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ABSTRACT
Background: Brucellosis is a chronic zoonotic disease with negligible mortality rate that might be the reason
not to attract the concerned authority to prevent and eradicate it in low income endemic countries. Recently, it
has been recognized as a re-emerging zoonotic disease not only in low income countries but also its eradicated
developed world.
Objective: The main objective was to determine the humoral immune response (HIR) in crossbred dairy
heifers immunized with Brucellaabortusstrain RB51 vaccine by using indirect ELISA
Materials and Methods: Each of the 20 randomly selected B. abortussero-negative crossbred (HolsteinFriesian  Local) dairy heifers aged between 4 to 8 months old at the Military Dairy Farm received 2.0 ml
imported commercial B. abortus SRB51 strain vaccine subcutaneously in the neck region at day 0 and then
booster dose at 60 days after first vaccination with similar dose and route during the period from June to
October 2020. Each of the collected serum samples of 20 heifers at day 0, 7, 14, 21, 28, 60, 90, 120 and 150
was tested to detect the antibody status by using commercial indirect ELISA kit.
Results: The humoral immune response (HIR) in terms of antibody levels detected by OD values in the serum
of immunized cross-bred dairy heifers by using B. abortus strain RB51 commercial vaccine resulted 0.097 
0.0032 (mean  SE) OD value at 0 day (i.e. pre-immunization) and 0.108 ± 0.0032 at 7 th day. After that, the
OD value started to rise from day 14 (OD value 0.124 ± 0.0032) and reached to a peak level at 60 days (OD
value 0.223  0.0032) with the initial vaccination. Booster vaccination inoculated at 60 days resulted peak
antibody level in terms of OD value (0.313  0.0032) at the day 90 and then the antibody level started to
decline from 120 days (OD value 0.242  0.0032) to 150 days (OD value 0.199 0.0032) in cross-bred dairy
heifers.
Conclusions: This study suggests that the commercial B. abortus RB51 strain vaccine has induced satisfactory
HIR with initial inoculation and significantly higher HIR produced with a booster dose in crossbred heifers by
using commercial I-ELISA. The presence of Brucella antibodies have importance on sero-diagnosis whereas
the cell mediated immunity (CMI) plays major role in protection against brucellosis which needs further
investigation in cross-bred heifers in Bangladesh.
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INTRODUCTION
Brucellosis is one of the major zoonosis that affects livestock and wildlife animal species as
well as humans leading to signiﬁcant impact on public health and animal industry.1,2The
Brucellaorganism is responsible for a variety of disease conditions having zoonotic significance
and reported worldwide causing abortion, infertility, retained placenta, endometritis in cows
and to a smaller extent, orchitis and infection of the accessory sex glands in bulls.3Although the
death rate associated with brucellosis is negligible both in animals and humans, the prevalence
is approximately 10.0% in endemic countries.4However, WHO estimates only half a million
cases annually being registered as human brucellosis distributed in more than 170
countrieswitha quarter of cases are unreported with non-specified clinical symptoms which is
10 times higher, and accordingly, the true prevalence is estimated at 5.0 to 12.5 million cases
annually which indicates brucellosis is one of the most important widespread zoonotic diseases
in public health concern.1,5,6Although brucellosis is the most widespread zoonosis worldwide, it
remains severely neglected as a potential cause for chronic, debilitating maladies, due to nondescript clinical presentation in human populations.6 In addition, recently it has been
recognized as a re-emerging zoonotic disease in both developing and eradicated developed
nations.4,7-10It appears that the control of animal brucellosis will lead to the control of human
brucellosis. This can be achieved in one of the several ways including vaccination, culling of
infected animals, surveillance testing or a combination of any of these.6 There are three main
vaccines used for control brucellosis, of which RB51 and S19 are directed at Brucella abortus
infections in bovid, while Rev 1 is used for B. melitensis in small ruminants.6,11Currently, S19
and RB51 are the B. abortus vaccine strains have been more widely used to prevent brucellosis
in cattle.12 Both vaccines are effective in the prevention of abortion and infection, besides
offering long lasting protection.12-16The B. abortus S19 is a stable smooth attenuated organism
with high immunogenicity and antigenicity.17The RB51 vaccine is a lipopolysaccharide Oantigen deficient naturally occurring rough mutant derived from the virulent smooth strain, B.
abortus 2308. The RB51 does not induce antibodies against smooth lipopolysaccharide (LPS)
detectable by routine serological tests.18 This feature allows RB51 vaccination to be performed
at any age, while vaccination with S19 is normally restricted to calves between 3 and 8 months
of age to avoid interference in the routine serological tests.2There are several reports on seroprevalence, sero-epidemiology, sero-molecular epidemiology, risk factors, zoonotic importance
and review of brucellosis in human and animals have been published from Bangladesh.19-22In
addition, molecular detection of Brucella sp. from milk of sero-negative cattle,23isolation and
genetic characterization of B. abortus biovar 3 from dairy cattle,24,25haemato-biochemical and
therapeutic responses of chronic brucellosis in crossbred dairy cows,26comparison of humoral
immune response (HIR) in indigenous cattle immunized with heat inactivated B. abortus biovar
3 and RB 51 vaccines27,28and HIR between indigenous cattle and indigenous buffaloes
immunized with RB 51 vaccine29 have been reported from Bangladesh.Report on the
immunization and immunological response with B. abortus RB51 strain vaccine in cross-bred
heifers is lacking in inland literature. Moreover, the complete understanding of the immune
response triggered by the worldwide used B. abortus vaccines in
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cattle is still undefined. This paper describes the HIR in crossbred heifers immunized with B
abortus strain RB51 vaccine in the Military Dairy Farm, Chattogram,Bangladesh.
MATERIALS AND METHODS
This study was conducted on the Holstein-Frisian  Local cross-bred heifersin the Military
Dairy Farm, Chattogram, Bangladesh during the period from June to October 2020.A total of
1050 dairy cattle and 120cross-bred heifers of four to eight months of age were available in the
farm, of which brucellosis sero-negative 20 cross-bred heifers were randomly selected for this
study (Photo 1). The B. abortusstrain RB51vaccinewas imported from Spain (CZ Veterinaria
SA, Spain) and 2.0 ml of the vaccine contains 10-34 ×109 cfu organisms, one vial contains 25
doses in powder forms and suspension is made by mixing with diluent supplied with the
vaccine as directed by the manufacture instructions. Each of the experimental heifers was
inoculated strain RB51 vaccine @ 2.0 ml subcutaneously in neck region (Photo 2). The
immunized animals were observed for six months with especial emphasis to two to three hours
post-vaccination for any immediate untoward reactionsand boosting at the days of 60 with
same dose and route.Then vaccinated heifercalves were observed for 150 days.

Collection of blood samples
Blood was collected from each of the selected and vaccinated heifers before vaccination (0
day) and on 7, 14, 21, 28, 60, 90, 120 and 150 days at post-vaccination. The calves were
restrained properly, the injection site was disinfected with 70% alcohol and 10 ml of blood was
collected from each of the calves from jugular veins. The collected blood was kept undisturbed
in syringe in a slightly inclined position on a tray for one hour to facilitate clotting and
separation of serum. The separated serum was taken in a tube and then centrifuged at 2500 rpm
for 10 minutes.The sera were transferred to the sterile and labeled eppendorf tube. The sera
samples were stored at -20° C until tested with Indirect ELISA.22

Photo 1.A group of crossbred heifers used for the study of HIR
immunized with B. abortus strain RB51 vaccine
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Photo 2. Shows s/c inoculation of
RB51 vaccine in a heifer
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Enzyme Linked Immunosorbent Assay (ELISA)
Level of antibody was detected by Antibody I-ELISA Test Kit (IDEXX Montpellier SAS,
France) according to the protocol of the manufacturer and reading was performed by automated
ELISA reader.22Briefly, microplates are coated with 50µl Brucellalipopolysaccharide (LPS).
Coated plate were wrapped in plastic to seal and incubated for 2 hour at 370 C. Upon incubation
of the test samples in the coated wells, Brucella specific antibodies form immune complexes
with Brucella LPS. Unbound materials were washed away with PBS. The solutions or washes
were removed by pipetting. 200µl blocking buffer was added for blocking the remaining
protein binding sites in coated wells and incubated 30 minutes at room temperature. The
solution was discarded and coated well was washed away. Then 50µl antibody solution is
added using micropipette. Plate were wrapped in plastic and incubated for 2 hour at room
temperature. The plate was washed away. Blocking and washing steps were repeated. 50µl
secondary antibodyreagent was added to wells. After wrapping, it was incubated for 2 hour in
room temperature. After washing, 75µl substrate solution was added on micro titer plates. The
plate was wrapped with plastic and incubated for 1 hour at room temperature. 25µl of stop
solution was added on micro titer plate. The result is obtained by comparing the sample optical
density at 450 nm with the positive control mean optical density.

Statistical analysis

The data was entered in Microsoft Excel and transferred to R 4.0.130 for statistical analysis.
Repeated measure ANOVA model was built using “nlme” package31 considered animal ID as
random variable and date of sample collection as fixed effect variable. The pairwise means of
OD values among different dates of sampling were compared in Post-hoc analysis
using“lsmeans” function of “lsmeans” package.32
RESULTS
The mean values of antibody level in terms of OD values in different age groups of heifers
immunized with commercial B. abortus strain RB 51 vaccine did not differ significantly (Table
1). Table 1 also shows that the antibody levels in terms of OD values at day 14, 21, 28, 60, 90
and 150 days post-immunization in cross-bred heifers with commercial B. abortus strain RB51
vaccine were significantly (p < 0.05) different from those of pre-vaccination values at days 0. It
also appears from Fig.1 that the OD values in heifers immunized with commercial B. abortus
strain RB 51 vaccine increased gradually from day 7 up to 60 days and then administration of
the booster dose of the vaccine at day 60 resulted a peak OD level at 90th day (0.313  0.0032)
and then started to decline the antibody titer gradually with a lowest level at day 150 of postvaccination.
DISCUSSION
Brucellosis is a disease of socio-economic and public health importance associated with
abortions and reduced fertility in ruminant animals in many countries in the world1,2but it is not
a serious problem either in animals or in humans in Bangladesh.33 However, it is maintained at
a low level in different livestock species and humans in Bangladesh19-22and possibility to exist
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Table 1. Comparison of antibody OD values at different age and days after vaccination with
Brucellaabortus strain RB51 vaccine in heifers
S/N

Age
(months)

No. of
animals

OD values
Mean  SD

1.
2.
3.
4.
5.

4
5
6
7
8

1
7
7
2
3

0.19  0.077
0.18  0.069
0.18  0.068
0.18  0.072
0.18  0.075

S/N

Day No. of OD values
PV animals Mean  SE

1.
2.
3.
4.
5.
6.

000 20
007 20
014 20
021 20
028 20
060 20

7.
8.
9.

090 20
120 20
150 20

95% CI

0.097a 0.0032
0.087-0.11
a
0.108  0.0032
0.098-0.12
0.124b  0.0032
0.114-0.13
0.138c 0.0032
0.128-0.15
d
0.157  0.0032
0.147-0.17
0.223c 0.0032
0.189-0.21

0.313f 0.0032 0.213-0.23
0.242g  0.0032 0.232-0.25
0.199h 0.0032 0.303-0.32

SD = Standard deviation
SE = Standard error
PV = Post-vaccination
Different superscript indicates significant difference at (p < 0.05)

OD values

0.35

0.313

0.3
0.242

0.25

0.223
0.199

0.2
0.157
0.15
0.097

0.108

0.124

0.138

0.1
0.05
0
OD values

Day 0

Day 7

Day 14

Day 21

Day 28

Day 60

Day 90

Day 120

Day 150

0.097

0.108

0.124

0.138

0.157

0.223

0.313

0.242

0.199

Figure 1. Comparison of mean OD valuesin cross-bred heifers at different days of
immunization with Brucellaabortusstrain RB51 vaccine
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chronic zoonotic infection in humans as Brucella sp. has been detectedB. abortus biovar 3 from
dairy cattle.24,25The internationally approved methods for eradication of brucellosis include
vaccination, culling of infected animals, surveillance testing or a combination of any of
these.6Only culling method of the brucellosis infected animals from the herd might be possible
to eradicate this disease at this very low level of infection in Bangladesh.
Vaccination method is most suitable to control brucellosis in animals but there is currently no
licensed vaccine for brucellosis in human and the available animal vaccines may cause disease
and considered unsuitable for use in humans. As human brucellosis originates essentially from
livestock and livestock products, the human brucellosis would be automatically controlled if
brucellosis is controlled in livestock. Mass vaccination of livestock against brucellosis in
endemic countries would be cost effective and would result in net economic benefit if
interventions cost are shared between the different beneficiaries.34
The antibody responses and efficacy of RB51 vaccine have been evaluated in cattle, buffaloes
and elk elsewhere35-37and in indigenous adult cattle and buffaloes in Bangladesh28,29but not in
cross-bred heifers. Understanding immune responses of immunized cross-bred heifers with
SRB51 may be beneficial for development of an efficacious brucellosis vaccine.
The result of the present study confirms the possibility of using commercial I-ELISA to
evaluate RB51 vaccinated of heifers (booster at 60 days) of Bangladesh, monitor antibody
responses to RB51 vaccine up to 150 days. These observation supports with the earlier report
on RB51 vaccinated adult indigenous cattle and buffaloes in Bangladesh.28,29
This study has recorded the rise of antibody level from the second weeks of vaccine
administration and highest OD (0.223  0.0032) at 60 days after initial vaccination and the peak
ODat 90 days (0.313  0.0032) after booster vaccination and then the antibody level started to
decline from 120 to 150 days in heifers. These results are in conformity with earlier reports of
immunized indigenous adult cattle and buffaloes.28,29
All animals were sero-negative for Brucella antibodies before immunization which indicates
that experimental animals were neither infected nor vaccinated, whereas satisfactory immune
responses produced after immunization indicates inoculation of vaccine produced
satisfactoryHIR in heifers. The antibody titer has been reported to be significantly increased in
the vaccinated calves after one month and the titer declined but remained positive up to six
months and then negative throughout the 12 months study periods.38These observations could
not be compared with the present study because this study did not continue after 150 days of
vaccination.
It appears from this study that the HIR is produced both in cattle and buffaloes but it is
comparatively higher in cattle than buffaloes immunized with B. abortus RB 51 vaccine. This
suggests that there may be differences between cattle and buffaloes in their immunologic
responses to infection with virulent field strains of B. abortus. In addition, a major challenge in
the development of an ideal vaccine lies in evoking robust CMI in the host. Vaccines that
evoke a strong CMI response confer a better level of protection. Therefore, targeting the CMI
branch of host immunity via induction of IL-12 and INF- should prove to be useful.39
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CONCLUSIONS
Results of this study showed that the B. abortusRB51 strain vaccine has induced satisfactory
antibody response with initial doseand significantly higher HIR(OD level) obtained at day 90
with booster dose inoculated at 60 days in crossbred dairy heifers. This indicates that this
vaccine is potent enough to induce HIR in inoculated animals. However, the CMI has been
reported to be played a major active role in protection against brucellosis and therefore there is
a need to investigate CMI response along with HIR in B. abortus RB51 vaccinated animals
with challenge studies to the detect the typesof immunological responses induced by brucellosis
with its protection efficacy in Bangladesh.Currently, very low level of Brucella infection exists
in Bangladesh and accordingly surveillance testing and culling of infected animals would be
the choice to prevent and eradicate this disease under local conditions. As it is an important
zoonotic disease, itrequires an interdisciplinary and collaborative („One Health‟) approach that
consists of public education and awareness, the development of an infrastructure for disease
surveillance and reporting in both medical and veterinary medical, and campaigns for
prevention and eradication in livestock and wildlife species.
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