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This study aimed to evaluate the use of protein A-peroxidase (horseradish peroxidase [HRPO]) in indirect
enzyme-linked immunosorbent assays (iELISAs) and IgG avidity assays for serological distinction between
Brucella abortus S19-vaccinated and -infected cows. Four groups were analyzed: GI, 41 nonvaccinated sero-
positive cows; GII, 79 S19-vaccinated heifers analyzed at 3 months postvaccination; GIII, 105 S19-vaccinated
cows analyzed after 24 months of age; and GIV, 278 nonvaccinated seronegative cows. IgG levels and avidity
to B. abortus smooth lipopolysaccharide (S-LPS) were determined using anti-bovine IgG-HRPO or protein
A-HRPO conjugates. Similar levels of IgG anti-S-LPS were found with GI using both conjugates. Lower IgG
levels were detected with GII, GIII, and GIV using protein A-HRPO. Both conjugates showed high performance
in discriminating GI from GIII, with high sensitivity (Se; 97.6%) and specificity (Sp; 97.1%). Protein A-HRPO
was better in distinguishing GI from GIV (Se, 97.6%; Sp, 94.6%) and GI from GII (Se, 80.5%; Sp, 94.9%).
Protein A-HRPO excluded a higher number of positive samples with GII and GIV. IgG avidity showed that
protein A-HRPO, but not anti-IgG-HRPO, was able to distinguish nonvaccinated from vaccinated cattle,
showing a higher avidity index (AI) with GI than with GII, with 78% of serum samples in GII showing an AI
of <50%. Therefore, the iELISA using B. abortus S-LPS antigen and protein A-HRPO conjugate for preferential
detection of the IgG2 subclass was shown to be suitable for serological distinction between S19-vaccinated and
-infected cows. Also, antibodies generated after vaccination showed lower avidity, suggesting a role for the IgG2
subclass as an antibody of higher-affinity maturation after infection, constituting an additional tool for
differentiating vaccinated from infected cattle.

Brucellosis is a major zoonosis and has been considered an
emerging or reemerging disease worldwide (11). Pathogens
from the genus Brucella can infect a wide variety of mammals,
causing abortion and infertility in domestic herds as well as
debilitating illness in humans that may persist intermittently
for years (13, 21).

Diagnosis of brucellosis in cattle caused by Brucella abortus
is difficult to establish because of the variable time of incuba-
tion and the absence of clinical signs other than abortion (24).
Bacteriological isolation of the microorganism confirms the
diagnosis, and this result is taken as the gold standard against
which other tests have to be compared (31). However, as the
rate of isolation of B. abortus from blood or tissue cultures
generally presents low sensitivity and the results are not avail-
able immediately because this procedure may be time consum-
ing and processing a large number of samples is cumbersome,
the diagnosis is based mainly on serological methods (5, 9).
Accordingly, most conventional serological assays, such as the
rose bengal test (RBT), serum agglutination test (SAT), and
complement fixation test (CFT), use whole-cell preparations or
lipopolysaccharide (LPS)-enriched fractions, which are often

obtained from smooth (S) B. abortus strains, being rich in
S-LPS, which induces a strong antibody response (5, 27). The
classical serological techniques rely mainly on the detection of
antibodies to this antigen fraction (4).

Enzyme-linked immunosorbent assays (ELISAs) have been
evaluated for their diagnostic performance to detect serum anti-
bodies to B. abortus in cattle, and such techniques offer several
advantages over other tests, including that sera do not need to be
heat inactivated as for CFT or pretreated with 2-mercaptoethanol
(2ME) as for SAT/2ME; the reactivity is measured objectively,
reducing subjective errors; and they are particularly advantageous
in mass testing programs (24, 33, 34).

In many countries, control programs are based on different
protocols of B. abortus S19 vaccination to reduce prevalence,
followed by the diagnosis and elimination of reactors (1). S19
vaccine is antigenically similar to the virulent strain, and there-
fore, serodiagnosis by conventional tests does not permit pre-
cise differentiation of vaccinated from infected animals (10,
27). Consequently, other tests have been developed, including
the competitive ELISA (cELISA) and fluorescence polariza-
tion assay (FPA), which have eliminated most reactions due to
residual antibodies produced in response to S19 vaccination
(27, 31). However, the use of highly specific reagents as mono-
clonal antibodies in cELISA or costly equipment in FPA has
made these assays unfeasible for various laboratories through-
out the world (30).
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Immunoglobulin-binding proteins, such as protein A, pro-
tein G, or recombinant protein A/G labeled with horseradish
peroxidase (HRPO), have been used as valuable tools in the
ELISA for detection of anti-Brucella antibodies in various an-
imal species (29, 30). While protein G reacts with both bovine
IgG subclasses (IgG1 and IgG2), protein A reacts more spe-
cifically with the IgG2 subclass, whose levels increase with the
intensity of antigen exposure in Brucella infection (22, 32). On
the other hand, the avidity of specific IgG antibodies has been
used often to discriminate acute from chronic infections for
several diseases, such as toxoplasmosis (19) and neosporosis
(3), as well as for human brucellosis (12, 15, 20), showing that
antibodies with high avidity would be useful in excluding recent
infection. However, there is currently no information on IgG
avidity assays for bovine brucellosis, particularly with an em-
phasis on differentiating vaccinated from infected cattle.

The purpose of the present study was to evaluate the use of
protein A-peroxidase as conjugate in indirect ELISAs and IgG
avidity assays in order to establish a serological distinction
between B. abortus S19-vaccinated and -infected cows.

MATERIALS AND METHODS

Bovine serum samples. Serum samples of four groups of cattle were obtained
as follows: GI, nonvaccinated seropositive cows aged over 24 months and orig-
inated from areas where Brucella is endemic or an outbreak is occurring (n � 41);
GII, S19-vaccinated heifers between 3 and 8 months of age, originated from
areas where Brucella is endemic, with serum samples collected at 3 months
postvaccination (n � 79); GIII, S19-vaccinated cows between 3 and 8 months of
age, originated from areas where Brucella is endemic, with serum samples col-
lected after 24 months of age (n � 105); and GIV, nonvaccinated seronegative
cows aged over 24 months and originated from areas where Brucella is nonen-
demic (n � 278). Areas where Brucella is endemic are located in the state of
Minas Gerais, Brazil, while the areas where it is nonendemic or where an
outbreak is occurring are located in the Santa Catarina state of Brazil, where
brucellosis vaccination is not currently performed. The different groups were
established under real field conditions. Thus, serum samples of GI were kindly
provided by Laboratório Nacional Agropecuário (LANAGRO, Ministério da
Agricultura, Pecuária e Abastecimento, Pedro Leopoldo, State of Minas Gerais,
Brazil) and Companhia Integrada de Desenvolvimento Agrícola de Santa Cata-
rina (CIDASC, São José, State of Santa Catarina, Brazil), and serum samples of
GIV were provided by the latter only. Besides the epidemiological data, these
groups were also selected based on positive (GI) and negative (GIV) results of
classical diagnostic tests, such as the RBT and SAT/2ME. Serum samples from
GII and GIII were provided by Cooperativa Agropecuária Ltda. Uberlândia
(CALU, Uberlândia, State of Minas Gerais, Brazil). All serum samples were
stored at �20°C until they were tested.

Brucella antigen extraction. S-LPS from B. abortus S19 (Vallée S/A Produtos
Veterinários, Montes Claros, MG, Brazil) was extracted by the hot phenol-water
method (31). Briefly, 1 g of dry bacteria was treated with 30 ml 90% phenol and
30 ml distilled water at 66°C for 15 min with constant agitation. After centrifu-
gation at 10,000 � g for 10 min at 4°C, the phenol layer was collected, filtered to
remove cellular debris, and added to 80 ml cold methanol containing 1% meth-
anol saturated with sodium acetate. After incubation for 2 h at 4°C, the resulting
precipitate was recovered by centrifugation (10,000 � g for 10 min at 4°C) and
treated with 15 ml distilled water overnight at 4°C with stirring. After centrifu-
gation as described above, the supernatant was collected and stored at 4°C. The
pellet was again resuspended in distilled water, stirred overnight, and centri-
fuged, and the supernatants were pooled (crude S-LPS). Next, 5% trichloroacetic
acid was added to the crude S-LPS and incubated for 10 min at room temper-
ature. The pellet was removed by centrifugation, and the translucent supernatant
was dialyzed against distilled water (four changes) for 2 days at 4°C and subse-
quently freeze-dried. Stock solutions containing 1 mg/ml (wt/vol) were prepared
in water and stored at �20°C.

Classical agglutination tests. The RBT and SAT/2ME were performed as
described previously (23, 31). The RBT buffered antigen (pH 3.63) and the
SAT/2ME antigen were produced from B. abortus strain S1119-3 following stan-
dard procedures (6) and were kindly provided from the Instituto de Tecnologia
do Paraná (TECPAR), Brazil. An agglutination titer of �1:25 for the SAT/2ME

was considered a positive result for both vaccinated and nonvaccinated cows. For
the RBT, any degree of agglutination was considered positive (23, 31).

iELISA. An indirect ELISA (iELISA) was carried out to detect bovine IgG
antibodies to B. abortus S-LPS as previously described (31), with minor modifi-
cations. Optimization of the reaction was established in preliminary experiments
through block titration of the reagents, using positive (GI) and negative (GIV)
control sera. Microtiter plates were coated with B. abortus S-LPS (100 �g/ml) in
0.06 M carbonate buffer (pH 9.6) for 18 h at 4°C. After the plates were washed
four times in phosphate-buffered saline (PBS, pH 7.2) containing 0.05% Tween
20 (PBS-T), plates were blocked with 1% bovine serum albumin (BSA) in PBS-T
(PBS-T-BSA) for 30 min at 37°C. Serum samples were diluted 1:50 in PBS-T
containing 7.5 mM (each) EDTA and EGTA, added in duplicate, and incubated
for 1 h at 37°C. Positive- and negative-control sera were included in each plate.
Between each reaction step, the plates were washed four times with PBS-T to
remove excess reagents using an automatic microtiter plate washer. Subse-
quently, peroxidase-labeled anti-bovine IgG (whole molecule, A5295; Sigma
Chemical Co., St. Louis, MO) diluted 1:20,000 in PBS-T-BSA or protein A-per-
oxidase (Sigma Chemical Co.) diluted 1:2,000 in PBS-T-BSA was added and
incubated for 1 h at 37°C. The enzymatic activity was measured by adding the
substrate (0.03% H2O2 and 0.01 M 2,2�-azino-bis-3-ethyl-benzthiazoline sulfonic
acid [ABTS] in 0.1 M phosphate-citrate buffer, pH 5.0). The optical density (OD)
was read at 405 nm using a plate reader (Titertek Multiskan Plus; Flow Labo-
ratories, McLean, VA). Antibody titers were expressed as previously described
(29, 30) as the reactivity index (RI) relative to the mean OD of positive-control
sera, according to the following formula: RI � (mean OD sample/mean OD
positive control) � 100.

IgG avidity. IgG avidity assays were performed based on a previous study
working with serum antibodies from pig herds to Salmonella (35), with modifi-
cations. Microplates were coated and blocked as described for the iELISA.
Positive serum samples were diluted (1:50, 1:100, 1:250, 1:500, 1:1,000, and
1:2,000) and added in quadruplicate. After incubation for 1 h at 37°C, duplicate
wells were rinsed with 8 M urea in PBS-T, whereas the other duplicate wells were
rinsed for 10 min with PBS-T only. Next, the wells were washed three times in
PBS-T, and subsequent steps were performed as described above for the iELISA.
Results were expressed as the avidity index (AI) and calculated for each dilution
of the serum samples that had a positive result, according to the following
formula: AI � (RI samples with urea/RI samples without urea) � 100. The
average of the determinations of AIs obtained at different dilutions was calcu-
lated and expressed as the mean AI.

Statistical analysis. Statistical analyses were performed using GraphPad Prism
version 4.0 (GraphPad Software Inc., San Diego, CA). To determine the thresh-
old RI value that could be considered a positive result in iELISAs, a two-graph
receiver operating characteristic (TG-ROC) analysis was done (14). Sensitivity
and specificity values with 95% confidence intervals (CI), as well as positive and
negative likelihood ratios (LR� and LR�, respectively), were also calculated
(25). A comparison between antibody levels (RI) obtained by peroxidase-labeled
protein A and anti-bovine IgG conjugates within each group was carried out by
the Mann-Whitney test. Differences between percentages of positive serum sam-
ples obtained with the two conjugates were analyzed by the chi-square test.
Differences between the avidity indexes of seropositive groups were analyzed by
the Student t test. Values of P of �0.05 were considered statistically significant.

RESULTS

iELISAs using peroxidase-labeled anti-bovine IgG or pro-
tein A conjugates. Levels of IgG antibodies to the B. abortus
S-LPS-enriched fraction were determined by iELISAs using
anti-bovine IgG or protein A labeled with HRPO as detection
conjugates in four groups of bovine serum samples. As shown
in Fig. 1, RI values obtained when using anti-bovine IgG-
HRPO were significantly higher than those obtained using
protein A-HRPO with the GII, GIII, and GIV groups (P �
0.0001), but no significant difference was found with the GI
group for both conjugates.

TG-ROC analysis. The threshold RI value for presumed
positive and negative serum samples in iELISAs was selected
by calculating the relative sensitivity (Se) and specificity (Sp)
for each RI value using TG-ROC analysis, in which the inter-
section point of the two curves (Se and Sp) indicates the RI
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value at which equivalent maximum Se and Sp values can be
achieved. Thus, TG-ROC curves were constructed in order to
discriminate GI positive cows from GII vaccinated heifers (Fig.
2A and D), from GIII vaccinated cows (Fig. 2B and E), or from
GIV seronegative animals (Fig. 2C and F) in iELISAs using
anti-bovine IgG-HRPO or protein A-HRPO conjugates.

The cutoff values for RI that had the maximum combined Se
and Sp, as well as likelihood ratios (LR� and LR�) calculated
for each condition, are demonstrated in Table 1. It was ob-
served that iELISAs using either anti-bovine IgG-HRPO or
protein A-HRPO showed the highest Se (97.6%) and Sp
(97.1%) in discriminating GI from GIII animals, resulting in
the highest LR� (33.7) and lowest LR� (0.025) values. In
contrast, when analyzing groups GI and GIV, it was found that
the iELISA using protein A-HRPO showed higher Se (97.6%)
and Sp (94.6%) values and noticeably higher LR� (18.1) and
lower LR� (0.025) values than the iELISA using anti-bovine
IgG-HRPO. In addition, when groups GI and GII were ana-
lyzed, a higher Sp (94.9%) was obtained with protein A-HRPO
than with anti-bovine IgG-HRPO (82.3%) conjugate, resulting
in a significantly higher LR� (15.8 versus 4.7).

Analysis of positive samples related to different cutoff val-
ues. The percentages of positive bovine serum samples ob-
tained by iELISAs using the anti-bovine IgG-HRPO or protein
A-HRPO conjugates were calculated according to different
cutoff values previously established (Fig. 3). The percentage of
positive serum samples in both the GII and GIV groups ob-
tained when using anti-bovine IgG-HRPO was significantly

higher than that with protein A-HRPO for the three cutoff
conditions analyzed (P � 0.05) (Fig. 3). On the other hand, no
significant difference was found between both conjugates for
GI and GIII cows, with high rates of positive samples in GI
(�80%) and low positive rates in GIII (�3%) under all con-
ditions tested. These results showed that iELISAs for detection
of IgG to B. abortus S-LPS were able to discriminate nonvac-
cinated seropositive cows from vaccinated or seronegative an-
imals using either anti-bovine IgG or protein A as detection
reagents, although the protein A-HRPO conjugate showed
better performance in identifying as negative GIV animals
(92.8% to 99.6%) and GII vaccinated heifers (74.7% to
94.9%).

IgG avidity. The avidity analysis of IgG anti-B. abortus S-
LPS was performed by an iELISA with seropositive samples of
GI and GII only, using the anti-bovine IgG-HRPO (cutoff,
RI � 49) or protein A-HRPO (cutoff, RI � 22) detection
conjugates. As shown in Fig. 4, the avidity index (mean AI,
45.5%) obtained with protein A-HRPO was significantly lower
than that for anti-bovine IgG-HRPO (mean AI, 72.0%) (P �
0.0004) in the GII group, whereas a slight but significant dif-
ference was observed with the GI group (mean AI, 73.1 versus
64.4; P � 0.0423). When comparing the groups for the same
conjugate, there was a significant difference in the AI only for
protein A-HRPO, with a higher AI for the GI (mean AI,
64.4%) group than for the GII (mean AI, 45.4%) group (P �
0.0087). When avidity ranges were analyzed, GII heifers
showed a predominance of samples (77.8%) with low avidity
(AI � 50%) when protein A-HRPO was used, while the ma-
jority of samples (93.7%) with high avidity (AI � 50%) was
found when using the anti-bovine IgG-HRPO conjugate (P �
0.05) (Table 2).

DISCUSSION

Bovine brucellosis has been controlled by programs that are
based on B. abortus S19 vaccination using different schemes
followed by serological diagnosis and elimination of seroposi-
tive animals (1). Thus, diagnostic procedures for brucellosis
are required to differentiate antibody responses after vaccina-
tion from natural infection, and they should be specific, sensi-
tive, and able to detect all stages of infection. Currently, no
such test exists (24).

ELISAs have been evaluated as alternative techniques for
this purpose, but the attempt to standardize primary binding
assays has generally not been successful due to the wide variety
of protocols used by individual laboratories and additional
troubles in standardizing reagents, such as the anti-immuno-
globulin conjugates required by the ELISA and the polyclonal
anti-mouse antibodies required by the cELISA as detection
reagents (28). In this context, ELISAs using affinity conjugates
as protein A or G labeled with peroxidase have been shown to
be useful in allowing a serological distinction of different IgG
antibody isotypes, which can be important in characterizing the
profile of Brucella infection (22, 32).

In the present study, we compared iELISAs using peroxi-
dase-labeled anti-bovine IgG or protein A as conjugates for
detection of the levels of IgG antibodies, as well as their avidity
to B. abortus S-LPS in different groups of bovine serum sam-
ples. Initially, we observed that the levels of IgG to B. abortus

FIG. 1. Levels of IgG antibodies to Brucella abortus S-LPS-en-
riched fraction determined by iELISA, expressed as the reactivity
index (RI), using anti-bovine IgG-HRPO or protein A-HRPO as con-
jugates among the different groups of bovine serum samples. GI, pos-
itive (nonvaccinated seropositive cows originated from areas where
Brucella is endemic or where an outbreak is occurring, n � 40); GII,
recently vaccinated (S19-vaccinated heifers between 3 and 8 months of
age, originated from areas where Brucella is endemic, and serum sam-
ples were collected at 3 months postvaccination, n � 79); GIII, tardily
vaccinated (S19-vaccinated cows between 3 and 8 months of age,
originated from areas where Brucella is endemic, and serum samples
were collected after 24 months of age, n � 105); GIV, negative (non-
vaccinated seronegative cows originated from areas where Brucella is
nonendemic, n � 278). The horizontal bars represent mean RI values.
***, P � 0.0001, Mann-Whitney test.
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S-LPS that were detected with both the GII and GIII vacci-
nated groups when using anti-bovine IgG-HRPO were higher
than those with protein A-HRPO. On the other hand, the
levels of IgG to B. abortus S-LPS that were found in the
positive group (GI) for both conjugates were similar. Also,
when using anti-bovine IgG-HRPO conjugate, a high index of
reactivity was found for the GIV group. These results indicate
that protein A-HRPO conjugate was able to establish a better
serological distinction between vaccinated and nonvaccinated
groups, as well as to improve the characterization of the sero-
negative animals.

We determined by TG-ROC analysis the threshold of RI
values that had the maximum combined Se and Sp in order to

discriminate seropositive nonvaccinated cows from vaccinated
heifers (GI from GII) or from vaccinated cows (GI from GIII)
or from seronegative animals (GI from GIV) in iELISAs using
the two conjugates. It was observed that both iELISAs showed
high performance in the discrimination of GI positive from
GIII vaccinated cows, as demonstrated by the high values of Se
(97.6%) and Sp (97.1%) and by significantly high LR� and low
LR� values, as a result of the high likelihood of infection for
a positive sample and low likelihood of infection for a negative
one. In contrast, the iELISA using protein A-HRPO showed
better performance in distinguishing GI positive from GIV
negative animals (RI � 22), with high Se (97.6%) and Sp
(94.6%) and significant LR� and LR� values compared to

FIG. 2. TG-ROC analysis of iELISA results for detection of IgG antibodies to Brucella abortus S-LPS-enriched fraction using anti-bovine
IgG-HRPO or protein A-HRPO as conjugates. Sensitivity (Se) and specificity (Sp) of iELISAs were determined for each RI value in order to
discriminate positive serum samples from recently vaccinated serum samples (GI � GII) (A and D), from tardily vaccinated serum samples (GI �
GIII) (B and E), or from negative serum samples (GI � GIV) (C and F). The intersection point of the curves (Se and Sp) indicates the RI value
at which equivalent maximum sensitivity and specificity can be achieved.
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those for the anti-bovine IgG-HRPO conjugate (RI � 49). In
addition, in the attempt to discriminate seropositive nonvacci-
nated cows from vaccinated heifers (GI from GII), the Sp
(94.9%) obtained with protein A-HRPO was higher than that
with anti-bovine IgG-HRPO (82.3%), although both conju-
gates showed similarly low Se (80 to 83%) values. These data
resulted in LR� values for protein A-HRPO higher than those
for anti-bovine IgG-HRPO, indicating that the likelihood of
infection is high for a positive result obtained with protein
A-HRPO, reflecting better discrimination between positive
nonvaccinated cows and vaccinated heifers.

When analyzing the percentages of positive bovine serum
samples obtained for all groups with both conjugates according
to different cutoff (RI) values previously established for all
conditions tested, the use of protein A-HRPO enabled the
detection of a percentage of positive samples in vaccinated
heifers (GII) and seronegative animals (GIV) lower than that
for the anti-bovine IgG-HRPO conjugate, reinforcing its effi-
ciency in excluding antibodies generated after vaccination and
distinguishing these groups serologically. In seropositive non-
vaccinated (GI) and vaccinated (GIII) cows, however, both
conjugates had similar performances. In addition, it is possible
that the residual percentages of the positivity rates found with
animals from GIV may be due to cross-reactivity, due mainly
to the fact that the antigen preparation used in the present
work was constituted by B. abortus S-LPS. It was already dem-
onstrated in the literature that a number of bacteria induce
antibody responses that cause false-positive reactions in tests
for brucellosis, mostly when using B. abortus S-LPS (28–30,
32). As the serum samples of group IV came from animals with
epidemiological characteristics well defined, i.e., unvaccinated
animals from a brucellosis-free region, the possibility of infec-
tion or residual vaccination interference in the results obtained
in the present work is low. Several studies have demonstrated
the high sensitivity of the iELISA for B. abortus S-LPS using
anti-immunoglobulin enzyme conjugates, but a low ability to
discriminate S19-vaccinated animals (2, 27, 31, 33). There is a
single study in the literature using radiolabeled protein A for
detection of bovine antibody to B. abortus and more specifi-
cally for detection of bovine IgG2 subclass antibody to enhance
assay specificity (22). In this context, in our study, the use of
peroxidase-labeled protein A as a better alternative to radio-
labeled protein A enabled the detection predominantly of the

IgG2 isotype in seropositive nonvaccinated cows (GI), corre-
lating this IgG isotype profile with an increased level of antigen
exposure that is commonly seen with Brucella infection (22,
32). In addition, it is worthy to note that serum samples from
GII vaccinated heifers were obtained 90 days after vaccination,
whereas antibodies generated after vaccination have achieved
the peak of production. Thus, the low detection of the IgG2
isotype in this vaccinated group and the subsequent definition
of these GII serum samples as negative reinforce the ability of
this affinity conjugate to discriminate nonvaccinated from vac-
cinated cattle. Therefore, the measurement of B. abortus-spe-
cific IgG2 antibody levels may be a valuable tool in identifying
Brucella-infected cattle. On the other hand, it should be em-
phasized that vaccinated animals may undergo subsequent ex-
posure to virulent Brucella strains when they are living in areas
where Brucella is endemic, thus making it difficult to analyze
the boosting effects of exposure upon vaccinal responses, and
these issues may be unavoidable in field studies. In our study,
however, we found a relatively low proportion of residual an-
tibodies, likely the IgG2 isotype, detected by protein A-HRPO
in both the GII and GIII vaccinated groups, suggesting a low
probability that exposure to virulent Brucella strains has a
boosting effect upon vaccinal responses. Recently, the use of a
universal detection reagent, the chimeric protein A-protein G
immunoglobulin receptors (PAG) labeled with peroxidase, has
been standardized in the iELISA using S-LPS for the assess-
ment of antibodies against Brucella spp. in serum samples from
various species of domestic animals, including cattle, sheep,
goats, and pigs (30). Although the PAG conjugate is available
from several commercial sources and despite its added advan-
tage over the anti-immunoglobulin conjugate, in addition to
the fact that S-LPS can also be standardized, iELISAs using
this universal reagent were able to exclude partially antibodies
in vaccinated cattle, since vaccinate specificity was around 50%
(29). The use of monoclonal antibodies that do not react with
PAG has been standardized in a second generation of the
cELISA for detection of bovine antibody to B. abortus, thus
eliminating reagent variables as the requirement for polyclonal
anti-mouse enzyme conjugate for detection. In this new
cELISA, a slightly lower exclusion of S19-vaccinated animals
was found, with vaccinate specificity of 53.8% (28, 29). In our
study using the iELISA with protein A-HRPO, we found a
high rate of exclusion of antibodies generated after vaccina-

TABLE 1. Threshold values (cutoff) relative to iELISA for IgG antibodies to Brucella abortus in bovine serum samples from different groups

iELISA Groupsa Cutoff (RI)d Sensitivity (95% CI) Specificity (95% CI) LR�e LR�e

Anti-IgG-HRPOb GI � GII 56 82.9 (71.4–94.4) 82.3 (73.9–90.7) 4.7 0.274
GI � GIII 40 97.6 (92.8–102.3) 97.1 (93.9–100.3) 33.7 0.025
GI � GIV 49 87.8 (77.8–97.8) 89.2 (85.6–92.9) 8.1 0.137

Protein A-HRPOc GI � GII 38 80.5 (68.4–92.6) 94.9 (90.1–99.8) 15.8 0.205
GI � GIII 20 97.6 (92.8–102.3) 97.1 (94.0–100.3) 33.7 0.025
GI � GIV 22 97.6 (92.8–102.3) 94.6 (91.9–97.3) 18.1 0.025

a GI, nonvaccinated seropositive cows originated from areas where Brucella is endemic or an outbreak is occurring (n � 41); GII, S19-vaccinated heifers between
3 and 8 months of age, originated from areas where Brucella is endemic, and serum samples were analyzed at 3 months postvaccination (n � 79); GIII, S19-vaccinated
cows between 3 and 8 months of age, originated from areas where Brucella is endemic, and serum samples were analyzed after 24 months of age (n � 105); GIV,
nonvaccinated seronegative cows originated from areas where Brucella is nonendemic (n � 278).

b iELISA using anti-bovine IgG labeled with peroxidase (HRPO) as conjugate.
c iELISA using protein A-HRPO as conjugate.
d Reactivity index (RI) � (mean OD sample/mean OD positive control) � 100.
e LR�, positive likelihood ratio; LR�, negative likelihood ratio. The figures in bold indicate significant LR values.
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tion, ranging from 75% to 95% for vaccinated heifers, with
serum samples collected and analyzed at the peak of antibody
response (GII group), during which serum samples gave pos-
itive results in conventional serological tests (data not shown).
An additional advantage of this iELISA using protein
A-HRPO is the possibility of distinguishing IgG subclasses,
which is different from using the PAG conjugate, which binds
to both the bovine IgG1 and IgG2 subclasses, in addition to the
fact that the format of the iELISA eliminates the use of the
monoclonal antibody specific for a common epitope of S-LPS
derived from B. abortus required by the cELISA, which may
not be available for most laboratories.

IgG avidity assays have been developed for several patho-
gens for which it is important to discriminate between recently
acquired infection and those obtained in the more distant past
(7, 8, 26). It has been proposed that in persistently infected
animals antibodies will develop increased affinity to specific
antigens of the pathogen over time (16). However, little is
known about the affinity maturation developed in cattle, par-
ticularly to differentiate vaccinated from infected animals. In
the present study, we investigated the value of the B. abortus-
specific IgG avidity assay to discriminate seropositive nonvacci-
nated from vaccinated cattle in iELISAs using either anti-bovine
IgG-HRPO or protein A-HRPO as detection conjugates. The use
of protein A-HRPO, but not of the anti-immunoglobulin conju-

FIG. 3. Percentage of positive bovine serum samples obtained by
the iELISA for detection of IgG antibodies to Brucella abortus S-LPS-
enriched fraction using anti-bovine IgG-HRPO or protein A-HRPO as
conjugates, according to different cutoff values established in order to
discriminate positive serum samples from recently vaccinated serum
samples (GI � GII) (A), from tardily vaccinated serum samples (GI �
GIII) (B), or from negative serum samples (GI � GIV) (C). Bars
represent mean percentage. *, P � 0.05; **, P � 0.01; ***, P � 0.001
(	2 test).

FIG. 4. Mean avidity index (%) obtained by iELISAs for determi-
nation of IgG avidity to Brucella abortus S-LPS-enriched fraction using
anti-bovine IgG-HRPO or protein A-HRPO as conjugates in positive
serum samples from GI (positive) and GII (recently vaccinated)
groups. Serum samples were considered positive for cutoff values es-
tablished at an RI of �49 (anti-bovine IgG-HRPO) and an RI of �22
(protein A-HRPO). Data are represented as mean 
 standard error of
mean. *, P � 0.05; **, P � 0.01; ***, P � 0.001 (Student t test).
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gate, was able to distinguish the two groups as determined by a
higher mean AI in seropositive nonvaccinated cows and a lower
mean AI in vaccinated heifers, with a predominance of serum
samples with high IgG avidity in the former group and low IgG
avidity in the latter one. Although there are no data in the liter-
ature on IgG avidity assays with bovine brucellosis, our results
reinforce the hypothesis that lower-affinity antibodies may be
present in Brucella-vaccinated cattle (30). However, our study is
the first that has used avidity assays for characterizing B. abortus-
specific IgG avidity in bovine serum samples, suggesting a role for
the IgG2 subclass as an antibody of higher-affinity maturation
after infection. It is worthy to note that animals from the GI group
are almost exclusively chronically infected ones, considering their
serological profiles determined by SAT/2-ME. These results are
in agreement with the high avidity of specific IgG antibodies
found in this group. In humans with a history of Malta fever,
however, elevated IgG avidity would be indicative of immune
memory, not current infection, whereas patients with antibody
titers at the diagnostic borderline and low avidity would be indic-
ative of primary infections (12). Thus, in human brucellosis, IgG
antibodies with high avidity indices would be useful in excluding
recent infection (20). It is noteworthy to mention, though, that
there is no current vaccination for human brucellosis. Previous
studies have demonstrated that lipopolysaccharides (LPS) from
Salmonella enterica serovar Dublin stimulate predominantly a T-
helper type 1 immune response, which enhances bovine IgG2
production, and that the mean peak ratio of IgG2/IgG1 in in-
fected cattle was significantly greater than in those vaccinated
(18). Interestingly, serum samples from vaccinated animals also
gave low IgG2 titers to heterologous Salmonella LPS (17). On the
basis of our results of B. abortus-specific IgG avidity assays using
different conjugates, we can suggest that specific IgG1 and IgG2
antibodies have different affinity profiles and that the IgG2/IgG1
ratio is significantly greater in infections than in vaccinations.
Thus, avidity assays may be used as additional tools to improve
the serological distinction between infected and vaccinated cattle.
In addition, the use of isotype-specific secondary antibodies in
future studies with an emphasis on the kinetics of specific anti-
body avidity could be useful in more accurately defining isotype
profiles in vaccinated-alone, infected-alone, and vaccinated/in-

fected animals in controlled experimental trials. Altogether, the
iELISA using B. abortus S-LPS as an antigen and protein A-
HRPO as a detection conjugate was shown to be a potentially
useful tool for better differentiating S19 antibody responses gen-
erated after vaccination and B. abortus infection due to a prefer-
ential detection of the IgG2 isotype, a valuable marker of Brucella
infection. Also, the B. abortus-specific IgG avidity iELISA using
protein A-HRPO demonstrated that antibodies generated after
vaccination showed lower avidity, representing an additional tech-
nique to establish a serological distinction between vaccinated
and infected cattle. This is particularly important in low-preva-
lence areas where S19 vaccination is traditionally used in heifers
or in high-prevalence regions where adult cows are being revac-
cinated with reduced doses of S19 as part of eradication programs
for bovine brucellosis. Therefore, the development of easy, inex-
pensive, and available protocols for serological diagnosis of bru-
cellosis can allow more efficient and cost-effective detection, con-
trol, and elimination of infected reactors from livestock.
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12. de los Ángeles Mantecón, M., M. P. Gutiérrez, M. del Pilar Zarzosa, L.

Fernández-Lago, J. de Dios Colmenero, N. Vizcaíno, M. A. Bratos, A. Al-
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