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SYNOPSIS

Blood cultures and tube-agglutination tests performed as a
matter of routine would reveal most cases of human brucellosis,
but many laboratories are not equipped to perform them and
prefer the more rapid slide-agglutination test for which, however,
many commercial antigens are unsatisfactory. The skin test is
also frequently used but there has been no satisfactory criterion
for its interpretation. The author has therefore tried to improve
certain rapid tests in order to get good qualitative results with a
minimum of false-positive reactions. Details are given of the
methods used in the spot test, the surface-fixation test, and the
skin test. A careful comparison of the results of these tests with
those of blood cultures and tube-agglutination tests showed that
the spot and surface-fixation tests gave positive reactions in all
proved cases of human bruceilosis. The skin-test reactions, how-
ever, were 50% positive in the first three months of the disease
rising to about 90% positive in the sixth month. A number of
persons also had positive skin-test reactions but negative blood-
cultures and negative or non-significant agglutination tests. The
author concludes from his studies that use of the three rapid
tests will reveal more suspected cases than either the blood culture
or the tube-agglutination test. They should also prove more satis-
factory than the skin-test alone or the slide-agglutination test, as
they provide for quick bedside differentiation which may be
rapidly corroborated. Whenever possible, however, patients should
be referred to specialized laboratories for fuller testing.

It is evident that the only reliable method which, by itself, could serve
as a safe diagnostic criterion of Brucella infection is the isolation of the
organism from the blood or other sources. A single culture may not be
sufficient, but several blood cultures would raise the percentage of isolation
to figures close to 90% in the early stages of brucellosis, provided that no

* This article will also be published, in Spanish, in the Boletin de la Oficina Panamericana.
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antibiotic treatment were given close to the time of cultivation. The chances
of successful isolation of Brucella become less frequent in later stages of
the disease. Therefore, even under the best of conditions a number of cases
may remain undetected. Fortunately, brucellosis stimulates an agglutinin
response which, by the tube method of titration, will, in most cases, show
titres of at least 1/320. If these two laboratory methods can be performed as
a matter of routine they will cover practically all cases of active brucellosis.
Unfortunately, only well equipped institutions can perform these two
fundamental tests under satisfactory conditions. Most clinical laboratories
prefer rapid slide-agglutination tests and seldom perform blood cultures.
When the antigen used for these rapid tests has been well standardized,
one may rely on the results, particularly if the titres are high. However,
most commercial or home-made antigens are far from being satisfactory.
The facility with which rapid tests are performed has made it quite impossible
to induce all laboratories to perform the time-consuming and rather difficult
tube method. Furthermore, there are other reasons why tube-agglutination
tests may not, if used alone, be entirely safe if performed in non-specialized
laboratories. Griffitts's "blocking antibody " 5 has been considered a
possible cause of the negative or very low agglutinin titres found in some
cases of active Brucella infection. The incidence of such cases seems to
be low in some regions, but, perhaps because of differences in the prevalence
of the infecting brucellae, in our laboratory such findings are rather frequent.
To avoid errors due to this and other causes, the agglutination test should
be performed with antigens prepared under the strictest precautions. When
discrepancies occur, special tests should be carried out.

The more familiar one becomes with the phenomenon of agglutination,
the more one realizes how true it is that this simple test may be exposed to
technical defects or erroneous interpretation. Not until standard antigens
are available for general distribution, well-known and reproducible tech-
niques are devised for detecting inhibitory factors, and methods have been
thoroughly tested for uniformity, will one be justified in expecting every
laboratory to perform exclusively the tube-dilution method for detecting
Brucella antibodies.

Another test which has been indiscriminately used for diagnostic
purposes is the skin test, performed with a variety of antigens. While there
is no doubt of the specificity of the test for the detection of sensitivity to
Brucella, no satisfactory criterion has been established for adequate inter-
pretation of it, which is why this test is not generally accepted.

In view of the above, we have compared the results of well controlled
laboratory methods, such as the blood culture and the tube-agglutination
test, with the recommended rapid tests, including some of our own. In
general, we found that rapid tests may be satisfactory screening methods
for detecting antibody, but for the purpose of titration none has been found
accurate enough to be compared with the tube-dilution method. Therefore
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we have tried to improve rapid tests in order to obtain good qualitative
results with a rough estimate of the antibody content while avoiding false
positive reactions. In regard to the skin test, data are presented concerning
the circumstances under which it can be useful as an additional diagnostic
procedure.

Antigens and Rapid Tests

Spot test 3

The spot test is a rapid method of detecting Brucella antibody directly
in the blood of the patients. The antigen is a suspension of Brucella killed
with formalin and stained in deep blue.

Preparation of the antigen. Brucella abortus in the " S " form is cultivated
in liver-infusion agar for 48 hours. The growth is collected with saline
and filtered through cotton. Formalin (40 %) is added to a final concentra-
tion of 10% and left at room temperature during 24 hours. The suspension
is then centrifuged and the sediment resuspended in a small volume of
isotonic saline. The suspension should be adjusted to a turbidity very close
to the final concentration of the finished antigen. For this purpose, 0.1 ml
of the suspension is diluted with water until a turbidity measuring 2 cm
with Gate's wire loop is obtained. The suspension is then adjusted in such
a way as to obtain the indicated turbidity when 0.1 ml is diluted in 20 ml
of water. The suspension is then stained with a 0.1 % solution of-methylene
blue, and the intensity of the stained organisms is compared with a standard.
The suspension, which must be deep blue, is left at room temperature
overnight and centrifuged. The sediment is resuspended in a sterile 1.1 %
sodium-citrate solution containing merthiolate in a concentration of
1 :10,000. The volume of the bacterial suspension must be a little less
than before centrifugation.

Standardization. The colour of the antigen must be checked, and, if
necessary, more methylene blue should be added. (No attempt has been
made to correct an excess of stain.) The method of standardization has
been recently described by Spink & Anderson,6 from whom we quote:

" The primary object of the standardization is to obtain a positive slide test only
when antibody is present in a titer of 1: 100 or above. Standardization is carried out by
making a series of dilutions with a serum known to have brucella agglutinins. Castaneda
states that a drop of standard antigen is then added with a 4 mm. wire loop to each of
several slides, and a drop of each of the diluted sera is added to the antigen with a 3 mm.
wire loop and mixing carried out. Margination of the agglutinated particles is favored
by gently rotating the slide. The last two dilutions giving agglutination are selected for
comparison with the various samples of the unstandardized antigen. These samples
are prepared by adding 1 ml. of antigen to 0.1 ml. saline, I ml. + 0.2 ml., 1 ml. + 0.3 ml.,
etc. That sample which on repeated tests reacts with the same intensity as the standard
antigen is selected as a guide for the final step in standardization. This final step calls
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for the diluting of the standard and unknown antigens 1: 50 and then performing com-
parative tube-agglutination tests with sera of titers known to range from 1 : 160 to
1: 640. Any discrepancies should be noted. In addition, several comparative slide tests
should be carried out with the standard and the newly prepared antigen with various
samples of bloods containing agglutinins. If the antigen is too sensitive, it has been
diluted too much, and must be concentrated. This is carried out by centrifuging the
bacterial suspension and then resuspending the sediment in the proper volume. A rela-
tively insensitive antigen may be due to the use of an unfavourable culture, to a concen-
trated antigen, or to insufficient coloring with methylene blue."

Test with whole blood. The test may be performed with citrated blood
or blood taken directly from the finger tip or the ear lobe. A drop of the
antigen is placed on a clean slide by means of a wire loop made from Nikromel
wire No. 24 (outside diameter of 4 mm). With a wire loop 3 mm in diameter,
a drop of blood is mixed with the antigen. The mixture is extended to cover
a circle of 1.5-cm diameter. By inclining the slide, the mixture should
accumulate at the lower side of the circle. This drop is made to rotate
around the edge of the circle by movement of the slide. After 30 seconds
to one minute, if antibody is present, a ring of blue antigen will become
apparent at the edge of the circle, which surrounds a reddish centre resulting
from the separation of red cells from the agglutinated antigen. The speed
and intensity of the reaction are proportionate to the antibody content
in the blood. In negative blood, a reddish ring, produced by accumulation
of red cells at the periphery of the mixture, surrounds a background of
uniform greenish colour. Often the red cells agglutinate and leave a blue
centre caused by liberated antigen.

When positive and negative tests are compared, the contrast does not
leave any doubt.

In routine work, a slow rotating phonograph disc with a 300 inclination
may be of considerable help. The slides are fastened to the bottom of a
large Petri dish and allowed to run for 2 to 3 minutes.

Surface-fixation test

This is a test performed in a manner similar to chromatography, in
which the antigen is printed in dots over a piece of filter-paper. When
serum is placed over the dots and a current of saline allowed to cover the
paper by capillary absorption, the results of the reaction are developed.

The principle of the method has been reported,2 but for practical
purposes some modifications have been made which are to be published
in detail in the Proceedings of the Society for Experimental Biology and
Medicine. Material for the test is distributed for experimental work
in pieces of filter-paper 10 inches x 5 inches (25 cm x 12.7 cm) in
which a series of about 15 dots are printed along one of the large sides
1 inch (2.5 cm) from the edge. The dots are black and about 5 mm in
diameter. The filter-paper found most suitable for this test is Eaton-
Dikeman No. 609.
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Test procedure. A single test is performed in a portion of the paper
cut transversally and containing 3 dots of antigen. Over the middle spot
one drop of the unknown serum is placed with a wire loop 3 mm in diameter.
The side spots are similarly treated with positive and negative controls.
The paper is hung over a layer of isotonic sodium-chloride solution,
care being taken that the spots remain a little above the fluid. By capillary
absorption the fluid is allowed to reach nearly to the upper part of the
paper ; this takes from 20 to 30 minutes. The spot of the negative control
will be washed out leaving a trail of antigen which may reach the upper
end of the paper. In the positive control, the spot remains fixed. The
unknown will be interpreted by comparison with the controls. The intensity
of the test may be graded by the conventional 0-4 + or by approximate
percentages of fixation.

When several sera are to be tested, the paper should contain a propor-
tionately larger number of spots, including at least two for the controls.

Skin test
A hapten-like soluble extract of brucellae has been prepared which,

properly standardized, has been quite satisfactory for the detection of
skin sensitivity in human brucellosis.

Preparation of antigen. The method of preparation and standardization
of the antigen has been fully described elsewhere.4 Briefly, however, the
antigen is prepared as follows. Cultures of Br. abortus, Br. melitensis,
and Br. suis are suspended in thick emulsions and ground in a ball mill;
the material is then diluted with 0.5% formolized saline and centrifuged
at high speed. The supernatant is standardized to a certain nitrogen
content and various dilutions, made in saline, are tested by intradermal
injection into Brucella-infected guinea-pigs. The maximum dilution which
is still capable of producing positive reaction of moderate intensity in 75%
of the animals is considered to be equivalent to 1/10 of a skin-test dose
for human patients.0

Test procedure. 0.1 ml of standardized solution of Brucella extract
is injected intradermally in the forearm and the results observed 24-48 hours
later. The reaction is usually an area of congestion or oedematous con-
gestion not larger than 2.5 cm in diameter when the test is performed in
individuals who have been exposed to Brucella, whether they had clinical
manifestations or not, but who, at the time of the test, are apparently
free from active infection. However, it must be kept in mind that many
patients, while developing an active Brucella infection, may show either
mild or even negative skin reactions. An unusually intense skin reaction
is an indication of hypersensitivity.

aThis antigen, as wel as the blue antigen and the paper for the surface-fixation test, is available
for trial on request to the author at the Department of Medical Research, General Hospital, Mexico,
D.F., Mexico.
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Results

For evaluation of the tests described, 592 patients were observed.
In 178 instances, the blood culture was positive at the time that the tests
were performed. In 312, positive blood cultures had been registered within
3 months. In the remaining 102 cases, the diagnosis was based on an
agglutination test of high titre at the time of observation or previously.

The standard tests were a blood culture performed in a double medium,
which is described elsewhere;' and a tube-agglutination test performed
with Br. abortus strain 1336-obtained by courtesy of Dr. I. F. Huddleson
-and strain 1119 from the National Institutes of Health, Bethesda, Md.,
heated at 600C and preserved in 0.5% phenol in isotonic saline, with
incubation at 370C and readings at 48 hours.

Table I shows the results of these comparative tests. The cases are
separated into groups classified according to agglutinin titre and also
according to present or past isolation of Brucella. The groups of cases
in which the diagnosis was based on agglutination tests of high titre
(present or past) are placed in a different column. The results of the three
tests are grouped according to four different combinations. For comparison,
372 patients suffering from various infections other than brucellosis were
also tested; about 10% of these showed tube-agglutination titres for
Brucella ranging from 1/10 to 1/80. From the table we may see that the

TABLE I. RESULTS OF COMBINED RAPID TESTS IN ACTIVE BRUCELLOSIS

Positive blood culture Diagnosis Reaction to test
Agglutina- on high spt* spot,_ - spot*+_ spot___tion test at time within past agglutinin spot * s spot * + so* -

titre of testing 3 months titre only SF** + SFi** + SFki -SFki
skin + skin -skin -skin-

147 - - 74 73 0 0
320

minimum) - 230 - 170 60 0 0

- - 95 70 25 0 0

19 - - 9 10 0 0

160 - 57 - 46 11 0 0

- - ~~ ~~ ~~74 3 0 0

80 12 - - 2 10 0 0

40 - 25 _ 21 3 1 0

Total (592 cases) .396 195 1 0

372 cases of other infections 0 0 0 372

* Spot test with whole blood
** Surface-fixation test
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spot test as well as the surface-fixation test produces positive reactions
in all cases of proven brucellosis. The intensity of the tests varied mainly
in relation to the intensity of the agglutinin titre, as was observed by
Spink & Anderson 6 with the spot test and by ourselves with the surface-
fixation test. Since these tests were performed at least twice and doubtful
reactions repeated as many times as was necessary, no doubtful reactions
are recorded in the table. Discrepancies between the spot test and the
surface-fixation test may be found in which the spot test is positive and the
surface-fixation test is negative. Such discrepancies have been observed
in late stages of the disease when the agglutinin titre has been gradually
decreasing.

Table I illustrates the usual findings for skin tests performed during
the active phase of the disease. One finds that nearly one third of the
random cases show a negative reaction. From this is might seem that
the skin test is useless for diagnostic purposes. We recognize the unreli-
ability of the allergic reaction for this purpose, particularly since it has
been found that positive reactions to skin tests become more frequent
in the late stages of the infection; this includes recovered cases or cases
that have never shown symptoms of brucellosis. In this connexion, it is
interesting to consider table II which illustrates the evolution of bacterial
allergy in human brucellosis.

TABLE II. EVOLUTION OF BACTERIAL ALLERGY IN HUMAN BRUCELLOSIS

Duration of Result of skin test
Group disease from Blood culture

(100 cases) onset positive negative
(months) (% (%

1 3 Positive 52 48

2 3-6 Positive 69 31

3 3-6 Negative 79 21

4 6-12 Positive 77 23

5 6-12 Negative 91 9

6* 12 Positive 71 29

7 12 Negative 89 11

* Estimated from 40 cases

Seven groups of 100 cases-all with a history of brucellosis, proved
either by isolation of Brucella at the time of testing (groups 1, 2, 4, and 6)
or by previous isolation of Brucella or a high agglutination titre in the
past (groups 3, 5, and 7)-have been classified according to the duration
of the disease from the onset and according to the results of blood cultures
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at the time when the comparative tests were carried out. It will be seen
that the skin-test reactions, which are nearly 50% negative during the
first 3 months of the disease, gradually increase in positivity thereafter,
reaching about 90% positivity after the sixth month. It is of interest that
more negative reactions are observed in patients with bacteraemia at
the moment of the test. One might conclude from table II that a skin
test by itself would be a rather poor method of detecting active brucellosis.
However, looking at table III, in which the percentages of positive and
negative reactions to the three fundamental tests for the diagnosis of
Brucella infection (blood culture, tube-agglutination test, and skin test)
are shown according to the conventional phases of the disease, it will
be seen that there is a special phase-which we have named the " hyper-
sensitive" phase-with 100% negative blood-cultures and 10% moderate
agglutinin titres, but with 100% positive reactions to the skin test. The
particular group of individuals to which this refers shows skin reactions
of unusual intensity. Most of the cases had a definite history of brucellosis
and reported to the clinic because of clinical manifestations that could
not be attributed to any definite disease. The fact that subsequent improve-
ment in their clinical condition was concomitant with a reduction in the
skin sensitivity makes us consider that such cases were actually suffering
from a condition related to bacterial allergy.

TABLE III. INCIDENCE OF POSITIVE AND NEGATIVE REACTIONS IN THE
CONVENTIONAL FORMS OF BRUCELLA INFECTION *

Blood culture Agglutination test** Skin test
Brucella infection

positive negative positive negative positive negative

Acute 89 11 96 4 45 55

Subacute 70 30 96 4 60 40

Chronic 20 80 70 30 90 10

Hypersensitive" 0 100 10 90 100 0

* Expressed In percentages estimated from groups of 100 cases
** Tube dilution method

The observations referred to here have been of considerable help in
the interpretation of the skin test. The use of highly potent or very weak
antigens may fail to be of clinical use, but well titrated haptens may serve
a number of purposes.

(a) Negative reactions during the early stages of the disease may help
in the diagnosis of recurrences, since the reactions are then usually positive.

(b) During the course of the disease, variations in the intensity of the
reaction to the skin test may indicate certain changes in the defensive
mechanism of the patient.
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(c) The reaction to the skin test is usually of a high intensity in the
later stages of the disease, particularly when the patient is likely to become
overstimulated by persistent irritation by Brucella. It has often been
found to be the sole indication, not only of past infection, but also of a
state of hypersensitivity accompanied by clinical manifestations referred
to as chronic brucellosis.

Conclusions

The results of observations in proven cases of brucellosis lead us to
consider that the triple method of screening human infection described
in this paper will serve to increase the number of suspected cases to a
percentage higher than can be obtained by either blood cultures or the
tube-agglutination test, which must be carried out in well equipped labora-
tories to be fully useful. If rapid tests are preferred, it is advisable that
they be reliable methods of screening capable of being corroborated by
more accurate tests, since many laboratories are not capable of performing,
as a matter of routine, both blood cultures and tube-agglutination tests,
or even the latter alone. Such a procedure would have a considerable
advantage over the rather unsatisfactory one of using as the sole diagnostic
criterion either a slide titration performed with antigens which may be
unsatisfactory, or the skin test, which is so difficult to interpret and which
may prove misleading.

Use of the three tests discussed here may answer the urgent need for
rapid detection of human infection. A quick differentiation can be made
at the bedside with whole blood, showing the presence or absence of signi-
ficant titres of agglutinin. This preliminary test may be corroborated
with serum by means of the surface-fixation test. In addition, a skin test
can be performed with a well titrated antigen, preferably a Brucella fraction
of little or no activity in regard to later formation of antibody. Whenever
possible, the patient should be referred to specialized laboratories for
blood cultivation and standard agglutination tests.

RJtSUMI

L'isolement des Brucella a partir du sang du malade et l'agglutination en tube sont
les deux tests de diagnostic qui permettraient de deceler pratiquement tous les cas de
brucellose s'ils pouvaient etre effectues partout dans de bonnes conditions. Or, seuls les
laboratoires bien equipes peuvent les executer de faron convenable. La plupart des
laboratoires cliniques preferent les tests rapides d'agglutination sur lame, qui donnent
des resultats satisfaisants si l'on dispose d'antigenes etalonnes. Mais la plupart des anti-
genes commerciaux et des antigenes prepares au laboratoire sont insuffisants. Le test
cutane, avec divers antigenes, est utilise souvent sans discrimination et son interpretation
est loin d'etre au point.
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La comparaison des methodes classiques avec les methodes rapides a montre a l'auteur
que ces dernieres sont utiles pour deceler la pr6sence des anticorps, mais qu'elles sont
trop imprecises pour les titrer. Aussi, a-t-il tente d'ameliorer les tests rapides, afin qu'ils
donnent de bons resultats qualitatifs et une approximation quantitative suffisante, evitant
les fausses reactions positives.

L'auteur decrit les trois tests qu'il a etudies
Le < spot-test) est effectue avec du sang entier. L'antigene est une suspension de

Brucella sous forme lisse, tuee par la formaline et coloree au bleu de methylene; il est
standardise par la methode de Spink & Anderson. Une reaction positive se traduit par
un anneau bleu 'a la peripherie de la goutte formee par le melange antigene-sang, les
hematies etant rassemblees au centre.

Le test de a fixation en surface * a ete elabore par l'auteur, selon le principe de la
chromatographie sur papier: des gouttes d'antigene sont deposees le long d'une bande
de papier-filtre; des gouttes de serum 'a essayer, d'une part, et des gouttes de serums
temoims negatifs et positifs, d'autre part, leur sont ajoutees. Du solut6 physiologique
montant par capillarite le long du papier entraine les taches de serum ne presentant pas
d'agglutination tandis que les taches positives restent fixees sur le papier, d'une facon
plus ou moins intense qui permet d'etablir une gradation (04).

Pour le test cutane, un extrait soluble de Brucella a et6 prepare par broyage de la
culture, traitement a la formaline et centrifugation. On utilise le liquide surnageant, on
ajuste sa teneur en azote et on l'essaie sur des cobayes infectes de brucella. La dilution
maximum qui produit une reaction d'intensite moderee chez 75 % des animaux corres-
pond ia 1/10 de la dose pour test cutane humain. La reaction, i l'avant bras, se traduit
par une aire congestionnee d'environ 2,5 cm de diametre, chez les individus qui ont ete
exposes i l'infection mais qui, au moment de l'epreuve, ne presentent pas d'infection
active. On se souviendra que les malades atteints de brucellose active peuvent ne presenter
qu'une reaction legere ou nulle. Les fortes reactions s'observent frequemment au stade
avance de la maladie. Le test cutane peut donner des indications utiles dans un grand
nombre de cas, en complement des tests precedents.

Les resultats des epreuves comparatives effectuees sur plusieurs centaines de malades,
avec les tests classiques et les tests rapides ont montre que, grace aux trois tests qui
viennent d'etre decrits, on peut deceler un pourcentage de cas presumes beaucoup plus
elev6 qu'avec les tests classiques qui, on l'a dit, doivent etre executes avec un soin extreme
pour donner des r6sultats valables. En utilisant simultan6ment les trois tests rapides, on
obtient des resultats beaucoup plus suirs, qu'en se flant ia un seul d'entre eux, chacun
etant entach6 de quelque erreur. C'est peut-etre la reponse ia la question urgente du
diagnostic rapide de la brucellose.
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