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Abstract

Background Brucellosis is a zoonotic disease caused by a bacterial pathogen belonging to the genus Brucella. It is
one of the most frequent bacterial zoonoses globally but unfortunately, it is still considered as a neglected disease in
the developing world. Keeping in view, this study was conducted to determine the prevalence and risk determinants
of brucellosis in large ruminants of peri-urban and rural areas of district Multan-Pakistan. For this purpose, blood
samples (n=490) were collected from the cattle (n=245) and buffalo (n=245) population of the study area and
subjected to preliminary screening of brucellosis using local and imported RBPT reagents. All the samples were
further analyzed using commercially available multi-specie indirect ELISA kit followed by their confirmation by PCR
using genus and species-specific primers. Data obtained from lab analysis and questionnaires were subjected to
statistical analysis for Pearson Chi-square, Odds Ratio and Confidence intervals (95%).

Results The results showed that the maximum seropositivity was recorded with local RBPT reagent (VRI, Pakistan;
12.45%; 95%C|=9.72-15.65%) followed by RBPT-IDEXX (12.24%; 95%C|=9.52-15.45%) and RBPT-ID.vet (11.84%;
95%CI=9.18-14.95%) however statistical difference was non-significant (P=0.956). The ELISA results showed an
overall seroprevalence rate of 11.22% (95%Cl=8.59-14.33%) with comparatively higher rate in cattle (12.65%;
95%Cl=8.82-17.44%) as compared to buffaloes (9.80%; 95%Cl=6.49-14.15%). The PCR analysis confirmed the
presence of genus Brucella in all seropositive samples whereas frequency of B. abortus and B. melitensis in seropositive
samples was 80% and 20%, respectively. The co-existence of both species was also observed in 5.45% samples. The
statistical analysis showed a significant association of bovine brucellosis with herd size, breed, reproductive disorders,
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region.

mode of insemination, educational status and farmers’awareness about brucellosis (P < 0.05). Conversely, locality, age,
weight, gender, pregnancy status, parity and puberty status had no associations with brucellosis (P> 0.05).

Conclusion In conclusion, brucellosis is prevalent in large ruminants of district Multan, Pakistan. It is suggested to
devise and implement stringent policies for the effective control and prevention of brucellosis in the region. Further,
the current situation also warrants the need to strengthen interdisciplinary coordination among veterinarians and
physicians in one health perspective to ensure and strengthen the human and animal health care systems in the

Keywords Brucellosis; prevalence, Risk determinants, i-ELISA, Molecular detection, Multan-Pakistan

Background

Brucellosis is an important bacterial disease which affects
domesticated animals including ruminants, swine and
dogs with zoonotic implications [1, 2]. It is caused by
different species of genus Brucella (B.) from which B.
abortus, B. melitensis, B. canis and B. suis are the most
important species with respect to their zoonotic poten-
tial [3]. It has worldwide geographical distribution but
more predominant in developing countries [4]. Approxi-
mately, 0.5 million people are infected by this disease
annually [5]. In human beings, it is mainly transmitted
by close contact with affected animals, their secretions,
consumption of contaminated meat, milk and other dairy
products whereas in animals, it is transmitted by direct
or indirect contact of healthy and infected animals with
each other causing abortion and infertility in their pri-
mary natural hosts [6, 7]. It has also been established as
an occupational health hazard for livestock farmers and
animal healthcare professionals [8]. In endemic regions
of the world, it causes significant economic losses in live-
stock sector in terms of poor production performance,
infertility, and abortion in affected animals. Addition-
ally, it also exerts a negative impact on socio-economic
development of affected countries by affecting the human
health care systems, restrictions on trade of animals/
their products and tourism industry [1]. The low- and
middle-income countries of Asia (including Pakistan),
the Middle East, the Mediterranean rim (Spain, Greece,
and Portugal), Central and South America and Africa are
reportedly endemic for brucellosis, but some developed
countries of the world have also been succeeded in pre-
venting or eradication of this zoonotic disease by taking
strict control measures [9, 10].

In the livestock industry, management, environmental
and animal factors contribute to the occurrence of this
disease. The management factors may include vaccina-
tion, animal handling, farm hygiene, screening of newly
purchased animals, breeding practices, milking strate-
gies, size of the herd and production systems [8, 11].
On the other hand, animal factors include sex, breed,
age and abortion history whereas environmental factor
mainly comprise the agro-ecological location of animals
[12, 13]. Literature also revealed that occurrence of this

disease is high in pastoral grazing regions as compared
to urban areas [14]. Moreover, survival potential of Bru-
cella in cold and humid environments is another impor-
tant factor for the transmission of this disease in livestock
and humans [15]. The human behavioral factors such as
unhygienic conditions and other activities that cause the
exposure of people to infected animals and their prod-
ucts enhances the chances of disease in humans [16]. On
the whole, the farmers, abattoir, laboratory workers, and
people that are involved in the livestock industry may
be regarded as high risk populations [17]. The other risk
factors which serve as main barriers in controlling bru-
cellosis are conventional livestock policies, political influ-
ences, inadequate implementation of control measures,
usage of old traditional practices, consumption of unpas-
teurized dairy products, changes in the animal husbandry
system and insufficient measures for reporting, diagno-
sis and surveillance of this disease [10]. The appropriate
treatment and prevention of this disease are indispens-
able to avoid economic losses in the livestock sector. The
developing countries are lacking behind in implement-
ing the eradication strategies against brucellosis [18—20].
Although the World Health Organization (WHO) and
World Organization for Animal Health (WOAH) have
devised recommendations for the eradication of brucel-
losis, but it is still considered a serious health threat in
developing/underdeveloped countries because control
measures for the eradication of brucellosis are expensive,
laborious, and time-consuming. However, in endemic
countries, its occurrence can be avoided by vaccination
and slaughtering/culling strategies [21].

Due to limited diagnostic facilities, brucellosis is still
considered a neglected disease in most parts of the
world including Pakistan [22, 23]. Due to this reason,
the dynamics and zoonotic importance of disease are
not fully explored to formulate any stringent strategy to
overcome this important health issue. Under prevailing
conditions, field veterinarians rely on Rose Bengal Plate
Test (RBPT) and Milk Ring Test (MRT) for the rapid
diagnosis of brucellosis in large ruminants [24]. Anyhow,
it is always recommended to use RBPT with other sero-
logical tests (with high sensitivity and specificity) for an
accurate diagnosis to avoid false-positive as well as false
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Table 1 Screening and comparison of brucellosis using different commercially available RBPT antigens
% Seropositivity with RBPT (n/T) )(2 P-Value
(95%Cl)
VRI IDEXX ID.vet
Overall 12.45 (61/490) 12.24 (60/490) 11.84 (58/490) 0.089 0.956
(9.72-15.65) (9.52-15.45) (9.18-14.95)
Cattle 15.10 (37/245) 15.92 (39/245) 15.51(38/245) 0.062 0.969
(10.86-20.10) (11.70-21.03) (11.28-20.51)
Buffalo 9.79 (24/245) 8.57 (21/245) 8.16 (20/245) 0439 0.803
(6.49-14.15) (5.56-12.72) (5.14-12.31)
RBPT=Rose Bengal Plate Test; 95%Cl=95% confidence interval; VRI=Veterinary Research Institute; x*=Chi-square
Table 2 Overall and species-wise prevalence of brucellosis using multi-species i-ELISA Kit
Large Ruminant Total samples Positive samples % Seroprevalence P-Value x> OR OR (95% Cl)
(n) (n) (95% Cl) Lower Limit Upper
Limit
Overall 490 55 11.22 - -
(8.59-14.33)
Cattle 245 31 12.65 0316 1.004 1.33 0.76 2.37
(8.82-17.44)
Buffalo 245 24 9.80
(6.49-14.15)

iELISA- Indirect Enzyme linked immunosorbent assay; 95%Cl=95% confidence interval; x*=Chi square; OR=0dds Ratio

negative results [25]. So, for effective control and preven-
tion, it is imperative to conduct studies on brucellosis
using sophisticated serological and molecular diagnos-
tic tools to generate baseline data on its prevalence and
associated risk factors. In Pakistan, some previous stud-
ies have reported the prevalence and risk determinants of
brucellosis in some selected districts of the country [26—
28], but information regarding the epidemiology of bru-
cellosis is scarce/ limited in southern Punjab which is the
hub of livestock and inhabits approximately more than
50% of total livestock population of the province Punjab.
Keeping in view, this study was conducted to assess the
prevalence and associated risk factors of brucellosis in
large ruminants of district Multan, Punjab-Pakistan using
sero- and molecular diagnostic techniques. It is antici-
pated that data generated from this study will be helpful
for the livestock policy/decision-making bodies to for-
mulate effective strategies to control brucellosis in large
ruminants.

Results

Screening and comparison of brucellosis using different
commercially available RBPT antigens

In overall ruminant population, the maximum sero-
positivity was recorded with RBPT-VRI (12.45%;
95%C1=9.72-15.65%) followed by RBPT-IDEXX
(12.24%; 95%CI=9.52—15.45%) and RBPT-ID.vet (11.84%;
95%C1=9.18-14.95%). The statistical analysis revealed
that difference was non-significant (P=0.956) which
indicated that all the antigens are equally good for pre-
liminary screening. A similar trend was observed in spe-
cies-wise analysis (Table 1).

Overall and species-wise prevalence of brucellosis

Results of analysis using multi-species Indirect ELISA
kit showed that overall prevalence of brucellosis in large
ruminants was 11.22% (n=55/490; 95%CI=8.59-14.33%).
In species-wise analysis, it was revealed that seropreva-
lence of brucellosis was comparatively higher in cattle
(12.65%; 95%C1=8.82—-17.44%) as compared to buffalo
(9.80%; 95%CI=6.49-14.15%) population however differ-
ence was non-significant (P=0.316) (Table 2).

Molecular detection of Brucella species in ELISA positive
samples

The ELISA positive samples were subjected to PCR for
confirmation of brucellosis and detection of Brucella spe-
cies in positive samples. The results confirmed the pres-
ence of Brucella in all the ELISA positive samples using
genus specific primers. On the other hand, the results of
PCR using species-specific primers revealed that out of
total positive samples, B. abortus was detected in 80%
(n=44/55) large ruminants with overall prevalence of
8.98% (n=44/490). The B. melitensis was detected in 20%
(n=11/55) of positive samples with overall prevalence
of 2.24% (n=11/490) in large ruminants. The co-preva-
lence of B. abortus and B. melitensis in positive samples
was 5.45% (n=3/55) with an overall prevalence of 0.61%
(n=3/490) in large ruminants. A similar trend was
recorded in cattle and buffalo populations when analyzed
separately (Table 3).

Farm/herd level and tehsil wise prevalence
In this study, a total of 67 farms located in peri-urban
and rural areas of different tehsils of district Multan were
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Table 3 Molecular detection of Brucella species in ELISA positive samples by Polymerase Chain Reaction

Population Brucella Spp. B. abortus (BA) B. melitensis (BM) Both BA & BM
% (n) % (n) % (n) % (n)

Out of ELISA positive samples

Overall 100 (55/55) 80 (44/55) 20 (11/55) 545 (3/55)

Cattle 100 (31/31) 80.64 (25/31) 19.36 (06/31) 3.22(01/31)

Buffalo 100 (24/24) 79.17 (19/24) 20.83 (5/24) 8.33(02/24)

Out of total population

Overall 11.22 (55/490) 8.98 (44/490) 2.24 (11/490) 0.61 (03/490)

Cattle 12.65 (31/245) 10.2 (25/245) 245 (06/245) 041 (01/245)

Buffalo 9.80 (24/245) 7.76 (19/245) 2.04 (05/245) 0.82 (02/245)

sampled. While calculating farm/herd level prevalence,
a herd/farm having at least one positive animal for Bru-
cella antibodies was considered positive. Out of total,
animals at 22 farms were positive for brucellosis indicat-
ing its farm level prevalence of 32.83% (95%CI=22.00-
44.82%). In tehsil wise data analysis, it was revealed
that farm level prevalence was highest in Tehsil Multan
(43.75%; 95%CI=20.11-69.96%) followed by those of
Shujabad (31.03%; 95%CI=16.38-50.00%) and Jalalpur
Pirwala (27.27; 95%CI=12.60-50.00%) however the dif-
ference was non-significant (P=0.545). In tehsil-wise
analysis of prevalence of brucellosis, the highest preva-
lence rate 12.07% (95%CI=7.85—-17.66%) was recorded
in large ruminants of tehsil Multan followed by those of
Shujabad (11.11%; 95%CI=7.04—16.78%) and Jalalpur
Pirwala (10.34%; 95%CI=5.91-16.35%) however the dif-
ference was non-significant (P=0.887). A similar trend
was recorded in cattle and buffalo populations of differ-
ent tehsils, when analyzed separately (Table 4).

Association of demographic parameters with the
prevalence of brucellosis

Results showed highest prevalence of brucellosis in large
ruminants aged>8 years (15.91%; OR=1.81; 95%CI
OR=0.62-4.62) followed by those of <4 years (13.67%;
OR=1.52; 95%CI OR=0.77-0.62) and >4but<8 years
(9.45%; OR=1) whereas the statistical difference between
different age groups was non-significant (P=0.249). A
similar non-significant association was recorded when
age-wise data was analyzed for cattle (P=0.786) and
buffalo (P=0.132) populations, separately. The gender-
wise analysis showed higher prevalence of brucellosis
in females (11.30%) of large ruminants as compared to
males (10.00%) however the difference was statistically
non-significant (P=0.826; OR=1.10; 95%CI OR=0.37—
4.91). Similarly, a non-significant association was
recorded between gender and prevalence of brucello-
sis in cattle (P=0.572; OR=0.61; 95%CI OR=0.14—4.52)
and buffalo (P=0.489; OR=1.80; 95%CI OR=0.34—44.75)
populations when their data was analyzed separately. In
breed-wise analysis of cattle population, highest preva-
lence was recorded in non-descripts (20.69%; OR=2.08;

95%CI OR=0.61-9.12) and the lowest prevalence was
recorded in Sahiwal breed (6.49%; OR=0.56; 95%CI
OR=0.11-3.01) and the difference of prevalence between
different breeds was statistically significant (P=0.039).
In buffalo population, non-descript buffaloes showed a
higher prevalence rate (25.81%) as compared to Nili-Ravi
breed (7.48%) and the difference was statistically signifi-
cant (P=0.001; OR=0.23; 95%CI OR=0.09-0.64). Results
also revealed a non-significant association (P>0.05)
between body weight and prevalence of brucellosis in
large ruminants. Depending upon number of parities,
data was divided into 2 groups of females viz. i). with <3
parities and ii). having>3 parities. Analysis revealed non-
significant association of number of parities with preva-
lence of brucellosis both in cattle and buffalo populations
(P>0.05; OR=1.17; 95%CI OR=0.61-2.36). The cor-
relation analysis of brucellosis with physiological status
of females revealed slightly higher prevalence of brucel-
losis in pregnant females (12.24%) as compared to non-
pregnant females (11.19%) whereas the difference was
statistically non-significant (P=0.826; OR=1.13; 95%CI
OR=0.41-2.63). The herd size was found to be signifi-
cantly associated with prevalence of brucellosis in large
ruminants (P<0.05). Overall, the prevalence rate was
highest in animals of herd size>100 heads (OR=1) and
lowest in animals with 11-100 heads herd size (OR=0.14;
95%CI OR=0.06-0.29). With respect to puberty status
of females, a non-significant association was recorded
between puberty status and prevalence of brucellosis
(P>0.05; OR=1.73; 95%CI OR=0.80-3.49). Based upon
insemination protocol, natural breeding (OR=3.45;
95%CI OR=1.31-11.50) was found to be significantly
associated with high prevalence of brucellosis in overall
large ruminants (P=0.024). Similar trend was observed
in cattle population (P=0.012) however in case of buf-
faloes, difference was non-significant (P=0.483). Results
also showed that prevalence of brucellosis was higher in
bovines reared at farms where small ruminants were also
present as compared to those reared in exclusive large
ruminant farming system; however, the difference was
statistically non-significant (P=0.095; OR=0.62; 95%CI
OR=0.35-1.09) (Table 5).
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Table 4 Farm/herd level and Tehsil wise prevalence of brucellosis in large ruminants

Large Ruminants % Prevalence (n/T) P-Value )(2 OR OR (95% CI)
(95% CI) Lower limit Upper limit

Herd-Level

Overall 32.83(22/67)
(22.00-44.82)

Multan 4375 (7/16) 0.545 1216 203 043 1004
(20.11-69.96)

Shujabad 31.03 (9/29) 1.2 03 5.02
(16.38-50.00)

Jalalpur Pirwala 27.27 (6/22) 1
(12.60-50.00)

Tehsil-wise

Overall large ruminants

Multan 12,07 (21/174) 0.887 0239 119 056 259
(7.85-17.66)

Shujabad 11.11(19/171) 1.08 0.5 239
(7.04-16.78)

Jalalpur Pirwala 10.34 (15/145) 1
(5.91-16.35)

Cattle

Multan 15.05 (14/93) 0673 0.791 1.36 045 461
(8.77-23.94)

Shujabad 11.00 (11/100) 0.95 03 333
(5.87-18.72)

Jalalpur Pirwala 11.54 (6/52) 1
(5.14-22.66)

Buffalo

Multan 8.64 (7/81) 0.862 0.298 0.88 0.27 2.82
(3.91-16.91)

Shujabad 11.27 (8/71) 1.18 037 3.68
(5.01-20.76)

Jalalpur Pirwala 9.68 (9/93) 1
(4.95-17.43)

95%Cl=95% confidence interval; x?=Chi-square; OR=o0dds ratio

Association of reproductive disorders with prevalence of statistically significant (P=0.001; OR=4.37; 95%CI

brucellosis

Results revealed that large ruminants with abortion his-
tory showed higher prevalence rate (46.15%) as com-
pared to those with no abortion history (9.22%) and the
difference was significant (P=0.000; OR=8.38; 95%CI
OR=3.55-19.56). A similar association was observed in
cattle and buffalo populations when data was analyzed
separately. Similarly, some other reproductive disorders
like repeat breeding history (OR=3.42; 95%CI OR=1.58—
7.03) and retention of fetal membranes (OR=6.44; 95%CI
OR=2.98-13.60) also showed a significant association
(P<0.05) with prevalence of brucellosis in large rumi-
nants of study area (Table 6).

Association of educational status and awareness level of
farmers with prevalence of brucellosis

The large ruminants kept by farmers having poor educa-
tional status (Smatriculation) showed higher prevalence
rate (14.28%) as compared to those with educational
status above matriculation (3.57%) and difference was

OR=1.86-12.98). Similarly, lack of awareness about bru-
cellosis also had a significant association with prevalence
of brucellosis in large ruminants (P=0.013; OR=0.35;
95%CI OR=0.13-0.79) (Table 7).

Discussion

Brucellosis is an infectious disease with serious zoonotic
implications affecting both animals and humans around
the globe [8]. It badly affects the livestock sector and
results in enormous economic losses [29]. In addition
to adverse effects in the livestock industry, brucellosis is
also being highlighted as a potential occupational hazard
in individuals associated with the livestock sector includ-
ing farmers, milkers, shepherds, veterinary healthcare
professionals, abattoir workers, etc. [30]. . In Pakistan,
it is an increasingly significant health issue of veterinary
and public health concerns because most of the rural
population relies on the livestock sector to earn their
livelihood and spend most of their time in close contact
with animals to raise them. In this study, seropositivity of
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Table 5 Association of demographic parameters with the prevalence of brucellosis

Demographic Characters % Prevalence (n/T) )(2 P-Value OR OR (95% ClI)
(95% CI) Lower limit Upper limit
Age (years)
Overall
<4 13.67 (19/139) 2777 0.249 152 0.77 0.62
(8.76-20.32)
>4 years but <8 9.45 (29/307) 1
(6.56-13.24)
More than 8 1591 (7/44) 1.81 062 462
(7.21-29.18)
Cattle
<4 14.44 (13/90) 0481 0.786 126 053 293
(8.15-2308)
>4 years but <8 11.80 (17/144) 1
(7.19-18.20)
More than 8 9.09 (1/11) 0.75 0.02 5.89
(0.46-40.11)
Buffalo
<4 12,24 (6/49) 4052 0.132 1.75 051 54
(5.47-24.06)
>4 years but <8 7.36 (12/163) 1
(4.07-12.38)
More than 8 18.18 (6/33) 2.78 0.79 2.78
(8.22-34.47)
Gender
Overall
Female 11.30 (52/460) 0.048 0.826 1.10 037 491
(8.61-14.50)
Male 10.00 (3/30)
(2.77-25.96)
Cattle
Female 12.39 (29/234) 0.319 0.572 0.61 0.14 452
(8.61-17.19)
Male 18.18 (2/11)
(3.32-50.01)
Buffalo
Female 10.17 (23/226) 0479 0489 1.80 0.34 4475
(6.69-14.70)
Male 526 (1/19)
(0.26-25.17)
Breed
Cattle
Sahiwal 649 (5/77) 8382 0.039 0.56 0.11 307
(2.59-14.50)
Friesian 8.88 (4/45) 0.78 0.13 455
(3.08-20.57)
Crossbred 11.11 (4/36) 1
(3.88-25.77)
Non-descript 20.69 (18/87) 2.08 061 9.12
(12.82-30.27)
Buffalo
Nili Ravi 748 (16/214) 10.296 0.001 0.23 0.09 0.64
(4.50-11.76)
Non-descript 25.81(8/31)
(12.61-43.38)

Herd size (No. of heads)
Overall
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Table 5 (continued)

Demographic Characters % Prevalence (n/T) X2 P-Value OR OR (95% CI)
(95% CI) Lower limit Upper limit
Upto 10 2622 (16/61) 49128 0.000 09 039 2.05
(15.86-38.37)
From 11 to 100 5.07 (18/355) 0.14 0.06 0.29
(3.13-7.78)
>100 2838 (21/74) 1
(18.51-39.75)
Cattle
Upto 10 30.00 (9/30) 32.259 0.000 0.79 0.24 2.54
(15.81-48.29)
From 11to 100 5.52(10/181) 0.11 0.04 0.31
(2.83-9.76)
>100 35.29 (12/34) 1
(19.99-53.02)
Buffalo
Upto 10 22.58(7/31) 18.361 0.000 1 0.27 3.54
(10.26-40.06)
From 11 to 100 4.60 (8/174) 017 0.05 0.53
(2.04-8.71)
>100 22.50 (9/40) 1
(11.84-37.97)
Parity
Overall
<3 11.75 (39/332) 0233 0.629 117 061 236
(8.63-15.58)
>3 10.16 (13/128)
(5.52-16.57)
Cattle
<3 13.89 (25/180) 1.607 0.205 1.95 0.71 7.05
(9.22-19.59)
>3 741 (4/54)
(2.56-17.22)
Buffalo
<3 9.21(14/152) 0474 0.491 0.73 0.30 1.85
(5.36-14.92)
>3 12.16 (9/74)
(6.26-21.31)
Pregnancy
Overall
Yes 12.24 (6/49) 0.048 0.826 113 041 263
(5.47-24.06)
No 11.19 (46/411)
(841-14.64)
Cattle
Yes 15.00 (3/20) 0.137 0711 132 0.28 434
(4.21-36.94)
No 12.15 (26/214)
(8.24-17.16)
Buffalo
Yes 1034 (3/29) 0.001 0.974 1.06 023 342
(2.87-26.87)
No 10.15 (20/197)
(6.40-15.08)
Puberty Status

Overall
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Table 5 (continued)
Demographic Characters % Prevalence (n/T) X P-Value OR OR (95% ClI)
(95% CI) Lower limit Upper limit
Heifers 16.67 (11/66) 2210 0.137 1.73 0.80 349
(9.14-27.73)
Adults 1041 (41/394)
(7.64-13.76)
Cattle
Heifers 16.67 (5/30) 0.579 0447 1.53 047 414
(6.80-34.52)
Adults 11.76 (24/204)
(7.89-16.83)
Buffalo
Heifers 16.67 (6/36) 1.973 0.160 2.06 0.68 5.50
(7.51-32.03)
Adults 8.95 (17/190)
(5.30-13.79)
Mode of insemination
Overall
Artificial Insemination 4.55(5/110) 7436 0.024 1
(1.80-10.14)
Natural Breeding 14.14 (41/290) 345 131 11.50
(10.39-10.57)
Not Inseminated 10.00 (6/60) 2.32 0.56 10.08
(4.44-20.38)
Cattle
Artificial Insemination 4.44 (4/90) 8.814 0.012 1
(1.52-10.74)
Natural Breeding 18.10 (21/116) 472 1.51 19.67
(11.78-26.1)
Not Inseminated 14.29 (4/28) 353 061 20.50
(5.02-31.61)
Buffalo
Artificial Insemination 5.00 (1/20) 1456 0483 1
(0.25-23.88)
Natural Breeding 1149 (20/174) 246 035 107.54
(7.24-17.07)
Not Inseminated 6.25(2/32) 1.26 0.06 7857
(1.12-19.59)
Co-raising of small ruminants
No 9.19 (26/283) 2.79 0.095 0.62 0.35 1.09
(6.23-13.13)
Yes 14.01 (29/207)
(9.73-19.44)

brucellosis was determined with different RBPT reagents
and a non-significant difference was recorded in sero-
positivity rates with different antigens. However, locally
produced RBPT-VRI was the cheapest one and it can be
effectively used as a rapid and economical screening test
under local conditions. The ELISA results revealed that
the prevalence of bovine brucellosis in the target popu-
lation was 11.22%. However, molecular characterization
revealed higher prevalence of B. abortus in seropositive
animals. Contrary to our findings, studies conducted in
different parts of the world showed higher prevalence
rates of bovine brucellosis like 14.3% in Jimma zone,

Ethiopia [31], 16.3% in southwestern Nigeria [32], 28.9%
in Rwanda [33],, 55% in 6 southern districts of Albania
[34], 20.36% in India [35], 31% in Bahr el Ghazal region
of South Sudan [36], and 27.07% in Goa, India [37]. How-
ever, lower prevalence rates had also been reported in
some other countries such as 2.4% in Alage district of
Ethiopia [38], 3.40% in Ngaoundéré, Cameroon [39], 9.7%
in Nechisar National Park, Ethiopia [40], 0.4% in Sendafa,
Oromia Special Zone, Ethiopia [41], 6.35% in Southern
Cameron [42], and 5.10% in Indonesia [43]. Several fac-
tors including geographical conditions, sampling meth-
ods, breed of animals, herd size and different methods
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Table 6 Association of reproductive disorders with prevalence of brucellosis
Reproductive disorders %Prevalence (n/T) )(2 OR OR95% Cl P-Value
95% Cl Lower limit Upper limit
Abortion History
Overall
Yes 46.15 (12/26) 33.380 838 355 19.56 0.000
(28.20-65.92)
No 9.22 (40/434)
(6.71-12.26)
Cattle
Yes 47.06 (8/17) 20.290 8.17 275 24.04 0.000
(25.29-71.79)
No 9.68 (21/217)
(6.29-14.37)
Buffalo
Yes 40.00 (4/10) 10.180 6.87 157 27.08 0.001
(15.00-71.71)
No 8.80(19/216)
(5.51-13.28)
Repeat Breeding History
Overall
Yes 26.67 (12/45) 11.741 342 1.58 7.03 0.001
(14.84-41.10)
No 9.64 (40/415)
(7.01-12.81)
Cattle
Yes 28.00 (7/25) 6.279 331 1.16 8.66 0.012
(12.76-47.94)
No 10.53 (22/209)
(6.74-15.40)
Buffalo
Yes 25.00 (5/20) 5274 3.51 1.02 10.44 0.022
(10.41-47.40)
No 8.74 (18/206)
(5.40-13.43)
History of retention of fetal membranes
Overall
Yes 38.88 (14/36) 29.640 6.44 298 13.60 0.000
(24.16-55.70)
No 8.96 (38/424)
(6.51-12.06)
Cattle
Yes 42.85 (6/14) 12.728 6.37 1.90 20.35 0.000
(20.00-68.84)
No 1045 (23/220)
(6.87-15.09)
Buffalo
Yes 36.36 (8/22) 18.283 7.12 247 19.80 0.000
(18.70-58.24)
No 7.35(15/204)
(4.19-11.84)

of diagnosis might be the possible reasons for the varied
prevalence rates in different regions of the world. The
herd-level prevalence of bovine brucellosis in Multan
district was 32.83% with highest prevalence rate in herds
of Tehsil Multan followed by Shujabad and Jalalpur Pir-
wala. The herds having at least one positive animal for

Brucella antibodies were considered positive [44]. Previ-
ously, no herd level prevalence had been reported in the
study area. However, Ali et al. [45]. and Khan et al. [46].
reported 18.6% and 58.7% herd-based prevalence rates of
bovine brucellosis in the Potohar Plateau and Gujranwala
districts of Pakistan, respectively. The difference might
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Table 7 Association of educational status and awareness level of farmers with prevalence of brucellosis

Groups Total samples Positive samples Negative samples % Prevalence P-value x? OR OR (95% ClI)
(n) (n) (n) (95% ClI) Lower  Upper

Educational status of Farmers

< Matric 350 50 300 14.28 0.001 1152 437 1.86 12.98
(10.90-18.45)

Above Matric 140 5 135 357
(1.41-7.96)

Awareness about Brucellosis

Yes 120 6 114 5.00 0.013 6.179 035 0.13 0.79
(2.20-10.52)

No 370 49 321 13.24
(10.03-17.09)

be attributed to the fact that availability of favorable cli-
mate to the bacteria which can sustain better in humid
climatic conditions as compared to dry climate [47, 48].
The variation might also be correlated with differences
in husbandry practices, diagnostic technique employed
and density/size of herd in different regions. Our results
showed a non-significant difference in tehsil wise preva-
lence of bovine brucellosis however higher relatively
lower prevalence rates have been reported in Bannu
(5.2%) [49] and prevalence of 6.6% in cattle and 1.6% in
buffalo has been reported in Rawalpindi and Islamabad
[50]. The varied prevalence rates in different parts of the
world might be attributed to differences in geo-climatic
conditions.

It is well-established that sexually mature animals
remain at high risk to be infected with brucellosis [45].
This might be due to increased susceptibility under the
influence of sex hormones and elevated levels of erythri-
tol and fetal fluids in the placenta resulting in stimulated
growth and replication of bacteria in the reproduc-
tive organs [51, 52]. However, young ones may also get
infected while feeding on contaminated milk from
infected dams. In our study, analysis revealed that the
association of different age groups with prevalence of
brucellosis in large ruminants was non-significant. Our
findings are in agreement with those of Sima et al. [51]
and Jamil et al. [26] but contrary to some other previous
studies [27, 46, 53, 54]. The variation in findings of differ-
ent studies might also be due to non-uniformity in cate-
gorization of animals in different age groups. In this study,
the association of live body weight with prevalence of
bovine brucellosis was also determined to be non-signif-
icant. No such correlation has been reported previously.
The lower body weights might be linked with malnour-
ished status and thus poor immunity of animals which
might be one the possible reasons behind higher preva-
lence rate in animals of lesser body weight groups [55].
On the other hand, brucellosis had also been reported as
a cause of reduced weight gain in affected animals [23].
A non-significant association of gender with prevalence
of brucellosis was observed in bovine population of study

area. In agreement to our findings, Sima et al. [51] and
Khan et al. [46] also reported a non-significant difference
in gender-wise prevalence of brucellosis in large rumi-
nants. Conversely, a significant association had also been
reported between animal sex and brucellosis with pre-
dominantly higher prevalence rates in females [53, 56].
In study area, farmers retain only female calves for milk
production and to get next progeny whereas males are
being sold out/slaughtered at early age, so we could col-
lect relatively smaller number of sera samples from males
as compared to females. Accordingly, a non-significant
association in our study might be due to relatively smaller
sample size of male animals. In our study, a significant
association (P<0.05) was recorded between prevalence
of brucellosis and breeds of large ruminants. It was
observed that native cattle (Sahiwal) and buffalo (Nili-
Ravi) breeds showed lowest prevalence of brucellosis. On
the other hand, non-descriptive breeds showed highest
prevalence rates in both cattle and buffalo populations.
Previously, Patel et al. [54], Holt et al. [8] and Sima et al.
[51] also reported a positive association of animal breeds
with prevalence of brucellosis in bovines. The lower prev-
alence rates in native breeds might be linked with their
better adoptability to local geo-climatic conditions and
genetic resistance to endemic diseases including brucel-
losis. It suggested that careful breeding policies should
be devised for effective control of endemic diseases. Our
results showed a positive association between preva-
lence of brucellosis and herd size of large ruminants. The
medium sized herds having 11-100 animal bovine heads
showed significantly lower prevalence rate as compared
to large or small sized herds. Previously, Deka et al. [57]
and Aulakh et al. [58] had also reported similar findings.
Contrarily, Khan et al. [59] and Ali et al. [45] reported a
non-significant association between herd size and prev-
alence of bovine brucellosis. In our study, higher preva-
lence in small sized herds might be correlated with poor
husbandry practices in addition to lack of awareness of
farmers about disease. On the other hand, in large sized
herds, it might be due to indiscriminate replacement of
herd from unknown sources without opting quarantine
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protocols along with inappropriate disease screening,
hygiene and management [14, 59]. In this study, no asso-
ciation was found between prevalence of brucellosis and
number of parities in large ruminants. Previously, Dinka
et al. [60] and Khan et al. [59] also reported similar find-
ings. However, a significant difference has been reported
in prevalence of brucellosis in cattle with no, single or
multiple parities [53].

A non-significant association of brucellosis with preg-
nancy status was recorded in this study. Previously, a
non-significant association between pregnancy and bru-
cellosis in cattle has been reported [53]. However, Khan
et al. [50] reported pregnancy status as a potential risk
determinant of bovine brucellosis in dairy cattle raised
under peri-urban production system in different regions
of Punjab-Pakistan. The difference in our study might be
due to differences in breed, husbandry practices and geo-
climatic conditions of study area. Our results aslo showed
a non-significant association of puberty status of female
ruminants with brucellosis. It can be hypothesized that
young animals are more resistant to Brucella infection,
predominantly due to passive immunity. It might also be
due to latent infection in calves which could not result in
sero-conversion or clinical symptoms till they reach age
of puberty or sexual maturity. However, the exact phe-
nomenon is complicated and still to be explored [61].

The insemination protocols always remained a mat-
ter of great concern with respect to sexually transmitted
diseases. In our study area, majority of the farmers were
practicing natural breeding to inseminate their female
animals and results revealed significantly higher preva-
lence of brucellosis in females of large ruminants insemi-
nated through natural breeding however specifically
in case of buffaloes, the difference was non-significant
(P>0.05). Earlier, Deka et al. [57] also reported signifi-
cantly lower prevalence in dairy animals for which arti-
ficial insemination protocol was adopted for breeding
purpose. On the other hand, a non-significant associa-
tion of insemination method with brucellosis in buffalo
population has also been reported by Batistia et al. [62]
and this is in accordance with our findings in buffalo pop-
ulation. In a previous study on Columbian herds, it has
been reported that farms on natural breeding with bulls
from non-certified herds showed significantly higher
prevalence of bovine brucellosis as compared to those
using artificial insemination [63]. In middle-low socio-
economic settings, animals are mostly bred through
natural breeding and there are no standard operating
procedures to evaluate and certify their Brucella-free sta-
tus. Similarly, semen collected at semen production units
or affiliated farms is also not passed through stringent
quality control checks. It arises the need to introduce the
concept of routine screening of breeding bulls for sexu-
ally transmitted diseases followed by their certification.
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Additionally, strict quality control/assurance proto-
cols should also be devised for semen used for artificial
insemination to avoid transmission of STDs through AL

In female population, association of brucellosis with
reproductive disorders including history of abortion,
repeat breeding and retained fetal membranes was also
determined. Results revealed a significant association of
brucellosis with all these reproductive disorders (P<0.05)
in both cattle and buffalo populations. Like our findings,
various previous studies had also reported a significant
association of reproductive disorders with prevalence
of brucellosis in bovines [27, 46, 53]. Contrarily, Patel et
al. [54]. reported a non-significant correlation of repeat
breeding and Khan et al. [48]. reported a non-significant
correlation of retained fetal membranes with brucellosis
in bovines. As these reproductive problems are cardi-
nal signs of brucellosis, and therefore these results are
not surprising. However, in our study area, high preva-
lence might be correlated with behavior of farmers for
not culling the infected animals, introduction of new
animals in existing stock without screening and quar-
antine, higher inclination towards natural breeding and
lack of awareness about disease. Due to the reason, there
is an increasing threat for transmission of infection in
healthy populations through contaminated environment
by the excretion of Brucella pathogen with the aborted
fetuses, reproductive fluids and retained fetal mem-
branes of infected animals. This is also an alarming situa-
tion anticipating the zoonotic implications of brucellosis
as an occupational health hazard for personals dealing
with animals. The educational status and their level of
awareness about bovine brucellosis were found signifi-
cantly associated with prevalence of brucellosis in large
ruminants. The animals raised by farmers with poor edu-
cational status and lack of awareness about disease had
significantly higher (P<0.05) prevalence rates of brucel-
losis. Similarly, Arif et al. [64]. also reported significantly
lower prevalence of brucellosis in cattle and buffalo farms
with owners having university/technical education as
compared to those having primary/secondary educa-
tion. It was also reported that farmers with poor educa-
tional staus had no/limited knowledge about brucellosis
as compared to educated ones. It might be speculated
as a possible reason behind higher prevalence of brucel-
losis in animals of farmers who had no awareness about
brucellosis. Accordingly, farmers with poor educational
status are more likely to get infected with brucellosis
as an occupational hazard. Al-Shamahy et al. [17]. also
reported that humans diagnosed for brucellosis in Yemen
had lower level of education as compared to control. It
warrants the need to run awareness campaigns about
awareness of brucellosis to avoid its animal to animal and
zoonotic transmission.
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Limitation of our study included the lack of a well-
defined data frame pertaining to the number of livestock
holdings and rearing of cattle/buffaloes in a scattered
manner in both organized and smallholdings with a con-
siderable unregistered population in the study area which
might have resulted in selection bias. To mitigate this
limitation, we collaborated with the Livestock and Dairy
Development Department of the Government of Punjab
to include animals from both organized farms and small
holdings throughout the study area.

Conclusions and recommendations

In conclusion, bovine brucellosis is endemic in large
ruminants of district Multan of southern Punjab, Paki-
stan. Considering the comparable preliminary screen-
ing efficiencies, the locally manufactured RBPT antigen
is advantageous to imported RBPT reagents for being
cheaper and thus more economical screening tool.
Molecular analysis revealed endemicity of both B. abor-
tus and B. melitensis in the study area. The herd size,
breed, reproductive disorders, mode of insemination,
educational status of farmers and lack of awareness of
farmers about the disease had significant association with
bovine brucellosis in the study area. It is recommended
to devise and implement effective brucellosis control
strategies comprising (i) active disease surveillance,
(if) awareness campaigns through print and electronic
media, (iii) quality assurance of semen to be used for
artificial insemination, (iv) capacity building of diagnos-
tic labs for accurate and timely diagnosis of brucellosis
and (v) routine vaccination against Brucella in endemic
regions. Further, the current situation also warrants the
need to strengthen interdisciplinary coordination among
livestock and human health professionals in one health
perspectives to ensure and strengthen the human and
animal health care systems in the society.

Methods

Study area and target population

This study was conducted from October 2020 to Septem-
ber 2021 in large ruminants (cow and buffalo) located in
peri-urban and rural areas of Multan district of Pakistan,
located at the bank of river Chenab (Fig. 1). It lies between
30°11’44"N and 71°28’31"E at an elevation of 215 m (740
ft.) above sea-level. It is one of the biggest districts of the
southern Punjab, Pakistan with an area of 3,721 km?®. The
study area has extreme climatic conditions. In summer,
its temperature rises to 50 °C (maximum) and in winter it
lowers down up to 1 °C (minimum). The average precipi-
tation is 127 mm. (http://www.mda.gop.pk/aboutmul-
tan_menu.php; assessed on July 19, 2020).
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Study Design and Sample size

Stratified sampling technique was used to collect the
samples from the study area. The target population was
divided into two strata viz. cattle and buffaloes and sam-
ple size from each stratum was calculated by using the
formula [65] as follows:

 Z2xP(1-P)

n 2

€

Where, n= No. of samples; Z= 1.96 (95% level of confi-
dence); ¢ = level of precision (5%) and P=Expected prev-
alence (fixed at 20%)

By using the above formula, sample size of each stra-
tum was calculated as 245. Accordingly, a total of 490
blood samples were collected from both cattle and buf-
falo population of study area.

Blood sampling

For blood sampling, livestock framers located in peri-
urban and rural areas of district Multan were approached
with the help of Livestock and Dairy Development
Department, Multan Division, Government of the Pun-
jab. After proper restraining, blood sample (5 mL) was
aseptically collected from jugular vein of each animal.
Out of total, 3 mL blood was shifted to pre-labelled gel
& clot activator tubes (BIO-VAC, India) to separate the
sera samples and 2 mL was added in Ethylene diamine
tetra-acetic acid (EDTA) coated tubes (Xinle Medical,
China) to extract the DNA from seropositive animals.
All the samples were transferred to One Health Research
Lab., Department of Pathobiology, Faculty of Veterinary
Sciences, Bahauddin Zakariya University, Multan-Pak-
istan where sera ware separated in pre-labelled serum
vacutainers and stored at -40 °C and blood samples were
stored at 4 °C till further use.

Descriptive epidemiological data collection

The descriptive epidemiological data regarding the pre-
disposing factors including (age, breed, gender, body
weight, abortion history, repeat breeding, retained
fetal membranes, physiological status, educational sta-
tus of livestock farmers, herd size, puberty, mode of
insemination etc.) were collected using a well-designed
questionnaire.

Screening of brucellosis using Rose Bengal plate test
(RBPT)

All the collected sera samples were subjected to pre-
liminary screening by RBPT using three different com-
mercially available RBPT reagents viz. i). RBPT antigen,
Veterinary Research Institute (VRI), Lahore, Pakistan, ii).
Rose Bengal (Rapid slide agglutination antigen), (ID.vet®,
France; Cat. # RSA-RB) and iii). Pourquier Rose Bengal
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Fig. 1 The map of study area showing different Tehsils of district Multan-Pakistan. The study map was developed using QGIS software (version 3.24.2)

Ag (IDEXX, USA; Cat. # P00215). All the tests were per-
formed according to the instructions of respective man-
ufacturers of RBPT reagents. Briefly, for each RBPT
reagent, the Brucella antigen (30puL) was mixed with an
equal volume of serum followed by shaking for 2—4 min.
The sera which showed formation of clear agglutination
zone (approx. 2 cm diameter) were considered positive
and those with no agglutination were considered nega-
tive. The known positive and negative controls were also
used with each testing session/batch as a reference.

Serological detection of brucellosis by using Indirect multi-
species ELISA Kit

All the collected samples were analyzed using commer-
cially available ELISA kit (ID-Screen® Brucellosis Serum
Indirect Multispecies; product ref # BRUS-MS-10P; ID.
Vet®, France) to determine the seroprevalence of bru-
cellosis in target population. The ELISA kit has 100%
sensitivity and 99.74% specificity as reported by the man-
ufacturer. The test was performed as per the manufactur-
er’s instructions. The plates were examined using ELISA
plate reader (ELx800, BioTek, USA) at 450 nm and data
was interpreted using ID. Soft Ver 5.11.6 data analysis
software (ID. Vet, France).

Molecular detection of Brucella species by polymerase
chain reaction (PCR)

The genomic DNA was extracted from seropositive sam-
ples by using commercially available GeneJET-Genomic
DNA-Purification Kit (ThermoFisher scientific; Catalog
# K0721) as per instructions of manufacturer. All the
ELISA positive samples were subjected to extraction and

amplification of bacterial genome for the detection of
Brucella (B.) species viz. B. abortus and B. melitensis by
using genus and species-specific primers. Specific prim-
ers for Brucella Genus with forward primer (5’ to 3') G
CTCGGTTGCCAATATCAATGC and reverse primer
(3’ to 5') GGGTAAAGCGTCGCCAGAAG with product
size of 151 bp; for B. abortus forward primer GCGGCT
TTTCTATCACGGTATTC and reverse primer CATGC
GCTATGATCTGGTTACG with product size of 136 bp
and for B. melitensis forward primer AACAAGCGGCA
CCCCTAAAA and reverse primer CATGCGCTATGA
TCTGGTTACG with product size of 279pb were used
for amplification [66]. The bands of amplicons as seen by
UV-transilluminator (Fig. 2a-c). For PCR reaction, a total
of 50 uL reaction mixture containing DreamTaq PCR-
Master Mix (2X; 25 puL) (Thermo Scientific, Lithuania), 2
uL of (10 pM) of each primer, 5 pL of extracted DNA and
16 pL of DNase free de-ionized water was prepared. The
negative control was a reaction mixture without DNA.
Amplification and real-time fluorescence detection was
done using a Thermal cycler (MultiGene Optimax, Lab-
net International, USA). The reaction conditions were as
follows: initial denaturation for 10 min at 94 °C, followed
by 35 cycles of 94 °C for 1 min, 57 °C (for Brucella specie)
and 58 °C (for B. Abortus and B. melitensis) for 30 s, and
72 ° C for 1 min and final extension/elongation for 5 min
at 72 °C. The amplified PCR product was subjected to gel
electrophoresis using 1.8% agarose gel containing ethid-
ium bromide as a staining reagent followed by visualiza-
tion of required bands using UV Trans-illuminator (MS
Major Science, USA).
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Fig.2 a-c Gellmage showing a) bands of Brucella genus (151 bp), b) B. abortus (136) and ¢) B. melitensis (279) in PCR product by agarose gel electrophoresis

Statistical analysis

Data collected from the questionnaires and laboratory
analyses were entered into Microsoft excel spreadsheet
(Microsoft Office 365) and association of brucellosis pos-
itivity was assessed with independent variables includ-
ing species, location, age, gender, herd size, breed, parity,
pregnancy and puberty status, mode of insemination,
farming system, educational status of farmer, farmers’
awareness regarding brucellosis, history of abortion,
retention of fetal membranes, and repeat breeding. These
associations were analyzed statistically by employing
different tests viz. Pearson Chi-square, Odds Ratio and
Confidence intervals (95%) using Minitab (v.19) and R
(version 4.2.0) with R Studio (version 2022.02.3+492) as
interface. The differences between variables were consid-
ered significant at P<0.05.
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