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Abstract
Aim: The major objective of the investigation was to evaluate the hitherto uncharacterized potential of Brucella-specific 
antibodies to win the battle against virulent Brucella abortus infection.

Materials and Methods: Brucella-specific immune serum was raised in mice. The antibody titer of serum was determined 
by standard tube agglutination test and indirect enzyme-linked immunosorbent assays (iELISA). Groups of mice and guinea 
pigs were passively immunized with serum containing specific agglutinin titers. 24 h after immunization, all animals along 
with unimmunized controls were challenged with B. abortus S544. Total B. abortus S544 counts in the spleen of each 
animal collected on the 7th day of challenge was determined to evaluate the protective index (PI) of anti-Brucella serum by 
statistical analysis.

Results: A dose-dependent protective response to immune mice serum was observed in both experimental models though 
the values of PI of mice were higher than those obtained for guinea pigs. The PI values in mice passively immunized with 
50 IU or 25 IU antibodies were 1.38 and 0.69, respectively. In guinea pigs, however, animals passively immunized with 
50 IU or 25 IU antibodies showed PI values equivalent to 0.79 and 0.41, respectively.

Conclusion: The observations support our hypothesis that the presence of antibodies inhibits the initial multiplication and 
eventual colonization of systemic organs by B. abortus. Therefore, a predominant antibody-mediated response induced by 
a vaccine is expected to protect the animal against the most severe clinical outcome of infection.
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Introduction

Brucella abortus is one of the most common 
zoonotic microbes that affect both bovine and human 
population. It is Gram-negative, alphaproteobacteria 
that impart an enormous burden on the Indian econ-
omy due to abortion, infertility, reduced calf, and milk 
production in livestock and also pose a serious impact 
on public health [1]. Recently, the WHO considered 
this devastating disease as “forgotten neglected zoo-
nosis,” because of its existence at some national and 
international level [2]. As per zoonotic importance 
concern, human brucellosis has high incidence rate 
as approximately 500,000 new cases reported annu-
ally while the prevalence rate exceeds 10/100,000 in 
some developing countries [3,4]. In human, the dis-
ease is characterized by an acute undulating fever with 

non-specific symptoms such as night sweats, asthenia, 
insomnia, anorexia, headache, and finally, follow-up a 
chronic infection potentially displaying endocarditis, 
meningitis, and osteomyelitis [5,6]. Although domes-
tic animal chiefly harbors the infection, a number of 
wildlife species also equally contribute the disease by 
acting as reservoirs [7].

Complete eradication of brucellosis is a chal-
lenging task because of unimplementation of eradica-
tion policies, especially in developing countries [8]. 
Vaccination is an only determinant strategy to reduce 
the disease incidence, especially in developing coun-
tries. Different vaccines including live B. abortus S19 
and RB51 and inactivated 45/20 have been employed 
for immunization of cattle, but none of these can be 
considered an ideal preparation because of several 
limitations [9]. Thus, identification of host-bacterial 
interaction, host immunology, and pathogen biology 
could be applicable to serve as a platform to design 
better biologicals [10,11].

B. abortus being considered as an intracellu-
lar pathogen, it is overemphasized that the immune 
protection against clinical Brucella infection is 
mainly orientated toward cell-mediated immunity 
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(CMI) and a vaccine candidate must necessarily 
induce a predominant CMI response [12]. However, 
observations on the currently available vaccines 
against brucellosis as well as other viral vaccines 
do not confirm the predominant role of CMI in pro-
tection [13,14]. In addition, experimental data on 
the passive transfer of specific CD4+ and CD8+ 
cells in mice do not conclusively prove the role of 
CMI [15]. Development of novel vaccines against 
brucellosis requires a thorough understanding of the 
specific mechanisms of protection against clinical 
brucellosis.

On the basis of previous studies, it was hypoth-
esized that the presence of vaccine-induced anti-Bru-
cella antibodies not only inhibits post-phagocytic 
intracellular survival of the organism but also checks 
their spread to the target organs of the host [16]. 
Hence, the main objective of this study was to eval-
uate the uncharacterized potential of immune serum 
against virulent B. abortus infection.
Materials and Methods
Ethical approval

All the experimental protocols carried out on 
laboratory animals were approved (No.F.26-1/2015-
16/J.D (R)) by the Animals Ethics Committee 
(AEC), Joint Director of Research, Indian Veterinary 
Research Institute (IVRI), Izatnagar - 243 122, India. 
Forty mice and six guinea pig were procured from 
the Laboratory Animal Resource Section of IVRI, 
kept in AEC approved facilities, and received water 
and food ad libtum. For retro-orbital bleeding, mice 
were anesthetized using chloroform. For euthaniza-
tion, cervical dislocation method was used for mice 
while guinea pigs were sacrificed by carbon dioxide 
asphyxiation [17].
Bacterial strains

B. abortus strain 19 (S19), strain 99 (S99), 
and strain 544 (S544) were obtained from Brucella 
Referral Laboratory, Division of Veterinary Public 
Health, IVRI. Both the strains were maintained at 4°C 
on Brucella agar slants after confirmation by morpho-
logical, biochemical, and serological examinations. 
Before experimentation, suspension of each strain 
having the desired viable count was prepared and 
stored at 4°C.
Production of anti-Brucella antibodies

To raise anti-Brucella antibodies, a group of 
20 Swiss albino mice (6-8 weeks’ age, 20±2 g) were 
immunized with B. abortus S19 (105 colony forming 
units [CFU]/ml), subcutaneously as per the standard 
protocol [18]. Blood samples were drawn at 2nd, 3rd, 
4th, and 5th weeks after to collect immune sera (IS) and 
stored at −80°C till use. Anti-Brucella antibody titer 
of the pooled antiserum was determined by standard 
tube agglutination test [19], while the level of immu-
noglobulin M (IgM) and immunoglobulin G (IgG) 
was determined by indirect enzyme-linked immuno-
sorbent assays (iELISA) employing isotype-specific 

conjugates, and result was interpreted in terms of P/N 
ratio.
Smooth lipopolysaccharide (SLPS) extraction

The SLPS was extracted from B. abortus 
S99  cells employing an optimized method based on 
hot phenol-water extraction [20]. Briefly, 5 g of lyo-
philized cells of B. abortus strain 99 was resuspended 
in 170 ml of distilled water and heated to 66°C. An 
equal volume of phenol (90%  v/v) was added with 
constant agitation for 20 min. Following cooling, the 
suspension was centrifuged at 12,000 g for 20 min at 
4°C. The phenol layer was filtered to remove cellular 
debris. Subsequently, three parts of chilled methanol 
containing 1% (v/v) methanol saturated with sodium 
acetate were added and left it for 2  h at 4°C. The 
resulting precipitate was removed by centrifugation at 
12,000 g and resuspended in 80 ml distilled water and 
stored for overnight at 4oC with stirring. The crude 
SLPS was recovered by centrifugation at 10,000 g for 
15 min at 4°C. The resulting pellet was resuspended in 
80 ml distilled water and stirred for 1 h. The superna-
tant was pooled and filtered (0.22 µm), and 50-100 mg 
each of ribonuclease, deoxyribonuclease, and protein-
ase K was added. The resulting suspension was incu-
bated at −20°C for 18 h and re-precipitated with meth-
anol as above. Finally, the pellet was resuspended in 
2 ml of distilled water and dialyzed against water and 
freeze-dried and stored at −20°C for future use.
iELISA

The IgM and IgG levels in 2nd, 3rd, 4th, and 
5th weeks’ mice serum were determined by employing 
the modified Briggs and Skeeles method [21]. All the 
reagents used for ELISA were optimized by chequer-
board method. Pre-immunization mice serum was used 
as negative control. Briefly, polystyrene 96 well plates 
(Thermo Fisher Scientific ) were passively coated 
with 100 µl of 1:64 diluted B. abortus S99 SLPS and 
incubated at 4oC overnight. Next day, blocking was 
done by 5% skim milk prepared in phosphate-buff-
ered saline (PBS) with 0.05% Tween-20 (PBST) 
for 1 h. Following incubation, the plate was washed 
thrice with PBST and test antibody (1:64) dilution was 
added in duplicates in each well of test panel and con-
trol panel. Negative serum (1:64) was added in nega-
tive control panel. After 1 h incubation, the plate was 
washed thrice with PBST and goat anti-mouse IgG or 
IgM HRPO conjugate (1:6000) (Sigma Aldrich, USA) 
was added and incubated for 1 h. Substrate containing 
OPD and H2O2 was added. After 10 min, the reaction 
was stopped using 1 M H2SO4, and OD was taken by 
an ELISA Reader (ASYS Hitech, Austria) at 492 nm. 
The antibody titer of individual serum sample was 
expressed as positive/negative (P/N) ratio.
Homologous passive protection test

To determine the protective efficacy of immune 
serum in homologous animal model, female Swiss 
albino mice (n=18) were randomly distributed into 
three experimental groups consisting of six mice in 
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each. Each mouse in Groups  I and II was passively 
immunized with 25 IU and 50 IU serum (s/c), respec-
tively, while each mouse in Group III as control group 
was injected with equal volume of PBS. Just after 
24 h, all three groups were challenged intraperitone-
ally (i/p) with 2×105 CFU of B. abortus S544 culture. 
After 7 days, all the mice from each group were sacri-
ficed and spleen was excised aseptically in biosafety 
cabinet and weighed following recommended proce-
dures [17] and processed for total viable count (TVC) 
of S544 in each spleen [18]. Briefly, spleen was 
homogenized individually for 9  times to weight of 
spleen in buffered saline solution (BSS) (pH 6.8), and 
three 10-fold dilutions were made (1/10, 1/100, and 
1/1000) in the BSS and 100 µl of each dilution was 
seeded on Brucella agar in quadruplicate, incubating 
2 plate aerobically, while 2 plates kept in 5% CO2 for 
4-5 days. Following the enumeration of bacterial col-
onies, TVC per spleen was determined first as X. In 
absence of any colony on brucella plates correspond-
ing to the 1/10 dilution, it was considered that spleen 
was infected with five bacteria.   Mean protective 
response (Y) was calculated after the following trans-
formation: Mean protective response (Y)=log (X/log 
X), while the protective index (PI) was calculated as 
mean protective response of control−mean protective 
response of passively immunized group.
Heterologous passive protection test

To evaluate the potency of immune serum in 
guinea pig as heterologous animal model, adult guinea 
pigs weighing 400-500 g (n=6) were randomly distrib-
uted into three experimental groups consisting of two 
guinea pig in each. Each guinea pig in Groups I and II 
was passively immunized with 25 IU and 50 IU serum 
(s/c), respectively, while each guinea pig in Group III 
as control group was injected with equal volume of 
PBS. Just after 24 h, all three groups were challenged 
i/p with 5000 CFU of B. abortus S544 culture. After 
7 days, all guinea pigs were sacrificed by carbon diox-
ide asphyxiation and spleens were removed asepti-
cally and processed similarly as in mice. Mean pro-
tective response and PI were calculated.
Spleen weight index (SWI)

It is an indirect way to correlate the protection. 
SWI of mice and guinea pig was determined by the 
following formula [18]:

SWI=Spleen weight/Body weight of animal 
under trial×100.
Statistical analysis

The data were analyzed using one-way analysis 
of variance following Tukey test. Significance was 
defined as *p<0.05, **p<0.01, and ***p<0.001.
Results

The anti-Brucella agglutinin titer of pooled IS 
was found to be 212 IU/ml. The IgM and IgG titers 
of IS were also determined by iELISA. The B. abor-
tus S99 LPS (0.1 mg/ml) and test antibodies (IS) were 

used at dilution of 1:64, while conjugates were used 
at 1:6000 dilutions. Classical IgM immune response 
was observed as gradual increase in IgM titer from 
the 2nd week, reached highest peak at the 4th week, and 
then declined at the 5th week. In case of IgG, gradual 
increase in titer was observed, but peak response was 
found at the 5th week with P/N titer 4.61 (Table-1).

The protective efficacy was evaluated in terms of 
mean protective response and PI. There was a signif-
icant reduction in total spleen count of passively pro-
tected mice or guinea pig as compared to respective 
control. The mean transformation value of 2.87±1.01, 
3.56±0.52, and 4.26±0.07 was found in 50 IU, 25 IU 
passively protected, and control mice group, respec-
tively (Figure-1). In guinea pig, it was 2.95±0.15, 
3.33±0.04, and 3.74±0.29 for 50 IU, 25 IU passively 
protected, and control group, respectively (Figure-1). 
By these findings, it can be concluded that serum anti-
bodies could efficiently able to protect against bru-
cellosis. However, comparatively mice were strongly 
protected than guinea-pig, as 1.38 and 0.69 value of PI 
was found in mice received 50 IU and 25 IU anti-Bru-
cella serum, respectively (Table-2). While in heterol-
ogous passive protection test, the PI was 0.79 and 0.41 
for guinea pig received 50 IU and 25 IU anti-Brucella 
serum, respectively (Table-3).

The mean SWI in control group was significantly 
higher than passively immunized group either mice or 
guinea pig. In mice, it was 0.951±0.26, 1.03±0.34, 
and 1.67±0.18 for 50 IU, 25 IU passively protected, 
and control group, respectively, while in guinea pig, 
0.133±0.011, 0.161±0.005, and 0.219±0.032 for 
50 IU, 25 IU passively protected, and control group, 
respectively (Figure-2). Splenomegaly indicates the 
inability of mice/guinea pig to clear challenge bacteria 
and hence less protected.
Discussion

Brucellosis in livestock is one of the serious 
infectious diseases that impart significant economic 
burden and deleterious health hazards in human. 
Vaccination in conjunction with strict surveillance 
is the only effective way to control the disease. The 
proper understanding of the protective immune 
response is the key step to develop a potent vaccine. 
In case of brucellosis, humoral immune response is 
often neglected even though it is a facultative intra-
cellular microbe and remains extracellularly during 

Table-1: Immune serum IgM and IgG level (titer in P/N 
ratio of OD at 492) in mice.

Time of bleeding IgM (mean±SD) IgG (mean±SD)

2nd week 1.671±0.122a 1.4140±0.095ab

3rd week 2.0011±0.216b 1.8268±0.119b

4th week 2.0820±0.039bc 3.3947±0.255c

5th week 1.5600±0.076ad 4.6148±0.399d

Mean value bearing different superscripts (a, b, c, 
and d) in each column differ significantly (p<0.05). 
IgM=Immunoglobulin M, IgG: Immunoglobulin G, 
SD=Standard deviation
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Table-2: In vivo evaluation of protective efficacy of anti‑Brucella serum in mice model as homologus passive protection 
assay.

Group (n=6) Transformation value of spleen count 
Y=log (X#/log X)

Mean±SD Protective index
Ycontrol_Yvaccinated

Mice 1 Mice 2 Mice 3 Mice 4 Mice 5 Mice 6

Control 4.253 4.265 4.125 4.325 4.282 4.313 4.260±0.071ac Nil
Anti‑Brucella serum (50 IU) 3.055 0.854 3.050 3.382 3.283 3.620 2.874±1.012b 1.386
Anti‑Brucella serum (25 IU) 3.939 3.970 3.657 3.575 2.677 Died 3.564±0.524bc 0.696

Mean value bearing different superscripts (a, b, c,) in each column differ significantly (p<0.05). #Total viable count of 
Brucella abortus S544 obtained from the mouse spleen. SD=Standard deviation

Table-3: In vivo evaluation of the protective efficacy of anti‑Brucella serum in guinea pig model as heterologous passive 
protection assay.

Group (n=2) Transformation value of spleen 
count (Y)

Mean±SD Protective index

Guinea pig 1 Guinea pig 2

Control 3.540 3.952 3.746±0.291a Nil
Anti‑Brucella serum (50 IU) 3.060 2.840 2.950±0.155a 0.796
Anti‑Brucella serum (25 IU) 3.366 3.304 3.335±0.043a 0.411

Mean value bearing similar superscripts (a) in each column differ non‑significantly (p>0.05). SD=Standard deviation

many phases of life cycle such as just after infection, 
bacteremia phase, and cell-to-cell spread. Previously 
reported passive protection assay involving CD4+ and 
CD8+ or whole T-cell populations from immunized 
mice to native mice could not be able to conclude the 
exclusive role of CMI in clinical protection against 
virulent challenge [15]. In contrast to this, many stud-
ies involving passive transfer of specific anti-Brucella 
antibodies to naïve mice could be able to protect it 

against virulent challenge [22,23]. Therefore, the 
theme of the study was to evaluate the in vivo protec-
tive efficacy of Brucella-specific antibodies in homol-
ogous and heterologous animal model.

In our study, a dose-dependent protective 
response was observed in both experimental models. 
The PI of mice passively immunized with 50  IU or 
25 IU antibodies was 1.38 and 0.69, respectively. In 
guinea pigs, however, animals passively immunized 

Figure-1: The mean transformation value of total viable spleen count of mice (a) and guinea pig (b) after challenge with 
Brucella abortus S544. Data are presented as mean±standard deviation. NS=Not-significant, (**)=p<0.01.

ba

Figure-2: Spleen weight index of mice (a) and guinea pig (b). Data are presented as mean±standard deviation. NS=Not-
significant, (*)=p<0.05, (**)=p<0.01, (***)=p<0.001.

ba
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with 50  IU or 25  IU antibodies showed PI equiva-
lent to 0.79 or 0.41, respectively. The higher value 
of PI in mice than guinea pig can be justified by the 
fact that mice antibodies in guinea pig perceived as 
foreign elicit an immune response and finally elim-
inated from host body. Furthermore, the significant 
reduction in spleen colonization was seen in passively 
protected mice or guinea pig that indirectly links the 
role of anti-Brucella antibodies to combat against 
virulent strain through opsonophagocytosis coupled 
with enhanced post-phagocytosis clearance [24,25]. 
The observations support our hypothesis that the pres-
ence of antibodies inhibits initial multiplication and 
eventual colonization of systemic organs by B. abor-
tus. This may primarily be associated with protection 
against the clinical syndrome in natural hosts. The 
reason for a comparatively lower protective effect by 
the mice antibodies in guinea pig may be related to 
anti-murine antibody response of the animals.

Our findings are in complete concordance with 
previous reports that suggest the protective role of 
B. abortus polysaccharide and protein antigen-specific 
immune serum in murine brucellosis [16]. They spec-
ulated that immune serum can prevent dissemination 
of systemic infection through efficient killing of inter-
nalized Brucella and attributed large part of vaccinal 
immunity. Araya et al. [15] also marked the anti-lipo-
polysaccharides antibodies as a potent immune factor 
to chase the virulent B. abortus in mice through passive 
immunization. Despite the series of previous reports 
about the role of anti-Brucella antibodies to fight 
against field challenge, CMI is considered as a major 
protective mechanism against Brucella infection. The 
main lacuna is the controversial role of antibodies in 
disease establishment rather than considering its protec-
tive role. As reported long back, high IgG titer mostly 
seen in acute brucellosis prevents complement-medi-
ated extracellular bacterial lysis and provides a bridge 
to establish an intracellular niche and subsequently 
extension of disease in cattle [26]. Although it is specu-
lated through passive protection assay in mice that both 
T lymphocytes and antibodies are essential to provide 
complete protection, still latter one play substantially a 
greater role [27,28]. Recently, Adone et al. [29] have 
also concluded that specific circulating antibodies were 
more efficiently able to control the early dissemination 
and spread of Brucella in mice following challenge by 
intraperitoneal injection. In parallel line, Vitry et al. 
[30] have also speculated that antibodies alone were 
critical for the development of sterilizing immunity 
in the spleen at 50-day post-challenge. However, they 
considered that both CMI and humoral are equally 
essential for complete protection against B. meliten-
sis. The other clue for a protective role of antibodies 
is seen in bovine brucellosis as abortion occurs mostly 
in the first pregnancy following infection and becomes 
uncommon in subsequent pregnancies because of sus-
tained immunity [31]. Dorneles et al. [32] observed 
the predominance of IgG1 type antibodies both in 

S19 and RB51 vaccination regimens in cattle though 
it is strongly associated to a Th2 response. However, 
in their study, this result was in contrast to the pro-
file observed in CMI which was predominantly Th1. 
Hence, this opposite finding sharply pointed out the 
protective enrollment of antibodies in the establishment 
of Brucella infection. Furthermore, it is the coordi-
nated immune network that usually demands a balance 
between Th1 and Th2 response.
Conclusion

Passive protection assay either in homologous 
or heterologous pattern anti-Brucella antibodies alone 
was able to inhibit the initial establishment of intracel-
lular niche, which is the most valuable phase of patho-
genesis and acts as deciding factor for the outcome 
of infection. Although the anti-Brucella antibodies 
provide a bridge for enhanced uptake by professional 
phagocytes, at the same time, these specific anti-
bodies marked the virulent field strain for effective 
post-phagocyte clearance and significantly reduced 
the B. abortus proliferation in host body. Hence, to 
design any vaccine or therapeutic against B. abortus, 
humoral approach should be encouraged rather than 
focusing only CMI as, in usual practice, humoral arm 
of immunity is often neglected.
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