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Brucellosis is a serious zoonosis that occurs worldwide, and its diagnosis is typically based on the detection of antibodies against
Brucella lipopolysaccharide (LPS). However, the specificity of the LPS-based test is compromised by cross-reactivity with Esche-
richia coli O157:H7 and Yersinia enterocolitica O:9. Also, diagnosis based on the LPS test cannot differentiate between vacci-
nated and infected individuals. The detection of the 26-kDa cytosoluble protein (BP26) antibody is considered an alternative
that circumvents these drawbacks because it is exclusively expressed by infectious Brucella. A BP26-based enzyme-linked immu-
nosorbent assay (ELISA) has been tried for the diagnosis of Brucella-infected animals and humans, but a few results showed that
BP26 couldn’t react with all Brucella-positive sera. In order to explore whether different animals could produce antibodies
against BP26 after being infected with various Brucella species, we infected sheep, goats, and beef cattle with common virulent
reference Brucella species. All sera were collected from the experimental animals and tested using both LPS-based ELISAs and
BP26-based ELISAs. The results showed that all Brucella-infected individuals could produce high levels of antibodies against
LPS, but only B. melitensis 16M- and B. melitensis M28-infected sheep and B. melitensis 16M- and B. abortus 2308-infected
goats could produce antibodies against BP26. Therefore, we concluded that the BP26-based indirect ELISA (i-ELISA) showed
both Brucella species and host specificity, which obviously limits its reliability as a substitute for the traditional LPS-based
ELISA for the detection of brucellosis.

Brucella is a Gram-negative, facultative intracellular bacterial
pathogen that causes one of the world’s most widely spread

zoonotic infections, including infectious abortion in animals and
Malta fever in humans (1, 2). Brucella species include Brucella
melitensis (natural host: goat), Brucella abortus (cattle), Brucella
ovis (sheep), Brucella suis (swine), Brucella canis (dogs), and Bru-
cella neotomae (desert rats) as well as some strains that infect ma-
rine mammals (3). Besides their natural hosts, most Brucella spe-
cies also infect other animals. B. melitensis and B. abortus are
considered to be major health threats because of their highly in-
fectious nature and worldwide occurrence (3–5). Control of bru-
cellosis depends on reliable diagnostic methods.

The lipopolysaccharide (LPS) of smooth Brucella species is an
antigen of strong reactivity and can elicit a long-lasting serological
response in both vaccinated and infected animals (6, 7). Serolog-
ical tests based on the detection of antibodies against lipopolysac-
charide (LPS), like the Rose Bengal plate agglutination test, the
complement fixation test, the fluorescence polarization assay, and
enzyme-linked immunosorbent assays (ELISAs) display satisfying
specificity and sensitivity and therefore are widely used for the
diagnosis of brucellosis. Among these serological tests, ELISAs
showed the highest sensitivity and specificity (8, 9). However, it is
difficult to differentiate vaccinated animals from infected ones
using LPS-based serological tests (10). In addition, cross-reaction
can occur between Escherichia coli O157:H7, Yersinia enterocolitica
O:9, and B. abortus, so the LPS-based serological tests may yield
false-positive results (11).

Therefore, researchers are focusing on identifying diagnostic
methods of higher specificity, such as non-LPS antigen-based
tests, in which the drawbacks of the LPS-based test can be circum-
vented. In 1996, Cloeckaert et al. found that the 28-kDa cyto-
soluble protein (BP26) of Brucella melitensis showed high immu-
nogenicity in infected sheep and could be used to differentiate the

B. melitensis Rev. 1-vaccinated sheep from those infected with B.
melitensis H38 (12). Subsequently, scientists established and eval-
uated indirect-ELISA (i-ELISA) and competitive-ELISA (c-
ELISA), which were based on the detection of antibodies against
BP26 (13, 14). According to previous data, the sensitivity of BP26-
based ELISAs ranges from 88.7% to 100%, and the specificity
ranges from 85.59% to 98.41% (15–17). Most published studies
indicate that BP26-based ELISA can be used for the diagnosis of B.
melitensis- or B. ovis-infected sheep or goats (12, 13, 15, 18, 19);
however, data obtained from using other Brucella species or other
animal species are rare (8, 14). Furthermore, some published data
showed that the recombinant BP26 protein was not recognized by
sera obtained from B. abortus 2308-infected cattle, swine naturally
infected with B. suis (14), or patients with chronic brucellosis us-
ing Western blotting (20). In order to examine the bacterial spe-
cies and host species for which the BP26 test is applicable, we
evaluated Brucella infections with different species and in different
hosts, using the LPS test as the control.

MATERIALS AND METHODS
Ethical approval. All animals used in this research were treated with care,
and this study was approved by the China Institute of Veterinary Drug
Control.
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Bacterial species and plasmids. Brucella species were obtained from
the China Institute of Veterinary Drug Control, Beijing, China. B. meliten-
sis 16M (biotype 1, virulent), B. melitensis M28 (biotype 1, isolated in
China and used as a Brucella reference species in China) (21, 22), B. abor-
tus 2308 (biotype 1, virulent), and B. suis S1330 (biotype 1, virulent) were
used in the present study. All Brucella strains were checked for purity,
species, and biovar characterization by standard procedures. Plasmid
pET32a(�) (Novagen, Madison, WI) was used as the expression vector,
and E. coli strain BL21(DE3) was used for protein expression in this study.

Expression and purification of recombinant BP26a. The amino acid
sequences of BP26 are identical among B. melitensis 16M (GenBank ac-
cession no. AE008918), B. melitensis M28 (GenBank accession no.
CP002459.1), B. abortus 2308 (GenBank accession no. AM040264.1), and
B. suis S1330 (GenBank accession no. AE014291.4). Genomic DNA was
isolated from B. abortus 2308 using the Genomic DNA minipreparation
kit with spin column (Beyotime Institute of Biotechnology, Beijing,
China) according to the manufacturer’s instructions and stored at �80°C.
The bp26 gene was amplified by PCR using sense primer 5=-CGCGGATC
CATGAACACTCGTGCTAGCAAT-3= and antisense primer 5=-CCCAA
GCTTTTACTTGATTTCAAAAACGAC-3=, designed according to the
gene sequence of B. melitensis 16M (GenBank accession no. AE008918).
The PCR mixture containing 0.4 �M each primer, 2 �l DNA, 0.2 mM
deoxynucleoside triphosphate (dNTP) mixture, 25 �l 2� GC buffer
(TaKaRa, Dalian, China), and 1.25 U Pfu DNA polymerase (Fermentas)
was brought to a final volume of 50 �l with double-distilled water. The
PCR was initiated with a 10-min 95°C denaturation, followed by 30 cycles
of denaturation (95°C, 45 s), annealing (54°C, 45 s), extension (72°C, 45
s), and a final extension (72°C, 10 min). The PCR product was digested by
HindIII and BamHI (TaKaRa) after purification using E.Z.N.A. gel ex-
traction kit (Omega, USA) and the digested product was cloned into ex-
pression vector pET32a(�) with the same restriction sites. The generated
recombinant plasmids were transformed into E. coli DH5�. The recom-
binants were confirmed by restriction enzyme digestion and DNA se-
quencing (Songong Biotech, Shanghai, China).

The constructed plasmid was transformed into E. coli BL21(DE3).
Transformants were plated on LB solid medium containing ampicillin (50
ng/ml) and incubated at 37°C for 12 to �16 h. A single clone was selected
and grown in LB medium with ampicillin until the optical density at 600
nm (OD600) reached 0.6 to 0.8. The cells were then induced with 1 mM
isopropyl-�-D-thiogalactopyranoside (IPTG) and cultured at 22°C for 12
h. The cells were harvested by centrifugation at 4,000 � g for 10 min at 4°C
and washed twice with phosphate-buffered saline (PBS [pH 7.4]). Cells
were resuspended in 10 ml of PBS (pH 7.4) and lysed by sonication after
washing. Following sonication, lysates were centrifuged at 12,000 � g for
20 min at 4°C, and the recombinant protein BP26 was recovered from the
supernatant of sonicated recombinant E. coli cells in a soluble form. The
BP26 was purified by HisTrap affinity column (HisTrap FF Crude, 1 ml;
GE Healthcare, Germany) using AKTA purifier and exchanged into PBS
(pH 7.4) with a HiTrap 26/10 desalting column (GE Healthcare, Ger-
many). The purified BP26 was analyzed by SDS-PAGE, and the concen-
tration was determined using the bicinchoninic acid assay.

In order to identify the recombinant BP26, the purified protein was
digested by thrombin (Sigma, USA) at 22°C for 1 h and analyzed by 12%
SDS-PAGE. The target fragment (nearly 26 kDa) was carved and analyzed

by the tandem mass spectrometry (MS/MS) method using Applied Bio-
systems 4700 proteomics analyzer 7044 (Institute of Biochemistry and
Cell Biology, SIBS, CAS, Shanghai, China).

LPS-based i-ELISA and c-ELISA. Two commercial LPS-based ELISA
kits (i-ELISA kit and c-ELISA kit) were used in parallel to detect all serum
samples collected from the experimental cattle, sheep, and goats to detect
IgG antibodies against Brucella LPS. All serum samples were tested using
the LPS-based i-ELISA kit (Pourquier ELISA brucellosis individual and
pool serum screening; P04130/10) according to the manufacturer’s in-
structions. After the optical density was read at 450 nm (OD450) for all of
the plates, the sample/positive (S/P) ratio of each serum sample was calcu-
lated as follows: S/P (%) � 100 � [(OD450 sample � OD450 negative control)/
(mean OD450 positive control � OD450 negative control)].

The manufacturers’ recommended cutoff value for cattle was 110%.
Those with an S/P ratio higher than 120% were considered to be from
cattle that had specific antibodies to Brucella LPS. Any samples with an S/P
ratio between 110% and 120% were considered indeterminate. However,
because there has been no cutoff for sheep or goats so far, the cutoff value
for sheep was calculated by analyzing the S/P ratios of 10 negative sera
from healthy sheep (from a Brucella-free herd and shown to be negative by
the Rose Bengal plate agglutination test and the complement fixation test)
and 20 positive sera from Brucella experimentally infected sheep by re-
ceiver operator curve (ROC) analysis (GraphPad Prism 5 software). The
cutoff value for goats was calculated by analyzing the S/P ratios of 10
negative sera from healthy goats (from a Brucella-free herd and shown to
be negative by the Rose Bengal plate agglutination test and the comple-
ment fixation test) and 20 positive sera from Brucella experimentally in-
fected goats on the same program.

All serum samples from experimental cattle, sheep, and goats were also
tested using the LPS-based c-ELISA kit (Svanovir Brucella-Ab C-ELISA
test kit; 10-2701-10) according to the manufacturer’s instructions. After
the OD450 values of the plates were read, the percent inhibition (PI) values
were calculated using the following formula: PI � 100% � [100% �
(ODsample/mean ODconjugate control)]. The manufacturers’ recommended
cutoff value for cattle was 30%. Samples with a PI of �30% were consid-
ered to be from animals having specific antibodies to Brucella LPS. How-
ever, because there is no cutoff for sheep or goats so far either, the cutoff
value for sheep was calculated by analyzing the PI of 10 negative sera from
healthy sheep (from a Brucella-free herd and shown to be negative by the
Rose Bengal plate agglutination test and the complement fixation test)
and 20 positive sera from Brucella experimentally infected sheep on ROC
analysis. The cutoff value for goats was calculated by analyzing PI of 10
negative sera from healthy goats (from a Brucella-free herd and which
showed negative by the Rose Bengal plate agglutination test and the com-
plement fixation test) and 20 positive sera from Brucella experimentally
infected goats on the same program.

Recombinant BP26-based i-ELISA. The antigen concentration, dilu-
tion ratio of serum samples, reaction time, and blocking solution were
optimized for BP26-based i-ELISA. The established BP26-based i-ELISA
was performed as follows. The 96-well polystyrene microplates were
coated overnight at 4°C with purified BP26 at 1 �g/ml in 0.1 M carbonate-
bicarbonate buffer (pH 9.6; 100 �l/well). Before use, the antigen-coated

TABLE 1 Animals infected with different Brucella species

Animal

Level of infection (no. of CFU/animal) with:

B. melitensis
B. abortus
2308

B. suis
S1330 PBS control16M M28

Sheep 1 � 1011 1 � 1011 1 � 1011 1 � 1011 3 ml/animal
Goats 1 � 1011 1 � 1011 1 � 1011 1 � 1011 3 ml/animal
Beef cattle 1 � 1011 3 ml/animal

TABLE 2 Primers used in AMOS-PCR

Primer Sequence

Size of
fragment
generated (bp)

Fabortus 5=-GACGAACGGAATTTTTCCAATCCC-3= 494
Fmelitensis 5=-AAATCGCGTCCTTGCTGGTCTGA-3= 733
Fsuis 5=-GCGCGGTTTTCTGAAGGTTCAGG-3= 285
RIS711 5=-TGCCGATCACTTAAGGGCCTTCAT-3=
Feri 5=-GCGCCGCGAAGAACTTATCAA-3= 178
Reri 5=-CGCCATGTTAGCGGCGGTGA-3=
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plates were washed 6 times with Tris-HCl buffer containing 0.05% Tween
20 (TBS-T [pH 7.4]) and then blocked with 5% chicken serum (2 h at
37°C). Serum samples were diluted 1:100 in TBS-T and added in duplicate
to the coated wells. Plates were incubated for 1 h at 37°C and then washed
6 times with TBS-T. For detection of goat or sheep serum samples, the
plates were incubated for 1 h at 37°C with mouse monoclonal anti-goat/
sheep IgG-peroxidase conjugate (Sigma) diluted 1: 30,000 in TBS-T. The
plates were washed 6 times with TBS-T, and 100 �l of substrate solution
containing 3, 3=,5,5=-tetramethylbenzidine (TMB) was added to each well.
They were then incubated for 15 min in dark at room temperature, and
the reaction was stopped by the addition of 100 �l 2 M H2SO4 to each well.
The OD450 values were measured using an automatic microplate reader.
For detection of cattle serum samples, the plates were incubated with
mouse monoclonal anti-bovine IgG-alkaline phosphatase conjugate
(Sigma) diluted 1:15,000 in TBS-T for 1 h at 37°C. After the plates were
washed 6 times with TBS-T, 100 �l of substrate solution (10 ml substrate
solution containing 2 tablets of p-nitrophenyl phosphate, 1 ml diethanol-
amine, and 0.5 mM MgCl2, with pH adjusted to 9.8 with HCl) was added
to each well. The plates were incubated for 15 min at room temperature,
and the reaction was stopped by the addition of 100 �l 0.4 M NaOH per
well. The OD405 values were measured using an automatic microplate
reader. Two serum samples from B. melitensis-infected sheep and two sera
from healthy sheep were diluted in 1:20, 1:40, 1:80, 1:160, and 1:320 with
TBS-T and detected by this kit to confirm the reliability of the BP26-based
i-ELISA kit.

Animals and infection. Fifteen female small-tail Han sheep, 15 female
Boer goats, and 6 female Luxi beef cattle (widely raised in China), all aged
1 to 2 years, were randomly selected from brucellosis-free farms and raised
in isolated pens under strict pathogen-free conditions. Animals were ex-
perimentally infected with different Brucella species (as listed in Table 1)

through the conjunctival route. All animals were clinically monitored for
42 weeks postinfection, and serum samples were collected every 2 to 4
weeks. IgG antibodies against LPS or BP26 were detected by ELISAs.

Field trial. In order to access the accuracy of BP26-based i-ELISA, 62
dairy cattle sera, 55 sheep sera, 58 goat sera, 62 dairy cattle sera, and 35 beef
cattle sera were collected and detected in parallel by LPS-based ELISA kits
and the BP26-based i-ELISA kit.

Bacteriology analysis. All experimental infected animals and 10 nat-
urally infected animals (including 2 dairy cattle, 3 sheep, 3 goats, and 2
beef cattle) were slaughtered after the experiment, and tissue samples were
taken for Brucella culture according to the Office International des
Epizooties (OIE) standard. The isolates were identified by AMOS-PCR as
previously established in our lab.

The primers used are listed in Table 2. PCR mixture containing 0.1
�M FAbortus, Fsuis, RIS711, Feri, and Reri, 0.2 �M Fmelitensis, 1 �l DNA, 4
mM deoxynucleoside triphosphate (dNTP) mixture, 5 �l 10� buffer
(TaKaRa, Dalian, China), and 1.25 U Taq DNA polymerase (TaKaRa) was
brought to a final volume of 50 �l with double-distilled water. The PCRs
were initiated with a 10-min 95°C denaturation, followed by 29 cycles of
denaturation (94°C, 1 min), annealing (60°C, 1.5 min), extension (72°C,
1.5 min), and a final extension (72°C, 10 min). The PCR products were
analyzed by electrophoresis in 1% agarose gels. IS711 products (Omega,
USA) were digested with SphI (TaKaRa) and then analyzed by electropho-
resis in 1% agarose gels after purification using the E.Z.N.A. gel extraction
kit to confirm the specificity of the PCR.

All isolates were also identified by a sulfureted hydrogen test and se-
rological identification according to the OIE standard.

Data analysis. For the BP26-based i-ELISA, the serum antibody levels
were evaluated using a cutoff value based on the average OD value for 20

FIG 1 (A) SDS-PAGE analysis of recombinant BP26. Lanes: M, prestained protein ladder (Fermentas); 1, purified pET32a(�) tag; 2, BP26 expressed in E. coli
BL21(DE3); 3, purified recombinant BP26. (B) Tandem mass spectrometry (MS/MS) analysis of the purified recombinant protein.
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Brucella-free serum controls plus 3 times the standard deviation. Agree-
ment between tests was evaluated using the kappa (	) coefficient.

RESULTS
Identification of recombinant BP26. A fusion protein strategy
was adopted to increase the expression of the BP26 protein, and
recombinant BP26 was expressed with thioredoxin, S tag (S15),

and His tag (the total molecular mass of the tags was 18 kDa) at the
carboxyl terminus. The restriction enzyme digestion and DNA
sequencing analysis showed the bp26 gene was inserted into
pET32a(�) vector successfully (data not shown). The proteins
were separated in a 12% polyacrylamide gel (Fig. 1 A), and the
molecular mass of each protein matched the predicted molecular
mass (44.5 kDa). The tandem mass spectrometry (MS/MS) anal-

FIG 2 IgG antibodies against LPS in serum samples from experimentally infected animals. Each point represents one serum sample tested in duplicate using
ELISA, and the solid line denotes the reactivity for each animal. (A) The levels of antibodies against LPS in experimental sheep were tested using the i-ELISA kit.
The cutoff was set as 75% by ROC analysis. (B) The levels of antibodies against LPS in experimental sheep were tested using the c-ELISA kit. The cutoff was set
as 24% by ROC analysis. (C) The levels of antibodies against LPS in experimental goats were tested using the i-ELISA kit. The cutoff was set as 84% by ROC
analysis. (D) The levels of antibodies against LPS in experimental goats were tested using the c-ELISA kit. The cutoff was set as 25% by ROC analysis. (E) The levels
of antibodies against LPS in experimental cattle were tested using the i-ELISA kit. The cutoff was 110% of that recommended by the manufacturers. (F) The levels
of antibodies against LPS in experimental cattle were tested using the c-ELISA kit. The cutoff was 30% of that recommended by the manufacturers.
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ysis confirmed the purified recombinant protein was BP26 (as
shown in Fig. 1B). Purified BP26 with a purity of 
90% at final
concentrations of 0.6 mg/ml was used for the subsequent experi-
ments.

Brucella infection confirmed by LPS-based ELISAs. To con-
firm the efficacy of the LPS test for detection of Brucella infection,
IgG antibodies against Brucella LPS were detected in the serum
samples of the experimentally infected animals by using both i-
ELISA and c-ELISA kits. As shown in Fig. 2, most sera from B.
melitensis 16M-, B. melitensis M28-, and B. suis S1330-infected
sheep, B. melitensis 16M- and B. abortus 2308-infected goats, and
B. abortus 2308-infected beef cattle showed strong IgG antibody
responses to Brucella LPS, and the antibodies against LPS persisted
for more than 42 weeks. The LPS-based ELISA is effective for
diagnosis of Brucella infection caused by various Brucella species
and in different host species. However, the level of IgG antibodies
in the sera from B. abortus 2308-infected sheep and B. melitensis
M28- and B. suis S1330-infected goats gradually decreased over
time. Especially the IgG antibodies against LPS in sera from B.
abortus 2308-infected sheep could only last 12 to 16 weeks and
then became nearly undetectable, while the antibodies against LPS
in B. abortus 2308-infected goats and beef cattle could last more

than 42 weeks. This may be related to the fact that the virulence of
B. abortus 2308 to sheep was relative lower than that to goats and
cattle, so the sheep may clear organisms from the system much
faster than goats and cattle.

Design of the BP26-based ELISA kit. In evaluation of the qual-
ity of the BP26-based i-ELISA kit, positive and negative serum
samples were diluted to different concentrations and tested by the
kit. As shown in Fig. 3A, the kit we developed could identify dif-
ferent concentrations of BP26 antibodies in serum samples.

BP26-based i-ELISA fails to detect all cases of Brucella infec-
tion. To determine whether BP26-based i-ELISA could be used to
detect infection caused by various Brucella species, the levels of
IgG antibodies against recombinant BP26 in the sera of experi-
mentally infected animals were measured by i-ELISA throughout
the monitoring time. Antibody responses to BP26 in the experi-
mental animals were analyzed using cutoff values of 0.20, 0.22,
and 0.16 obtained from 20 healthy sheep, goats, and beef cattle,
respectively, as mentioned before. As shown in Fig. 3B, C, and D,
not all Brucella-infected animals showed positive results in the
BP26-based i-ELISA (Table 3). We infected sheep and goats with
four frequently used virulent reference Brucella species (including
B. melitensis 16M, B. melitensis M28, B. suis S1330, and B. abortus

FIG 3 IgG antibodies against BP26 in serum samples from experimental animals. Each point represents one serum sample tested in duplicate using ELISA, and
the solid line denotes the reactivity for each animal. (A) Efficacy of the BP26-based i-ELISA. The positive control was the serum samples from B. melitensis-
infected sheep, and the negative control was sera from healthy sheep. (B) The levels of antibodies against BP26 in experimental sheep were tested using the
i-ELISA kit. (C) The levels of antibodies against BP26 in experimental goats were tested using the i-ELISA kit. (D) The levels of antibodies against BP26 in
experimental cattle were tested using the i-ELISA kit.
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2308), respectively, but only B. melitensis M28- or B. melitensis
16M-infected sheep and B. melitensis 16M- and B. abortus 2308-
infected goats could produce antibodies to BP26, and these anti-
bodies could persist for more than 42 weeks (as shown in Fig. 3B
and C), While sera from the B. suis S1330-infected sheep and goats
and B. abortus 2308-infected sheep and beef cattle couldn’t react
with BP26 throughout the monitoring period.

In order to identify whether the BP26-based i-ELISA could
detect all Brucella infections in naturally infected animals, 55
sheep sera, 58 goat sera, 62 dairy cattle sera, and 35 beef cattle sera
were collected and detected in parallel by LPS-based i-ELISA or
c-ELISA kits and the BP26-based i-ELISA kit. The results showed
the BP26 based i-ELISA kit could be used to detect most Brucella-
infected sheep and goats and showed good agreement with the
LPS-based ELISA kit (	 
 0.5) (Table 4). The relative sensitivity
and specificity of this kit to LPS-based ELISA kits in the detection
of sheep and goats were more than 80% and 90%, respectively.
However, the relative sensitivity of the BP26-based i-ELISA kit to
LPS-based i/c-ELISA kits was only 50% for the detection in dairy
cattle, and Brucella infection in beef cattle couldn’t even be de-
tected by this kit. Therefore, the BP26-based i-ELISA kit is unable
to detect infection in all Brucella-infected animals.

Bacteriology analysis. In the evaluation of BP26-based
i-ELISA with truly infected animals, animals were slaughtered af-
ter the experiment. The infection of these animals was confirmed
by Brucella culture (data not shown). All isolates were identified
by the sulfureted hydrogen test, serological identification (data
not shown), and AMOS-PCR. As shown in Fig. 4, fragments of the
expected size were successfully amplified from various isolates,
respectively, and all of the IS711 PCR products could be digested
by SphI successfully into target 215-bp fragments. However, the
test is unable to differentiate the B. melitensis M28 strain from the
B. melitensis 16M strain based on these tests.

Ten naturally infected animals (including 2 dairy cattle, 3
sheep, 3 goats, and 2 beef cattle) were slaughtered after the exper-
iment. However, only two Brucella strains were isolated success-
fully (one from a sheep, the other from a goat), and both of them
were identified as B. melitensis (data not shown).

DISCUSSION

The LPS-based i-ELISA and c-ELISA show high specificity and
sensitivity and are considered to be the most effective methods for
the diagnosis of brucellosis (8, 23). In our study, the Brucella-
infected animals could be tested positive for brucellosis during 2
to 4 weeks postinfection; the anti-LPS antibodies persisted for
nearly 42 weeks postinfection in the infected animals. However,
the anti-LPS antibodies were nearly undetectable in the B. abortus
2308-infected sheep and B. melitensis M28- and B. suis S1330-
infected goats 16 weeks postinfection, indicating that some clini-
cal cases could have been neglected in epidemiological surveys of
sheep or goat brucellosis, and the prevalence of Brucella could
have been underestimated. This result is consistent with previous
reports: Celik reported two brucellosis cases that were diagnosed
as positive through bacterial culture or needle biopsy but tested
negative in serological tests (24).

BP26, also termed CP28, belongs to group III antigens. In this
study, we found that BP26-based i-ELISA showed bacterial species
specificity (Table 3 and Fig. 3), that only sera from B. melitensis
16M-infected sheep and goats could react with BP26, and that sera
from B. suis S1330-infected sheep and goats couldn’t react with
BP26. BP26-based i-ELISA also showed specificity to animal spe-
cies: the BP26 humoral responses in sheep, goats, and beef cattle
infected with B. abortus 2308 were different, and only sera from
infected goats reacted with BP26. Furthermore, the sera from B.
melitensis M28-infected sheep could react with BP26, but sera
from goats infected by the same Brucella strain couldn’t react with
BP26. The detection of sera from naturally infected animals also
confirmed that the BP26-based i-ELISA kit couldn’t identify all
Brucella-infected animals. Our results seem to be consistent with
some published data that the recombinant BP26 protein may not
recognized by sera obtained from B. abortus 2308-infected cattle,
swine naturally infected with B. suis, or patients with chronic bru-
cellosis (14, 20), but some other data showed that the BP26-based
ELISA had high sensitivity and specificity in the diagnosis of bru-
cellosis in sheep, goats, cattle, and humans (13, 15–17). Chaud-
huri et al. found that the Omp28-based ELISA showed 88.7%
sensitivity and 93.8% specificity when used in the detection of
bovine brucellosis (16). In 2011, Tiwari et al. (28) found that the

TABLE 4 Numbers of tested animals and agreement between the BP26-based i-ELISA and LPS-based i/c-ELISAs

BP26-based i-ELISA result

No. of animals with result by LPS-based i/c-ELISAa

Sheep Goats

Cattle

Dairy Beef

Positive Negative Positive Negative Positive Negative Positive Negative

Positive 37 1 40 0 13 4 0 0
Negative 8 9 10 8 13 32 6 29
a For the detection of infection in sheep, the relative specificity and sensitivity of BP26-based i-ELISA to LPS-based i/c-ELISAs were 90% and 82.2%, respectively; 	 (agreement) �
0.5677 for the BP26-based i-ELISA and LPS-based i/c-ELISAs. For the detection in goats, the relative specificity and sensitivity of BP26-based i-ELISA to LPS-based i/c-ELISAs were
100% and 80%, respectively; 	 � 0.5246 for the BP26-based i-ELISA and LPS-based i/c-ELISAs. For the detection in dairy cattle, the relative specificity and sensitivity of BP26-
based i-ELISA to LPS-based i/c-ELISAs were 88.9% and 50%, respectively; 	 � 0.4085 for the BP26-based i-ELISA and LPS-based i/c-ELISAs. For the detection in beef cattle, the
relative specificity and sensitivity of BP26-based i-ELISA to LPS-based i/c-ELISAs were 100% and 0%, respectively; 	 � 0 for the BP26-based i-ELISA and LPS-based i/c-ELISAs.

TABLE 3 Data from the present study regarding BP26-based ELISAs

Animal

Result fora:

B. melitensis

B. suis S1330 B. abortus 230816M M28

Sheep � � � �
Goats � � � �
Beef cattle ? ? ? �
a �, can be tested using BP26-based ELISAs; �, cannot be tested using BP26-based
ELISAs; ?, unknown.
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recombinant 10-kDa immunodominant region of the BP26 pro-
tein of B. abortus could be used in the diagnosis of bovine brucel-
losis. The different levels of antibodies against BP26 in different
hosts after challenge with various Brucella strains might be related
to the location and the different quantities of BP26 protein in
exposure to host. However, the research about the location of
BP26 has not been consistent so far. Lindler et al. found the BP26
located in the outer membrane and bleb (14); Rossetti et al. local-
ized this protein in the periplasm (20); unlikely, Cloeckaert et al.
found this protein localized exclusively intracellularly as a soluble
protein by using certain monoclonal antibodies (12). Live Brucella
dynamically adjusts its protein expression profile for survival in
the host, and it may change enormously during the course of
infection (25). Some proteins may be not expressed under labo-
ratory conditions. Furthermore, even under the same experimen-
tal conditions, the protein expression profile of B. melitensis is
different from that of B. abortus (26), so we speculate that BP26
may exist in various states in different host species infected with
different Brucella strains (25, 27). Besides, immune responses may
be directed to surface and/or internal proteins, depending on the
processing of macrophages to the bacteria and the pathogenicity
of the bacterial. Consequently, BP26-based i-ELISA is not reliable
for the diagnosis of brucellosis. In future studies, we will examine
the efficacy of combined antigens, which could compensate for
the disadvantages of BP26-based ELISA and make it a suitable
substitute for the LPS-based serological tests.

Conclusion. Here, we focused on the application of the BP26
test in Brucella infections caused by various Brucella species in
different hosts. The BP26-based ELISA showed bacterial and ani-
mal species specificity, and it was found to be unsuitable for the
diagnosis of brucellosis. Nonetheless, we enriched the Brucella di-
agnosis spectrum and identified limitations in the BP26 test, espe-
cially in the detection of beef cattle, the most common meat
source in China.
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