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Abstract 15 

 16 

Brucellosis caused by facultative intracellular bacteria, Brucella, remains a global threat to both animal and 17 

human health. In this study we aimed to identify potential risk factors of bovine brucellosis and to assess 18 

the knowledge, attitudes, and practices (KAPs) of livestock keepers in Hisar, India. A standardized 19 

questionnaire was used to collate information regarding potential risk factors of bovine brucellosis and 20 

livestock owners� KAPs. A total of 127 livestock keepers were involved. Serum samples from their animals 21 

(n= 635) were tested for the presence of antibodies against Brucella by Rose Bengal Plate Test (RBPT) 22 

and indirect Enzyme-linked immunosorbent assay (iELISA). Out of these 78 (61.4%) of the herds had at 23 

least one seropositive animal and 302 (47.6%) of the cattle were seropositive. Univariate and multivariate 24 

analysis revealed significant associations between intensive farm type (OR= 4.6, 95% CI: 1.6 - 16.7, P= 25 

0.009), hygienic disposal of aborted fetuses (OR= 0.3, 95% CI: 0.08 � 0.9, P=0.04) and herd seropositivity 26 

for brucellosis. The majority, 96 (75.6%) of the respondents were males aged 18-50, and 82 (64.6%) owned 27 

a small-backyard farm. Only 51 (40.2%) of the participants knew about brucellosis, out of them, 54.9% 28 

(28/51) could not identify clinical signs of brucellosis. Six (11.8%) participants indicated abortion as the 29 

most noticeable clinical sign, 45.1% indicated that consumption of raw milk is associated with high risk of 30 
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contracting brucellosis. A large proportion of respondents confirmed that milk from their animals was 31 

regularly consumed (86.6%) and sold (59.8%) to other people. These results suggest that bovine brucellosis 32 

is endemic in Haryana, where Brucella-contaminated milk is likely being regularly sold. Brucellosis control 33 

efforts in Haryana should include education programs to raise awareness of the disease and means to control 34 

it in cattle and to prevent zoonotic transmission. 35 

Keywords: Bovine-Brucellosis, Hisar, iELISA, India, RBPT, Risk-Factors 36 

 37 

1.0 Introduction 38 

Brucellosis is one of the most widespread zoonotic infections worldwide, and considered to be responsible 39 

for a high disease burden in most low-income countries (Deka et al. 2019). The disease remains an 40 

important neglected zoonotic threat in these countries due to its dual effects on livestock and human health 41 

(Franc et al. 2018). Brucellosis is endemic in many parts of India and is assumed to pose a 42 

substantial economic and public health burden (Renukaradhya et al. 2002; Chand and Chhabra, 43 

2013). India has the largest buffalo population and second-largest cattle population in the world with 44 

estimated figures of 105.3 million and 199.08 million respectively in 2012 (Census, 2012). The dairy sector 45 

is essential for the livelihood of millions of people and has contributed to the growth of Indian Gross 46 

Domestic Product (GDP) over the years. However, brucellosis has continued to be responsible for 47 

significant losses, which have been estimated to amount to $US 3.43 billion annual loss for the livestock 48 

sector and 177,601 Disability Adjusted Life Years (DALYs) (Singh et al. 2015; Singh et al. 2018).   49 

In India, the first investigation of �contagious abortion� in livestock, associated with brucellosis was carried 50 

out by the then Imperial Veterinary Research Institute (now Indian Veterinary Research Institute), 51 

Mukteswar, in Northern India (Anonymous, 1918).  Since then, serological evidence of the infection has 52 

been reported from various states and the disease is considered endemic throughout India, especially in the 53 

Northern states which have large livestock populations that move freely without any 54 

restriction (Polding, 1942; Mahajan et al. 1986; Zaki et al. 1981; Mahajan and Kulshreshtha, 1991; Isloor 55 

et al. 1998a; Chand and Chhabra, 2013; Saidu et al. 2020). An extensive long-term sero-epidemiological 56 

survey of brucellosis was conducted by the Project Directorate Animal Disease Monitoring and 57 

Surveillance (PD-ADMAS) in 24 states of India between 1994 � 2001 (Isloor et al., 2001). As part of the 58 

survey, a total of 47,775 bovines comprising 38,319 cattle and 9,456 buffalo from 24 states and a union 59 

territory in India were sampled using convenience sampling and tested by RBPT and standard tube 60 

agglutination test (STAT). The results revealed 5.0% apparent prevalence in cattle and 3.0% in buffaloes 61 
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(Renukharadya et al. 2002). In the state of Madhya Pradesh, which shares borders with Haryana, a survey 62 

by Mehra et al. (2000) tested a total of 1,860 serum samples collected from cows, buffaloes, heifers and 63 

bulls for antibodies against Brucella using STAT. The reported overall seroprevalence in cattle and 64 

buffaloes was 6.3% (95% CI: 5.5-7.7). The survey showed a higher prevalence in cattle in organized farms 65 

6.8% (111/1,629) compared to that of unorganized farms 5.1% (12/231). More recently, a number of 66 

smaller serosurveys have been carried out in different states of India. A study in Vidarbha region of 67 

Maharashtra state estimated the seroprevalence of bovine brucellosis at 9.1%. In Punjab, a study conducted 68 

in 32 villages detected the presence of antibodies against Brucella in milk samples from 18.3% of the 69 

studied animals (Aulakh et al. 2008). In this study, the prevalence in the central zone of the state was 70 

significantly higher, 23.2% (!2 = 11.34, p < 0.01) than in the sub-mountainous zone (14.2%) and the arid 71 

irrigated zone (5.8%).  72 

The state of Haryana has a large livestock population that represents a major source of income for rural 73 

families. Although previous studies have shown the presence of bovine brucellosis in Haryana, little is 74 

known regarding its frequency and distribution (Chand et al. 2014; Mahajan and Kurulshethra, 1991). 75 

Furthermore, previous studies of cattle brucellosis in this part of India did not attempt to assess livestock 76 

owners� KAPs in relation to brucellosis. Hence, this study aimed to identify potential risk factors for 77 

Brucella infection in cattle herds in Hisar district, Haryana, and to assess the knowledge, attitudes and 78 

practices (KAPs) of livestock owners regarding brucellosis and explore milk and dairy products processing 79 

and consumption practices in the area. The findings of this study are expected to provide information useful 80 

for the formulation of cattle brucellosis control programs and public health policies in that region.  81 

 82 

2.0 Materials and Methods 83 

2.1 Study Area 84 

The study was conducted in Hisar district in the state of Haryana which is a north-central state neighboring 85 

New Delhi (Figure 1). The state has a total area of 44,212 km2 and a population of 27,761,063, the total 86 

livestock population of Haryana is 8.81 million, with buffalo accounting for 69% followed by cattle 20.5% 87 

(1.8 million heads), according to the 2012 census data (Census, 2012). The primary livestock management 88 

system in Haryana is semi-intensive with mostly small herds. 89 

2.2 Study Design and Herd Selection 90 

A non-random survey involving 127 cattle herds with clinical history suggestive of brucellosis was 91 

conducted between June and December, 2018. Livestock owners visiting the Lala Lajpat Rai University of 92 
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Veterinary and Animal Sciences (LUVAS) college clinic (n=127) between June and August 2018, 93 

representing herds located around Hisar, were recruited. Herd selection was therefore based on 94 

convenience and not probabilistic. Informed consent was sought from each of the interviewed livestock 95 

owners with participants informed that their identity would remain confidential.   96 

 Herds that presented with a history suggestive of brucellosis (i.e., history of abortion, infertility or retained 97 

placenta) were assessed by vets and clinicians at the LUVAS-clinic and considered suspected cases and 98 

were selected subsequently. During the study period, the clinic was visited by the investigators twice every 99 

week (24 visits in total) and a total of 127 herds were included (average of 2 herds per day). During these 100 

visits all eligible herds in a given day were included in the study, and individual animals were selected. In 101 

each of the selected herds, 5 individual animals were selected strictly based-on either clinical signs 102 

indicative of brucellosis such as abortion, infertility, hygroma and low milk-yield or based on previous 103 

history of brucellosis. If the number of animals with clinical signs indicative of brucellosis in a herd is more 104 

than 5, only the first 5 animals were selected, and if the number is less than 5, other asymptomatic animals 105 

were selected haphazardly until the target of 5 animals per herd was reached. The majority of herds are 106 

located in Hisar district of Haryana and few of them are located in the nearby villages (Table 1).  107 

When a livestock owner was selected, samples were collected immediately at the clinic after being 108 

consented and follow up visit was made to the herd to sample other animals.  109 

 110 

2.4 Sample Collection 111 

Whole blood samples were aseptically collected from the jugular vein of animals using 16- gauge needle 112 

and immediately transferred into the plain glass screw-capped bottle (HiMedia, India). The tubes were 113 

gently inverted 6-8 times; blood samples were allowed to clot in an upright position for at least 30 minutes 114 

but not longer than 2 hours before centrifugation. Blood samples were centrifuged at 2,500 rounds ×g for 115 

15 minutes within one hour of collection. Then, the serum was harvested into a plastic screw-116 

capped serum-vial, labeled and stored at -20oC in the Veterinary Public Health and Epidemiology 117 

laboratory until used.  118 

2.5 Serological Screening 119 

Collected serum samples (n= 635) were tested by both, RBPT and iELISA. A sample was considered 120 

positive, only if it was positive by both tests, as per OIE recommendation. Rose Bengal colored antigen 121 

was procured from the IVRI-ICAR (Bareilly, UP, India). It is a qualitative test of macroscopic agglutination 122 

performed with only one dilution, and which mainly detects IgG1, but not IgG2 antibodies (Cardoso et al. 123 
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2006). The standard procedure for performing RBPT as described by Nicoletti (1967) was used. The results 124 

of the RBPT were interpreted as negative or no agglutination, or positive with agglutination. 125 

All serum samples, regardless of their RBTP status, were tested by means of a commercial 126 

indirect ELISA assay (Arsh Biotech Pvt. Ltd., India) that uses lipopolysaccharides (LPS) as an antigen. An 127 

animal was considered positive only when it was positive by both tests. An ELISA reader (Gen-5 software, 128 

BioTek-Synergy-2, USA) was used to measure the absorbance at 450nm wavelength and results were 129 

interpreted as per manufacturer�s instructions. 130 

2.6 Questionnaire Administration and Data Collection 131 

A standardized, structured questionnaire from Musallam et al. (2015) was modified for this study. 132 

It comprised of three parts with close-ended questions. 133 

Part A of the questionnaire was designed to capture information on farm structure, characteristics, 134 

production and management practices. It included questions on farm type, herd-size, mixing of animals 135 

with small ruminants and other cattle, the introduction of new species, quarantine of new animals, 136 

separation of aborted cattle from the herd and hygienic disposal of aborted materials. These variables were 137 

considered in the risk factors analysis. 138 

Part B of the questionnaire was designed to capture information on the KAPs of the livestock owners 139 

regarding brucellosis and included questions on: the knowledge about the clinical signs of brucellosis in 140 

ruminants, potential transmission routes from animals to humans, clinical signs of brucellosis in animals 141 

and humans, livestock owners� practices in the case of cow�s normal parturition and management of 142 

suspected animals or abortion cases, all questions were closed ended in which the participants were asked143 

to choose from a predefined set of answers �high risk/moderate risk/no risk� for questions related to tra-144 

nsmission routes from animals to humans and�most farmers/some farmers/no one� for questions related 145 

to disease management practices. Parts A and B of the questionnaire were administered among those 146 

individuals responsible for rearing livestock. 147 

Part C of the questionnaire was designed to capture information on milk consumption, handling and 148 

processing with close ended questions in which the participants were asked to choose from a predefined 149 

set of answers: �regularly/ sometimes/never�. Part C of the questionnaire was administered among people 150 

responsible for the processing of milk and dairy products in the farm/household. 151 

2.7 Data Management and Analysis 152 

Data from the questionnaire were entered into the Microsoft Excel (Version 2019 for Windows 10), and 153 

imported into statistical package for social sciences (SPSSR Version 20.0 for WindowsR, SPSS Inc., 154 
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Chicago, USA) and �R� software (R_Statistical package 3.0.2 R Development CoreTeam, http://www.rpr155 

oject.org) for further statistical analysis. Descriptive statistics were carried out using Microsoft Excel (Ver156 

sion 2019 for *WindowsR 10).  157 

2.7.1 Risk Factors Analysis 158 

The associations between the serological status of the herd (as binary outcome; positive vs negative) and 159 

potential risk factors (namely: farm type, median herd-size, mixing of animals with small ruminants and 160 

other cattle, the introduction of new cows, quarantine of new animals, separation of aborted cattle from the 161 

herd, and hygienic disposal of aborted fetuses) were assessed. Firstly, univariate analysis was carried out 162 

for those variables and the serological status of the herd using chi-squared (!2) test of association. Only 163 

those variables with P < 0.2 from the univariate analysis were considered as candidates for multivariate 164 

analysis. Candidate variables were assessed for collinearity employing Cramer�s phi-prime (Ø) statistic; 165 

variables were considered collinear if (Ø > 0.7). When a pair of variables was found to be collinear, only 166 

the more biologically plausible variable was kept for further analysis using logistic regression. Multivariate 167 

logistic regression was used to assess the association between selected potential risk factors identified as 168 

candidate variables and the serological status of the herd as binary outcome (positive vs. negative). A 169 

manual backwards stepwise procedure was used for the least significant variables when P  0.05, the 170 

analysis was then repeated using forward selection starting with variables with lowest p-value in the 171 

univariate analysis to ensure that the same results were obtained. Only variables with P < 0.05 were retained 172 

in the final model. Univariate analysis was carried out using SPSSR Version 20.0 and multivariate logistic 173 

regression was carried out using the function glm implemented in R package survival.  174 

2.7.2 KAPs Analysis 175 

A herd was classified as exposed or not exposed to a particular practice based on the responses provided   176 

to questions on the �likely course of action of livestock keepers in the village�as opposed to the likely act-177 

ion by the interviewed livestock keeper themself. Descriptive statistics for the variables included in the 178 

KAPs analysis were carried out in Microsoft Excel, Version 2019. 179 

2.8 Ethical Approval 180 

The study was approved by the LUVAS Institutional Animal Ethical Committee (IAEC) No.VCC/IAEC/181 

265-93; dated 15/02/2018. 182 

 183 

3.0 Results 184 

3.1 Serological Status  185 
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From the 127 herds included in the survey, 635 individual animals were tested for brucellosis. Out of these, 186 

321 (50.6%), 308 (48.5%) and 302 (47.6%) individual animals were positive by RBPT, iELISA, and both 187 

tests, respectively. Thus, 302 (47.6%) animals representing 78 (61.4%) herds were considered seropositive 188 

against Brucella spp., as per the criteria set for Brucella seropositivity in this study. 189 

3.2 Demographic Information 190 

Questionnaires were filled in all the 127 farms. Most participants were males (75.6%) within the median 191 

age of 24, with the majority of herds being backyard (64.6%) with a median herd size of 9 (Table 2).  192 

3.3 Risk Factor Analysis   193 

The results of the univariate analysis for the associations between the potential risk factors and the 194 

serological status of the farm against Brucella spp infection presented as binary outcome (i.e., seropositive 195 

vs. seronegative) revealed three variables that were significantly associated with the outcome, namely: 196 

Farm type, Herd size (above or below the median) and hygienic disposal of the placenta (Table 3). The 197 

multivariate logistic regression model retained two variables that were significantly associated (P<0.05) 198 

with the serological status of the herd namely: intensive farm type (OR= 4.6, 95% CI: 1.6 - 16.7, P= 0.009) 199 

and hygienic disposal of the aborted fetuses (OR= 0.3, 95% CI: 0.08 � 0.9, P=0.04), Table (4).  200 

3.4 Knowledge of Brucellosis 201 

When asked if they had heard about a disease called brucellosis, 51 (40.2%) of the participants responded 202 

�yes�.  Of those that had heard of the disease, 31.4% said they had heard about the disease from the media, 203 

47.0% from local veterinarians and 21.6% from other farmers. Twenty-five (49.0%) of those who heard 204 

about brucellosis were sure that cattle/buffalo could be infected with brucellosis, 15 (29.4%) were sure that 205 

sheep/goats can be infected with brucellosis, and 11 (21.6%) were sure that other animals like dogs could 206 

be infected with brucellosis (Table 5). Regarding their knowledge of the clinical signs of brucellosis in 207 

animals, 28 (54.9%) did not mention any clinical signs of brucellosis, but 6 (11.8%) participants indicated 208 

that abortion is the most noticeable clinical sign. Only 4 (7.8%) participants additionally identified 209 

infertility and weight loss and 3 (5.9%) mentioned a drop-in milk production. Other responses to the 210 

knowledge about brucellosis are presented in Table 6. 211 

3.5 Livestock Owners� Attitude and Practices Regarding Brucellosis 212 

When the 51 participants who reported that they knew about brucellosis were asked about the level of risk 213 

associated with different transmission routes, 23 (45.1%) participants indicated that consumption of 214 

unpasteurized milk is associated with a high risk of brucellosis. When asked about the consumption of 215 

other unpasteurized dairy products, 12 (23.5%) participants considered it to be a high-risk practice, though 216 
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20 (39.2%) considered it low. Participants� responses concerning risk of human infection associated with 217 

different infection routes are presented in Figure 2. 218 

Participants� opinions regarding the actions that most livestock owners take when they have an infected or 219 

suspected animal with brucellosis are presented in (Table 7).  220 

When asked about measures that most farmers take when an animal is suspected of having brucellosis, 221 

participants declared that most farmers would: treat the animal: 7 (11.8%), call the local veterinarian 4 222 

(7.8%), prayers and incantations / keep in Gaushalas 18 (35.3%) and separate the animal from others 6 223 

(11.8%), vaccination of their herds did not appear to be an option that most farmers considered (Table 8). 224 

3.6 Livestock owners� Practices related to consumption and Processing of Milk and Dairy Products 225 

Most of the interviewed respondents 110 (86.6%) confirmed that milk from their animals was regularly 226 

consumed in their household and around 60% declared that they regularly sold raw milk from their animals 227 

to other people in the community, whereas 29 (22.8%) respondents purchased milk from other farmers. 228 

More than one-third of the participants 49 (38.6%) boil raw milk before it was 229 

consumed. A considerable percentage, 71 (55.9%) of the respondents boiled the milk before being proce-230 

ssed into the local dairy products: curd/kheer, shrikhand/gulab jamun, paneer and ghee/lassi (yoghurt, cr231 

-eam, cheese and butter, respectively) (Figure 3). 232 

 233 

4.0 Discussion  234 

We found that a very high proportion of herds with a history suggestive of brucellosis in Hisar had Brucella 235 

seropositive animals (61.4%). Previous studies had reported varying ranges of herd-level prevalence of 236 

bovine brucellosis in different states of India (Nagalingam et al. 2012; Renukharadya et al. 2002); Mehra 237 

et al. 2000) and Isloor et al. 1998a). Estimates from these studies are lower than the percentage of 238 

seropositive herds (47.6%) found in this study. For example, a recent study in neighboring Punjab state 239 

estimated animal-level seroprevalence to be 15.1% with around a third of dairy farms having at least one 240 

seropositive animal (Holt et al. 2021).  However, comparisons should not be made as our study is based on 241 

suspect herds that were not randomly selected and therefore is not aimed at providing prevalence estimates 242 

for the general dairy herd population. In addition, diversity of Indian states.  243 

Our assessment of KAPs revealed that practices that can increase the risk of livestock keepers being 244 

infected by Brucella in infected herds are common. It is common for livestock keepers to assist their 245 

animals when calving without personal protective equipment (PPE), and this is in concordance with 246 

Renukaradhya et al.  2002. Other practices such as disposing aborted fetuses into the water canals and 247 
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streets or feeding them to dogs can contribute to spread of infection within and between herds. Previous 248 

studies in other endemic areas provide evidence of association between these practices and high prevalence 249 

of infection for example in some districts of Pakistan (Arif et al. 2017) or in Nyagatare District, Eastern 250 

Province, Rwanda (Mushonga et al. 2018). However, the sampling technique employed in this study 251 

implies that the study herds may not be representative of the state of Haryana, India. 252 

Our finding of a strong association between hygienic disposal of placenta and lower probability of infection 253 

is in agreement with the results of the above studies. The neglect of hygienic practices can be in part 254 

attributed to limited awareness of the disease in livestock and risk of human exposure, which is likely to 255 

contribute to the spread and maintenance of infection in Haryana.  256 

In addition to (lack of) hygienic disposal of placenta, intensive farming is also associated with a higher 257 

probability of the herd being seropositive (OR= 4.6, 95% CI: 1.6- 16.7, P= 0.009). Placenta and birth fluids 258 

from infected animals are highly infectious and their unhygienic disposal will increase the chance of spread 259 

of Brucella organisms from infected animals to susceptible animals, especially under intensive 260 

management practices. While intensive management may favor disease transmission, the association may 261 

be confounded by level of awareness of the disease and implementation of hygiene measures. This may 262 

explain some contradictory findings in the literature: Kazi et al. (2005) reported a higher rate of Brucella 263 

antibodies in rural (unorganized) farms (5.0%) than in organized farms (2.5%) in Bangladesh. However, 264 

Mehra et al. (2000) reported a higher prevalence of brucellosis in organized farms (large) vs. 265 

unorganized (backyard) farms (cattle and buffaloes) in Madhya Pradesh. Our (adjusted) estimates are 266 

compatible with the risk of infection in Hisar being higher for intensive farms, when adjusted for potential 267 

differences in hygienic practices (disposal of placenta) across farming systems. Only herds with clinical 268 

signs compatible with brucellosis were studied and ascertainment of disease status was based on testing 5 269 

animals in each herd. Misclassification of �infected� herds as non-infected could have biased downwards 270 

our estimates of strength of association.  271 

Regarding the routes of human exposure, the majority 76 (59.8%) of the participants did not know that 272 

brucellosis can be transmitted from animals to humans. This may contribute to the lack of PPE use during 273 

high-risk practices, such as assisting in parturition and disposal of aborted materials. This finding is 274 

consistent with a previous study by Nagalingam et al. (2012) and Renukharadya et al. (2002), who reported 275 

that lack of awareness could be a significant risk factor for brucellosis among the livestock owners in India. 276 

Recent estimates of human seroprevalence of brucellosis in Punjab state were 2.2% (95% CI: 1.6 to 3.1) 277 

and 9.7% (95% CI: 7.4% to 12.3%) in the general population and persons in direct contact with cattle and 278 
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buffalo in dairy farms, respectively (Holt et al. 2021; Mangtani et al. 2020). Assisting with calving and/or 279 

abortion in dairy cattle was identified as a risk factor for human exposure and approximate 20% of people 280 

who assisted with calving and/or abortion on a seropositive farm had evidence of exposre to Brucella spp. 281 

As the dairy sector in Punjab and neighbouring Haryana State is very similar it is likely that people are also 282 

exposed to Brucella spp. in this setting, particularly those assisting with calving and abortion in dairy farms 283 

with a history suggestive of brucellosis. Therefore, activities to disseminate knowledge regarding 284 

brucellosis, particularly surrounding the risk of assisting with calving and abortion without PPE and efforts 285 

to improve dairy farmers� access to PPE in this setting are warranted. Level of awareness of brucellosis 286 

among livestock keepers varies considerably across different endemic regions; studies carried out among 287 

livestock keepers of Nigeria, Jordan and Egypt have shown high level of awareness (Agada et al. 2018, 288 

Musallam et al. 2015, Holt et al. 2011).  289 

The risk of Brucella infection from consumption of dairy products depends not only on the number of 290 

Brucella organisms in milk but also the processing steps of each product which involve changes in pH and 291 

moisture content and different heat treatments (Falenski et al. 2011; Zuniga et al. 2005; European 292 

Commission, 2001).  293 

Our results suggest that even those aware of brucellosis know little about its transmissibility as only a few 294 

indicated high-risk of infection if raw milk or unpasteurized dairy products are consumed. Their knowledge 295 

of zoonotic routes of infection through contact with infected foetal membranes and direct contact with 296 

infected animals was even lower.  297 

The awareness of clinical signs of brucellosis in animals among livestock owners in this study was 298 

considered poor with more than 55% of the respondents not being aware of the clinical signs of brucellosis 299 

in cattle. However, a small proportion of them indicated that abortion is the most noticeable clinical sign. 300 

Similarly, Onunkwu et al. (2018) and Mushonga et al. (2018), had reported a consistent finding of very 301 

poor awareness level among the participants in Nigeria and Rwanda respectively, the reason being lack of 302 

awareness coupled with poor knowledge of clinical signs. On the other hand, studies in Jordan and Nigeria 303 

reported a high level of awareness of brucellosis among livestock keepers (Musallam et al. 2015, Agada et 304 

al. 2018).  305 

Our study revealed that the majority of the participants always consumed and sold milk produced from 306 

their household animals. In a few cases, they processed milk into local dairy products as a means of 307 

livelihood. This reflected their dependence on milk and milk products at the community level. Regarding 308 

the risk of infection with Brucella through the consumption of raw milk, our findings showed that it is not 309 
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negligible; although 38.6% of the livestock owners confirmed to regularly boil milk before consumption, 310 

almost half (48.8%) reported doing it only occasionally. The risk of infection with Brucella could be lower 311 

through the consumption of other local dairy products, as more than half of participants confirmed that they 312 

boil raw milk from their animals or other sources when making local dairy foods like curd/kheer, lassi, 313 

gulab jammun, paneer and ghee. However, dairy product consumption from large ruminants did not appear 314 

to be an important transmission route for human brucellosis in Punjab state, although consumption of goats 315 

milk was identified as a risk factor for human exposure (Holt et al. 2021; Mangtani et al. 2020). 316 

Important hygienic practices such as separation of animals suspected of being infected and burying or 317 

burning of aborted fetuses/placentas, appear to be applied by only a few livestock owners. Similarly, mixing 318 

and cohabitation of cattle with other small ruminants and cattle from other sources were found to be a 319 

common practice in this area. Still mixing of animal species in a single herd or at watering and grazing 320 

points were widespread management practices among the livestock owners in the study area. Mixing of 321 

animals at grazing and watering points might contribute to the between-herd transmission of brucellosis in 322 

Hisar and other districts of Haryana. 323 

There is a paucity of documented information on the true prevalence of the disease in the Northern India.  324 

Animal brucellosis is problematic in Hisar. The study confirmed around half (47.0%) of livestock owners 325 

were aware of brucellosis through veterinarians and around a third of them and from the Media (31.4%), 326 

therefore these routes could be targeted for knowledge dissemination to farmers.  327 

Recommendations 328 

The high proportion of study herds with evidence of brucellosis, the high frequency of practices posing a 329 

risk of infection for livestock keepers and their families and their limited awareness of the disease and its 330 

transmissibility to people create conditions for brucellosis to be a major cause of livestock production losses 331 

and human illness in the study area. Programs increasing awareness of the disease and promoting hygienic 332 

and safe handling during calving and disposal of abortions and afterbirths should be prioritized. For 333 

instance, the ongoing �outreach program on zoonotic diseases-ICAR� should emphasize brucellosis 334 

prevention and control as well as communicate the risks associated with consumption of raw milk.  335 
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Figure 2. Participants� opinions regarding routes of brucellosis in humans (% of respondents� practices considered as low, moderate, or high risk) 
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Table 1. Number (%) of cattle herds sampled in Hisar District and the nearby villages in 

a Knowledge, Attitudes and Practices (KAPs) Study conducted in Hisar-India, (127 

cattle herds included in a cross-sectional study conducted between June and 

December 2018 in Hisar, Haryana). 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Village Number (%) of herds sampled 

Bhiwani 8 (6.3) 

Fatehbad 2 (1.6) 

Hisar 90 (70.9) 

Sofidon/Jind 1 (0.8) 

Jind 5 (3.9) 

Karnal 2 (1.6) 

Kurukshetra 2 (1.6) 

LUVAS/Hisar 1 (0.8) 

Meham 1 (0.8) 

Mukhlan/Hisar 1 (0.8) 

Narwana 3 (2.4) 

Niyana 1 (0.8) 

Rewari 1 (0.8) 

Rohilla 1 (0.8) 

Rohtak 1 (0.8) 

Shiwani 1 (0.8) 

Sirsa 6 (4.7) 

Total 127(100) 
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Table 2. Demographic characteristics of livestock owners (n=127) participated in a knowledge, 

attitudes and practices (KAPs) study regarding brucellosis conducted between June and 

December 2018 in Hisar, Haryana, India.  

 

Variables Category Frequency (%) 

Farm Type 
a) Small Backyard Farm 82 (64.6) 

b) Intensive/organized Farm 45 (35.4) 

Age group of the respondents 

a) 18-30 45 (35.4) 

b) 31-50 60 (47.0) 

c) > 50 22 (17.3) 

Sex a) Male 96 (75.6) 

 b) Female  31 (24.4) 

Herd-size 
a) ! median of 9 111 (87.4) 

b) > median of 9 16 (12.6) 
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Table 3. Univariate analysis of risk factors for brucellosis in dairy herds in Hisar, India (127 cattle 

herds included in a cross-sectional study conducted between June and December, 2018 in Hisar, 

Haryana). 

Variable Categories 
Number 

+ve/total (%) 
Chi square ( 2) P-value 

Farm Type 
Organized 26/30 (86.7) 

9.12 0.002 
Small (backyard) 52/97 (53.6) 

Herd size  
" median of 9 37/69 (53.6) 

3.873 0.049 
< median of 9 41/58 (70.7) 

Introducing new animals 

(Regularly) 

No 40/68 (58.8) 
0.416 0.322 

Yes 38/49 (77.6) 

Always mixing with cattle 

for drinking & grazing 

No 65/108 (60.2) 
0.462 0.340 

Yes 13/19 (68.4) 

Quarantine (Separation of su

spected animals, always) 

No 67/107 (62.6) 
0.413 0.344 

Yes 11/20 (55.0) 

Separation of aborted cow 

from others in the herd 

No 51/90 (56.7) 
2.942 0.064 

Yes 27/37 (73.0) 

Hygienic disposal of 

placenta 

No 56/101 (55.4) 
*7.425 *0.006 

Yes 22/26 (84.6) 

Frequent mixing with small 

ruminants 

No 40/71 (56.3) 
1.753 0.185 

Yes 38/56 (67.9) 

Negative n=49, Positive n=78. 
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Table 4. Results of a multivariable logistic regression model on serological status of cattle herds 

against Brucella spp. (127 cattle herds included in a cross-sectional study conducted between June 

and December 2018 in Hisar, Haryana). 

 

Variable (category)  Odds ratio (OR) 95% CI  P-value 

Farm type (intensive) 4.6 1.6, 16.7 0.009 

Hygienic Disposal of aborted fetuses (Yes) 0.3 0.08, 0.90 0.04 
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Table 5. Participants responses regarding Knowledge about Brucellosis in cattle in Hisar, India, 

results obtained from livestock owners (n=127) participated in a knowledge, attitudes, and 

practices (KAPs) study carried out between June and December 2018. 

 

Variables Categories Frequency (%) 

Knowledge about Brucellosis (have you heard 
about brucellosis?) 

 Yes 51 (40.2) 

No 76 (59.8) 

Where did you hear about brucellosis? 

a) Media 16 (31.4) 

b) Local Veterinarian 24 (47.0) 

c) Other farmers 11 (21.6) 

Owners� opinions about animal species that can have brucellosis  

Animals species that can have brucellosis 

a) Cattle/Buffaloes 25 (49.0) 

b) Sheep/Goats 15 (29.4) 

c) Dogs 11 (21.6) 

d) Equine/Donkeys 0 

e) Poultry 0 

Animal species that owners are sure they can have 
brucellosis 

a) Cattle/Buffaloes 13 (25.5) 

b) Sheep/Goats 10 (19.6) 

c) Dogs/Equines/Donkeys  0 

d) Poultry 0 

Animal species that owners are sure they can have 
and transmit brucellosis 

a) Cattle/Buffaloes 2 (3.9) 

b) Sheep/Goats 3 (5.9) 

c) Dogs/Equines/Donkeys 0 

d) Poultry 0 
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Table 6. Participants responses regarding knowledge of the clinical signs of brucellosis in cattle. 

Livestock owners (n=127) participated in a knowledge, attitudes, and practices (KAPs) study 

carried out in Hisar, India between June and December 2018. 

 

Clinical signs Frequency (%) 

Abortion 6 (11.8) 

Infertility 2 (3.9) 

Weight loss 2 (3.9) 

Reduced milk yield 3 (5.9) 

Inflammation of testes 2 (3.9) 

Skin lesions 1 (2.0) 

Diarrhea 2 (3.9) 

Lameness 2 (3.9) 

Respiratory symptoms 1 (2.0) 

Sudden death 2 (3.9) 

Don't know 28 (54.9) 
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Table 7. Participants� responses (n=127) regarding livestock owner�s practices associated to 

abortion in ruminants, data was collected from the farmers participated in a knowledge, attitudes, 

and practices (KAPs) study carried out, in Hisar, India, between June and December 2018.  

 

Practices Frequency 

Regularly (%) Sometimes (%) Never (%) 

Practices most farmers do in villages when only one cow aborts  

Frequently disinfect their pens/herds after abortion 16 (31.4) 29 (56.9) 6 (11.8) 

Separate aborted cow  6 (11.8) 22 (43.1)                23 (45.0) 

Call the local veterinarian 6 (11.8) 14 (27.5) 31 (60.8) 

Slaughter aborted cow 3 (5.9) 17 (33.3) 31 (60.8) 

Sell the aborted cows in market 11 (21.6) 24 (47.1) 16 (31.4) 

Take aborted cows to Gaushala* 13 (25.5) 18 (35.3) 20 (39.2) 

Give medicine to the affected cow 6 (11.8) 27 (52.9) 18 (35.3) 

Vaccinate the aborted cow 3 (5.9) 17 (33.3) 31 (60.8) 

Practices most farmers do when more than one cow have aborted  

Frequently disinfect their pens/herds after abortion  10 (19.6) 18 (35.3) 23 (45.1) 

Separate aborted cows 13 (25.5) 24 (47.1) 14 (27.5) 

Call the local veterinarian 2 (3.9) 17 (33.3) 32 (62.7) 

Slaughter aborted cows 2 (3.9) 9 (17.6) 40 (78.4) 

Sell the cow that has aborted in the market 24 (47.1) 11 (21.6) 16 (31.4) 

Take the aborted animal to the *Gaushala 18 (35.3) 11 (21.6) 22 (43.1) 

Give medicine to the affected cows 7 (11.8) 16 (31.4) 28 (54.9) 

Vaccinate the aborted cows 8 (15.6) 20 (39.2) 23 (45.1) 

Practices farmers do when one or more of their sheep/goats have aborted 

Frequently disinfect their pens/herds after abortion  10 (19.6) 18 (35.3) 23 (45.1) 

Separate the aborted sheep/goats  6 (11.8) 7 (13.7) 38 (74.5) 

Call the local veterinarian 3 (5.9) 6 (11.8) 42 (82.4) 

Slaughter the aborted sheep/goats at home for consumption 9 (17.6) 6 (11.8) 36 (70.6) 

Sell the aborted sheep/goats in the market 6 (11.8) 8 (15.7) 37 (72.5) 

Sell the aborted sheep/goats to the butcher 7 (13.7) 7 (13.7) 37 (72.5) 

* Gaushalas: is a local Hindi name referring to cattle farm. It is an organized farm under semi-intensive system.  
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Table 8. Participants� responses (n=127) regarding Livestock owners� attitudes and practices 

associated to parturition, abortion and hygienic disposal of placental and aborted 

materials in cattle, in a knowledge, attitudes, and practices (KAPs) study carried out, in 

Hisar, India, between June and December 2018. 

 

Practices 
Frequency 

Regularly (%) Sometimes (%) Never (%) 

Practices farmers do regarding parturition and abortion in animals 

Assisting in parturition of Cows/Buffaloes 8 (15.6) 41 (80.4) 2 (3.9) 

Assisting in parturition of sheep and goats 5 (9.8) 41(80.0) 5 (9.8) 

Wearing protective gloves when assist in 
parturition of cows. 

21(41.2) 17 (33.3) 13 (25.5) 

Wearing protective mask when assist in 
parturition of sheep and goats 

24 (47.0) 13 (25.5) 14 (27.5) 

Practices farmers do if one of their cows aborted/suspected of brucellosis 

Separate the cow that has aborted from the others 13 (25.5) 24 (47.1) 14 (27.5) 

Call a local Veterinarian around 5 (9.8) 17 (33.3) 29 (56.9) 

Slaughter the cow that has aborted at the 
farm/household for disposal 

2 (3.9) 9 (17.6) 40 (78.4) 

Sell the cow that has aborted in the market 11 (21.6) 26 (51.0) 14 (27.5) 

Take the cow that has aborted to the Gaushalas* 19 (37.3) 19 (37.3) 13 (25.5) 

Give medications 2 (3.9) 17 (33.3) 32 (62.7) 

Vaccinate the animals 6 (11.8) 26 (51.0) 19 (37.3) 

Practices most farmers do when disposing placenta and aborted materials 

Throwing the placenta into water canals 30 (58.8) 9 (17.6) 12 (23.5) 

Throwing the placenta in the street 28 (54.9) 9 (17.6) 14 (27.5) 

Giving the placenta to dogs 20 (39.2) 16 (31.4) 15 (29.4) 

Burying the placenta inside the ground 5 (9.8) 26 (51.0) 20 (39.2) 

Burning the placenta in an open ground 26 (51.0) 11 (21.6) 14 (27.5) 

Just ignore it anyhow 24 (47.1) 12 (23.5) 15 (29.4) 

Wear protective gloves during disposal 26 (51.0) 10 (19.6) 15 (29.4) 

* Gaushalas: is a local Hindi name referring to cattle farm. It is an organized farm under semi-intensive 
system, kept for spiritual and commercial purposes. 


