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Summary
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prepared heat-inactivated Brucella abortus vaccine candidate in Bangladeshi crossbred
dairy cattle. Bulg. J. Vet. Med. (online first).

Bovine brucellosis remains endemic in Bangladesh, where crossbred dairy cattle predominate and
locally prepared vaccine candidates may have practical relevance for resource-limited control pro-
grammes. This exploratory pilot study evaluated age-related IgG antibody kinetics and selected hae-
matological parameters after immunisation with a locally prepared heat-inactivated Brucella abortus
field-strain antigen preparation. Sixteen clinically healthy crossbred dairy cattle were stratified by age
and vaccination status. Vaccinated cattle aged 1-2 years and >2 years received 5.0 mL of the heat-
inactivated B. abortus biovar 3 antigen subcutaneously on day 0, followed by an identical booster
dose on day 40, while age-matched control animals remained unvaccinated. Animals were monitored
for 180 days. Anti-Brucella 1gG antibody responses were assessed using a commercial indirect en-
zyme-linked immunosorbent assay and expressed as sample-to-positive percentage (S/P%). Selected
haematological indicators were assessed at baseline, mid-study and endpoint. All animals were
seronegative at baseline. Vaccinated groups showed increased S/P% values by day 30, with peak re-
sponses around day 60 and subsequent decline. Seropositivity declined after day 90 in cattle aged 1-2
years, whereas cattle aged >2 years maintained seropositivity through day 180. Haematological
changes were modest and did not indicate clinically important systemic disturbance based on the
selected parameters assessed. These findings provide preliminary serological evidence of age-
dependent persistence of IgG antibody reactivity following immunisation with a locally prepared
heat-inactivated B. abortus antigen preparation. Because this was a pilot study with a small number of
animals per group and ELISA-based humoral assessment only, further studies including cell-mediated
immune responses, adjuvanted formulations, larger sample sizes and protective-efficacy data are re-
quired.
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INTRODUCTION

Bovine brucellosis remains an important
zoonotic disease with substantial econom-
ic and public health consequences. In cat-
tle, infection is associated with reproduc-
tive losses, reduced milk yield and in-
creased culling, leading to productivity
losses in affected dairy systems (Santos et
al., 2013; Adimasie, 2024; Lopes et al.,
2024). The disease remains difficult to
control in many low- and middle-income
countries because veterinary infrastruc-
ture, surveillance and test-and-slaughter
programmes are often limited; therefore,
vaccination remains an important compo-
nent of brucellosis control (Khurana et al.,
2021; Wasif et al., 2024).

Commercial live attenuated vaccines,
including S19 and RB51, have contributed
to brucellosis control, but their use may be
constrained by safety and diagnostic limi-
tations. Reported concerns include residu-
al virulence, possible shedding, abortion
risk when used in pregnant animals and
interference with serological diagnosis
(Cheville, 2000; Perea ef al., 2008; Blasco
et al., 2023). In resource-limited dairy
systems such as Bangladesh, potentially
safer locally prepared inactivated vaccine
candidates may have practical value, par-
ticularly where sustained access to com-
mercial vaccines is difficult. However,
such candidates require preliminary im-
munological and haematological evalua-
tion before larger protection or field-
efficacy studies are considered.

Longitudinal serology is useful for de-
scribing post-immunisation antibody de-
velopment and persistence after exposure
to vaccine antigens. Across Brucella vac-
cine studies, antibody responses generally

rise after immunisation and decline over
time, although the magnitude and duration
vary according to vaccine formulation,
host factors and sampling schedule (Maruf
et al., 2019; Mohamud et al., 2020; Naher
et al., 2021). Age at immunisation may
also influence antibody magnitude and
persistence because immune responsive-
ness changes during early life (Sleptsov et
al., 2023; Kesler & Abuelo, 2024; Shome
et al., 2025). Selected haematological pa-
rameters can provide supportive infor-
mation on systemic responses after im-
munisation, but serological reactivity
alone should not be interpreted as evi-
dence of protective immunity.

Data on age-stratified longitudinal in-
direct ELISA antibody kinetics and se-
lected haematological indicators following
immunisation with locally prepared heat-
inactivated B. abortus field-strain antigens
in Bangladeshi crossbred dairy cattle re-
main limited. Within the broader need to
develop locally adaptable and potentially
safer brucellosis vaccine candidates, the
present exploratory pilot study specifical-
ly emphasised this lack of age-related
serological data. Therefore, this study
aimed to evaluate age-related IgG anti-
body kinetics following immunisation
with a locally prepared heat-inactivated B.
abortus biovar 3 antigen preparation. To
achieve this aim, vaccinated cattle aged 1—
2 years and >2 years were compared with
corresponding age-matched unvaccinated
controls over 180 days using indirect
ELISA, and selected haematological indi-
cators were assessed to provide supportive
information on systemic responses after
immunisation.
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MATERIALS AND METHODS

Study area and ethical considerations

The study was conducted at Trishal Mili-
tary Farm, Mymensingh, Bangladesh. All
experimental procedures involving ani-
mals were performed in accordance with
standard animal welfare guidelines. The
procedures involved experimental immun-
isation with a heat-inactivated antigen
preparation and serial blood sampling and
were considered to pose minimal risk to
the animals. The animal study protocol
was approved by the Animal Welfare and
Experimentation ~ Ethical =~ Committee
(AWEEC) of Bangladesh Agricultural
University (Approval No. AWEEC/BAU/
2022/07).

Experimental animals and study design

A total of 16 clinically healthy crossbred
dairy cattle were enrolled in this longitu-
dinal exploratory pilot study. Due to ethi-
cal, financial and logistical constraints
common in resource-limited endemic set-
tings, a modest sample size was used. An-
imals were stratified by age and vaccina-
tion status into four age-matched groups
to allow direct comparison between vac-
cinated and unvaccinated animals within
each age stratum:

* Group A: Vaccinated cattle aged 1-2
years (n = 4);

* Group B1: Unvaccinated control cattle
aged 1-2 years (n = 4);

* Group C: Vaccinated cattle aged >2
years, ranging from 2.1 to 6.5 years in
this study (n = 4);

* Group B2: Unvaccinated control cattle
aged >2 years, ranging from 2.1 to 6.5
years in this study (n = 4)

The study ensured that all animals, re-
gardless of their age strata, were con-
firmed to be non-pregnant at the time of
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enrolment. They were maintained under a
semi-intensive management system. Dur-
ing the study period, animals from all
groups received a balanced mixed ration
that contained concentrate feed, green
fodder and a vitamin-mineral premix.
They also had free access to clean drink-
ing water. Before enrolment, all animals
were subjected to a thorough clinical ex-
amination and confirmed to be healthy.
During the 180-day study period, animals
were closely monitored for clinical signs
of disease and post-immunisation adverse
reactions. No therapeutic antibiotics, addi-
tional vaccinations or metaphylactic treat-
ments were administered. Routine de-
worming was performed equally across all
groups as per standard farm practice at the
beginning of the study.

Vaccine preparation and immunisation
protocol

An experimental heat-inactivated Brucella
abortus biovar 3antigen was prepared for
research purposes following the previous-
ly published protocol of Maruf et al
(2019). Briefly, a local field strain of B.
abortus biovar 3, originally isolated from
aborted foetal membranes and confirmed
by culture and PCR targeting the IS711
gene, was cultured in Brucella broth me-
dium (Difco, Kansas City, Missouri,
USA). The bacterial suspension was con-
centrated by repeated centrifugation and
washed with phosphate-buffered saline
(PBS). The final suspension was standard-
ised to an antigen concentration equiva-
lent to approximately 1.0x10'"" CFU per
5.0 mL dose using McFarland turbidity
standards before inactivation.

Heat inactivation was performed by
incubating the suspension at 80 °C for 90
min in a water bath, and complete inacti-
vation was confirmed by the absence of
bacterial growth on Brucella-selective
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agar after incubation for 7 days at 37 °C.
The antigen preparation was produced as
a single batch and stored at 4 °C until use.
No adjuvant was added to the antigen
preparation, as the primary objective of
this pilot study was to evaluate the prelim-
inary humoral response and selected hae-
matological tolerability of the heat-
inactivated field-strain antigen itself.
Evaluation of adjuvanted formulations
was considered beyond the scope of the
present study and is recommended for
future investigations.

Vaccinated cattle in Groups A and C
received 5.0 mL of the heat-inactivated B.
abortus antigen suspension subcutaneous-
ly in the neck region on day 0, followed
by an identical booster dose on day 40.
The dose volume and booster interval
were selected based on the previously
published protocol of Maruf et al. (2019)
to evaluate short- and mid-term antibody
kinetics following primary and secondary
antigen exposure. Control animals in
Groups Bl and B2 did not receive the
antigen preparation but received an equiv-
alent 5.0 mL placebo injection of sterile
phosphate-buffered saline subcutaneously
on day 0 and day 40 to maintain compara-
ble handling and injection exposure across
groups. All animals were monitored for
local and systemic adverse reactions fol-
lowing immunisation.

Blood sample collection

Peripheral blood samples were collected
from the jugular vein of all animals on day
0 before immunisation and on days 30, 60,
90, 120, 150, and 180 post-immunisation.
Blood was collected into plain tubes for
serum separation (ELISA analysis) and
EDTA tubes for haematological analysis.
Sera were separated from clotted blood by
centrifugation at 1500 rpm for 10 min and
stored at —20 °C until analysis.

ELISA for detection of anti-Brucella
abortus antibodies

Serum samples were tested for antibodies
against Brucella abortus using the ID
Screen® Brucellosis Serum Indirect Mul-
ti-species ELISA kit (BRUS-MS-10P,
Innovative Diagnostics, Grabels, France)
according to the manufacturer’s protocol.
The assay used an anti-multi-species-IgG-
HRP conjugate and therefore detects anti-
Brucella 1gG antibodies. Optical density
(OD) was read at 450 nm using a
microplate reader. The test was valid if
the mean OD of the positive control ex-
ceeded 0.350 and the positive-to-negative
OD ratio exceeded 3. The sample-to-
positive ratio (S/P%) was calculated using
the following formula:

ODsample - ODNC

S/P% =
/P% ODpc — ODyc

X 100

where ODyg,pypi is the optical density of
the sample, and ODpc and ODyc are the
optical densities of the positive and nega-
tive controls, respectively.

Samples with S/P% values >120 were
classified as seropositive in accordance
with the kit guidelines. In this study, the
seropositivity threshold was applied for
descriptive assessment of antibody detect-
ability over time. ELISA S/P% values
were interpreted as indicators of relative
antibody levels and kinetics following
immunisation, rather than as diagnostic
evidence of infection or protective im-
munity.

Haematological analysis

EDTA-anticoagulated whole blood was
analysed using a ZyBio Z51VET auto-
mated veterinary haematology analyser
(ZyBio Inc., Chongqing, People's Repub-
lic of China). The instrument was cali-
brated and quality control procedures
were performed daily according to the

BIVM, xx, No x



U. K. Saha, M. N. Islam, P. Chaudhary, M. K. H. Alif, S. N. Mim & M. S. Rahman

manufacturer's instructions. Parameters
evaluated included total leukocyte count
(Leu), differential leukocyte counts and
percentages (neutrophils, lymphocytes,
monocytes, eosinophils, basophils), red
blood cell count (RBC), haemoglobin
content (Hb), haematocrit (HCT), mean
corpuscular volume (MCV), mean cor-
puscular haemoglobin (MCH), mean cor-
puscular  haemoglobin  concentration
(MCHC), red blood cell distribution width
(RDW), platelet count (PLT), mean plate-
let volume (MPV), platelet distribution
width (PWD), and plateletcrit (PCT). For
focused presentation and inferential analy-
sis, Leu, lymphocyte percentage, RBC and
Hb were prioritised as representative indi-
cators of leukocyte response and erythro-
cyte status.

Outcome measures

The primary outcome of this exploratory
pilot study was the humoral antibody re-
sponse, quantified as ELISA S/P% values
over time. The secondary outcomes in-
cluded selected haematological parame-
ters used to assess systemic responses and
haematological tolerability following im-
munisation.

Statistical analysis

All statistical analyses were performed
using R software (version 4.5.1) (R Core
Team, 2025). Descriptive statistics are
presented as mean + standard deviation
(SD) unless otherwise stated. Given the
exploratory nature of the study and the
limited sample size, statistical analyses
were interpreted with emphasis on overall
trends, effect direction, and biological
plausibility rather than formal hypothesis
testing alone.

Longitudinal ELISA S/P% values
were analysed using linear mixed-effects
models to account for repeated measure-
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ments within animals. The fixed effects
included group, sampling day, and their
interaction, and animal ID was included as
a random intercept. The four analytical
groups were Group A, Group B1, Group
C and Group B2. Age-matched compari-
sons were made between Group A and
Group BI for cattle aged 1-2 years and
between Group C and Group B2 for cattle
aged >2 years. Model fitting was per-
formed using the lme4 package (Bates et
al., 2015) and P values were obtained
using Satterthwaite’s approximation as
implemented in the ImerTest package
(Kuznetsova et al., 2017). Where approp-
riate, post hoc pairwise comparisons were
conducted using estimated marginal
means with Tukey’s adjustment for multi-
ple testing (emmeans package) (Lenth &
Piaskowski, 2025).

Seropositivity proportions were sum-
marised descriptively by group and sam-
pling day. No inferential modelling was
applied to these proportions because of
the small group size and absence of
seroconversion in the control animals.

For the selected haematological out-
comes, data from day 0, day 60 and day
180 were included to represent baseline,
mid-study and late post-immunisation
phases. Linear mixed-effects models in-
cluded group, sampling day and their in-
teraction as fixed effects, with animal ID
as a random intercept. Model assumptions
were assessed by visual inspection of re-
sidual plots and Q-Q plots. Statistical sig-
nificance was set at P < 0.05.

RESULTS

Humoral IgG antibody response

At baseline (day 0), all animals in the vac-
cinated and unvaccinated control groups
were seronegative, with mean S/P% valu-
es below the manufacturer-recommended
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Fig. 1. Longitudinal IgG antibody responses (mean S/P% + SD) following immunisation with the
heat-inactivated Brucella abortus antigen preparation expressed as ELISA S/P%. Group A: vaccina-
ted cattle aged 1-2 years; Group B1: unvaccinated control cattle aged 1-2 years; Group C: vaccina-
ted cattle aged >2 years; Group B2: unvaccinated control cattle aged >2 years. The dashed line indi-

cates the seropositivity threshold (S/P% >120).

seropositivity threshold. Following im-
munisation, vaccinated cattle in Groups A
and C showed marked increases in ELISA
S/P% values, whereas the unvaccinated
control animals remained seronegative
throughout the 180-day study period
(Fig. 1). In Group A, mean S/P% in-
creased to 206.81+60.58 by day 30 and
peaked at 237.93459.50 on day 60, fol-
lowed by a gradual decline to 74.39+
43.05 by day 180 (Fig. 1). In Group C,
antibody responses were higher and more
sustained, reaching 289.36+32.67 on day
30 and peaking at 309.47+25.97 on day
60, with levels remaining elevated
(175.76£23.97) at day 180. The unvac-
cinated control animals remained consist-
ently below the seropositivity threshold at
all sampling points (Fig. 1).

Based on the manufacturer-recommen-
ded cut-off for seropositivity (S/P%
>120), all vaccinated cattle in Group A

were seropositive from day 30 to day 90.
Thereafter, seropositivity in Group A de-
clined to 50% at day 120 and 25% at days
150 and 180, indicating a decline in de-
tectable IgG antibody levels over time. In
contrast, Group C maintained 100% sero-
positivity from day 30 through day 180.
No animals in the unvaccinated control
groups became seropositive at any sam-
pling point (Table 1).

The linear mixed-effects model
showed significant effects of group, sam-
pling day and their interaction on ELISA
S/P% values. Type III ANOVA showed
significant effects of group [F(3,12)=
74.53, P<0.001], sampling day [F(6,72)
=245.20, P<0.001] and groupxday inter-
action [F(18,72)=87.02, P<0.001], indica-
ting distinct longitudinal antibody-
response patterns among the age-matched
groups.
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Table 1. Seropositivity rate by age-matched group and sampling day

Number seropositive™®

Day post-immunisation / total number Seropositivity (%)
Group A: vaccinated cattle aged 1-2 years

0 0/4 0
30 4/4 100
60 4/4 100
90 4/4 100
120 2/4 50
150 1/4 25
180 1/4 25
Group B1: unvaccinated control cattle aged 1-2 years

0 0/4 0
30 0/4 0
60 0/4 0
90 0/4 0
120 0/4 0
150 0/4 0
180 0/4 0
Group C: vaccinated cattle aged >2 years (2.1 to 6.5 years)

0 0/4 0
30 4/4 100
60 4/4 100
90 4/4 100
120 4/4 100
150 4/4 100
180 4/4 100
Group B2: unvaccinated control cattle aged >2 years (2.1 to 6.5 years)

0 0/4 0
30 0/4 0
60 0/4 0
90 0/4 0
120 0/4 0
150 0/4 0
180 0/4 0

*Seropositivity was defined as S/P% >120 according to the ELISA kit interpretation criteria.

Age-matched post hoc comparisons
showed no significant baseline differences
between vaccinated and control animals
within either age stratum. From day 30
onward, Group A had significantly higher
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S/P% values than Group Bl at all post-
immunisation sampling points, with
P<0.001 from day 30 to day 150 and
P=0.002 at day 180. Similarly, Group C
had significantly higher S/P% values than
Group B2 at all post-immunisation sam-
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pling points from day 30 through day 180
(all P<0.001). Comparison between vac-
cinated age groups showed no baseline
difference between Group A and Group C.
However, Group C had significantly high-
er S/P% values than Group A at every
post-immunisation sampling point from
day 30 to day 180 (all P<0.01), indicating
a higher and more persistent IgG antibody
response in cattle aged >2 years.

Post-immunisation haematological findings

Selected haematological outcomes are
summarised in Table 2. Leu, lymphocyte
percentage, RBC and Hb were evaluated
at baseline, mid-study and endpoint to
describe post-immunisation haematologi-
cal patterns. (Table 2).

Leu showed mild variation across
sampling days. Mixed-effects analysis
showed no significant overall group effect
for Leu [F(3,12)=2.35, P=0.123], but

sampling day had a significant effect
[F(2,24)=9.28, P=0.001]. The groupxday
interaction was not significant [F(6,24)=
1.58, P=0.197], indicating no clear group-
specific temporal pattern. Lymphocyte
percentage showed significant effects of
group [F(3,12)=7.94, P=0.004), sampling
day [F(2,24)=26.20, P<0.001) and groupx
day interaction [F(6,24)=5.31, P=0.001),
indicating short-term group-dependent
variation over time.

RBC differed significantly among
groups [F(3,12)=15.73, P<0.001], where-
as sampling day [F(2,24)=1.65, P=0.213]
and the groupxday interaction [F(6,24)=
0.60, P=0.731] were not significant. Hb
also differed among groups (F(3,12)=
13.05, P<0.001), with a borderline sam-
pling-day effect [F(2,24)=3.21, P=0.058]
and a significant groupxday interaction
[F(6,24)=2.75, P=0.035]. Overall, the se-
lected haematological indicators showed

Table 2. Selected haematological parameters of vaccinated and age-matched control cattle at base-
line, mid-study and endpoint. Values are presented as mean+SD (n=4).

Day post- Leu, x10°/L LYM, % RBC, x10'%/L Hb, g/L
immunisation

Group A: vaccinated cattle aged 1-2 years

0 12.36 £ 0.40 55.83 +1.39 7.55+0.13 111.5+1.3
60 13.42 +0.49 53.45+£3.50 7.54£0.55 1105+ 6.4
180 12.03 £0.30 58.52+1.11 8.05+0.13 1162+ 1.7
Group B1: unvaccinated control cattle aged 1-2 years

0 11.56 £0.71 56.00 £2.03 6.21 +£0.31 106.2+3.3
60 12.73 £1.09 55.58£0.31 6.24 +£0.42 111.8+54
180 11.62 +0.64 57.20 £ 0.35 6.40+0.18 107.8 +2.8
Group C: vaccinated cattle aged >2 years

0 1232 £1.52 52.95+ 141 6.44 +0.88 103.5+£3.1
60 12.38£0.35 52.25+0.57 6.34+£0.95 102.5+1.0
180 11.95+0.13 57.75 +0.24 6.42+0.32 106.0 +0.8
Group B2: unvaccinated control cattle aged >2 years

0 11.65+0.26 57.50+£0.29 6.15+£0.13 104.8+1.7
60 11.85+0.6 57.38+£0.26 6.25+0.13 106.0 £ 1.8
180 11.65+0.26 57.50 £0.29 6.25+0.13 105.8+1.7

Leu: total leukocyte count; LYM: lymphocyte percentage; RBC: red blood cell count; Hb: haemoglo-

bin content.
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mild variation, but no persistent adverse
systemic pattern was evident based on the
parameters assessed.

DISCUSSION

This study evaluated longitudinal humoral
responses following immunisation with a
heat-inactivated Brucella abortus antigen
preparation and observed a rapid rise in
ELISA S/P% in vaccinated cattle, with
levels peaking in early post-immunisation
sampling points and gradually declining
over time. Unvaccinated age-matched
control animals remained seronegative
throughout. Antibody kinetics and sero-
logical interpretation vary across brucello-
sis vaccination studies depending on the
vaccine formulation and immunisation
schedule, but a recurring pattern is an ear-
ly rise in antibody levels after vaccination
followed by a gradual decline over time
(De Massis et al., 2023; Novoa et al.,
2024). In some cases, vaccine-induced
antibodies can persist for longer periods,
which may complicate the interpretation
of serology when ELISA is used for sur-
veillance or post-vaccination monitoring
(Shi et al., 2024). This overall kinetic pat-
tern is consistent with reports that
Brucella abortus vaccination can induce
an immediate and robust serological res-
ponse that remains high for several weeks
before progressively waning (Aguirre et
al.,2002).

It is important to clarify that this ex-
ploratory pilot study was not designed to
evaluate protective efficacy against chal-
lenge or to replace licensed vaccines. Ra-
ther, it focused on initial characterisation
of IgG antibody kinetics and selected
haematological indicators following im-
munisation with a heat-inactivated antigen
preparation derived from a local field
strain. Such preliminary data are a neces-
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sary first step before resource-intensive
efficacy studies, particularly in endemic
regions where inactivated formulations
may offer safety advantages over live vac-
cines.

Age at vaccination is an important
source of variation in humoral responses
to Brucella vaccines. Evidence suggests
that younger animals may develop marked
early antibody responses, while the mag-
nitude and persistence of antibodies in
older cattle can differ depending on the
vaccine formulation and immunisation
schedule (Ryskeldinova et al., 2021;
Boggiatto et al., 2024). In the present
study, vaccinated cattle aged >2 years
(Group C; 2.1-6.5 years) consistently
showed higher and more sustained S/P%
values than vaccinated cattle aged 1-2
years (Group A) across post-immunisation
sampling days, suggesting an age-
associated difference in IgG antibody ki-
netics under the same immunisation pro-
tocol. The shorter-lasting serological re-
sponse in cattle aged 1-2 years may re-
flect age-related differences in immune
maturation, physiological variability, prior
exposure history, management-related
factors or the small number of animals per
group; however, these mechanisms were
not directly assessed in the present study.
Booster dosing has been reported to
strengthen or extend antibody responses in
some settings (Olsen et al, 2021; De
Massis et al., 2023), and maternal influ-
ences have also been proposed as modifi-
ers of vaccine responsiveness in young
calves (Reddout et al., 2024). Although
these mechanisms were not assessed here,
the sustained separation between Groups
A and C supports the practical need to
consider age when interpreting post-
vaccination serological kinetics.

Interpretation of ELISA seropositivity
after vaccination depends on the assay
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cut-off and the purpose of testing. ELISA
can detect vaccine-induced antibodies that
may persist for variable periods, and se-
rology alone may not always distinguish
vaccine-induced reactivity from infection-
related antibodies, making the selected
cut-off critical for classification (Bulashev
& Eskendirova, 2023; Novoa et al.,
2024). Potential cross-reactivity can fur-
ther affect apparent seropositivity in some
contexts, which reinforces the importance
of applying validated kit criteria and in-
terpreting results within the assay’s in-
tended use (Xie et al., 2025). In this
study, seropositivity was defined using the
manufacturer’s threshold (S/P% >120),
which is appropriate for standardised re-
porting; however, seropositivity should be
interpreted as evidence of detectable anti-
Brucella 1gG antibody response rather
than a direct measure of protective im-
munity (Patra et al., 2023).
Haematological profiling was included
as a secondary measure to provide sup-
portive information on systemic responses
after immunisation. In the revised age-
matched analysis, Leu showed a signifi-
cant effect of sampling day but no signifi-
cant overall group effect or group x day
interaction, suggesting temporal variation
without a clear group-specific pattern.
Lymphocyte percentage showed signifi-
cant group, day and interaction effects,
indicating  short-term group-dependent
variation. Such leukocyte changes may
reflect transient systemic responses after
antigen exposure, although this interpreta-
tion should remain cautious in view of the
small sample size (Mishra et al., 2022;
Grandoni et al., 2023). RBC and Hb were
included as representative erythrocyte
indicators. RBC differed among groups
but did not show a significant day effect
or groupxday interaction, while Hb
showed group differences and a signifi-

10

cant groupxday interaction. Overall, the
selected haematological indicators showed
mild variation, with no persistent adverse
systemic pattern evident based on the pa-
rameters assessed.

This study has several important limi-
tations. Due to ethical, financial and logis-
tical constraints typical of resource-
limited endemic settings, the sample size
within each subgroup was small (n = 4),
which reduced statistical power and lim-
ited the precision of conclusions, particu-
larly for secondary outcomes. Immune
assessment was restricted to humoral IgG
responses measured by indirect ELISA;
cell-mediated immunity, cytokine re-
sponses, T-cell activation and protection
against challenge were not evaluated.
Therefore, the observed IgG antibody
response should be interpreted as prelimi-
nary serological evidence rather than evi-
dence of protective efficacy. No protec-
tive challenge experiment was performed,
so the ability of the heat-inactivated anti-
gen preparation to confer clinical protec-
tion remains unknown. In addition, the
antigen preparation was evaluated without
an adjuvant, and detailed residual endo-
toxin assessment, antigen stability testing
and broader antigen characterisation were
not performed. As a single-batch pilot
preparation was used, batch-to-batch re-
producibility also requires further evalua-
tion.

Nevertheless, the study provides pre-
liminary serological evidence that anti-
body kinetics after immunisation with a
locally prepared heat-inactivated antigen
preparation may differ by age in Bangla-
deshi crossbred dairy cattle under an iden-
tical immunisation protocol. There are
limited reports describing age-stratified
longitudinal ELISA kinetics and selected
haematological indicators data for such a
heat-inactivated field-strain antigen prepa-
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ration in this population. These findings
add regional data from South Asian cross-
bred dairy systems and highlight the po-
tential influence of age on antibody persis-
tence. Future studies should include larger
cohorts, adjuvanted formulations, cell-
mediated immune assessments, cytokine
and T-cell response profiling, extended
follow-up and controlled protection stud-
ies to better determine the immunological
relevance and practical potential of this
locally prepared antigen preparation.

CONCLUSIONS

This exploratory pilot study showed that
immunisation with a locally prepared
heat-inactivated Brucella abortus biovar 3
antigen preparation was followed by a
measurable anti-Brucella 1gG antibody
response in Bangladeshi crossbred dairy
cattle. ELISA S/P% values increased after
immunisation, peaked around day 60 and
then declined gradually through day 180.
Age-related differences were observed,
with cattle aged >2 years showing more
persistent antibody reactivity and sus-
tained seropositivity compared with cattle
aged 1-2 years, in which seropositivity
declined after day 90. Selected haemato-
logical indicators showed only mild varia-
tion, with no persistent adverse systemic
pattern evident based on the parameters
assessed. These preliminary findings pro-
vide local serological and haematological
data on age-related responses following
exposure to a heat-inactivated B. abortus
field-strain antigen preparation. However,
because of the small sample size, ELISA-
only humoral assessment and absence of
protective challenge testing, the findings
should be considered preliminary and
hypothesis-generating. Larger studies in-
corporating adjuvanted formulations, cell-
mediated immune assessment, cytokine
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and T-cell response profiling, extended
follow-up and protection studies are re-
quired before conclusions can be drawn
regarding protective efficacy.
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