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Thesis abstract 

 

Brucellosis is one of the most widespread zoonoses and is endemic in many developing 

countries. Brucellosis can be considered as an animal disease, where humans are accidental 

hosts. The disease is neglected in many developing countries including Pakistan and remains a 

challenge due to lack of public awareness, consistent preventive measures and little effort to 

control the disease. In Pakistan, brucellosis epidemiology has been investigated minimally and 

only a few studies are available which report disease prevalence on large and commercial 

farms. However, these estimates are not generalizable for the predominant system in Pakistan, 

which is a smallholder production system involving large rural farming communities. The 

overall goal of this PhD research project was to advance the epidemiological understanding of 

bovine brucellosis in smallholder farms in Pakistan. The first objective was to identify the best 

diagnostic test for local field conditions, using this, and estimate disease prevalence and 

conduct a risk factor investigation in smallholder farms in Pakistan. The second objective was 

to assess and document the knowledge, attitudes and practices of smallholder farmers, and also 

to evaluate the drivers for overall perceptions regarding zoonotic diseases in Pakistan.  

 

The diagnostic test evaluation revealed that the test with the highest sensitivity (Se) was the 

competitive ELISA (C-ELISA), with a range from 76.3% to 81.4%. The Rose-Bengal test 

(RBT) was found to have the highest specificity (Sp) (99.1–99.4%) of the tests explored. The 

highest estimated herd-level prevalence, 45%, was found in Jhelum district and the lowest, 

1.1%, in Thatta district. The results of this study identified some discrepancies between the 

published literature on the Se of these tests, especially for RBT. It appears that RBT has lower 

Se and higher Sp when used in the field conditions of the present study compared with some 

other published studies. Consequently, it is recommended that none of the evaluated tests 

should be performed in isolation for the diagnosis of bovine brucellosis in the field conditions 

of Pakistan; however, the application use of RBT and C-ELISA in parallel, which return 

optimal Se and Sp, is warranted. The risk factor investigation demonstrated that the herds with 

a history of last trimester abortion were more likely to be positive than herds without such 

history (OR = 2.06, 95% CI, 1.09-3.89), providing validation of our findings and identifying 

that clinical disease is occurring in this region. It was also identified that herds with five to 

eight buffalo (odds ratio: OR = 3.80, 95% CI, 1.69-8.49), and those with more than eight 



xix 
 

buffalo (OR = 3.81, 95% CI, 1.51- 9.58) were more likely to be positive for Brucella than those 

with less (one to two and three to four) buffaloes present in the herd. 

 

The investigation of knowledge, attitudes and practices, demonstrated that almost all farmers 

(97%) were not aware of the modes of transmission of brucellosis. The majority (66%) of the 

farmers’ families were reported to consume raw milk and its products, live in shared housing 

with animals (49%) and not covering hand cuts during contact with animals (74%). All farmers 

performed at least one risky practice for brucellosis transmission from animal to human on a 

regular basis. The farmers with no formal education and those who had not heard of the disease 

displayed greater risky behaviour. The subsequent participatory epidemiological investigation 

revealed that the farmers were not concerned about zoonotic diseases, with haemorrhagic 

septicaemia, foot and mouth disease and mastitis being considered the three most important 

diseases of concern, with economic cost being the main reason explaining this concern. Despite 

farmers performing practices that pose a risk of zoonotic disease, approximately half were 

aware that these practices posed a risk of transmission. The drivers for continuation of these 

risky practices included family tradition, lack of resources and past experience. In the event of 

an animal health problem, farmers would self-treat or contact senior farmers in the village, with 

government veterinary assistants only contacted sometimes when the issue cannot be resolved 

by local options. Similarly, in relation to human health problems, half of the participants 

reported to use self-treatment, with 58% indicating that they would use the village dispensary. 

Access to animal and human health stakeholders and to resources was the most important driver 

of farmer actions.  

 

To conclude, the outcomes of this thesis indicate that none of the three evaluated diagnostic 

tests are recommended to be used as standalone tests, and based on this research findings RBT 

and C-ELISA applied in parallel yield best results for Pakistani field conditions. The research 

also identified regions with high, medium, low disease prevalence that support the need for 

customised targeted intervention control programs. In addition, it was found that there is poor 

understanding of the disease, presence of multiple risky practices on farm and at the household, 

low awareness of zoonotic diseases and a clear disconnection between risk perception and 

practices conducted, supporting the need of the development of targeted extension programs 

delivered by trusted stakeholders. 
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Introduction 

 

 
 

A typical smallholder farm in district Okara; the picture was taken by Khizar Hayat. 
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1.1 Background information  

Brucellosis is one of the world’s major zoonotic diseases. It is considered by the Food and 

Agriculture Organization (FAO), the World Health Organization (WHO) and the Office 

International des Epizooties (OIE) as one of the most widespread zoonoses in the world. 

Brucellosis in animals is predominantly a reproductive disease and causes abortion storms 

during the breeding season. These bacteria can spread within the herd via contaminated 

material, such as aborted foetus material and vaginal secretions and urine. Brucella pathogens 

are intercellular and persist within an individual animal which, resulting in life time carrier 

status (Ficht, 2003) . The disease mainly affects sexually mature animals and causes late 

trimester abortions, weak calves, infertility characterised by placentitis and epididymitis. 

Infected animals shed the pathogen in uterine discharge and milk (England et al., 2004). 

Brucellosis transmission typically occurs to other animals through oral contact with aborted 

foetal material (Bercovich, 1998). Brucellosis can be considered to be a disease of animals, 

however humans are accidental hosts. The disease in humans results from ingestion or 

inhalation of the pathogen, or direct entrance via skin abrasions. It is also acquired through 

consumption of raw milk and its products (Dasari et al., 2013).  

 

Brucellosis is a neglected disease in Pakistan because of a lack of awareness of the disease and 

the absence of a control program, and its exact prevalence is unknown. Previous studies in 

Pakistan have focused on determining prevalence of the disease on large commercial farms 

(Abubakkar et al., 2011). However, these estimates are not applicable to the smallholder system 

in Pakistan, which comprises 95% of cattle in the country (Afzal, 2009b). Consequently there 

is a need to address this important disease at the smallholder farmer level. It has also been 

stated that the data about brucellosis in Pakistan are sparse and inconsistent and therefore need 

to be investigated thoroughly (Munir et al., 2011). In developing countries, dairy animals are 

critical to the livelihoods of smallholder farmers and the rural poor, hence a great proportion 

of the Pakistani population may be affected in some way by the disease. Furthermore, in rural 

areas the literacy rate is very low (UNESCO, 2003) and most farming families have little 

knowledge about animal diseases. This, coupled with unhygienic practices (Asif et al., 2014), 

puts them at an even higher risk of contracting the disease if the pathogen is present in animals 

(WHO, 2006). Housing and population density are key factors that have been linked to the 

progression of diseases and are likely to play a role in the Pakistani system. 
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1.2 General aims and objectives 

The overall aim of this thesis was to broaden the epidemiological understanding of bovine 

brucellosis (Brucella abortus infection in cattle and buffalo) in smallholder farms in Pakistan. 

To achieve this aim, the particular objectives were to 1) identify the best diagnostic tests for 

the local field conditions of Pakistan; 2) estimate the disease prevalence in cattle and buffaloes 

in seven districts across two major dairy producing provinces; 3) identify and evaluate the risk 

factors for bovine brucellosis, documenting the knowledge, attitudes and practices of 

smallholder farmers; and 4) evaluate the drivers for the overall perception regarding zoonotic 

diseases in Pakistan.    

 

1.3 Thesis structure  

The overall aims of this research were addressed in multiple research chapters (Chapters 3 to 

6). Each chapter contains a specific set of aims and objectives which is briefly described in the 

following introductory paragraphs. The first, second, third and fourth objectives of the thesis 

are addressed in the Chapters 4, 5, 3 and 6 respectively. All the research chapters follow a 

‘thesis by publication’ format and are presented in the format that they have been submitted 

for publication. Chapters 3 and 4 have been published Chapters 5 and 6 have been submitted 

for publication. The referencing of the entire thesis is in Harvard style and the bibliography has 

been presented at the end of the thesis. The discussion chapter (Chapter 7) considers the major 

findings of each chapter and how the specific objectives were achieved in the given 

circumstances.  

 

1.4 Introduction to thesis chapters  

 

Chapter 2: Literature review  

Chapter 2 presents a review of the literature regarding brucellosis in general and specifically 

in the Pakistani context.  

 

Chapter 3: Knowledge, attitudes and practices (KAP) relating to brucellosis in 

smallholder dairy farmers in two provinces in Pakistan 

This chapter provides insights in relation to the knowledge and understanding of brucellosis in 

smallholder dairy farmers. The chapter presents information on the practices at farm and 

household levels which pose a risk for humans contracting the disease. This chapter has been 

published as follows:   
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ARIF, S., THOMSON, P.C., HERNANDEZ-JOVER, M., MCGILL, D.M., WARRIACH, 

H.M., HELLER, J., 2017. Knowledge, attitudes and practices (KAP) relating to 

brucellosis in smallholder dairy farmers in two provinces in Pakistan. PLoS ONE 12, 

e0173365. 

Author Contributions 

Conceptualization: SA JH MHJ DM PT HMW, Data curation: SA JH PT MHJ DM HMW 

Formal analysis: SA PT JH MHJ, Methodology: SA JH MHJ DM PT, Project 

administration: SA, Resources: SA DM HMW, Supervision: JH PT MHJ, Writing- 

original draft: SA, Writing-review & editing: JH PT MHJ DM 

 

Chapter 4: Evaluation of three serological tests for diagnosis of bovine brucellosis in 

smallholder farms in Pakistan by estimating sensitivity and specificity using Bayesian 

latent class analysis 

The fourth chapter focused on evaluating three commonly used diagnostic tests by estimating 

sensitivity and specificity in local field conditions of Pakistan. This study describes herd- and 

animal-level sensitivity and specificity of the Rose-Bengal test (RBT), indirect ELISA (I-

ELISA) and competitive ELISA (C-ELISA) in naturally-infected cattle and buffalo in seven 

districts in Pakistan. This chapter has been published as follows:  

 

ARIF, S., HELLER, J., HERNANDEZ-JOVER, M., MCGILL, D.M., THOMSON, P.C., 

2018. Evaluation of three serological tests for diagnosis of bovine brucellosis in 

smallholder farms in Pakistan by estimating sensitivity and specificity using Bayesian 

latent class analysis. Prev Vet Med 149, 21-28. 

Author Contributions 

Conceptualization: SA JH MHJ PT DM, Data curation: SA JH PT MHJ DM, Formal analysis: 

SA PT JH MHJ, Methodology: SA JH PT MHJ DM, Project administration: SA, 

Resources: SA DM, Supervision: JH PT MHJ, Writing- original draft: SA, Writing-

review & editing: JH PT MHJ DM 

 

Chapter 5: Bovine brucellosis in Pakistan; an analysis of prevalence and risk factors for 

infection  in smallholder farmer settings  
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Chapter 5 presents the estimation of disease prevalence in cattle and buffaloes in seven districts 

in smallholder farms in Pakistan and also investigates the risk factors associated with herd- and 

animal-level bovine brucellosis. This chapter has been submitted (April, 2018) for publication 

in Veterinary Medicine and Science.  

Author Contributions 

Conceptualization: SA JH MHJ PT DM, Data curation: SA KH HMW, Formal analysis: SA 

PT JH MHJ, Methodology: SA JH PT MHJ DM, Project administration: SA, 

Resources: SA DM HMW, Supervision: JH PT MHJ, Writing- original draft: SA, 

Writing-review & editing: JH PT MHJ DM 

 

Chapter 6: Using participatory approaches to investigate the drivers, attitudes and 

communication networks for improving the management of zoonotic diseases, with a 

focus on human brucellosis, among smallholder farmers in Pakistan 

Chapter 6 presents the findings of the investigation regarding the knowledge and perception 

about human brucellosis, attitudes of smallholder farmers towards zoonotic diseases and 

communication networks of smallholder farmers for human and animal health service 

providers. Part of this chapter has been presented at the conference shown below. This chapter 

has been submitted (March, 2018) for publication in PLoS ONE.  

  

ARIF, S., HELLER, J., THOMSON, P.C., MCGILL, D.M., HERNANDEZ-JOVER, M., 

2018. Investigating the drivers, attitudes and communication networks for improving 

the management of zoonotic diseases in the smallholder farming system in Pakistan. 

The Second PENAPH (Participatory epidemiology network for animal and public 

health) conference in January 10-12 Khon Kaen, Thailand  

 

Author Contributions 

Conceptualization: SA JH MHJ PT DM, Data curation: SA AF KH HMW, Formal analysis: 

SA PT JH MHJ, Methodology: SA JH PT MHJ DM, Project administration: SA, 

Resources: SA DM HMW, Supervision: JH PT MHJ, Writing- original draft: SA, 

Writing-review & editing: MHJ JH PT DM 
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Chapter 7: General Discussion  

The major findings of this thesis are summarised and discussed in Chapter 7, as well as 

considerations for an intervention program using combinations of the tools and research 

outcomes highlighted within this thesis. 
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2.1 Pakistan  

In 1947 under the Act of British parliament, British India was subdivided into two independent 

countries, namely Pakistan and India (Office of Public Sector Information, 1947). 

  

2.1.1 Administrative structure  

According to the recent constitution and administration, the country is divided into five 

provinces (Baluchistan, Khyber Pakhtunkhwa, Punjab, Sindh, and Gilgit-Baltistan), Islamabad 

Capital Territory, two tribal areas, 32 divisions and 141 districts (Ministry of Foreign Affairs 

Government of Pakistan, 2017). Baluchistan is the biggest province by area and Punjab is the 

largest province by population. Each province is further divided into districts and then into 

tehsils. Tehsils are made up of union councils, which is the smallest administrative unit.  

 

2.1.2 Geography and climate  

Pakistan shares borders on the east with India, north east with China, and west with Afghanistan 

and Iran. It also has a long coastline along the Arabian Sea (Figure 2.1). The country has diverse 

geography and has been divided into ten agro-ecological zones based on the climate, water 

availability, land use, resources and geography (Khan, 2004) (Table 2.1, Figure 2.1). However, 

based on the aridity definition the country has also been divided into five zones: Desert, Arid, 

Semi-arid, Dry sub-humid and Moist sub-humid (Food and Agriculture Organisation, 2001). 

Pakistan is located in the warm temperate zone (Wynbrandt, 2009). A typical year in Pakistan 

is divided into four seasons i.e. summer, winter, south western monsoon and retreating 

monsoon. However, with vast differences in geography, climate fluctuates from region to 

region. The north and western parts of the country are typically mountainous or rugged 

plateaus, whereas the east and south (Punjab and Sindh) are mostly irrigated floodplains or 

desert. In these regions, summer runs from April to September, winter from October to 

February. The late summer from July to September is regarded as monsoon period. March is 

considered to be Spring in the central part of the country. The country receives heavy rainfall 

during the monsoon season which sometimes causes heavy flooding in the plain areas of Punjab 

and Sindh. Snowfall and heavy rain in the north of the country during the months of January 

and February is caused by the western disturbance that originates from the Mediterranean. This 

snow and heavy showers feed all the major rivers of the country (Wynbrandt, 2009).  
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Table 2.1. Agro-ecological zones of Pakistan and their climate (Food and Agriculture Organisation, 2004). 

Agro-ecological Zones  Climate  Average temperature (oC) Rainfall (mm) 

Summer  Winter  Summer  Winter  

Indus Delta Arid tropical marine. Hot in summer 

and mild in winter 

34-40 19-20 75 5 

Southern irrigated plain The lower Indus plain. Arid and 

subtropical 

30-50 0-12 55 0 

Sandy desert Arid to semi-arid and subtropical. 40-46 2-7 46 18 

Northern irrigated plain Semi-arid and subtropical  36-44 2-6 100 22 

Barani Semi-arid and humid hot in summer  38-45 0-6 200 36 

Wet mountains Sub humid, Mediterranean and 

humid   

35-44 0-4 235 116 

Northern dry mountains High mountains and snow-covered 

zone  

30-35 0-4 236 116 

Western dry mountains Semi-arid highlands  30-44 -18-8 95 35 

Dry western plateau Arid desert tropical  33-44 -4-15 4 37 

Sulaiman Piedmont Arid and hot subtropical  40-48 1-7 38 13 
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Figure 2.1. Map of Pakistan indicating provinces, agro-ecological zones and international borders. Map was created using ArcGIS® software by Esri. ArcGIS® and 

ArcMap™. NB The white area below the map of Pakistan is the 'Arabian Sea'



11 

2.1.3 Population   

According to a census conducted in 2017, the population of Pakistan is 207.77 million people 

and is ranked as the 5th most populous country in the world. The population density is 230 

persons per square kilometre with 64% of the population located in rural settings and 36% in 

urban settings. The population is mostly comprised of young people with the majority under 

40 years of age. The gender proportion is 51% male and 49% female (Pakistan Bureau of 

Statistics, 2017). 

 

2.1.4 Role of the dairy industry in Pakistan. 

The dairy industry in Pakistan plays a pivotal role in the country’s economy. It contributes 

more than other sub-sectors of the agricultural industry (including crops such as wheat and 

cotton) (Zia, 2006) and accounts for 13.4% of the overall gross domestic product (GDP) of the 

country (Rehman et al., 2017). Pakistan is ranked fourth in the world in terms of dairy 

production, with 56 million tonnes of milk produced every year (Government of Pakistan, 

2016-17).   

 

Pakistan has a large number of tropical dairy breeds which are well adapted to the local 

conditions (Afzal and Naqvi, 2004). Buffalo and cattle are the major milk-producing animals 

in Pakistan. There are two main buffalo breeds known as Nili Ravi and Kundi and more than 

10 cattle breeds, with the major cattle breeds Sahiwal, Red Sindhi, Cholistani, and Thari (Afzal, 

2009b, Khan et al., 2008). Both cattle and buffalo are kept for dairy and meat production (Afzal 

and Naqvi, 2004). Buffalo milk is generally preferred by Pakistani people due to its taste and 

high fat content. Population trends in the number of cattle and buffalo since 1980 are presented 

in Figure 2.2.  

 

The dairy industry also plays a major role in the livelihood of rural farming families. More than 

60% of the population is rural and the majority of them have mixed farming systems. It is 

reported that almost 8 million rural families are engaged with dairy business and these families 

earn 35% of their total earnings from this industry (Government of Pakistan, 2016-17). 
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Figure 2.2. Population census of buffalo, cattle, sheep, and goats in Pakistan (sourced from Rehman et al. 

(2017). 

2.1.5 Dairy production systems in Pakistan  

There are two major milk production systems in Pakistan: the smallholder production system 

and the commercial system. Figure 2.3 further describes these production systems.  
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Figure 2.3. Dairy production systems in Pakistan as explained by FAO (2011). 

The smallholder production system, in which there are fewer than 10 animals are present in 

each herd, is the predominant system (accounting for 90% of farms) in Pakistan (Afzal, 2009b). 

In addition, the majority of cattle and buffalo are raised under this production system which 

supports the major need of dairy and meat in the country (Afzal, 2009b). This production 

system provides plenty of benefits to the rural communities. One of the biggest advantages is 

home consumption of high nutritional value dairy products. It has been shown that poor rural 

communities without animals are more nutrient-deficient than those with animals, especially 

women and children (Afzal, 2009b). The second benefit is that these animals are a source of 

additional income, which is often the only source of cash flow for day to day expenses, as the 

income for other agricultural crops is seasonal (Afzal, 2003). In addition, these animals provide 

social security for communities when, for example, sudden unplanned expenditure is required, 

including hospitalization, dowry, and school fees (Afzal, 2006). Smallholder production 

systems are also a source of employment for non-farming communities, with opportunities 

arising such as middle man roles, both for milk and animal sales. Consequently, this 

smallholder production system holds key importance as it provides economic and health 

benefits directly and indirectly to a large proportion of the population.  

 

The smallholder farming system can be further divided into two sub-systems. The smallholder 

subsistence respresents the group who mostly produce milk to meet the requirements for home 

Dairy Production 
Systems in 
Pakistan 

Smallholder 
Production 

System 

Smallholder 
subsistance (1-4 

animals)

Smallholder 
market-oriented 
(5-10 animals)

Commercial 
production 

System 

Rural 
Commercial (11-

50 animals) 

Peri-urban 
production (More 
than 50 animals)  
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consumption. This group lacks access to a large milk market (FAO, 2011), and relies on family-

owned land and labour. Seventy percent of the smallholder farms are subsistence farms (Raja, 

2002). The second sub-category is market-oriented smallholder farmers who have access to an 

appropriate market that encourages them to produce more milk than they require for home 

consumption. They commonly have five to ten animals per farm and sell milk to the nearest 

city or to cooperative retailers.  

 

In contrast to the smallholder dairy production system, the commercial production system 

accounts for 10% of the country’s dairy industry and relies mostly on intensive production. 

Commercial farms are further categorized as rural commercial (less than 1% of the industry) 

where each farm has more than 50 animals, is progressive and invests in milk production run 

by mostly family (FAO, 2011, Bank, 2015, Sadaf and Riaz, 2012). The peri-urban farms have 

up to 200 animals, with around 90% buffalo and 10% cattle, and these are run by both family 

and hired labour (Zia, 2006). Both commercial farms have an intensive production system and 

sells milk either direct to consumers or to cooperate retailers in big cities (FAO, 2011). 

 

2.1.6 The animal health and veterinary system in Pakistan 

The animal health structure in Pakistan is managed on both the provincial and federal level. 

Development of national policies, international and provincial coordination, on diseases, 

import/export of animals, animal quarantine, and research are managed by the federal ministry 

(Ali and Ali, 2005).  

 

Each province has their own regulatory system in relation to animal health and are known as 

Livestock and Dairy Development departments. These departments are mostly responsible for 

the management and control of animal diseases (e.g. diagnosis, treatment, prevention, 

vaccination), the production of veterinary biologics (vaccines and dewormers), veterinary 

training services and research on disease prevention (Afzal, 2009a). As part of these 

departments, there are a number of research centres, government hospitals, veterinary 

dispensaries and diagnostic laboratories. The number of these facilities within each department 

across the provinces of Pakistan is given in Table 2.2.  
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Table 2.2. Number of veterinary services in Pakistan (Afzal, 2009a). 

Province/ Region  Research 

institutes  

Veterinary 

hospitals  

Veterinary 

dispensaries  

Veterinary 

centres  

Diagnostic 

Labs   

Punjab 1 530 1213 1713 28 

Sindh 2 119 60 608 7 

Kyber Pakhtun 

Khan 

1 98 363 218 7 

Baluchistan  1 116 783 - 15 

Gilgit Baltistan  - 12 165 - 7 

Federally 

Administered 

Tribal Areas 

- 25 212 207 1 

Islamabad Capital 

Territory 

1 4 7 - 1 

Azad Kashmir - 59 66 129 6 

Total 6 963 2869 2875 72 

 

The veterinary services in Pakistan are intended to control animal diseases, reduce the public 

health risk and provide extension/awareness to farmers (Afzal, 2009a). However, the efficiency 

of the current veterinary structure could be improved due to a number of factors, for example, 

lack of skilled workforce, inadequate resources, and lack of transparency as well as political 

influence(Ahmad et al., 2008). This directly and indirectly affects the health of animals and 

humans on smallholder farms, farming family livelihoods and their associated communities. 

 

2.1.7 Impact of livestock diseases  

Several livestock diseases that cause morbidity and mortality in animals are endemic in 

Pakistan. These diseases do not only have an economic impact, but the health of rural 

communities is also affected due to the public health risk. Cattle and buffalo diseases that are 

endemic in the country are foot and mouth disease (Jamal et al., 2010), haemorrhagic 

septicaemia (Farooq et al., 2007), mastitis (Khan and Khan, 2006), black quarter (Niamatullah, 

2011), brucellosis, anthrax, and tuberculosis (Zahur et al., 2006). The consequences of these 

diseases in smallholder production systems are complex and extend well beyond the immediate 

effects. Morbidity associated with these endemic diseases is more impactful than mortality due 

to longer term effects and the resulting marked economic loss (Hasnain and Usmani, 2006). 

For the smallholder production system these endemic diseases are detrimental as they have 

significant impact on livelihood due to ongoing decrease in production and economic loss. 

These effects are of concern to rural farming communities as animals are not only a source of 

cash flow for day to day expenses but also a source of food for home consumption and a form 

of social security (Drucker et al., 2001) 
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2.1.8 Zoonotic diseases in Pakistan and their impact  

Zoonoses are diseases that are naturally transmitted between people and animals, and animals 

play a vital role by maintaining the infection and contributing to transmission both among 

animals and to humans (WHO, 2006). While zoonotic diseases are present globally, the public 

health risk of zoonotic diseases is often underestimated or ignored due to the lack of 

information regarding the true incidence and their socio-economic impacts on human health 

(Maudlin et al., 2009). The importance of zoonotic diseases is of particular concern for 

developing countries and particularly for rural communities because they have inadequate 

implementation of preventive measures, fewer resources to deal with disease, and less 

awareness of disease in general (WHO, 2006). The situation in Pakistan is like any other 

developing country with limited effort allocated to investigate the presence of zoonoses and 

disease monitoring and surveillance systems are almost non-existent (Zahur et al., 2006). 

Therefore, it is difficult to estimate how many zoonotic diseases are present in the country. 

There have been a few studies that have reported the presence of zoonotic diseases in Pakistan, 

including brucellosis, tuberculosis, anthrax, rabies, Congo fever, avian influenza, and Q fever 

(Awan et al., 2014, Shabbir et al., 2016, Zahur et al., 2006). The overall impact of these diseases 

is complex and marked, with the biggest concern being the risk to public health, but in addition 

there is reduced production and poor animal health outcomes, which lead to an increase in 

poverty among rural communities and food insecurity. Similar to any other developing country, 

the rural poor carry the high burden of zoonoses disproportionately because of their closer 

contact with animals, the lack of capacity for correct diagnosis and reduced resources for 

treatment. Another substantial impact of zoonotic diseases in developing countries is that they 

are mostly under- or mis-diagnosed and are not addressed by either animal or human health 

service providers (WHO, 2006). In conclusion, despite a limited number of studies reporting 

presence of zoonotic diseases, there is a lack of systematic scientific studies to describe them 

and their impacts on larger population in Pakistan. Information gained about zoonotic diseases 

in Pakistan, in terms of what diseases are present, their geographic distributions and prevalence, 

vital for prioritising and developing disease control programs, particularly where decisions 

need to be made for allocation of limited resources. 

 

2.2 Brucellosis 

Brucellosis is one of the earliest identified diseases and may have been present for centuries. 

The disease has been known by many names, including ‘Corps disease’, ‘Mediterranean fever’, 

‘Undulant fever’, ‘Malta fever’ or ‘Bang disease’ in cattle (Vassallo, 1992). In 1887, the 
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disease was named after David Bruce, who isolated the pathogen from the spleen of a British 

soldier who had died due to febrile illness (Nicoletti, 2002, Bruce, 1887). Bruce named the 

organism Micrococcus melitensis because Melit means Malta in Latin. At this time, many 

soldiers of British Royal Army Medical Corps contracted brucellosis during the war in Malta 

(Nicoletti, 2002).  

 

2.2.1 Brucella spp 

The genus Brucella is a gram-negative bacteria that belongs to the α–2 subcategory of the 

Proteobacteria phylum (Tsolis, 2002). Twelve different species of the genus Brucella have 

been identified and their characteristics have been recently described by Scholz et al. (2016). 

Brucella abortus, B. melitensis, B. suis, B. ovis, B. canis and B. neotomae are the major species 

that infect terrestrial animals (Corbel, 1988). Two Brucella species, named B. pinnipediae 

(pinnipeds) and B. ceti (cetaceans) are isolated from marine animals and both are zoonotic. 

Some of these species also have biovars, which are host specific ( 

Figure 2.4). Recently, two more species were identified from voles and red foxes (Jiménez de 

Bagüés et al., 2010). In addition, two novel strains that were also isolated from infected humans 

and was named as B. inopinata (Scholz et al., 2010) and the other strain has not been classified. 

The most recent strain discoveries are B. papionis (Whatmore et al., 2014) and B. vulpis (Scholz 

et al., 2016), which were isolated from a retained placenta of baboons and the mandibular 

lymph nodes of a red fox respectively ( 

Figure 2.4). B. melitensis (sheep and goat) and B. abortus (cattle and buffalo) are recognised to 

have greatest zoonotic potential (Pappas et al., 2006). 
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Figure 2.4. Different Brucella species and their further biovars by Garin-Bastuji (2014). Pathogenicity for man 

in terms of “high”, “moderate”, and “low” indicates the severity if the disease in humans   

 

2.2.2 Brucella morphology 

Brucella is a small, non-motile, aerobic and Gram-negative coccobacillus. It is also a 

facultative intracellular and non-spore forming organism. The size of the bacterium ranges 

from 0.6-1.5 µm long and 0.5-0.7 µm wide (Joklik et al., 1988). The outer membrane of the 

bacterium consists of lipopolysaccharide (LPS) that acts as a major virulence factor to produce 

important antigens for the host immune response. Some Brucella species have smooth LPS 

made from lipids, for example, B. abortus, B. melitensis, B. suis and B. neotomae and they are 

known as smooth or S Brucella. The outer layer protects them from the innate immune system 

of the body and helps the pathogen to survive for a longer period of time (Conde-Álvarez et 

al., 2012). In cases of mutation they lose the outer layer (O-polysaccharid) and convert from 

smooth layer to rough (R) Brucella (B. ovis and B. canis). The organisms are able to survive in 

different environments and hosts and have variable survival times. The survival times of two 
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Brucella species in different environments is described in Table 2.3, as explained by Corbel 

(2006).  

Table 2.3. Survival time of B. abortus and B. melitensis in different environments (Corbel, 2006). 

Medium  Temperature or environment   Survival time  

B. abortus 

Solid surface  <31 °C, sunlight 4-5 hours  

Tap water  4 °C 114 days 

Lake water  37 °C, pH 7.5 <1 day 

Lake water  8 °C, pH 6.5 >57 days 

Soil – dried ~20 °C <4 days 

Manure Summer 1 day 

Manure Winter  53 days 

Farm slurry animal waste Ambient-temperature tank 7 weeks 

Farm slurry animal wast 12 °C tank >8 months 

B. melitensis 

Broth  pH>5.5 >4 weeks 

Broth pH 5 <3 weeks 

Broth pH 4 1 day 

Broth pH <4 <1 day 

Soft cheese 37 °C 48–72 hours 

Yoghurt 37 °C 48–72 hours 

Milk 37 °C 7–24 hours 

 

2.2.3 Pathogenesis and clinical features  

A number of factors contribute to the development of infection, including host innate immune 

status, nutritional status, infectious dose, virulence of the pathogen, route of entry and host 

status (age, sex, and reproductive maturity) (Young, 1995). Routes of infection for Brucella 

may be skin cuts / abrasion, conjunctival membranes, inhalation or ingestion of infected 

material (Young, 1995).  

 

The infectious dose for Brucella is 10-100 organism via the aerosol route (Chosewood and 

Wilson, 1999). However, the dose varies according to the species of Brucella and the route of 

infection.  

 

The strains with smooth LPS have greater resistance to host immune response than the rough 

LPS strains of Brucella (Young, 1995). Brucella has a strong intracellular lifestyle. Initially, 

after entry into the body, the organism is engulfed by macrophages, dendritic cells and 

trophoblasts. The bacteria have the ability to survive and replicate within the macrophages of 

different mammalian cells, which prevents exposure of the bacteria to the innate immune 

response (Martirosyan and Gorvel, 2013). Within the phagocytic cell, the bacteria live in a 

vacuole named the Brucella-containing vacuole (BCV), where they control the internal 

environment and transform the vacuole into a brucellosome. (Köhler et al., 2002, Arenas et al., 
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2000). After replication, the bacteria are released by inducing cell lysis (Gorvel and Moreno, 

2002) then move towards regional lymph nodes where they multiply, cause lymphadenitis and 

subsequently enter the circulation to result in bacteraemia (Hirsh et al., 2004). Persistence of 

bacteraemia can be temporary or last up to several months and this pathogen can localize into 

different organs, including lymph nodes, uterus, spleen, male accessory sex glands, testes, and 

synovial fluid (Hirsh et al., 2004). In cases of chronic infection, recurrent bacteraemia occurs 

and may develop before and after parturition in animals (Hirsh et al., 2004).  

 

2.2.4 Clinical symptoms in animals 

Clinical symptoms or manifestation vary between animals, depending on the immune response 

of an animal or herd. In animals, brucellosis mainly affects sexually mature animals and the 

most prominent sign is last trimester abortion (Xavier et al., 2009). Abortion commonly occurs 

between the 5th and 8th month of gestation (Megid et al., 2010). Other clinical signs include 

weak or still born calves, and retained placentas. (Kahn et al., 2010). However, not all animals 

that are seropositive will go on to abort. While most infected animals abort once during their 

life, the placenta of infected animals will be heavily infected even following normal parturition 

(Morgan, 1969). The disease has also been associated with metritis, resulting in infertility in 

cattle, sheep, goats, and pigs (Szyfres and Acha, 2003), and reduction in the total milk 

production (around 25%) in infected animals (Szyfres and Acha, 2003). In males, the pathogen 

can infect seminal vesicles, testicles, and epididymides. Chronic infection in bulls may result 

in testicular abscessation and arthritis (Kahn et al., 2010). The severity of the resulting disease 

depends on a number of factors, including age, sex, vaccination history and herd management 

practices.  

 

2.2.5  Clinical symptoms in human  

Clinical signs resulting from infection with Brucella in humans varies hugely and are often 

non-specific. The resulting disease may be acute, sub-acute or chronic and type and severity of 

clinical signs also depend on the infection dose, route of entry, immune status of the person, 

and species of Brucella (Hirsh et al., 2004). Fever is the most common symptom, occurring in 

more than 80% patients as either acute, intermittent or undulant (Akhvlediani et al., 2010). 

Other symptoms include anorexia, asthenia, fatigue, weakness, malaise, weight loss, joint pain, 

hygromas, joint swelling, night sweats and headaches. Severe signs include endocarditis, 

hepatomegaly, splenomegaly meningoencephalitis, edididymoorrchitis, infertility, and 

abortion (Young, 1995, Dean et al., 2012, Akhvlediani et al., 2010, Ali et al., 2016). 



21 

2.2.6 Routes of transmission 

Infected animals may be a source of Brucella transmission for other animals and also humans. 

Bacteria are shed from infected animals in vaginal discharge, products of abortion or 

parturition, and urine (Bercovich, 1998). Therefore, contamination of sheds, pasture or other 

environments may occur wherever infected animals exist. Brucella is shed in large numbers 

until 5 days after abortion or parturition and while bacterial shedding may become intermittent 

after that time, animals are considered life time carriers (Crawford et al., 1990, Herr et al., 

1990). The survival of the pathogen in different environments is very important for spread and 

transmission Table 2.3). Brucella can survive for 30 days in urine, a minimum of 75 days in 

aborted foetuses, and more than 200 days in uterine discharge (King, 1957). Transmission of 

Brucella spp to other animals is mostly likely to happen through the ingestion of infected 

material (pasture or licking aborted foetuses or genital discharge of other animals) (Ray, 1979, 

Bercovich, 1998). Bulls that remain fertile also shed bacteria with semen during episodes of 

acute brucellosis. However, the spread of the disease from an infected bull depends on the 

method of breeding. Venereal transmission by natural breeding is uncommon, but using the 

semen from an infected bull for artificial insemination is a possible source for the spread of the 

disease because of direct deposition of infected semen in the uterus (Manthei et al., 1950, 

McCaughey and Purcell, 1973, Rankin, 1965).  

 

Brucellosis can be considered primarily an animal disease, with humans acting as accidental 

hosts. Transmission of brucellosis to humans occurs through various routes. The main routes 

of infection is consumption of unpasteurized (raw) milk or milk products (soft cheese, ice 

cream, and yogurt). Infection may also occur through inhalation, ingestion of other material, 

conjunctival contamination, and skin contamination due to cuts or abrasions (Corbel, 2006, 

Pappas  et al., 2005). Though less likely, person to person transmission is also possible. While 

disease transmission from person to person is rare it can happen through blood or tissue 

transmission and sexual contact (Corbel, 2006). In general, people who work in close proximity 

with animals are at greater risk of acquiring brucellosis, for example, farmers, veterinarians, 

abattoir workers, butchers, as are laboratory personal involved in culturing the organism 

(Corbel, 2006). All age groups of people are equally susceptible to infection.  

 

2.2.7 Diagnosis of brucellosis  

Diagnosis of brucellosis is a challenge due to the ambiguity of clinical signs and lack of 

availability of gold standard test for laboratory diagnosis. As the clinical signs are non-specific, 
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both in animals and humans, these are not very supportive of diagnosis. In animals, clinical 

diagnosis is complex due to the absence of evident noticeable symptoms except last trimester 

abortion in pregnant animals (Minda and Gezahegne, 2016). Diagnosis and control of the 

disease in animals should be performed on a herd basis because there could be long an 

incubation period in infected animals and they will appear to remain negative with serological 

tests. Also, identification of one or more animals with brucellosis within the herd presents 

sufficient evidence for herd positivity (Corbel, 2006). Diagnostic methods used for the disease 

diagnosis may be categorised as two types: 1) culture and isolation of organism 2) serological 

tests that detect the immune response of the infected animal. 

 

2.2.7.1   Brucella diagnostics  

Bacterial culture and isolation of the organism from an infected animal is definitive evidence 

and a gold standard method for diagnosis of brucellosis (Nielsen and Yu, 2010, Alton et al., 

1975). This method is useful in order to monitor the impact of a vaccination program for disease 

control, to investigate the cause of infection, or to confirm the Brucella species/biovars 

involved, after the culturing method has been optimised (Corbel, 2006, Godfroid et al., 2013, 

OIE, 2016). However, culturing and isolation require advanced skills to handle the organism 

and, furthermore, it requires bio-safely level 3 (BSL3) laboratory facilities and resources which 

are neither feasible nor generally available in developing countries where the disease is 

endemic (Ahasan et al., 2017).  

 

Brucella can be easily cultured on different media as it requires a very low infectious dose and 

the morphology of the organism can also be observed by Gram or stamp staining (OIE, 2016). 

The culturing of an organism can be performed on basal or selective media and the bacterial 

colonies can be identified on the basis of phenotypic features. Use of the basal medium is a 

satisfactory method for direct isolation and culture of Brucella as this medium limits the 

development of other contaminant colonies. Different types of commercial basal media are 

available, for example, Brucella medium base, tryptose and soy agar (OIE, 2016). All these 

basal media can also be used as selective media by using by using a different antibiotic to 

supress the growth of other contaminant organisms. Farrell’s medium, comprised of six 

different antibiotics (polymyxin B sulphate, bacitracin, vancomycin, natamycin, nalidixic acid, 

and nystatin) is mostly used as a selective medium for the Brucella growth (Farrell, 1974). The 

Brucella colonies become visible after 2-3 days incubation on any medium and can be observed 

as round smooth-edged colonies of 1-2 mm diameter, except for B. ovis and B. canis which do 
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not become visible (Godfroid et al., 2010). However, subsequent confirmation of culturing is 

required using a different confirmatory test, for example production of H2S, requirement of 

CO2 for growth, growth on different dyes (thionin, basic, and fuchsin) and metabolic profile 

using oxidase and urase production test (OIE, 2016, Alton et al., 1975). 

 

2.2.7.2 Sample collection  

 Sample collection for culturing and isolation of organisms depends on the observed clinical 

symptoms. In general, the most important samples are aborted foetuses, foetal and placental 

membranes, vaginal secretions swabs, milk, semen, and arthritis or hygroma fluids. For post-

mortem diagnosis, carcass samples of head, lymph nodes, supramammary gland, genital, 

uterus, and udder are preferred for culturing (OIE, 2016). For the milk and colostrum samples, 

the bacteria may be at a low density so it is recommended to centrifuge and leave the sample 

in a refrigerator overnight, then the cream or deposit should be used for culturing the organism 

on an appropriate medium (Corbel, 2006). It is very important to handle the sample with 

extreme care and adopt the recommended biosafety measures to prevent occupational risk of 

human brucellosis (Nulens and Voss, 2002, OIE, 2015).  

 

2.2.7.3 Molecular identification with PCR tests  

Several PCR-based molecular techniques are developed to detect the gene sequence of Brucella 

spp. These methods are used to extract DNA of Brucella spp from clinical samples. The 

advantage of using these methods is that they reduce the detection and identification time 

compared to culture and isolation. A number of PCR-based assays have been developed 

including amplification of the Brucella BCSP31 gene (Baily et al., 1992), 16S rRNA (Romero 

et al., 1995), ERI PCR (Sangari et al., 1994), and real-time or qualitative PCR (qPCR) (Newby 

et al., 2003). It is worth noting that these techniques are quick and robust but they are mostly 

optimised and validated on human samples and only a few reports present their use in animals. 

Regardless of the cost and skills involved to perform these tests, the sensitivity of these tests is 

also low compared to culture methods, although their specificity is approaching 100% and 

therefor mostly used as a confirmatory test in combination with culture (Godfroid et al., 2010). 

 

2.2.7.4 Serological tests  

Serological tests are useful methods for that can be used to screen or confirm the disease in 

surveillance, control or eradication programs (Gall and Nielsen, 2004). Serological tests are 

considered to be the most practical, efficient and cost-effective tools for diagnosis, especially 
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for animal brucellosis (Corbel, 2006). Numerous serological tests have been developed, 

modified and evaluated but all have some inherent limitations in their interpretation and all 

also have a degree of diagnostic error in terms of false positive or false negative results (Alton 

et al., 1975). Generally, the selection of these tests is based on their performance which is 

described by their sensitivity (the ability of test to detect true positives) and specificity (the 

ability of test to detect true negatives) (Toft et al., 2007, Gall and Nielsen, 2004). The most 

commonly used serological tests for bovine brucellosis are the Rose Bengal test (RBT), 

complement fixation test (CFT), fluorescence polarisation assay (FPA), indirect enzyme-linked 

immunosorbent assay (I-ELISA), and competitive enzyme-linked immunosorbent assay (C-

ELISA). RBT, CFT, and FPA are recommended screening tests for international trade, while 

an additional serological test is required to be used as a confirmatory test (OIE, 2009). 

Screening tests are ideally highly sensitive, economical and quick to perform but there may be 

a trade-off with lower specificity. However, the confirmatory serological tests are required to 

have high specificity and applying these tests in serial combination will increase the specificity 

of the overall test (Stemshorn et al., 1985). Further details of sensitivity and specificity of 

diagnostic tests reported in the literature are considered in Chapter 4.  

 

2.3 Control options and vaccine for brucellosis  

The most rational approach to reducing the number of cases of human brucellosis is by 

controlling the disease in animals, and a number of developed countries have successfully 

controlled and eradicated the disease in cattle and sheep (WHO, 2006). The approaches adopted 

by most of the developed countries (Australia, New Zealand, Canada, Europe, and United 

States) that have successfully controlled and eradicated the disease were comprehensive 

vaccination programs, prevention of the spread of infection, test and slaughter policy for 

infected herds, monitoring of disease-free herds, strict animal movement programs, and mass 

awareness campaigns (Animal Health Australia, 2005, WHO, 1998). This approach requires 

resources, skills and capacity along with an organised system for record keeping and a 

functional surveillance system. Unfortunately, the disease is endemic in low-income countries 

and is having deleterious effects on human health but most of these countries do not have 

resources and capacity to control this zoonotic infection (WHO, 2006). Further, in these low-

income countries, the high disease burden is associated with poor communities as there is close 

contact between humans and animals and the Brucella infection is generally ignored. Further, 

there is a cultural dependence on livestock and they represent a form of social capital in terms 

of them being a source for immediate cash, milk and day to day expenses, Therefore, in low 
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income countries, a ‘test and slaughter’ program is not a feasible option due to lack of 

resources, weak institutional presence and cultural limitations (Blasco and Molina-Flores, 

2011).  

 

2.4 The economic impact of brucellosis 

The health and economic impact of brucellosis both in animals and humans is greater than 

documented due to the under-reporting of the disease, as a result of not having an effective data 

recording system (Franc et al., 2018). For example, in Argentina the estimated economic cost 

with 5% disease prevalence was US$60 million per year or US$1.20 per head of cattle and 

similarly for Nigeria economic loss was estimated around US$3.60 per head with 7 to 12% 

prevalence (McDermott et al., 2013). The economic impact of the disease is huge due to 

multiple direct and indirect impact on animals and humans. A recent study by Franc et al. 

(2018) has explained different direct and indirect impacts of the disease, both on animals 

(Figure 2.5) and humans (Figure 2.6). However, the impact of this disease in the context of 

rural smallholder communities can be more complex as at most places they have an integrated 

farming system.  

 

 

Figure 2.5.  Framework to assess the animal brucellosis impact for an endemic region (Franc et al., 2018). 
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Figure 2.6.  Framework to assess the human brucellosis impact for an endemic region (Franc et al., 2018). 

 

2.5 Brucella abortus vaccine  

Vaccination is one of the vital tools for any brucellosis control or eradication program. 

Immunization prevents clinical symptoms, for example, abortion and that also minimises the 

spread of infection. S19 is a live attenuated vaccine and has been the predominant vaccine used 

for B. abortus in different control and eradication programs (OIE, 2016). The effectiveness of 

the vaccine depends on a number of factors including age, vaccination route and the disease 

prevalence in vaccinated herds (Nicoletti, 1990). S19 can induce abortion in pregnant animals 

and is also associated as a risk for human brucellosis, which may occur through accidental 

human infection due to improper vaccine handling. Another major problem associated with 

S19 is its interference with serological tests (Schurig et al., 2002).  

 

The second type of vaccine for B. abortus is RB51 and this also has similar side effects except 

it does not interfere with serological tests (Olsen and Tatum, 2010, Martins et al., 2009). All 

the live vaccines have public health risks associated with them. Consequently, a number of 
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killed vaccines have also been trialled to control disease in animals but they all have very high 

production costs and result in very poor protection against the disease (Schurig et al., 2002).  

 

2.6 Geographical distribution of human and animal brucellosis  

2.6.1 Human brucellosis  

Brucellosis infects over a half million people annually (Pappas et al., 2006) and is endemic in 

some countries of Europe (Albania, Bosnia and Herzegovina, Spain, Portugal, Italy, and 

Greece), Africa, North America, Central and South America, and Asia (Pappas et al., 2006). 

Figure 2.7 shows the worldwide incidence of human brucellosis annually.   

 

Figure 2.7. Global incidence of human brucellosis annually (Pappas et al., 2006). 

 

2.6.2 Bovine brucellosis 

Although bovine brucellosis has been eradicated in many developed countries in Europe: 

Australia, Canada, Israel, Japan and New Zealand (Gul and Khan, 2007), it remains an 

uncontrolled problem and highly endemic in areas such as Africa, the Mediterranean, the 

Middle East, and in parts of Asia and Latin America (Refai, 2002). The World Animal Health 

Information Database (WAHIS), maintained by the World Organisation for Animal Health 

(OIE), states there are many clinical cases in the Middle East and Africa and Latin America 

and Asia.  
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2.6.3 Brucellosis in Pakistan  

Bovine brucellosis is endemic in Pakistan and a number of studies have been conducted to 

estimate the disease prevalence in different regions. Table 2.4 shows the studies carried out in 

Pakistan.  

 

 

 

 

Table 2.4. Published studies carried out in Pakistan to estimate prevalence mainly bovine brucellosis and few for 

human brucellosis 

Study  Species  Samples/type  Region  Diagnostic 

approach*  

Prevalence  

Hussain et al. 

(2008) 

Human, cattle 

and buffalo  

1200 cattle 

and buffalo 

300 

human/serum  

Not mentioned RBT and 

ELISA  

10% in cattle  

9 % in buffalo  

14% in human  

Yousaf et al. 

(2017) 

Cattle and 

buffalo  

1200/ serum Sindh  RBT and I-

ELISA  

18.2% 

Aman (2013) Cattle and 

buffalo  

2600/serum Sindh RBT 14.0% (95% CI: 

11.55 – 16.37) 

Ali et al. (2017) Cattle  2709/serum 

2330/milk 

Potohar Plateau, 

Punjab 

RBT, MRT, 

PCR 

6.3% animal 

level  

18.6% herd level  

Ali et al. 

(2013a) 

Cattle and 

buffalo  

2330/milk 

samples  

Potohar Plateau, 

Punjab 

MRT 6.9% in cattle 

(95% CI: 4.2- 

10.6) 

6.6% in buffalo 

(95% CI: 5.3 -

9.6) 

Ahmad et al. 

(2017) 

Cattle and 

buffalo 

120/serum Islamabad and 

Rawalpindi  

RBT, I-ELISA  

PCR 

1.6% 

Shafee et al. 

(2011) 

Cattle and 

buffalo 

86 cattle  

114 buffalo 

Punjab  MRT 

I-ELISA  

3% in cattle  

8.5% in buffalo 

Nasir et al. 

(2004) 

Cattle and 

buffalo 

2463/serum Punjab RBT, SAT 14.7% in cattle  

15.3% in buffalo 

Munir et al. 

(2011) 

Cattle and 

buffalo 

3029/serum Punjab  RBT, I-ELISA  15.2% in buffalo 

9% in cattle  

Gul et al. 

(2014) 

Cattle, buffalo, 

sheep, goat and 

camel  

2375/serum Punjab  RBT, SAT, I-

ELISA, C-

ELISA  

Overall 12.29% 

Ali et al. (2016) Pregnant 

women  

429/serum Rawalpindi RBT 5.8% (95% CI: 

3.8 – 8.5) 

Mukhtar (2010) 

 

Human 

(abattoir 

workers)  

360/serum Lahore  ELISA  21.7% (95% CI: 

17.44-25.96) 

* RBT: Rose Bengal test; C-ELISA: Competitive ELISA; I-ELISA: Indirect ELSA; MRT: Milk ring test; SAT: 

Serum agglutination test 

Although a number of studies have been conducted to estimate the disease prevalence in 

Pakistan, most of these previous studies have focused on large commercial farms, which 
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represents only 10% of the nation’s dairy animals, compared with 90% from smallholder dairy 

farms (Afzal, 2009b)., Thus, it is unknown the extent to which a large proportion of the rural 

population may have their health and economics affected by this disease. Furthermore, in rural 

areas the literacy rate is very low (UNESCO, 2003) and most farmer families have little 

knowledge about animal diseases and this, coupled with unhygienic practices, puts them at an 

even higher risk of contracting the disease if the pathogen is present in animals. Housing and 

population density are key factors that have been linked to the progression of diseases and are 

likely to play a role in the Pakistani smallholder production system. In addition, the data 

regarding brucellosis in Pakistan is sparse (ranging from 1.6 and 15.2% in animals, and 5.8 to 

21.7% in different groups of people) and inconsistent (across different study groups) and hence 

needs to be investigated thoroughly. This will enable a control program to be developed and 

targeted to the smallholder production system to be proposed for Pakistan. 

 

A few studies also reported presence of B. melitensis in sheep, goats and humans in Pakistan. 

For example, a study carried out in KPK (Altaf et al., 2014) found 12% prevalence in sheep 

and 7% in humans using RBT and SAT. Another study conducted in Peshawar Pakistan found 

4.3% prevalence in goats and 3.6% in sheep using RBT and ELISA, and DNA extraction 

confirmed the presence of B. melitensis in both species (Rashid et al., 2017). However, in 

Pakistan, small ruminants are a neglected area in terms of research and there is no information 

on diseases epidemiology.   

 

2.7 Summary of the literature review and its implication for brucellosis in the 

Pakistani context 

Brucellosis is an important zoonosis for both developed and developing countries. However, 

the disease is of more concern in developing countries where there are numerous socio-

economic limitations, and factors that contribute towards disease spread, both in animals and 

humans. Risk factors for animal brucellosis are well documented in the literature, which 

includes animal age, species, breeding status, herd size, purchasing of new animals, abortion 

history as well as the herd management practices which contribute to disease transmission 

between animals. In particular, risk factors specific to developed- and developing-country 

contexts have also been identified (Hirsh et al., 2004, Lindahl et al., 2014). Recently, a few 

reports also confirmed these risk factors for bovine brucellosis in Pakistan (Ali et al., 2017). 
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However, the impact of these risk factors in the smallholder Pakistani context have not been 

investigated yet. 

  

Human brucellosis is an occupational disease as people are who have close interactions with 

animals are likely to have a higher risk for contracting the disease, including farmers, butchers, 

animal health service providers, slaughterhouse workers and laboratory technicians (Al 

Shamahy and Wright, 2001). Risk factors for human brucellosis are also established and have 

been described earlier (Lindahl et al., 2015). However, human brucellosis is strongly linked to 

the environment where people live and the routine practices they use to manage animals. The 

herd management practices, for example handling animal abortions, consumption of raw milk 

and its products, assisting animal parturition, and living in a shared place with animals, are 

known to increase the risk of human brucellosis (Corbel, 2006, Lulu et al., 1988, Sofian et al., 

2008). Engagement in risky practices for disease transmission varies in different countries and 

production systems according to the awareness level of the farming communities, animal 

production systems and the culture of the region. The association of these practices with disease 

and with disease awareness among farmers has been investigated in other developing countries 

(Lindahl et al., 2015). However, risky practices and their association with brucellosis have not 

been studied in smallholder farming communities in Pakistan. In conclusion, there is a great 

need to investigate the disease epidemiology in the smallholder production system, to 

investigate farmers’ awareness levels, their perceptions towards risk, disease burden in the 

study region as well as the best diagnostic approach for the local field conditions.  

 

2.8 Aims of the thesis  

The overall aims of this thesis are to report the results of an epidemiological study of brucellosis 

in smallholder farms in Pakistan. Specifically, the aims are to assess the prevalence of 

brucellosis in various agro ecological zones in Pakistan and to understand practices undertaken 

by farmers that may facilitate the spread of the disease, amongst both livestock and humans. In 

order to reduce the prevalence of brucellosis, it is necessary to understand farmers’ knowledge 

and understanding of this disease, as well as communication networks for information about 

animal and human health issues, including zoonotic diseases.   

 

To achieve this aim, the particular objectives were to 

 

1. Identify the best diagnostic tests for the local field conditions of Pakistan (Chapter 4) 
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2. Estimate the disease prevalence in cattle and buffaloes in seven districts across two 

major dairy producing provinces (Chapter 5) 

3. Identify and evaluate the risk factors for bovine brucellosis, documenting the 

knowledge, attitudes and practices of smallholder farmers (Chapter 3 and 5) 

4. Evaluate the drivers behind the overall perception regarding zoonotic diseases in 

Pakistan (Chapter 6)   
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Knowledge, attitudes and practices (KAP) relating to brucellosis in 

smallholder dairy farmers in two provinces in Pakistan 

 

 

This chapter has been published, some minor modifications to the published manuscript have 

been made:  

 

ARIF, S., THOMSON, P.C., HERNANDEZ-JOVER, M., MCGILL, D.M., WARRIACH, 

H.M., HELLER, J., 2017. Knowledge, attitudes and practices (KAP) relating to 

brucellosis in smallholder dairy farmers in two provinces in Pakistan. PLoS ONE 12, 

e0173365. 

 

 

The picture was captured in district Pakpattan and the boy is drinking raw milk  
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Abstract 

The present study aimed to assess the extent of knowledge and understanding of brucellosis in 

smallholder dairy farmers and identify practices at the farm and household level that might 

pose a risk for humans contracting brucellosis. Between February and June 2015 a cross-

sectional study was conducted among smallholder farms (n = 420) in five districts of Punjab 

and two districts of Sindh province. Farmers were interviewed using a questionnaire to obtain 

information on farmers’ knowledge about brucellosis and the potential risks for contracting the 

disease that are present for dairy farmers and their families. Logistic regression and ordinal 

logistic models were used to investigate potential predictors for risky behaviours. The results 

show almost all farmers (97%) were not aware of the modes of transmission of brucellosis. 

Relating to risk, the majority (66%) of the farmers’ families were reported to consume raw 

milk and its products, live in shared housing with animals (49%) and not cover hand cuts during 

contact with animals (74%). All farmers performed at least one risky practice on a regular basis 

for brucellosis transmission from animal to human. A multivariable analysis highlighted that 

the respondents with no formal education and those who had not heard of the disease displayed 

greater risky behaviour. Poor understanding of the disease, presence of multiple risky practices 

on farm and at the household, and incorrect perception supports the need for an educational 

awareness program in order to ensure uptake of improved practices. 

 

3.1 Introduction 

Brucellosis is the earliest identified bacterial disease with more than 500,000 human cases 

every year globally (Pappas et al., 2006). Historically, it has been called by many names, 

comprising Malta fever, Mediterranean fever, undulant fever and crops disease in humans or 

Bang’s disease in cattle (Boschiroli et al., 2001). The Food and Agriculture Organization 

(FAO), World Health Organization (WHO) and World Organization for Animal Health (OIE) 

consider brucellosis as one of the most pervasive zoonoses in the world (Schelling et al., 2003). 

Brucellosis is caused by different species of the genus Brucella. The major species of Brucella 

and their hosts are: B. abortus (cattle), B. melitensis (goats), B. suis (pigs) and B. ovis (sheep). 

Human brucellosis can be caused by B, abortus, B. melitensis and B. suis (Yagupsky and Baron, 

2005). These pathogens are intracellular and persist within an individual animal, resulting in 

life time carriage of the organism (Ficht, 2003). In livestock, brucellosis mainly affects sexually 

mature animals and causes late trimester abortions, weak calves and infertility characterized 

by placentitis and epididymitis. Diseased animals shed the pathogen in uterine discharge, 

vaginal discharge, milk and faeces (England et al., 2004, Higgins et al., 2017) and these bacteria 
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can spread within the herd through ingestion of contaminated material (Bercovich, 1998). 

Practices that result in increased likelihood of exposure of animals to these routes of 

transmission can be defined as ‘risky practices’ for disease transmission amongst animals. 

 

Brucellosis can be considered to be a disease of animals, where humans are accidental hosts. 

The disease in humans results from ingestion or inhalation of the pathogen, or direct entrance 

via skin abrasions (Dasari et al., 2013). Humans can get the disease through consumption of 

raw milk and raw milk products from infected animals and via direct handling with 

contaminated materials from infected animals, specifically in aborted foetuses, foetal 

membranes and vaginal secretions (Corbel, 2006). As a result, people who have frequent 

contact with animals in areas where brucellosis is endemic are at high risk of contracting the 

disease (Corbel, 2006) and the aforementioned practices, which may be common, can be 

defined as ‘risky practices’ in terms of transmission of Brucella, given what is known about 

the transmission dynamics of this disease. Symptoms of brucellosis in human are not specific, 

but most patients with the acute form of the disease report fever, sweats, malaise, anorexia, 

headache, arthralgia, arthritis, and backache (Doganay and Aygen, 2003). It can develop 

serious complication of epididymo-orchitis among affected male patients (Akinci et al., 2006).  

 

Although bovine brucellosis has been eradicated in many high-income countries in Europe and 

in Australia, Canada, Israel, Japan and New Zealand (Gul and Khan, 2007), it is still not 

controlled in areas such as Africa, the Middle East and Asia , where the disease is endemic. In 

many, low-income countries the prevalence of human and animal brucellosis is increasing and 

the dearth of awareness, policies and resources are the main contributor to this development 

(Pappas et al., 2006). The World Animal Health Information Database (WAHIS Interface 

2016)  maintained by the OIE, states there are many clinical cases in the Middle East and Africa 

and Latin America but no data are available about Pakistan.  

 

In low-income countries like Pakistan, dairy animals are important for the livelihood of rural 

communities (Zia et al., 2011). Human brucellosis is a neglected and under-recognized disease 

in these countries (Mai et al., 2012). In Pakistan, only a few studies have been conducted to 

estimate the prevalence of brucellosis in humans, ranging from 6.9 % to 21.7 % among 

veterinary professionals and abattoir workers, respectively (Ali et al., 2013b, Mukhtar, 2010). 

Similarly, limited studies have been carried out regarding bovine brucellosis and have reported 

inconsistent prevalence. A recent seroprevalence study from Pakistan reported 6-15 % 
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prevalence of bovine brucellosis under three different management systems (Abubakkar et al., 

2011). However, the available prevalence estimates are on large farms and these estimates are 

not generalizable for the predominant system in Pakistan, which is a smallholder structure. So 

there is still need to study the disease burden in smallholder farming system. The majority  

(90 %) of the dairy industry is based on smallholder farms (Afzal, 2009b) which is associated 

with a number of people that have their health and economics affected if the disease is present 

in the system.  

 

The current study aimed to assess the extent of knowledge and understanding of brucellosis in 

smallholder dairy farmers in two provinces in Pakistan and identify practices at the farm and 

household level that might pose a risk for humans contracting brucellosis. It is expected that 

the findings of this study will helpful to devise future disease control programs and one health 

interventions. 

 

3.2 Material & methods 

This study was conducted in collaboration with the ASLP (Agriculture Sector Linkages 

Program) dairy extension research project (LPS/2010/2007) through the Australian Centre for 

International Agricultural Research (ACIAR). The ASLP project aims to strengthen the dairy 

value chains in Pakistan through improved farm management and more effective extension 

services. The ASLP project has been implemented in seven districts in Pakistan, and involves 

8 to 10 villages in each district, with a group of 15 to 20 farmers in each village. The ASLP 

dairy project farmers are getting benefit in terms of education and training at regular intervals 

on whole-farming systems (basic husbandry, nutrition, reproduction and calf rearing) to 

improve the farm production through farmer discussion groups (ASLP dairy project, 2010-15). 

  

3.2.1 Study area, design and selection of participants 

Between February and June 2015, a cross-sectional study using an interview-based survey was 

conducted among smallholder dairy farmers. This cross-sectional study was carried out in five 

districts of Punjab (Okara, Pakpattan, Kasur, Jhelum, and Bhakkar) and two districts of Sindh 

(Thatta and Badin) (Figure 3.1). These districts were selected on the basis of operational 

convenience, but also represented a range of social and physical differences across the two 

provinces of Pakistan. The demographic characteristics of these districts are described in Table 

3.1. These areas are dominated by smallholder dairy farmers, who own fewer than 10 cattle 

and buffaloes (Afzal, 2009b). 
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Figure 3.1. Map of Pakistan indicating current study areas. Map was created using ArcGIS® software by Esri. 

ArcGIS® and ArcMap™. 

 

Table 3.1. Demographic characteristics of the study districts of Pakistan. Source: Pakistan Bureau of Statistics 

(2015). 

Province District Area Population 

(km2) 
   

Number Density Rural Urban 

(per km2)    %    % 

Punjab Kasur 3,995 2,375,875 594.9 77.1 22.8 

Okara 4,377 2,232,992 510.2 76.9 23.0 

Pakpattan 2,724 1,286,680 472.3 85.7 14.2 

Jhelum 3,587 936,957 261.2 72.3 27.6 

Bhakkar 8,153 1,051,456 107.5 83.9 16.0  
Overall 22,836 7,883,960 345.2 78.8 21.1 

Sindh Thatta  6,726 1,136,044 168.9 83.5 16.4 

Badin 17,355 1,113,194 64.1 88.7 11.2  
Overall 24,081 2,249,238 93.4 86.1 13.8 

 

Information regarding the name of the village, number of farmers in the village and village 

leader contact details was received from the ASLP dairy project field staff and local 
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veterinarians. In the first step, two villages from each district were selected randomly using a 

random number generation method in Microsoft Office Excel (Microsoft, PC/windows XP, 

2010, Redmond WA, USA). Two villages in Sindh were replaced with nearby villages as 

animals were sent for grazing and the village leaders were reluctant to participate in the study. 

Note that two villages per district were sampled to obtain what could be considered a 

representative sample across the district. While sampling more villages might be desirable, 

logistics of the study limited expansion to more villages. In the second step, dairy farms and 

households were selected (as described below) and a farm and household was considered one 

study unit. The sample size calculation was based on an unknown prevalence (thus assumed to 

be 50%) of brucellosis among study units. This study was conducted concurrently with another 

study estimating the seroprevalence of bovine brucellosis in Pakistan. The sample size was 

calculated with Epitools (http://epitools.ausvet.com.au/content.php?page=PrevalenceSS). 

Accordingly, a total of 431 study units were identified to be required for this study. Selection 

of the households was done with the help of focal farmers (village leader / farmer 

representative) in each village. Note that while a random selection of farmers from a village 

might be desirable, it was necessary to work with the focal farmers in the selection of 

households to ensure cooperation of farmers. A total of 431 farmers were targeted for 

interviews, with approximately 30 farmers per village being selected.  

 

A structured questionnaire (available on request from the corresponding author) comprising 

closed (n = 56) and open-ended (n = 8) questions, was used to gather information on farmers, 

knowledge about brucellosis which is known as “Athra” in Urdu and Punjabi languages and 

“Tunbjan” in Sindhi language, and potential risks of contracting brucellosis among dairy 

farmers and their families. For closed questions, participants were asked to indicate from a pre-

existing set of answers.  

 

The questionnaire comprised two parts. The first part included questions about demographic 

characteristics, knowledge about animal brucellosis, clinical signs of brucellosis in cattle and 

buffalo, and potential herd management practices that could pose a risk for brucellosis 

acquisition in animals. The second part of the questionnaire focused on knowledge of human 

brucellosis, potential routes of transmission from animals to people and information on 

practices posing a risk of brucellosis acquisition in humans within the household. Major risky 

practices associated with herd management and in the household included in the questionnaire 

are listed in Table 3.2. The questionnaire was pretested to assess clarity and time requirement 

http://epitools.ausvet.com.au/content.php?page=PrevalenceSS
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by 15 farmers and modified in line with feedback from the pre-test. Questions regarding human 

brucellosis clinical symptoms were not included due to cultural sensitivity and the nonspecific 

and diverse nature of clinical presentations. The final version of the questionnaire was uploaded 

on iSurveyTM (https://www.harvestyourdata.com/), a survey tool that allows data to be collected 

offline on portable tablet devices. 

 

3.2.2 Interview procedure  

Each village was visited for 3-4 days and 10-13 farmers were interviewed each day. On the 

first day of arrival in each village, the study team organised a farmer discussion group (FDG), 

with separate groups for male and female farmers. In each FDG, the study team explained the 

objectives and the participant information sheet in their local languages (Punjabi, Sindhi, and 

Urdu). Farmers were told that participation in the study was absolutely voluntary, and that the 

identification of the farm/herd/household would not be disclosed. At the end of FDG meeting, 

farmers were requested to nominate the family members working the most with animals, for 

participating in the interview. If a female farmer was responsible for the most farm and 

household work then she was interviewed for the full questionnaire. However, if the male was 

responsible for most of the work in the farm and the female (wife, sister or mother) was in the 

house then the questionnaire was completed by both, each completing the questions in relation 

to their main responsibilities. 

 

3.2.3 Ethics statement 

The focal farmers (village representatives) were contacted two to three times via mobile phone 

to explain the study aims and request for collaboration in the current study. They were then 

requested to contact farmers and identify suitable days for implementation of the interviews. 

Farmer’s discussion groups were organised with focal farmer consent. All the participants were 

informed about the aims of the study, methods, and that the individual information will be not 

be disclosed, and voluntary participation. The participant information sheet was explained to 

the farmer groups prior to starting individual interviews. Written consent with the participant’s 

signature was not possible because many of the farmers were not able to read the consent form. 

Verbal consent was recorded on the consent form after participant agreement. The current 

study, participant information sheet, and the consent form/method were approved by the 

Charles Sturt University Human Research Ethics Committee (Australia; Approval Number 

2014/222).  

https://www.harvestyourdata.com/


39 

3.2.4 Statistical analysis  

Factors associated with risky herd management practices were investigated by means of initial 

descriptive statistics as well as Venn diagrams to show patterns of multiple risky practices. 

This was followed by logistic regression modelling to assess factors associated with the 

practices. The herd management practices (Table 3.2) were investigated. The response 

variables were coded as 1 (Yes) vs 0 (No). Explanatory variables tested for association were 1) 

District; 2) Age; 3) Education; 4) Knowledge of whether farmers can get diseases from animals 

(No / Not sure / Yes); 5) Heard about brucellosis in humans (No / Not sure / Yes); 6) 

Knowledge of brucellosis transmission (No / Yes); and 7) Knowledge that raw milk is a source 

of brucellosis (No / Yes). Initial univariable logistic regression models were fitted for all 

response variable and explanatory variable combinations. Explanatory variables with P < 0.20 

in the univariable analyses were considered further in the multivariable analyses. A backwards 

elimination procedure was used to build the final multivariable models for each of the outcome 

variables. Explanatory variables with P < 0.10 were included in the final model, although 

associations with 0.05 < P < 0.10 were considered as suggestive only. Note that District was 

not included in the final model, due to potential confounding with other explanatory variables, 

and hence inability to assess their biological significance. Results from the final models were 

expressed in terms of odds ratios with associated 95% confidence intervals. In a similar way, 

factors associated with household practices explained in Table 3.2 were also investigated. 

Model fitting was conducted using the glm() function in R (R Core Team, 2015). All P-values 

were obtained using likelihood ratio tests.  

In addition, three risk practice scores were calculated, being the total number of risky practices 

undertaken by a farmer in three categories:  

1. Farm cleaning risk score: Farm practices, which farmers routinely do to clean the farm. 

The farm cleaning risk score (scored from 0 to 4) was the total number of risky practices 

done by the farmer within the following four herd management practices (Table 3.2) not 

cleaning up dung; 2) not cleaning the feeding trough; 3) storage of dung piles for more 

than 6 months; and, 4) not washing udder before milking. 

2. Brucellosis herd transmission risk score: This metric identified potential factors posing 

a risk for brucellosis acquisition in animals. The brucellosis risk score (scored from 0 

to 5) was based on the number of the following risky herd management practices: 1) 

common grazing for animals; 2) not disinfecting space after birth; 3) not disposing of 

placental membranes; 4) calving space shared with other animals; and, 5) slaughter of 
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animals on-farm. Unlike the farm cleaning risk score, the brucellosis herd transmission 

risk score includes what can be considered high-risk factors particularly associated with 

brucellosis transmission within herd. 

3. Household risk score: Household risky practices include unhygienic practices, which 

pose risk of Brucella transmission to humans. Household risk practice score (scored 

from 0 to 5) was the total number of risky household practices among those mentioned 

in Table 3.2. 

All the individual terms that went into each risk score were factors that are known to contribute 

to the risk of brucellosis in each of these three contexts, based on published literature, though 

not necessarily from Pakistan. In the absence of specific information, a simple approach of 

adding the number of risky practices was adopted, although it may be possible to apply different 

weightings to each risky practice. Nevertheless, it is considered that higher scores in each of 

these contexts would be associated with higher overall risk in these three contexts.  

 

Table 3.2. Farm and household practices which pose risk of contracting brucellosis in animals and humans, 

included in a questionnaire among smallholder dairy farmers in Pakistan.  

Herd management practices Household practices 

 

Dung cleaning* Consume raw milk and its products 

Feeding and water trough cleaning* Live in shared place animals 

Store dung piles for more than 6 months Cover hand cuts while contact with placental 

membrane* 

Wash udder before milking* Direct contact with placental/aborted foetus material 

while handling parturition 

Disinfect space after parturition* Wash hands before and after milking* 

Dispose of placental membranes after 

parturition/aborted foetus material* 

 

Shared calving space with other animals  

Slaughter animals at farm  

Send animal for common grazing  

*The absence of this practice is considered risky. 

Note that the herd management practices listed in Table 3.2 have been divided into two sets for 

these risk scores. These three sets of scores were treated as ordinal scale variables, and hence, 
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factors associated with these scores were analysed using ordinal logistic regression. For all 

scores, the same sets of explanatory variables considered in the individual risk practices 

analyses listed above were used.  

 

In addition, to assess the overall association between the household risk score (response 

variable) and the two herd management risk scores (i.e. farm cleaning risk score and brucellosis 

herd transmission risk score, both categorical explanatory variables), an additional ordinal 

logistic regression model was fitted to the data. The function clm() in the ordinal package of R 

was used for these ordinal models (R Core Team, 2015), with all P-values calculated using 

likelihood ratio tests. 

 

3.3 Results 

Of the 431 selected smallholder dairy farmers, seven were not available for the interview and 

four refused to participate in the study. As a consequence a total of 420 dairy farmers 

participated in the study. The overall response rate was 97.4%. Some questions were missed in 

a small number of questionnaires, and the denominator in subsequent results reflects this minor 

variability across questions. 

 

3.3.1 Demographic characteristics of the respondents   

The majority (64%) of farms were run by female members of the households. Overall, 46% of 

respondents had no formal education, while 12% reached intermediate (completed high school) 

or above. More than half of the households were comprised of 6-10 family members with 7.5% 

of households having over 15 members. Most of the participants were in the 25-54 age groups 

(Table 3.3). 
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Table 3.3. Demographic features of smallholder dairy farmers of Pakistan participating in a cross-sectional 

study on brucellosis (n = 420 farmers).  

 Category  Percentage 

Performs most of the work on-

farm 

Male 36 

Female 64 

Level of education No formal education 46 

Primary 14 

Middle 12 

Matric 16 

Intermediate 6.8 

University 5.2 

Number per household 1-5 18 

6-10 57 

11-15 17 

>15 7.5 

Age 10-24 11 

25-34 18 

35-44 30 

45-54 22 

 55+ 18 
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3.3.2 Knowledge of the respondents regarding brucellosis  

The majority of participants had heard of animal brucellosis (70%), with only a quarter of 

participants having heard about human brucellosis (26%). Although 23% of farmers recognised 

that they can get any disease from animals, only 3% of farmers were aware of the modes (raw 

milk, contact with aborted foetus or placental membrane) of brucellosis transmission from 

animal to human (Table 3.4). 

 

Table 3.4. Knowledge and understanding about brucellosis among smallholder dairy farmers of Pakistan 

participating in a cross-sectional study on brucellosis (n = 420 farmers).  

 Category  Percentage 

Heard about the brucellosis as an animal disease  Yes 70 

 No 30 

Knows that farmers can get any diseases from animals  Yes 23 

 No 60 

 Not sure 17 

Heard about the brucellosis as human disease Yes 26 

 No 21 

Knowledge about the modes (raw milk, contact with aborted 

foetus or placental membrane) of brucellosis transmission from 

animals to human 

Yes 3 

 No 97 

Knowledge about raw milk as a source of brucellosis 

transmission  

Yes 16 

 No 62 

 Not sure 22 

 

3.3.3 Herd management practices  

Most participants (92%) reported that they do not have separate space or shed for parturition 

and calving, and the space was shared with other animals. The majority (86%) of farmers stored 

dung piles for more than six months at the farm. Only 24% of farmers properly disposed 

placental membranes by burying them (Table 3.5). All farmers reported at least one risky herd 

management practice and 32% of participants were undertaking multiple practices which has 

shown as overlap in Figure 3.2, namely sharing calving space, not disposing properly of the 

placental membranes, slaughtering animals on the farm, and not disinfecting the space after 

birth. 
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Table 3.5. Herd management practices posing a risk for brucellosis transmission within herd reported by 

smallholder dairy farmers participating in a cross-section study on brucellosis in Pakistan (n = 420 farmers). 

Herd Management Practices  Percentage 95% CI 

Dung cleaning* 64  (59, 59) 

Feeding and water trough cleaning* 76 (72, 80) 

Store dung piles for more than 6 mounts 86 (83, 89) 

Animal access to dung piles 70 (66, 74) 

Send animal for common grazing 56 (51, 61) 

Disinfectant space after parturition* 2.3 (0.8, 3.8) 

Dispose placenta membranes and aborted foetus by burying 24 (20, 28) 

Shared calving space with other animals 92 (89, 95) 

Slaughter animals at farm 48 (43, 53) 

*The absence of this practice is considered risky; 

*** 95% confidence interval for percentage  

 

 

Figure 3.2.Venn diagram showing the percentages of smallholder dairy farmers in Pakistan having combinations 

of multiple herd management practices posing a risk of brucellosis transmission within herd. 
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The univariable logistic regression models showed that all herd management practices with the 

exception of “Disinfect space after birth” had significant differences in occurrence across the 

districts (P < 0.001). Table 3.6 shows that Thatta district had higher risk for several herd 

management practices, whereas Bhakkar had lower risk for most of the practices. Further, 

Okara had increased risk of dung pile storage for more than six months compared to other 

districts. Note that the two Sindh districts (Badin, Thatta) had much lower levels of prevalence 

of slaughtering animals at farm, compared with the five Punjab districts (Kasur, Okara, 

Pakpattan, Jhelum, and Bhakkar). Results for the final multivariable models are shown in Table 

3.6; note that the outcome variables shown are only for those which had at least one significant 

predictor variable (P < 0.05) in the final model, and District was not included in the models, as 

noted previously. In general respondents with no formal education showed high risk levels, 

being less likely to dispose placental membranes (P = 0.0001) and Slaughtering animals at farm 

dispose of placental membranes (P = 0.002) appropriately. 

 

Respondents who knew that they could get diseases from livestock were more likely to clean 

the feeding trough (OR = 3.46 for ‘feeding and water troughs’ and P = 6.78e-05), but were also 

more likely to slaughter animals at the farm (OR = 2.29 and P = 0.0012). Further, the 

participants who had heard about animal brucellosis were more likely to clean feeding troughs 

(OR = 3.46 and P = 0.004), but they were also more likely to practice ‘shared calving space’, 

‘slaughter animal at farm’ and send their animals for common grazing. Farmers who heard 

about human brucellosis were marginally more likely to dispose placental membranes. Finally, 

and somewhat expectedly, respondents who understood how brucellosis was transmitted 

showed reduced levels of several risky herd practices (Table 3.7), presumably because they 

were aware of the risks posed by the disease also: they were marginally more likely to clean 

the dung pile (OR = 3.33 for ‘dung cleaning’ and P = 0.076), more likely to clean troughs (OR 

= 2.83 and for feeding and water troughs cleaning and P = 0.02), and marginally more likely 

to dispose of the placental membranes. 
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Table 3.6.Summary of the univariable models for herd management risky practices showing the effect of district. Columns of the table refer to specific practices (outcome 

variables) and rows refer to particular districts. Shown are the odds ratio (OR) and 95% confidence interval (95% CI) for the OR, relative to the reference district Badin in the 

Sindh province (OR = 1). 

District Dung cleaning Feeding and water trough 

cleaning 

Dung pile storage Wash udder Disinfect space after birth 

      

 P = 2.08e-07 P = 9.90e-06 P = 5.36e-06 P = 1.33e-07 P = 0.47 
 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Badin 1 
 

1 
 

1 
 

1 
 

1 
 

Bhakkar 1.31 (0.56, 3.03) 2.4 (0.98, 5.92) 1.18 (0.37, 3.76) 1.00 (0.06, 16.34) 1.52 (0.24, 9.46) 

Jhelum 0.92 (0.41, 2.04) 1.90 (0.81, 4.46) 1.02 (0.32, 3.04) 0.49 (0.04, 5.56) 9.38 (0, ) 

Kasur 0.33 (0.15,0.71) 1.67 (0.72,3.87) 0.22 (0.02, 0.57) 0.31 (0.03, 3.13) 1.55 (0.25, 9.63) 

Okara 0.54 (0.24,1.17) 2.61 (1.03,6.61) 7.73 (0.88, 62.41) 0.04 (0.005, 0.34) 1.05 (0.14, 7.73) 

Pakpattan 1.61 (0.67,3.84) 2.41 (0.98,5.92) 0.58 (0.21, 1.63) 0.06 (0.008, 0.54) 4.91 (0.04,5.56) 

Thatta 0.23 (0.10, 0.49) 0.40 (0.19,0.85) 1.41 (0.43, 4.85) 0.04 (0.04,5.56) 1.00 (0.13, 7.33) 

District Dispose placental 

membrane 

Shared calving space Common grazing area Slaughtering animals at 

farm 

  

       

 P = 2.2e-16 P = 0.002 P = < 2.2e-16 P < 2.2e-16    
OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

  

Badin 1 
 

1 
 

1 
 

1 
   

Bhakkar 45.47 (10.14, 203) 1.03 (0, ) 0.01 (0.00, 0.06) 17.26 (6.04, 49.30) 
  

Jhelum 16.64 (3.70, 74.80) 1.72 (0.39, 7.56) 1.08 (0.49, 2.33) 13.20 (4.64, 37.50) 
  

Kasur 17.07 (3.79, 76.83) 8.03 (0.23, 2.78) 0.16 (0.07, 0.36) 28.32 (9.68, 82.87) 
  

Okara 8.52 (1.82, 39.68) 4.28 (0.13, 1.34) 2.17 (0.90, 5.18) 11.20 (3.92, 31.99) 
  

Pakpattan 1.0 (0.13, 7.33) 2.63 (0.49, 14.13) 0.46 (0.22, 0.97) 26.75 (9.19, 77.81) 
  

Thatta 3.21 (0.62, 16.62) 5.91 (0.18, 1.92) 5.06 (1.74, 14.31) 3.33 (1.11, 9.94) 
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Table 3.7. Summary of the final multivariable models for herd management risky practices.  Columns of the table refer to specific practices (outcome variables) and rows refer 

to predictor variables after the backward elimination process. P-values are shown for each predictor variable, followed by the odds ratio (OR) and 95% confidence interval 

(95% CI) for the OR, relative to the reference group (OR = 1). No entries (----) indicate where there was no significant association in the final multivariable model.  
 

Dung cleaning  Feeding and water 

troughs cleaning  

Dispose placental 

membrane 

Shared calving space Slaughtering animals 

at farm 

Common grazing 

area   
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Education ---- ---- P = 0.0001 ---- P = 0.002 ---- 

- No formal 
  

  1 
   

1 
 

 

- Primary 
  

  1.28 (0.60, 2.72) 
  

1.26 (068, 2.33)  

- Middle  
  

  3.65 (1.84, 7.26) 
  

1.44 (0.75,2.77)  

- Matric 
  

  3.41 (1.81, 6.41) 
  

1.23 (0.69,2.20)  

- 

Intermediate  

  
  0.99 (0.34, 2.86) 

  
0.41 (0.17,0.98)  

- Bachelor  
  

  2.65 (0.98, 7.17) 
  

0.20 (0.06, 0.64)  

Think they 

can get 

disease 

---- P = 6.7e-05 ----  P = 0.001 ---- 

- No 
  

1 
    

 1 
 

 

- Not Sure 
  

2.87 (1.34, 6.12) 
   

 1.89 (1.09,3.29)  

- Yes  
  

3.46 (1.69, 7.08) 
   

 2.29 (1.39, 3.76)  

Heard about 

animal 

brucellosis 

---- ---- P = 0.0039  ---- P = 0.0002 P = 0.02 P = 0.01 

No    1   1  1  1  

Yes   2.05 (1.26, 3.33)   3.86      (1.88,7.92) 1.68 (1.06, 2.66) 0.52 (0.33,,0.81) 

Heard about 

human 

brucellosis 

---- ---- ---- P = 0.06 P = 0.020  ---- ---- 

- No 
    

1 
 

1 
 

   

- Not Sure  
    

0.71 (0.07,6.64) 1.21 (0.21, 6.96)    

- Yes 
    

1.82 (1.09,3.04) 3.89 (2.16, 7.00)    

Knowledge 

about 

disease 

transmission 

P = 0.07 P = 0.02 P = 0.07 ---- ---- ---- 

- No 1 
 

  1 
 

1 
     

 

- Yes 3.33 (0.73, 15.08) 2.83 (0, ) 2.79 (0.90, 8.66) 
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3.3.4 Household practices 

The majority (66%) of the farmers’ families consume raw milk and its products, almost half of 

the participants live in shared housing with animals and do not cover hand cuts during contact 

with animals (74%) (Table 3.8). Overall, 16.3% of all respondents reported three household 

practices which pose risk of brucellosis acquisition and all farmers reported at least one risky 

practice (Figure 3.3). 

 

Table 3.8. Household practices that pose risk for brucellosis transmission reported by smallholder dairy farmers 

participating in a cross-section study on brucellosis in Pakistan (n = 420 farmers). 

 
 
 

 

 

 

 

 

 
 

Figure 3.3.Venn diagram showing the percentages of smallholder dairy farmers in Pakistan having combinations 

of multiple household practices posing a risk of brucellosis transmission from animals to human. 

 

Household Practices  Percentage 

  

Consume raw milk and its products  66 

Live in shared place with animals  49 

Cover hand cuts while contact with animals  25 

Direct contact with placental membrane while handling parturition 17 

Wash hands before and after milking* 61 
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The univariable logistic regression models showed that for all household practices with the 

exception of “Direct contact with placental membrane”, there were significant differences 

across the districts (all P < 0.001, Table 3.9). However, no clear overall trend of districts is 

evident, with specific risks being evident in specific districts (e.g. living in shared places with 

animals in Thatta; not covering hand cuts in Pakpattan).  

 

As shown in Table 3.10, the multivariable model shows that respondents with no formal 

education were more likely to live in shared places with animals compared to the farmers with 

Middle- and Matric-level education (P < 0.0001). Further, they were less likely to cover their 

hand cuts while in contact with animals (P = 0.007). Those respondents who had heard about 

human brucellosis were more likely to cover their hand cuts while with animals (OR = 2.05 

and P = 0.016) and they were marginally less likely to have direct contact with placental 

membranes (OR = 0.62 and P = 0.052). Farmers who were aware of raw milk being a source 

of disease tended not to consume raw milk (OR = 0.48 and P = 0.006) but to boil it before 

consumption. Also of note is an increase in the reporting of having direct contact with the 

placenta with increasing respondent age (OR = 4.30 and P = 0.007). 
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Table 3.9. Summary of the univariable models for household practices showing the effect of District. Columns of the table refer to specific practices (outcome variables) and 

rows refer to particular districts. Shown are the odds ratio (OR) and 95% confidence interval (95% CI) for the OR, relative to the reference district Badin in the Sindh province 

(OR = 1). 

 

District  Use raw milk and its 

products  

Live in shared place with 

animals 

Cover hand cuts while 

contact with animals   

Direct contact with 

placental membrane 

Wash hands before and 

after milking  

 P = 1.87e-06 P < 2.2e-16 P = 0.0009 P = 0.24 P < 2.2e-16 
 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

           

Badin 1 
 

1 
 

1 
 

1 
 

1 
 

Bhakkar 0.27 (0.12, 0.57) 0.39 (0.18, 0.81) 0.42 (0.19, 0.94) 0.98 (0.34, 2.86) 3.25 (1.35, 7.85) 

Jhelum 2.61 (1.07, 6.37) 0.07 (0.02, 0.18) 0.39 (0.17, 0.86) 1.97 (0.76, 5.11) 1.15 (0.54, 2.44) 

Kasur 0.63 (0.30, 1.33) 0.68 (0.33, 1.42) 0.52 (0.24, 1.127) 0.73 (0.23, 2.26) 6.20 (2.16, 17.08) 

Okara 1.42 (0.63, 3.19) 0.21 (0.09, 0.46) 0.37 (0.16, 0.84) 1.72 (0.64, 4.59) 0.10 (0.04, 0.25) 

Pakpattan 0.92 (0.43, 1.98) 0.81 (0.39 1.68) 0.15 (0.05, 0.42) 1.45 (0.54, 3.91) 0.23 (0.11, 0.50) 

Thatta 1.08 (0.49, 2.33) 3.25 (1.35, 7.85) 0.87 (0.42, 1.80) 2.16 (0.84, 5.55) 2.08 (0.93, 4.66) 

*The absence of this practice is considered risky.
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Table 3.10. Summary of the final multivariable models for household risky practices.  Columns of the table refer to specific practices (outcome variables) and rows refer to 

predictor variables after the backward elimination process. P-values are shown for each predictor variable, followed by the odds ratio (OR) and 95% confidence interval (95% 

CI) for the OR, relative to the reference group (OR = 1). No entries (----) indicate where there was no significant association in the final multivariable model. 
 

Use raw milk and its 

products  

Live in shared place 

with animals 

Cover hand cuts while 

contact with animals   

Direct contact with 

placental membrane 

Wash hands before and 

after milking  
OR 95% CI OR   95% CI OR 95% CI OR   95% CI OR 95% CI 

Education ---- 
 

P = 1.7e-07 P = 0.007 ---- 
 

---- 
 

- No formal  
  

1 
 

1 
     

- Primary 
  

1.04 (0.56, 1.94) 2.44 (1.22,4.87) 
    

- Middle  
  

0.28 (0.14, 0.55) 1.86 (0.90, 3.86) 
    

- Matric 
  

0.22 (0.11, 0.41) 2.13 (1.11, 4.06) 
    

- Intermediate  
 

0.29 (0.12, 0.69) 3.89 (1.62, 9.34) 
    

- Bachelor  
  

0.53 (0.21, 1.32) 0.82 (0.22, 3.02) 
    

Age ---- 
  

---- 
 

---- P = 0.04 ---- 
 

- <25 
      

1 
   

- 25-34 
      

1.52 (0.49, 4.65) 
  

- 35-44 
      

1.12 (0.38, 3.29) 
  

- 45-54 
      

2.21 (0.77, 6.37) 
  

- 55+ 
      

3.19 (1.41, 9.18) 
  

Think they can get disease 

from animal 

---- P = 0.00015 P < 0.0001 
 

---- 
 

---- 

- No 
  

1 
 

1 
     

- Not Sure  
  

0.32 (0.17, 0.58) 0.09 (0.03,0.29) 
    

- Yes 
  

0.52 (0.31, 0.87) 0.75 (0.43, 1.29) 
    

Heard about human 

brucellosis 

----  
 

P = 0.016 P = 0.052 ---- 
 

- No 
  

  1 
 

1 
   

- Not Sure 
  

  2.66 (0.41, 17.19) 3.6 (0.71, 18.26) 
  

- Yes 
  

  2.05 (1.23, 3.41) 0.62 (0.34, 1.15) 
  

Know raw milk is 

source of disease 

P = 0.0060 
 

---- 
 

---- 
 

---- P = 0.005 

- No 1 
       

1 
 

- Yes 0.47 (0.28, 0.80) 
      

2.24 (1.23, 4.08) 
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3.3.5 Farm cleaning risk score 

Univariable analyses identified that the farm cleaning risk score (i.e. total number of risky 

practices in that category) is significantly associated with District, and ‘Knowledge of whether 

farmers can get diseases from animals’ (both P < 0.001), as well as with Education level, and 

‘Heard about animal brucellosis’ (both P < 0.05). Considering the difference between districts, 

the highest (worst) farm cleaning scores were obtained in Okara (Punjab) and Thatta (Sindh), 

whereas, the remaining five districts presented low risk levels (Figure A in supporting 

information (SI) at the end of this chapter). Furthermore, the final multivariable model shows 

that the “Education” and “Knowledge of whether farmers can get diseases from animals” were 

significant explanatory variables (Table 3.11). The farmers with an average level (Matric) of 

education were having lower scores than the highest education level. In addition, the 

participants with the knowledge that they can get disease from animals were undertaking better 

cleaning practices (Table 3.11, Figure B in S1). 

 

3.3.6 Brucellosis herd transmission risk score 

Univariable ordinal analyses showed highly significant associations between the brucellosis 

herd transmission risk score with District and ‘Heard about human brucellosis’ (both P < 0.01). 

Comparing districts, Pakpattan and Okara had the highest (i.e. worst) scores while Bhakkar 

had the lowest scores (Figure C in S1). In the multivariable analysis, only the explanatory 

variable ‘Heard about human brucellosis’ was significant, with farmers who had not heard 

about brucellosis in humans having higher risk scores (Table 3.11). 

 

3.3.7 Household risk score 

Univariable ordinal analyses showed highly significant associations between the household 

risk score with District, Education and Age (all P < 0.01). Comparing districts, similar to the 

brucellosis herd transmission risk score for animal brucellosis, Pakpattan and Okara had the 

highest scores, while Bhakkar had the lowest scores (Figure D in S1).When considering the 

multivariable model, again Education, Age but also ‘Knowledge of whether farmers can get 

diseases from animals’ were significantly associated with the household risk scores (P = 0.048). 

There were lower (i.e. better) scores with increasing education levels up to ‘Matric’, but 

increasing scores at the highest education levels (Figure E in S1), as was also observed in the 

farm cleaning risk scores. Further, farmers that were not sure about potential transmission of 

disease from animals had higher household risk scores than farmers that were aware and middle 
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age participants had better household practices when compared to other age groups (Table 

3.11). 

 

Table 3.11. Summary of the final multivariable models for the three risk scores. Columns of the table refer to 

specific risk scores (outcome variables) and rows refer to predictor variables after the backward elimination 

process. P-values are shown for each predictor variable, followed by the odds ratio (OR) and 95% confidence 

interval (95% CI) for the OR, relative to the reference group (OR = 1). OR from the ordinal logistic model refer 

to the odds of obtaining a certain score of higher, compared to a lower score, so OR > 1 implies increased risk. 

  
Farm cleaning risk score Brucellosis herd transmission 

risk score 

Household risk score  

 
OR 95% CI OR 95% CI OR 95% CI  

P = 0.016 ---- P = 3.2e-06 

Education    

- No formal 1 
   

1 1 

- Primary 0.58 (0.33, 1.02) 
  

0.56 (0.33, 0.96) 

- Middle 0.57 (0.32, 1.01) 
  

0.36 (0.20, 0.64) 

- Matric 0.41 (0.24, 0.71) 
  

0.24 (0.14, 0.42) 

- Intermediate 0.50 (0.23, 1.07) 
  

0.41 (0.20, 0.83) 

- Bachelor 0.61 (0.26, 1.47) 
  

0.49 (0.21, 1.12) 

Think farmer 

gets diseases 

from animals 

P = 0.00011 ---- P = 0.048 

- No 1 
   

1 
 

- Not Sure 0.52 (0.31, 0.88) 
  

1.67 (1.02, 2.72) 

- Yes 0.40 (0.25, 0.63) 
  

0.84 (0.54, 1.30) 

Heard about 

brucellosis in 

humans 

---- P = 0.0061 ---- 
 

- No 
  

1 
   

Not sure   0.35 (0.07,1.61) 
  

-Yes   0.54 (0.36,0.81)   

Age ---- ---- P = 0.042 

- 10-24   
  

1  

- 25-34   
  

1.61 (0.84, 3.10) 

- 35-44   
  

0.72 (0.39, 1.34) 

- 45-54   
  

1.03 (0.53, 2.00) 

- 55+   
  

1.18 (0.60, 2.34) 
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3.3.8 Association between the household and herd management risk scores 

The association between the two herd management risk scores (Farm cleaning risk score and 

Brucellosis herd transmission risk score) and the household risk score was investigated and the 

univariable models and two-variable model indicate that both were significantly associated 

with the outcome (both P < 0.001,Figure 3.4). The respondents who were doing better farm 

cleaning and brucellosis risk-mitigation practices at farm level were more likely to do better 

practices at household level as well.   

 

Figure 3.4. Model-based percentages in each household risk score category (0, 1, 2, 3, 4, 5) across levels of farm 

cleaning risk scores, and across levels of brucellosis herd transmission risk scores. These values are from the 

two-variable model and are averaged over the levels of the other factor in the model. Household risk scores and 

brucellosis herd transmission risk scores were calculated from the practices reported by smallholder dairy 

farmers who participated in a cross-sectional study on brucellosis in Pakistan. 

 

3.3.9 Self-reported practices and unsubstantiated beliefs  

Twenty four percent of the participants reported consuming raw milk and its products in 

summer and 11% of them sell raw milk to their neighbours on a regular basis. Close to one 

third of the participants reported throwing aborted foetuses and placental membranes in dung 

piles and a few reported throwing aborted foetuses in a water canal or river. Thirteen percent 

of respondents believed that abortion in cattle and buffalo was associated with having a woman 

who had aborted living in proximity of the farm. Sixteen percent of participants reported 

seeking help from shrines for the treatment of brucellosis in animals (Table 3.12). 
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Table 3.12. Descriptive results of self-reported practices and unsubstantiated beliefs among smallholder farmers 

of Punjab and Sindh, Pakistan. 

Self-reported practices and unsubstantiated beliefs  Percentage  

Consume raw milk and its products in summer only  24  

Sell raw milk to neighbours  11 

Throw aborted foetus and placental membrane in dung piles  34 

Throw aborted foetus in canal water 4 

Send their animals for common grazing in summer only  15 

Believe any type of abortion in cattle and buffalo as bovine brucellosis  57 

Believe last trimester abortion in cattle and buffalo is caused by if an aborted 

women is in proximity of the herd 

13 

Seek brucellosis treatment from shrines  16 

 

3.4 Discussion 

The current study revealed that the knowledge and understanding about brucellosis among 

smallholder farmers in Pakistan is limited. To our knowledge, this is the first study conducted 

on smallholder farmers’ knowledge and awareness about brucellosis in Pakistan. The majority 

of participants had heard about animal brucellosis (70%) but few had heard about human 

brucellosis (26%), which agrees with the study results reported in Uganda (Kansiime et al., 

2014b), Egypt (Holt et al., 2011) , and Jordan (Musallam et al., 2015) . In contrast, studies from 

Tajikistan (Lindahl et al., 2015) and Kenya (Kang'ethe et al., 2007) showed low awareness 

about the disease among farmers in these areas. The low awareness of human brucellosis in the 

present study could be attributed to the dearth of health education (especially regarding 

zoonotic diseases) and the low proportion of farmers receiving formal education in the study 

regions. Further, in the current study, only approximately a quarter of respondents were aware 

of the risk of transmission of any disease from animals to humans, however the respondents 

with knowledge about disease transmission were more likely to perform better preventive 

practices to avoid contracting brucellosis. These results are supported by previous literature. 

Kozukeev et al. (2006) in a study in Kyrgyzstan explained that good knowledge about the 

disease transmission routes for brucellosis among farmers had a precautionary effect for 

brucellosis. In a similar way, a case control study in Iran demonstrated that having awareness 

regarding modes of brucellosis transmission, i.e. consumption of raw milk cheese, was 

associated with a reduced risk of human brucellosis infection (Sofian et al., 2008). This 

suggests that improving farmers’ knowledge of the disease and its mode of transmission is 

likely to reduce their risk of brucellosis transmission from animals.  
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Findings from current study illustrate that despite the majority of respondents having heard 

about animal brucellosis, all respondents were engaged in at least one practice at their farm and 

household conducive to transmission of Brucella to other animals and most importantly to 

humans. Knowledge about the disease and preventive herd management practices have 

previously been identified as the most important factors required for minimising the disease 

risk in animals (Díez and Coelho, 2013). Most farmers reported calving space being shared 

with other animals, and a study by (Coelho et al., 2015) shows the importance of this practice 

for brucellosis transmission to other animals. Many Brucella organisms are shed during the 10 

days after calving or at abortion, contaminating the environment, and increasing the risk of 

other cattle and buffalo ingesting the organism (Park et al., 2005). Only one-third of farmers in 

this study reported disposing placental membranes by burying, with most disposing them in 

dung piles or feeding them to other animals. In addition, the majority of farmers reported 

storing dung piles for more than six months and allowing their animals to access to these dung 

piles. Given that Brucella can survive in a humid environment (manure and soil) for several 

months, this may also represent a risk for disease transmission in animals (Abubakkar et al., 

2011). More than half of the participants reported sending their animals to common grazing 

places with other village animals, which could also represent a risk for herd-to-herd 

transmission. Community pastures have been previously described as a risk for disease 

transmission and the management of such pastures should be considered when implementing 

any control measures (Sammartino et al., 2005). 

 

In relation to practices posing a risk for brucellosis transmission from animals to humans, 

consumption of raw milk has been previously described as one the most risky practices (Young, 

1995). In the current study, two-thirds of respondents reported that they consumed raw milk 

(unpasteurized) and its products on a regular basis, suggesting a higher risk transmission of 

brucellosis, if the disease is present in the herd. For some of the respondents, the reason for 

drinking raw milk in hot summer periods was the belief that raw milk has a cooling effect. 

Another important risky practice for contracting brucellosis is humans sharing accommodation 

with animals (Corbel, 2006). Almost half of the respondents in the present study lived in shared 

accommodation with animals.  

 

This study confirms that the level of formal education is associated with the knowledge of 

brucellosis and the practices in relation to this disease. Participants with no formal education 

were less likely to be aware of brucellosis in comparison to those with middle or matric-level 
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of education. However, participants with intermediate- or university-level education reported 

riskier herd management practices, perhaps because the farming aspects were not as central to 

their livelihoods, thus being of lower priority in their everyday activities. Farmers with no or 

lesser level of education were less likely to have good hygienic practices at their homes and 

were putting themselves at more risk of contracting brucellosis. This is also illustrated by the 

studies conducted in Yemen (Al-Shamahy et al., 2000) and in Tajikistan (Lindahl et al., 2015). 

Furthermore, in the present study, analysis of risky practice scores demonstrates that 

respondents with formal education had positive influences on farm cleaning and household 

practices, as opposed to respondents with no formal education. However, this difference 

between formal and no formal education was lower than expected. This could be explained by 

the lack of health education on zoonotic diseases in the formal education system. Similarly, 

respondents with knowledge about brucellosis had a lower risk practice score. Analysis of risky 

practices scores indicates that knowledge of the disease is very important and it is the overall 

predictor of farmer’s behaviour towards risk. Good knowledge of the disease is associated with 

lower risk scores, indicative of practices that would not support disease transmission. This 

study also found that the level of risk differs across the seven districts. However, none of the 

districts were risk-free and if the disease is present in the region, it would spread quickly within 

communities due to the prevalence of risky practices both at farm and household levels. 

Findings from the district-wise analysis indicate the need for targeted educational interventions 

according to risk level of the district. Further, the results obtained here can be used to customise 

particular educational programs for different districts, according to their risk profiles. 

 

It is important to note that the majority of participants are not aware of the risk of zoonotic 

diseases being transmitted from domestic animals to humans, especially from cattle and 

buffalo. In addition, the local terms “Athra” and “Tunbjan” may not translate very accurately 

to the western biomedical model of disease and its causation. Although awareness of 

brucellosis in animals was high, farmers did not think they could get the same disease from 

their animals. Farmer perceptions about brucellosis are guided by cultural and religious beliefs, 

and may often not correct. Many participants discussed different unsubstantiated beliefs (i.e. 

‘myths’) about the cause of brucellosis in animals and the majority of participants would go to 

Darbar (shrines) for seeking help with their animals’ abortions or bring Taweez (Holy verses) 

for treatment. These cultural beliefs would need to be considered in relation to any educational 

intervention program (Chapter 6). 
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Findings from this study demonstrate a poor understanding of brucellosis and a high level of 

risky practices being undertaken on farm and at the household across a number of regions, all 

contributing to the risk of humans contracting brucellosis. Poor knowledge of the disease and 

of practices posing a risk of disease transmission, incorrect perceptions and attitudes towards 

the management of the disease, such as the use of shrines, strongly supports the need for health 

education in rural communities. For low-income countries like Pakistan, targeted and culturally 

appropriate health education is required to increase the awareness of not only brucellosis but 

other zoonotic diseases. Education is the most feasible preventive measure, where testing and 

slaughtering of infected cattle and buffalo is not an economically or socially viable option and 

milk pasteurization is not common practice at smallholder level. A synergistic “one health” 

approach to this type of education in rural communities would be ideal in order to ensure uptake 

of recommendations and practice change on a farm and household level.  

 

3.5 Supporting information 

 

 

SI-Figure A. Bar plot showing model-based percentages in each farm cleaning risk score category (0, 1, 2, 3, 4) 

across the seven districts. These values are from the univariable model. The farm cleaning risk score was 

calculated from the herd management practices reported by smallholder dairy farmers who participated in a 

cross-sectional study on brucellosis in Pakistan. 
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SI- Figure B. Bar plot showing model-based percentages in each farm cleaning risk score category (0, 1, 2, 3, 

and 4) across the levels of farmer’s education. These values are from the final multivariable model and are 

averaged over the levels of the other factor in the model. The farm cleaning risk score was calculated from the 

herd management practices reported by smallholder dairy farmers who participated in a cross-sectional study on 

brucellosis in Pakistan. 

 

SI-Figure C. Bar plot showing model-based percentages in each brucellosis herd transmission risk score for 

category (1, 2, 3, 4, and 5) across the seven districts. No scores of zero were recorded. These values are from the 

univariable model. The brucellosis herd transmission risk score was calculated from the herd management 

practices reported by smallholder dairy farmers who participated in a cross-sectional study on brucellosis in 

Pakistan. 
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SI-Figure D. Bar plot showing model-based percentages in each household risk score category (0, 1, 2, 3, 4, and 

5) across the seven districts. These values are from the univariable model. The brucellosis herd transmission risk 

score was calculated from the household practices reported by smallholder dairy farmers who participated in a 

cross-sectional study on brucellosis in Pakistan. 

 

 

SI-Figure E. Bar plot showing model-based percentages in each household risk score category (0, 1, 2, 3, 4, and 

5) across the levels of farmer’s education. These values are from the final multivariable model and are averaged 

over the levels of the other factors in the model. The household risk score was calculated from the household 

practices reported by smallholder dairy farmers who participated in a cross-sectional study on brucellosis in 

Pakistan. 
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Abstract  

The present study aimed to estimate the herd-level sensitivity (Se) and specificity (Sp) (that is, 

at the level of the farm) of three commonly used serological tests in naturally-infected cattle 

and buffalo in smallholder farms in Pakistan. Between February and June 2015, a cross-

sectional study was carried out in five districts of Punjab (Kasur, Okara, Pakpattan, Jhelum, 

and Bhakkar) and two districts of Sindh (Badin and Thatta). Serum samples from mixed farms 

of cattle (n = 441) and buffalo (n = 621) were collected and tested using the Rose Bengal test 

(RBT), indirect ELISA (I-ELISA) and competitive ELISA (C-ELISA). A Bayesian latent class 

analysis (LCA) approach was used to estimate the Se and Sp of these three serological tests 

and the true herd-level prevalence in each district. The model was fitted under the assumption 

of conditional independence between three tests and also conditional dependence by including 

covariances between the two ELISAs. In addition, the model was fitted using three different 

shapes of beta distributions to incorporate prior information in the model. The test with the 

highest Se was the C-ELISA, with a range from 76.3% (95% PCI (Posterior Credibility 

Interval), 62.6-88.2%) to 81.4% (95% PCI, 68.2-92.8%). The RBT was found to have the 

highest Sp (99.1 to 99.4%) of the tests. The highest estimated herd-level prevalence, 45% (95% 

PCI, 32-59%), was found in Jhelum district and the lowest in Thatta district, 1.1% (95% PCI 

0.04-6.0%). The results of this study identified some discrepancy between the published 

literature on the level of Se of these tests, especially for RBT. It appears that RBT has lower 

Se and higher Sp when used in the field conditions of the present study. Consequently, it is 

recommended that none of the evaluated tests should be performed in isolation for the diagnosis 

of bovine brucellosis in the field conditions of Pakistan, but the use of tests in combination, 

with RBT and C-ELISA applied in parallel returning optimal Se and Sp, is warranted. 

 

4.1 Introduction 

Brucellosis is a highly infectious disease caused by species of the genus Brucella. The disease 

has been eradicated from many high-income countries, but it is still poorly controlled in many 

low-income countries, including Pakistan (McDermott et al., 2013, Gul and Khan, 2007). 

Inadequate resources, low veterinary coverage and use of outdated tests are the main limiting 

factors for prevention and control of brucellosis in low-income countries (Matope et al., 2011). 

In livestock, brucellosis mainly affects sexually mature animals and causes late trimester 

abortions, weak neonates and infertility. The clinical diagnosis is complex due to a lack of 

obvious observable symptoms except for last trimester abortion in pregnant animals (Minda 

and Gezahegne, 2016). 
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Culture and isolation of Brucella spp are the gold standards (a reference test) for laboratory 

diagnosis (Hamdy and Amin, 2002, Alton et al., 1975, Nielsen and Yu, 2010). However, in 

culture, Brucella can often be contaminated by other microbes resulting in a reduced Se 

(Matope et al., 2011) and, more importantly, the bacterial culture and isolation procedure 

present a hazard to laboratory technicians (Traxler et al., 2013, Nielsen and Yu, 2010). The 

technique requires advanced BSL3 (biosafety level 3) laboratory facilities, skills and resources 

which are not feasible for low-income countries such as Pakistan (Ahasan et al., 2017). Thus, 

serological tests are considered safer for laboratory personnel and are usually preferred for 

brucellosis diagnosis.  

 

For traditional diagnostic test evaluation, a reference population of animals with known disease 

status is required. For bovine brucellosis, no serological test is considered to be an ideal test or 

gold standard so it is hard to develop such a reference population (Matope et al., 2011, Fosgate 

et al., 2002). While a number of serological tests have been developed, none of the single tests 

is appropriate in all epidemiological circumstances and all have shortcomings, particularly 

when used for the screening of individual animals, because of variation in the test properties 

with the disease prevalence (Nielsen et al., 2006, Godfroid et al., 2002, OIE, 2009). All the 

serological tests for bovine brucellosis have a degree of diagnostic error, which varies with 

circumstances and populations (Alton et al., 1975). As an example, a false negative result could 

occur if an infected animal has a latent infection or a false positive result obtained due to 

vaccination (Cheville et al., 1998).  

 

A number of methods have been developed to evaluate diagnostic tests in the absence of a gold 

standard test (Joseph et al., 1995, Hui and Zhou, 1998). Latent class analysis (LCA) is one of 

the approaches frequently used to evaluate a diagnostic test used in animals with unknown 

infection status (Hui and Walter, 1980). LCA is not inherently Bayesian, although Bayesian 

methods are most frequently used to fit LCA models. This technique allows the estimation of 

sensitivity (Se), Specificity (Sp), and true prevalence in the absence of a gold standard test 

(Enøe et al., 2000).  

 

LCA can be performed when there two or more diagnostic tests, and where they are applied in 

two or more populations with distinct true prevalence values (Hui and Walter, 1980); the 
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assumptions are described in detail elsewhere (Matope et al., 2011, Vacek, 1985, Toft et al., 

2007). 

 

In Pakistan, RBT and the milk ring test (MRT) are mostly used for screening, due to previously 

published estimates of high Se for these tests (Samartino et al., 1999, Alton et al., 1975), while 

ELISAs are used as confirmatory tests for diagnosis of bovine brucellosis (Shafee et al., 2011, 

Abubakkar et al., 2011). There is only one study in Pakistan that has compared prevalence 

estimates obtained using RBT (Rose Bengal test)  and I-ELISA (indirect ELISA)  (Munir et 

al., 2011). In that study, a higher seroprevalence was reported when I-ELISA was used in 

comparison to RBT in both cattle and buffalo, but without estimation of diagnostic test 

parameters. In Pakistan, the available prevalence estimates for bovine brucellosis are on large 

farms and not generalizable for the smallholder farming system, which represents 90% of the 

country’s dairy industry (Arif et al., 2017). 

 

A number of studies have been conducted to estimate the characteristics of serological tests, 

but there is some discrepancy in the published literature in terms of Se and Sp of RBT. RBT is 

reported to have a high Se but low Sp by the OIE (OIE, 2009), and it is this information that 

forms the basis of the use of this test for screening, rather than confirmatory purposes. In 

addition, studies conducted between 2003-05 in Zambia (Muma et al., 2007) and during 2004-

05 in Zimbabwe (Matope et al., 2011) have reported a high sensitivity of RBT, with estimates 

of 93% (95% PCI, 84-99%) and 95% (95% PCI, 87-99%), respectively. However, some recent 

studies have reported a markedly lower Se associated with the RBT. Rahman et al. (2013) 

report a Se of 80% (95% PCI, 68 to 93%) and Ahasan et al. (2017) reported 58% (95% PCI, 

33-79%). In addition to these conflicting reports, the authors of the present study experienced 

potential inconsistency while performing laboratory work, with a number of samples returning 

negative results for RBT and positive for ELISA, which is inconsistent with what was to be 

expected with the use of RBT as screening and ELISA as confirmatory tests. The evidence 

presented indicates there is some discrepancy regarding RBT Se and raises questions about its 

reliability as a screening test in some scenarios. Moreover, RBT has not been evaluated for the 

diagnosis of bovine brucellosis for its accuracy under local field conditions of Pakistan, but 

definitive information on test reliability is of great importance to both human and animal health. 

Therefore, this study aimed to estimate the herd level and animal level Se and Sp of RBT, I-

ELISA, and C-ELISA in naturally-infected cattle and buffalo in smallholder farms in Pakistan. 
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In addition, the study also aimed to estimate the true prevalence in seven populations (districts), 

as well as population-specific positive and negative predictive values for brucellosis. 

 

4.2 Material & methods 

A cross-sectional study was carried out between February and June 2015, in five districts of 

Punjab (Okara, Pakpattan, Kasur, Jhelum, and Bhakkar) and two districts of Sindh (Badin and 

Thatta). Serum samples from cattle (n = 441) and buffalo (n = 621) were collected from 

smallholder mixed dairy farms. Sampling strategies including districts, villages and farms have 

been described in detail by Arif et al. (2017). Briefly, the districts were selected on the basis of 

operational convenience, but also represent a range of agro-ecological zones. Villages within 

the districts were selected randomly using a random number generation method in Microsoft 

Office Excel (Microsoft, PC/windows XP, 2010, Redmond WA, USA). In total, 420 farms 

were selected from 14 villages and a maximum of three animals (given the availability) were 

randomly sampled from each farm. Most of the study farms had five to eight animals and the 

aim was to sample animals over two years of age. When there were more than three animals of 

the required age, a random selection of three was made from the available list of animals. The 

source population for the study was all the farms within the selected village, but the target 

population is all the herds within the villages and all villages within selected districts. The 

sample size was calculated based on an unknown prevalence (thus assumed to be 50%) of 

brucellosis among study units, using the C-ELISA diagnostic test Se of 99.0% and Sp of 95.4% 

reported by Matope et al. (2011), a 95% confidence interval based on a normal distribution 

approximation, and a desired absolute precision of 5%. Epitools was used for sample size 

calculation (Sergeant, 2017). No study farms vaccinated their cattle or buffalo against bovine 

brucellosis. The study was approved by the Animal Care and Ethics Committee of Charles 

Sturt University, Australia (Approval number 15/003). 

 

4.2.1 Diagnostic tests  

Three serological tests (RBT, I-ELISA and C-ELISA) were performed on all sera collected 

from the seven populations. Sample identification numbers were randomly assigned at the time 

of serum separation and all the tests were performed in a blinded way. Unexpectedly, given the 

values of Se and Sp reported in the literature, a number of samples returned negative results 

for RBT and positive for ELISAs. Therefore, RBT was repeated on all samples to validate the 

results. The new batches of RBT antigens were handled exactly same way at the same 

temperature. There is no scope that results were influenced by handling or due to observation 
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error. There was an extraordinarily high agreement between the repeated RBT tests (Cohen’s 

kappa value = 0.956) and we adopted the second RBT results for further analysis.  

 

The emphasis in this analysis was at the herd-level rather than the animal-level, as the main 

focus was on the smallholder farmers primarily mixed herd of cattle and buffalo. A herd was 

considered positive for one of the three tests if any of the animals sampled in the herd were 

positive for that test. 

 

4.2.1.1 Rose Bengal test (RBT) 

The RBT was performed as recommended by the OIE (OIE, 2009). Briefly, 30 µl of each serum 

sample was mixed thoroughly using a clean glass rod for each sample with 30 µl of RBT 

antigen on the clean transparent slide. The mixture was agitated softly for 4 minutes at 22oC. 

The reaction was immediately assessed after 4 minutes as positive if agglutination was 

observed and negative if there was no reaction between serum and antigen. The antigen, 

positive and negative controls were procured from Institut Pourquier Rose Bengal Ag by 

IDEXXTM. 

 

4.2.1.2 Indirect enzyme-linked immunosorbent assay (I-ELISA) 

The I-ELISA was performed using a commercial kit (IDEXX Brucellosis Serum X2 Ab Test) 

procured from IDEXXTM Laboratories, USA. The test was performed according to the 

recommendation of the manufacturer. In short, antigen coated polystyrene microtitration plates 

(flat-bottomed 96 well) were used. The samples and relevant control sera (positive and 

negative) were diluted 1:200 in PBST (phosphate-buffered saline Tween-20) and added in 

microtitration plates. Following that, the plates were incubated in a humidified chamber for 

one hour at 25ºC and then washed three times. In the next step, conjugates (anti-ruminant IgG-

HRPO) were added to each well with 1:200 dilution and then the plates were again incubated 

for one hour. After three washings, TMB (tetramethylbenzidine) substrate N.12 was added and 

then plates were kept in the dark for 15 minutes at 25ºC for colour development. The 4% SDS 

stop solution was added to stop the reaction and spectrophotometer (450-nm wavelength) was 

used to record the optical density of each plate (OIE, 2009). Results are expressed as the ratio 

of the sample optical density (OD) minus the mean kit negative control OD to the mean kit 

positive control OD minus the mean kit negative control OD (S/P ratio). A positive result was 

defined by the manufacturer as an S/P ratio of ≥ 80%, and negative for an S/P ratio of < 80% 

(IDEXX, 2017).   
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4.2.1.3 Competitive enzyme-linked immunosorbent assay (C-ELISA) 

The C-ELISA was performed with SvanovirTM Brucella-Ab C-ELISA kit procured from 

Svanova Biotech, Uppsala Sweden using the procedure described by the OIE (2009) and 

Matope et al. (2011). Percent inhibition (PI) was calculated to measure antibody titers by using 

the formula suggested by the manufacturer of the kits: 

PI = 100 −
Mean OD value of sample or control

Mean OD value of conjugate control
× 100 

 

4.2.2 Statistical analysis  

4.2.2.1 Models with conditional independence/dependence  

A Bayesian latent class approach was implemented using OpenBUGS version 3.2.3 rev 1012 

(Lunn et al., 2009) and the Initial data preparations were conducted using R (R Core Team, 

2015). The STARD-BLCM (Standards for the reporting of diagnostic accuracy studies that use 

Bayesian latent class models) checklist has been followed in the conduct of this study 

(Kostoulas et al., 2017) (Appendix C). The initial base model was fitted under the assumption 

of conditional independence of the three tests. Conditional independence implies that given the 

true underlying (latent) disease status, the diagnostic tests are all mutually independent, i.e. the 

status of one test does not depend on the status of another test. However, as the two ELISAs 

are based on a similar principle/method of antibody detection, another model was fitted 

assuming conditional dependence, where there is a dependence between tests, given the true 

disease status. This is achieved by including covariances between the Se of the two ELISAs 

and between the Sp of the two ELISAs. However, the two ELISA tests were considered 

independent of the RBT, given the different method of antibody detection for that diagnostic 

test. Districts were considered as seven different populations. Within each population, 

distributions of the counts for the combinations of three tests are assumed to follow a 

multinomial distribution, and the observed combinations of test results are given in Table 4.1. 

The model being fitted is 

Oi | Sej, Spj, pi ~ multinomial (ni, i), i = 1, …, 7; j = 1, 2, 3 

Sej ~ Beta (aSe, bSe) and Spj ~ Beta (aSp, bSp); j = 1, 2, 3 

pi ~ Beta(1,1), i = 1, …, 7 

where Oi is the vector of observed counts for each of the eight test combinations in population 

i; Sej and Spj are the sensitivity and specificity values drawn from their respective beta 

distributions (see below, Section 2.3.2) for serological test j; and pi is prevalence in population 
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i drawn from a uniform distribution. For the multinomial observation, the denominator is ni 

(total number of units sampled in the population) and i is the vector of probabilities for each 

test combination, using the expressions presented by Toft et al. (2007). In the conditional 

dependence model, covariances cov (Se2, Se3) and cov (Sp2, Sp3) were included (subscripts ‘2’ 

and ‘3’ indicating C-ELISA and I-ELISA respectively), and to facilitate their interpretation 

these were re-expressed as correlations, evaluated at each iteration, 

2 3
2 3

2 2 3 3

cov(Se ,Se )
cor(Se ,Se )

Se (1 Se )Se (1 Se )


 
    

with a similar expression for cor(Sp2, Sp3). Note that the same model structure was used for 

the herd-level; and animal-level analyses, but different multinomial count data sets were 

provided. 

 

Results are reported as the medians of the posterior distributions along with 95% posterior 

credibility intervals (PCI) based on the empirical distribution of the estimates. Population-

specific parameters i.e. the posterior medians of positive predictive values (PPV, the 

probability that a positive test outcome is truly positive) and negative predictive values (NPV, 

the probability that a negative test outcome is truly negative) were also calculated to assess the 

performance of each diagnostic test within the specific population. 

 

4.2.2.2 Sensitivity analysis on the prior distribution models 

In Bayesian analysis, beta distributions are mostly used to incorporate prior information (on 

proportions) based on scientific literature, as the distribution is constrained to lie between 0 

and 1. Three scenarios were used for choosing priors: 1) flat or minimally informative priors, 

i.e. uniform or Beta (1, 1) distribution; 2) weakly informative priors, and 3) strongly 

informative priors. The priors in (2) and (3) were selected for each test using the findings of a 

meta-analysis of the available literature reported by Gall and Nielsen (2004). In the current 

analysis, the parameters a and b were chosen so that the mode of Se and Sp priors were similar 

to the mean values in the meta-analysis reported by Gall and Nielsen (2004). Weakly 

informative priors were set so that 95% of the distributions were above 0.3, and 95% above 0.6 

for the strongly informative priors (Figure 4.1). Parameter values were chosen using Betabuster 

software (Chun-Lung, 2006).  
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4.2.2.3 Estimation of diagnostic test parameters in buffalo and cattle 

Animal-level LCA models were fitted independently with cattle and buffalo data to estimate 

the Se, Sp and true prevalence in both species. Again districts were considered as seven 

different populations and the models were fitted assuming conditional independence between 

the tests. Distribution of counts for the test combination for each populations are presented in 

Table A and Table B (Appendix A, supplementary data). Minimally informative prior 

distributions were used for model building. 

 

4.2.2.4 Model diagnostics/monitoring  

All the models were run using three different chains. As part of the Markov Chain Monte Carlo 

(MCMC) method, the first 50,000 iterations were discarded as burn-in period and 100,000 

iterations were used for sampling the posterior distribution. Trace and history graphs were 

visually inspected for each parameter to check the chain had reached a stationary distribution, 

and explore the posterior distribution.   

 

Population-specific parameters i.e. the posterior medians of positive predictive values (PPV, 

the probability that a positive test outcome is truly positive) and negative predictive values 

(NPV, the probability that a negative test outcome is truly negative) were also calculated to 

assess the performance of each diagnostic test within the specific population. The PPV and 

NPV were calculated using the standard Bayes rule method based on prevalence, Se and Sp 

(Dohoo et al., 2009). They were plotted for varying prevalences (as estimated for each district) 

using ‘ggplot2’ package with R (Wickham, 2016). This was done for each estimated 

prevalence, both for individual tests and for all possible two-test combinations (parallel and 

serial). Serial testing classifies an animal as positive if all tests are positive while, parallel 

testing classifies an animal as positive if any test is positive. 
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Figure 4.1. Prior distributions of diagnostic test parameters for the three diagnostic tests for brucellosis.The 

entries of a and b refer to the parameters of the Beta (a, b) distribution; ‘Mode’ refers to the mode of the 

particular beta distribution. For each diagnostic test parameter, three priors are shown: a minimally informative 

priors, a weakly informative prior, and a strongly informative prior. The modes of these prior distributions are 

taken from the meta-analysis results mentioned in the text. 
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4.3 Results 

Herds with a minimum of one seropositive animal were considered to be positive herds for 

bovine brucellosis, for each particular test. The cross-classified counts shown in Table 4.1 

provide the frequency distribution of the eight combinations of the three tests for each of the 

seven districts. The cross-classified counts for buffalo and cattle are presented in the Table A 

and Table B (Appendix A, supplementary data) to show the distribution of the tests at animal 

level for both species. Overall, 27 out of 419 herds tested positive on all three tests, 346 tested 

negative on all three tests, and 45 herds had ‘contradictory’ test results. The kappa agreement 

values between RBT & C-ELISA, RBT & I-ELISA, and C_ELISA & I-ELISA are 0.617, 0.551 

and 0.531 respectively. In general, there is a better concordance between RBT and C-ELISA.  

 

Table 4.1.The cross-classified herd-level counts of the dichotomous outcome of three tests for bovine brucellosis. 

‘POS’ and ‘NEG’ refer to the test positive and test negative status for each of the three diagnostic tests. 

Test  Population 

RBT C-

ELISA  

I-ELISA Badin  Bhakkar Jhelum Kasur Okara  Pakpattan Thatta 

POS POS POS  0 0 14 1 5 7 0 

POS POS  NEG 0 0 2 0 0 5 0 

POS NEG POS 0 0 0 1 0 2 0 

POS  NEG NEG 1 0 6 0 0 2 0 

NEG POS POS 0 0 3 0 0 0 0 

NEG POS  NEG 0 1 1 0 1 10 0 

NEG NEG POS 2 0 2 3 3 0 0 

NEG NEG NEG 55 60 32 55 49 35 60 

Total  58 61 60 60 58 61 60 

  

Table 4.2 shows the medians of the posterior distributions along with 95% posterior credibility 

interval (PCI) for Se and Sp of the three tests and population-based herd-level prevalence for 

the scenarios where minimally informative priors were selected. In the model that was specified 

assuming conditional independence, C-ELISA and RBT are found to have higher sensitivities 

(0.76, 0.72, respectively) compared to I-ELISA (0.57), as well as higher specificities (both 

0.99, compared with 0.97 for I-ELISA). In addition, estimated herd-level prevalence is highest 

in Jhelum, 0.45 (95% PCI 0.32-0.59), and lowest in Thatta, 0.011 (95% PCI 0.0004-0.060), 

showing a wide separation of estimates between districts. Note that the two districts in Sindh 

province, Thatta and Badin, have very low herd-level prevalence estimates 0.017 and 0.022 

respectively. Table 4.3 also illustrates the corresponding results allowing for conditional 

dependence, by between two ELISAs incorporating covariances. The two ELISA specificities 

would appear to be conditionally independent, as indicated by the small correlation (r = 0.118) 

and the 95% PCI covering zero, however there was an indication of conditional dependence 
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for Se, based on the value of r = 0.29 and a 95% PCI above zero. However as shown in Table 

4.2, the diagnostic test values and prevalence estimates do not differ substantially between the 

conditional independence and dependence models. 

 

Table 4.2. The herd-level Se, Sp, and prevalence based on specific population (P), using Bayesian LCA with 

minimally informative priors.  The median and 95% posterior credibility interval (PCI) for assuming conditional 

independence between RBT, C-ELISA and I-ELISA and also a model allowing conditional dependence (COV) 

between each pair of the tests. 

 

 Conditional independence model 

Conditional dependence model 

Parameter Median 95% PCI Median 95% PCI 

Se RBT 0.716 (0.575, 0.852) 0.702 (0.556, 0.857) 

Sp RBT 0.993 (0.975, 0.999) 0.995 (0.980, 0.999) 

Se C-ELISA 0.763 (0.626, 0.882) 0.748 (0.608, 0.865) 

Sp C-ELISA  0.990 (0.968, 0.990) 0.992 (0.965, 0.99) 

Se I-ELISA 0.569 (0.434, 0.711) 0.542 (0.408, 0.686) 

Sp I-ELISA  0.975 (0.954, 0.990) 0.971 (0.949, 0.987) 

COV. Se  ------- ---------- 0.061 (0.004, 0.120) 

COV.Sp -------- ---------- 0.001 (-0.0002, 0.008) 

r.Se ------- ---------- 0.294 (0.021, 0.533) 

r.Sp -------- ---------- 0.090 (-0.013, 0.400) 

PBadin 0.016 (0.0006, 0.079) 0.018 (0.0007, 0.084) 

PBhakkar 0.014 (0.0005, 0.070) 0.016 (0.0006, 0.075) 

PJhelum 0.451 (0.317, 0.588) 0.464 (0.330,0.607) 

PKasur 0.048 (0.010, 0.128) 0.046 (0.000, 0.125) 

POkara  0.118 (0.048, 0.226) 0.118 (0.048, 0.226) 

PPakpattan 0.411 (0.268, 0.548) 0.428 (0.275, 0.575) 

PThatta  0.011 (0.0004, 0.060) 0.012 (0.0004, 0.061) 

 

In addition, two other LCA were also performed with different prior beta distributions. Table 

4.3 demonstrates the comparisons of the basic model (minimally informative priors, Beta (1, 

1)) with weakly informative priors, and with strongly informative priors. In the strongly 

informative prior analysis, C-ELISA still has the highest Se (0.81). The RBT and C-ELISA 

have similar specificities in the strongly informative prior analysis (0.984 and 0.982, 

respectively.
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Table 4.3. Comparing the Bayesian LCA with three prior distributions of herd-level parameters (Se and Sp) for the three diagnostic tests for bovine brucellosis. Models with a 

minimally informative priors, a weakly informative prior, and a strongly informative prior are shown below. 

 
Model with minimally informative priors Model with weakly informative priors Model with strongly informative priors  

Parameters Median 95% PCI Median 95% PCI Median 95% PCI 

Se RBT 0.716 (0.575, 0.852) 0.727 (0.588,0.863) 0.764 (0.638,0.882) 

Sp RBT 0.993 (0.975, 0.999) 0.991 (0.973,0.999) 0.985 (0.963,0.996) 

Se C-ELISA 0.763 (0.626, 0.882) 0.776 (0.642,0.894) 0.814 (0.682,0.928) 

Sp C-ELISA  0.990 (0.968, 0.990) 0.989 (0.965,0.998) 0.983 (0.958,0.996) 

Se I-ELISA 0.569 (0.434, 0.711) 0.589 (0.454,0.732) 0.645 (0.504,0.792) 

Sp I-ELISA  0.975 (0.954, 0.990) 0.975 (0.954,0.989) 0.973 (0.952,0.988) 

PBadin 0.016 (0.0006, 0.079) 0.015 (0.0005, 0.076) 0.013 (0.0005,0.063) 

PBhakkar 0.014 (0.0005, 0.070) 0.013 (0.0005,0.068) 0.012 (0.0004,0.063) 

PJhelum 0.451 (0.317, 0.588) 0.444 (0.307,0.583) 0.419 (0.283,0.562) 

PKasur 0.048 (0.010, 0.128) 0.047 (0.010,0.126) 0.044 (0.008, 0.121) 

POkara  0.118 (0.048, 0.226) 0.116 (0.047,0.222) 0.11 (0.044,0.213) 

PPakpattan 0.411 (0.268, 0.548) 0.4029 (0.258,0.544) 0.371 (0.226,0.520) 

PThatta  0.011 (0.0004, 0.060) 0.011 (0.0004., 0.060)  1.011 (0.0004,0.059) 
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Table 4.4.The animal-level Se, Sp, and prevalence based on specific population (P), using Bayesian LCA with 

minimally informative priors. The median and 95% posterior credibility interval (PCI) for buffalo and cattle 

assuming conditional independence between RBT, C-ELISA and I-ELISA. 

 Buffalo Cattle 

Parameter Median  95% PCI Median  95% PCI 

Se RBT 0.562 (0.438, 0.703) 0.415 (0.209, 0.656) 

Sp RBT 0.992 (0.978, 0.999) 0.997 (0.986, 0.999) 

Se C-ELISA 0.770 (0.639, 0.883) 0.527 (0.282, 0.789) 

Sp C-ELISA  0.994 0.973, 0.999) 0.997 (0.987, 0.999) 

Se I-ELISA 0.510 (0.389, 0.651) 0.296 (0.133, 0.522) 

Sp I-ELISA  0.988 (0.975, 0.996) 0.996 (0.985, 0.999) 

PBadin 0.006 (0.0002 0.034) 0.044 (0.001, 0.227) 

PBhakkar 0.056 (0.002, 0.212) 0.006 (0.0004,0.035) 

PJhelum 0.278 (0.193, 0.375) 0.260 (0.121,0.470) 

PKasur 0.035 (0.007, 0.096) 0.021 (0.0004, 0.101) 

POkara
  0.077 (0.028, 0.154) 0.091 (0.030,0.204) 

PPakpattan 0.351 (0.225, 0.44) 0.286 (0.126, 0.524) 

PThatta  0.011 (0.00004, 0.059) 0.009 (0.0004,0.050) 

  

The animal-level findings of Table 4.4 show that C-ELISA has the highest Se both in buffalo 

(0.77) and cattle (0.52) compared to I-ELISA and RBT. The Sp of all three tests are very high 

both in buffalo and cattle. In general, tests are more sensitive in buffalo compared to cattle. 

Furthermore, estimated animal-level prevalence among buffalo was highest in Pakpattan, 0.35 

and lowest in Badin, 0.009. For cattle, highest animal level prevalence was again in Pakpattan 

(0.28) and lowest in Thatta.  

 

Table 4.5 shows the performance of herd-level diagnostic tests when applied in all possible 

combinations of serial and parallel testing. These values were obtained from the test means 

calculated in within the model building. RBT and C-ELISA in parallel combination produced 

the highest Se in comparison to the other two-test combinations. Using RBT and C-ELISA has 

also improved the Sp compared to the three tests in parallel combination. When considering 

the performance index (PI = Se + Sp), the best PI is obtained applying RBT and C-ELISA in 

parallel combination (1.907, 95% PCI, 1.38-1.95), negligibly different from when all three tests 

are applied in parallel. 
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Table 4.5. Se, Sp and performance index when applying the serological tests in serial and parallel combinations 

for diagnosis of bovine brucellosis. 

Test combinations Se 95% PCI Sp 95% PCI PI* 95% PCI 

Serial RBT + C-ELISA  0.526 (0.371, 0.686) 1.000 (1.000, 1.000) 1.525 (1.371, 1.685) 

Parallel RBT + C-ELISA 0.923 (0.851, 0.973) 0.983 (0.957, 0.997) 1.907 (1.837, 1.954) 

Serial RBT + I-ELISA 0.384 (0.255, 0.553) 1.000 (0.999, 1.000) 1.384 (1.255, 1.553) 

Parallel RBT + I-ELISA 0.863 (0.769, 0.948) 0.965 (0.940, 0.983) 1.828 (1.733, 1.915) 

Serial C-ELISA + I-ELISA  0.469 (0.337, 0.613) 0.998 (0.991, 1.000) 1.467 (1.335, 1.610) 

Parallel C-ELISA + I-ELISA 0.820 (0.692, 0.923) 0.963 (0.934, 0.983) 1.783 (1.653, 1.888) 

Serial RBT + C-ELISA + I-ELISA 0.332 (0.211, 0.491) 1.000 (1.000, 1.000) 1.332 (1.211, 1.491) 

Parallel RBT + C-ELISA + I-ELISA 0.946 (0.885, 0.984) 0.956 (0.926, 0.979) 1.902 (1.841, 1.943) 

*PI is performance index, calculted as Se + Sp. 

 

The PPV was plotted for each estimated prevalence for each individual test and for all the 

possible test combinations (Figure 4.2) RBT has a higher PPV than C-ELISA and I-ELISA. 

However applying two tests (RBT and C-ELISA) in serial combinations improves the PPV to 

99% across all prevalence levels. As expected, parallel testing results in the lowest PPV and is 

very similar to that of I-ELISA. Similarly, the NPV were calculated for each of the tests and 

all possible serial and parallel combinations of the tests. Figure 4.3 shows that C-ELISA is the 

best individual test, with above 80% NPV at the highest prevalence levels. However, NPV of 

RBT and C-ELISA (in parallel combination) is the higher (93%) among all the possible two-

test combinations both in parallel and serial combinations. Although NPV with the three tests 

applied in serial combinations declines to 64% at the highest prevalence levels, the NPV for 

parallel testing is quite high, dropping to 97% at the highest prevalence. 

 

 

 

Figure 4.2. The PPV of RBT, C-ELISA, I-ELISA, and the serial and parallel combinations for each test and 

posterior mean estimate of seven populations. 
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Figure 4.3. The NPV of RBT, C-ELISA, I-ELISA, and the serial and parallel combinations for each test and 

posterior mean estimate of seven populations. 

 

4.4 Discussion 

In this study, Bayesian LCA was performed to estimate the Se and Sp of three serological tests 

for the diagnosis of bovine brucellosis in the absence of a gold standard test in cattle and buffalo 

in smallholder farms in Pakistan, as well as estimating the prevalence of this disease in seven 

districts of the country. LCA shows that, in this setting, the Se of C-ELISA is slightly higher 

compared to RBT and I-ELISA.  

 

The estimated Se for RBT in cattle was 41% (95% PCI, 0.209, 0.656 and in buffalo was 56% 

(95% PCI, 0.438, 0.703) which is lower than the mean of the sensitivities (81%) reported by 

the OIE review (Gall and Nielsen, 2004). As mentioned earlier, RBT is often reported to have 

a high Se and recommended to use as a screening test for brucellosis control programs. 

However, in the current study, a high Se of RBT was not achieved, even using a robust LCA 

technique. Previously published studies (Muma et al., 2007, Matope et al., 2011, Samartino et 

al., 1999) have reported a high Se of RBT, namely 96%, 93% (95% PCI, 84-99%) and 95% 

(95% PCI, 87-99%), respectively. In contrast, Sutherland (1984) and Ahasan et al. (2017) have 

reported a low Se of RBT (78% and 57% (95% PCI, 33-79%), respectively) which indicates a 

potential discrepancy in the literature and raises concerns regarding the reliability of RBT as a 

screening test. The question arises why RBT has low Se in some scenarios and this could be 

due to the difference in field conditions or animal production systems, but further investigations 
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are required to fully understand these discrepancies. Moreover, Muñoz et al. (2012) assessed 

RBT performance by estimating test parameters, both using reference sera as the gold standard 

method and a Bayesian LCA approach, in naturally-infected populations in field conditions. 

The Se and Sp of RBT were 100% when assessed with the gold standard method but, the Se 

was significantly lower (75%, 95%PCI, 69–82) while Sp was almost the same (99%) using an 

LCA approach in field conditions. The estimated Se and Sp of RBT in the current study also 

aligns with those reported by Muñoz et al. (2012). The Se of RBT is known to be affected by 

different factors, including the stage of the disease and the prozone phenomenon, where false 

negative outcomes result from a high antibody concentration which affects the formation of 

agglutination that is required when visualising the results (Diaz et al., 2011). As the current 

study is cross-sectional, and consequently the stage of the disease is unpredictable, presumably, 

all stages of infection could be present among the positive herds. Unknown disease status could 

be a potential bias in the current study, however the approach used to estimate the test 

parameters in smallholder farming structure is logistically sound. Also, LCA only assumes the 

status of the disease defined by the serological tests rather than truly infected animals that could 

lead to bias in estimation of test properties (Muma et al., 2007). Given that in the current study 

regions, farmers did not vaccinate their animals against brucellosis, most of the animals were 

exposed to the infection naturally in the field, and the serological responses appear to be stable 

after seroconversion. Therefore, performing the LCA to evaluate the serological test is justified.  

 

 In the present study, the sensitivity of C-ELISA and I-ELISA was 76% and 56%, respectively. 

These estimates are similar to those reported by Ahasan et al. (2017), but they are considerably 

lower than the mean sensitivities reported in the meta-analysis by Gall and Nielsen (2004) 

(97% and 96%, respectively). The current study shows the specificities of the three tests were 

remarkably high i.e. 99%, 99% and 97% for RBT, C-ELISA, and I-ELISA, respectively. The 

estimated specificity values for C-ELISA and I-ELISA are much greater than the mean of the 

specificities reported within the prior meta-analysis i.e. 90.5% and 93.8% (Gall and Nielsen, 

2004). This study also found a notably higher (99%) specificity of RBT than the mean of the 

specificities (86.3%) of the meta-analysis reported by Gall and Nielsen (2004). The difference 

of Se and Sp with C-ELISA and I-ELISA compared with estimated form other studies also 

could be postulated to be due to the difference in the animal production system or study design, 

but further investigations are needed, with an aim of comparing diagnostic test properties 

across animal production systems, with specific inclusion of smallholder systems.   
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The current study also estimated the performance of RBT, C-ELISA and I-ELISA 

independently in buffalo and cattle. Again in general C-ELISA had the highest Se and Sp both 

in buffalo and cattle, at 76% and 53% respectively. A few studies have been conducted to 

evaluate test parameters in buffalo. For example, a study conducted on African buffalo 

(Syncerus caffer) had found very high Se and Sp of ELISA and RBT, which were 92% (95% 

PCI, 86-97), 87% (95% PCI, 84-90), 98% (95% PCI, 93-99) and, 99% (95% PCI, 97-99) 

respectively (Gorsich et al., 2015). While it is unknown why these tests are more sensitive in 

buffalo than cattle, it could be attributed to stage of disease or varied immune response. Further 

studies are required to explore this variation between species. In Pakistan water buffalo 

(Bubalus bubalis) is one the major milk producing animal with an annual 44 million tons 

production (Pakistan Economic Survey, 2016-17). There are some studies that reported higher 

disease prevalence in buffalo (15%) compared to cattle (9%) (Munir et al., 2011), but no study 

has been carried out to estimate the diagnostic test parameters in Pakistani buffalo and cattle 

breeds in field conditions. A study carried out in Trinidad to estimate the test parameters found 

a slightly higher Se (90.3, 95% PCI, 92.1-98.7) and Sp (90.7, 95%PCI, 86.9-95.1) of RBT on 

water buffalo (Bubalus bubalis) compared to cattle (Se; 88.1(95% PCI, 76.2-95.6) Sp; 98.1 

(96.4-99.3) (Fosgate et al., 2002).  

 

The posterior mean estimates of PPV and NPV were estimated in order to understand the 

usefulness of test results across all populations (Kasur, Okara, Pakpattan, Jhelum, Bhakkar, 

Thatta and Badin). Applying three tests in serial combination improves the PPV to 100%, 

regardless of prevalence. However applying RBT and C-ELISA in serial combination results 

in the higher PPV (98%), compared with other possible two-test combinations. Similarly, 

applying the three tests in parallel resulted in a near 100% NPV, regardless of prevalence, while 

serial testing resulted in a reduction of NPV to just over 60% at the highest prevalence levels. 

However, based on performance index shown in Table 4.5, we would recommend the use of 

RBT and C-ELISA in parallel combination. This combination will result in a high NPV as 

shown in Figure 4.3 although the PPV will not be the highest compared to other combinations 

of tests. If the decision is based on the assumption that the ‘cost’ of a false positive and false 

negative are equal, then the parallel test is superior (greater value of Se + Sp), and would be 

the overall recommended regimen for brucellosis detection. However, in the context of 

smallholder farmers, there is a greater cost of a false negative, leading to undetected cases of 

brucellosis with health impact both on animals and humans. Therefore, we may prefer to 
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increase Se at the cost of Sp, and this would further reinforce the choice for using these two 

tests in parallel combination.  

 

While performing LCA, in the initial model we assumed conditional independence between 

three tests (Vacek, 1985). However, it is known that tests based on the same principle, or those 

that measure similar antibodies are not strictly independent. To remove the potential bias that 

this lack of independence may present, another LCA was performed, allowing for conditional 

dependence through the inclusion of covariances between the two ELISAs for both Se and Sp. 

There was a non-significant correlation between the two ELISA specificities, based on the 95% 

PCI, but a significant correlation between the sensitivities (r = 0.29), Georgiadis et al. (2003) 

Rahman et al. (2013) have suggested that a conditional dependence model should be considered 

when correlations are above 0.2. However, there was only a small difference in the values of 

diagnostic tests attributes and prevalence estimates between the conditional independence and 

dependence models.  

 

In the current study, three different priors (minimally informative priors, weakly informative 

and strongly informative) were chosen to evaluate sensitivity in the choice of prior information. 

There is no considerable difference in the means of Se and Sp between the model with 

minimally informative priors and weakly informative priors. However, the inclusion of 

strongly informative priors in the LCA model was found to alter test results considerably, as 

similarly reported by Ling et al. (2014). Given the likelihood that there are management- and 

region-specific variation in diagnostic test performance, it would be better to apply the 

minimally informative priors in the LCA, and hence allow the tests to be developed purely for 

the local context, rather than influenced by test performance in other contexts.  

 

In conclusion, based on the current study findings, none of the three tests evaluated in the 

current study are recommended for use alone in naturally infected animals, as they are not 

sensitive enough to screen the herd. To design a disease control or eradication program there 

is a need to reconsider the use of only RBT as a screening test due to the discrepancy of its 

sensitivity. Two or more tests are required to screen the herd followed by the confirmatory test 

with high specificity. For the Pakistani field situation, specifically, a smallholder farming 

system, the combination of RBT and C-ELISA applied in parallel can yield the best test results 

and thus recommended for diagnosis of brucellosis in Pakistan and neighboring countries with 

similar farming systems. The recommended diagnostic test procedure is the parallel 
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combination of RBT and C-ELISA, whereby if an animal tested positive on either of these, it 

was deemed to have brucellosis.  If there was no cost or operational difference in applying 

either of these two tests, it wold be optimal to first use the C-ELISA as it has a higher Se than 

RBT, and only progress to RBT is the C-ELISA is test-negative. However, RBT is cheaper and 

easier to perform than C-ELISA for untrained personnel, so these are also important 

considerations, perhaps requiring a bio-economic analysis to resolve. 
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A typical smallholder farm in district Okara, the picture was taken by Shumaila. 
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Abstract  

A cross-sectional study was conducted to estimate the seroprevalence of bovine brucellosis in 

smallholder farms in seven regions in Pakistan, identify herd and individual level risk factors 

for seropositivity and assess the level of engagement of farmers with risk factors. In total, 1,063 

cattle and buffalo belonging to 420 herds in seven districts were sampled. The Rose Bengal 

test (RBT), indirect enzyme-linked immunosorbent assay (I-ELISA), and competitive enzyme-

linked immunosorbent assay (C-ELISA) were used for the serological diagnosis of bovine 

brucellosis on all the serum samples. The associations between herd-and animal-level risk 

factors and seropositivity were investigated using logistic regression analyses. In addition, herd 

management practice scores, created to quantify the number of management practices 

undertaken that pose a risk for Brucella transmission, were calculated and compared between 

seropositive and negative herds within each district. Herd and animal prevalence were 

estimated to be 16.2% (95% CI, 13-20%) and 8.7% (95% CI, 7.2-10.6%), respectively across 

all districts sampled. Herds with a history of last trimester abortion were found to be more 

likely to be positive than herds without such history (OR = 2.06, 95% CI, 1.09-3.89), providing 

validation of our findings and identifying that clinical disease is occurring in this region. It was 

also identified that herds with five to eight buffalo (OR = 3.80, 95% CI, 1.69-8.49), and those 

with more than eight buffalo (OR = 3.81, 95% CI, 1.51- 9.58) were more likely to be positive 

for Brucella than those with fewer  (one to two and three to four) buffaloes present in the herd. 

The presence of other domestic animals at the farm and purchasing animals in last year were 

found to have no association with seropositivity. The findings of the current study support the 

need for the development of targeted intervention strategies specific to the disease status of 

each district.  

 

5.1 Introduction 

Brucellosis is a highly zoonotic bacterial disease affecting humans and livestock worldwide 

(Pappas et al., 2006). The Food and Agriculture Organization (FAO), World Health 

Organization (WHO) and World Organisation for Animal health (OIE) consider brucellosis as 

one of the most widespread zoonoses in the world (Schelling et al., 2003). 

 

Brucellosis is caused by different species of the genus Brucella. The major species of Brucella 

and their hosts are B. abortus (cattle), B. melitensis (goats), B. suis (pigs) and B. ovis (sheep). 

In humans, brucellosis can be caused by B. abortus, B. melitensis, and B. suis. In livestock, 

brucellosis mostly affects sexually mature animals and may cause last trimester abortion storms 
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during the breeding season. Additional clinical signs include retained placenta, repeat breeding 

syndrome, metritis, placentitis and weak calves, and bulls may develop infertility due to 

epididymitis (Shareef, 2006). Infected animals shed bacteria in aborted foetal material, uterine 

discharge, vaginal secretions and milk (England et al., 2004). Brucella is an intracellular 

organism that survives within an individual animal, and the infected host may become a 

lifetime carrier of the pathogen (Ficht, 2003). The pathogen may be transmitted to other 

animals through ingestion of contaminated material, wounds or intact skin, and mucous 

membranes (Bercovich, 1998, Kahn et al., 2010). Infected bulls shed bacteria in their semen 

during the acute phase of the disease (McCaughey and Purcell, 1973). However, pathogen 

transmission through breeding depends on the breeding method. Venereal transmission by 

natural breeding is uncommon but using the semen from an infected bull for artificial 

insemination is possible source for the spread of the disease (Rankin, 1965). Humans are an 

accidental host of the disease and may contract brucellosis by ingestion, inhalation, or direct 

entrance of the pathogen through skin lesions, or consumption of raw milk and its products 

(Dasari et al., 2013). Symptoms of human brucellosis are non-specific, but most patients with 

acute disease describe fever, sweats, malaise, anorexia, headache, arthritis, and backache or 

even serious complications of epididymoorchitis in infected males (Doganay and Aygen, 2003, 

Akinci et al., 2006).  

 

The epidemiology of bovine brucellosis is complex and influenced by different factors. These 

factors have been classified as animal population characteristics, management practices and 

the biology of the disease (Silva et al., 2000, Amin et al., 2005). Bovine brucellosis has been 

associated with a number of animal-level risk factors including age, breed, body condition 

score, and sex. Similarly, herd-level risk factors for the disease include abortion history, herd 

size, insemination method and farm management practices (including lack of disinfection of 

environment after abortion, sharing calving space, new animal purchases and common grazing 

with animals from different herds) (Lindahl et al., 2014, Makita et al., 2011, Anka et al., 2014). 

All these factors and practices contribute either to contaminate the environment or act as a 

source for pathogen transmission. The ability of Brucella to survive in humid and cold 

environments for long periods of time is also an important factor for defining the risk of 

Brucella transmission to both animals and humans (Aune et al., 2012), with climatic variables 

playing a significant role in the epidemiology of the disease in different geographical zones.  
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Bovine brucellosis has been eradicated in many developed countries, including Australia, 

Canada, Israel, Japan, New Zealand and parts of Europe (Gul and Khan, 2007) . However, It 

remains an uncontrolled problem and endemic in areas such as Africa, the Mediterranean, the 

Middle East, and in parts of Asia and Latin America (Refai, 2002). The World Animal Health 

Information System (WAHIS), maintained by the OIE, states there are many clinical cases in 

the Middle East, Africa and Latin America but no data are available for Pakistan (WAHIS 

Interface 2016). The disease is also identified to result in huge economic losses in low income 

countries in addition to its direct effect on human and animal health (McDermott et al., 2013). 

In Pakistan, the dairy industry plays a pivotal role in the country’s economy and is also a major 

source of income for rural communities. The industry is predominantly represented by 

smallholder farms, with 90% of the country’s dairy industry based on farms with fewer than 

10 animals (Afzal, 2009b). Cattle and water buffalo are the major milk-producing animals, and 

have an estimated population of 38 million and 44 million, with an annual production of 20,143 

and 34,122 million tons of milk, respectively (Pakistan Economic Survey, 2016-17). The 

country can been divided into ten agro-ecological zones based on the climate, water 

availability, land use, resources and geography (Khan, 2004). Pakistan is located in a 

subtropical zone with a humid climate in some regions (Farooqi et al., 2005). This could be a 

favourable environment for Brucella survival and spread if disease is present (Aune et al., 

2012). A recent study has confirmed the presence of Brucella abortus biovar 1 using 

polymerase chain reaction (PCR) in cattle in Pakistan (Ali et al., 2014). Munir et al. (2011) has 

reported the seroprevalence of Brucella abortus in buffalo and cattle is 15.2% and 9% 

respectively on organised large farms and government farms using an indirect ELISA method. 

Another study from a military dairy farm and an organized private dairy farm reported 17.6% 

prevalence in cattle (Hamidullah et al., 2009). However, most of the reported studies were 

carried out on large commercial mixed dairy farms or research stations, which represent a small 

fraction (only 10%) of the industry. The available prevalence estimates of bovine brucellosis 

are not generalizable for the smallholder production system as herd management practices and 

disease exposures are entirely different for this system. In addition, smallholder farming 

systems are associated with people that frequently have a low level of education, lack of 

biosecurity knowledge and practice, and high prevalence of practices which pose risk for 

zoonotic diseases transmission (Arif et al., 2017). All these factors indicate that there is greater 

chance of spreading disease both to animals and humans if the disease is present in the system 

on smallholder farms than on larger commercial dairies. 
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The present study aimed to estimate the seroprevalence and associated risk factors (at both the 

animal and herd level) of bovine brucellosis in mixed buffalo and cattle smallholder farms in 

seven districts in Pakistan. It is expected that the outcomes of the current study will help to 

devise an intervention according to the disease status of districts through an educational 

awareness or extension program.  

 

5.2 Material & methods 

The study was conducted in collaboration with ASLP (Agriculture Sector Linkages Program) 

dairy extension research Project (LPS/2010/2007) through the Australian Centre for 

International Agriculture Research (ASLP dairy project, 2010-15). Between February and June 

2015, a cross-sectional study was carried out to estimate the herd- and animal-level prevalence 

of bovine brucellosis in smallholder farming systems of Pakistan. This study was conducted in 

five districts of Punjab (Okara, Pakpattan, Kasur, Jhelum, and Bhakkar) and two districts of 

Sindh (Badin and Thatta). Sampling strategies including districts, villages, and farms have been 

described in detail by Arif et al. (2017). The demographic characteristics of the selected 

districts are presented in Table 5.1. 

 

Table 5.1. Demographic features of study districts of Pakistan. Source: (Pakistan Bureau of Statistics 2016 and 

Livestock Census Punjab and Sindh, 2006). 

Province  District Ago-ecological 

zone 

Agro-climatic 

zone 

Number of 

buffalo per km2 

area 

Number of 

cattle per km2  

area 

Human 

population  

Punjab  Kasur Northern irrigated  Arid 271.46 97.64 2,375,875 

Okara Northern irrigated Arid 201.13 75.26 2,232,992 

Pakpattan Northern irrigated Arid 213.29 70.34 1,286,680 

Jhelum Barani land Arid 40.63 46.49 936,957 

Bhakkar Sandy dessert Hyper arid  31.98 66.02 1,051,456 

Sindh  Thatta Indus delta  Hyper arid 54.58 61.04 1,136,044 

Badin Indus delta Hyper arid  28.77 18.17 1,113,194 

 

Sera from cattle (n = 441) and buffalo (n = 621) were collected from smallholder mixed cattle 

and buffalo dairy farms. In total, 419 farms were selected and a maximum of three animals 

(given the availability of animals on individual farms) were randomly sampled from each farm, 

so that a sizeable proportion of each herd was sampled. No study farms vaccinated their cattle 
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or buffalo against bovine brucellosis. The sample size was calculated based on an unknown 

disease prevalence (thus assumed to be 50%) at a herd level, a 95% confidence interval (CI) 

based on a normal distribution approximation, and a desired absolute precision of 5%. The 

above sampling approach was also appropriate for animal-level prevalence assuming unknown 

prevalence. Epitools, an online epidemiological calculator (Sergeant, 2017), was used for 

sample size calculation. 

 

Oral consent was obtained from farmers prior to the start of the study and a pre-designed 

questionnaire was used to collect information on herd- and animal-level risk factors. The family 

member responsible for daily herd management was interviewed in Urdu, Punjabi, or Sindhi 

language, depending on farmer’s native language. Location coordinates (latitude, longitude, 

and altitude) of each farm were also recorded using iSURVEYTM application 

(https://www.harvestyourdata.com/). Climate data regarding maximum and minimum 

temperature, humidity and rainfall were obtained from local weather station of each district for 

the available years. Climate data for district Jhelum were available for the years 2010-15, 

Bhakkar: 2010-14; Kasur: 2014; Okara: 2010-14; Thatta: 2011-15; and Badin: 2011-15. No 

climate data were available for Pakpattan as there is no weather station in the district.  

 

5.2.1 Serum collection 

A total of 1,063 blood samples were collected from the jugular vein of each animal aseptically, 

according to the procedure described by Alton et al. (1975). Samples were kept cold at 4°C 

during transport to the laboratory at the University of Veterinary & Animal Sciences, Lahore 

Pakistan. Commercially-available serum separator vacutainers were used for serum collection. 

Serum was stored at -20°C until diagnostic tests were performed in the same laboratory.  

 

5.2.2 Diagnostic tests  

Three serological tests (RBT, I-ELISA, and C-ELISA) were performed on all sera collected 

from the seven districts.  

 

5.2.2.1 Rose Bengal test (RBT) 

The RBT was performed as recommended by the OIE (OIE, 2009). Briefly, 30 µl of each serum 

sample was mixed thoroughly using a clean glass rod for each sample with 30 µl of RBT 

antigen on the clean transparent slide. The mixture was agitated softly for 4 minutes at 22°C. 

The reaction was immediately assessed after 4 minutes as positive if agglutination was 

https://www.harvestyourdata.com/
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observed and negative if there was no reaction between serum and antigen. The antigen, 

positive and negative controls were procured from Institute Pourquier Rose Bengal Ag by 

IDEXXTM. 

 

5.2.2.2 Competitive enzyme-linked immunosorbent assay (C-ELISA) 

The C-ELISA was performed with SvanovirTM Brucella-Ab C-ELISA kit procured from 

Svanova Biotech, Uppsala Sweden using the procedure described by OIE (2009) and Matope 

et al. (2011). Percent inhibition (PI) was calculated to measure antibody titres by using the 

formula suggested by the manufacturer of the kits: 

 

PI = 100 −
Mean OD value of sample or control

Mean OD value of conjugate control
× 100 

 

5.2.3 Statistical analysis  

A number of samples returned negative results for RBT and positive for ELISA, which is 

inconsistent with what was to be expected with the use of RBT as screening and ELISA as 

confirmatory tests. Therefore, a Bayesian latent class approach was used to evaluate three 

diagnostic tests simultaneously for field conditions in Pakistan. The result from the evaluation 

study suggests using RBT and C-ELISA in parallel combination produced the highest overall 

sensitivity and specificity (Arif et al., 2018) , when considered as their sum. Consequently, this 

definition was adopted in the current study. A herd that had at least one positive animal in 

either of these two tests was classified as a positive herd. Initial infographics were plotted using 

descriptive statistics to show the pattern of brucellosis prevalence in both sexes of buffalo and 

cattle, within each district. A spatial distribution map showing herd location and Brucella 

seropositive herd status was constructed using ArcGIS® and ArcMapTM. Climate data were 

plotted using averages of each variable i.e. maximum and minimum temperature, humidity and 

rainfall over 12 months for the given years of each district. Note that district Pakpattan was 

excluded from the graphs, although is adjacent to Okara with similar altitude and landscape, 

and presumably has a similar climate. Climate graphs were plotted using the lattice package 

with R (Sarkar, 2008). This was followed by logistic regression modelling to assess factors 

associated with disease presence. Districts Bhakkar, Thatta and Badin had no positive farms 

for brucellosis so the data of these districts were removed from the logistic regression models.  

Brucella is not currently present in these regions and therefore, the analysis of risk factors is 

limited to a conditional analysis. The response variable for (the outcome of RBT and C-ELISA) 
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were coded as 1 (positive) vs 0 (negative). Herd-level risk factors used as explanatory variables 

in univariable logistic regression models were (1) number of buffalo; (2) number of cattle; (3) 

retained placenta cases in the last year (Yes vs No); (4) last trimester abortions (Yes vs No); 

(5) presence of other domestic animals at farm (Yes vs No); and (6) animals purchased in last 

one year (Yes vs No). Similarly, animal-level risk factors were also screened with univariable 

logistic regression: (1) age; (2) species (cattle vs buffalo); and (3) body condition score. Animal 

gender was excluded from the univariable analysis as only a few bulls were sampled. 

Explanatory variables with P < 0.20 in the univariable analysis were considered for further 

assessment in the multivariable analysis. A backward elimination procedure was used to build 

the final multivariable model with the inclusion criteria set was P < 0.05. Models were fitted 

using the glm() function in R (R Core Team, 2015), with P-values calculated using likelihood 

ratio tests. 

 

In addition, two scores were calculated. These were the total number of risky herd management 

practices undertaken by farmers in two separate categories, i.e. a farm cleaning risk score and 

a brucellosis herd transmission risk score, as described in a previous study on the same farmers 

(Arif et al., 2017). Briefly, the farm cleaning risk score (scored from 0 to 4) was the total 

number of risky practices practised by the farmer of the following four herd management 

practices: (1) not cleaning up dung; (2) not cleaning the feeding trough; 3) storage of dung piles 

for more than 6 months; and, (4) not washing udder before milking. Brucellosis herd 

transmission risk score (scored from 0 to 5) was based the following risky herd management 

practices: (1) common grazing for animals; (2) not disinfecting space after birth; (3) not 

disposing of placental membranes; (4) calving space shared with other animals; and, (5) 

slaughter of animals on-farm. These two indexes were plotted, using bar graphs, to visualise 

the distribution of scores both for seropositive and negative herds for the seven districts. 

 

5.3 Results 

A total of 420 smallholder dairy farms were involved in this study, and sera were obtained from 

441 cattle and 621 buffalo to estimate seroprevalence and associated risk factors of brucellosis 

in Pakistan. Of the 420 farms, one farms were removed because restraint of the animals was 

not possible at the farm location. In addition, five farms were removed from the spatial 

distribution map of bovine brucellosis due to missing information regarding location 

coordinates.  
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5.3.1 Seroprevalence of Brucella  

Sixty-eight of the 418 herds had at least one seropositive buffalo or cattle with RBT or C-

ELISA, which resulted in an overall herd-level prevalence of 16.2% (95% CI, 13-20%). 

Similarly, 93 out 1063 animals were positive, resulting in an animal-level seroprevalence of 

8.7% (95% CI, 7.15-10.6%) using both of these tests in parallel combination. Figure 5.1 shows 

the animal-level prevalence across the seven districts in buffalo and cattle. A greater proportion 

of buffalo compared to cattle is present in Pakpattan, Jhelum, Okara, and Kasur and also a 

higher herd and animal-level prevalence was found in these districts. Districts Bhakkar, Thatta 

and Badin have no positive animals with either tests. The spatial distribution of Brucella 

seroprevalence is shown in in Figure 5.2. 

 

5.3.2 Herd-level risk factor association with Brucella seropositivity  

The univariable logistic regression models show that three of the six herd-level risk factors had 

a significant association with herd positivity, namely, number of buffalo, retained placenta 

cases in last year and last trimester abortion in last year (all P  0.05), while the number of 

cattle (P = 0.88), presence of other domestic animals (P = 0.52), and purchasing animals in last 

year (P = 0.096) had no significant association. Herds with a greater number of buffalo were 

associated with disease presence (Table 5.2). However, it is important to note that there are 

greater numbers of buffalos in the seropositive districts compared to districts with no positive 

herds. Similarly, a history of last trimester abortions in the previous year was significantly 

associated with herd positivity. Results from the final multivariable logistic regression found 

only the number of buffalo had a significant association with herd positivity (hence equivalent 

to the univariable results in Table 5.2. Generally, herds with five or more buffaloes were 

associated with greater herd positivity compared to herds fewer buffaloes on the farm. The 

distribution of herd management practices scores among positive and negative herds for bovine 

brucellosis is illustrated in Figure 5.3.  

 

5.3.3 Animal level risk factor association with Brucella seropositivity  

Table 5.3 shows that the two of animal level risk factors i.e. species was significantly associated 

(P  0.001) with animal level disease prevalence. However, animal age and body condition 

score showed no association with disease presence. Species were again significant with 

multivariable logistic regression. 
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Figure 5.1. Infographic indicating the number of buffalo (B), buffalo bull (BB), cattle (C),  

and cattle bull (CB) along with animal-level prevalence within individual species and districts. 
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Figure 5.2. Spatial distribution map of Brucella seropositive herds (n = 418) in seven districts of Pakistan.Brucella-positive herds (n = 68) are indicated by the red portion of 

the pie graphs, whilst negative herds (n=350) are shown in green. The coloured areas on the map indicate the different agro-ecological zones of Pakistan. Climate data 

regarding temperature is plotted on right side (red line for max and blue for min) for six districts. Average relative humidity and rainfall data is plotted on the left side (blue 

line represent humidity and green for rainfall). The map was created using ArcGIS® software by Esri. ArcGIS® and ArcMap™. 
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Table 5.2. Summary of univariable models investigating potential explanatory risk factors for herd-level 

prevalence with RBT and C-ELISA in parallel combination as the outcome variable. P-value is shown for each 

explanatory variable followed by the odds ratio (OR) and 95% confidence interval (95% CI) for the OR. 

Explanatory variables  Parallel combination of RBT and C-ELISA 

Number of buffalo  P = 0.0026 

 OR 95 % CI 

0 to 2 1  

3 to 4 2.02  (0.93, 4.38) 

5 to 8 3.80 (1.69, 8.49) 

>8 3.81 (1.51, 9.58) 

Number of cattle  P = 0.88 

0 to 2 1  

3 to 4 0.81 (0.35, 1.83) 

5 to 8 0.98 (0.25, 3.83) 

Retained placenta cases in last year P = 0.0041 

No 1  

Yes 1.69 (1.16, 2.46) 

Last trimester abortion in last year  P = 0.027 

No  1  

Yes 2.06 (1.09, 3.89) 

Presence of other domestic animals at 

farm 

P = 0.52 

No 1  

Yes 0.82 (0.46, 1.47) 

Animal purchased in last year P = 0.096 

No  1  

Yes 0.61 (0.34, 1.09) 

 

Table 5.3. Summary of univariable models for animal-level risk factors and animal-level prevalence with RBT 

and C-ELISA in parallel combination as the outcome variable. P-value is shown for each explanatory variable 

followed by the odds ratio (OR) and 95% confidence interval (95% CI) for the OR. 

Animal level risk factors Parallel combination of RBT and C-ELISA 

Species P = 0.0018 

OR 95 % CI 

Buffalo 1  

Cattle 0.44 (0.25, 0.75) 

Age (years) P = 0.28 

1 to 2 1  

4 to 6 1.45 (0.80, 2.62) 

6 to 8 1.72 0.93, 3.16) 

>8 1.70 (0.83, 3.45) 

Body Condition Score P = 0.71 

1 to 2 1  

2 to 3 1.21 (0.64, 2.28) 

3 to 4 1.54 (0.53, 4.46) 

 

  



93 
 

 

Figure 5.3. Distribution of farm cleaning score and brucellosis herd transmission risk score among positive 

herds and negative herds for brucellosis in seven districts of Pakistan.0 to 5 indicates the total number of 

practices undertaken.
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5.4 Discussion 

This study shows that bovine brucellosis, as defined by seropositivity of either RBT or C-

ELISA, is present in smallholder dairy farms in four districts in Pakistan. The herd-level and 

animal-level prevalence was 16.2% and 8.7% respectively, on mixed cattle and buffalo farms 

across four districts. However, no herd or animal was found positive with Brucella in Bhakkar, 

Thatta, and Badin districts. To our knowledge, this is the most comprehensive study of bovine 

brucellosis in terms of smallholder settings. A recent study conducted in Potohar plateau, 

Pakistan, has reported very similar results, with 18.6% herd- and 6.3% animal-level prevalence 

with RBT (Ali et al., 2017). Another study carried out at veterinary hospitals, animal markets, 

and large peri-urban farms in Rawalpindi and Islamabad has shown very low animal-level 

prevalence, namely 1.6% in buffalo and 6.6% in cattle (Ahmad et al., 2017). Studies from other 

neighbouring countries such as India, Bangladesh, Iran and Sri Lanka have reported a wide 

range of prevalence estimates, from an overall prevalence of 27% in cattle and buffalo with 

RBT, 9.7% in cattle with RBT and ELISA, 0.7% in cattle with RBT and SAT (serum 

agglutination test), and 4.7% in cattle and 4.2% in buffalo with I-ELISA respectively (Zadon 

and Sharma, 2015, Ahasan et al., 2017, Mombeni et al., 2014, Silva et al., 2000). These 

estimates from different countries with different production systems highlights the variability 

in Brucella prevalence across different environments and systems. However, it is important 

that we attempt to understand some of the variation we might get and also identify the drivers 

behind the variation in prevalence estimates. 

 

Animal production system as well as environment can greatly influence the spread of bovine 

brucellosis (WHO, 1997). A review carried out in Ethiopia reported that brucellosis prevalence 

varies between agro-ecological zones (Yilma et al., 2016). In the current study, disease was 

found in the northern irrigated agro-ecological zone which is an arid zone by agro-climatic 

definition. This study does show that Brucella varies between agro-ecological zones which 

informs us of the importance to have targeted intervention to the areas where the disease is 

more likely a concern. As Table 5.1 shows, there is high average humidity in the districts where 

Brucella is present and it is reported that bacteria survive in humid environments for longer 

than in colder or drier periods (Rodriguez-Morales, 2013). Districts where the disease was 

absent were found to be much drier and the districts where it is present have greater access to 

rivers/irrigation water. It is reported that climate variables are associated with the disease 

prevalence and distribution (Ahmadkhani and Alesheikh, 2017, Li et al., 2013) but further 
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investigation is required to confirm this in Pakistani context, using finer-level climate data. 

Establishing the cause of spatial variation in brucellosis, or any disease, is a complex issue. It 

will require field evaluation over a wide geographical area encompassing a range of agro-

ecological zones employing a standard survey or data collection methodology throughout. Risk 

factor information as well as climatological; data also need to be gathered over the 

corresponding area. Following that, it would be possible to uncover some of the underlying 

causes of this variation using various approaches of spatial epidemiology (Durr and Gatrell, 

2004, Biggeri et al., 2006). It would be of interest to assess areas where these spatial models 

predict a considerably higher level of prevalence than observed: it may simply be that the 

disease has not entered those areas as yet, but will be at high if the disease is introduced. 

 

The current study revealed that last trimester abortion, the number of buffalo on the farm, and 

history of retained placenta in the herd were positively associated with herd-level prevalence. 

The association with last trimester abortion is in agreement with the biology of Brucella 

(McDermott et al., 1987) and similar findings have been reported in other studies (Lindahl et 

al., 2014, Boukary et al., 2013). In addition, the association between herd size and presence of 

Brucella has been demonstrated on smallholder farms previously. For example, a study 

conducted in Ethiopia found that higher seroprevalence in cattle was observed in larger-sized 

herds (Ibrahim et al., 2010). The current study was conducted on smallholder farms having a 

maximum of 10 animals, mostly mixed cattle and buffalo farms. The present study found that 

the odds of a herd being seropositive for brucellosis was higher when there were five or more 

buffaloes in the herd than when there were less than five. These findings possibly suggest that 

increased numbers of buffaloes on farm may be a risk factor for bovine brucellosis. However, 

these results may also reflect the greater number of buffalo compared to cattle in the disease-

positive districts, which may be independent of the previous putative association (see Table 

5.2). Note the sampling approach was consistent across all districts, so it is less likely to 

introduce bias. No association was found between Brucella and the presence of other domestic 

animals on farm, nor with history of new animals being purchased in the past year, although 

some other studies have reported an association with purchasing of new animals (Matope et 

al., 2010). Notably, in Pakistan, smallholder farmers have no record keeping system and 

unrestricted movements that were not able to be documented in this study could be a 

contributing factor to disease presence and spread.  

 



96 
 

Two herd management practices scores were used in this study, as described earlier, namely 

farm cleaning practices score and brucellosis herd transmission risk score. The distribution of 

herd management practices among positive and negative farms displayed (Figure 5.3) shows 

that the majority of farms were carrying out at almost all risky practices in all districts, while 

some districts (Pakpattan and Jhelum) have higher disease and higher brucellosis risk 

transmission scores. In general, farms have better cleaning scores than brucellosis risk 

transmission scores. There is room for improvement in the herd management practices across 

all the districts. While there was no association between these scores and presence or absence 

of the disease in the districts, it is likely that they contribute where the disease exists. In 

addition, given this study was an observational cross-sectional study, the associations found 

between practices and sero-positivity cannot be interpreted as a cause-effect relationship. 

Therefore, targeted intervention may be useful in either reducing spread of disease or 

preventing spread of disease if it introduced to that environment. These practices are 

traditionally present there and embedded in the culture so intervention is also required to be 

applied at wider level than individuals. Indeed, high levels of risky practices were reported 

previously (Arif et al., 2017). 

 

At the animal level, there were significant differences in seropositivity between the two species, 

with buffalo being more likely to be seropositive for brucellosis than cattle. This is also 

consistent with the herd-level analysis, where associations were found with buffalo herd 

numbers but not cattle numbers. Age and body condition score were found to have no 

association with disease presence at the animal level. However, animal age has previously been 

reported as a risk factor (Matope et al., 2010). As the overall body condition score in 

smallholder farms is very poor, with an average of less than three and little variation, it is 

unlikely that we would find an association with Brucella in this environment. Although animal 

sex was not investigated in this study as there was low availability of males, presence of 

infected male animals on farm has previously been identified as a risk factor for the disease 

spread (Bayemi et al., 2009).  

 

In the current study cattle and buffalo sampling was based on availability in general, as 

smallholders have few animals, mostly as mixed farms, and in some areas there are more 

buffalos than cattle. While this may have introduced sampling bias it reflects the distribution 

of animals in the regions sampled. In addition, while our practice of asking the farmers to recall 
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events from one year before is common in cross-sectional studies, it is possible that this has 

introduced recall bias.  

 

In conclusion, this study has identified herd-level and animal-level risk factors associated with 

seropositivity for brucellosis. Given there is presence of risky practices across all districts and 

four districts with high prevalence of the disease, region/district-specific targeted interventions 

are required, with those areas with high prevalence prioritised initially. While the districts with 

high disease prevalence should be prioritised and programs with disease control measures and 

educational campaigns should be developed and implemented, the districts with no or very low 

prevalence of disease, although being considered a lower priority for the disease, should not be 

omitted and educational awareness programs focusing on preventive measures, should also be 

implemented. The findings of this study could also be helpful to understand the risk factors for 

bovine brucellosis for other neighbouring countries with similar smallholder settings.  

 

Ethics statement 

The study was approved by the Animal Care and Ethics Committee, and Human Research 

Ethics Committee of Charles Sturt University Australia (Approval Numbers 15/003, 

2014/222), in conjunction with staff at University of Veterinary and Animal Sciences, Lahore 

Pakistan.   
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Abstract 

 

The aim of this study was to investigate the knowledge, perceptions and communication 

networks in relation to zoonotic diseases among smallholder farmers in Pakistan. A 

participatory epidemiological (PE) study was conducted among smallholder farmers (n = 82) 

in four districts of the Punjab. The study was implemented using focus groups and data were 

gathered using pre-established questions, activities and group discussions. Quantitative data is 

presented as descriptive statistics and qualitative data analysis was carried out using coding of 

the open questions to find the common descriptors. These common descriptor data were 

analyzed using thematic analysis. The findings indicate that farmers are not concerned about 

zoonotic diseases, with haemorrhagic septicaemia, foot and mouth disease, and mastitis being 

considered the three most important diseases of concern, with economic cost being the main 

reason explaining this concern. Farmers reported conducting practices posing a risk of zoonotic 

disease, with over half of participants reporting using raw milk and raw milk products. 

However, approximately half of those conducting these practices considered them to pose a 

risk for disease transmission. The drivers for these practices included family tradition lack of 

resources and lack of understanding. In the event of an animal health problem farmers would 

self-treat or contact senior farmers in the village; with government veterinary assistants being 

only contacted sometimes. Similarly, in relation to human health problems, half of participants 

reported to use self-treatment, with 58% indicating that they would go to the village dispensary. 

Access to animal and human health stakeholders and to resources was the most important driver 

of farmer actions. This study indicate there is low awareness of zoonotic diseases and a clear 

disconnection between risk perception and practices conducted, supporting the need of the 

development of targeted extension programs delivered by trusted stakeholders. This will help 

improve awareness of zoonotic diseases among smallholder farmers in Pakistan and their on-

farm and household practices to reduce the public health risk.  

 

6.1 Introduction 

Zoonotic diseases, especially brucellosis, and tuberculosis, are major public health and 

economic concerns in developing countries where such diseases are endemic (International 

Livestock Research Institutue, 2012, WHO, 2006). These diseases are also termed as 

“neglected diseases” because they are overshadowed by more publicized diseases (such as 

HIV/AIDS) and are often associated with poor communities (WHO, 2006).  
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Human brucellosis is a widely distributed bacterial disease with more than 500,000 cases 

annually (Pappas et al., 2006). Human brucellosis is caused by Brucella abortus, B. 

melititensis, B. suis, and B. canis (Doganay and Aygen, 2003). The disease in transmitted to 

human through ingestion or inhalation, or direct entrance via skin abrasions (Dasari et al., 

2013). Humans may be exposed to the pathogen by consuming raw milk and its products, 

handling abortion or foetal material, handling products of parturition and by exposure to 

vaginal secretions (Corbel, 2006). The pathogen transmission may occur via conjunctiva, 

respiratory tract and skin cuts (Robinson and Production, 2003).  

 

Human brucellosis has non-specific clinical symptoms, but mostly it is reported to be 

associated with fever, sweats, malaise, headache, prolonged illness, and arthritis. The disease 

can be complicated and cause epididymoorchitis and infertility among infected males (Akinci 

et al., 2006) and is also reported to have an association with abortion in pregnant women (Khan 

et al., 2001, Vilchez et al., 2015). 

 

Pakistan has several endemic animal diseases that cause morbidity and mortality in animals 

which are prevalent on smallholder livestock farms. The presence of zoonotic disease not only 

results in economic losses for the livestock industry but also represent a serious concern for 

human health. Like other developing countries, most of the smallholder communities in 

Pakistan are poor and share a disproportionately high burden of zoonoses. The zoonotic 

diseases are reported to be strongly associated with people living in poverty because of their 

close contact with animals (WHO, 2006).The smallholder farmers have a typically low level 

of education and very little to no awareness regarding zoonotic diseases. Furthermore, these 

same farmers tend to undertake a lot of practices which pose a high risk for transmission of 

zoonotic diseases to human (Arif et al., 2017).  

 

Participatory epidemiology (PE) is an emerging and relatively new approach for animal health 

data collection that allows rural communities to express their experiences as well as options for 

prevention and control (Catley et al., 2012, Jibril et al., 2015). In the last two decades, PE has 

been extensively adopted in Africa by field practitioners to improve understanding about 

livestock diseases and their impact on rural communities (Catley et al., 2014, Malak et al., 

2012). In comparison, with conventional questionnaire interviews or formal surveys, PE 

approaches are flexible and enriched by creating an open and dynamic interaction between the 
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farmers and researchers (Byaruhanga et al., 2015). The participants’ group discussion allows 

them to offer ideas and refined until the group reaches a final collective conclusion (Catley et 

al., 2002). 

 

In Pakistan, the animal health surveillance system does not provide information on zoonotic 

diseases (Akhtar and White, 2003). In addition, formal data collection methods commonly in 

use in developed countries are not always applicable to rural communities in developing 

countries. Like other developing countries, in Pakistan, zoonotic diseases are rarely recorded 

by the human health or veterinary health sectors. The focus of the veterinary services in 

Pakistan is to provide vaccination (mostly for foot and mouth disease), treatment and artificial 

insemination with very little attention given to any extension or awareness programs the focus 

on preventive measures (Warriach et al., 2012).  

 

A few studies have been conducted to estimate the prevalence of human brucellosis in Pakistan. 

A recent study carried out among pregnant women in a hospital in Rawalpindi, Pakistan, study 

found 5.8% (95% CI, 3.8-5.5%) seropositive for Brucella with the Rose Bengal test (Ali et al., 

2016). Another study carried out on abattoir workers in Lahore, Pakistan, found 21.7% (95% 

CI, 17.4-26.0%) seropositivity for brucellosis using ELISA (Mukhtar, 2010). Similarly, 

Khattak et al. (2016) have confirmed the presence of zoonotic tuberculosis among abattoir 

workers and farmers in Peshawar, Pakistan. In addition, a high prevalence of bovine 

tuberculosis has been reported in buffalo (Khan and Khan, 2007). The presented evidence 

indicates that the zoonoses is present in Pakistan and more likely to affect the rural smallholder 

farmers who are in close contact with animals. These communities rely heavily on livestock 

for various reasons including not only food (milk and meat) but also transportation, draught 

power, fuel and social security (a living bank). These smallholder farmers are likely to continue 

to have close contact with animals and remain at a higher risk of contracting zoonoses. Hence, 

there is a need for a public health intervention to facilitate awareness of zoonoses and control 

measures to prevent transfer of disease.  

 

The present study aimed to investigate the knowledge, perceptions and communication 

networks in relation to zoonotic diseases among smallholder farmers in Pakistan, using 

participatory epidemiology approaches to gather the information. Findings of the current study 

can inform and support the development of intervention strategies for improving the 
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management of zoonotic diseases among smallholder farmers in Pakistan and minimize their 

impact on human health.  

 

6.2 Material & methods 

The study was conducted in collaboration with the Agriculture Value Chain Collaborative 

Research (AVCCR) dairy and beef research project (FS2017) through the Australian Centre 

for International Agriculture Research (ACIAR). The AVCCR project aims to improve 

smallholder dairy and beef profitability by enhancing farm production and value chain 

management in Pakistan.  

 

6.2.1 Study Area 

The study was carried out in four districts of Punjab, Pakistan (Kasur, Okara, Pakpattan, and 

Jhelum) (Figure 6.1). These districts are located in two major agro-ecological zones, namely, 

Northern irrigated plains and Barani land. Selection of these districts was also based on (i) 

follow up of the previous studies (Arif et al., 2017, Arif et al., 2018); (ii) high prevalence of 

brucellosis in cattle and buffalo (Arif et al., 2018); (iii) high density of smallholder farms, who 

largely depend on livestock; and (iv) participation in the AVCCR project. 

 

6.2.2 Selection of villages and participants 

The AVCCR project works in eight to ten villages in each district and the project farmers 

benefit in terms of receiving information and training to improve farm production and access 

to the mainstream markets. A list of the project villages was obtained from the area advisors of 

the AVCCR project. A random selection of one village per district was made using a random 

number generation method in Microsoft Office Excel (Microsoft, PC/Windows XP, 2010, 

Redmond WA, USA).  

 

Selection of participants in each village to conduct farmer focus group discussion (FFGD) were 

made with the help of the AVCCR area advisor and a focal farmer in each village. The selection 

criteria were (i) male and female farmers who work at farms; (ii) have at least primary level of 

education (so they can read and write disease names); (iii) at least 25 years of age (that is, old 

enough to be familiar with animal and human diseases and know where to seek treatment); and 

(iv) not influential people or village leaders. The aims of the study were clearly explained to 

the participants before selection.   

http://aciar.gov.au/project/lps/2016/011
http://aciar.gov.au/project/lps/2016/011
http://aciar.gov.au/project/lps/2016/011
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Figure 6.1. Map of Punjab, Pakistan, indicating the study areas for the current study.Map was created using R 

software. 

 

6.2.3 Data collection  

Data collection was planned for eight FFGD meetings in four villages (a separate FFGD 

meeting for male and female farmers) between February and April 2017.  

 

6.2.3.1 Ethics statement  

In the first step, the focal farmer in each village was contacted by phone to explain the study 

aims and selection criteria for the participants. All the participants were informed regarding 

study aims and method. As the study was on a voluntary basis, farmers were allowed to leave 

the FFGD meeting if they felt uncomfortable participating in the discussion session. They were 

also clearly informed that the meeting would be captured with a voice recorder. The participant 

information sheet (translated into the Urdu language) was given to each participant prior to the 

FFGD meeting. Oral consent was obtained and recorded on the consent form from the 

individual participant. The current study, information sheet and the consent form/oral consent 
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method were approved by the Charles Sturt University Human Research Ethics Committee 

(Australia; Approval Number H16174).  

 

6.2.3.2 Participatory epidemiology methods 

As explained earlier the PE methods are a relatively new approach that allows researchers to 

obtain the depth of information in the form of qualitative and semi-quantitative data by actively 

engaging the farming communities (Malak et al., 2012, Catley et al., 2014). A structured 

activities plan (available on request from the corresponding author) comprising of PE tools, 

open-ended questions, and close-ended questions were used to gather information. PE tools 

included simple ranking and proportional piling, with sticky dots being used for ranking and 

scoring participants’ responses; further details on their use are given below. FFGD meetings 

were conducted in a session separately for male and female farmers. Each FFGD meeting ran 

for approximately two hours and the research team ensured that all the participants of the 

meeting had an opportunity to express their views. The sessions were open, and the research 

team also ensured that the discussion should not be dominated by one or a few participants. 

The research team included two team leaders who initiated the discussion and asked most of 

the questions and two facilitators, one for recording the discussion (on paper) and one to 

provide logistics support and help the participants with translation if needed. The FFGD 

sessions were also recorded with a voice recorder. The completed activities sheets were 

collected at the end of each FFGD meeting. 

 

Simple ranking for cattle and buffalo diseases 

The simple ranking was conducted to identify the three most important diseases of concern for 

the participants. The activity was started with an open call for common cattle and buffalo 

diseases present in the village, with the facilitator creating a list of all diseases mentioned on a 

large A1 sized sheet of paper (‘butcher paper’). Participants named the diseases in the local 

language and provided a description of the presentation of the diseases. After the discussion, 

each participant was then asked to select and rank the three most important diseases of concern 

from their perspective.  

 

Proportional piling to identify relative importance of disease by reasons  

Proportional piling was used to better understand the reasons (personal/family health, loss of 

home consumption, cash income, and impact on neighbour’s animal health) for the selection 

of the top three diseases of concern. Participants were given ten sticky dots for each selected 
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disease to distribute among the four reasons provided. The activity question also has an option 

for “Other” to find out if they value any other reason for the disease selection. An open 

discussion was carried out to investigate the reasons for selected diseases and the awareness 

and perceptions of zoonotic diseases. 

 

Risk perception  

Simple ranking was used to understand the perception of farmers regarding practices which 

pose risk for human brucellosis transmission. Three different coloured sticky dots were given 

for each practice to indicate the response, with red, yellow and green sticky dots used to indicate 

high, medium and low/no risk, respectively. The participants were also asked if they performed 

the specific household practice (yes/no response). The activity was followed by the discussion 

session to probe the reasons behind their understanding. In the second part of this activity, 

farmers were given different scenarios such as prolonged illness, abortion, and infertility, to 

ask in which scenario they would drive them to change their practices. Given the second part 

of the activity included culturally sensitive questions, these questions were asked in the form 

of a private face to face interview from each participant individually.  

 

Animal and human health communication networks analysis/mapping    

Communication networks analysis was carried out separately for animal and human health. 

The activity started with a discussion session to identify all the stakeholders, including 

organizations, institutions, and individuals or other potential channels of communication and 

sources of information for farmers, for both animal and human health. The discussion generated 

a list of all the involved stakeholders and then participants were given a sheet of paper with a 

printed circle of four layers. They were asked to write the classification of stakeholders, where 

they always, sometimes, occasionally, and never go, in the first, second, third and fourth layer 

of the circle respectively. Following that probing questions were asked to find the reasons for 

the selected stakeholder for both animal and human health services.  

 

Information delivery 

Proportional piling was again used to understand the relative importance of the topics of 

interest for each group. FFGD discussion produced a list the topics of interest (for example, 

vaccination, nutrition, reproduction). If the zoonotic diseases were not mentioned in the 

discussion list, the facilitator then introduced the topic and discussed its importance. The topics 

mentioned were written on the butcher paper and farmers were asked to select five topics of 
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interest and then distribute 10 sticky dots among the selected topics. A similar type of activity 

was carried out to identify and understand the relative importance of the methods (for example, 

face to face meetings/extension, workshops, TV, radio or other) of information delivery.  

 

Women’s perception regarding their family health 

At the end of PE activities with women FFGD, the participants were individually interviewed 

using five close-ended questions regarding their decision making on health-related matters. 

The questions were asked about the perception regarding decision making and use of 

resources/income for the women farmers  

 

6.2.4 Data management and analysis  

Both quantitative and qualitative data were collected in the current study. Quantitative data are 

presented with limited formal statistical analysis (due to the non-random sample of respondents 

and the qualitative data collection approach). The data were entered in Microsoft Office Excel 

(Microsoft, PC/Windows XP, 2010, Redmond WA, USA). The level of agreement between the 

male and female respondent for cattle and buffalo diseases was assessed using Kendall’s 

coefficient of concordance (W) (Siegel and Castellan, 1988). An infographic was created using 

VismeTM. Graphing and mapping were performed using the package “ggplot2” in R (Wickham, 

2016). Descriptive statistics were performed using R (R Core Team, 2015). For the qualitative 

data analysis from the discussion sessions, coding of the open questions was carried out to find 

the common descriptors. These common descriptor data were analyzed using thematic analysis 

(Braun and Clarke, 2006) by exploring the pattern across the data. Inductive coding was used 

to find the common themes from the participants’ discussion reports and a series of quotes 

reflective of identified categories are included in the final results.  

 

6.3 Results 

All of the eight farmer discussion group meetings were conducted successfully with the 

exception of one women’s meeting in Kasur where they refused to participate on the scheduled 

meeting day. The number of participants in each FFGD meeting ranged from 9 to 19 for male 

and 7 to 12 for female groups. In total, 54 male and 28 female farmers participated in the four 

and three FFGD meetings, respectively. Demographic features of the participants are shown in 

Table 6.1. 
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Table 6.1. Demographic characteristics of the farmer focus discussion group participants.  

  Category  
Male 

participants  
Female participants  

Age (years) 25-34 10 15 
 35-44 15 7 

  45-54 12 5 
 55-64 17 1 

Level of education  No formal education  1 4 
 Primary  8 10 

  Middle (8th standard) 13 2 
 Matric (SSC) 18 4 

  Intermediate (HSSC) 5 3 

  University 9 5 

 

6.3.1 Cattle and buffalo diseases of importance 

A total of 10 cattle and buffalo diseases or disease symptoms were identified across the seven 

FFGD meetings (Table 6.2.). Participants identified haemorrhagic septicaemia (HS), foot and 

mouth disease (FMD) and mastitis being the three top-ranked most important diseases across 

all districts by men and women farmers, with 79%, 73% and 53% of participants selecting these 

diseases, respectively. Participants also considered some clinical signs as diseases, for example 

fever, diarrhoea, edema, and bloat. Overall there was a strong statistical agreement between 

male and female groups (W = 0.85, P = 0.041) and between districts (W = 0.63, P = 0.0008). 

However, in Jhelum, where a 45% herd-level prevalence of brucellosis has been reported 

among smallholder farms (Arif et al., 2018), a significant proportion of male farmers (15%) 

selected animal abortions as a disease of concern, while in other districts abortions were not 

mentioned or only mentioned by one farmer. Among all diseases mentioned (Table 6.2), the 

only zoonotic disease listed was Crimean-Congo fever, and it was only considered by two 

female farmers.  

 

The proportional pilling identified that loss of home consumption and cash income were the 

most important reasons for farmers to be concerned about the diseases selected, with over a 

third of both male and female farmers selecting each of these reasons. Personal and family 

health and impact on neighbours was selected by approximately 15% of farmers.   

 

An open discussion followed the activity of diseases of importance to investigate the reasons 

for selecting these diseases and the awareness and perceptions of zoonotic diseases. Three main 

themes were identified in relation to the reasons for selecting the three top diseases (Topic 1), 

confirming the activity results. The most important theme was economic cost, due to animal 
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deaths and decrease in milk production. The second theme identified for the disease being 

considered important was past experience in their own farm or within the village. The third 

theme identified was farmers having had exposure to awareness or extension programs or 

activities in relation to these diseases, such as television advertisements and farmer field days 

organized by private companies. The discussion in relation to zoonotic diseases (Topic 2) 

identified that over half of those participating in the discussion had no understanding of 

zoonotic diseases, with the rest of the participants reporting some level of knowledge. Among 

those who showed no understanding of zoonotic diseases in relation to livestock, most were 

not aware of the potential for animal disease to be transmitted to humans. However, some did 

identify the potential for transmission of pathogens, such as drinking milk from cows with 

mastitis being harmful for human health. Those who had some level of knowledge of zoonotic 

diseases, reporting that this was due to past experience and exposure to awareness programs. 

Figure 6.2 presents a selection of quotes supporting these themes of the two topics of 

discussion.  

 

Table 6.2. Important cattle and buffalo diseases and symptoms selected and ranked by male and female 

smallholder in seven farmer focus discussion groups in four districts of Pakistan.  

Cattle and Buffalo 

Diseases  

Kasur M 

n (%) 

 

Kasur F 

n (%) 

Okara M 

n (%) 

Okara 
F 

n (%) 

Pakpattan M 

n (%) 

Pakpattan F 

n (%) 

Jhelum M 

n (%) 

Jhelum F 

n (%) 

 

Total 

n (%)  

HSa 9 (16)  13 (24) 6 (21) 7 (13) 8 (28) 10 (19) 12 (43) 65 (79) 

FMDb 12 (22)  15 (27) 7 (25) 9 (17) 5 (18) 5 (9.2) 7 (25) 60 (73) 

Mastitis 8 (14)  10 (16) 6 (21) 6 (11) 5 (18) 6 (11) 3 (11) 44 (53) 

Babesiosis 0  5 (9.2) 2 (7.1) 2 (3.7) 2 (7.1) 4 (7.4) 1 (3.5) 16 (19) 

Abortions 0  1 (1.8) 0 1 (.18) 1 (3.5) 8 (15) 0 11(13) 

Edema 1 (1.8)  2 (3.7) 0 0 0 0 8 (29) 11 (13) 

Prolapse 0  3 (5.6) 0 0 0 3 (5.6) 3 (11) 9 (11) 

External parasites 1 (1.8)  2 (3.7) 0 1 (1.8) 4 (14.2) 0 0 8 (10) 

Bloat 4(7.4)  1 (1.8) 0 2 (3.7) 0 0 0 7 (8.5) 

Retained placenta  0  0 0 0 0 4 (7.4) 0 4 (5) 

Milk fever 0  2 (3.7) 0 0 0 0 1 (3.5) 3 (4) 

Internal parasites  2 (3.7)  0 0 0 0 1 (1.8) 0 3 (4) 

Fever 1 (1.8)  0 1 (1.8) 0 0 0 0 2 (2.5) 

Congo fever 0  0 0 0 2 (7.1) 0 0 2 (2.4) 

Diarrhoea 0  1 (1.8) 0 0 0 0 0 1 (1.2) 

W = 0.85d, P = 0.041     W = 0.63e, P = 0.0008  

a Haemorrhagic septicaemia       
b Foot and mouth disease 
c Kendall’s coefficient interpretation: W < 0.26: weak agreement; 0.26 ≤ W ≤ 0.38: moderate agreement;  

W > 0.38 = strong agreement. M = Male participants F = Female participants.  
d Kendall’s coefficient between male and female participants  
e Kendall’s coefficient between districts   
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Figure 6.2. Quotes of smallholder farmers participating in farmer focus discussion groups investigating the 

cattle and buffalo diseases of importance and knowledge about zoonotic diseases. 
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6.3.2 Practices posing a risk of zoonotic disease transmission and farmer perceptions 

of this risk  

The perception of risk posed by different household practices was assessed using PE simple 

ranking. Figure 6.3 shows men and women farmer’s risk perception level for individual 

practices. It was found that 53% of participants were using raw milk, and of those using raw 

milk, 61% also considered this practice to pose a moderate to high risk for disease transmission. 

Unexpectedly, nine female farmers indicated that raw milk posed a high risk, but seven of them 

reported that they drink raw milk, despite their knowledge of risk. In addition, farmers also 

perceived that raw milk products pose less risk than raw milk, with fewer participants 

classifying this practice in the high-risk category. The majority of the farmers identified contact 

with placental membrane while handling animal abortions to be a high-risk activity and only a 

few of them performed the practice. Similarly, although 75% of participants identified the 

practice of not disinfecting the space after parturition/abortion to be of high risk of disease 

transmission, over half of these still reported not disinfecting. Likewise, a majority indicated 

living in a shared place with animals and uncovered hand cuts while in contact with placental 

membranes in the high-risk category, but almost 50% were also performing one or more of 

these activities. Animal slaughtering at the farm was categorized as a high-risk practice by most 

of the participants and only a few of them were practicing this.  

 

Four main themes were identified during the open discussion to investigate the perceptions in 

relation to the risk for brucellosis transmission posed by practices considered in the previous 

activity, to better understand the reasons behind farmers’ opinions. Farmer quotes to support 

these themes are presented in Figure 6.4. The most important theme explaining the main reason 

for performing or not performing some of the practices was the influence of family tradition 

and past experience at their household or farm. Farmers indicated that their family and elders 

had always performed the practice in question without any perceived negative health impact. 

This could explain why there are a significant number of farmers who perceived some practices 

to not pose a risk for human health (e.g. consumption of raw milk and milk products or direct 

contact with placental material while handling animal abortions, Figure 6.3). The second theme 

was the lack of resources required to perform some of the recommended practices, such as 

disinfecting the space after animal parturition or not sharing the living space with animals. 

Although farmers are aware that these practices posing a risk to human health (Figure 6.3), 
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most would still perform them because of lack of resources or alternative options. The third 

theme or reason behind farmers’ perceptions was a general lack of understanding of the risk 

posed by these practices. Some farmers, despite considering the practices to be risky to human 

health, reported not knowing the nature and extent of this risk, and still performed these 

practices. The last theme identified as driving farmers’ practices and their perceptions was 

having some level of understanding of the potential risk posed by these practices. As seen in 

Figure 6.3, there is a proportion of farmers who identify the practices as risky and consequently 

do not perform them. The qualitative data (quotes) indicate that these farmers have some level 

of understanding of the risk, describing practices, such as not covering hand cuts, living with 

animals and drinking raw milk as posing a risk for pathogen transmission (Figure 6.4). In 

addition to these main four themes, a low proportion of farmers showed misconception about 

some practices, for example, slaughtering animals on the farm or house as being a blessing for 

the place. Also, a few participants mentioned that the difference in taste was the reason for 

consuming raw milk and its products, with some believing that milk from their own cows was 

safer than that bought from the milkman, due to potential chemical adulteration.  

 

Figure 6.5 presents the scenarios (prolonged illness, abortion and infertility) in which both men 

and women participants would change each practice if they knew it could cause each clinical 

presentation of disease. Overall, both women and men would change most of the practices if it 

caused prolonged illness (fever, fatigue); however, for abortion and infertility, only a quarter 

of participants would change their practices if they knew it caused these clinical signs. 

Therefore, these results suggest that for example, with consumption of raw milk and its 

products, both men and women are more concerned about prolonged illness than infertility. 

However, as previously described, the majority of participants were not aware that abortions 

in women could be due to a zoonotic disease. Nonetheless, women participants seemed to be 

slightly more concerned about abortions than men, with more women indicating they would 

change the practices compared to men.  
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Figure 6.3. Infographics illustration the perception of male (n = 54) and female (n = 28) participants regarding 

the practices which pose risk for brucellosis transmission to humans. 
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Figure 6.4. Quotes of smallholder farmers participating in farmer focus discussion groups investigating the 

reasons regarding the practices which pose risk for disease transmission to humans(*practices described in 

Figure 6.3). 
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Figure 6.5. Percentage of both male and female farmers with three different scenarios (prolonged illness, 

abortion, and infertility) in which they would change the practice if they knew it poses risk for human 

brucellosis transmission with given practice. 

 

6.3.3 Communication network analysis for animal and human health  

Farmers were asked to list those stakeholders who they would contact if they have an animal 

and human health problem and the frequency of this contact. A list of these stakeholders with 

the number of farmers who mentioned each of them is represented in Figure 6.6. For animal 

health, the veterinary assistant was mentioned by 69 farmers, followed by the government 

veterinarian (n = 54). In addition, a significant proportion of farmers indicated self-treatment 

(n = 40) as a likely option. Other stakeholders mentioned by fewer farmers (n = 9 to 20) were 

religious leaders, senior farmers, neighbours, the district veterinary hospital and the village 

quack (this term is commonly used in Pakistan and refers to an untrained paramedic). However, 

the frequency of contact, this being always, sometimes or hardly, differed between the different 

stakeholders. While veterinary assistants and government veterinarians were mentioned by a 

high proportion of farmers, the frequency of contact is low, with only 23% and 11% of farmers 

reported always contacting these stakeholders, respectively. Among those farmers indicating 

self-treatment as the likely option, 65% would always use this option. Similarly, senior farmers 

and neighbours, stakeholders mentioned by almost a quarter of participants, would always be 

contacted by farmers.  

 

For human health, the village dispensary was the most likely stakeholder farmers would contact 

if faced with an issue, with 58 participants listing this stakeholder, of which 57 and 34.4% 

reported contacting them always or sometimes, respectively. This was followed by government 

and private hospitals with 43 and 37 responses, respectively. However, the frequency of contact 

with these stakeholders was very low. A similar number of participants listed self-treatment as 

a likely option and most indicated that they would always follow this option. Other stakeholders 

listed by fewer farmers (n = 8 to 18) were Lahore/Islamabad hospitals, army hospitals, religious 

leader, NGO health centre and the village quack. 

 

An open discussion following this activity was used to investigate the reasons for selecting the 

particular stakeholders. Two main themes were identified in relation to animal health, which 

are supported by farmer quotes presented in Figure 6.7. The most important theme explaining 

the main reasons of whether or not to contact animal health stakeholders is access (easy or 
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hard) and resources. Farmers indicated self-treatment is an easy access option and cheaper than 

contacting a veterinarian. Similarly, some farmers explained the government veterinarian is 

hard to approach and requires more financial resources. The second main theme or reason for 

contacting stakeholders, was trust and the perceived experience of stakeholders with animal 

health. For example, some farmers contact veterinary assistants because of their experience in 

animal health and disease and these are more likely to be contacted when farmers identify a 

serious animal health problem. In contrast, farmers would contact the senior village farmer for 

animal health-related advice, as these are more trusted among farmers and perceived to have 

more experience. A small number of farmers also mentioned their religious beliefs and 

personal/social linkages as reasons for contacting some stakeholders.  

 

In relation to human health, the open discussion identified three main themes (Figure 6.7), 

explaining the reasons for contacting human health stakeholders. The reasons identified were 

very similar to those reported for animal health, with access, resources and trust and experience 

being the most significant reasons. As the farmers’ quotes show, farmers mostly contact the 

village dispensary, as it is an accessible and affordable option. The third theme or reason for 

contact was the nature of the problem, with minor problems or consultations involving only 

advice, being directed to the village dispensary, and more serious problems leading to contact 

with hospital.    

 

6.3.4 Information delivery and its methods  

Participants of FFGDs were asked to indicate their interest on receiving information of a 

predetermined list of topics, using a proportional piling activity. The major topic of interest 

were zoonotic diseases (29%). A similar proportion of responses were observed for vaccination 

(21%), nutrition (18.5%) and reproduction. In relation to methods of information delivery, 

participants preferred face to face workshops or extension activities over other methods such 

as, radio, television, newspaper, or internet (Table 6.3). 

 

6.3.5 Women’s perceptions regarding health-related decisions 

Table 6.4 shows that most of the women participants have control over the health-related 

decisions, however, the majority (71%) required permission from their family male members 

to see the doctor. Similarly, most of the participants (75%) have control over the savings for 

their health-related matters but again the same percentage cannot travel alone to see the doctor 

regarding their own or family health.
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Figure 6.6. Communication network analysis map for smallholder farmers both for animal and human health. 

The size of the pie graph indicates the number of responses with number and percentage.Colour density 

indicates the frequency of the connection. The darkest colour shows when they always contact, medium 

brown/blue shows sometimes contact and light colour indicates when they hardly ever contact to the particular 

stakeholder. 

 

Table 6.3. Topic of interest and method of information delivery raking by smallholder farmers. 

 Proportional piling score (%) 

 

Topic of interest Zoonotic diseases  Vaccination  Nutrition  Management  Reproduction 

  

241 (29.4) 176 (21.5) 152 (18.5) 110 (13.4) 141 (17.2) 

 

Method of 

information 

delivery  

Face to face 

workshops/extension 

Radio Television  Newspaper  Other/internet  

 

462 (56.3) 50 (6.1) 184 (22.4) 80 (9.8) 44 (5.4) 

 

 

Table 6.4. Women decision making indicators regarding their health related decisions. 

 Always Sometimes Never 

Control over the health-

related decisions n (%) 

11 (39) 15 (53) 2 (7) 

Required permission to 

see doctor n (%) 

20 (71) 5 (18) 3 (11) 

Control over savings  

n (%) 
Yes No 

21 (75) 7 (25) 

Can travel alone to see 

doctor n (%) 

7 (25) 21 (75) 
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Figure 6.7. Quotes of smallholder farmers participating in farmer focus discussion groups investigating the 

reasons for communicating particular stakholders for animal and human health related matters. 

 

6.4 Discussion  

This paper has investigated the knowledge and perceptions of smallholder farmers regarding 

practices which pose a risk for zoonotic disease transmission, with a focus on human 

brucellosis. We have used PE approaches to better understand the existing settings so that the 

information obtained may be used to inform the development of extension strategies to 

minimize the public health risk of zoonotic diseases and more specifically human brucellosis.  
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Participatory epidemiology approaches evolved from participatory rural appraisal (PRA) and 

in the last few years they have been extensively used in developing countries, both in animal 

and human health topics, such as for the development of surveillance systems (Chambers, 

2007, Mariner et al., 2014). More recently, PE approaches have been used in developed 

countries. For example, in Canada, PE methods were used to understand factors associated 

with the spread of enteric disease and the perceived importance of the disease in different 

regions of the country (Harding et al., 2014). The advantage of using PE approaches in research 

is that they are flexible methods that can be designed to achieve any particular objective, and 

support researchers to understand the deeper realities and provide valuable insights of the 

community for any particular problem. Catley et al. (2012) described the comparison of these 

approaches with formal data collection as ‘top-down’ vs ‘bottom-up’ development, the former 

being determined by the researcher, and the latter also involving input from the community. 

Consequently, any intervention within the community could be more successful when it is 

jointly developed by researchers and individuals part of the community. The novelty of PE 

approaches is that they give the voice to communities; facilitate the participants to think, 

discuss and be actively involved to find the solution of the community problem (Allepuz et al., 

2017, Toribio and Rushton, 2012). Moreover, PE is a relatively cheap and prompt way to 

generate community-specific information (Byaruhanga et al., 2015).  

 

In the current study, the PE approaches were designed according to the local scenario and to 

understand the farmers’ knowledge and perceptions regarding the risk of zoonotic diseases. 

This study gathered both, quantitative and qualitative information using farmer focus group 

discussions in four districts of Pakistan, which were previously identified as ‘hotspots’ for 

bovine brucellosis (Arif et al., 2018) and where practices were highly conducive to the spread 

of brucellosis and other zoonotic diseases (Arif et al., 2017).  

 

The first activity conducted in the FFGD was to investigate farmers’ diseases of concern. 

Results indicated that HS, FMD and mastitis were the priority diseases among participants. 

Although no active surveillance activities are implemented in Pakistan for these diseases 

(Zahur et al., 2006) , they have been reported to significantly impact the livestock industry in 

the country. FMD has been reported to have the greatest number of outbreaks in Punjab and is 

the most prevalent disease in the country (Anjum et al., 2006, Zahur et al., 2006). Similarly, 

HS and mastitis have also been stated to be diseases of concern with high prevalence in the 
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livestock industry in Pakistan by several other authors (Farooq et al., 2011, Ali et al., 2011), 

which is consistent with the current study findings.   

 

Based on the thematic analysis of the qualitative data, the main reason for considering these 

diseases important was the associated economic cost due to animal deaths and a decrease in 

milk production. It is reported in the country that FMD causes 6 billion Rupees (USD 57 

million) loss to farmers annually (FAO, 2003). Given the selected diseases in the present study 

only cause production loss and are not transmissible to humans, farmers’ reasons for disease 

selection are justified and align with the country’s situation. When investigating in more detail 

the reasons of disease importance, results suggest that participants’ perceptions are influenced 

by past experience with the specific disease affecting their farm and the existing awareness 

programs about these diseases, including for example, the FMD control program (FAO, 2015). 

The majority of diseases listed by participants were production diseases, with only one zoonotic 

disease, namely Congo fever, being mentioned by two female farmers from Pakpattan. 

Interestingly, while 15% of participants mentioned abortions as a disease of concern, the 

subsequent discussion indicated they were not aware of brucellosis being a potential cause of 

these abortions. These results suggest that animal diseases that are zoonotic, are not a priority 

for participants. In addition, the qualitative discussion suggests that there is little or no 

awareness about zoonotic diseases and a misconception that some specific production diseases 

might actually affect humans when in reality they do not. Findings from this study also indicate 

that not only there is low awareness of the existence of animal diseases with zoonotic potential, 

but also about the actual zoonotic impact of these diseases, with farmers’ priority being those 

diseases with a direct economic loss. There are a number of other studies in developing 

countries that demonstrate that smallholder farmers are not aware about the existence of 

zoonotic disease and the impacts caused by zoonosis, both in terms of livelihood and economics 

(Mangesho et al., 2017, Nyokabi et al., 2018). For example, a study carried out in Indian Punjab 

indicates that farmers have low awareness regarding zoonotic disease, especially brucellosis, 

tuberculosis and anthrax and they also have misconception  about some non-zoonotic diseases 

as a potential risk to human health (Hundal et al., 2016).  

 

Practices which pose risk for disease transmission, such as consumption of raw milk and its 

products, are reported to be a major pathway of infection for human brucellosis (Lulu et al., 

1988, Sofian et al., 2008). Similarly, other practices, such as handling aborted foetuses, 

assisting at parturition, living in a shared place with animals and slaughtering at the farm, are 
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reported to have an association with human brucellosis (Corbel, 2006, Osoro et al., 2015, Arif 

et al., 2017). The current study investigated the perceptions of farmers regarding these 

practices, and findings indicate that there is a mismatch between risk perception and reported 

practice. While farmers identify a practice as risky for human health, they still report 

conducting the practice, such as handling animal abortions or living in a shared space with 

animals. A study carried out in Uganda found that the majority of farmers had knowledge of 

human brucellosis and its prevention methods, however only a few were adopting the 

preventive measures due to resources and behavioural factors (Kansiime et al., 2014a). In the 

current study, the qualitative discussion indicates that the main reasons for performing or not 

performing the practices were family tradition and past experience, lack of resources and lack 

of or limited understanding of the risk posed by these practices. In relation to lack of resources, 

for some practices this related to not having alternative approaches to conduct a practice, for 

example, no having alternative space for housing animals. Unless resources are made available 

to farmers, these practices will be very difficult to be modified with only providing education, 

as high level of knowledge does not always lead towards practice change or correct behaviour 

(Kansiime et al., 2014a). In addition, past experience seemed to be a significant factor for 

conducting a risky practice, and perceiving this practice to not be harmful for human health, 

such as drinking raw milk. With diseases such as brucellosis, only a proportion of people would 

contract the disease after drinking raw milk, and in some instances affected people do not relate 

the symptoms with the practices, and as such, there is no perception of risk. This poses a 

challenge for any control program based on minimizing risk behaviour. 

 

This study also investigated some of the potential health drivers for practice change, and 

identified that farmers were in general more prepared to change a risky practice linked to 

brucellosis transmission, if the disease caused prolonged illness. However, more women 

participants seem to be concerned about abortions than men about infertility, with more women 

reporting they would change the practice if they knew it could be linked to a disease causing 

abortion. The fact that a disease causing abortions and infertility is less likely to influence 

farmers’ practices, compared to a disease causing prolonged illness, could indicate that farmers 

are considering abortion and infertility a common and acceptable health issue; an issue that 

they are happy to accept instead of modifying a risky practice.  

 

In relation to communication networks, smallholder farmers indicated veterinary assistants and 

senior farmers in the village are the first point of contact regarding animal health problems; 
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however, they also indicated self-treatment as a likely option always used by most participants. 

Some participants would also contact village quacks and religious leaders for animal health 

and treatments, which has been reported previously (Arif et al., 2017). The existing veterinary 

support structure in the country is well developed, with veterinary hospitals (n = 963), 

veterinary dispensaries (n = 2,869) and veterinary centres (n = 2,875), these having at least one 

veterinary officer and a number of para-veterinarians (veterinary assistants) (Afzal, 2009a). 

However, the focus of these veterinary services is limited to providing vaccinations and 

artificial insemination, with no provision of extension and education (Warriach et al., 2012). 

The current study revealed that even though the official veterinary support structure is there, it 

is not the main point of contact for smallholder farmers. Regarding the human health 

communication network, there is a fairly large and well-developed structure to provide health 

care in the country. However, this is not accessible to everyone due to cost and availability in 

rural areas (Shaikh and Hatcher, 2005). Participants in the current study mentioned they would 

choose self-treatment or a village dispensary as a first action in the event of a health issue, with 

the village dispensary being most of the time privately run by paramedics or even non-qualified 

persons. 

 

This study suggest that the main reasons for contacting or not contacting a particular 

stakeholder were trust and past experience, with access to the stakeholder and financial 

resources having also some influence on farmers’ decisions. In addition, the nature of the 

problem was also identified as a potential influence on farmers’ decision on who to contact. 

While farmers would call a veterinarian in the event of an emergency animal health situation, 

they would contact a fellow farmer for advice on management and prevention. Similarly, 

farmers would go to a village dispensary if the severity of the problem was perceived to be low 

but would attend a hospital for emergency or severe health problems. This indicates that for 

any intervention aimed at improving farmers’ knowledge and practice in relation to animal and 

human health, it should consider who the trusted sources of information are and the best 

approach to reach all farmers. Animal and human health providers should identify trusted 

farmers within a village and work together to transfer and disseminate the required information 

(Kahn, 2006, Kansiime et al., 2014a, Hayes et al., 2017).  

 

Participants in this study, after the discussion on zoonotic diseases, indicated that training and 

awareness programs about these diseases would be a useful service to be provided to rural 

communities. Interestingly, analysing communication networks of both, animal and human 
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health, it was found that the provision of public health information or health education is not 

part of either system. Therefore, there is strong need to use the available animal and human 

health service providers efficiently, by including targeted health education, especially on 

zoonotic diseases, which are currently not considered. 

 

This study provides an insight into smallholder farmer’s knowledge and perceptions on 

zoonotic diseases in different districts in Pakistan. Although every effort was made to reduce 

bias when selecting participant farmers, some bias might be present as selection occurred 

through the village leader, who might have based their selection on farmer status and influence. 

This could be a reason for the higher proportion of well-educated people among focus group 

participants compared to the population of rural communities. Similarly, the reduced age and 

lower level of education in females compared to males in our sample could represent selection 

bias, but also may reflect a general trend within such communities. In addition, it is important 

to consider that Brucellosis prevalence in animals differs significantly between districts, and 

as such, knowledge of the disease and practices undertaken might be affected by this factor. As 

such, results obtained should be interpreted considering the specific context where data were 

collected.  

 

In conclusion, results from this study support the need for the development of targeted 

extension programs via farmer discussion groups using trusted individuals to improve 

awareness of zoonotic diseases among smallholder farmers in Pakistan, including practical 

information on their on-farm and household practices to reduce the public health risk. This 

intervention should be developed considering the need to detach the undertaking of risky 

practices from the culture and beliefs of rural communities. Implementing a control program 

for zoonoses will not only improve the livelihood of the smallholder farmers by improving 

animal and human health but will also improve the overall farm production and economics.  
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General discussion 

 

 

The picture was taken in district Jhelum while conducting a famer focus group 
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7.1 Background and overview of the approach 

Brucellosis is a neglected disease in Pakistan and remains an endemic challenge due to lack of 

public awareness and consistent preventive measures. While limited studies have been carried 

out on large and commercial farms, smallholder dairies, which account for 90% of the dairy 

industry in Pakistan (Afzal, 2009b), are neglected. To address this important disease at the 

smallholder farmer level, this thesis reports on a number of critical components that are 

required to enhance understanding of the issue. The first of these is an estimation of the 

prevalence of bovine brucellosis in smallholder farms and the second is the identification of 

household management practices and herd management practices on smallholder farms that 

may present a risk for acquisition of brucellosis from cattle and/or buffalo in humans. Finally, 

information about the potential for uptake of biosecurity measures by these farmers and their 

families was obtained, along with the knowledge, perception and communication networks of 

farming communities regarding zoonotic diseases. This work provides direction to develop a 

targeted intervention program that will contribute to the control of brucellosis at the 

smallholder level.  

 

Chapter 5 of this thesis reports an estimation of the prevalence of bovine brucellosis in seven 

districts (Kasur, Okara, Pakpattan, Jhelum, Bhakkar, Thatta and Badin) in Pakistan. While 

performing the laboratory work for diagnosis of bovine brucellosis within this study, an 

inconsistency was noted between the results from the diagnostic tests that are traditionally used 

and well established for diagnosis of brucellosis. A number of samples returned negative results 

for RBT and positive for ELISA, which is at odds with what is expected with the use of RBT 

as screening (given its reported high sensitivity), and ELISA as confirmatory (given its reported 

high specificity) tests. Therefore, it was postulated that these tests would return inaccurate 

estimations of prevalence if they were used as reported in the literature without further 

exploration. Consequently, in order to avoid inaccurate results, the initial aims of the thesis 

were broadened to evaluate the commonly used diagnostic tests for bovine brucellosis in 

naturally-infected cattle and buffalo in smallholder farms in Pakistan. Accurate information on 

test properties and reliability holds great importance both for animal and human health. 

However, in the absence of a gold standard test with which to compare, diagnostic test 

evaluation necessitated estimating the Se and Sp using Bayesian latent class analysis (Chapter 

4). This led to a more accurate estimation of the prevalence of bovine brucellosis than would 

have occurred had we simply used the tests without questioning their properties and also 

allowed an accurate analysis of risk factors in a smallholder farmer setting (Chapter 5). The 
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existing knowledge relating to brucellosis, and occurrence of practices at farm and household 

levels that pose a risk to humans for contracting brucellosis was also explored (Chapter 3). 

Finally, in order to inform future interventions, the drivers, attitudes and communication 

networks for improving the management of zoonotic diseases, with a focus on human 

brucellosis, among smallholder farmers in Pakistan was explored using a participatory 

approach (Chapter 6). Collectively, this work helps to understand brucellosis within the 

current smallholder settings and also provides direction to develop disease control programs 

for the smallholder production system which is the predominant system in the country (Figure 

7.1).  

 

The evaluation of diagnostic tests reported in Chapter 4 revealed some discrepancy in the 

published literature in terms of Se and Sp of RBT. RBT is considered to have a high Se (OIE, 

2009) and this assumption has been the basis of the use of this test as a screening test rather 

than a confirmatory test. For example, studies carried out in Zambia and Zimbabwe (Muma et 

al., 2007, Matope et al., 2011) reported a very high Se (84-99%) but, in contrast, two recent 

studies (Rahman et al., 2013, Ahasan et al., 2017) reported a very low Se (58-80%) of RBT 

when used in field conditions in Bangladesh. The research reported in this thesis supports these 

findings with laboratory analyses from a number of samples testing positive based on the 

results of ELISA and negative on RBT. Therefore, this evidence raises concerns for the use of 

RBT as a screening test in field situations in Pakistan and, to our knowledge, this is the first 

time diagnostic tests for brucellosis have been comprehensively evaluated in Pakistani field 

conditions. The results of this chapter indicate that C-ELISA has higher Se compared to RBT 

and I-ELISA using LCA. The study also found that the diagnostic tests perform differently in 

cattle and buffalo and, in general, the Se of all three tests were higher in buffalo compared to 

cattle. In isolation, C-ELISA performed better than RBT and I-ELISA. A comprehensive 

sensitivity analysis was also performed using different prior information on Se and Sp from the 

literature and it was found that the use of minimally informative priors in the LCA produce 

unbiased results. This approach has the advantage that it allows the tests to be developed purely 

for the local context, rather than being influenced by test performance in other contexts.  
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Figure 7.1. Overarching aims of the thesis and the potential implications of the work. KAP is Knowledge, 

attitude and practices. 
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In the smallholder setting, there is a greater cost of a false negative result, leading to undetected 

cases of brucellosis with health impacts for both animals and humans. Therefore, in this setting, 

we would prefer to increase the Se at the cost of Sp. Considering this scenario, we also 

evaluated the Se and Sp of applying the three tests in different serial and parallel combinations. 

Based on this analysis, RBT and C-ELISA in parallel combination produce the highest NPV 

and reasonable PPV. This combination is cost effective as only two tests are required, and not 

the additional I-ELISA test, and it also provides a better option for herd screening according to 

the local context. Therefore, this chapter suggests that none of the three tests evaluated in the 

current study should be used as a single test in naturally-infected animals in Pakistan, as they 

are not sensitive enough to screen the herd. In the smallholder context, two or more tests are 

required to screen the herd, with the optimal choice RBT and C-ELISA in parallel combination.  

 

In Chapter 5, the seroprevalence of bovine brucellosis was investigated in seven districts using 

the RBT and C-ELISA in parallel, in line with the recommendation from Chapter 4. The 

overall herd level prevalence was 16.2% but this varied widely between districts. The districts 

Jhelum and Pakpattan; Okara and Kasur; and Bhakkar, Thatta, and Badin, were found to have 

high (48%), medium (11%) and no (<1%) disease prevalence respectively. This finding 

indicates that there is variability of Brucella in different geographical locations. As reported in 

Chapter 5, it was found that the disease is present in the northern irrigated agro-ecological 

zone which is also an arid zone by agro-climatic classification. However, while the reasons 

behind the variation in prevalence are not known with certainty, it could be due to unfavourable 

climate conditions resulting in reduced survival and transmission of the organism, or it is also 

possible that the disease has not yet been introduced in those districts where it was not detected. 

However, to evaluate these possibilities, information on the movements of animals between 

districts is required as this may suggest geographic patterns of disease transmission. Although 

this is not possible in Pakistan currently, due to a lack of accurate record keeping that tracks 

animal movements between the districts, it is recommended that such capacity is prioritised in 

future development. Some reports from other countries identify an association between the 

disease and climate variables, for example, humidity, but in the current context/production 

system, further investigation is required, using finer-level climate data and larger numbers of 

sites, in order to explore this putative association.  

 

In Chapter 5, it was also found that last trimester abortion, history of retained placenta, and 

the number of buffalo at farms were herd-level risk factors for on-farm presence of brucellosis. 
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The association with last trimester abortion is in agreement with the biology of Brucella 

(McDermott et al., 1987) and similar findings have been reported in other studies (Lindahl et 

al., 2014, Boukary et al., 2013). The results of this chapter also suggest that larger numbers of 

buffalo on farm may be a risk factor for bovine brucellosis. However, this may be because there 

are a greater number of buffalo in the districts (as presented in Chapter 5) with high disease 

prevalence and this association may be because the number of buffalo may be acting as a 

confounder or even an intervening variable, and consequently further investigations are 

required to determine the likely causal pathway, in order to adequately assess associations in 

future. The sampling approach used in this study resulted in a similar number of animals being 

sampled in each district, so this possible explanation could not be assessed from the data at 

hand. However, obtaining data on livestock density across geographical districts may help to 

resolve this issue. In conclusion, this chapter identified herd and animal risk factors associated 

with disease prevalence. This information can be used to design a targeted disease control 

program for the local field conditions of Pakistan, and the results of Chapter 5 also used to 

prioritise the districts for intervention, according to the disease status.  

 

Chapter 3 assessed the extent of existing knowledge and understanding relating to brucellosis 

and investigated the occurrence of practices at the farm and household level that pose a risk for 

humans contracting brucellosis. The results of this chapter identified that, while smallholder 

dairy farmers had usually heard about animal brucellosis, there was little awareness regarding 

human brucellosis. In addition, almost all farmers reported that they performed at least one 

practice at both the farm and household level which poses a risk of Brucella transmission to 

other animals and to humans. The results also revealed that the level of formal education of 

farmers is associated with their knowledge and understanding of the disease. The smallholder 

farmers with no formal education were less likely to be aware of the disease or perform good 

hygienic practices at their homes, compared with farmers with at least middle level of formal 

education. This study was also carried out in seven districts and it was found that, although 

there was some variation, the prevalence of risky practices at both herd management and 

household level were high in all districts. Importantly this high level of risky practices occurred 

regardless of the disease prevalence, which was found to vary significantly between districts 

(Chapter 5). This indicates that the presence of risky practices is likely to contribute to the 

spread of the disease where it is present. However, in the districts where disease is not present, 

these practices still present a risk because if the disease is introduced in these regions it will 

spread quickly due favourable conditions and practices both in animals and humans.   
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This study also comprehensively analysed ‘risk practice scores’ (Farm cleaning risk score, 

Brucellosis herd transmission risk score, Household risk score) which are the total number of 

practices undertaken by farmers in each of their respective categories. These risky practice 

scores indicated that the knowledge of disease is an important predictor of the behaviour as an 

increase in knowledge was associated with lower risk scores. None of the districts were risk-

free in terms of practices undertaken by the majority of farmers and their families. Given the 

varied presence of Brucella between districts we can assert that there is no evidence of 

association between risky behaviour and presence or absence of Brucella at a district level, 

which is to be expected with a geographically-varied pathogen distribution. Therefore, if the 

disease is present (which is true for four of the seven districts investigated), a reduction in risky 

practices scores will eventually lead to a reduction in prevalence of brucellosis. In addition, in 

areas where the disease is currently not present, a reduction in risky practices scores would be 

expected to reduce the chance of the disease spreading if it was introduced. Notably, the risky 

practices perceptions were also guided by cultural and religious beliefs which indicates that 

support to improve farmers’ knowledge would not necessarily lead towards practice change 

(Kansiime et al., 2014a). The results of this chapter are useful to identify that not only will 

customisation of the educational aspects of an intervention program be required, according to 

the risk profile of each region, but that customisation without taking into account the cultural 

and religious sensitivities will result in limited change.  

 

Chapter 6 aimed to further investigate the drivers behind the knowledge, attitude and 

communication networks towards the management of zoonotic diseases using quantitative and 

qualitative approaches within a participatory epidemiology framework. This study was carried 

out in the districts where the disease is present (Chapter 5) and provides an insight into 

farmers’ perception and knowledge. In particular it shows that the farmers are not concerned 

about zoonotic disease and this attitude is guided by either the economic cost or past experience 

in terms of exposure to the disease or to any awareness program. Similarly, there was a marked 

difference or disconnect between farmers’ perception of risky practices and likelihood of 

performing these practices. Some of the practices are a part of the culture and traditional 

knowledge, for example consumption of raw milk and its products, which makes practice 

change difficult, regardless of knowledge. These aspects need to be addressed by a culturally 

appropriate strategy when mechanisms for reduction are discussed and implemented. In 

addition, some risky practices are undertaken out of necessity as there are no viable alternative 
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approaches, for example, animals are housed within homes as alternative space is not available 

for housing animals. These practices will be difficult to be modified unless farmers are able to 

access support, and in some cases, additional resources (for example; land/space for housing). 

In addition, the analysis of communication networks in this study indicates that the farmers 

often use a number of unreliable or poorly-informed sources either for information about or 

treatment of both animal and human health. There a number of stakeholders that farmers should 

be sensitively counselled against using to seek information regarding disease prevention 

measures or treatment, for example senior farmers or religious leaders, unless it is known that 

they are well trained and knowledgeable in animal and human health aspects. The results 

revealed that farmers have more trust in senior farmers than veterinarians, and that they would 

only contact a veterinarian or human health service providers in the case of an emergency. 

These findings indicate that there is a trust gap between farmers and health service providers 

(human and animal). Therefore, the animal and human health providers should identify the 

trusted farmers within the village and work together to transfer important information about 

zoonotic disease.  

 

In conclusion, the results of this chapter, in conjunction with Chapter 3, provide insight into 

farmer knowledge, attitudes and practices that is imperative to guide a targeted educational 

intervention. We believe this intervention holds great importance in a smallholder context as 

testing and slaughtering of infected animals is not an economically and socially viable option 

in these settings. Typically, smallholders have between five to eight animals and their day-to-

day livelihood depends on these animals. These communities are reported to have closer 

contact between animals and farming families (WHO, 2006) than large and commercial 

farmers. Therefore, these smallholder farmers warrant a higher priority to receive health 

education regarding preventive measures for zoonotic disease, given that important zoonoses 

such as human brucellosis can be controlled very effectively by adopting risk-free practices 

with careful planning and implementations.     

 

7.2 Limitations and contextualisation of the research work  

The findings of this thesis should be interpreted considering the context and the production 

system of Pakistan. Although we made every effort to reduce the biases, some limitations of 

the work are listed below.  
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Estimation of disease prevalence (Chapter 5) was carried out on smallholder farms in seven 

districts of Pakistan, and so it follows that this will not be a perfect representation of the whole 

country. However, this is the first study carried out on smallholder farms in Pakistan with such 

a large number of samples and covering different agro ecological zones. The findings indicate 

there is substantial variation in disease prevalence in the sampled districts which is very 

important information for designing a disease control program. This variation suggests there is 

no “one size fits-all” or one intervention program that can be effective for the whole 

smallholder system across the country in terms of limiting the disease. However, despite this 

local variation, the results of disease burden might have more importance at the regional level, 

i.e. across the subcontinent, as these issues are equally applicable for other countries with 

smallholder production systems. Indeed, smallholder farms dominate the farming systems of 

most developing countries, many of which also have endemic brucellosis. Without having the 

disease burden information in smallholder settings, we cannot estimate the risk for human 

brucellosis.   

 

Another potential limitation of this thesis could be the sampling approach for herd and animal 

level prevalence estimation (Chapter 4 and 5). It is understood that different sampling 

approaches are required for selection of animals in small herds compared to large ones. For 

this study, we sampled a maximum of three animals per herd, but the herd size should not be 

overlooked when interpreting the results. The herds studied here are small: fewer than 10 

animals in each and often only two or three. Indeed, just less than half of the farms sampled 

had herds comprised of three or fewer animals. So, overall, a sizeable proportion of animals 

were sampled from the farms, and it is considered that the sampling approach used here 

provides a good representation of a mixed cattle and buffalo farms.  

 

In relation to Chapter 3 the selection of participants from the project (ASLP Dairy Project) 

villages could be another limiting factor in this work. Selected participants were smallholder 

farmers who were already directly or indirectly working with the project and had exposure to 

an extension program addressing the whole dairy farm system. Prior agreement to participate 

in this extension program may indicate that these farmers are somewhat more progressive, 

especially because the program involved engaging both men and women from farming 

families. In the same village there is another group of farmers who have a traditional mindset 

and are less willing to participate in any developmental program. In some situations, such 

farmers also do not allow female farmers to participate in any program. Therefore, the results 
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of this chapter should also be interpreted considering these factors. Nonetheless we found a 

lack of knowledge and understanding regarding the disease and risky practices even in the 

group of smallholder farmers who have had exposure to some kind of extension program. 

Therefore, it is anticipated that the traditional group of smallholder famers would have even 

less knowledge and understanding, and perhaps greater levels of risky practices. Further, this 

anticipated difference between the two groups of smallholder farmers within the same village 

might affect the way a future educational training program is implemented. We believe this is 

an important issue and it will be necessary to find a way to involve all farmers if a control 

program starts. This is beyond the scope of the current project but this gap needs to be 

considered for future work. Unless an intervention program can be implemented across the 

entire farming community in a village, this would leave a big proportion of population at risk 

and the disease will persist, particularly in villages that practice common grazing because of 

the greater risk of the disease spreading in this scenario.  

 

Future work also needs to consider the concept of what should be considered as a herd. As this 

work (Chapter 3) shows that there are a number of farmers who send their animals for common 

grazing with other animals of the village. This would suggest that in those villages, the whole 

village may be considered a herd as animals are mixing. Further studies to understand the nature 

of common grazing and also disease transmission across village livestock may be valuable to 

identify the likely effect of this mixing pattern on disease transmission. This may indicate if 

villages with common grazing need a different intervention program. 

 

7.3  Outline of issues for an intervention program 

This thesis shows the need for a targeted intervention program in Pakistan, both to guide an 

educational program and for bovine brucellosis screening and control programs. It is very 

important that the intervention program provides a longer-term solution rather than a ‘quick 

fix’ of the problem. No single solution can solve this problem, and a holistic approach is 

required which includes realistic and achievable objectives. It must be very broadly based and 

take into consideration societal and community issues, educational aspects, as well as the 

epidemiology of the zoonotic disease. Below is a brief outline of what needs to be considered, 

based on the results of this thesis, if we would proceed to start an intervention program.  
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7.3.1 Customising an intervention program 

Categorization of the districts into low or high prevalence regions is imperative, in order to 

implement effective targeted intervention. This essentially represents a ‘risk-based 

intervention’ program. Categorization of districts can be done by carrying out a small cross-

sectional study in each region to estimate seroprevalence using the approach and tests defined 

in Chapters 4 and 5. For example, from the current study a district with high disease prevalence 

(Jhelum) and one with low prevalence (Bhakkar) would be selected in an initial phase of an 

intervention program. If the prevalence in an intervention area is high, then we may adopt an 

intense educational intervention via farmer discussion groups using trusted individuals. 

However, for areas where the disease is absent or very low prevalence, then we could adopt a 

less intensive mass communication program to convey health information to the farming 

communities. 

 

Development of training material on disease preventive measures with support from social 

scientists who have extensive knowledge of the culture and religion within each region would 

be beneficial. Ideally this training material would include fact sheets and short videos in the 

local language on different topics. Highlighting certain disease scenarios or short case studies 

of the risky practice both at farm and household level would allow farmers to personally 

identify with these issues and allow interpretation by educated and non-educated members of 

the community. Educational awareness should also be provided through trusted sources of 

animal and human health providers as highlighted in Chapter 6. Educational sessions should 

be carried out in the form of focus groups both for men and women, conducted separately 

because of cultural sensitivities and different risk perceptions. Furthermore, this educational 

intervention should be carried out in districts with both high and low disease prevalence (for 

prevention of spread of disease in future) but if fewer resources are available then the priority 

will be given to districts with high disease prevalence.  

 

In addition, if there are sufficient resources, this would allow an intervention team to also 

quality vaccinate the animals in high prevalence areas. However, this would require prior 

training of veterinary assistants about vaccination handling since the Brucella vaccine is live 

and itself carries risk for disease transmission if it is not handled properly. Both disease 

screening and vaccination can significantly reduce the prevalence of the disease in animals 

which will also result in a reduction in the risk of human brucellosis and increase the animal 

production. While vaccination is often used as an important step in disease control, within a 
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smallholder context such as that studied here it is likely that this will not represent a valid 

option. The cost of vaccination, given the lack of local production, along with the difficulty in 

handling and lack of appropriately trained administrators, are all rate limiting issues at this 

stage. As such, awareness of disease and behaviour change are more appropriate interventions 

in this environment in the short term. 

 

 

7.3.2 Phased introduction  

In this stage of the control program, at least one village should be selected as an intervention 

village, and a corresponding number of villages without intervention. An impact assessment of 

the program can be performed by carrying out a small KAP study, perhaps supported by focus 

group interviews. This will be helpful to assess any improvement in the practices and also to 

make any modifications if required. This model can be replicated or rolled out to other villages 

or districts, but again its impacts needs to be assessed.  

 

7.3.3 Stakeholder identification  

To run a control program there will be an absolute need to involve government livestock and 

human health departments ‘on the ground’. In Pakistan, zoonotic diseases are currently not 

addressed by either of these government agencies, however a synergistic One Health approach 

is required by both departments in order to guarantee both dimensions are covered in an 

integrated and cooperative way. The control program would equip the field staff of both 

departments to disseminate the program at a ‘gross roots’ level.  

 

7.3.4 Financial implications 

Before implementing a control program there is also a need to conduct a cost-benefit analysis. 

For example, a cost-benefit analysis was recently conducted in India to assess the viability of 

a brucellosis intervention program for cattle and buffalo (Singh et al., 2018). Such a program 

can be more cost-effective if it is rolled out with the other intervention programs, for example 

a tuberculosis control program. Also, a risk assessment study could also be performed to assess 

if there is any risk involved by implementing such an intervention program. Critically, this 

evaluation (costs, benefits, risks) must be broadly based, with input from the government 

stakeholders, but also involve local rural communities, as without their commitment, it is 

difficult to consider that a program could be successful. 
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7.4 Conclusion 

The findings of this thesis can be explained in the form of a complex network involving the 

interactions between farmers, livestock and Brucella organisms, together with the 

environments they all operate in. Addressing this complex network has required the use of a 

range of epidemiological tools, involving both quantitative and qualitative approaches, to 

evaluate the disease burden over seven districts of Pakistan and to identify the best combination 

of diagnostic procedures to be used in field conditions in this country (RBT and C-ELISA in 

parallel combination). Using these methods, it was found that Brucella infection is present in 

cattle and buffalo in four out of the seven districts studied, some with high disease prevalence, 

and this can constitute a substantial public health risk for rural smallholder communities as 

well as resulting in production losses for this system. In addition, a range of practices were 

identified that pose a risk of brucellosis, not only to livestock, but also to humans, given the 

intimate contact between livestock and their owners in rural communities. Further insights 

about brucellosis and other zoonotic diseases in terms of farmers’ understanding, risk 

perception, and sources of information were obtained from a series of in-depth farmer 

interviews and textual analyses, in particular exploring gender differences. These findings work 

together to increase our understanding of brucellosis in the smallholder systems of Pakistan, 

particularly through a ‘One Health’ perspective. This information provides the foundations on 

which to build an intervention program to reduce the impact of this disease on animals and 

humans. In conclusion, the findings and recommendations presented in this thesis can help to 

guide future intervention programs that will result in marked added value to the smallholder 

communities in Pakistan. 
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Appendix-1 

 

Participant information sheet for the study to investigate knowledge, attitude and 

practice, and to investigate risk factors for bovine brucellosis in smallholder farms in 

Pakistan. 
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 Participant Information Sheet 

Project title: Estimate the Prevalence and Identify Risk Factors of Bovine Brucellosis under 

Small Holder Dairy Farming System of Pakistan 

 

Researchers 

Primary Investigator/s:  Ms Shumaila Arif, DVM 

                                          PhD Student, School of Animal and Veterinary Sciences 

                                          Email: sarif@csu.edu.au  Ph: 02 69332959  

 

Co investigator/s:      Dr Jane Heller, BSc BVSc MVetClinStud PhD MACVSc Dipl. ECVPH 

                                    Senior Lecturer Veterinary Epidemiology and Public Health 

                                    Email: jhiller@csu.edu.au  Ph 02 6933 2086 

                                    Dr Marta Hernandez-Jover. BVSc MSc PhD.  

                                    Senior Lecturer Veterinary Epidemiology and Public Health  

                                    Email mhernandez-jover@csu.edu.au  Ph 02 6933 2086 

                                    A/Prof Peter Thomson. 

                                    BSc Syd, MSc (Hons) Macquarie, MAppStat Macquarie,PhD.  

                                    Associate Professor in Biometry 

                                    Email peter.thomson@sydney.edu.au   

                                    David McGill 

                                    Project leader, ASLP Dairy Project  

                                   The University of Melbourne  

                                   Email david.mcgill@unimelb.edu.au      

You are invited to participate in a research study on Estimate the prevalence and 

identify the risk factors of bovine brucellosis under small holder farming system in 

Pakistan 

 

SCHOOL OF ANIMAL AND VETERINARY 

SCIENCES  

FACULTY OF SCIENCE  

Locked Bag 588 

Boorooma Street 

Wagga Wagga NSW 2650 

Tel: +61 2 6933 4479 

Fax: +61 2 6933 2991 

Email: savs@csu.edu.au 

mailto:sarif@csu.edu.au
mailto:jhiller@csu.edu.au
mailto:mhernandez-jover@csu.edu.au
mailto:peter.thomson@sydney.edu.au
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The study is being conducted by Shumaila Arif, Dr Jane Hiller, Marta Hernandez-

Jover, and David McGill from the School of Animal and Veterinary Sciences at 

Charles Sturt University. 

 

Before you decide whether or not you wish to participate in this study, it is important for you 

to understand why the research is being done and what it will involve. Please take the time 

to read the following information carefully and discuss it with others if you wish. 

 

What is the purpose of this study? 

The main goal of the research is to estimate the prevalence of brucellosis on smallholder 

farms in Pakistan, identify the risk factors for farms being positive for Brucellosis and 

identify how they relate to herd management practices under small holder farming 

system in Pakistan. The research also aims to identify practices that are undertaken in 

households of smallholder farms that may present a risk for acquisition of Brucellosis 

from cattle in humans and obtain information about the potential for uptake of 

biosecurity measures by these farmers and their families. 

Why have I been invited to participate in this study? 

For this stage of the study we are seeking the participation of people who are small 

holder dairy farmer (having 5-8 cattle/buffalo). We are targeting the farmers from 

seven identified regions (Kasur, Okara, Pakpattan, Jhelum, Bhakkar, Thatta and 

Badin) of Pakistan. 

What does this study involve? 

If you agree to participate you will be asked to participate in an interview base 

survey conducted by an experienced member of the research team. The topics to be 

considered are the prevalence and measuring the risk factors of bovine brucellosis 

in relation to on farm and household practices. It is expected that the interview 

approximately 30 minutes. 

Are there any risks and benefits to me in taking part in this study? 

We expect that the information generates from this study will help to identify risk 

factors and we will communicate the results to you via extension services. We do not 

expect that there will be any risk to participants. 

How is this study being paid for? 

The project is being undertaken by researchers from Charles Sturt University and is 
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being funded by Australian Centre for international Agriculture Research (ACIAR) 

 

Will taking part in this study (or travelling to) cost me anything, and will I be paid? 

Participation in this survey is voluntary 

 

What if I don’t want to take part in this study? 

Participation in this research is entirely your choice. Only those people who give their 

informed consent will be included in the project. Whether or not you decide to 

participate, is your decision and will not disadvantage you. 

 

What if I participate and want to withdraw later? 

If you do decide to participate you may withdraw from the project at any time without 

giving a reason and have the option of withdrawing any data, which identifies you. 

 

How will my confidentiality be protected? 

The information that you provide will be stored in an electronic format. The 

electronic data stored in a password secured computer file. Any information 

collected by the researchers which might identify you will be stored securely and 

only accessed by the researchers unless you consent otherwise, except as required 

by law. Data will be retained for at least 4 years at Charles Sturt University, School 

of Animal and Veterinary Sciences, Wagga Wagga. All individuals’ names will be 

replaced with numerical codes to ensure that anonymity and confidentiality is 

maintained. Any information which might identify participants will not be disclosed 

without prior consent. 

 

What will happen to the information that I give you? 

It is the intention of the researchers to publish the outcomes of the study in an appropriate 

scientific journal. Individuals will not be identified in any reports arising from the research. 

 

What should I do if I want to discuss this study further before I decide? 

If you would like further information please contact 

Ms Shumaila Arif, Charles Sturt University, School of Animal and 

Veterinary Sciences Email: sarif@csu.edu.au  Ph 02 69332959 

 

mailto:sarif@csu.edu.au
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Who should I contact if I have concerns about the conduct of this study? 

Charles Sturt University’s Human Research Ethics Committee has approved this project. 

If you have any complaints or reservations about the ethical conduct of this project, you 

may contact the Executive Officer. 

 

The Executive Officer 

Human Research Ethics 

Committee Tel: (02) 6338 

4628 

Email: ethics@csu.edu.au 

 

 

Any issues you raise will be treated in confidence and investigated fully and you will be 

informed of the outcome. Thanks for taking the time to consider participating in this 

research. This information sheet is for you to keep. 

  

mailto:ethics@csu.edu.au
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Appendix-2 

 

Questionnaire for knowledge, attitude and practice, and to investigate risk 

factors for bovine brucellosis in smallholder farms in Pakistan. 
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Questionnaire to Estimate the Prevalence and Identify Risk Factors of Bovine 

Brucellosis under Small Holder Dairy Farming System of Pakistan 

 

Name of interviewer ……………………………Date   ……………………. 

  Registered farmer (Intense)         Traditional farmer (Never attended project meetings)  

 

Name ………………………………….Gender:            Male           Female 

Village …………………….District…………………Contact No .………………………… 

 

Location of the farm: Latitude……………….  Longitude………………………………… 

Education level:   

 No formal 

education  

 Primary   Middle   Matric  Intermediate   B.A  Other 

 

Age………………………..Household members (No).…………………….. 

 

Risk factors  No of animals 

Total No of animals  Cattle  Buffalo 

………. ………….. 

Gender of animals  

Female  

Male  

Over 2 years 

F  ……….. 

M ………. 

Over 2 years 

F  ……….. 

M ………. 
 

Risk factors association  

2. Presence of other domestic animals in the farm:  

     Small ruminants (Sheep, Goats)          Horses      Donkeys      Poultry      

  Dogs         Other  

3. Main cattle breed at the farm 

 Sahiwal       Cholistani   Red Sindhi  Cross breed    Holstein Friesian  

Other  

 

4. Main buffalo breed at the farm  

 Nili Ravi                    Kundi                        Other  

5. Milk practices and hygiene  
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Practice   

No. of milkings /day    1    2 or 3   

Do you clean your milking buckets with 

disinfectant? 

  Yes    No 

How often do you clean milking 

buckets?  

 Daily  Twice a week  Less than twice 

a week      fortnightly          Monthly   

Do you wash the udder prior to milking?   Yes   No 

Do you wash your hands before milking?    Yes   No  

Do you use teat dip or disinfectant after 

milking? 

  Yes    No 

Timing of calf 

sucking 

  Before 

milking 

  After milking  

  Both before and 

after 

No calf sucking 

 

 

6. How many times do you clean the dung at your farm/day? 

  None                       One                       Twice                                >2  

 

7. How do you clean the farm? 

 Clean dung with scrapper   Flush with water   Manual cleaning  Other   

 

8. Do you clean the animal feeding  

 Yes                        No       

 

9. How do you clean the animal feeding troughs? 

 Scrapper            Water                 Soapy water     Disinfectant       

 Other  

    

10. Do you have water troughs at your farm? 

 Yes                        No       

 

11. How do you clean the water troughs? 

 Water            Soapy water                    Disinfectant       

 Other     

                                                                                

12. Where do you store the dung piles of the farm?  

 In store (no sunlight exposure)  Open place (under sunlight)  Make dung 

cake (use as a fuel) 

 Direct use as fertilizer Biogas plant  

 

13. Do cattle/buffalo have access to dung piles? 

 Yes                           No                                Not sure  
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14. How do you currently breed your animals? 

 

 
Method of insemination  

Buffalo 

 

 Bull                Bull & AI                 Only AI                   None  

 

Cattle 

 

 Bull                Bull & AI                 Only AI                   None 

 

 

15. Presence of retained foetal membranes in the last 12 months  

                                                                              

   Yes            No            Not sure 

 

16. No. of retained foetal membranes cases in the last 12 months…………….. 

 

17. Do you keep the animals at the farm having a history of retained placenta?     

                                                                               

  Yes            No            Not sure 

 

18. Have you ever heard about the brucellosis disease of animals? 

                                                                               

  Yes            No            Not sure 

 

19. Has there ever been a diagnosis of brucellosis in animals at your farm in the last 5 

years? 

                                                                               

  Yes            No            Not sure 

 

20. Have there been any cattle or buffalo abortions in the last 12 months?  

 

              Yes            No            Not sure 

 

21. Do you have last trimester abortion cases at the farm  

 

  Yes            No            Not sure 

 

22. Do you vaccinate  your animals against brucellosis  
                

                 Yes            No     

       

23. No. of abortion cases in the last 12 months………………………  
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24. Management of animal during calf birth  

 

Practice   

Do you use a separate calving pen?   Yes    No 

Do you clean the space after parturition?   Yes    No 

Do you use disinfectant to clean the space 

after birth?  

  Yes   No  

Is calving space shared with other animals 

during calving?  

               Yes          No 

What do you do with the placenta 

membrane?  

  Bury       Throw in dung pile           

  Eaten by other animal  

  Feed to other animal    Other… 

 

 

25. Type of labour at farm: 

  Family labour only     Shared (with neighbours/friends)     Family & hired       

  Hired labour only         Other……….. 

 

26. Do you send your animals to a common grazing area? 

                                                                              

   Yes            No            Not sure 

 

27. Type of grazing: 

 

 Local at own land    Transhumance/summer   River Plains     Other…… 

 

28. How many animals did you purchase in last 2 years………….  

 

29. From where did you purchase new animals? (Tick all the apply) 

 

 Same village farm       Nearby village  Middle man    Town animal market   

 City animal market      Other…………. 

 

a. If same village farm, specify ………………  

b. If nearby village farm, specify…..…………. 

c. If middle man, specify …………………….. 

d. If town market, specify …………………… 

e. If city market, specify …………………….. 

f. If other, specify…………………………….. 

 

30. How many animals did you sell in last 2 years………….  

 

31. Where do you sell your animals? (Tick all the apply) 

    

 Same village farm       Nearby village  Middle man    Town animal market   

           

        City animal market     Butcher    Other  
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a. If same village farm, specify ………………  

b. If nearby village farm, specify…..…………. 

c. If middle man, specify …………………….. 

d. If town market, specify ……………………. 

e. If city market, specify ……………………… 

f. If butcher, specify…………………………… 

g. If other, specify…………………………….. 

 

32. To whom do you sell the milk? (Tick all the apply) 

 

  Consume at home          Neighbours        Dodhi            Private company 

(cooperative)     Other…… 

 

33. Do you slaughter animals at your farm? (e.g. cow, buffalo, sheep/goat calf )  

 

   Yes                          No                 

 

34. Where do you discard the body offal of slaughtered animals? 

 Bury               Throw in dung pile            Eaten by other animal   Sell to market 

 Not applicable  

 

35. Do you clean the space after slaughtering of animals at the farm.  

                Yes                              No                   Not sure     Not applicable  

 

36. What animal health services are available to you? 

 VO      VA      Village quack  Project initiative (ASLP, DRDF, LDDB)  

Other…………     

      

Estimation of the prevalence of brucellosis among farmers and get an idea of  zoonoses 

 

1. Do you think a dairy farmer can get diseases from animals?  

                                                                  

  Yes            No            Not sure 

 

2. Have you ever heard about the brucellosis disease of humans? 

                                               

   Yes            No            Not sure 

 

3. Do you have knowledge about the mode of brucellosis transmission?  

                                                                            

    Yes            No            Not sure 

 

4. Do you know if raw milk is a mode of brucellosis transmission?  

                                                                               

  Yes            No            Not sure 

 

5. Who primarily does most of the work at the animal farm? 

 Husband     Wife     Son     Daughter     Hired Labour        Other 

……………. 
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6. Do you use raw milk (un-boiled) to make milk products like yogurt, cheese etc?  

                                                                               

  Yes            No            Not sure 

 

7. How many people consume raw milk in your house? 

 1-5……..  5-10………….  10-15…………. >15………… 

 

8. How often do you consume use raw milk and its products?  

 Daily    Twice a week    Weekly    Fortnightly     Monthly    

Other………….. 

    

9. Who at home use raw milk or products made from raw milk? (Tick all that 

apply) 

                            

                         <12 months   1-17 year    Adults 18-29 year    30-39 year   40-49 

                         50 or older           

                             

10. Life style practices  

Risk factor Yes  No 

Do you live in a shared place with an 

animal shed? 

  ……………….   ……………… 

Do you boil milk before drinking?   ……………… 

 

  ……………… 

 

Do you eat under-cooked (not well 

cooked) meat? 

………………. 

 

…………….. 

 

Do you cover cuts on your hands 

during contact with animals?  

 Yes   No  

How do you cover your hand cuts   Sunny plast bandage  Bandage   Simple 

cloth         Nothing         Other  

Do you have contact with placental 

membranes?  

 Yes   No  

 

 

 

11. What human health services are available to you? 

…………………………………………………………………………………

………………. 

 

12. Do you want more information about farm biosecurity (It is a set of measures 

designed to protect a dairy farm from the entry and spread of disease and pests)? 

Please specify 

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

…………………………………………………………………………………

……………… 
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Appendix-3 

 

Participant information sheet for the study to Investigating the drivers, attitude and 

communication network towards management of zoonotic diseases in small holder 

farming system in Pakistan 
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Participant Information Sheet 

Project title: Investigating the drivers, attitude and communication network towards 

management of zoonotic diseases in small holder farming system in Pakistan 

Researchers 

Primary Investigator/s:   Ms Shumaila Arif, DVM 

                                          PhD Student, School of Animal and Veterinary Sciences 

                                          Email: sarif@csu.edu.au  Ph: 02 69332959  

 

Co investigator/s:      Dr Jane Heller, BSc BVSc MVetClinStud PhD MACVSc Dipl. ECVPH 

                                    Senior Lecturer Veterinary Epidemiology and Public Health 

                                    Email: jhiller@csu.edu.au  Ph 02 6933 2086 

 

                                   Dr Marta Hernandez-Jover. BVSc MSc PhD.  

                                   Senior Lecturer Veterinary Epidemiology and Public Health  

                                   Email mhernandez-jover@csu.edu.au  Ph 02 6933 2086 

 

                                   A/Prof Peter Thomson. 

                                   BSc Syd, MSc (Hons) Macquarie, MAppStat Macquarie,PhD.  

                                   Associate Professor in Biometry 

                                   Email peter.thomson@sydney.edu.au   

 

                                  David McGill 

                                  Project leader, ASLP Dairy Project  

                                  The University of Melbourne  

                                  Email david.mcgill@unimelb.edu.au      

 

                                   Mr Khizer Hayat  

                                   Area Advisor, ASLP Dairy Project  

                                   Email haider78633@gmail.com    Ph: +92 42 372 12339 

SCHOOL OF ANIMAL AND VETERINARY SCIENCES  

FACULTY OF SCIENCE  

Locked Bag 588 

Boorooma Street 

Wagga Wagga NSW 2650 

Tel: +61 2 6933 4479 

Fax: +61 2 6933 2991 

Email: savs@csu.edu.au 

mailto:sarif@csu.edu.au
mailto:jhiller@csu.edu.au
mailto:mhernandez-jover@csu.edu.au
mailto:peter.thomson@sydney.edu.au
mailto:david.mcgill@unimelb.edu.au
mailto:haider78633@gmail.com
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                                   Ms Anum Afzal 

                                   Area Advisor, ASLP Dairy Project  

                                   Email: anamafzal46@gmail.com  

 

   

You are invited to participate in a research study on Investigating the drivers, attitude and 

communication network towards management of zoonotic diseases in small holder farming 

system in Pakistan. 

 

Before you decide whether or not you wish to participate in this study, it is important for you 

to understand why the research is being done and what it will involve. Please take the time to 

read the following information carefully and discuss it with others if you wish. 

 

What is the purpose of this study? 

The main goal of the research is to Investigating the drivers, attitude and communication 

network towards management of zoonotic diseases in small holder farming system in Pakistan. 

In this project we will identify important livestock disease and their possible risk for human 

health and farmers’ perception about zoonotic disease. We will also look the existing animal 

and human health services and how we can improve extension services to provide you 

awareness regarding your family health.  

 

Why have I been invited to participate in this study? 

For this stage of the study we are seeking the participation of people who are small holder dairy 

farmer (having 5-8 cattle/buffalo). We are targeting the farmers from three identified regions  

(Okara, Pakpattan, Jhelum) of Pakistan  

 

What does this study involve? 

If you agree to participate you will be asked to participate in farmer focus group discussion 

activities conducted by an experienced members of the research team. The topics to be 

considered are the important livestock disease and existing animal and human health services.  

It is expected that these activities will take up two hours. 

 

  

mailto:anamafzal46@gmail.com
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Are there any risks and benefits to me in taking part in this study?  

There will be no risk to participate in the study. We expect that the information generates from 

this study will help to identify important zoonotic disease and we will communicate the results 

to you via extension services. We do not expect that there will be any risk to participants  

 

How is this study being paid for? 

The project is being undertaken by researchers from Charles Sturt University and is being 

funded by Australian Centre for international Agriculture Research (ACIAR)  

 

Will taking part in this study (or travelling to) cost me anything, and will I be paid? 

None 

 

What if I don’t want to take part in this study? 

Participation in this research is entirely your choice. Only those people who give their informed 

consent will be included in the project. Whether or not you decide to participate, is your 

decision and will not disadvantage you. 

 

What if I participate and want to withdraw later? 

If you do decide to participate you may withdraw from the project at any time without giving 

a reason and have the option of withdrawing any data, which identifies you. 

 

How will my confidentiality be protected? 

The information that you provide will be stored in an electronic format. The electronic data 

stored in a password secured computer file.  Any information collected by the researchers 

which might identify you will be stored securely and only accessed by the researchers unless 

you consent otherwise, except as required by law. Data will be retained for at least 4 years at 

Charles Sturt University, School of Animal and Veterinary Sciences, Wagga Wagga. All 

individuals’ names will be replaced with numerical codes to ensure that anonymity and 

confidentiality is maintained.  

Any information which might identify participants will not be disclosed without prior 

consent.  
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What will happen to the information that I give you? 

It is the intention of the researchers to publish the outcomes of the study in an appropriate 

scientific journal. Individuals will not be identified in any reports arising from the research. 

 

What should I do if I want to discuss this study further before I decide? 

If you would like further information please contact 

Ms Shumaila Arif, Charles Sturt University, School of Animal and Veterinary Sciences 

Email: sarif@csu.edu.au   Ph 02 69332959 

 

Who should I contact if I have concerns about the conduct of this study?  

Charles Sturt University’s Human Research Ethics Committee has approved this project. If you 

have any complaints or reservations about the ethical conduct of this project, you may contact 

the Executive Officer. 

The Executive Officer  

Human Research Ethics Committee 

Tel: (02) 6338 4628 

Email: ethics@csu.edu.au 

  

 

Any issues you raise will be treated in confidence and investigated fully and you will be 

informed of the outcome. 

 

Thanks for taking the time to consider participating in this research.  

This information sheet is for you to keep. 

 

  

mailto:sarif@csu.edu.au
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Appendix-4 

 

Participatory activities plan to carry farmer focus groups to investigating 

the drivers, attitude and communication network towards management of 

zoonotic diseases in small holder farming system in Pakistan 

  



174 
 

 

Investigating the drivers, attitude and communication network towards management of 

zoonotic diseases in small holder farming system in Pakistan 

 

Thank you for participating in this research project and for being here today! Before we start 

we would like you to provide the following information which will help to better understand 

the context of the findings of this study.  

 

Name of village: ____________________________________   

Name of participant: __________________________________________ 

 Age: 18-24 / 25-34 / 35-44 / 45-54 / 55-64 / >65 

Education ______________________________________ 

Gender ________________________________________ 

 

Number of years involved with livestock (cattle/sheep/goats or 

ruminants):_______________ 

Species and number of animals kept on your property currently: 

Cattle   Y   N  Number: ________________ 

Buffalo Y   N  Number: ________________ 

Other (species & number):_____________________ 

___________________________________________ 

What is the main reason for keeping livestock? 

Primary income / Extra income / Family tradition /Home consumption/ liquid asset 

Other: ___________________________ 
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Farmer Focus group discussion outline 

Welcome Participants and Introduction (10 min) 

1. Overview of the topic of discussion and program for the day 

2. Ground rules and introductions (go around the group) 

 

Activity 1- DISEASES OF IMPORTANCE - RATE/RANK (20 min) 

 

3. What animal or livestock diseases are of importance to you (or your health)? Individual 

participant of the group will fill their own sheet  

4. From the list of diseases, farmers take another 5 mins to list the 3 most important diseases 

(on the template provided- below) to them in terms of: 

(Considering below reasons) 

 Personal or family health 

 Loss of food for home consumption 

 Cash income 

 Impact on neighbours 

 Other reasons (if any) 

Disease Personal / 

family 

health 

Loss of home 

consumption 

Cash income 

 

Impact on 

neighbours 

Other 

reasons? 

1 

 

 

     

 

2 

 

     

 

3 

     

 

Each participant will get 30 sticky dots and will be asked to place the dots next to each 

disease (use all the dots so 10 for each disease) to indicate the relative importance according 

to 1) Personal or family health 2) Loss of food for home consumption 3) Cash income 4) 

Impact on neighbours etc. 
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Discuss the most important diseases and most occurring reasons given as a group 

5. If brucellosis or tuberculosis not mentioned prompt people’s opinions about their 

importance and discuss the reason why they chosen the mentioned diseases  

6. Discussion and introduction of next activity  

 

Activity 2- Ranking of practices - RATE/RANK (30 min) 

 

1. Facilitator will ask the participants to think about the below practices (Practices will 

also be displayed on a poser in front of them) and rank these practices according the 

risk they pose for their health in general  

Individual/ pairs/ small group  

Practices  Rank the risk level with 

dots 

(0/10 …10/10)  

Do you practice  

(yes/No) 

Consumption of raw milk    

Consumption of raw milk  

products 

  

Handling aborted cattle/buff   

Handling animal during parturition   

Disinfect the space after 

parturition/abortion  

  

Live in shared place with animals    

Covering of hand cuts while 

contact with animals  

  

Slaughtering of animals at 

home/farm  

  

 

Discussion 

Do you think these practices are risky if yes why? If No why?  

What are the drivers to perform these practices? 

List down the drivers/reasons to perform these practices 

2. Facilitator will explain three different scenarios (severe, medium and mild ) or stories 

regarding brucellosis symptoms in human   
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Scenarios 

Facilitator will ask the participants to think of many practices you perform each day 

within home/farm, which of the following health problem would make you change or 

you suggest your family members to change these activities if you were advised that 

these activities cause the health problem. 

Or  

Which of following health problems would make you to change the risky practices  

 Illness (fever, fatigue, joint pain) 

 Abortions 

 Infertility  

Practices Prolong  Illness  Abortions  Infertility  

Consumption of raw milk 

 

   

Raw milk  products 

 

   

Handling aborted cattle/buff 

 

   

Handling animal during 

parturition 

 

   

Disinfect the space after 

parturition/abortion  

 

   

Live in shared place with 

animals 

   

Covering of hand cuts while 

contact with animals  

 

   

Slaughtering of animals at 

home/farm  

   

 

Please tick what health problem make you change which practice listed above.  
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Discussion regarding why would/would not change the above practices. 

(Very important especially for gender analysis, why male/female would/not change 

practices)  

 

Activity 3.1. COMMUNICATION TARGET ANALYSIS-Animal Health (15 min) 

Given animal/zoonotic diseases are so important, you probably want to control or prevent 

them. So how do you know how to do this? Where do you get information from to help 

you…? 

 

1. Who do you communicate with regarding livestock/ health and management and for what 

purpose? List on note paper provided.  

2. What do you talk about to each of these people? (e.g.  Vaccination, Nutrition, AI or for 

treatment?) 

3. What other groups are you aware of that are sources of information for livestock and 

people health and management? List those that you don’t use. Why? 

4. Target exercise: 

 

Give large diagram of communication circles to each participant and ask them to plot each 

information source: 

 For circle 1, list the people you always talk to about livestock health and management 

 For circle 2, list the people you sometimes talk to about livestock health and 

management 

 For circle 3, list the people you occasionally/hardly talk to about livestock health and 

management 

 For circle 4, list the people you never talk to about livestock health and management 

 

Targets will be put on the walls and compare commonalities and differences as a group 

standing around the posters. 

 

5. Why do you communicate with the people that you do? 

6. What makes the people you communicate with more valuable to you (trust, economics, 

good reputation, economics, easy to access etc? 

7. Which topics do you talk to with each of these people?  

8. How accessible each circle is? 

9. How useful each circle is? 

10. How trusted is the source of information? 

11. Do there have access to resources to use that information? 
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Who do you talk to regarding livestock/ health and management?  

 

 

 1 

__________________________

_________________ 

2 

__________________________

_________________ 

__________________________

_______ 

3 

__________________________

_________________ 

__________________________

_______ 

4 

__________________________

_________________ 

__________________________

_______ 



180 
 

Activity 3.2. COMMUNICATION TARGET ANALYSIS-Human Health (15 min) 

  

Given human/ zoonotic diseases are so important, you probably want to control or prevent 

them. So how do you know how to do this? Where do you get information from to help 

you…? 

 

1. Who do you communicate with regarding livestock/ health and management and for 

what purpose? List on note paper provided.  

2. What do you talk about to each of these people? (e.g.  Preventive measures, treatment, 

vaccination etc) 

3. What other groups are you aware of that are sources of information for people health 

and preventive measures? List those that you don’t use. Why? 

 

Target exercise: 

 

Give large diagram of communication circles to each participant and ask them to plot 

each information source: 

 For circle 1, list the people you always talk to about livestock health and 

management 

 For circle 2, list the people you sometimes talk to about livestock health and 

management 

 For circle 3, list the people you occasionally/hardly talk to about livestock health 

and management 

 For circle 4, list the people you never talk to about livestock health and 

management 

 

4. Targets will be put on the walls and compare commonalities and differences as a 

group standing around the posters. 

 

5. Why do you communicate with the people that you do? 

6. What makes the people you communicate with more valuable to you (trust, 

economics, good reputation, economics, easy to access etc? 

7. Which topics do you talk to with each of these people?  
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Who do you talk to regarding people health and zoonotic diseases?  

 

 
 

  

1 

______________________

_____________________ 

2 

______________________

_____________________ 

______________________

___________ 

3 

______________________

_____________________ 

______________________

___________ 

4 

______________________

_____________________ 

______________________

___________ 
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Discussion-Combine animal and human health  

 

1. Do you ever discussed human and animal health together? 

2. Is there any one whom you would talk about human and animal health? 

3. If yes, what you discuss?  What made you to discuss?  

 

 

Activity 4- INFORMATION DELIVERY: LIST / RATE and DISCUSS (10 min) 

 

1. On your note paper/white board, write down livestock things/topics you would like to 

know more about. Go around the room and write on whiteboard up the front 

 

2. List the topics of group interest (Vaccination, Reproduction, Nutrition and if zoonotic 

disease does not come up then discuss the importance) Rank these with sticky dots 

10 sticky dots will be given for each topic  

Zoonotic diseases 

Info 

Vaccinations  Nutrition  

 

    Management  Other  

     

 

 

 

3. On the note paper in front of you, write down the best ways/methods of getting the 

information you want to you in a useful way. Discuss as whole group and rank below 

medium with sticky dots. 10 sticky dots will be given for each medium  

Workshops Face to face 

meetings  

 

Radio 

 

      TV 

 

Newspaper  

 

Other  

      

 

 

 

Discussion regarding usefulness of each medium and their preferences? 
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Activity-5: For Women only (10 min) 

 

In gender analysis we will be looking difference in communication network between male 

and female practices from above activities, and gender perceptive regarding human health 

from below practice. Or Evaluating gender empowerment for their own/ family health.  

             Gender dynamics/ empowerment indicators for human health 

Domain Indicators  

Decision 

Making 

/perception 

level  

If you or your family member needs to see doctor will you 

decide on own to see doctor  

 (1) never, (2) sometimes, (3) mostly, (4) always 

 Do you required husband/male member permission to decide 

about your health 

(1) never, (2) sometimes, (3) mostly, (4) always 

 Do you feel you have control over your health and health 

related decision  

(1) never, (2) sometimes, (3) mostly, (4) always 

Resources/ 

Income  

How much control you have over use of income/saving for 

health  

(1) Yes  (2) No  

Access/Logistics Can travel alone to see doctor  

(1)Yes  (2) No 

 

 

 

 

 

 




