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Diagnosis of canine brucellosis by ELISA using an antigen
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Abstract

An indirect ELISA test was developed for the diagnosis of Brucella canis infection in dogs. A bacterial whole cell extract was used as a
solid phase antigen, using B. canis isolated from an infected animal. Sera from culture-positive and healthy negative animals were used as
internal reference controls. The cut-off point was determined by a mathematical formula for a statistically valid value, which defined the
upper prediction limit, based on the upper tail of the 7-distribution of 21 negative control sera readings, for the confidence level of 99.5%.
The sensitivity and specificity of the ELISA test were 95% and 91%, respectively. The ELISA test showed a significant concordance index
(K = 0.84) with the agar gel immunodiffusion test. The reliability of the ELISA for the detection of infected animals was established by a
double blind study testing 280 sera provided by serum banks from different diagnostic and research institutions and analyzed by ROC

Curve.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Brucella canis; ELISA; Serodiagnosis; Canine brucellosis

1. Introduction

Canine brucellosis is a zoonotic bacterial infection
whose clinical diagnosis is difficult to perform (Berthelot
and Garin-Bastuji, 1993; Mateu-de-Antonio et al., 1993;
Carmichael and Shin, 1996). Human infections have been

Abbreviations: ELISA, enzyme-linked immunosorbent assay; AGID, agar
gel immunodiffusion; TAT, tube agglutination test; B. canis, Brucella canis;
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reported, being laboratory technicians and dog owners
the most exposed to Brucella canis (Godoy et al., 1977,
Lucero et al., 2005). The disease has a worldwide distribu-
tion and represents a great cause of economic losses in
breeding kennels (Carmichael, 1966; Wanke, 2004).
Despite serological tests are routinely used, the blood cul-
ture is considered the only definitive test for the diagnosis
of canine infection (Carmichael and Shin, 1996; Baldi
et al., 1997; Wanke, 2004). Clinical canine brucellosis is
commonly confirmed by different serological tests, which
include: (i) tube agglutination test (TAT); (ii) rapid plate
agglutination test (RPAT), both with or without addition
of 2-mercaptoethanol; and, (iii) agar gel immunodiffusion
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test (AGID), using antigens prepared either with B. canis
or Brucella ovis (Serikawa et al., 1989; Baldi et al., 1994,
1997; Carmichael and Shin, 1996; Lucero et al., 2002).
Cross-reactions are common, occurring with bacteria like
Pseudomonas aeruginosa, mucoid Staphylococcus spp.,
and Bordetella bronchiseptica among others, producing
false positive results (Johnson and Walker, 1992; Mateu-
de-Antonio et al., 1993; Baldi et al., 1994; Carmichael
and Shin, 1996).

Tests like the counterimmunoelectrophoresis (Myers
and Varela-Diaz, 1980), the indirect immunofluorescence,
the complement fixation test (Schlemper and Vaz, 1990;
Johnson and Walker, 1992; Carmichael and Shin, 1996)
and the enzyme-linked immunosorbent assay (ELISA)
(Berthelot and Garin-Bastuji, 1993; Baldi et al., 1994) have
shown to be effective for the diagnosis of B. melittensis, B.
ovis and B. abortus.

Several authors have recommended the use of ELISA
for the detection of anti-B. canis antibodies in dogs, but
variable results have been reported. Johnson and Walker
(1992), using B. canis cell wall antigens, obtained equiva-
lent specificity but lower sensitivity when compared with
TAT. Mateu-de-Antonio et al. (1993) obtained 95.6% of
specificity and 93.8% of sensitivity in an ELISA test using
as antigen an extract prepared from a less mucoid variant
of B. canis. Baldi et al. (1994, 1997), using as antigen a puri-
fied cytoplasmic protein (p18), and Letesson et al. (1997)
using recombinant cytoplasmic proteins (pl5, pl7 and
p39), all common proteins in the genus Brucella, reported
sensitive and specific ELISAs for canine and cattle brucel-
losis, respectively.

In Brazil, the acidified antigen test (rose bengal), the 2
mercaptoethanol test and the complement fixation test
(CFT) are currently used tests for the serodiagnosis of
smooth brucellae (Brasil, 2001). The AGID test is the
most widely used in routine serodiagnosis of rough brucel-
lae. Presently there is only one commercially available
AGID kit in the country, which uses a heat saline soluble
B. ovis extract as antigen (Schlemper and Vaz, 1990; Keid
et al., 2004). Agglutination tests using whole bacterial
cells, AGID and ELISA tests with diverse antigen prepa-
rations, from cell fractions to recombinant proteins, have
been the most quoted tests in reports worldwide for cur-
rent serological diagnosis of the infection (Ebani et al.,
2003; Lucero et al., 2005; Wanke, 2004; Wanke et al.,
2006).

None of the referred serological methods are diagnosti-
cally conclusive, being the ELISA test still considered the
most specific and sensitive. Furthermore, the use of an anti-
gen, which is easy to prepare and capable to provide a test
with good sensitivity and specificity, would improve sur-
veillance studies of canine brucellosis. The test would allow
as well the identification of potentially infected individuals.
The present study describes the application of an antigen
prepared from a B. canis which was isolated from an
infected dog and used for the standardization of an indirect
ELISA test.

2. Materials and methods
2.1. Bacterial strain and antigen preparation

A gram negative bacteria was isolated on blood agar
(96 h incubation at 37 °C, with no CO, requirement), from
the placenta and fetuses of a bitch with positive AGID test
for B. canis that aborted between 42nd and 45th days of
gestation (Vargas et al., 1996). The small non hemolytic
colonies isolated presented a white-greyish color with a
rough morphology as demonstrated by the purple color
of the colonies after the plates being flooded with crystal
violet dye (White and Wilson, 1951). No growth occurred
on Mac Conkey agar. The organism gave positive results
for catalase, oxidase, nitrate reduction, urease and negative
results for citrate, Voges Proskauer and methyl red. No
H,S production or glucose utilization were observed. The
bacteria agglutinated with anti-R sera and with acriflavin
with no agglutination with anti-A or -M monospecific sera
(Alton et al., 1988). Based on these results the bacterium
was classified as B. canis.

For the antigen preparation, a heat soluble bacterial
extract was obtained following the method described by
Myers et al. (1972), with minor modifications. Briefly, the
culture was transferred to 5 mL of Brucella Broth (BBL
Microbiological Systems, Cockeysville, USA), cultured
for 48 h at 37 °C, and expanded in Roux flasks containing
100 mL of Brucella Agar (Difco Laboratories, Detroit,
USA) under aerobiosis, for 48 h at 37 °C, as described by
Carmichael and Bruner (1968). Bacterial cells were har-
vested with 50 mL of sterile PBS (phosphate buffered sal-
ine; 150 mM NaCl, 2.5mM KCIl, 1.5mM KH,PO,,
9 mM Na,HPO, - 12H,0, pH 7.4) and inactivated by heat
(1h, 56°C). The suspension was filtered through sterile
gauze and washed three times by centrifugation
(3,500 x g, 10 min) in PBS. The pellet was then re-sus-
pended in 10 mL of PBS and autoclaved at 120 °C under
1.5 Atmospheres for 20 min. The cells were then centri-
fuged at 12000 x g for 20 min, at 4 °C. The supernatant,
collected and stored in 200 pL aliquots at —20 °C, was used
as the ELISA solid phase antigen. The protein concentra-
tion of the antigen was determined by the method of Lowry
et al. (1951).

2.2. Sera

Twenty positive sera from animals with clinical signs,
positive bacterial isolations and AGID-positive tests for
brucellosis test were used as reference. Ten negative serum
samples from adult healthy animals, obtained in a kennel
with no history or evidences of canine brucellosis (such
as reproductive disorders associated to fever, lymphade-
nopathy or other clinical signs) were tested negative by
the AGID and used as negative reference. These reference
sera were used for the calculation of specificity and sensitiv-
ity of the ELISA test. Twenty one samples from healthy
6 months old animals, kept in a research center were used
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for calculation of the cut-off for the ELISA tests and as
negative control sera for western blotting assays. These
sera were kindly supplied by The Oswaldo Cruz Founda-
tion (FIOCRUZ-Bahia). Two hundred and eighty (280)
serum samples of unknown serology status for B. canis
were obtained from serum banks of different research insti-
tutions. These 280 field sera were tested together with the
reference sera in a double blind testing, for determination
of the kappa values for concordance evaluation between
the positive results obtained by ELISA and AGID.

2.3. Agar gel immunodiffusion test — AGID test

All sera were tested using a commercial kit (Tecpar-Bra-
zil) according to the manufacturer’s instructions.

2.4. Indirect ELISA protocol

The indirect ELISA was standardized and performed as
described elsewhere (Mateu-de-Antonio et al., 1993; Car-
penter, 1997) with modifications. Optimum antigen con-
centration, as well as peroxidase-conjugated anti-dog
immunoglobulin and sera dilutions were determined by
serial titrations and incubations were performed in a humid
chamber. Briefly, flat bottomed polystyrene 96-well micro-
titer plates (Corning Inc., New York, USA), were sensi-
tized overnight at 4 °C with 50 pL/well of antigen, diluted
to 5 pg/mL in 0.05 M sodium carbonate pH 9.6. The plates
were washed five times with PBS containing 0.05% (v/v)
Tween-20 (PBS-T). Each well of the antigen-coated plates
were blocked with 200 uL of 5% skimmed milk in PBS-T
and incubated at 37 °C for 1 h. After five washes, 100 uL
of control and test sera samples, diluted 1:1000 in PBS-T
containing 1% (v/v) of skimmed milk, were added to each
well in duplicate. The plates were sealed and incubated at
37°C for 1h. After five washing cycles with PBS-T,
100 pL. of anti-dog IgG conjugated with peroxidase
(Sigma, St Louis, USA), at a dilution of 1:10000 in PBS-
T, were added to each well, and the plates incubated at
37 °C for 1 h. After five washings as described above, the
color reaction was developed by adding 50 pL/well of a
solution containing 1.0 mg/mL of o-phenylenediamine
dihydrochloride (OPD; Sigma, St Louis, USA) in 0.05M
citrate buffer (pH 4.0) with 0.04% (v/v) H>O,. The plates
were incubated in the dark for 15 min, at room tempera-
ture. Color development was halted by the addition of
25 uL/well of 4N H,SO,. The absorbance measurements
were made at 492 nm, using an automatic ELISA plate
reader (550, Bio-Rad, Life Sciences, Hercules, USA). Sam-
ples with an absorbance value equal to or higher than the
cut-off value were considered as positives.

2.5. SDS-PAGE and Western blotting
The antigen was solubilized in sample buffer and sub-

jected to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) using 12% polyacrylamide gels

and analysed with Coomassie blue (2.5% brilliant blue
in 50% methanol, 10% acetic acid) staining. For Western
blotting, electrophoresed antigen was transferred to nitro-
cellulose membranes by using wet procedure. Unbound
sites on the membranes were blocked with 5% skimmed
milk in PBS-T, at 4 °C, by incubation overnight. The
membranes were cut into 0.5 cm wide strips after being
washed five times with PBS-T. Each of 20 positive and
20 negative control sera, diluted 1:100 in PBS-T with 1%
of skimmed milk were added to individual strips, which
were incubated at 37 °C for 1 h. Following, the strips were
washed five times with PBS-T and blots developed with
peroxidase labeled anti-dog IgG (Sigma, St Louis,
USA), diluted at 1:500in PBS-T, during 1h at 37°C.
After five washing steps, the strips were immersed in a
substrate solution, made by a 1:5 dilution of a 0.3% 4-
Cl-a-naphtol in methanol and Tris-saline buffer (0.05 M
Tris-HCI, 0.2 M NaCl, pH 7.2), with 0.04% (v/v) H,O,,
and the reaction developed in darkness, at room temper-
ature, for 10-15 min. A last washing step was performed
once with distilled water.

2.6. Test performance determinations and statistical analysis

The cut-off value was calculated in according to a math-
ematical method as described by Frey et al. (1998), which
takes in consideration the upper tail of the -distribution
of negative control sera readings, as expressed in the fol-
lowing equation

Cut-off = X + SDf (1)

where X is the mean of independent sera readings and SD is
the standard deviation, whose calculations were performed
using Prism® software (GraphPad Software Inc.). The fac-
tor fis based on the number of negative controls and the
confidence level (1 — «). The value of fused for calculation
of the cut-off point in this study was of 2.932, and corre-
sponded to the desired confidence level of 99.5%
(e =0.005) and the sample size of 21 controls, since the
sera of 21 healthy young dogs were used for this purpose
(Frey et al., 1998).

Assay-to-assay variation was corrected for statistical
analysis, in accordance with Zwirner (1996). The corrected
OD (COD) of each serum sample was calculated by multi-
plying its mean OD value of readings by the correction fac-
tor (CF) between plates, as determined by the following
equation:

COD = OD - CF (2)

where CF = \frac{Mean OD of the positive control sera
from a reference plate}{Mean OD of the positive control
sera from plate of the assay}.

To calculate the ELISA specificity and the sensitivity, 20
positive and 10 negative ELISA reference sera were ana-
lyzed in comparison with the same sera’s reactivity by the
AGID test. The following Egs. (3) and (4) were applied,
as described by Ferreira and Avila (1996)
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Specificity
=\ frac{True negative sera }{ True negative + False positive sera}
3)
Sensitivity
= \frac{True positive sera }{ True positive sera + False negative sera}

)

The results obtained by the indirect ELISA were com-
pared with those obtained by AGID test using known ref-
erence and field samples of unknown serologic status. The
reduced difference statistical test was used for comparison
of the proportion of positive results between tests (Sch-
wartz, 1987). The kappa index of concordance between
methods was determined by testing 20 positive and 10
negative control sera, and the 280 sera from field, in dou-
ble-blind tests (Armitage and Berry, 1994). Mean and
standard deviation (SD) of corrected OD reading values
of all sera were used for ROC Curve analysis (Griner
et al., 1981).

3. Results
3.1. B. Canis antigen and standardization of the ELISA

Each Roux flask containing a B. canis culture yielded
approximately 30 mg of bacterial extract, as determined
by Lowry’s method for protein quantitation. This antigen
preparation showed a complex electrophoretic profile with
various bands in the SDS-PAGE Coomassie blue-stained
gel (Fig. 1). The Western immunoblotting analysis of the
antigen using positive and negative reference sera showed
a pattern of band recognition more consistently for poly-
peptides of 12, 18, 58 and 65 KDa, as represented in Fig 2.

85 KDa =——p

40 KDa =

20 KDa wmp-

10 KDa =+

Fig. 1. Profile of B. canis antigen preparation in three different dilutions
(lanes b, ¢ and d) on a Coomassie blue-stained SDS-PAGE. Lane (a)
contains the benchmark pre-stained protein ladder for molecular weight
(Invitrogen) as indicated by numbers on the left.

— 58 KDa
— 55 KDa

—p 18 KDa

—p 12 KDa

Fig. 2. Representative profile of the more consistently recognized bands
by positive sera of B. canis antigen preparation on nitrocellulose
immunoblot. The numbers to the right indicate the molecular weight of
the protein bands.

In order to determine the optimum concentration of
antigen to be adsorbed to microtiter plates, previous assays
were performed, using from 1 to 20 pg/mL in 0.05M
sodium carbonate pH 9.6. Best results were obtained with
5 pug/mL of bacterial extract in 50 uL (250 ng) of solution
in each well. By serial titrations of positive control sera
and peroxidase-conjugated anti-dog IgG antibody, the
optimal dilutions for the indirect ELISA were established
as being respectively 1:1000 and 1:10000. The cut-off OD
value, as determined by sera samples from 21 healthy
6 months old dogs, was 0.218.

3.2. Analysis of field sera by the indirect ELISA

A double-blind testing, performed with the indirect
ELISA test, included 280 field sera from dogs with
unknown history of brucellosis, the 30 reference positive
and negative sera, and the 21 serum samples from young
healthy dogs, totalizing 331 samples. In this study, it was
found that 72 sera samples (26%) presented OD values
above the cut-off, and were positive to ELISA. The OD
values for the positive samples ranged from 0.218 to
1.115 (mean = 0.466; SD =0.238) and for the negative
samples ranged from 0.046 to 0.217 (mean = 0.108;
SD =0.042). The ratio between the OD value from the
highest positive serum and the mean OD of the negative
control sera was 10.32 (1.115/0.108), and was calculated
according to Mateu-de-Antonio et al. (1993) and Baldi
et al. (1994). The distribution of the OD frequencies among
the field sera are shown in Fig. 3.

The sensitivity and the specificity of the indirect ELISA,
determined by the comparative testing of positive and neg-
ative by the AGID, was of 95% and 91%, respectively.
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Fig. 3. Frequency distribution of the mean OD values of positive (M) and negative ((J) canine field sera by indirect ELISA for detection of antibody
against Brucella canis. All sera that had an OD above 0.218 (cut-off) were considered to be positive.

Assay-to-assay variation, as determined by each plate cor-
rection factor for repeated assays using the same 30 control
sera, was 17%.

The ability to distinguish positive and negative sera to B.
canis antigens by detection of antibody reactivity by AGID
and by indirect ELISA was compared. These results were
used to calculate the sensitivity, the specificity and the
Kappa index of concordance between tests. The correlation
between the ELISA and the AGID was highly significant,
as expressed by the Kappa index of 0.84. The reduced dif-
ference test (e = 1.64; p <0.05) also showed a significant
test agreement.

The overall diagnostic accuracy of the ELISA test was
also evaluated by the ROC curve (receiver operating char-
acteristics-SPSS) analysis, applied to the 280 field sera,
using as standard references the absorbance values of the
positive and negative control sera. For the selected cut-off
value of 0.218, the ELISA test had both, specificity and
sensitivity of 100%.

4. Discussion

In this study, we describe the development and evalua-
tion of an indirect ELISA for the serodiagnosis of canine
brucellosis. A bacterial whole cell extract was used as
solid-phase antigen and sera from culture positive and
healthy negative animals used as reference controls. In
the double-blind analysis of the reactivity of canine field
sera to B. canis antigens, the ELISA allowed a clear sepa-
ration between positive and negative samples. In addition
to the relatively good degree of agreement between ELISA
and AGID, the results indicate that the ELISA is a specific
and sensitive test for detection of anti-Brucella antibodies
in canine sera.

The procedure used in the present work for obtaining
the antigen preparation was based on the technique

described by Myers et al. (1972), with some modifications.
This technique may have accounted for the maintenance
of some intact outer membrane proteins (OMPs) as well
as cytosolic proteins, which are highly specific for the
genus Brucella (Cloeckaert et al., 1990; Kittelberger
et al., 1998; Wanke et al., 2002). Among four protein
bands identified more consistently by B. canis positive
sera by Western blotting in the present study, two low-
molecular-weight bands, of 12 and 18 kDa, could be of
particular interest for further studies. A cytoplasmic
18 kDa molecular weight Brucella protein has been identi-
fied previously as lumazine synthase and described as
being highly antigenic in serological tests for canine bru-
cellosis (Baldi et al., 1994, 1997; Goldbaun et al., 1999).
On the other hand, low molecular mass protein fractions
of Brucella outer membrane proteins are responsible for
conferring good sensitivity in serological tests for diagno-
sis of recent infection (Cloeckaert et al., 1990; Wanke
et al., 2002; Lopez et al., 2005). These features of the anti-
gen preparation may explain the good sensitivity achieved
by the ELISA test in our study, since the technique used
to extract antigen from bacteria may influence the pri-
mary structure of the molecules and have an important
role in its function.

Among various criteria reported for selecting negative
serum groups used for determining the cut-off value, the
serum collected from healthy dogs, before their puberty,
under 6 months of age, was chosen. This criterion was
based on the literature, which shows a higher probability
of brucellosis be present in animals at reproductive ages
than in ages before reproductive activity (Moore and
Gupta, 1970; Carmichael and Joubert, 1988). The analysis
of positive and negative sera provided by research institu-
tions, as well as the use of field samples, made possible
the comparative evaluation between the AGID test and
the indirect ELISA.
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The ELISA is a test that has the advantage of reducing
interference of possible human errors and provides objec-
tive and readily measurable results due to the use of cut-
off value and internal controls (Baldi et al., 1994; Troy
et al., 1996). Despite the reduced overall sensitivity and
specificity reported for the AGID test (Zwirner, 1996),
the method was selected for comparison with the indirect
ELISA test developed in the present study, because it is
the official test for serological diagnosis of canine brucello-
sis in Brazil.

In terms of general sensitivity, ELISA techniques are
superior to other tests, namely agglutination and AGID,
commonly used for the serological diagnosis of Brucella
infection (Johnson and Walker, 1992; Wanke et al., 2002;
Wanke, 2004). High specificity and the capacity of detect-
ing low levels of antibodies can be achieved with good anti-
gen preparations, as shown by the results of the present
study, in which the standardization of the indirect ELISA
test was performed with sera dilutions of 1:1000. The agree-
ment between AGID and ELISA was significant, as deter-
mined by the Kappa index of concordance of 0.84 between
tests. The ELISA test specificity was of 91% and its sensi-
tivity was of 95%. As the AGID results were taken as com-
parative standards, it is possible that these indexes of
sensitivity and specificity may be underestimated. In fact,
the ROC curve analysis of the test as it was performed
showed 100% indexes for sensitivity and specificity. Studies
regarding the reproducibility of the indirect ELISA are cur-
rently being carried out.

Despite the incidence of human infection by B. canis is
not actually known (Wanke, 2004), the potential exposure
to the bacteria represents a risk, particularly for laboratory
or kennel workers, as well as dog owners, as reported else-
where (Godoy et al., 1977, Carmichael and Shin, 1996;
Lucero et al., 2005). It rises the needing for efficient and
inexpensive tests, which are appropriate for use in disease
control programs of public health, particularly in develop-
ing countries. The antigen preparation and its application
in an indirect ELISA, as described in the present study,
were found to be feasible, simple to prepare and of low
cost. The bacteria used for antigen preparation were
obtained from a B. canis culture, isolated from a local
infected animal. In spite of efficient ELISA tests being
described elsewhere (Mateu-de-Antonio et al., 1993; Baldi
et al., 1994, 1997, Wanke et al., 2002), it must be empha-
sized that laboratory procedures for antigen purification,
that can improve the quality of immunological tests, may
require expensive reagents and technology. This aspect
can be restrictive for a number of developing countries.

Taking into account the advantages of the indirect
ELISA described herein, it can be concluded that the test
might be sufficiently accurate to be recommended as a sero-
logical test for either, field sera screening or confirmation
of clinical canine brucellosis. The assay, for detecting anti-
bodies against B. canis antigens, may complement or offer
an alternative to the available tools for diagnose the
disease.
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