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Abstract

The utility of an immunocapture-agglutination (Brucellacapt, Vircell SL, Granada, Spain) test and an enzyme-linked immunosorbent
assay IgG, IgA, and IgM (ELISA-IgG, ELISA-IgA, ELISA-IgM) against cytosolic proteins from Brucella melitensis B115 (R) was compared
with ELISA-IgG, ELISA-IgA, and ELISA-IgM against smooth lipopolysaccharide (S-LPS) from B. melitensis 16M (S), serum agglutination
test (SAT), and Coombs test in the diagnosis and follow-up for 10 months of 51 patients with acute brucellosis. The sensitivities of ELISA
tests against cytosolic proteins varied from 49.0 % for ELISA-IgG to 64.7% for ELISA-IgM and were lower than the sensitivities showed by
ELISA S-LPS (from 88.2% to 92.2%), SAT (88.2%), Coombs (96.1%), and Brucellacapt (98.0%) tests. Specificity was over 93% in all
cases. The evolutionary behavior of the SAT, Coombs, and Brucellacapt tests was similar. There was a decrease of between 20% and 40% in
antibody titer in the 10th month of evolution after treatment. The evolutional curves of IgG, IgA, and IgM against cytosolic protein increased
slightly till the eighth month. The specific IgM and IgA antibodies against protein fractions began to show a drop from the eighth month on,
showing levels slightly lower than the initial sera values by the end of the 10th month. In this month, titers of specific IgG against proteins
fractions remained higher than the titers showed by the initial sera.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction Its polymorphism makes clinical diagnosis difficult, requir-
ing laboratory diagnosis to confirm suspicions of the disease.

Etiologic diagnosis of human brucellosis is based on
isolating Brucella in pathologic products, principally blood
(Young, 2005; Yagupsky, 1999). However, the percentage
of positive blood cultures depends on the clinical period
of the disease; it is low in chronic or evolved phases
(Gotuzzo et al., 1986). In addition, Brucella bacteria grow
slowly and their manipulation carries serious contamination
risks for laboratory personnel (Yagupsky et al., 2000). There-
fore, in most laboratories, human brucellosis diagnosis is
principally based on detection of antibodies against Brucel-

Brucellosis, produced by bacteria of the genus Brucella,
is a disease that affects both humans and animals. It is one
of the most widely spread zoonoses in the world and causes
serious problems (Boschiroli et al., 2001).

Clinically, human brucellosis is a systemic disease
characterized by great clinical polymorphism and an
undulating course, with a strong tendency to present
recurrences and evolve to a chronic form (Young, 2005).
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la. Among the most widely used serologic techniques are
the serum agglutination test (SAT) and the Coombs anti-
Brucella test, both of which primarily detect antibodies
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against smooth lipopolysaccharide (S-LPS). However, these
techniques present interpretation problems because the
antibody titers can remain elevated over long periods after
recovery from the disease (Ariza et al., 1992). This causes
difficulties in interpreting results in endemic zones, specif-
ically in distinguishing between a current infection and an
immune state from a previous infection. It also causes
difficulties in diagnosis of recurrences or reinfections
(Young, 2005). Similar problems appear in diagnosis of
chronic or prolonged evolution forms. Brucella also
presents cross-reactions with Gram-negative bacteria
(Clavijo et al., 2003; Chart and Jenkins, 1999; Cherwonog-
rodzky et al., 1989) such as Yersinia enterocolitica 0:9,
Vibrio cholerae, Escherichia coli O:157, Pseudomonas
maltophilia, or Francisella tularensis. Such reactions can
generate false positives in the serologic tests against
Brucella (Clavijo et al., 2003; Duenas et al., 2000; Chart
and Jenkins, 1999; Colmenero et al., 1994; Diaz and
Moriyon, 1989).

Enzyme-linked immunosorbent assay (ELISA) is one
method that has been incorporated into serologic diagnosis
of brucellosis (Memish et al., 2002; Araj et al., 1988; Saz
et al.,, 1987). Among its advantages are speed and
automatization. Individualized studies of each class and
subclass of immunoglobulin can be performed as well, so
that the contribution of each of them in the distinct phases
and evolutional forms of the disease can be ascertained
(Ariza et al.,, 1992). ELISA also allows detection of
antibodies against different bacterial antigenic structures
such as corpuscular antigen (Araj et al., 1988; Saz et al.,
1987), S-LPS (Baldi et al., 1999; Cloeckaert et al., 1999;
Fernandez-Lago and Diaz, 1986), or protein antigens
(Boschiroli et al., 2001; Baldi et al., 1999; Goldbaum
et al.,, 1992; Araj and Kaufmann, 1989). Several authors
have reflected how interesting detecting antibodies against
protein antigens as an active infection marker can be, given
that these antibodies seem to become negative earlier than
those against LPS (Boschiroli et al., 2001; Baldi et al.,
1996a). However, in spite of these characteristics, there
have been few studies on brucellosis patients that focus on
the behavior of the immune response against Brucella
protein antigens.

On the other hand, a new technique of immunocapture-
agglutination test (Brucellacapt, Vircell SL, Granada,
Spain) that detects antibodies against whole Brucella
(mainly against S-LPS) has recently been studied. This
technique has shown good sensitivity and specificity
in the diagnosis of human brucellosis (Ordufia et al.,
2000). However, its utility in the follow-up of the disease
is unknown.

The aim of this study is to evaluate the diagnostic
utility and the evolutional behavior of an immunocapture-
agglutination test (Brucellacapt) and an ELISA technique
against Brucella cytosolic proteins, comparing them with
the techniques normally used in brucellosis diagnosis (SAT,
Coombs test) and with ELISA tests against S-LPS.

2. Materials and methods
2.1. Clinical samples

The study was performed on 258 sera from 51 patients
diagnosed with acute brucellosis. All the patients presented
symptoms of brucellosis that was confirmed by laboratory
tests. The following criteria were used for including patients
in the study as acute brucellosis cases:

— Epidemiologic backgrounds existed for all patients
and they presented symptoms compatible with the
disease, plus one of the following:

— Brucella was isolated from a pathologic patient
sample;

— the first serum obtained had a SAT or Coombs anti-
Brucella test titer >1/160; or

— a seroconversion or increase of 4 times the SAT titer
was observed.

From the 51 patients, 26 presented positive blood
cultures, 4 had seroconversion in the SAT test, and 4 patients
showed a 4-fold increase in titer in the SAT.

All the patients evolved favorably in less than 3 months
after specific treatment. No patients suffered recurrences in
the 12 months after ending treatment.

A blood sample was taken from each patient in the
consultation, in which the symptoms corresponding to
brucellosis were suspected (initial serum). Blood samples
at 2, 4, 6, 8, and 10 months after the start of treatment were
also studied (evolutional sera). None of the patients had
been diagnosed for brucellosis in the course of the year
before initial serum extraction.

To form a negative control group, 412 sera were taken
from healthy individuals randomly chosen from areas in
which brucellosis is an endemic disease (rural zones in the
autonomous region of Castilla y Ledn, Spain). All the serum
samples were distributed in aliquots and conserved for less
than 3 years at —20 °C until use.

2.2. Methods

For each serum, both in the brucellosis patient group and
in the negative control group, the presence of antibodies
against Brucella spp. was determined by slide agglutination
test (Linear Chemicals, Barcelona, Spain), Coombs anti-
Brucella test (Linear Chemicals) (Hall and Manion, 1953),
Brucellacapt test (Vircell, Granada, Spain) (Ordufa et al.,
2000), and ELISA-specific 1gG, IgM, and IgA against
S-LPS of Brucella melitensis 16M (S). ELISA studies were
also performed to determine the presence of specific
antibodies of IgG, IgM, and IgA classes against the
cytosolic proteins of the B. melitensis B115 (R) strain
(Bhongbhibat et al., 1970). All the serum samples from each
patient were processed simultaneously in each test.

2.2.1. Obtaining S-LPS and Brucella protein antigen
S-LPS antigen was obtained from a soy tryptose broth
culture of B. melitensis 16M (S), according to the method
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described by Westphal and Jann (1965) (hot phenol
method), modified for Brucella (Redfearn, 1960). Briefly,
phenol-inactivated bacteria (B. melitensis 16M) were
harvested by centrifugation and washed twice with saline.
The bacteria sediment was resuspended in distilled water
and mixed with an equal volume of phenol at 66 °C. The
mixture was shaken vigorously for 15 min and then
centrifuged at 13000 X g for 20 min a 4 °C. The LPS
contained in the phenol fraction was precipitated with
3 volumes of methanol with 1% methanol saturated with
sodium acetate at —20 °C. The precipitant was dialyzed
against distilled water. The S-LPS was digested successively
with DNAse, RNAse, and proteinase K, and then obtained
by ultracentrifugation at 100000 x g for 12 h at 4 °C.

Protein antigen (cytosolic protein) was obtained from a
soy tryptose broth culture of B. melitensis B115 (R),
according to the procedure described by Bhongbhibat et al.
(1970). The bacteria were collected by centrifugation,
saline-washed, and precipitated with 2 volumes of acetone
at —20 °C. The bacteria were harvested by centrifugation,
dehydrated by 3 acetone washes, and vacuum dried. The
dried bacteria were suspended at 5% (w/v) in 2.5%
sodium chloride and shaken in a magnetic stirrer for
3 days at 4 °C. Then, the bacteria were centrifuged at
15000 rpm for 30 min. The supernatant was precipitated at
4 °C with 3 volumes of ice-cold ethyl alcohol. The
precipitate was collected by centrifugation at 15000 rpm
for 30 min, then dialyzed against distilled water and
lyophilized. A photograph of the silver-stained polyacryl-
amide gel electrophoresis (PAGE) of the preparations is
presented in Fig. 1.

To test for the absence of Brucella LPS in the protein
antigen sample, the limulus pyrogenicity test was performed

CP S-LPS

Fig. 1. Silver-stained PAGE gel from smooth-lipopolysaccharide
and cytosolic proteins from B. melitensis 16 M (LPS) and B. melitensis
BI115 (CP).

(Single Test Limulus Amebocyte Lysate, Pyrogent Plus,
Biowhittaker, Walkersville, ME).

2.2.2. SAT and Coombs anti-Brucella test

SAT and Coombs tests were performed in test tubes by
the 2-fold serial doubling dilutions method, with an initial
dilution of 1/20. Commercial corpuscular antigen of
B. abortus (Linear Chemicals) was used for both tests.
SAT reactions were read after 24-h incubation at 37 °C. The
highest serum dilution showing more than 50% agglutina-
tion was considered the agglutination titer. Coombs tests
(Hall and Manion, 1953) were performed on the SAT
reactions, after 3 washes with phosphate-buffered saline
(PBS; Oxoid, Basingstoke, Hamsphire, UK) (pH 7.2) by
centrifugation at 3000 X g for 20 min. After the last wash
the sediment was resuspended in 1 mL of PBS and then
0.05 mL of previously standardized antihuman total anti-
immunoglobulin (Sanofi Pasteur, Marnes-la-Coquette,
France) was added to each test tube. The tubes were then
mixed and incubated for 24 h at 37 °C. Readings were
performed as for the SAT test.

2.2.3. Immunocapture-agglutination (Brucellacapt) test

The test was performed according to the manufacturer’s
instructions. The quantity of 50 pL of each serum dilution
was added to the wells of a microplate with a U-shaped
base coated with antithuman immunoglobulin. Then 50 uL
of the antigen suspension was added (colored B. melitensis,
killed by formaldehyde treatment). The plates were
covered with adhesive sheets and incubated for 24 h at
37 °C in a dark humid chamber. Plate readings were then
taken. Positive reactions show agglutination over the
bottom of the well. Negative reactions present a pellet
on the center of the bottom of the well.

2.2.4. ELISA test against B. melitensis B115 (R) protein
antigens and B. melitensis 16M (S) S-LPS

For the ELISA techniques, 100 pL of antigen solution
in PBS at the previously standardized concentration was
added to each well of microtiter plates. The plates were
incubated for 24 h at 4 °C. Once the antigen had been
fixed, a PBS wash cycle was performed and then blocked
with a PBS-T/BSA solution (PBS with 0.05% Tween 20
and V fraction bovine serum albumin [BSA; Sigma, St.
Louis, MO] at 1%) for an hour at room temperature, and
then washed with PBS-T (PBS with 0.05% Tween 20).
Next, each well received 100 pL of a serum diluted at
1/100 in PBS-T/BSA. All the problem sera were triple
assayed. Two positive control sera from patients with
confirmed brucellosis were also placed in each plate; these
sera had SAT titers of 1/1280 (high) and 1/160 (low). In
addition, each plate received 20 negative control sera from
the negative control group, chosen at random from the
412 healthy individuals in that group. All the plates
received the same control sera.



30

Table 1

Diagnostic validity of SAT, Coombs, and Brucellacapt tests
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Sensitivity (95% CI)

Specificity (95% CI)

LR (+)* (95% CI)

LR (-)* (95% CI)

SAT 1/40 88.2 (78.41-98.05)
1/80 80.4 (68.51-92.26)
1/160 64.7 (50.6-78.8)
1/320 47.1 (32.37-61.73)

Coombs test 1/40 96.1 (89.77-100)
1/80 94.1 (86.6-100)
1/160 86.2 (75.84-96.69)
1/320 74.5 (61.56-87.45)

Brucellacapt 1/40 98.0 (93.25-100)
1/80 98.0 (93.25-100)
1/160 92.1 (83.79-100)
1/320 88.2 (78.41-98.05)

99.5 (97.96-100)
99.5 (97.96-100)
99.5 (97.96-100)
99.7 (99.16-100)
98.3 (96.93-99.67)
99 (97.96-100)
99 (97.96-100)
99.5 (98.72-100)
95.8 (93.83-97.91)
95.8 (93.83-97.91)
98.5 (97.26-99.82)
98.7 (97.60-99.96)

181.7 (50.17-664.23)
165.6 (45.58-606.63)

133.3 (36.4-491.4)

193.8 (33.94-1114.66)

56.5 (27.6-116.61)

96.9 (38.01-249.38)

188.5 (40.5-349.5)
153.5 (42.14-563.4)
23.7 (15.03-37.87)
23.7 (15.03-37.86)

633 (29.21-138.21)

72.7 (31.21-170.7)

0.11 (0.05-0.23)
0.19 (0.11-0.32)
0.35 (0.23-0.49)
0.53 (0.39-0.66)
0.03 (0.01-0.13)
0.05 (0.02-0.16)
0.13 (0.06-0.25)
0.25 (0.15-0.39)
0.02 (0.003-0.107)
0.02 (0.003-0.10)
0.07 (0.03-0.18)
0.11 (0.05-0.23)

95% CI = 95% confidence interval.

? LR (+) values above 10 and LR (—) levels under 0.1 are considered clinically useful.

The plates were incubated in a humidity chamber for 2 h
at 37 °C. After 5 PBS-T washes, 100 pL of human anti-IgG,
IgM, or IgA rabbit antibodies conjugated with horseradish
peroxidase (Dako, Cytomation, Cambs, UK) was added.
After a new 30-min incubation at 37 °C and further wash
cycles, the samples were developed with o-phenylenedi-
amine (Sigma). Positivity threshold was established in each
plate as the average plus 2 SD of the absorbance of
20 negative control sera group. Absorbance values above
this threshold level were considered as positive and those
below it as negative.

2.2.5. Evolutional studies

For the SAT, Coombs test, and Brucellacapt test evolu-
tional studies, the percentage of variation of the logarithm of
the inverse of the titer of each evolutional serum in relation to
the corresponding initial serum was calculated. A standard
curve was prepared with different dilutions of a mixture of
sera from patients strongly positive against Brucella to
determine the antibody levels of each serum against each
antigen in the ELISA tests. A value of 1000 U/mL was
assigned to this serum mixture. This standard curve was
included in all the ELISA plates, and the antibody concen-
tration of the sera in each plate was plotted against the
standard curve. Each point of the curves represents
the average of the percentages of variation of the
evolutional serum titers with respect to the result from the

Table 2

initial sera. All the sera from the same patient were triple
assayed in the same test.

2.2.6. Statistical analysis

Sensitivity, specificity, and positive and negative likeli-
hood ratios (LRs) were calculated for the results from
ELISA techniques and for the SAT, Coombs, and Brucella
capt tests. Fifty-one initial sera from brucellosis patients
were taken as positive control group and 412 sera from
healthy individuals living in an area endemic for brucellosis
were taken as the negative control group to study the
diagnostic validity of the tests.

Sensitivity and specificity were obtained with the version
1.1 Bayesiano calculator (http://www.hsa.es/soft/bayes).
Ninety-five percent confidence intervals were calculated
using the Fleiss (1981) method.

Positive and negative LRs were calculated with the 1.0
Twobytwo program; 95% confidence intervals were found
through the methods of Koopman, (1984), Miettinem and
Murnimen (1985), and Gart and Nam (1988). Positive LR
[LR (+)] provides information on how many times more
probable it is to find a positive result for a patient with a
disease than for a healthy individual. The higher the LR (+)
level, the more useful the test is to confirm the disease.
Negative LR [LR (—)] lets us know how many times
more probable finding a negative result in a patient with
a disease is than finding it in a healthy individual. The lower

Diagnostic validity of ELISA S-LPS and ELISA protein fractions from Brucella tests

Sensitivity (95% CI)

Specificity (95% CI)

LR () (95% CI) LR (—)* (95% CI)

14.06 (9.72-20.43) 0.08 (0.03-0.19)

ELISA-IgG S-LPS
ELISA-IgM S-LPS
ELISA-IgA S-LPS
ELISA-IgG-CP
ELISA-IgM-CP
ELISA-IgA-CP

92.2 (83.79-100)
82.3 (70.90-93.79)
88.2 (78.41-98.05)
49.0 (34.31-63.72)
64.7 (50.6-78.8)

54.9 (40.26-69.53)

93.4 (90.93-95.95)
93.2 (90.65-95.75)
94.2 (91.79-96.5)

97.8 (96.28-99.34)
97.5 (95.96-99.18)
97.5 (96.28-99.34)

12.1 (8.29-17.68)
15.1 (10.18-22.6)

20.1 (10.38- 39.0)
26.6 (14.13-50.29)
22.6 (11.78-43.27)

0.18 (0.1-0.32)
0.12 (0.06-0.25)
0.52 (0.38-0.65)
0.36 (0.24-0.50)
0.46 (0.32-0.59)

CP = cytosolic protein.
? LR (+) values above 10 and LR (—) levels under 0.1 are considered clinically useful.
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Table 3
Sensitivity of the serologic tests in brucellosis patients with positive blood
culture (n = 26)

Brucellosis patients with positive blood
culture and positive serology, n (%)

SAT 22 (84.6)
Coombs test 26 (100)
Brucellacapt 26 (100)
ELISA-IgG S-LPS 23 (88.4)
ELISA-IgM S-LPS 22 (84.6)
ELISA-IgA S-LPS 22 (84.6)
ELISA-1gG-CP 15 (57.6)
ELISA-IgM-CP 16 (61.5)
ELISA-IgA-CP 13 (50)

a LR (—) figure, the more useful the test is in eliminating the
disease as a suspect. LR (+) values above 10 and LR (—)
levels under 0.1 are considered clinically useful (Jaeschke
et al., 1994).

3. Results
3.1. Diagnostic validity

All the initial patient sera were positive (1/20) in the
Coombs and Brucellacapt tests, whereas 4 sera had negative
SAT test results. These 4 patients seroconverted and showed
positive results, with titers >1/160 in the sera obtained
15 days after initial serum extraction. Within the 412 sera
from the negative control group, all the sera resulted
negative in the 3 tests, except for 7 sera (1.7%) that were
positive in the SAT test with a titer >1/40, and 2 of them
(0.5%) presented titers of 1/160. Using the Coombs test,
2 sera (0.5%) presented titers of 1/320, and with the
Brucellacapt test, 5 sera (1.2%) had titers of 1/320. All the
sera positive in SAT were also positive in Coombs test
and Brucellacapt.

Table 1 shows the sensitivity and specificity from each of
the techniques, as well as the positive and negative LRs.
Comparing the SAT, Coombs, and Brucellacapt test,
the lowest sensitivity was obtained by SAT. At a dilution
of 1/40 the SAT test showed a sensitivity of 88.2%, whereas
the Coombs and Brucellacapt tests presented a sensitivity of
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Fig. 2. Evolution of SAT, Coombs test, and Brucellacapt in patients with
acute brucellosis after the start of treatment. Percentage of variation with
respect to the initial serum expressed in percentage of the average of the
logarithms of the inverse of the titers.

96.1% and 98.0%, respectively, at the same dilution.
Specificity was over 95% in all cases. Likewise, LR (+)
was above 23.7 and LR (—) was lower than 0.53 for
all cases. However, only Coombs test and Brucellacapt
showed a LR (—) less than 0.1 and are thus considered
clinically useful.

The values for sensitivity, specificity, and LR (+) and LR
(—) with ELISA techniques are shown in Table 2. The
sensitivities obtained with ELISA tests against S-LPS were
similar to those obtained using the Coombs and Brucella
capt tests, with titers of 1/160 and 1/320 as respective
threshold levels for positivity. However, they were higher
than those obtained with ELISA against the cytosolic
protein antigen of B. melitensis B115. Among all the
ELISA tests, ELISA-IgG against S-LPS showed the greatest
sensitivity (92.2%); ELISA-IgG against the protein fraction
obtained a sensitivity of 49.0%. Among the patients with
positive blood culture, the most sensitive tests were Coombs
and Brucellacapt (100% sensitivity in both cases); the least
sensitive tests were ELISA-IgG, ELISA-IgA, and ELISA-
IgM against cytosolic proteins (57.6%, 61.5%, and 50%,
respectively) (Table 3).

Regarding specificity, the ELISA cytosolic protein test
result was higher than the 93% obtained by the ELISA-IgG
and ELISA-IgM against B. melitensis 16M S-LPS. From
the 412 negative control sera from healthy individuals,
27 (specificity, 93.2%) were positive with ELISA-IgG
against S-LPS and 28 (specificity, 93.4%) were positive in
the ELISA-IgM test.

LR (+) was above 9.4 in all cases, whereas LR (—) varied
between the 0.08 obtained with ELISA-IgG against S-LPS
and the 0.52 reached with ELISA-IgG against the protein
fraction of B. melitensis B115.

3.2. Antibody evolution

The evolution of the antibody titers determined by SAT,
Coombs, and Brucellacapt tests was studied, as well as that
of the different immunoglobulin classes determined by
ELISA against each of the antigens studied.

The evolutional behavior of the SAT, Coombs, and
Brucellacapt tests was similar. There was a decrease of
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Fig. 3. Evolution of antibodies against S-LPS detected by ELISA.
Percentage of variation with respect to the initial serum was expressed as
units per milliliter (see Materials and methods).
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Fig. 4. Evolution of antibodies against cytosolic protein detected by ELISA.
Percentage of variation with respect to the initial serum expressed as units
per milliliter (see Materials and methods).

between 20% and 40% in antibody titer in the 10th month of
evolution (Fig. 2).

The evolutional profiles of the different immunoglobulin
classes against each of the antigens assayed were studied.
The IgG against S-LPS presented the highest values
throughout the entire evolutional period, its titers increasing
progressively up to 120% above the initial sera (Fig. 3).
Titers of IgA against S-LPS traced a descending curve,
dropping to values lower than 80% by the end of 10 months,
whereas the levels of IgM against S-LPS decrease to 60% of
initial values (Fig. 3).

The evolutional curves of IgG, IgA, and IgM against
protein fraction (Fig. 4) increased slightly till the eighth
month. The specific IgM and IgA antibodies against protein
fraction began to show a drop from the eighth month
onward, reaching levels near the 80% of the initial sera
values by the end of 10 months after beginning treatment.
The IgG antibodies against cytosolic proteins remain higher
than 110% (the initial sera values).

4. Discussion
4.1. Diagnostic validity

Serologic diagnosis of human brucellosis involves
serious problems. The length of time that antibodies persist
after the disease is cured makes distinguishing between past
infection and active infection difficult (Ariza et al., 1992). In
addition, serologic techniques based on detection of anti-
bodies against Brucella S-LPS can give rise to cross-
reactions with other bacteria having antigen community at
the level of the O-chain polysaccharide S-LPS (Chart and
Jenkins, 1999; Diaz and Moriyon, 1989).

We have studied the diagnostic validity of different
serologic tests. According to our results, a dilution of 1/40
yields the best sensitivity and specificity in SAT, Coombs,
and Brucellacapt tests. However, selecting this as a
threshold value for positivity can be problematic when
interpreting Brucella serology in endemic areas. Although
specificities reached by these 3 tests were over 95% with the
dilution 1/40, in endemic areas the use of the titer 1/40 as a
positivity threshold can lead to diagnosing brucellosis in

healthy individuals with low titers against Brucella (Kiel
and Yousuf Khan, 1987), either from their having recovered
from the infection or from having had previous contact with
Brucella or other antigenically related bacteria (Duefias
et al., 2000; Ariza et al., 1992). In such geographic areas,
some authors even recommend using SAT and Coombs titers
above 1/320 (Corbel, 1989), although the most frequent
suggestions are titers of 1/160 for SAT and 1/320 for
Coombs tests (Young, 2005; Corbel, 1989). However, the
results from our negative control group showed that 0.2% of
the healthy population in an endemic brucellosis zone had
SAT titers of 1/320 and 0.7% of them had Coombs titers of
1/320. For lower titers, almost 1% presented Coombs titers
> 1/80, a percentage that reaches 4% in the case of
Brucellacapt. All the sera positive in SAT were also positive
in Coombs and Brucellacapt tests.

Using higher titers as a positivity threshold (1/160 and
1/320) decreases test sensitivity, especially with SAT (Ordufia
et al., 2000). In our study, SAT sensitivity fell to 64.7%
when titers of 1/160 were used as a positivity threshold.
However, Coombs and Brucellacapt test results were not
affected as strongly by the use of these positivity thresholds.

SAT titers lower than 1/160 do not always exclude the
existence of brucellosis (Young, 1991). Acute brucellosis
patients in the earliest phases of the disease can show such
titers (Orduna et al., 2000; Cloeckaert et al., 1999; Ariza
et al., 1992; Young, 1991); even patients with a chronic or
prolonged disease evolution can have low SAT titers,
although their Coombs and Brucellacapt levels are elevated
(Orduna et al., 2000).

The fact that there are cross-reactions with other bacteria
that Brucella presents antigen community with also
conditions titer interpretation, although to a lesser extent
(Dueiias et al., 2000). This is the case with F. tularensis and
Y. enterocolitica O:9 (Chart and Jenkins, 1999). In our
environment, infection by Y. enterocolitica O:9 is rare.
However, a few epidemic outbreaks of F. fularensis have
appeared in Spain in the last few years and the appearance
of sporadic cases is relatively frequent, but one must bear in
mind that a study carried out in Spain on 4825 sera
representative of the rural population revealed a prevalence
of antibodies against F. tularensis of only 0.19% (Gutiérrez
et al., 2003).

None of the ELISA tests used in our study improved the
sensitivity and specificity shown by the SAT test, except for
ELISA-IgG against S-LPS. At any rate, sensitivities
obtained by the ELISA tests vary significantly, depending
on inherent patient factors, such as time of disease evolution
and factors arising from the technical modalities (Ariza et al.,
1992; Goldbaum et al., 1992; Araj and Kaufmann, 1989;
Araj et al., 1988). For example, Memish et al. (2002) found
a sensitivity of 45.6% with a commercial ELISA test on
a group of acute and bacteremic patients, whereas Saz et al.
(1987) reported a sensitivity of 89% in a group of
208 patients with positive blood culture using complete
Brucella cells.
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In our study, the sensitivity from the ELISA-IgM test
against S-LPS (83.3%) is lower than that of the ELISA-IgG
test, although this study is based on patients with acute
brucellosis. Similar results have been presented in other
studies, in which the sensitivity of IgM against S-LPS varies
from 79% to 93% even with use of sera from bacteremic
patients (Clavijo et al., 2003; Memish et al., 2002; Marrodan
et al., 2001; Ariza et al., 1992; Saz et al., 1987). Araj and
Kaufmann (1989) and Araj et al. (1988) report sensitivities
above 98% with ELISA-IgM tests in patients having acute
brucellosis; this percentage drops to 86% with patients
in the subacute stage. Apart from whether the clini-
cal classification performed by Araj et al,, 1988 can be
applied in all cases, it remains clear that 14% of the patients
in their study remain undiagnosed if only the ELISA-IgM
test is used.

The sensitivity obtained in our study with ELISA-IgA
(88%) falls between the 80% obtained by Saz et al. (1987)
and the 100% obtained by Ariza et al. (1992) and Araj et al.
(1988), the latter with subacute patients.

Positive and negative LRs give us more reliable
information about the capability of a technique to diagnose
an illness or eliminate it from consideration. According to
our data the technique that should be the most useful for
confirming the disease is the ELISA-IgA test, as it presents
an LR (+) of 15; however, it presents an LR (—) of 0.12 and
sensitivity of only 88%. The ELISA-IgG against S-LPS
technique offers a better combination of these 2 parameters,
with LR (+) of 14.06 and LR (—) of 0.08. These figures,
together with the good sensitivity presented by this test, in
principle make it the most useful in diagnosis of brucellosis.
However, the relatively low specificity of the S-LPS
ELISAs compared with the specificity showed by SAT,
Coombs test, or Brucellacapt argues against its use in the
diagnosis of brucellosis in endemic areas. On the other
hand, various factors related to the ELISA technique
contribute to the marked differences obtained in the studies
mentioned. The antigen preparation used, its quality, and the
choice of positivity threshold influence sensitivity and
specificity (Young, 1991). Although antibodies against
S-LPS are detected in all the cases mentioned, in some
studies, purified S-LPS (Ariza et al., 1992) has been used,
whereas in others, sonicated particle Ag or complete
Brucella cells have been used (Araj and Kaufmann, 1989;
Araj et al., 1988; Saz et al., 1987).

There are also other factors, in addition to technique-
related ones, that affect interpretation of results from ELISA
S-LPS tests. IgG antibodies against S-LPS can remain
elevated for years after the disease is cured (Ordufa et al.,
2000; Ariza et al., 1992; Goldbaum et al., 1992), making it
difficult to distinguish between reinfections or recurrences
and residual immune states from previous brucellosis
infections. There are no standards that allow a precise
quantification of antibody titers either, so no reference value
that can be used as a positivity threshold exists. These
techniques, which detect antibodies against O-chain poly-

saccharide, are of little use in diagnosing infection by rough
Brucella species, such as Brucella canis (Devi et al., 1987),
which has been found to produce cases of human infection
(Polt et al., 1982). Some researchers have attempted to solve
the problems involved in using diagnostic techniques based
on detection of antibodies against S-LPS by switching to
tests based on detection of antibodies against Brucella
protein Ag (Letesson et al., 1997; Baldi et al., 1996b). These
protein antigens have been used as allergens in delayed
hypersensitivity tests for brucellosis diagnosis (Jones et al.,
1973; Bhongbhibat et al., 1970) and more recently in
serologic diagnosis of animal brucellosis (Letesson et al.,
1997; Debbarh et al., 1996).

There are few studies on the usefulness of Brucella
protein antigens for serologic diagnosis of human brucello-
sis (Cassataro et al., 2002; Goldbaum et al., 1992; Diaz et al.,
1976; Diaz, 1974). Using counter-immunoelectrophoresis,
Diaz et al. (1976) obtained good reactivity (94%) with sera
from patients with brucellosis.

By means of ELISA techniques with a total cytoplasmic
fraction, Goldbaum et al. (1992) and Cassataro et al. (2002)
also obtained good sensitivities, comparable to those
obtained with S-LPS.

Using ELISA techniques against protein antigen of the
rough strain B. melitensis B115, in this study we observe low
sensitivity for brucellosis diagnosis in acute patients. Our
figures contrast with those of Goldbaum et al. (1992) (94%
for IgG) and Cassataro et al. (2002) (100% for IgG), who
used a cytosolic protein antigen. This antigen is obtained by
cellular disruption and purification through immunosorbent
techniques with monoclonal antibodies against the O
polysaccharide of S-LPS. Slightly lower figures (83%) result
from using immunosorbently purified Brucella lumazine
synthase (Cassataro et al., 2002). These results are still much
higher than ours, using the protein fraction of the rough
strain B. melitensis B115 (sensitivity lower than 65%), and
higher than the figures they themselves obtain against the
recombinant protein rCP24 (Cassataro et al., 2002) and
against the protein Omp31 (Cassataro et al., 2004).

In our opinion, the differences found in the sensitivity
percentages among the various studies are probably due to
the presence of residual S-LPS contaminant. Our study used
protein preparation of B. melitensis B115 (rough); as is to be
expected, no S-LPS was found, even with protein Ag
concentrations up to 1 mg/mL. Goldbaum et al. (1992)
and Cassataro et al. (2002) obtain their protein antigen
through disruption of Brucella abortus 19S (smooth strain)
and posterior purification by immunosorbent techniques
(Goldbaum et al., 1992). These authors detect S-LPS
presence by limulus test at a concentration of 0.02 pg/mL
in the antigen preparation used to coat the plates. At this
concentration we found positive ELISA reactions against
S-LPS with sera from brucellosis patients during the
standardization of S-LPS plate coating (results not shown).
We therefore feel that the high sensitivity found by these
authors in using purified cytosolic protein antigen could be
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largely due to the presence of contaminant S-LPS. Our
results agree more with those obtained using recombinant
proteins rCP24 (Cassataro et al., 2002) and Omp31
(Cassataro et al., 2004), which lack contaminant S-LPS.

Neither the cytosolic antigens of our study nor those used
in the investigations by other authors mentioned present
cross-reactions with Gram-negative bacteria. However,
cases of cross-reaction with a bacteria strain have been
described (Velasco et al., 1997); the bacterium involved,
Ochrobactrum anthropi, is phylogenetically related to
Brucella. Very few cases of infection by this bacterium
have been reported and it normally affects individuals
with immune deficiency, producing nosocomial infections
(Ezzadine et al., 1994). We therefore feel that this fact is
not significant.

4.2. Antibody evolution

Analyzing the evolutional curves of the different tests
assayed, we observed that the tests of SAT and ELISA-IgM
against S-LPS show a decrease in antibody level, falling to
the lowest point at 10 months after the beginning of
treatment. In contrast, the tests of Coombs, Brucellacapt,
and ELISA-IgG against S-LPS and against the protein
fractions present, after 10 months’ evolution, antibody
levels that are similar to or even higher (ELISA-IgG
S-LPS and ELISA-IgG against protein fraction) than the
initial serum levels. The evolutional SAT behavior, very
similar to that of ELISA-IgM S-LPS test, is because this test
detects agglutinant antibodies, mostly of the IgM class
against S-LPS from Brucella. The presence of IgM anti-
bodies generally indicates a recent infection, as these are the
first to appear and also the first to disappear from blood
circulation after antigen stimulation ceases. However, in this
study, based on patients with acute brucellosis cured within
3 months from beginning treatment, the class IgM anti-
bodies persisted at elevated titers even 10 months after
treatment commencement. This means that using specific
IgM as the sole test to diagnose human brucellosis could
cause false brucellosis diagnoses. This is especially true in
endemic areas, where a significant percentage of people
may have suffered from an infection by Brucella. The fact is
that, in our study, 3 (0.7%) of the 412 negative control sera
from healthy individuals living in endemic areas presented
SAT titers equal to or higher than 1/160, and 28 (6.8%) were
positive in the test of ELISA-IgM against S-LPS.

In contrast, the IgG-class antibodies against S-LPS
increased, maintaining elevated levels from that point on
until the 10th month. Other authors have described this IgG
titer stability (Baldi et al., 1996a; Ariza et al., 1992); they
find that levels of IgG-class antibodies remain high after
clinical recovery. This indicates that the levels of IgG
antibodies against S-LPS do not evolve in parallel with
disease cure (Baldi et al., 1996a; Ariza et al., 1992). IgG
antibodies are therefore not a good serologic marker of active
infection, as they can persist for years, even at elevated titers
(Ariza et al., 1992).

Protein antigen fractions show hardly any differences in
the evolution of each of the specific IgG, IgA, and IgM
antibodies. The 3 increased slightly from the fourth month till
the eighth month and reach similar levels. The evolution of
specific IgA and IgM antibodies after the eighth month marks
a gradual, continual decrease in antibody titers; at 10 months
after treatment commencement, their levels have fallen to
80-90% of initial serum figures. The titers of specific IgG
against protein fraction remain higher than initial sera values.
In our experience, it seems that the serologic response against
cytosolic proteins starts later than serologic response of
Brucella superficial antigens like S-LPS.
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