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Abstract 

Background: The numerous drawbacks of current serological tests for diagnosis of brucellosis which mainly results 
from cross reactivity with LPS from other gram‑negative bacteria have generated an increasing interest to find more 
specific non‑LPS antigens. Previous studies had indicated that Brucella VirB12 protein, a cell surface protein and com‑
ponent of type IV secretion system, induces antibody response during animal infection. However, this protein has not 
yet been tested as a serological diagnostic marker in human brucellosis.

Methods: Recombinant VirB12 protein was prepared and evaluated the efficacy of it in an indirect enzyme‑linked 
immunosorbent assay (ELISA) for brucellosis with sera collected from different region of Iran and the results were 
compared with a commercial ELISA kit.

Results: Sera from human brucellosis patients strongly reacted to the purified recombinant VirB12. The sensitiv‑
ity, specificity, accuracy, negative predictive value and positive predictive value of recombinant VirB12‑based ELISA 
related to the commercial‑ELISA method were 87.8, 94, 90, 80 and 96.6% respectively.

Conclusions: We concluded that antigenic VirB12 have a property value that can be considered as a candidate for 
using in serodiagnostic tests for human brucellosis.
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Background
Brucella spp. is a facultative intracellular pathogen that 
can be involved with many tissues and organs leading to a 
chronic infection, Brucellosis, in animals and humans [1–
5]. Brucellosis is caused by several species of the genus 
Brucella including Brucella abortus, Brucella meliten-
sis, Brucella suis, Brucella canis, Brucella ovis, and Bru-
cella neotomae [6–9]. B. melitensis is the most frequently 
isolated species which is endemic in many developing 
countries [10, 11]. Clinical manifestations of brucello-
sis are very similar to other febrile diseases; therefore, 
the clinical diagnosis of this disease remains a challenge 

[12]. Common laboratory tests include either bacterio-
logical culture of the pathogen or serological titration 
of anti-Brucella antibody. Although the gold standard 
test is said to be bacteriological isolation, the success 
rate of blood cultures is around 70–80% of cases in acute 
disease produced by B. melitensis [13]. This rate is very 
much lower in chronic cases. Various factors including 
disease duration, isolation method, and prior antibiotic 
intake can drastically impact the bacteriological diagno-
sis [2]. Serum agglutination serological tests often rely on 
detection of antibody against smooth lipoplysaccharide 
(LPS) present on bacterial cell surface. Due to existence 
of extensive cross reactivity with LPS from other gram 
negative bacteria, the specificity of these approaches are 
poorly suited for use in general diagnostic laboratories [2, 
14–18]. The drawbacks of these classical serological tests 
have generated an increasing interest in finding more 
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specific non-LPS based antigen candids [2, 19, 20]. In this 
regard, the outer membrane proteins of Brucella species 
have been proposed as appropriate candidate for anti-
genic component. Rolan et  al. [21] noted that Brucella 
VirB12 protein, a component of type IV secretion system, 
which is situated on bacterial cell surface, is expressed 
during infection and induces an antibody response in 
cattle. However, they had not looked at any possible 
humoral response in humans during active or chronic 
infections. In a previous communicate we reported clon-
ing of the virB12 gene of B. melitensis [22]. In the present 
study, we are reporting expression and purification of the 
recombinant VirB12 protein. Furthermore, the seroreac-
tivity of the purified recombinant virB12 of B. melitensis 
was evaluated with human serum samples in an indi-
rect enzyme-linked immunosorbent assay (ELISA) for 
brucellosis.

Methods
Preparation and recognition of Brucella VirB12 
recombinant protein
The plasmid construct pET28a-VirB12 was purified from 
an overnight culture of Escherichia coli DH5α cell. The 
construct was transformed into competent E. coli Bl21 
(ED3) cells. The cell harboring recombinant plasmid was 
spread on Luria-Bertani (LB) agar culture medium con-
taining kanamycin. After verification, the transformed 
E. coli BL21 cells harboring the PET28a-VirB12 plasmid 
were used in the expression study. A single colony of the 
transformed cell was incubated overnight in 2  ml LB 
broth medium containing kanamycin (100 µl/ml) at 37 °C 
with constant shaking (200 rpm). The next day, 500 µl of 
culture materials was removed and incubated in 200 ml 
LB broth. The culture was grown to an OD600 nm of 0.6 
with vigorous shaking (200 rpm) at 37 °C. Isopropyl-β-d- 
thiogalactopyranoside (IPTG) was added to a final con-
centration of 1 mM for expression of VirB12 recombinant 
protein. The incubated period was continued for another 
4 h at 37 °C with shaking at 200 rpm. For analysis of pro-
duction of the expressed protein, bacterial suspension 
were tested at 2 and 4 h intervals and analyzed on 12% 
SDS-PAGE. Following the fermentation process, cells 
were harvested by centrifugation at 6000×g for 15 min at 
4  °C. Supernatants were discarded and cell pellets were 
frozen at −70  °C. The cell pellets were suspended with 
10 mM Na2HPO4, 10 mM NaH2PO4 and 500 mM NaCl 
(pH, 7.4) and disrupted by sonication for 2  min. After 
sonication, the mixture was centrifuged at 15.200×g for 
15 min at 4 °C. The pellet containing insoluble recombi-
nant VirB12 protein (inclusion bodies) was washed three 
times with 50  mM Tris-Hcl, 10  mM EDTA, 100  mM 
NaCl and 0.5% Triton–X100 (pH 8). The pellet was resus-
pended in buffer containing 8 M urea, 10b mM TrisHcl 

(pH 7.4) and solubilized for 4 h by stirring at room tem-
perature. The solubilized inclusion body was centrifuged 
at 15.200×g for 40 min at 4 °C, and the supernatant was 
collected. Affinity chromatography Ni-NTA column was 
used to purify VirB12. Were loaded onto Ni2—charged 
Hitrap column pre-equilibrated with 8 M urea in 20 mM 
sodium phosphate buffer, pH 7.4. VirB12 was eluted using 
a linear gradient with imidazol (10-500 mM) in 8 M urea, 
pH 7.4. Protein purification was monitored by 280  nm 
absorbance. Recombinant protein was analyzed by 12% 
sodium–dodecyl sulfate polyacrylamide gel electropho-
resis, followed by coomassie Brilliant Blue 250 staining. 
Refolding was performed with cheotropic agent concen-
tration gradient dialysis. The solution of denatured pro-
tein was dialyzed against 2 lit of freshly prepared 6, 4, 2, 
1, 0 M urea with 5 mMTris (pH 7.4). With each concen-
tration, the protein was dialyzed 12  h at 4  °C. Bradford 
method with bovine serum albumin (BSA) as a standard 
was used to assay protein concentration. Purified protein 
was evaluated by western blot using an anti His-tag-HRP 
antibody.

Immunoreactivity of recombinant Brucella purified rVirB12 
to human sera using western blotting
Recombinant protein was subjected to 12% gradient 
SDS-PAGE with the molecular protein marker and was 
transferred from the unstained polyacrylamide gel onto 
0.45  µm nitrocellulose membrane. The blotted mem-
brane blocked using 5% skim milk in TSBST 1%. After 
washing with TSBT, transferred proteins were immu-
nostained with serum obtained from human brucello-
sis infection at a dilution of 1/1000. Secondary antibody 
conjugated to horseradish peroxidase was used in the 
assay. The reaction was visualized with enhanced chemi-
luminescence (ECL) and ECL system (GE Healthcare. 
Uppsala, Sweden).

Production of polyclonal anti‑virB12 recombinant protein 
in rabbit
A mature white New Zealand rabbit was immunized with 
purified VirB12 recombinant protein. Immunization was 
performed according to the protocol of Hay et  al. [23]. 
In the first i.m injection, mixture of 250 µg recombinant 
protein with the same volume of Freund’s complete adju-
vant was injected. For second injection the rabbit was 
injected with 125 µg recombinant protein with the same 
volume of Freund’s incomplete adjuvant, 1, 2 weeks later. 
Finally, 2 weeks after the last immunization, blood was 
collected and sera separated.

ELISA test with commercial kit
To investigate the serological status of the samples from 
human and evaluate the quality of the detection method, 
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all of 100 serum samples were subjected to ELISA kit 
(IBL, Germany). The plate wells of IBL ELISA kit were 
coated with a bacterial lysate of B.abortus strain w99 as 
the antigen. Ref comparsion of four commercial IgM and 
IgG ELISA kits for diagnosing brucellosis.

Immunoreactivity of recombinant Brucella virB12 
to human sera using ELISA
Positive samples were from the patients with a positive 
ELISA test. Clinical sera from human were analyzed by 
indirect ELISA using recombinant VirB12 as antigen. 
The immunoassay plates (Maxisorp, nunc, Denmark) 
were coated with purified recombinant VirB12 pro-
tein at a concentration of 5 µg/ml in PBS and incubated 
at 4  °C, overnight. The wells emptied and washed three 
times with phosphate buffer saline-Tween20 (PBST) and 
then blocked with 5% skim milk for 2 h at 37  °C. Plates 
were filled with sera at a dilution of 1/100 and incubated 
at 37 °C for 1 h. After washing with PBST for five times 
the plates were incubated with HRP conjugates for 1  h 
at 37  °C. After washing with PBST, the wells of plates 
were charged with substrate solution containing TMB 
(3,3′,5,5′-tetra methyl benzidine). Color development was 
stopped by adding H2SO4 20%, after 10 min of incubation 
of the plates in dark at room temperature. Absorbance 
was measured at 450 nm wavelength in an ELISA reader. 
Each samples run in duplicate. Additionally, as a control 
for each serum, wells were left uncoated. To determine 
the cut off value for ELISA 60 known positive and 40 
known negative sera for human brucellosis were used.

Evaluation of ELISA method against commercial ELISA
The sensitivity, specificity, positive predictive value and 
negative predictive value of recombinant VirB12 ELISA 
for serodiagnosis of brucellosis were evaluated in com-
parison to commercial ELISA kit.

Results
Preparation and recognition of Brucella VirB12 
recombinant protein
The pET28a-VirB12 recombinant plasmid was trans-
formed in Bl21 (DE3) E. coli cells. Bacteria harbor-
ing recombinant plasmid were grown in LB medium. 
They were induced with 1  mM IPTG to express target 
recombinant protein. Samples were taken before and at 
1  h intervals after induction. Total protein was electro-
phoresed on 12% SDS PAGE gel. SDS-PAGE analyses 
showed the expected molecular mass of approximately 
25  kDa fusion recombinant protein. The recombinant 
VirB12 was mostly accumulated in the cytoplasm of E. 
coli transformant as inclusion bodies which could only 
by extracted and purified under denaturing condition 
using 8  M urea (Fig.  1). The recombinant VirB12 was 

mostly accumulated in the cytoplasm of E. coli transfor-
mant as inclusion bodies, which could only by extracted 
and purified under denaturing condition using 8  M 
urea. Following purification of rViB12 by Ni-NTA affin-
ity chromatography, the yield of the purified protein was 
estimated by Bradford method to be about 0.6 mg/ml of 
culture (Fig. 2).

Immunoreactivity of recombinant Brucella purified rVirB12 
to human sera using western blotting
To evaluate immune reactivity of the purified protein, 
western blot was performed with sera (1/1000 dilution) 
from Brucella infected human. The sera from human 
reacted to purified recombinant VirB12. Antigenicity 
of the expressed protein was confirmed by western blot 
analysis using patient sera. The specific antibody response 
from five patient sera was observed. Serum samples from 
normal individual was also tested as negative control and 
no anti VirB12 antibodies were detected. Additionally, 
there was no reactivity between the expressed pET28a in 
E. coli Bl21 (DE3) with patient serum (Fig. 3).

Production of polyclonal anti‑virB12 recombinant protein 
in rabbit
Increasing the antibody titers to high level after third 
boost was confirmed the good immunogenicity of 
VirB12. The rabbit antiserum was able to recognize the 
virB12 in Brucella lysate and the purified recombinant 
VirB12.

Fig. 1 Analysis of expressed VirB12 recombinant protein at differ‑
ent times after induction on SDS‑PAGE (12% w/v). Lane 1 protein 
molecular mass marker (KDa). Lane 2 protein expression in Bl21 (DE3) 
with pET28a vector 1 h after adding IPTG. Lane 3 protein expression 
in transformed Bl21 (DE3) with pET28a‑VirB12 recombinant vector 
before adding IPTG. Lane 4 protein expression in transformed Bl21 
(DE3) with pET28a‑VirB12 recombinant vector 1 h after adding IPTG. 
Lane 5 protein expression in transformed Bl21 (DE3) with pET28a‑
VirB12 recombinant vector 2 h after adding IPTG. Lane 6 protein 
expression in transformed Bl21 (DE3) with pET28a‑VirB12 recombi‑
nant vector 4 h after adding IPTG



Page 4 of 6Mirkalantari et al. Ann Clin Microbiol Antimicrob  (2017) 16:8 

Evaluation of recombinant VirB12 ELISA
Immune reactivity of recombinant virB12 was deter-
mined using an indirect ELISA. A total 100 serum 
samples (66 commercial-ELISA positive and 34 com-
mercial-ELISA negative) were collected from different 
region of the country and were tested by indirect ELISA 
against the recombinant VirB12 antigen. The VirB12 
ELISA was considered positive only if the mean absorb-
ance value was greater than two SDS above the mean 
value for healthy serum samples. The cut of value was 
0.325 (mean, 0.17 SD, 0.077). Out of 100 serum samples 
tested, 60 (60%) were positive and 40 (40%) were negative 
by ELISA. The sensitivity, specificity, accuracy, negative 
predictive value and positive predictive value of recom-
binant VirB12-based ELISA related to the commercial-
ELISA method are shown in Table 1.

Discussion
Despite using vaccination in livestocks, brucellosis 
remains as an endemic infection in many developing 
countries such as Iran. Human and animal infection 
with Brucella inflicts an enormous cost to people and 
government [24]. Since culture method for diagnosis of 
Brucellosis is time consuming and has infection risk for 

laboratory workers, serological tests are commonly used 
for clinical diagnosis [25]. Due to cross reactions with 
many other Gram negative bacteria in most routinely 
used LPS-based serological tests, identification of more 
specific Brucella spp. protective antigens can be useful 
for developing serological tests which avoid the draw-
backs of classical ones. The outer membrane proteins in 
Gram negative bacteria have particular significance as a 
potential immunity target [26]. Brucella VirB12 is one of 

Fig. 2 SDS‑PAGE analysis of recombinant VirB12 protein expression 
and its purification. Lane 1 elution of recombinant VirB12 protein 
through Ni‑NTA column. Lane 2 protein molecular mass marker (KDa). 
Lane 3 protein protein expression in transformed Bl21 (DE3) with 
pET28a‑VirB12 recombinant vector 3 h after adding IPTG

Fig. 3 Western blot analysis against recombinant VirB12 protein by 
infect patient sera. Lane 1 western blotting with patient positive Bru‑
cella serum (1/500 diluation). Lane 2, 3 western blotting with patient 
positive Brucella serum (1/100 diluation). Lane 4 western blotting with 
normal individual

Table 1 Evaluation of  diagnostic value of  recombinant 
VirB12 antigen-based ELISA against commercial ELISA

Sensitivity: true positive/true positive + false negative*100 = 87.8%

Specificity: true negative/true negative + false positive*100 = 94%

Positive predictive value: true positive/true positive + false 
positive*100 = 96.6%

Negative predictive value: true negative/true Negative + False 
positive*100 = 80%

Accuracy: true positive + true negative/total number*100 = 90%

Commercial ELISA 
positive

Commercial ELISA 
negative

Total

ELISA‑virB12 positive 58 2 60

ELISA‑VirB12 nega‑
tive

8 32 40

Total 66 34 100
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these structural protein which is expressed during Bru-
cellosis infection. Investigators had demonstrated that 
VirB12 protein acts as an immunogen and induces par-
tial immunity in animal models [27]. However, there is 
not any report concerning antigenicity of the recombi-
nant VirB12 protein in human. VirB12 protein is located 
on the bacterial cell surface and is highly conserved 
among Brucella isolates. Therefore, VirB12 can be con-
sidered as an antigenic candidate for serological diag-
nosis of brucellosis. Use of recombinant VirB12 instead 
of extracted VirB12, is less time consuming, has a high 
yield and avoids handling with live pathogenic Brucella. 
In the present study, high level expression of VirB12 pro-
tein was carried out by the means of pET28a based on T7 
promoter transcription translation signals in conjunction 
with suitable host cell E. coli Bl21 (DE3). The results of 
SDS-PAGE demonstrated that an IPTG concentration 
of 1 mM and 4 h of incubation under shaking condition 
was optimum for expression of protein. The cloning of 
VirB12 gene in the pET28 system led to expression of a 
protein with size of approximately 25 kDa. The expressed 
protein contained 6 His Tag which is linked to the C-ter-
minal of protein. These additional amino acids increase 
the size of expressed protein by 8 KDa. The presence of 
His tag sequence in the target protein also provides the 
possibility for purification through Ni-NTA affinity chro-
matography. Metal affinity chromatography was subse-
quently performed to purify VirB12, producing amount 
3  mg of pure recombinant protein per liter of bacterial 
culture. Antigenicity of the purified protein component 
was evaluated in immunoblotting with human brucello-
sis sera. Data showed that the recombinant VirB12 pro-
tein could be detected as an antigenic component by sera 
from acute phase of human brucellosis. By using western 
blot analysis, we showed that the recombinant VirB12 
did not shown any cross reactivity with normal human 
sera. There was also no serological interference related 
to the fused amino acids. The results, in consist of other 
researcher showed that there was no interference related 
to fused amino acids [12]. To examine the practical value 
of VirB12, 100 positive and negative serum samples from 
different part of country used in virB12 antigen based 
indirect ELISA for detection of antibody response against 
Brucella. The finding demonstrated that the virB12 
recombinant protein had good immunogenicity and 
indicates that the availability of virB12 to the immune 
system. The Pearson correlation coefficient of the virB12 
antigen-based indirect ELISA against commercial ELISA, 
a test based on LPS antigen was 0.73 (P < 0.001). The sen-
sitivity of the virB12-ELISA was 87.8% and specificity 
was 94%. The accuracy in all samples reached 90%. The 
sensitivity and specificity of virB12 ELISA in comparison 
with commercial ELISA confirmed the fact this system 

comparable to the commercial assay available as a poten-
tial immunogenic marker for screening of brucellosis and 
needs further evaluation.

Conclusions
In summary, our results showed that VirB12 was expressed 
at high amounts in E. coli Bl21 and could be purified by Ni-
NTA affinity chromatography. This recombinant protein 
reacted strongly with sera from patient with brucellosis by 
western blot. Thus we concluded that VirB12 is antigenic 
and has property to be considered as a suitable candidate 
for development of more specific diagnostic tests.

Abbreviations
ELISA: enzyme‑linked immunosorbent assay; LPS: lipopolysaccharide; LB: 
Luria‑Bertani; IPTG: isopropyl‑β‑d‑ thiogalactopyranoside; BSA: bovine serum 
albumin; ECL: enhanced chemiluminescence; PBST: phosphate buffer saline‑
Tween; TMB: 3,3′,5,5′‑tetra methyl benzidine.

Authors’ contributions
SM and NA designed the study, AHZ writing the article, SM and MN per‑
formed the laboratory tests, GRI statistical analysis and writing the study. All 
authors read and approved the final manuscript.

Author details
1 Microbiology Department, Faculty of Medicine, Iran University of Medical 
Sciences, Tehran, Iran. 2 Dept. of Immunology, School of Public Health, Tehran 
University of Medical Sciences, Tehran, Iran. 3 Immunology Research Center, 
Iran University of Medical Sciences, Tehran, Iran. 4 Monoclonal Antibody 
Reaserch Center, Avicenna Research Institute, ACECR, Tehran, Iran. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets during and/or analysed during the current study available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
All author were signed a written constant. The study was approved by ethical 
committee of Iran University of Medical Sciences.

Funding
The study was supported by Iran University of Medical Sciences.

Received: 14 September 2016   Accepted: 5 February 2017

References
 1. Abbas B, Aldeewan A. Occurrence and epidemiology of Brucella 

spp. in raw milk samples at Basrah province, Iraq. Bulg J Vet Med. 
2009;12(2):136–42.

 2. Thavaselvam D, Kumar A, Tiwari S, Mishra M, Prakash A. Cloning and 
expression of the immunoreactive Brucella melitensis 28 kDa outer‑
membrane protein (Omp28) encoding gene and evaluation of the 
potential of Omp28 for clinical diagnosis of brucellosis. J Med Microbiol. 
2010;59(4):421–8.

 3. Delpino MV, Estein SM, Fossati CA, Baldi PC, Cassataro J. Vaccination with 
Brucella recombinant DnaK and SurA proteins induces protection against 



Page 6 of 6Mirkalantari et al. Ann Clin Microbiol Antimicrob  (2017) 16:8 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Brucella abortus infection in BALB/c mice. Vaccine. 2007;25(37–38):6721–
9. doi:10.1016/j.vaccine.2007.07.002.

 4. Roset MS, Ibanez AE, de Souza Filho JA, Spera JM, Minatel L, Oliveira SC, 
et al. Brucella cyclic β‑1,2‑glucan plays a critical role in the induction of 
splenomegaly in mice. PLoS ONE. 2014;9(7):e101279. doi:10.1371/journal.
pone.0101279.

 5. Kahl‑McDonagh MM, Ficht TA. Evaluation of protection afforded by 
Brucella abortus and Brucella melitensis unmarked deletion mutants 
exhibiting different rates of clearance in BALB/c mice. Infect Immun. 
2006;74(7):4048–57. doi:10.1128/IAI.01787‑05.

 6. Zhao Z, Yan F, Ji W, Luo D, Liu X, Xing L, et al. Identification of immunore‑
active proteins of Brucella melitensis by immunoproteomics. Sci China Life 
Sci. 2011;54(9):880–7. doi:10.1007/s11427‑011‑4218‑2.

 7. Tiwari AK, Kumar S, Pal V, Bhardwaj B, Rai GP. Evaluation of the recom‑
binant 10‑kilodalton immunodominant region of the BP26 protein of 
Brucella abortus for specific diagnosis of bovine brucellosis. Clin Vaccine 
Immunol. 2011;18(10):1760–4. doi:10.1128/CVI.05159‑11.

 8. Zygmunt MS, Baucheron S, Vizcaino N, Bowden RA, Cloeckaert A. 
Single‑step purification and evaluation of recombinant BP26 protein 
for serological diagnosis of Brucella ovis infection in rams. Vet Microbiol. 
2002;87(3):213.

 9. Mirkalantari S. Optimizing of Brucella oprF recombinant protein expres‑
sion as a soluble protein in Escherichia coli. Focus Sci. 2016;2:1.

 10. Seleem MN, Boyle SM, Sriranganathan N. Brucellosis: a re‑emerging zoon‑
osis. Vet Microbiol. 2010;140(3–4):392–8. doi:10.1016/j.vetmic.2009.06.021.

 11. Renukaradhya GJ, Isloor S, Crowther JR, Robinson M, Rajasekhar M. Devel‑
opment and field validation of an avidin‑biotin enzyme‑linked immuno‑
sorbent assay kit for bovine brucellosis. Rev Sci Tech. 2001;20(3):749–56.

 12. Araj GF. Human brucellosis: a classical infectious disease with persistent 
diagnostic challenges. Clin Lab Sci. 1999;12(4):207–12.

 13. Cassataro J, Delpino MV, Velikovsky CA, Bruno L, Fossati CA, Baldi PC. 
Diagnostic usefulness of antibodies against ribosome recycling factor 
from Brucella melitensis in human or canine brucellosis. Clin Diagn Lab 
Immunol. 2002;9(2):366–9.

 14. Nielsen K. Diagnosis of brucellosis by serology. Vet Microbiol. 
2002;90(1–4):447–59.

 15. Contreras‑Rodriguez A, Seleem MN, Schurig GG, Sriranganathan N, Boyle 
SM, Lopez‑Merino A. Cloning, expression and characterization of immu‑
nogenic aminopeptidase N from Brucella melitensis. FEMS Immunol Med 
Microbiol. 2006;48(2):252–6. doi:10.1111/j.1574‑695X.2006.00145.x.

 16. Chaudhuri P, Prasad R, Kumar V, Gangaplara A. Recombinant OMP28 
antigen‑based indirect ELISA for serodiagnosis of bovine brucellosis. Mol 
Cell Probes. 2010;24(3):142–5. doi:10.1016/j.mcp.2009.12.002.

 17. Nielsen K, Smith P, Widdison J, Gall D, Kelly L, Kelly W, et al. Serological 
relationship between cattle exposed to Brucella abortus, Yersinia enteroco-
litica O: 9 and Escherichia coli O157: H7. Vet Microbiol. 2004;100(1):25–30.

 18. Pardon P, Sanchis R, Molenat G, Marly J, Renard D. Serological and allergic 
reactions of ewes after simultaneous vaccinations with two living attenu‑
ated strains of Brucella and Salmonella. Ann Rech Vet. 1990;21(2):153–60.

 19. Tan W, Wang XR, Nie Y, Wang C, Cheng LQ, Wang XC, et al. Recombinant 
VirB5 protein as a potential serological marker for the diagnosis of bovine 
brucellosis. Mol Cell Probes. 2012;26(3):127–31.

 20. Tiwari S, Kumar A, Thavaselvam D, Mangalgi S, Rathod V, Prakash A, et al. 
Development and comparative evaluation of a plate enzyme‑linked 
immunosorbent assay based on recombinant outer membrane antigens 
Omp28 and Omp31 for diagnosis of human brucellosis. Clin Vaccine 
Immunol. 2013;20(8):1217–22. doi:10.1128/CVI.00111‑13.

 21. Sun YH, Rolan HG, den Hartigh AB, Sondervan D, Tsolis RM. Brucella abor-
tus virB12 is expressed during infection but is not an essential compo‑
nent of the type IV secretion system. Infect Immun. 2005;73(9):6048–54. 
doi:10.1128/IAI.73.9.6048‑6054.2005.

 22. Mirkalantari S, Amirmozafari N, Kazemi B, Irajian G. Molecular cloning of 
virB12 gene of Brucella melitensis 16M strain in pET28a vector. Asian Pac J 
Trop Med. 2012;5(7):511–3. doi:10.1016/S1995‑7645(12)60089‑3.

 23. Hey F, Westwood O, Nelson P. Practical immunology. West sussex: Wiley; 
2002.

 24. Kazak E, Oliveira SC, Goral G, Akalin H, Yilmaz E, Heper Y, et al. Brucella 
abortus L7/L12 recombinant protein induces strong Th1 response in 
acute brucellosis patients. Iran J Immunol. 2010;7(3):132.

 25. Ko J, Splitter GA. Molecular host‑pathogen interaction in brucellosis: cur‑
rent understanding and future approaches to vaccine development for 
mice and humans. Clin Microbiol Rev. 2003;16(1):65–78.

 26. Galdiero S, Falanga A, Cantisani M, Tarallo R, Della Pepa ME, D’Oriano 
V, et al. Microbe‑host interactions: structure and role of gram‑negative 
bacterial porins. Curr Protein Pept Sci. 2012;13(8):843–54.

 27. Rolan HG, den Hartigh AB, Kahl‑McDonagh M, Ficht T, Adams LG, Tsolis 
RM. VirB12 is a serological marker of Brucella infection in experimental 
and natural hosts. Clin Vaccine Immunol. 2008;15(2):208–14. doi:10.1128/
CVI.00374‑07.

http://dx.doi.org/10.1016/j.vaccine.2007.07.002
http://dx.doi.org/10.1371/journal.pone.0101279
http://dx.doi.org/10.1371/journal.pone.0101279
http://dx.doi.org/10.1128/IAI.01787-05
http://dx.doi.org/10.1007/s11427-011-4218-2
http://dx.doi.org/10.1128/CVI.05159-11
http://dx.doi.org/10.1016/j.vetmic.2009.06.021
http://dx.doi.org/10.1111/j.1574-695X.2006.00145.x
http://dx.doi.org/10.1016/j.mcp.2009.12.002
http://dx.doi.org/10.1128/CVI.00111-13
http://dx.doi.org/10.1128/IAI.73.9.6048-6054.2005
http://dx.doi.org/10.1016/S1995-7645(12)60089-3
http://dx.doi.org/10.1128/CVI.00374-07
http://dx.doi.org/10.1128/CVI.00374-07

	Brucella melitensis VirB12 recombinant protein is a potential marker for serodiagnosis of human brucellosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Preparation and recognition of Brucella VirB12 recombinant protein
	Immunoreactivity of recombinant Brucella purified rVirB12 to human sera using western blotting
	Production of polyclonal anti-virB12 recombinant protein in rabbit
	ELISA test with commercial kit
	Immunoreactivity of recombinant Brucella virB12 to human sera using ELISA
	Evaluation of ELISA method against commercial ELISA

	Results
	Preparation and recognition of Brucella VirB12 recombinant protein
	Immunoreactivity of recombinant Brucella purified rVirB12 to human sera using western blotting
	Production of polyclonal anti-virB12 recombinant protein in rabbit
	Evaluation of recombinant VirB12 ELISA

	Discussion
	Conclusions
	Authors’ contributions
	References




