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Abstract 

Background: The seroprevalence and risk factors of bovine brucellosis were studied at animal and herd level using a 
combination of culture, serological and molecular methods. The study was conducted in 253 randomly selected cattle 
herds of the Potohar plateau, Pakistan from which a total of 2709 serum (1462 cattle and 1247 buffaloes) and 2330 
milk (1168 cattle and 1162 buffaloes) samples were collected. Data on risk factors associated with seroprevalence of 
brucellosis were collected through interviews using questionnaires. Univariable and multivariable random effects 
logistic regression models were used for identifying important risk factors at animal and herd levels.

Results: One hundred and seventy (6.3%) samples and 47 (18.6%) herds were seropositive for brucellosis by Rose 
Bengal Plate test. Variations in seroprevalence were observed across the different sampling sites. At animal level, sex, 
species and stock replacement were found to be potential risk factors for brucellosis. At herd level, herd size (≥9 ani‑
mals) and insemination method used were important risk factors. The presence of Brucella DNA was confirmed with 
a real‑time polymerase chain reaction assay (qRT‑PCR) in 52.4% out of 170 serological positive samples. In total, 156 
(6.7%) milk samples were positive by milk ring test. B. abortus biovar 1 was cultured from 5 positive milk samples.

Conclusion: This study shows that the seroprevalence of bovine brucellosis is high in some regions in Pakistan. 
Prevalence was associated with herd size, abortion history, insemination methods used, age, sex and stock replace‑
ment methods. The infected animal may act as source of infection for other animals and for humans. The develop‑
ment of control strategies for bovine brucellosis through implementation of continuous surveillance and education 
programs in Pakistan is warranted.

Keywords: Bovine brucellosis, Serology, Bacteriology, qRT‑PCR, Risk factors, Pakistan

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
Brucellosis remains an important zoonotic disease in ani-
mals and humans. It is mainly caused by B. abortus (cattle 
and buffaloes), B. melitensis (sheep and goats), and B. suis 
(pigs) [1]. This disease has a considerable negative impact 
on socioeconomic aspects in Mediterranean countries, 
countries of Central Asia and especially in the rural areas 

of developing countries, where livestock rearing and 
production of dairy products and by-products is crucial 
for family income [2]. In humans, the disease spreads 
through the infected food-chain via milk and dairy prod-
ucts [3, 4]. Brucellosis is considered as an occupational 
hazard with humans particularly at risk either living in 
close proximity with infected animals, handling them or 
even consume their products. It is a public health prob-
lem in developing countries like Pakistan with adverse 
health implications for animals and human beings and 
economic implications for individuals and communities 
[3].
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In bovines, B. abortus is the most frequent causative 
agent. Apart from B. abortus, occasionally B. melitensis 
and B. suis cause brucellosis in bovines if kept together 
with sheep and goats or pigs, respectively [5, 6]. B. abor-
tus has been eradicated from Japan, Canada, various 
northern and central European countries, Australia, New 
Zealand and from farmed cattle in the U.S.A. [7]. Abor-
tion is the most common sign of disease in bovines. 
Other clinical signs include infertility, repeated insemina-
tion, reduction of milk production, retention of the pla-
centa, metritis, arthritis, epididymitis and orchitis [2, 8]. 
Risk factors associated with animal/herd level brucellosis 
like herd size, husbandry system, veterinary extension 
services, use of disinfectants and abortion rate have been 
studied in different regions by various authors [9, 10].

Livestock is the major source of income for 30–40% of 
people in the rural areas of Pakistan, where 30–35 million 
persons are engaged in raising livestock. The dairy sector 
in Pakistan plays a pivotal role in the national economy 
and its value is more than that of the wheat and cotton 
sectors combined. Estimated annual milk production 
in 2014/2015 was approximately 52.6  million  l, ranking 
Pakistan one of the world’s top milk producers [11]. Ani-
mals in Pakistan are affected by many diseases, among 
them brucellosis in bovines caused by B. abortus bio-
var 1 [12, 13]. Prevalence of bovine brucellosis (3–6.5%) 
based on serological tests has been reported from differ-
ent areas of Pakistan [14, 15]. Previous studies showed 
a seroprevalence of 6.9% and 30.5% in humans coming 
from two different areas of Pakistan [9, 16]. Recently, a 
seroprevalence was reported in cattle using Rose Bengal 
plate test (RBPT) (10.2%) and enzyme-linked immuno-
sorbent assay (ELISA) (8%). In addition, seroprevalence 
of 9.4, and 6.9% in buffaloes, and 14 and 11% in humans 
based on RBPT and ELISA were reported, respectively 
[17].

False-positive results are the main problem which 
makes serodiagnosis of brucellosis tedious [18]. A suit-
able diagnostic test for brucellosis should be inexpensive, 
fast, sensitive and specific, and labour extensive. For this 
reason, serological tests are usually applied for the diag-
nosis of brucellosis [19]. Although, several serological 
tests have been used for the laboratory testing of brucel-
losis, no single test is convenient in all epidemiological 
investigations due to problems of sensitivity (Se) and/or 
specificity (Sp) [20, 21]. Rose Bengal Plate test (RBPT) 
is more sensitive, and often used, but still requires con-
firmation with other tests [7]. The complement fixation 
test (CFT) detects IgG antibodies and is used in several 
countries as a confirmatory test regarding to its higher 
specificity but may give rise to positive reactions in B. 
abortus S19 vaccinated cattle [22]. Competitive enzyme-
linked immunosorbent assay (c-ELISA) has a superior 

specificity compared to the CFT [23] and had a higher 
median Se (99.0%) and lower Sp (95.4%) compared to that 
of RBPT Sp (99.0%) [20] but the assay requires particular 
equipment and proficient interpretation of results, which 
may impede its use in many resource-limited countries. 
Combining c-ELISA and RBPT for the diagnosis of bru-
cellosis is justified because of their relatively high Se and 
Sp [20, 21] and the reduction of laboratory and producer 
costs [24].

The sensitivity (Se) and specificity (Sp) of serological 
tests have been found to be influenced by the external 
environment, such as temperature conditions under 
which the test is performed, the disease endemic sta-
tus, animals’ vaccination and the presence of cross-
reacting antibodies from other Gram-negative bacteria 
which share similar epitopes with Brucella spp. [20, 25, 
26].

Studies identifying risk factors for human brucellosis 
in Pakistan exist [27]. However, possible risk factors in 
bovines have not been studied yet. This study was con-
ducted to estimate the seroprevalence of bovine brucello-
sis at the individual animal and herd level, detect Brucella 
DNA in serum by real-time PCR and identify potential 
risk factors for brucellosis.

Methods
Study area and study design
A cross-sectional study was conducted on the Potohar 
plateau including Islamabad Capital Territory (ICT), 
Rawalpindi and Attock districts of Pakistan (Fig. 1). The 
Potohar plateau is a hilly area having a great diversity of 
fauna and flora. The area is located in north eastern Paki-
stan with an elevation of 575  m between the northern 
part of the Punjab and the western part of Azad Kashmir. 
Rain water is the main source of irrigation of agricultural 
land. Other parameters related to the sampling sites have 
previously been described [28].

This area has all major breeds of buffaloes and cattle 
of Pakistan which are reared under extensive and semi-
extensive grazing systems. According to the 2014–2015 
provincial livestock population survey, the number of 
cattle in this area was estimated to be 19.4 million (49% 
of total cattle in Pakistan), with 22.5 million buffaloes 
(65% of total buffaloes in Pakistan), providing more than 
67% of the total milk produced in the country [11].

Buffaloes and cattle for blood/milk sampling were 
selected randomly from eight major sampling locations 
[Ahmadal (Latitude 33°17′ N; Longitude 72°29′ E), Attock 
(Latitude 33°46′ N; Longitude 72°21′ E), Chak Shahzad 
(Latitude 33°39′ N; Longitude 73°8′ E), Chauntra (Lati-
tude 33°30′ N; Longitude 72°22′ E), Kahuta (Latitude 
33°34′ N; Longitude 73°22′ E), Kallar (Latitude 33°24′ 
N; Longitude 73°22′ E), Kherimurat (Latitude 33°30′ N; 
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Longitude 72°52′ E) and Rawat (Latitude 33°29′ N; Lon-
gitude 73°11′ E)] located in ICT, Rawalpindi and Attock 
districts from 2009 to 2011 (Fig. 1). A sample size of 202 
herds was calculated expecting a herd seroprevalence 
of 15.6%, a confidence level of 95% and a desired abso-
lute precision (d) of 0.05. Contingencies were taken into 
account by adding another 25% of animals and herds 
leading to a total of 253 herds. The 253 herds were ran-
domly selected from the 8 sampling sites due to the lack 
of a detailed herd and cattle/buffalo identification system. 
The number of herds was estimated using the formula 
n =  (1.96)2p(1 − p)/d2 [29, 30]. The herds were divided 
into two categories on the basis of the median value of 
their sizes; below the median value, the herd was con-
sidered as “a small holding cluster” (≤8) and above the 

median value (≥9) as “a large holding cluster”. Herds were 
of three types, those having only cattle, only buffaloes and 
those with both cattle and buffaloes (mixed type). Blood/
milk samples were collected from 50% of the animals of a 
herd, for most small holdings, all animals were sampled. 
To avoid false positives due to the presence of maternal 
antibodies, only cattle older than 1 year were sampled.

The questionnaire was distributed paper-based through 
face-to-face interviews (Additional file  1). Data related 
to age, sex, urbanity, districts/territory, sampling sites, 
animal species (cattle or buffalo), abortions in third tri-
mester, metritis, herd size, insemination method, source 
of replacement of animals and body condition of animals 
were collected at the sampling day. All data were kept for 
further assessment or if requested.

Fig. 1 Sampling sites (1–8) from Potoha Plateau, Pakistan. (The map was obtained from http://www.d‑maps.com/carte.php?num_
car=5567&lang=de)

http://www.d-maps.com/carte.php%3fnum_car%3d5567%26lang%3dde
http://www.d-maps.com/carte.php%3fnum_car%3d5567%26lang%3dde
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Sample collection
A total of 2709 serum samples were randomly collected 
[1462 buffaloes (53.97%) and 1247 cattle (46.03%)]. 
Moreover, 2330 milk samples were collected from 1168 
cattle and 1162 buffaloes. Approximately 10 ml of blood 
was collected aseptically from the jugular vein of each 
animal according to standard procedure [31]. These 
samples were immediately stored at 4 °C. Samples were 
then transported to the laboratory. Sera were separated 
and stored at −20 °C while milk samples were stored at 
4 °C.

Serology
Serum samples were initially screened with RBPT antigens 
(Institute Pourquier, France). Samples positive to RBPT 
were confirmed with the serum agglutination test (SAT) 
(Veterinary Research Institute, Pakistan). All serological 
tests were performed and results were interpreted accord-
ing to standard procedures [7, 31, 32]. Briefly, 25  µl of 
serum were mixed with an equal volume of antigen prep-
aration on a glass plate; the plate was agitated gently for 
4 min. A serum sample was considered positive if aggluti-
nation occurred. A serum sample positive in RBPT as well 
as in SAT was considered as positive at the animal level.

SAT was carried out with ethylene diamine tetra acetic 
acid (EDTA) as described previously [32]. The Brucella 
antigen used in this study was purchased from Immunos-
tics, Inc., USA. One hundred and sixty-eight microliters 
of Serum Agglutination de Wright (SAW) buffer were 
added to the first well and 100 μl to the second and third 
well of a 96-well microtiter plate. 32 µl of test serum was 
added to the 1st well to reach dilution of 1/6.25. After 
adequate mixing, 100  μl from the 1st well were trans-
ferred to the 2nd well to reach dilution of 1/12.5. Similar 
to the previous method 100 μl were transferred from the 
2nd to the 3rd well to reach dilution of 1/25 and 100 μl 
discarded from the 3rd well. Then in each well 100 μl of 
standardized SAW antigen was added giving the serial 
serum dilutions of 1/12.5, 1/25 and 1/50. The plate con-
tents were thoroughly mixed and incubated for 20–24 h 
at 37  °C. The value reading was done according to the 
degree of agglutination [33].

Milk ring test (MRT)
Milk samples were initially screened by MRT. As per 
manufacturer recommendations, the MRT antigen was 
kept at room temperature before use. One milliliter milk 
sample was added to the test tube. Then 30–40  µL of 
antigen were added, mixed and incubated at 37 °C for 1 h. 
A sample having a change in color at the top of the milk 
was considered positive [7, 31].

Isolation and identification of Brucella
Milk samples considered as positive by MRT were used 
for isolation of Brucella. Isolation was conducted on 
modified Farrells serum dextrose agar according to 
standard procedures [31, 34]. Identification and biotyp-
ing of these isolates was done according to standard pro-
cedures [7, 31, 35].

DNA extraction and qRT‑PCR
Serum samples that tested positive in serology were 
further subjected to DNA extraction using the High 
Pure PCR Template preparation kit (Roche Diagnos-
tic, Germany). Purity and concentration of DNA was 
checked by Nano-Drop ND-1000 UV–Vis spectropho-
tometer (Nano-Drop technologies, USA). DNA samples 
were stored at −20  °C until further analysis. A Brucella 
genus-specific (31-kDa salt-extractable immunogenic 
protein gene, bcsp31) qRT-PCR assay was used for fur-
ther screening of seropositive samples [36]. Primers 
and probes were purchased from TIB MOLBIOL (Ber-
lin, Germany). The reactions were conducted in dupli-
cate in microtiter plates (Applied Biosystem, Germany) 
using M×3000P thermocycler platform (Stratagene, 
La Jolla, Canada). The thermal profile for assays was 1 
cycle of 50  °C for decontamination for 2 min, 1 cycle of 
95 °C for initial denaturing for 10 min, 50 cycle of 95 °C 
for denaturing for 25 s and 1 min for annealing at 57 °C. 
Cut-off value of cycle threshold (Ct) for a positive sam-
ple was ≤40 for Brucella genus specific qRT-PCR being 
automatically generated by the instrument. Herds with at 
least one animal positive in qRT-PCR were considered as 
positive.

Statistical analysis
The true animal (TP) and the herd-level true prevalence 
of bovine brucellosis were estimated using the Rogan–
Gladen formula [37] which uses the apparent prevalence 
(ratio of the number of seropositive animals to the total 
number of animals) and accounts for imperfect sensitiv-
ity and specificity of RBPT and SAT as:

where AP is the apparent animal level or herd level 
prevalence, respectively, Se and Sp are the overall animal 
level or herd level sensitivity and specificity, respectively, 
based on the serial interpretation of the two tests. At the 
individual animal level, the overall or combined Se of the 
two tests based on a serial interpretation is given by

Se = SeRBPT * SeSAT Whereas the combined specificity is 
given by Sp = SpRBPT + (1 − SpRBPT) * SpSAT.

TP =
AP + Sp− 1

Se + Sp− 1
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To obtain the values for SeRBPT,SpRBPT, SeSAT and SpSAT 
to be used in the aforementioned formula, a meta-ana-
lytic approach was used. In this approach, a literature 
search was performed using electronic databases such 
as Medline, Agricola, CAB international, PubMed and 
ISI Web of Science. The keywords used in the search 
included

  • RBPT or SAT.
  • Diagnostic evaluation.
  • Combination of the previous keywords.
  • Each combined with bovine brucellosis.

The relevance of selected studies was evaluated using 
the following inclusion criteria:

  • Evaluation of test (s) in question.
  • Non-vaccinated cattle populations.
  • Sensitivity and specificity estimated.

The data extracted from each selected study included 
the Se, Sp, total number of subjects considered from 
which the number of true positives, true negatives, false 
positives and false negatives were calculated. These data 
were then analyzed using “metandi” in Stata 12.1 [38]. 
The outcome of this analysis is a synthesized estimate 
(and 95% confidence interval) of the sensitivity and speci-
ficity of each test adjusted for the total number of sub-
jects in each of the studies included. The true individual 
animal level prevalence was estimated across the differ-
ent potential risk/indicator factors.

Screening of the different potential risk factors related 
to brucellosis seropositivity was done using univariate 
random effects logistic regression analysis. Sampling loca-
tion and herd were both used as random effects to inter-
pret potential clustering of animals within herds and for 
the differences in herd sizes for the animal level analysis 
whereas only sampling location was used as a random 
effect for the herd level analysis to account for clustering 
of herds within sampling sites. This also accounted for the 
differences in number of animals within herds and num-
ber of herds within sampling regions, respectively. Vari-
ables with a p value <0.25 in the univariable analysis were 
further analysed in a multivariable random effects logistic 
regression model. Manual forward stepwise selection was 
applied to select the final model using the Akaike’s infor-
mation criterion (AIC) as the calibrating parameter.

When the removal of a non-significant variable led to 
a change of more than 25% of the estimated odds ratio, 
that variable was considered a confounder and was kept 
in the final model. Multicollinearity was assessed among 
the independent variables using the Cramer’s phi prime 
statistic with values >0.7 indicative of co-linearity [39].

All two-way interaction terms of the variables remain-
ing in the final model were assessed for significance 
based on the likelihood ratio test comparing the model 
with the desired interaction term and the corresponding 
model with no interaction terms.

The intra-class correlation coefficient (ICC), which is 
a measure of the degree of clustering of animals belong-
ing to the same herd or herds belonging to the same sam-
pling location, was computed. In random effects logistic 
regression models, the individual level variance δ2 on the 
logit scale is usually assumed to be fixed to π2/3 [40]. The 
variability attributed to animals within herds was com-
puted as:

whereas that attributed to herds within sampling loca-
tions was computed as: 

If the ICC is zero, it implies that there is no group-
ing effect both at the herd and sampling location levels 
in other words that there is no difference in brucellosis 
seropositivity among animals within herds and among 
herds within sampling locations.

The models were built using the xtmelogit function in 
STATA, version 12.1, software (SataCorp LP, College sta-
tion, Texas). Model selection was done using Laplacian 
approximation and the robustness of the final model was 
assessed by increasing the number of Quadrature (inte-
gration) points and monitoring changes in parameter 
estimates [41, 42].

Results
True animal and herd level seroprevalence
The results of the meta-analysis yielded an estimated Se 
and Sp of RBT of 0.93 and 0.98, respectively whereas for 
SAT the estimated Se and Sp were 0.67 and 0.99, respec-
tively. The overall estimated Se and Sp based on a serial 
interpretation of both tests were 0.63 and 1.0, respec-
tively. These values were used to compute the adjusted 
(true) prevalence.

Out of the 2709 animals, 170 (6.3%) tested positive 
for Brucella antibodies. Seroprevalence at animal level 
varied from one sampling site to the other i.e. highest 
in Chak Shahzad region (15.0%) and lowest in Kahuta 
region (3.9%). Overall 47 (18.6%) herds were found to be 
positive, among these 19 were cattle herds, 15 were buf-
falo herds and 13 were mixed herds (Table  1). The cor-
responding adjusted estimated prevalence was 9.9% (95% 
confidence interval (CI) 8.4–11.3%). On the other hand, 
18.6% (95% CI 14.0–23.9%) of the herds tested were 

ICCHerd = σ 2

INT :Herd

/

(σ 2

INT :Herd
+ π2/3)

ICCLocation = σ 2

INT :Location

/

(σ 2

INT :Location + π2/3)
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found to be seropositive for brucellosis. When the esti-
mates were adjusted for imperfect test sensitivity and 
specificity, the corresponding adjusted herd prevalence 
was 29.3% (95% CI 21.7–36.8%). The cross-classified test 
results for the number of animals and herds tested, num-
ber of positive animals and herds and true prevalence 
for each of the risk/indicator factors considered are pre-
sented in Tables 2 and 3, respectively. Factors associated 
with animal and herd level seroprevalence on the basis of 
the univariate random effects logistic regression analysis 
are presented in Tables 2 and 3, respectively.

Out of 170 serological positive samples, 89 (52.4%) 
were positive using the Brucella genus specific qRT-PCR.

Moreover, a total of five isolates were recovered from 
156 (6.7%) milk samples of positive animals and these 
isolates were identified as B. abortus biovar 1 according 
to standard biotyping procedures.

Risk factors associated with animal and herd level 
prevalence
The results of the univariable analysis which was based 
on a random effects model correcting for animal and 
herd-level clustering indicated that at the individual ani-
mal level, sex (cows versus bulls), animal species (cattle or 
buffaloes) and stock replacement (self-reared versus pur-
chased) were significantly associated with seropositivity 
at the animal level (p < 0.05) (Table 2). At the herd level, 
herd size and insemination method were significantly 
associated with seropositivity at the herd level (p < 0.05) 
(Table 2). In addition, the animal level factors i.e. district 
and age and the herd level factors i.e. presence of animals 
with metritis were not significant at the 5% level but since 
their p values were <0.25 (Tables 2, 3), they were consid-
ered as potential risk factors and thus subjected to the 
multivariable random effects logistic regression analysis.

The final model for animal level seropositivity included 
sex, age and stock replacement (Table 4) whereas that for 

herd level seropositivity included insemination method 
and herd size (Table 5). The Cramer phi prime estimates 
indicated no important correlations between any pairs of 
the independent variables. None of the pair-wise interac-
tions were statistically significant and there were no con-
founding variables.

Based on the final animal level model, the odds of 
brucellosis seropositivity were found to be 2.4 (95% CI 
1.1–5.5%) times higher among older animals compared 
to those of the younger animals. In addition, the odds of 
brucellosis seropositivity were 5.6 (95% CI 2.6–12.0%) 
times higher among bulls compared to cows. Lastly, ani-
mals that were self-reared were 1.6 (95% CI 1.0–2.4%) 
times more likely to be seropositive for brucellosis com-
pared to those that were purchased. At the herd level, the 
odds of brucellosis seropositivity were found to be higher 
for large herds, OR = 5.0 (95% CI 1.7–14.6%) compared 
to small herds and for herds with occurrence of abortion 
in third trimester, OR = 17.4 (95% CI 1.4–214.1%) com-
pared to herds with no occurrence of abortion in third 
trimester, respectively (Table  5). In addition, for herds 
in which both, AI and natural insemination methods 
applied, the odds of brucellosis seropositivity were 4.7 
times higher compared to those of herds in which natural 
insemination was practiced. Moreover, the use of AI was 
found to be a protective factor against brucellosis sero-
positivity since herds which applied AI were less likely to 
be brucellosis seropositive, OR = 0.2 (95% CI 0.1–0.8%) 
compared to those in which only natural insemination 
was applied.

The value of σ2
INT:Herd, which is the proportion of 

the total variance in the model explained by the vari-
ance between herds, was 0.63 corresponding to an ICC 
of 0.16 and thus indicating that 16% of the variability in 
bovine brucellosis seroprevalence occurrs between herds 
whereas the rest is due to differences between animals 
within herds. The ICC for sampling location was close to 

Table 1 Seroprevalence of brucellosis in individual animals and herds at different sampling sites

% Is combined percentage of positive cattle and buffaloes
a Number of cattle and buffaloes in sampling site

Districts/territory Sampling sites Animals  
examined

Animals positive  
cattle/buffaloes (%)a

Herds examined/
positive (%)

ICT Chak Shahzad 260 28/11 (15.0) 10/5 (50.0)

Rawat 334 10/12 (6.6) 45/6 (13.3)

Rawalpindi Kallar 399 9/8 (4.3) 43/7 (16.3)

Chauntra 344 7/12 (5.5) 42/7 (16.7)

Kahuta 309 7/5 (3.9) 27/3 (11.1)

Attock Kherimurat 439 7/15 (4.6) 34/8 (23.5)

Attock 373 11/7 (4.8) 31/7 (22.6)

Ahmadal 251 8/13 (8.4) 21/4 (19.1)
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zero indicating that there were no differences in seroposi-
tivity of herds based on their sampling sites.

Discussion
The present study was conducted to investigate the sero-
prevalence of brucellosis in cattle and buffaloes of differ-
ent regions of the Potohar plateau, Pakistan at the animal 
and herd level using serological and molecular methods. 
Brucellosis vaccination is not practiced in these herds. 
The seroprevalence of brucellosis at animal and herd 
level was found to be 6.3 and 18.6%, respectively. These 
results could be compared with other countries where 
Brucellosis is prevalent in cattle. For example, in a recent 
study in Uganda, a lower seroprevalence at animal level 
(5.0%) and at herd level (6.5%) was found, study that indi-
cated that local herd management is an important factor 
for the spread of brucellosis [43].

It has to be stressed that the SAT shows lower sensitiv-
ity and specificity compared to other standard tests and 
was not found to be suitable for applying EU legislation 
intra-Community trade [44]. In developing countries, 
however, with shortage of diagnostic facilities and limited 
resources for diagnostic means the serum agglutination 

test is a cheap and fast tool and was therefore imple-
mented in Pakistani laboratories as well. To increase reli-
ability SAT is used in combination with RBPT.

Among 2709 tested animals, a slightly higher sero-
prevalence of brucellosis was found in cattle (7.0%) com-
pared to buffaloes (5.7%). A higher seroprevalence was 
previously reported for cattle (10.18%) and buffaloes 
(9.38%) using RBPT as screening test in the Faisalabad 
region of Pakistan [16]. Similarly, a slightly higher sero-
prevalence was reported in cattle (5.44%) as compared to 
buffaloes (4.11%) in Egypt [45]. In another study, a high 
seroprevalence of 14% was found in buffaloes but only 
12% in cattle in Egypt [46]. Similar findings related to 
bovine brucellosis were reported from other countries, 
i.e., Ethiopia, Zimbabwe and Jordan [9, 19, 47]. Hence, it 
is not astonishing that variations are seen in seropreva-
lence at different sampling sites in this study. The over-
all seroprevalence was found to be higher in animals of 
the Chak Shahzad area. In this area the husbandry sys-
tem differed to that of the other sampling sites of ICT, 
where most of the animals are kept for dairy purposes 
to cater for the needs of residents of Islamabad and 
Rawalpindi. Non-lactating animals are immediately 

Table 2 Potential risk/indicator factors for animal level brucellosis seropositivity on the basis of univariate analysis

Factors Levels Animals  
examined

Animals positive cattle/buffaloes 
(total  % and 95% CI)

True prevalence  
(95% CI)

P value

Body condition Healthy 2152 64/63 (5.9: 4.9–7.0) 9.3 (7.7–10.9) 0.443

Medium 323 15/11 (8.0: 5.3–11.6) 12.7 (8.0–17.4)

Weak 234 8/9 (7.3: 4.3–11.4) 11.4 (6.2–16.7)

Sex Female 2659 81/77 (5.9: 5.1–6.9) 9.4 (7.9–10.8) <0.001

Male 50 6/6 (24.0: 13.1–38.2) 37.8 (19.2–56.5)

Urbanicity Rural 1424 46/36 (5.8: 4.6–7.1) 9.1 (7.2–11.0) 0.9624

Urban 1285 41/47 (6.8: 5.5–8.4) 10.8 (8.6–13.0)

Age Young 165 3/4 (4.2: 1.7–8.5) 6.7 (1.8–11.5) 0.129

Adult 2544 84/79 (6.4: 5.5–7.4) 10.1 (8.6–11.6)

Animal species Cattle 1247 87 (6.9: 5.6–8.5) 11.0 (8.8–13.2) 0.036

Buffaloes 1462 83 (5.7: 4.5–7.0) 8.9 (7.1–10.8)

Stock replacement Self‑reared 633 27/21 (7.6: 5.6–9.9) 11.9 (8.7–15.2) 0.012

Purchased 2076 60/62 (5.9: 4.9–7.0) 9.3 (7.7–10.9)

District/territory ICT 594 38/23 (10.3: 7.9–13.0) 16.2 (12.3–20.0) 0.164

Rawalpindi 1052 23/25 (4.6: 3.4–6.0) 7.2 (5.2–9.2)

Attock 1063 26/35 (5.7: 4.4–7.3) 9.0 (6.8–11.2)

Sampling sites Ahmadal 251 8/13 (8.4: 5.3–12.5) 13.2 (7.7–18.6)

Attock 373 11/7 (4.8: 2.9–7.5) 7.6 (4.2–11.0)

Chak Shahzad 260 28/11 (15.0: 10.9–19.9) 23.6 (16.8–30.5)

Chountra 344 7/12 (5.5: 3.4–8.5) 8.6 (4.9–12.5)

Kahuta 309 7/5 (3.9: 2.0–6.7) 6.1 (2.7–9.5)

Kallar 399 9/8 (4.3: 2.5–6.7) 6.7 (3.5–9.8)

Kherimurat 439 7/15 (5.0: 3.2–7.5) 7.9 (4.7–11.1)

Rawat 334 10/12 (6.6: 4.2–9.8) 10.4 (6.2–14.6)
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replaced with lactating animals to guarantee the milk 
supply for this region. Non-lactating animals are sent 
back to their native villages which are several kilome-
tres away from the urban dairy farms. This high turno-
ver caused by frequent replacement might be the cause 
of the high seroprevalence of brucellosis in this area. 

In this study animals reared in urban areas were more 
likely to become seropositive compared to those in rural 
areas. Higher herd prevalence was also found in the eco-
nomic zone of Kampala, Uganda (7.4%) when compared 
to peri-urban (4.1%) and rural areas (6.8%) respectively 
[43].

Table 3 Potential risk/indicator factors for herd level brucellosis seropositivity based on univariate analysis

Factors Levels Herds examined  
(number positive)

Apparent prevalence  
(95% CI)

True prevalence  
(95% CI)

P value

Urbanicity Rural 140 (20) 14.3 (8.9–21.2) 22.5 (13.4–31.7) 0.747

Urban 113 (27) 23.9 (16.4–32.8) 37.7 (25.2–50.1)

Presence of animals with 
metritis

No 241 (42) 17.4 (12.9–22.8) 27.4 (19.9–35.0) 0.057

Yes 12 (5) 41.7 (15.2–72.3) 65.7 (21.7–100)

Abortion in third trimester No 243 (38) 15.6 (11.3–20.8) 24.6 (17.4–31.8) <0.001

Yes 10 (9) 90.0 (55.5–99.7) 100

Herd size Small 134 (42) 31.3 (23.6–39.9) 49.4 (37.0–61.79) <0.001

Large 119 (5) 4.2 (1.4–9.5) 6.6 (0.9–12.3)

Insemination method Natural 113 (24) 21.2 (14.1–29.9) 33.5 (21.5–45.3) <0.001

Artificial 101 (3) 3.0 (0.6–8.4) 4.6 (0.0–9.9)

Both 39 (20) 51.3 (34.8–67.6) 80.8 (56.1–100)

Districts/territory ICT 55 (11) 20.0 (10.4–33.0) 31.5 (14.9–48.2) 0.440

Rawalpindi 112 (17) 15.2 (9.1–23.2) 23.9 (13.4–34.4)

Attock 86 (19) 22.1 (13.9–32.3) 34.8 (21.0–48.7)

Sampling sites Ahmadal 21 (4) 19.1 (5.4–41.9) 30.0 (3.5–56.5)

Attock 31 (7) 22.6 (9.6–41.1) 35.6 (12.4–58.8)

Chak Shahzad 10 (5) 50.0 (18.7–81.3) 78.8 (30.0–100)

Chountra 42 (7) 16.7 (7.0–31.4) 26.3 (8.5–44.0)

Kahuta 27 (3) 11.1 (2.4–29.2) 17.5 (0–36.2)

Kallar 43 (7) 16.3 (6.8–30.7) 25.7 (8.3–43.1)

Kherimurat 34 (8) 23.5 (10.7–41.2) 37.1 (14.6–59.6)

Rawat 45 (6) 13.3 (5.1–26.8) 21.0 (5.4–36.7)

Table 4 Final model with associated risk factors for brucel-
losis seropositivity at  the animal level-multivariate ran-
dom effects logistic regression analysis

Factors OR (95% CI) P value

Age

Adult versus young 2.4 (1.1–5.5) 0.038

Sex

Females versus males 5.6 (2.6–12.0) <0.001

Stock replacement

Self‑reared versus purchased 1.6 (1.0–2.4) 0.030

Estimate 95% CI

Variance components

Herd 0.63 (0.31–1.26)

Sampling site 8.95e–18

Table 5 Final model with  associated risk factors for  herd 
level brucellosis seropositivity multivariable random 
effects logistic analysis

AI artificial insemination

Factors OR (95% CI) P value

Abortion in third trimester

Yes versus no 17.4 (1.4–214.1) 0.026

Insemination method

AI versus natural 0.2 (0.1–0.8) 0.027

Both versus natural 4.7 (1.9–11.8) 0.001

Herd size

Large versus small 5.0 (1.74–14.6) 0.003

Estimate

Variance components

Sampling site 2.01e–19
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Self-reared animals were found to have higher odds of 
seropositivity in comparison to animals which were pur-
chased from other farms and animal markets. This finding 
is in contrast with findings from Zimbabwe [19]. In our 
study, adult animals were found to be more often sero-
positive when compared to young ones. Similar findings 
have been reported from other regions of the world where 
prevalence was higher in mature animals [47]. This finding 
might be attributed to the increase in exposure with time.

At animal level, age, sex and stock replacement were 
regarded as potential risk factors in the present study. 
However, in previous studies, age of animals was found as 
a risk factor but sex was not confirmed as a risk factor at 
the animal level [20, 48].

One of the major symptoms of brucellosis in breed-
ing animals in a herd is abortion at an advanced stage of 
pregnancy (third trimester). In this study herds having 
animals with a history of abortion especially in the third 
trimester were found to be associated with higher odds 
of being seropositive. Similar results were also found in 
Uganda and Kenya [35, 49]. A high abortion rate and 
reproductive disorders like metritis were also reported 
from seropositive herds in Zimbabwe [17, 19, 50].

In the present study, herd size and insemination 
method were identified as potential risk factors at herd 
level. Larger herd sizes have been found to be associ-
ated with increased odds of seropositivity in urban and 
peri-urban areas in Uganda and six geographical regions 
of Zimbabwe [19, 43]. Interestingly, at herd level natural 
insemination has not been previously reported as a risk 
factor but in the present study those herds which prac-
ticed both (natural and artificial) insemination methods 
were found to be more often seropositive [20]. Further-
more, in Uganda there was no significant difference found 
in prevalence in those animals in a herd served with bulls 
or with artificial insemination [43]. Apart from economic 
losses due to abortion, a recent study connected “need 
for repeat insemination” and “birth of weak calves” with 
seroprevalence in cattle herds in Brazil [51].

Brucella genus specific qRT-PCR confirmed the pres-
ence of brucellae in the samples. Moreover, our study 
proved the presence of B. abortus biovar 1 in Pakistani 
bovines on the basis of culture and biotyping.

Due to the imperfect nature of the diagnostic tests used 
in this study, and the fact that the risk factor analysis based 
on the random effects logistic regression model could not 
adjust for this, the significant risk factors identified in this 
study should be regarded as proxies for the true factors 
that influence the true prevalence of brucellosis and for 
many other management factors that were not included 
in the questionnaire. Detailed observational studies will 
therefore be needed to confirm the role of each of the 
identified risk factors on bovine brucellosis seropositivity.

Conclusion
Different countries successfully eradicated brucellosis 
from their livestock but brucellosis is at present a persis-
tent problem in Pakistan. No attempts have been made 
to control brucellosis in or to eradicate it from livestock 
in this country yet. It is well known that brucellosis in 
livestock poses also a severe risk for human health. The 
seroprevalence in this study was 6.3% and varied across 
different sampling regions. At herd level, herd size, abor-
tion and insemination methods were considered as poten-
tial risk factors for brucellosis. While at animal level, sex, 
age and stock replacement were associated with Brucella 
seropositivity. Detection of B. abortus biovar 1 in cat-
tle and buffalo raw milk highlights the significant danger 
to public health. Although the MRT and RBPT are first 
line screening tests for brucellosis in livestock in Paki-
stan, their lack of specificity is of concern. Therefore, the 
requirement for other more specific confirmatory tests 
but still fairly cheap should be considered for the control 
and eradication of brucellosis from livestock in Pakistan, 
so the risk to humans can be minimized.
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