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Abstract 
Background: Using Brucella abortus Strain 19 (S19) to control bovine brucellosis is restricted due to induce antibodies 
to the O-side chain of the smooth lipopolysaccharide (LPS) which may be difficult to differentiate vaccinated and 
infected animals. Furthermore, it is virulent for humans and can induce abortion to cattle. 
Objectives: The aim of this study was to employ gene knockout B. abortus S19 for the first time to eliminate diagnostic 
defects and obtain the attenuated mutant strain. 
Material and Methods: The wbkA gene, which is one of the LPS O-chain coding genes, was knocked out in vaccinal 
Brucella abortus S19. The proliferative response and immunoglobulin M production were analyzed in wbkA deletion 
strain-infected BALB/c mice. 
Results: The loss of wbkA gene function resulted in induction of the splenocyte proliferative response in mice infected 
by the mutant S19 strain compare to those induced by parental S19 and RB51 strains. Moreover, wbkA mutant did not 
induce any IgM antibody response using the enzyme-linked immunosorbent assay. 
Conclusions: As a result, the new mutant S19 strain had deficiency in its LPS O-chain structure, besides cannot induce 
IgM response then, reduce mistakes to discriminate between vaccinated and infected animal, and also can be considered 
as a new vaccine candidate. 
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1. Background
Brucella abortus causes serious chronic infections in 

livestock and humans (1). It is a facultative intracellular 
pathogen, which survives in a variety of cells, including 
phagocytic and non-phagocytic host cells. Its virulence 
and ability to cause chronic infections is thought to be 
due to its ability to avoid the killing mechanisms within 
macrophages (2). LPS is a major component of the 
outer membrane of Gram-negative bacteria and one of 
the Brucella main virulence factors, considered to be 
important for immune evasion during early stages of 
Brucella infection (3). LPS is synthesized as two separate 
components, the lipid A/core oligosaccharide and O-
antigen synthesized on a lipid carrier by enzymes 
encoded by the wbo/wbk gene cluster (4). This cluster 
contains two regions. The region wbo encodes two 
putative glycosyltransferases (wboA and wboB), and the 

region wbk contains genes putatively involved in 
perosamine synthesis (gmd and per), its formylation 
(wbkC) and polymerisation (catalised by 
glycosyltransferases) (wbkA and wbkE), as well as those 
for bactoprenol priming (wbkD and wbkF) and O-
polysaccharide translocation (wzm and wzt) (5). 
Currently, there are two main strains used as live 
attenuated B. abortus vaccines, strain 19 (S19, smooth) 
and RB51 (rough) (6). The use of the current vaccine 
strain, B. abortus S19, in the eradication of bovine 
brucellosis is limited because field-infected animals 
cannot be reliably distinguished from vaccinated 
animals. Moreover, B. abortus S19 is virulent for humans 
and cattle (7). On the other hand, RB51 is an 
attenuated, stable, rough mutant of B. abortus 2308 (8). 
One of the factors contributing to its rough phenotype 
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is the interruption, by an insertion sequence (IS711) 
element, of the wboA gene encoding a 
glycosyltransferase essential for the O-side chain 
synthesis and mutation in more than one of the genes 
necessary for the expression of a smooth phenotype (9). 
As a rough mutant, strain RB51 does not antibody 
formation to the O-side chain of smooth LPS of B. 
abortus, thereby enabling clear serological 
differentiation between vaccinated and infected animals 
(10). This strain is currently used as the official vaccine 
against cattle brucellosis in some countries (6, 9). The 
results show that RB51 is more attenuated in mice than 
S19, with shorter persistence times even at a 100 fold 
higher dose (10). However, B. abortus RB51 has a 
limitation because it is resistant to rifampicin, an 
antibiotic of choice for brucellosis treatment in pregnant 
women, children, and brucellosis endocarditis cases. 
Besides, depending upon the dosage and route of 
delivery, its effectiveness for prevention of abortion is 
variable (9). Therefore, efforts have been focused on 
searching for a better live rough attenuated vaccine that 
would be capable of inducing efficient cellular immunity 
and protection (10). In B. abortus, a wbkA-homologous 
gene was predicted to be absolutely required for the O-
side chain production. The WbkA protein can interact 
with WboA to elongate the Brucella LPS O-sidechain by 
α-1,2 and α-1,3 links (11). 

2. Objectives 
In this study, we used Brucella S19 wbkA mutant as 
constructed previously (12) to study the role of the gene 
in lymphocyte stimulation as an indicator of cellular 
immunity and immunoglobulin M (IgM) secretion as 
an interfering antibody in mice. 

3. Materials and Methods 

3.1. Infection of Mice and Serum Antibody Response 
Assay 
Three groups of 15 female 6-weeks-old BALB/c mice 
(Razi Vaccine and Serum Research Institute) were used. 
They were blind randomly distributed and 
accommodated in the animal facility of Tehran 
University. Mice were injected intraperitoneally 2 × 106 
colony-forming units of B. abortus RB51, S19 and 
ΔwbkA in 0.2 mL of phosphate-buffered saline (PBS, 
pH 7.2). The fourth group of mice was injected PBS as 
the negative control (13). Serum IgM titers in the 
immunized mice were determined by sandwich enzyme-
linked immunosorbent assay (ELISA) on day 0, 7, 14 
and 21 post-inoculation. IgM isotype was determined 
using a commercial ELISA kit (Biospes, China) 
following the manufacturer’s instructions. The plate was 
read at a wavelength of 540 nm (Stat Fax® 2100, 
Awareness Technologies, USA). 

3.2. Lymphocyte Culture and MTT Assay 

On days 0, 7, 14, 21 and 28 after the inoculation, the 
mice were sacrificed, and the spleens were extracted for 
lymphocyte cultures. The spleens from each mouse was 
placed in a Petri dish containing 5 mL of RPMI-1640 
(Gibco, USA) medium supplemented with 100 U/mL 
of penicillin and 100 μg/mL of streptomycin. The 
spleen was mashed with the plunger of a syringe. The 
cellular suspension was gently layered on Ficoll-
Hypaque (Baharafshan, Iran) and isolated by 
centrifugation, followed by centrifugation at 1,600 rpm 
for 20 min. peripheral blood mononuclear cells 
(PBMC's) were carefully aspirated from the plasma 
Ficoll interface and washed three times with RPMI-
1640 medium using centrifugation at 1,600 rpm for 10 
min each (Eppendorf, Germany). Cell viability was 
checked by trypan blue staining, and the cells were 
counted using a hemocytometer as per standard 
procedure. The cells were finally suspended in RPMI-
1640 supplemented with 10% fetal calf serum (FCS, 
Gibco, USA). The counted cells were plated into flat-
bottom 96-wells tissue culture plates. In order to 
compare PBMC proliferation, we used MTT Cell 
Proliferation Kit I (Roche, Germany). Approximately 

105 cells/well were cultured in RPMI-1640 medium 
supplemented with 10% of FCS, 1% of L-glutamine, 1% 
of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES), 0.1% of 2-mercaptoethanol and 0.1% of 
penicillin/streptomycin for 96 h at 37 °C, 5% CO2. After 
the incubation, 10µL of the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) labeling 
reagent was added to each well. The cells were incubated 
with MTT for 4 h in a humidified atmosphere of 5% CO2 
at 37 °C. After the reaction, 100 µL of the solubilisation 
solution was added, and the plates were incubated 
overnight in a humidified atmosphere of 5% CO2 at 37 
°C to solubilize the formazan salt crystals. The soluble 
formazan product was spectrophotometrically 
quantified at a wavelength of 540 nm using a microplate 
reader (Stat Fax® 2100, Awareness Technologies). 
The statistical analysis was carried out using SPSS 
software, v.19 (SPSSInc, USA) and Microsoft Excel 
2010 (Microsoft corp.). For determination of statistical 
significance between experimental groups a student’s T 
test was performed on data. The P value <0.05 is 
considered significant. 

4. Results 

4.1. Antibody Response Against B. abortus S19 
ΔwbkA/kanR 
The sera collected on days 0, 7, 14 and 21 post-
vaccination were used to detect the presence of specific 
antibodies by ELISA. The levels of serum IgM able to 
react with a purified anti-Brucella IgM antibody in a 
sandwich ELISA were evaluated. Immunization with the 
wbkA mutant did not induce an antibody response with 
IgM isotypes. A similar distribution occurred in the sera 
of the mice inoculated with the RB51 strain; however, 
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the IgM levels increased in the mice vaccinated with S19 
on days 14 and 21 post-injection. This indicates that on 
days 14 and 21 post injection, the IgM titer was higher 
in the mice immunized with B. abortus S19 than in those 
immunized with B. abortus S19 ΔwbkA and RB51 
(Fig. 1). 

4.2. Cell Proliferation 
To investigate the cellular immune response induced by 
the ΔwbkA strain, we analyzed proliferative splenocyte 
responses of the mice vaccinated with B. abortus S19, 
RB51 and the mutant strain. The data obtained were 

expressed as the ‘mean plus two standard deviations’. 
The result of the MTT assay shown in Figure 2 
demonstrate that the highest proliferative activity was 
observed in the mice vaccinated with S19, followed by 
those vaccinated with the mutant and RB51.  
 

 
Figure 1. Average optical density obtained in the ELISA assay 
performed to evaluate immune responses in the mice during three 
weeks after the immunization with Brucella abortus S19, RB51 and the 
mutant. Significant difference (P-value of <0.05) was calculated by t-
test analysis. Results are expressed as the mean + 2SD of X individual 
mice per group (0, 7.14, 21 days after inoculation). 

 

 
Figure 2. Average optical density obtained in the cell proliferation 
assay performed to evaluate immune responses in the mice during four 
weeks after immunization with Brucella abortus S19, RB51 and the 
mutant. Significant difference (P-value of <0.05) was calculated by t-
test analysis. Results are expressed as the mean + 2SD of X individual 
mice per group (0,7.14,21,28 days after inoculation). 
 

Although the rate of proliferation in the mutant-
vaccinated group was not as high as that in the S19-
vaccinated group, it was higher than that in the RB51-
vaccinated group. These results indicated that 

vaccination with ΔwbkA is able to induce a cellular 
proliferative response. There was no significant 
difference between S19 cell stimulation and mutant 
strain, which demonstrated immunity suppression was 
not happened by deletion the mentioned gene. 

4.3. Statistical Analysis 
These results indicated the significant deference 
between S19-vaccinated and S19 ΔwbkA-vaccinated 
groups in the levels of serum IgM, which represented 
reduction of the immunoglobulin stimulation by S19 
ΔwbkA in comparison with S19. Also significant 
deference in S19-vaccinated, RB51-vaccinated and S19 
ΔwbkA- vaccinated groups in cellular proliferative 
response was unremarkable. The confidence interval 
considered as P < 0.05. 

5. Discussion 
Brucellosis is a zoonotic transmissible disease that 
shows a high degree of morbidity, both in animals 
and humans. Consequently, it causes significant 
financial losses and represents a serious public 
health problem in many countries. Due to the 
serious economic losses and public health risk, 
extensive efforts have been made to prevent the 
disease in animals through vaccination programs 
(14). Live attenuated vaccines have been developed 
and successfully used against bovine brucellosis 
worldwide (15). B. abortus strain 19 is a smooth but 
attenuated strain. Strain 19 was quite effective in 
protecting cattle against subsequent infection with 
virulent strains of B. abortus (10). However, S19 has 
several problems that limit its use in cattle. In 
protective studies, it was discovered that the 
presence of smooth LPS in S19 interferes with the 
discrimination between infected and vaccinated 
animals during immune screening procedures (16). 
In order to avoid these problems, several strategies 
have been described for the development of 
alternative vaccines. One of them is the isolation of 
avirulent or attenuated strains lacking the O-antigen 
(rough strains). These strains are unable to induce 
antibodies that interfere with the diagnosis (6). 

The goal of this study was to eliminate defects of 
B.abortus S19 for the first time and obtain attenuated 
strains capable of inducing cellular immunity and 
protection but no antibody response against LPS in 
order to avoid interference with serological diagnosis 
was observed, the strains would ideally be genetically 
defined, preferably a deletion mutant with no antibiotic 
resistance and stable under field conditions. 

The WbkA protein can interact with WboA to elongate 
the Brucella LPS O-side chain by α-1,2 and α-1,3 links. 
An early study has suggested that in B. abortus a wbkA 
homologous gene is absolutely required for the O-side 
chain production (11). In this work, we described the 
construction of a B. abortus glycosyltransferase (WbkA) 
insertion mutant in vaccine strain and its protection 
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properties in mice. Althogh Zhi-qiang Li, et al suggested 
that native 2308ΔwbkA is a potential attenuated vaccine 
against 16M, this vaccine will be further evaluated in 
sheep (17). 
Another study reported that rough wbkA B. abortus 
mutant is attenuated and a better vaccine than RB51 in 
BALB/c mice. The preceding results suggest that the 
simultaneous vaccination with live S avirulent bvrS or 
bvrR and the R attenuated wbkA mutants is an 
interesting approach to improve the vaccine efficacy in 
the natural hosts, provided the serological interference 
was not considerable. As expected, the vaccination with 
the R wbkA mutant did not induce antibodies against the 
B. abortus LPS (18). 
Lacerda et al. have demonstrated that B. abortus ΔwbkC 
mutants were attenuated in bone marrow derived 
macrophages could not reach a replicative niche and 
induced higher levels of interleukin-12 and tumor 
necrosis factor alpha compared to parental smooth 
strains. Additionally, the mutants exhibited attenuation 
in vivo in C57BL/6 mice and interferon regulatory 
factor-1 knockout mice. ΔwbkC mutant strains induced 
lower protective immunity in C57BL/6 mice than that 
induced by smooth vaccine S19 but similar to that 
induced by rough vaccine RB51 (19). 
Overlap extension PCR is relatively straightforward, 
efficient and reliable method for correction and deletion 
of nucleotides and single point mutations, which can be 
accomplished by two rounds of PCR. Compared to 
alternative immunoassays, ELISA is the most versatile 
method, and the results are available within a short 
period of time. It also has the advantage of being readily 
automated, thus enabling its use as a screening test with 
the results numerically quantifiable. The presence of 
IgM antibodies specific for B. abortus in the serum 
samples of mice was determined by ELISA. An IgM 
response was elicited after infection with B. abortus S19 
but not after infection with B. abortus S19 ΔwbkA or 
RB51. Therefore, these data indicate that after the use of 
B. abortus S19 ΔwbkA mutant for vaccination, 
interference with the diagnosis would be minimized. 
The MTT assay is now widely accepted as a reliable test 
to examine cell proliferation. Although this work 
reported the inability of B. abortus S19 ΔwbkA 
attenuated mutant to induce IgM antibodies response, 
the results of the cell proliferation, evaluated by the 
MTT test, indicated that the stimulation with the 
mutant strain was sufficient to promote an adequate 
cell-mediated immune response, which is essential for 
controlling intracellular pathogens, as S19_per mutant 
mediates stronger cell mediated immuneresponse and 
more susceptible to polymyxin B andcomplement 
mediated killing (20). 

6. Conclusions 
The results of this study demonstrated that B. abortus 
S19 ΔwbkA does not induce IgM detectable antibody 
responses in ELISA. No significant difference between 

cell stimulation by available vaccine strains and mutant 
strain, not being rifampicin-resistance and reducing the 
existence mistakes to discriminate between vaccinated 
and infected animal, were the main advantages of the 
mutant generated in this study. Furthermore, the 
identity of the attenuation is known for the mutant, 
while still not completely known for RB51. However, 
due to this moderate protection efficacy, S19 ΔwbkA has 
to be further evaluated. 
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