-
tories when the same sera are tested for Brucella
agglutinins by various non-standard methods
(9, 10).

The data presented in Figure 1 amply demon-
strate that the tube dilution method is more sen-
sitive and just as specific as the rapid macroscopic
slide method of Huddleson despite previous con-
clusions to the contrary (11). The rapid slide
method is less precise and less reproducible, often
leading to considerable variation in results in dif-
ferent laboratories (9, 10). Furthermore, certain
lots of rapid slide antigen may be contaminated
with agar and give rise to false positive reactions
(12). Inhibition prozones were not observed with
the rapid slide method yet were rarely trouble-
some with the tube dilution method. In fact the
prozone obscured results of tube dilution ag-
glutination tests in only one of several thousand
such sera examined in this laboratory.

For purposes of rapid serologic diagnosis we
have preferred the Castaneda rapid slide or
screening test (1). As shown in Figure 2, this
test has proved to be a suitably accurate measure
of the presence and quantity of Brucella agglu-
tinins in human sera. The test requires few ma-
terials and can be done in a few minutes at the
patient's bedside. We have observed no non-
specific reactions and the test is seldom negative in
patients with active brucellosis.

It has been stated by several authors that pa-
tients with active brucellosis frequently have no
Brucella agglutinins in their serum (1, 13-19).
This situation has been said to be particularly
common in chronic brucellosis (20-23). One
might explain its occurrence by localization or
sequestration of the Brucella in an avascular focus
(23). The studies of Griffitts (24) led some to
believe that "blocking" or "incomplete" antibodies
often might be found in brucellosis. Such anti-
bodies have been found in certain sera by Schu-
hardt (25), Renoux (26-28) and Jones and Wil-
son (29). Our own studies, however, indicate
that such antibodies are seldom found in a titer
which would significantly alter the agglutinin titer.

Wehave observed only one of more than 200
patients with brucellosis whose tube dilution ag-
glutinin titer was less than 1: 20 at any time dur-
ing the active phase of his disease exclusive of the
first two weeks. The one exception occurred in a
veterinarian with recurrent, severe brucellosis
caused by Br. abortus.7 On several occasions his
tube dilution agglutination test was reported to be
"negative" by another reliable laboratory although
he had a bacteremia. Earlier and subsequent ag-
glutinins were demonstrated in a titer of 1: 160
to 1: 640 on several occasions. There usually was
an inhibition prozone extending through a dilu-
tion of 1: 160. "Blocking" antibodies were dem-
onstrated in his serum at a dilution as high as
1: 640. This undoubtedly accounted for the diffi-
culties with agglutination tests in this case. The
blocking activity of his serum was reduced, but
not entirely inhibited either by heating to 56° C.
for 30 minutes or by the addition of 5 per cent
bovine albumin (Cohn's fraction V) or 5 per cent
sodium chloride solution. The blocking activity of
his and other sera was completely overcome by
high-speed centrifugation of the serum-antigen
mixtures. The blocking activity of his serum was
also apparent with the macroscopic slide method
(Huddleson).

The mechanism of the blocking phenomenon is
unknown. The most reasonable explanation would
seem to be the presence of Brucella antibody which
is incomplete, lacking a chemical group necessary
for spontaneous adherence of one sensitized par-
ticle of antigen to others, and yet possessing un-
diminished avidity for union with the antigen par-
ticle itself. The serum containing incomplete anti-
body, however, is able to cause agglutination of
sensitized antigen particles after high-speed cen-
trifugation. Hence, the defect in chemical group-
ing may be only a matter of slight change in con-
figuration and not a complete lack of the neces-
sary group (s).

That "blocking" antibodies are capable of unit-
ing with their homologous antigen has, been amply
proved by the indirect Coombs method. The lat-
ter method has been recommended by Jones and
Wilson (29) and by Wilson and Merrifield (30)
for increasing the sensitivity of Brucella agglutina-
tion tests, eliminating prozones and overcoming

7 Weare indebted to Dr. Wesley W. Spink, University
of Minnesota Hospitals, for this serum.
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blocking antibodies. We have confirmed their
findings with regard to the Coombs method (Fig-
ure 4). The Coombs method, however, is slow
and requires very meticulous washing of serum-
antigen mixtures to avoid false negative results.
Also, the Coombs antiglobulin rabbit serum is too
expensive for routine titration of Brucella ag-
glutinins. Simple centrifugation accomplishes the
same result as the Coombs method with greater
simplicity and speed (Figures 5 and 6). Prozones
and the blocking phenomenon were rarely seen
after centrifugation. Indeed, centrifugation has
been used by Feinberg and Wright (31) to allow
brief incubation for one-half hour at 370 C. They
concluded that with the tube dilution method it
was better to incubate at 56° C. for 16 hours in
order to lessen cross-reactions with non-specific
agglutinins such as seen after tularemia and chol-
era vaccine. It has been our experience that heat-
ing sera obtained after cholera vaccination at 560
C. for 30 minutes does not significantly decrease
their Brucella agglutinin titer (32). In our hands
centrifugation did not permit brief incubation at
370 C.; agglutinin titers after 3 to 6 hours were
generally lower than after 24 hours at 370 C. The
possibility of brief incubation at 560 C. followed
by centrifugation is now under investigation.

Brief experience with the paper chromatographic
method of Hess and Roepke (3) indicates that al-
though it is a sensitive method for detecting Bru-
cella agglutinins in human sera the chromatograms
are often difficult to interpret. Patients with bru-
cellosis seldom show "non-specific" antibodies.
However, normal subjects vaccinated with cholera
vaccine tend to show a mixture of "specific" and
"non-specific" agglutinins. The method does not
seem to differentiate clearly Brucella agglutinins
arising from cholera vaccination from those caused
by Brucella infection. This is not surprising since
Brucella possess an antigen closely related to the
"H" antigen of Vibrio comma (33).

SUMMARYANDCONCLUSIONS

1. Comparative studies with over 100 human
sera were made to evaluate methods for demon-
strating Brucella agglutinins. The methods in-
cluded the tube dilution, rapid macroscopic slide
(Huddleson), rapid slide (Castaneda), indirect
Coombs antiglobulin, "blocking," centrifugation
and paper chromatographic methods.

2. The tube dilution method is more sensitive
than Huddleson's rapid macroscopic slide test.

3. Castaneda's rapid slide test is useful as a
quick bedside method to detect active human bru-
cellosis. However, it gives only a crude index of
the quantity of agglutinin.

4. The "blocking test" is seldom useful. Only
one of more than 200 patients with brucellosis had
sufficient "blocking" antibody to obscure the re-
sults of the tube dilution agglutination test.

5. The indirect Coombs antiglobulin method is a
sensitive but tedious and expensive procedure for
titrating Brucella agglutinins. It eliminates the
problem of prozones and "blocking."

6. High-speed centrifugation after incubation
of serum-antigen mixtures yields a sensitivity equal
to or greater than that of the Coombs method with
greater speed and simplicity.

7. Paper chromatography is a sensitive tech-
nique for detecting Brucella agglutinins in human
sera but its usefulness in differentiating "specific"
from "non-specific" agglutinins remains in doubt.

8. The tube dilution method, with a standard
Brucella antigen and standard immune sera as
controls, has been found to be the most useful,
practical procedure for the demonstration of Bru-
cella agglutinins.
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