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The humoral immune responses against three different antigens of Brucella abortus were monitored by
enzyme-linked immunosorbent assay in cattle vaccinated with B. abortus S19 or experimentally infected with
Yersinia enterocolitica serotype 0:9. Immunoglobulin G (IgG) and IgM responses against (i) B. abortus lipo-
polysaccharide (LPS), (ii) total cytoplasmic proteins depleted of LPS (LPS-free CYT), and (iii) B. abortus
18-kDa cytoplasmic protein were measured. Vaccinated animals and Yersinia-infected animals developed high
anti-LPS IgM and IgG titers, which overlapped with those obtained with sera from B. abortus 544-infected
animals used as positive controls. In contrast, only a slight or negative IgG and IgM response against LPS-free
CYT and the 18-kDa protein was detected in vaccinated or Yersinia-infected cattle, although its levels were
always significantly lower than those of B. abortus 544-infected animals. These data indicate that cytoplasmic
proteins of B. abortus could be useful for the differential diagnosis of bovine brucellosis.

One of the most difficult tasks in the serological diagnosis of
bovine brucellosis has been the discrimination of infected from
vaccinated animals (2, 21). Conventional serologic methods,
such as agglutination or complement fixation tests, principally
measure antibodies to smooth lipopolysaccharide (LPS). Since
animals vaccinated with Brucella abortus S19 and animals nat-
urally infected with field strains develop similar anti-LPS re-
sponses, it is difficult to establish their status by means of
conventional tests (22).
Agglutination in the presence of 2-mercaptoethanol (1) or a

radial immunodiffusion test using the poly B antigen of Bru-
cella melitensis has been proposed as a means to solve this
problem (7, 14).
A competitive enzyme-linked immunosorbent assay (ELISA)

using an anti-LPS monoclonal antibody improved the sensitiv-
ity of the diagnosis but failed to differentiate vaccinated from
infected animals (27). Although a B. abortus-soluble fraction
was also used as a solid-phase antigen in ELISA tests (11, 24),
it contained LPS, which may lead to the undesired reactivities
mentioned above. However, a competitive ELISA with Bru-
cella O polysaccharide as the antigen and monoclonal antibod-
ies showed promising results (22, 23).
In addition, it is very difficult to differentiate cattle naturally

infected with smooth strains of Brucella from those infected
with Yersinia enterocolitica serotype 0:9 by means of techniques
based on the detection of anti-LPS antibodies (5, 6, 13, 19).
Various strategies to avoid this cross-reactivity have been pro-
posed (6, 20). These tests, however, have not been satisfactory
in terms of specificity and/or sensitivity (19).

The usefulness of antigens other than LPS for the differen-
tial diagnosis of bovine brucellosis has been poorly investigat-
ed. We have recently shown that the measurement of immu-
noglobulin G (IgG) reactivity against an extract of cytoplasmic
proteins of Brucella or against an 18-kDa cytoplasmic protein
made possible the specific diagnosis of active human brucello-
sis (8, 10). We also showed preliminary results suggesting the
potential usefulness of determining anti-18-kDa-protein anti-
bodies for differentiating infected from vaccinated cattle. More
recently, Hemmen et al. (12), working with the same protein
(cloned in Escherichia coli), obtained similar results for cattle.
In the present study, the humoral immune responses to total

cytoplasmic proteins of Brucella and to the 18-kDa protein
have been measured during the course of infection in Y. en-
terocolitica 0:9-infected and B. abortus S19-vaccinated cattle
and compared with those obtained against LPS.
To this end, three ELISA systems were used. Serum reac-

tivity against LPS and LPS-associated proteins was determined
by capture ELISA with the anti-LPS monoclonal antibody
BC68 as described previously (10), with minor modifications.
Purified BC68 was adsorbed onto Maxisorp polystyrene plates
(Nunc, Roskilde, Denmark). Plates were blocked with a solu-
tion (200 ml per well) of phosphate-buffered saline (PBS) con-
taining 0.3% gelatin (Merck, Darmstadt, Germany) and 1.2%
chicken egg albumin (Sigma, St. Louis, Mo.). After a wash, the
cytoplasmic fraction (5 mg of LPS per well) of Brucella (CYT)
diluted in PTG (PBS containing 0.05% Tween 20, 30 mM
disodium EDTA, 0.1% gelatin, and 0.4% chicken egg albumin)
was added. After a wash, bovine sera diluted 1:200 in PTG
were dispensed. Specific antibodies were detected with an anti-
bovine IgG monoclonal horseradish peroxidase conjugate
(Zymed, South San Francisco, Calif.) or an anti-bovine IgM
polyclonal horseradish peroxidase conjugate (The Binding Site,
Birmingham, United Kingdom). The reaction was developed
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by adding ortho-phenylenediamine (2 mg/ml, in 0.1 M citrate-
phosphate buffer containing 0.03% H2O2).
Serum reactivity against Brucella cytoplasmic proteins was

assayed by indirect ELISA by using LPS-free CYT as described
previously (9, 10). The plates were sensitized with 0.5 mg of
LPS-free CYT per well diluted in PBS. Washing, blocking,
testing of sera, addition of the conjugates, and development of
the reaction were performed as described above.
Serum reactivity against an 18-kDa cytoplasmic protein of

Brucella was determined by capture ELISA with monoclonal
antibody BI24, as described previously (8). Purified BI24 was
adsorbed at 1 mg per well in PBS onto Maxisorp polystyrene
plates, and then 2 mg of the LPS-free CYT antigen per well
diluted in PTG was added. Washing, blocking, testing of sera,
addition of the conjugates, and development of the reaction
were performed as described above.
In all cases, the specific optical density (OD) of each serum

sample was calculated as the difference between the ODs ob-
tained with and without an antigen.
To establish the cutoff value of the assays, 30 serum samples

from Brucella-free healthy controls from New Zealand and
Argentina were assayed at a 1:200 dilution under the same
conditions used for sera from infected animals. All these sera
were negative in standard tube agglutination, complement fix-
ation, and Rose Bengal plate tests. The cutoff value of each
ELISA system was calculated as the mean specific OD plus 3
standard deviations.
A pool of sera from Brucella-infected animals was included

in all the ELISAs performed. The OD rendered by this pool
was used as a reference OD to standardize the results obtained
in separate assays.
Antibody response in B. abortus S19-vaccinated animals. Six

calves (4 to 8 months old) were subcutaneously inoculated with
a commercial B. abortus S19 vaccine controlled and certified by
the Argentine Animal Health Service (SENASA). These ani-
mals were born and maintained in a controlled area, free from
brucellosis, tuberculosis, foot-and-mouth disease, and other
common diseases. Blood samples were obtained monthly after
vaccination.
As shown in Fig. 1A, anti-LPS IgG levels were markedly

increased in all the animals at day 30 postvaccination and then
began to decrease. At day 150, however, three of the six ani-
mals still had anti-LPS IgG levels higher than the cutoff. Con-
versely, the IgG response against the LPS-free CYT extract
(Fig. 1B) showed only a slight increase between days 30 and 60
postvaccination and reached normal levels at day 90 in all the
animals. Results similar to those obtained with the LPS-free
CYT extract were obtained when the IgG response against the
18-kDa protein was measured (not shown).
Anti-LPS IgM antibodies were increased at different levels

at day 30 in all the vaccinated animals and then began to
decrease, reaching normal levels at day 150 postvaccination
(not shown). Conversely, the levels of IgM against the LPS-
free CYT extract or the 18-kDa protein showed small varia-
tions in all the animals and remained below the cutoff of the
assay throughout the follow-up period (data not shown).
Antibody response in Y. enterocolitica 0:9-infected animals.

The cross-reactivity against different antigens of Brucella was
investigated in two 5-month-old heifers orally infected, as de-
scribed previously (16), with 109 live Y. enterocolitica 0:9 cells.
As shown in Fig. 2A, anti-LPS IgG levels were markedly

increased in both animals in the second week after infection
and then began to decline, reaching normal levels at week 11.
In one animal, IgG antibodies against the LPS-free CYT ex-
tract showed minor variations during the follow-up period but
always remained below the cutoff. The other heifer showed a

slight increase in antiprotein IgG from week 2 to 7. In this case,
however, a value above the cutoff was observed only at week 3
postinfection. In contrast, anti-18-kDa-protein IgG antibodies
always remained below the cutoff in both animals.
Anti-LPS IgM antibodies (Fig. 2B) showed a marked in-

crease at week 2 postinfection, but they reached negativity
earlier than anti-LPS IgG antibodies (week 4). On the other
hand, IgM antibodies against LPS-free CYT or the 18-kDa
protein did not show any significant variation during the study
and always remained below the cutoff.
Comparison of the antibody levels observed in different

groups of animals. Samples of 20 heifers experimentally in-
fected with B. abortus 544 (25) were included as positive con-
trols in ELISA tests. All these sera showed high titers (.1/80)
in the standard tube agglutination test and also high titers
(.4/64) in the complement fixation test. The anti-LPS, anti-
18-kDa-protein, and anti-LPS-free CYT IgG responses of
these sera were compared with those of Yersinia-infected and
B. abortus S19-vaccinated animals (Fig. 3).
As shown in Fig. 3A, both B. abortus 544- and Y. enteroco-

litica 0:9-infected animals showed high levels of IgG anti-LPS
antibodies. In fact, the reactivity of Yersinia-infected animals
cannot be distinguished from that of some of the heifers in-
fected with B. abortus 544. Anti-LPS IgG levels measured in
samples obtained at 30 and 60 days after vaccination with
B. abortus S19 were also indistinguishable from those of Bru-
cella- or Yersinia-infected animals.
Conversely, a clear difference in anti-LPS-free CYT IgG

FIG. 1. Evolution of IgG antibodies against Brucella antigens in cattle after
vaccination with B. abortus S19. (A) Anti-LPS antibodies as determined by
capture ELISA with monoclonal antibody BC68; (B) antibodies to the LPS-free
CYT fraction as determined by indirect ELISA. ª, cutoff of the assay.
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levels between Brucella-infected animals and all the other
groups is observed (Fig. 3B). While the majority of the Bru-
cella-infected animals developed high levels of IgG against
LPS-free CYT, Yersinia-infected animals showed negative val-
ues, even at the time of the peak of the anti-LPS response (Fig.
2). As mentioned above, at day 30 after vaccination, vaccinated
heifers showed a slight response which is clearly lower than
that of Brucella-infected animals. Similar results were obtained
when anti-18-kDa-protein IgG levels were compared (not
shown).
In the present study we have found that anti-LPS IgG anti-

bodies, as measured by ELISA, showed maximal titers 4 weeks
after vaccination with S19, in accordance with results reported
by Nielsen et al. (22). A wide range of reactivities was observed
in vaccinated and experimentally infected cattle, which is in
agreement with previous reports (22, 24). Anti-LPS IgG levels
observed in the vaccinated group overlapped with those of
cattle experimentally infected with either B. abortus 544 or Y.
enterocolitica 0:9.
Although it has been reported that anti-LPS IgM persists at

high levels in sera from vaccinated cattle for long periods after
vaccination (1, 17), we found that this response had dropped to
normal values at day 150 postvaccination. At that time, in
contrast, anti-LPS IgG persisted at positive levels in half of the
vaccinated healthy animals.
These results confirm previous reports (6, 13, 22) showing

that when B. abortus infection is diagnosed by measuring anti-
LPS antibodies, at least two interfering groups exist: animals

recently vaccinated with B. abortus S19 and those infected with
Y. enterocolitica 0:9.
Several authors have proposed the use of antigenic compo-

nents different from LPS as a means to improve the diagnosis
of bovine brucellosis (4, 8, 12). As far as we know, however,
only two studies (3, 26) have been performed to measure the
humoral immune response of vaccinated cattle against cyto-
plasmic proteins of Brucella. In those studies, no antibody
response to recombinant B. abortus S19 CuZn superoxide dis-
mutase was detected in either S19-vaccinated or S2308-in-
fected animals, indicating that this protein is not a suitable
antigen for differentiating vaccinated from infected cattle. Li-
met et al. (18) suggested that antigens not present in S19
should be used to differentiate vaccinated from infected ani-
mals. Another possibility, however, is that because of transient
exposure to Brucella antigens in S19-vaccinated cattle, poor-
ly immunogenic components fail to significantly impact the
immune system. We have previously shown that the 18-kDa
cytoplasmic protein is present in all Brucella species, includ-
ing S19. As shown here, although vaccinated animals devel-
oped a slight IgG response against cytoplasmic proteins of
Brucella, their levels were much lower than those found in
infected animals. The marked difference in antiprotein IgG
levels between vaccinated and infected cattle is probably ex-
plained by differences in the duration of the exposure to Bru-

FIG. 2. Evolution of IgG (A) and IgM (B) antibodies against Brucella anti-
gens in two heifers orally infected with Y. enterocolitica 0:9. Antibodies were
assayed by ELISA (see legend to Fig. 1). —p—, anti-18-kDa protein; —ê—,
anti-LPS-free CYT; —C—, anti-LPS; ---p---, anti-18-kDa-protein cutoff; ---ê---,
anti-LPS-free CYT cutoff; ---C---, anti-LPS cutoff.

FIG. 3. Comparative analysis of levels of IgG against Brucella antigens in
serum from cattle experimentally infected with B. abortus 544 (B.I.) or with Y.
enterocolitica 0:9 (Y.I.), cattle vaccinated with B. abortus S19, and normal con-
trols (N.C.). Time after vaccination is indicated in days. Antibodies against LPS
(A) and the LPS-free CYT fraction (B) were assayed by ELISA (see legend to
Fig. 1).
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cella antigens. In the case of infection with virulent strains, the
exposure to Brucella antigens persists for longer periods, pro-
ducing a stronger antibody response. This fact indicates the
potential usefulness of protein antigens for diagnosing active
brucellosis.
The present results confirm our preliminary findings (8),

since vaccinated animals developed a transient anti-18-kDa-
protein response that was much lower than that of infected
animals. These results partially agree with those of Hemmen
et al. (12), who could not find, by competitive ELISA, any
anti-18-kDa-protein response in S19-vaccinated cattle as late
as 88 days postvaccination. In the present study, however, a
slight IgG response against the 18-kDa protein could be de-
tected by capture ELISA. This quantitative difference in the
detection of anti-18-kDa-protein antibodies could be explained
by the higher sensitivity usually obtained with the capture
ELISA.
This could also explain the higher rate (95%) of serum

samples positive for anti-18-kDa-protein antibodies found
here in Brucella-infected cattle compared with that found by
Kittelberger et al. (15) by using immunoblotting techniques
(61.5%). Similar differences in sensitivity between these tech-
niques were observed by Hemmen et al. (12) in working with
the same protein.
Our results agree with those of Hurvell (13), who showed

that the antibodies cross-reacting between Y. enterocolitica 0:9
and smooth Brucella strains were present both in the IgM and
the IgG fractions of sera.
The slight IgG response against the LPS-free CYT extract

observed in one of the Yersinia-infected heifers could be at-
tributed to the 50- to 80-kDa cross-reacting antigen previously
described by Kittelberger et al. (15).
In contrast, no response against the 18-kDa protein could be

detected in Yersinia-infected animals, which is in agreement
with results reported by Hemmen et al. (12). These results also
agree with our previous finding showing that the 18-kDa pro-
tein is not detectable by immunoblotting in Y. enterocolitica 0:9
total extracts (8).
As far as we know, this is the first follow-up of the humoral

immune response of vaccinated cattle to cytoplasmic proteins
of Brucella. As shown here, this antiprotein response, as mea-
sured by ELISA, could be useful for differentiating vaccinated
from infected animals as early as 90 days postinfection. In
contrast, the ELISA detecting anti-LPS IgG antibodies would
not be useful for testing cattle before 150 days postvaccination.
On the other hand, while S19-vaccinated animals developed
anti-LPS IgG levels that overlapped with those developed by
Brucella- or Y. enterocolitica 0:9-infected cattle, a significant
anti-18-kDa-protein antibody response was detected only in B.
abortus 544-infected cattle. Thus, the ELISA using the 18-kDa
protein could be potentially useful for differentiating Brucella-
infected cattle from those vaccinated with S19 or infected with
Y. enterocolitica 0:9.
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