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Abstract

Background and Aim: Brucellosis is a zoonotic disease of high economic and public health importance in large and small
ruminant populations worldwide. A cross-sectional study was conducted to determine the seroprevalence and risk factors of
brucellosis in small ruminants in organized farms in the southern region of India.

Materials and Methods: Farms exclusively rearing sheep and goats were selected based on the number of animals (small,
medium, or large) and the location of the farm (urban, periurban, or rural). A total of 1499 serum samples; 1001 from
sheeps and 498 from goats were sourced from six sheep and four goat farms and tested using Rose Bengal Plate and indirect
Enzyme-Linked Immunosorbent Assay tests.

Results: The apparent prevalence of brucellosis was higher in sheep (8.29%, 95% CI 6.7-10.1) than goats (5.82%, 95%
CI 4.0-8.2). The true adjusted population level seroprevalence was also higher in sheep, at 7.7% (95% CI 6.0-9.6) than in
goats, at 5.1% (95% CI 3.2-7.6). According to bivariate categorical analysis, six highly significant (p<0.001) animal- and
farm-level risk factors for sheep were age, breed, number of lambings, history of abortion, rural farms, and presence of dogs
on the farm. In goats, five significant risk factors were found: History of abortion, separate sheds, dogs on the farm, weekly
veterinary consultation, and lack of brucellosis awareness. In a logistic regression model, abortion (OR | giustea 10-85 95% CI

1.2-96.12), rural farms (OR 8.5, 95% CI 3.6-20.0), and absence of separate sheds on the farms (OR 1.9, 95% CI 1.1-
3.5) were found to be significant risk factors for ovine brucellosis.

adjusted

Conclusion: The use of complementary measures to tackle the multiple animal- and farm-level risk factors may help to
reduce the disease burden in the absence of a vaccination policy for small ruminants in India.

Keywords: brucellosis, goats, India, risk factors, sheep, seroprevalence.

Introduction ewes [3]. A few cases of Brucella abortus and Brucella
suis have been reported in small ruminants [4].

Brucellosis is an infectious disease caused by AR . A—
Transmission of brucellosis occurs primarily by the

bacteria of the genus Brucella, and is characterized . : -
by abortion and infertility in several mammalian spe- 1ngest10n.of contammatqd fe':ed and water, sexual con-
cies. It is considered to be one of the most import-  tact, or direct contact with infected placental or uter-
ant zoonoses worldwide [1]. The disease is endemic ~ 1N€ dl_scharges [_5].. Several risk factor_s are associated
in Latin America, Asia, some Mediterranean regions, ~ With its transmission [6] and these risk factors may
and Africa, including India [2]. In small ruminants, depend on various animal and environment related
the disease is primarily caused by Brucella melitensis, factors, such as the species, geographical area, and
although Brucella ovis is also an important cause of ~ r€aring practices [7].

orchitis and epididymitis in rams, and occasionally in ~ Brucellosis a major cause of economic losses
in terms of abortion, infertility, decreased milk
Copyright: Natesan, et al. Open Access. This article is distributed production, culling of infected animals’ and treat-

under the terms of the Creative Commons Attribution 4.0 is h . .
International  License  (http://creativecommons.org/licenses/ ment costs [6]. Brucellosis has serious negative

by/4.0/), which permits unrestricted use, distribution, and socioeconomic impacts on people, due to the loss
reproduction in any medium, provided you give appropriate credit £ K d i d by the ill 8.9
to the original author(s) and the source, provide a link to the Ol wWorK and Income cause y the illness [8,9].
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and 2.67 million among adults and offspring were
recorded, respectively [10,11].

Brucellosis can be controlled in many ways,
including periodical surveillance to locate hot spots,
reducing the transmitting risk factors, isolation
of seropositive animals, and compulsory vaccina-
tion [2]. The seroprevalence of brucellosis in sheep
and goat has been reported to be 7.9% and 2.2%,
respectively, at the country level [12], and recently a
few regional reports have emerged [13-16]. A higher
prevalence of brucellosis (19.20%) was reported
in unorganized sector/field conditions than in the
organized sector (8.10%), as assessed using indi-
rect Enzyme-Linked Immunosorbent Assay (iEL-
ISA) [16], contrary to another report about proper
biosecurity and routine screening of animals for bru-
cellosis [17].

The study aimed to asses seroprevalence of bru-
cellosis and to identify the brucellosis risk factors
associated with small ruminant brucellosis in the orga-
nized rearing flocks. In the absence of a vaccination
policy for small ruminants in the country, the identifi-
cation of risk factors will aid in designing practices to
curtail disease transmission in small ruminants reared
exclusively in the organized sector.

Materials and Methods

Ethical approval

The study was approved by the Institutional
Animal Ethics Committee, ICAR-NIVEDI, Bengaluru,
India under the DBT Network Project Brucellosis/
IFD/SAN/3142/2012-13 dated 27-09-2012.

Study area, period, design, and data collection

Karnataka state is in the Deccan Plateau of India,
it is bordered by six states and the Arabian Sea to the
west, and about 54% of the total geographical area is
drought-prone. Small ruminants have higher impor-
tance than agricultural crops, as they can be sustained
with minimal input, and are a viable source of liveli-
hood for more than 50% of farmers in this drought-
prone area [18].

A cross-sectional study was conducted from
January 2015 to January 2017 to investigate bru-
cellosis in organized small ruminant flocks. In the
first stage, we contacted the farmers personally and
appraised them of the purpose of the study, based on
the databases provided by the Department of Animal
Husbandry, Government of Karnataka, Republic of
India. While selecting the flocks, farmers maintaining
only sheep or goats were included in the study, and the
farmers rearing both sheep and goats or sheep or goats
with cattle or buffalo were excluded from the study
to estimate the exclusive species-wise prevalence of
brucellosis. Ten farms of this type were chosen based
on their location with respect to a city (periurban or
rural), and the farmers’ consent to complete a ques-
tionnaire survey. The final farms included six flocks of
sheep, two periurban and four rural, and four flocks of
goats, two each periurban and rural. Responses about

farm practices and animal details were collected from
animal handlers and farm managers using a closed-
ended, pretested questionnaire. For each farm, the
sample size was estimated using the sampling book
package in R (http://www.R-project.org/) with 5-40%
seroprevalence, considering the reported seropreva-
lence in the state at a 0.02 precision, 95% confidence
level.

The Epidata responses include species (sheep,
goat), sex (male/female), sheep breeds (Bannur,
Bellary, Deccani, Hassan, Kenguri, or Indigenous),
goat breeds (Barbari, Beetal, Boar, Jamanapari,
Sirohi, or Indigenous), age (stratified into less than
8 months and 8 months or above), number of lamb-
ings or kiddings (0-2, 3-5, or 6-8), and reproductive
history of the animal (abortion, retention of placenta,
hygroma, or orchitis). The flocks were classified as
periurban or rural. Periurban was defined as occur-
ring in the rural-urban transition zone, while rural
was defined as the area located outside the town and
city premises. The flocks were classified as small
(50-75 adult animals), medium (100-200 adult ani-
mals), or large (more than 200 adult animals). The
rearing methods were categorized as extensive (ani-
mals left free and maintained only by grazing with no
provision of concentrates) or semi-intensive (animals
left free during the day for grazing, kept in-house
after grazing, and provided with concentrate). Other
variables included the mode of procurement of ani-
mals (own raised and procured from livestock fairs)
and the presence or absence of separate sheds in the
farm for young, sick, or pregnant animals. The farm
practices such as the method of disposal of aborted
material or fetuses in open fields or water bodies, the
role of dogs in disease transmission, the frequency of
veterinarian visits (weekly or monthly), and brucel-
losis awareness were collected and correlated with
the disease occurrence.

Sample collection and serological screening

Approximately 3-5 mL of blood was collected
from the jugular vein using vacutainers without eth-
ylenediaminetetraaceticacid  (Becton  Dickinson,
Franklin Lakes, NJ, USA). Serum was separated from
clotted blood after 4-6 h by centrifugation at 5000x g
for 5-10 min to obtain clear serum. The samples were
tested using Rose Bengal plate tests (RBPT) by mix-
ing 30 uL of serum and antigen (IAH and VB, Hebbal,
Bengaluru, India) on a glass slide. A definite clump-
ing/agglutination within 3 min was considered to be a
positive result, while no clumping/agglutination was
taken to be negative [19]. The previously standardized
ELISA was used for testing the serum samples. Serum
samples were tested using iELISA with smooth lipo-
polysaccharide antigen and rabbit antisheep [gG-HRP
conjugate (Sigma-Aldrich, St. Louis, MO, USA), and
samples with a positivity value below 54% were taken
as negative, and those with more than 54% were con-
sidered as positive [13].
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Statistical analysis

Information from the questionnaire was digi-
tized into a Microsoft Excel spreadsheet (Microsoft,
Redmond, WA, USA) and serological test scores
were assigned as seronegative=0 or seropositive=1.
The continuous variables such as the number of times
animals had given birth, number of animals, and age
were converted to categorical data, and the data were
imported into R version 3.1.1. Apparent prevalence
(AP) and true prevalence were calculated at 95%
confidence with sensitivity of 96% and specificity of
99% using iELISA (https://epitools.ausvet.com.au).
Bivariate categorical analysis was performed with
seropositivity as the dependent variable, and the fac-
tors that were likely to predict the outcome as inde-
pendent variables. The degree of association between
the potential risk factors and seroprevalence was cal-
culated using the odds ratio (OR), and confounders
were identified using strata specific OR. A multi-
variable logistic regression model was built using a
forward conditional approach with the potential risk
factors, with p<0.2 recognized from the bivariate
analysis. The final model fit was assessed using the
Hosmer-Lemeshow test, and in the final model, only
those factors significant at p<0.05 were retained.

Results and Discussion

Small ruminants (sheep and goats) are the
backbone of the Indian agrarian economy [18-21].
Of 1499 serum samples, 1001 from sheeps, and
498 from goats were collected from six organized
sheep farms and four organized goat farms, and the
samples found to be positive using both RBPT and
iELISA were used for further analysis. At the ani-
mal level, we recorded a higher AP in sheep (8.29%,
95% CI 6.7-10.1) than in goats (5.82%, 95% CI,
4.0-8.2) (Table-1). In the study, more sheep sam-
ples were analyzed, because Karnataka state has
9.57 million sheep and only 3.5 million goats. From
the same region, the brucellosis seroprevalence

in goat flocks with a history of abortions was
11.30% [22], 8.57% in organized sheep farms, and
2.73% in goat farms [23]. In surveys conducted in
unorganized settings, the seroprevalence was 7.9%
in sheep and 2.20% in goats according to RBPT and
ELISA [12], and 8.7% in sheep and 5.8% in goats
according to iELISA were reported [13]. Based on
the above mentioned studies and the present results,
the overall brucellosis seroprevalence was 8%-9%
in sheep and 2%-5% in goats in both organized and
unorganized rearing systems, indicating the con-
served and persistent presence of the disease in the
small ruminant population.

At the animal level, Brucella seropositivity was
significantly higher in the 8 months and above age
group of animals in both species of livestock (OR
2.49, 95% CI 0.8-7.2), possibly because the dis-
ease affects actively reproducing animals [24]. The
highest susceptibility to brucellosis in sheep was
reported in the 3 years of age and above group from
Central and Northeast Ethiopia [25], and in the more
than 1 year of age group in goats from Sudan [26].
Animals with three to four parities showed statisti-
cally significantly (p<0.001) higher odds for brucel-
losis in both sheep and goats, in keeping with the
previous findings that brucellosis infection is always
recorded in sexually mature adults [27] and pregnant
animals [5] (Table-2).

The odds of brucellosis were greater for rams
than for ewes (OR 1.27, 95% CI1 0.4-3.2), while it was
higher for does than bucks (OR 1.19, 95% CI 0.3-
4.0) (Table-3). The high brucellosis seroprevalence in
rams was probably due to the exposure of males to
many females during mating [28], and in the absence
of artificial insemination for small ruminants in the
country, brucellosis infected male animals may pose
a greater risk of disease transmission through natu-
ral breeding on the farms. A significantly (p<0.001)
higher rate of brucellosis seropositive was found in

Table-1: Brucellosis seroprevalence in sheep and goat flocks of Karnataka, India.

Place of Latitude Longitude Total humber Total Total AP % (95% CI) TP % (95% CI)
collection of animals in samples positives
the farm collected
Sheep farms
Bellary-urban 15.1394° N 76.9214° E 1823 374 42 11.23 (8.42-14.83) 10.77 (7.81-14.56)
Mysuru- urban 12.2958° N 76.6394° E 879 197 07 3.55(1.73-7.15) 2.69 (0.77-6.48)
Bidar-rural 17.9149° N 77.5046° E 120 32 0 0 (0-0.1072) NC
Hassan-rural 13.0068° N 76.0996° E 967 257 34 13.23 (9.62-17.92) 12.87 (9.08-17.81)
Mandya-rural 12.5222° N 76.9009° E 319 127 0 0 (0-2.94) NC
Raichur-rural 16.2120° N 77.3439° E 65 14 0 0 (0-2.15) NC
Total 4173 1001 83 8.29 (6.74-10.16) 7.68 (6.04-9.65)
Goat farms
Hassan-periurban 13.0068° N 76.0996° E 125 50 01 2.0 (0.35-10.5) 1.05 (0-10.0)
Kolar- periurban 13.1362° N 78.1291° E 45 15 03 20.0 (7.0-45.0) 20.0 (6. 4-47.0)
Mandya-rural 12.5222° N 76.9009° E 868 252 14 5.56 (3.34-9.11) 4.8 (2.46-8.53)
Mysuru-rural 12.2958° N 76.6394° E 541 181 11 6.08 (3.43-10.55) 5.34 (2.55-10.1)
Total 1579 498 29 5.82 (4.08-8.24) 5.08 (3.25-7.62)

CI=Confidence interval, NC=Not calculated, AP: Apparent prevalence, TP: True prevalence. iELISA sensitivity is 96% and

specificity is 99
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Table-2: Animal level risk factors for brucellosis seropositivity in sheep.

Criteria Risk factors Number of Seropositives OR and inverse p-value
samples (1001) (83) ORY (95% CI)
Age Below 8 months 358 (35.76) 15 (18.07) 0.40 (0.22-0.70) 0.001***
Above 8 months 643 (64.24) 68 (81.93) 2.52 (1.42-4.48)
Sex Female (ewe) 953 (95.20) 78 (93.98) 0.79 (0.30-2.03) 0.618
Male (ram) 48 (4.80) 5 (6.02) 1.27 (0.49-3.29)
Breed Bannur 285 (28.47) 5 (6.02) 0.16 (0.06-0.40) 0.001***
Bellary 374 (37.36) 42 (50.60) 1.72 (1.20-2.70) 0.02*
Deccani 32 (3.20) 0 (0.00) NC 0.098*
Hassan 257 (25.67) 34 (40.96) 2.01 (1.27-3.18) 0.01%**
Kenguri 14 (1.40) 0 (0.00) NC 0.278
Indigenous 39 (3.90) 2 (2.41) 0.61 (0.14-2.57) 0.495
Number of 0-2 376 (37.56) 15 (18.07) 0.37 (0.21-0.65) 0.001%**
Lambings 3-4 322 (32.17) 44 (53.01) 2.38 (1.51-3.73) 0.001%**
5-8 303 (30.27) 24 (28.92) 0.94 (0.57-1.53) 0.796
History Abortion 58 (5.79) 29 (34.94) 8.73 (5.17-14.74) 0.000%***
Hygroma 6 (0.60) 0 (0.00) NC 0.024*
Orchitis 13 (1.30) 1 (1.20) 0.93 (0.12-7.17) 0.942
No symptoms 924 (92.31) 53 (63.86) 0.15 (0.09-0.24) 0.000%***

CI=Confidence interval, NC=Not calculated. ***p<0.001, **p<0.01, *p<0.1, ¥The reference is the other paired group

Table-3: Farm level risk factors for brucellosis seropositivity in sheep.

Criteria Risk factors Number of Seropositives OR and inverse p-value
samples (1001) (83) ORY (95% CI)

Location of the farm Rural 631 (63.04) 76 (91.57) 6.37 (2.90-13.95) 0.001***
Peri urban 370 (36.96) 7 (8.43) 0.16 (0.07-0.34)

Number of animals in Small farm 29 (2.90) 3 (3.61) 1.26 (0.37-4.21) 0.710

the farm Medium Farm 191 (19.08) 22 (26.51) 1.53 (0.91-2.55) 0.102
Large Farm 780 (77.92) 58 (69.88) 0.66 (0.40-1.07) 0.092%*

Method of rearing Extensive 126 (12.59) 9 (10.84) 0.84 (0.41-1.73) 0.644
Semi intensive 875 (87.41) 74 (89.16) 1.18 (0.58-2.42)

Mode of procurement of Own raised 799 (79.82) 58 (69.88) 0.59 (0.36-0.96) 0.03*

animals Livestock fair 202 (20.17) 25 (30.12) 1.70 (1.04-2.79)

Disposal of aborted Open discard 425 (42.46) 25 (30.12) 0.58 (0.36-0.95) 0.03*

materials/foetus Disposed in 576 (57.54) 58 (69.88) 1.71 (1.05-2.78)
water bodies

Separate shed Yes 807 (80.62) 62 (74.70) 0.71 (0.42-1.19) 0.194
No 194 (19.38) 21 (25.30) 1.41 (0.84-2.37)

Dogs in the farm Yes 460 (45.95) 59 (71.08) 2.89 (1.77-4.72) 0.001%%x*
No 541 (54.05) 24 (28.92) 0.35 (0.21-0.56)

Frequency of Veterinary Weekly 220 (21.98) 25 (30.12) 1.59 (0.97-2.62) 0.06*

services obtained Monthly 781 (78.02) 58 (69.88) 0.65 (0.40-1.07)

Brucellosis Awareness Yes 623 (62.24) 53 (63.86) 1.07 (0.67-1.72) 0.77
No 378 (37.76) 30 (36.14) 0.93 (0.59-1.49)

CI=Confidence interval, OR: Odds ratio. ***p<0.001, **p<0.01, * P<0.1, "the reference is the other paired group

Hassan and Bellary breeds of sheep, possibly due
to the large number of samples collected from pop-
ular meat breeds of the region. In case of goats, the
Barbari breed exhibited higher odds (OR 2.35, 95%
CI 1.0-5.2), whereas no association was observed in
goat breeds by Wukari [28]. As well as management
factors, we looked at breed predisposition to brucello-
sis among the sampled animals (Table-4). Brucellosis
seropositivity was significantly higher in goats (OR
52.12, 95% CI 15.3-176.7) than in sheep (OR 8.73,
95% CI 5.1-14.7) in animals with a clinical history of
abortion, as has been found by several previous stud-
ies [25,29-32].

At the farm level, significantly higher odds
(p<0.001) (OR 6.37, 95% CI 2.9-13.9) of brucellosis
seropositivity were observed in rural sheep flocks and

in semi-intensive sheep rearing systems. The increased
disease prevalence in semi-intensive systems was
probably due to out-grazing with different herds, and
shedding of the disease in the pens on return from
pasture grazing and mating [28]. The opposite pattern
was observed for goats, in which the odds were higher
in periurban flocks and in extensive rearing systems of
OR 3.72,CI 95% 1.0-13.6 (Table-5). The reason could
be higher stocking density and close contact between
animals in infected environments in the urban and
periurban farms [8], or it could be due to intimate con-
tact between infected and uninfected flocks in exten-
sive production systems [33]. A higher rate of sero-
positive has previously been observed in extensive
production systems in Ethiopia [25] and Uganda [34]
and in pastoral grazing systems [35].
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Table-4: Animal level risk factors for brucellosis seropositivity in goats.

Criteria Risk factors Number of Seropositives OR and inverse ORY p-value
samples (498) (29) (95% CI)

Age Below 8 months 142 (28.51) 4 (13.79) 0.40 (0.14-1.17) 0.08*
Above 8 months 356 (71.49) 25 (86.21) 2.49 (0.85-7.29)

Sex Female (doe) 438 (87.95) 26 (89.66) 1.19 (0.35-4.04) 0.784
Male (buck) 60 (12.05) 3(10.34) 0.84 (0.25-2.87)

Breed Barbari 91 (18.27) 10 (34.48) 2.35 (1.05-5.23) 0.031*
Beetal 12 (2.41) 1 (3.45) 1.44 (0.18-11.52) 0.726
Boar 49 (9.84) 5(17.24) 1.91 (0.70-5.23) 0.201
Jamanapari 147 (29.52) 9 (31.03) 1.07 (0.47-2.42) 0.862
Sirohi 143 (28.71) 1 (3.45) 0.09 (0.01-0.66) 0.003**
Indigenous 56 (11.24) 3(10.34) 0.90 (0.27-3.11) 0.881

Number of Kiddings  0-2 159 (31.93) 6 (20.69) 0.56 (0.22-1.39) 0.205
3-4 193 (38.76) 13 (44.83) 1. 28 (0.60-2.73) 0.515
5-8 146 (29.32) 10 (34.48) 1.27 (0.58-2.80) 0.553

History Abortion 71 (14.26) 26 (89.66) 52.12 (15.37-176.76)  0.000***
Hygroma 12 (2.41) 0 (0.0) NC 0.398
Orchitis 11 (2.21) 1 (3.45) 1.58 (0.20-12.69) 0.0663*
No symptoms 404 (81.12) 2 (6.90) 0.02 (0.00-0.07) 0.000***

CI=Confidence interval, NC=Not calculated, OR=0dds ratio. ***p<0.001, **p<0.01, *p<0.1, *the reference is the other

paired group

Table-5: Farm level risk factors for brucellosis seropositivity in goats.

Criteria Risk factors Number of Seropositives OR and inverse ORY p-value
samples (498) (29) (95% CI)

Area Rural 433 (86.95) 25 (86.210) 0.94 (0.32-2.78) 0.908
Peri urban 65 (13.05) 4 (13.79) 1.07 (0.36-3.16)

Number of animals in the  Small farm 43 (8.63) 8 (27.59) 4.03 (1.68-9.64) 0.001***

farm Medium Farm 246 (49.40) 19 (65.52) 1.95 (0.89-4.27) 0.092%*
Large Farm 209 (41.97) 2 (6.90) 0.10 (0.02-0.44) 0.0001***

Method of rearing Extensive 15 (3.01) 3(10.34) 3.72 (1.01-13.65) 0.034*
Semi intensive 483 (96.99) 26 (89.65) 0.27 (0.07-0.99)

Mode of procurement of Livestock fair 28 (5.62) 5(17.24) 3.50 (1.24-9.86) 0.012**

animals Own raised 470 (94.38) 24 (89.66) 0.29 (0.10-0.81)

Disposal of aborted Open discard 290 (58.23) 10 (34.48) 0.38 (0.17-0.83) 0.012**

materials/foetus Disposed in 208 (41.77) 19 (65.52) 2.65 (1.21-5.81)
water bodies

Separate shed Yes 209 (41.97) 2 (6.90) 0.10 (0.02-0.44) 0.001***
No 289 (58.03) 27 (93.10) 9.76 (2.30-41.51)

Dogs in the farm Yes 289 (58.03) 27 (93.10) 9.76 (2.30-41.51) 0.001***
No 209 (41.97) 2 (6.90) 0.10 (0.02-0.43)

Frequency of Veterinary Weekly 289 (58.03) 27 (93.10) 9.76 (2.30-41.51) 0.001***

services obtained Monthly 209 (41.97) 2 (6.90) 0.10 (0.02-0.43)

Brucellosis Awareness Yes 93 (18.67) 0 (0.00) NC 0.001**
No 209 (41.97) 2 (6.90) 0.10 (0.02-0.43)

CI=Confidence interval, OR=0dds ratio, NC=Not calculated. ***p<0.001, **p<0.01,*p<0.1

One of the important risks for brucellosis trans-
mission which emerged in the study is the purchase
of animals from livestock fairs, a practice which has
led to significantly higher OR in goats (OR 3.50, CI
95% 1.2-9.8) than in sheep (OR 1.70, CI1 95% 1.0-2.7)
(Table-3). Increased disease prevalence due to fre-
quent purchase of animals with an unknown history
of brucellosis into the farms has also been similarly
reported in Mexico [36] and Malaysia [37]. The other
farm-level brucellosis risk observed was the disposal
of aborted material in water bodies, which produced
significantly higher odds (p<0.01) for both sheep and
goats (OR 1.71 and 2.65, respectively). It is a religious
belief in some communities the fetuses and placen-
tae should be thrown in water bodies. Furthermore, in
some areas, aborted materials are disposed of in the

open, where they tend to remain in and around the farm
premises for days, which may hasten the acquisition
of infection. In the majority of the flocks visited, the
animals were huddled together in a single shed, and
there was no separation of young, pregnant, or sick
animals. Lack of separation at the farms produced the
highest odds for goats (OR 9.76, 95% 2.3-41.5) with a
significant association to brucellosis (p<0.001). High
seropositivity in animals was correlated with exposure
to contaminated material, poor management practices,
and overcrowding [38,39]. Brucellosis-infected ani-
mals act as a source of infection to other animals and
hence, it is advisable to separate the animals accord-
ing to their physiological and health status to prevent
the direct transmission of diseases in the farm envi-
ronment [40].
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Table-6: Multivariable analysis of risk factors for sheep and goat brucellosis in organized flocks.

Species Factors Clinical condition OR (95% CI) p-value

Sheep Clinical history/condition Abortion 10.84 (1.22-96.12) 0.03*
Area Rural 8.53 (3.64-20.0) 0.001***
Separate shed No shed 1.94 (1.1-3.5) 0.03*
Constant -3.925 0.02 0.001***

Goat Clinical history/condition No clinical signs 0.05 (0.004-0.595) 0.02%*
Constant -2.303 0.03*

CI=Confidence interval, OR=0dds ratio, Sheep model: Hosmer-Lemeshow test=2.07, P=0.722,
Goat model: Hosmer-Lemeshow test=1.656, P=0.948, ***p<0.01, **p<0.01, *p<0.05

The presence of dogs on the farms produced a
significant association (p<0.001) to brucellosis, with
higher odds in goats (OR 9.76, 95% 2.3-41.5) than
in sheep (OR 2.89, 95% 1.7-4.7). Dogs always lead
or guard sheep and goat flocks, and sometimes enter
a farm carrying infected material, or eat the aborted
fetuses. Dogs infected with B. abortus, in turn, infect
cattle [41], and poor biosecurity measures such as lack
of control of visitors and stray animals increase the
prevalence of brucellosis [42]. The majority of the
farms visited were not fenced to prevent the entry of
dogs.

Farms in which veterinary consultation
occurred once per week showed higher seropreva-
lence (p<0.001), a finding which did not agree with
previous reports, which found higher brucellosis
seropositivity in farms inaccessible to veterinary ser-
vices [43]. Abortion and infertility problems should
always be investigated by veterinarians to minimize
disease transmission. Goat farmers tended to know
more about brucellosis than sheep farmers (p<0.001).
The education and awareness of the farmer are
important for the effectiveness of brucellosis control,
as only a few farmers had the habit of consuming raw
goat milk for health benefits due to lack of aware-
ness about the potential risks. The inclusion criteria,
which only accepted sheep and goat farms, as well as
the need for the consent of the farmers, resulted in a
limited number of farms being included in the study.
The strata specific analysis of ORs showed that age
and sex were confounders. In the logistic regression
model, abortion (OR 10.8, 95% CI 1.2-96.1), rural
farms (OR 8.5, 95% CI 3.6-20.0), and absence of
separate sheds in the farms (OR 1.9, 95% CI 1.-3.5)
were found to be the significant risk factors for ovine
brucellosis (Table-6).

Conclusion

We identified multiple animal and manage-
ment risk factors associated with brucellosis in
small ruminant farms in the Karnataka state, in the
Southern Province of India. The test and slaughter
policy is cost-intensive, and therefore in the absence
of vaccination, management measures need to be
developed to address the risks contributing to the
reemergence of brucellosis. The essential manage-
ment measures include defining the type of rearing,
improving husbandry practices, raising farmers’

perceptions of brucellosis, and prioritization of bru-
cellosis control by the government. A package of
practices for risk-based control measures to tackle
some of the identified risk factors, aimed at veter-
inarians and farmers, will aid in minimizing bru-
cellosis in the absence of a vaccination policy for
small ruminants in India.

Authors’ Contributions

RS: Conceived and designed the study, carried
out the experiment, and drafted the manuscript. TK
and NM: Assisted in carrying out the experiment.
MN, CY, ORVK, SSa, and KN: Assisted in sample
collection and carried out the experiment. ORVK,
SS, TK, and KN: Analyzed the data. HR and BRS:
Provided guidance and support to carry out the
experiments. All authors read and approved the final
manuscript.

Acknowledgments

The authors acknowledge the Scientists and
staff of the Indian Council for Agricultural Research-
National Institute of Veterinary Epidemiology and
Disease Informatics (ICAR-NIVEDI), Yelahanka,
Bengaluru, India and International Livestock Research
Institute (ILRI), Block-C, First Floor, NASC Complex,
CG Centre, DPS Marg, Pusa, New Delhi - 110 012
for their administrative and technical support during
the study. The Department of Biotechnology (DBT),
Government of India funded the research project work
DBT Network Project on Brucellosis/2012; (102/IFD/
SAN/3142/2012-13 dated 27-09-2012).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Memish, Z.A. and Balkhy, H.H. (2004) Brucellosis and
international travel. J. Travel Med., 11(1): 49-55.

2. OIE. (2012) Bovine brucellosis, Manual of Diagnostic Tests
and Vaccines for Terrestrial Animals. World Organization
for Animal Health, OIE, Paris, France. p1304.

3. Garin-Bastuji, B. (2011) In: Roginski, H., Fuquay, J.W. and
Fox, P.F.,, editors. Brucella spp. Encyclopaedia of Dairy

Veterinary World, EISSN: 2231-0916

2860



Available at www.veterinaryworld.org/Vol.14/November-2021/3.pdf

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sciences. London, Academic Press. p31-39.

Negash, E., Shimelis, S. and Beyene, D. (2012)
Seroprevalence of small ruminant brucellosis and its pub-
lic health awareness in selected sites of Dire Dawa region,
Eastern Ethiopia. J. Vet. Med. Anim. Health, 4(4): 61-66.
Radostits, O.M., Gay, C., Blood, C.D. and Hinchclift, W.K.
(2007) Veterinary Medicine, Textbook of the Diseases
of Cattle, Sheep, Pigs, Goats and Horses. 10" ed. ELBS
Bailliere Tindall, London, UK. p963-994.

Jonsson, E. (2013) Seroprevalence and Risk Factors for
Bovine Brucellosis, Salmonellosis and Bovine Viral Diarrhea
in Urban and Peri-Urban Areas of Kampala, Uganda.
PhD Thesis, Examensarbete Inom Veterindrprogrammet,
Uppsala, Sweden.

Lopes, L.B., Nicolino, R. and Haddad, J.P.A. (2010)
Brucellosis-risk factors and prevalence: A review. Open Vet.
Sci. J., 4(1): 72-84.

Coelho, AM., Coelho, A.C., Roboredo, M. and
Rodrigues, J. (2007) A case-control study of risk factors for
brucellosis seropositivity in Portuguese small ruminants’
herds. Prev. Vet. Med., 82(3-4): 291-301.

Benkirane, A., Essamkaoui, S., Idrissi, E.L., Lucchese, L.
and Natale, A. (2015) A serosurvey of major infectious
causes of abortion in small ruminants in Morocco. Vet. Ital.,
51(1): 25-30.

Singh, B.B., Dhand, N.K. and Gill, J.P. (2015) Economic
losses occurring due to brucellosis in Indian livestock pop-
ulations. Prev. Vet. Med., 119(3-4): 211-215.

Singh, B.B., Khatkar, M.S., Aulakh, R.S., Gill, J.P.S. and
Dhand, N.K. (2018) Estimation of the health and economic
burden of human brucellosis in India. Prev. Vet. Med.,
154(6): 148-155.

Renukaradhya, G.J., Isloor, S. and Rajasekhar, M. (2002)
Epidemiology, zoonotic aspects, vaccination and control/
eradication of brucellosis in India. Vet. Microbiol., 90(1):
183-195.

Shome, R., Padmashree, B.S., Triveni, K., Swati S.,
Krithiga. N., Shome, B.R. and Rahman, H. (2015) Spatial
distribution of brucellosis in small ruminants of India
using indigenously developed ELISA kit. J. Pure Appl.
Microbiol., 9(3): 2285-2291.

Beena, V., Pawaiya, R.V.S., Gururaj, K., Singh, D.D.,
Mishra, A.K., Gangwar, N.K., Gupta, V.K., Singh, R.,
Sharma, A.K., Karikalan, M. and Kumar, A. (2017)
Molecular etiopathology of naturally occurring reproduc-
tive diseases in female goats. Ver. World, 10(8): 964-972.
Sharma, V., Sharma, H.K., Ganguly, S., Berian, S. and
Malik, M.A. (2017) Seroprevalence studies of brucellosis
among goats using different serological tests. J. Entom.
Zool. Stud., 5(2): 1512-1516.

Kanani, A., Dabhi, S., Patel, Y., Chandra, V., Kumar, O.R.V.
and Shome, R. (2018) Seroprevalence of brucellosis in
small ruminants in organized and unorganized sectors of
Gujarat state, India. Ver. World, 11(8): 1030-1036.

Sharma, P., Kotwal, S.K., Singh, M. and Sharma, H.K.
(2015) Comparative serological study on antibodies against
Brucella in small ruminants. Indian Vet. J., 92(8): 73-75.
Sharma, S. (2015) Recommendations to State Action
Plan on Climate Change Based on State Wide Public
Consultations and Internal Studies. Available from: https://
www.kspceb.files.wordpress.com/2015/06/30052015-
kspcb-cc-report-final-to-print-low-res.pdf. Retrieved on
20-08-2018.

Alton, G.G., Jones, L.M., Angus, R.D. and Verger, J.M.
(1988) Techniques for Brucellosis Laboratory. Institute
National de le Recherché Agronomique, Paris, France.
p190.

Sen, A.R., Santra, A. and Karim, S.A. (2004) Carcass yield,
composition and meat quality attributes of sheep and goat
under semiarid conditions. Meat Sci., 66(4): 757-763.
Department of Animal Husbandry, Dairying and Fisheries.
(2012) Basic Animal Husbandry and Fisheries Statistics.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

India: Government of India. Available from: http:/www.
dahd.nic.in/dahd/writereaddata/livestock.pdf Retrieved on
20-08-2018.

Muttannagouda, R.B., Veeregowda, B.M., Shome, R.,
Leena, G., Isloor, S., Ansar Kamran, C., Apsana, R. and
Krithiga, N. (2014) Serodiagnosis of brucellosis in cattle
and goats in organized farms of Karnataka. Indian J. Comp.
Microbiol. Immunol. Infect. Dis., 35(1): 30-33.

Kavya, B.A., Veeregowda, B.M., Kamran, C., Gomes, A.R.,
Trivenil, K., Padmashree, B.S. and Shome, R. (2017)
Comparative evaluation of blood based lateral flow assay
for diagnosis of brucellosis in livestock. /ndian J. Anim.
Sci., 87(9): 1068-1070.

Amin, K.M., Rahman, M.B., Rahman, M.S., Han, J.C.,
Park, J.H. and Chae, J.S. (2005) Prevalence of Brucella
antibodies in sera of cows in Bangladesh. J. Vet. Sci., 6(3):
223-226.

Addis, S.A. and Desalegn, A.Y. (2018) Comparative
Seroepidemiological study of brucellosis in sheep under
smallholder farming and governmental breeding ranches of
central and North East Ethiopia. J. Vet. Med., 7: 1-12.
Mohamed, E.M., Elfadil, A.A.M., El-Sanousi, E.M.,
Ibrahaem, H.H., Mohamed-Noor, S.E., Abdalla, M.A. and
Shuaib, Y.A. (2018) Seroprevalence and risk factors of
caprine brucellosis in Khartoum state, Sudan. Vet. World.,
11(4): 511-518.

Walker, R. (1999) In: Hirsh, D.C. and Zee, Y.C., editors.
Brucella, Veterinary Microbiology and Immunology.
Blackwell Science, USA. p196-202.

Olufemi, O.T., Dantala, D.B., Shinggu, P.A., Dike, U.A.,
Otolorin, G.R., Nwuku, J.A., Baba-Onoja, E.B., Jatau,
T.D. and Amama, F.I. (2018) Seroprevalence of brucel-
losis and associated risk factors among indigenous breeds
of goats in Wukari, Taraba State, Nigeria. J. Pathog., 11:
5257926.

McDermott, J.J. and Arimi, S.M. (2002) Brucellosis in Sub-
Saharan Africa: Epidemiology, control and impact. Vet.
Microbiol., 90(1-4): 111-134.

Schelling, E., Diguimbaye, C., Daoud, S., Nicolet, J. and
Boerlin, P. (2003) Brucellosis and Q-fever seroprevalences
of nomadic pastoralists and their livestock in Chad. Prev.
Vet. Med., 6(4): 279-293.

Colmenero, J.D., Muiioz-Roca, N.L., Bermudez, P., Plat, A.
and Villalobos, A. (2007) Clinical findings, diagnostic
approach, and outcome of Brucella melitensis epididy-
mo-orchitis. Diagn. Microbiol. Infect. Dis., 57(4): 367-372.
Ibrahim, N., Belihu, K., Lobago, F. and Bekena, M. (2010)
Sero-prevalence of bovine brucellosis and risk factors in
Jimma zone of Oromia Region, South-Western Ethiopia.
Trop. Anim. Health Prod., 42(1): 35-40.

Samadi, A., Ababneh, M., Giadinis, N.D. and Lafi, S.Q.
(2010) Ovine and caprine brucellosis (Brucella melitensis)
in aborted animals in Jordanian sheep and goat flocks. Ver.
Med. Int., 10: 458695.

Refai, M. (2002) Incidence and control of brucellosis in the
Near Eastregion. Vet. Microbiol., 90(1): 81-110.

Matope, G., Bhebhe, E., Muma, J.B., Lund, A. and
Skjerve, E. (2010) Herd-level factors for Brucella sero-
positivity in cattle reared in smallholder dairy farms of
Zimbabwe. Prev. Vet. Med., 94(3-4): 213-221.

Mikolon, A.B., Gardner, I.A., de Anda, J.H. and Hietala, S.K.
(1998) Risk factors for brucellosis seropositivity of goat
herds in the Mexicali Valley of Baja California, Mexico.
Prev. Vet. Med., 37(1-4): 185-195.

Bamaiyi, P.H., Lolena, H., Bejo, S.K. and Zainal, M.A.
(2014) Update on brucellosis in Malaysia and Southeast
Asia. Malaysian J. Vet. Res., 5(1): 71-82.

Manish, K., Chand, P., Rajesh, C., Teena, R. and Sunil, K.
(2013) Brucellosis: An updated review of the disease.
Indian J. Anim. Sci., 83(1): 3-16.

Bashitu, L., Afera, B., Tuli, G. and Aklilu., F. (2015)
Seroprevalence study of bovine brucellosis and its

Veterinary World, EISSN: 2231-0916

2861



Available at www.veterinaryworld.org/Vol.14/November-2021/3.pdf

40.

41.

associated risk factors in Debre Birhan and Ambo Towns. J. 42. Alamian, S. and Dadar, M. (2020) Brucella melitensis
Adv. Dairy Res., 3(1): 13'1-134. . ] N infection in dog: A critical issue in the control of brucellosis
Corbel, M. (1988) In: Laing, J., editor. Brucellosis, Fertility in ruminant farms. Comp. Immunol. Microbiol. Infect. Dis.,
and Infertility in Veterinary Practice. 4" ed. ELBS, Bailliere .
Tindall. p190-221 73(12): 101554.
Jamil, T., Melzer, F., Khan, L, Igbal, M., Sagib, M., 43.  Ebrahim, W.O., Elfa.dll, A.A. and Elgadal, AA. .(201.6)
Hussain, M.H., Schwarz, S. and Neubauer, H. (2019) Seroprevalence and risk factors of anti-Brucella antibodies
Serological and molecular investigation of Brucella species in cattle in Khartoum State, Sudan. J. Adv. Vet. Anim. Res.,
in dogs in Pakistan. Pathogens, 8(4): 294. 3(2): 134-144.

soskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

2862



