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ABSTRACT 

Brucellosis is a zoonotic disease that poses significant public health risk globally. This study was 

done to estimate molecular and serological prevalence of Brucella pathogens in sheep and goats 

in five wards (Matapato South, Kaputei North, Ildamat, Kenyawa Poka and Ilodokilani) in 

Kajiado County. Samples of serum and whole blood were randomly collected from 1,560 sheep 

and goats in Kajiado County and screened using RBT. Additionally, questionnaires were 

administered to collect flock data on risk factors associated with Brucella infections in sheep and 

goats. A total of 130 pastoralists were interviewed. A total of 320 serum samples were selected 

based on history of abortion and presence of sick ewes and does in flocks including those 

samples that tested positive on RBT, which were then tested using cELISA for presence of 

Brucella melitensis and Brucella ovis antibodies. About 72 whole blood samples drawn from 

animals that tested positive on serological tests (RBT and C-Elisa) and other suspected 

serological negative test samples with history of abortions, were further subjected to 

conventional polymerase chain reaction (PCR) using B. Melitensis and B. ovis specific primers to 

test for presence of IS711 and omp31 (JX081250.1) genes. 

The overall flock seroprevalence of Brucellosis in sheep and goats in Kajiado County based on 

RBT was 5.38% (7/130). The flock seroprevalence in sheep was 2.31% (3/130) and 3.85% 

(5/130) for goats. The flock seroprevalence in sheep was 8 % (2/25) in Matapato south, but there 

were no positive cases by RBT in sheep from Ildaamat, Kenyawapoka, Kaputiei north and 

Iloodokilani wards. In goats, flock seroprevalence was 8 % (2/25) in Matapato south, 9.52% 

(2/21) in Kenyawapoka and 3.70% (1/27) in Ildaamat ward. Two serum samples tested positive 

for Brucella melitensis by cELISA. One of these samples, which was from a goat, had also tested 

positive by RBT. Both samples were from Matapato south administrative ward. The overall flock 
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molecular prevalence for Brucella in the sheep and goats in Kajiado County by conventional 

PCR was 24.49% (12/49). All the positive samples by conventional PCR were from goats. The 

flock molecular prevalence in goats in Kajiado County was therefore estimated at 35.29% 

(12/34). The flock molecular prevalence in goats was 50 % (4/8) in Matapato south, 38.46% 

(5/13) in Kenyawapoka, 33.33% (2/6) in Ildaamat ward and 14.29% (1/7) in Kaputiei north.  

Eight variables were analyzed at flock level by logistic regression with flock Brucella infection 

status as the outcome of which six were found to be significantly associated with flock Brucella 

positivity either as risk factors or protective factors.These included experiencing abortion in 

sheep and goats flock (odds ratio (OR) = 3.09; 95% CI), introduction of new animals into the 

flock (OR = 1.33; 95% CI), mixing with other flocks in communal grazing fields and common 

watering points (OR = 1.56; 95% CI), sharing male animals with other flocks for breeding 

purposes (OR = 1.03; 95% CI), knowledge of brucellosis and other zoonotic diseases (OR = 

0.85; 95% CI) and seeking of veterinary services (OR = 0.23; 95% CI). Detection of Brucella 

melitensis and Brucella ovis DNA and antibodies against Brucella melitensis from the collected 

samples confirms the presence of brucellosis in sheep and goats in Kajiado County.
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CHAPTER ONE: INTRODUCTION 

1.0 BACKGROUND 

Sheep and goats farming are a significant component of livestock production systems in 

developing countries, especially within Africa (Nyariki and Amwata, 2019). These livestock are 

mainly kept for sale to obtain quick money to pay for household needs, besides they are a ready 

source of household food in form of milk and meat, manure, while some families keep them for 

purpose of prestige (Kelly et Al., 2017). Furthermore, they are easier to manage as compared to 

cattle by smallholder pastoralists’ families due to lower animal feed requirements and therefore 

costs, quicker turnover and easier management and greater tolerance to less favorable climatic 

conditions (Franc et Al., 2018). 

The population of sheep and goats in Kenya is currently estimated at 17 million sheep and 25.8 

million goats, of which 57% and 50%, respectively, are considered pastoral based systems 

(KNBS, 2019). The population is higher than that for cattle raised within the pastoral areas in 

Kenya. Furthermore, it is projected that the demand for meat from small ruminants will increase 

by up to 46 % by the year 2050 (FAO, 2017, Nyariki and Amwata 2019).  

Despite the significance of sheep and goats in the livelihoods of pastoralists, their productivity 

remains low, which has mainly been blamed on presence of diseases, poor management and poor 

and low nutrition (Blasco and Molina 2011). Brucellosis is among the predominant infectious 

and zoonotic diseases considered as constraints for sheep and goats productivity within pastoral 

systems. The economic losses from these infections stem from breeding inefficiency, loss of 

offspring, reduced meat and milk production as well as restriction on animal movement and 

export of sheep and goats and their products to the international markets (Tewodros and Dawit, 

2015). 
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The main clinical signs of brucella infection are abortion, mastitis, orchitis and epididymitis 

which results in sterility, due to the localization of the brucella pathogens in the reproductive 

organs (Amjadi et al., 2019). The shedding of Brucella organisms by sheep and goats through 

udder secretions and semen, and in poorly disposed placentas from infected animals has been 

documented in previous studies (Poester et al., 2013). Brucellosis can also be transmitted 

between animals by direct contact with infected excretions and tissues, consumption of milk, 

venereal, through the conjunctiva or through inhalation of pathogens in aerosols (Alemneh & 

Akeberegn, 2018). Serological techniques have been widely involved in brucella diagnosis in 

small ruminants in the last decade (Tewodros 2015, Kelkay et al., 2017), and it has been reported 

that a combination of serological and molecular methods may provide reliable approach for the 

detection and diagnosis of Brucella infections in animals. 
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1.1 PROBLEM STATEMENT 

Brucellosis is among the most severe causes of reproductive losses in sheep and goats. It causes 

infertility, abortion, and neonatal mortality (Ruiz-Ranwez et al., 2013). additionally, it is 

zoonotic and pastoralists can get exposed to infections through consumption of raw meat, milk 

and blood and touching infected placenta and aborted material without wearing protective attire 

(Onono et. al., 2019). 

The disease has detrimental effects on people and animals alike. Conservative cultural practices 

enhance progress of the disease especially in developing countries, limiting their economic 

growth and development by acting as barriers to international markets. The disease causes a 

decline in the productivity in sheep and goats that compromises food security and result in 

profound emotional suffering to pastoralists whose flocks are affected. Besides, the burden it has 

on infected humans through the human disability-adjusted life years which have been reported in 

farming systems across Africa (Charypkhan et al., 2019). The costs are associated with high cost 

of diagnosis and medical treatment, loss of working days and deterioration of the socioeconomic 

status of infected individuals(Franc et al., 2018). Routine diagnostic methods for Brucella 

infections in Kenya majorly rely on detecting antibodies specific to Brucella lipopolysaccharide 

(LPS) specific. However, there can be false positive results due to antigenic similarities that exist 

between Brucella LPS and other bacteria like E. coli, some Salmonella and Yersinia. These 

serodiagnostic tests are also time-consuming, have low sensitivity and place laboratory 

technicians at a significant risk of infection (Zakaria, 2018). A combination of serological tests 

for antibodies against the pathogen and detecting DNA is necessary for a conclusive diagnosis of 

Brucellosis to provide solid evidence of the presence of disease (Akoko et al., 2020). This study 
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sought to detect brucella in sheep and goat flocks in Kajiado and identify the potential exposure 

factors for infection of flocks. 

1.2 OBJECTIVES 

1.2.1 Overall objective 

To investigate the prevalence of Brucellosis in sheep and goats and associated risk factors in 

Kajiado County. 

1.2.2 Specific Objectives 

1. To determine the prevalence of Brucella infections in sheep and goats in Kajiado County. 

2. To determine the risk factors associated with Brucellosis in sheep and goat flocks in Kajiado 

County. 

1.3 Research Questions 

1. Which Brucella species are present in sheep and goats raised in Kajiado County? 

2. What are the flock level predisposing factors associated with Brucellosis in sheep and goats 

in Kajiado County? 
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1.3 JUSTIFICATION OF THE STUDY 

Available data on molecular epidemiology of ovine and caprine brucellosis in Kenya is scanty, 

with little up to date research. The only documented reports are serological surveys that recorded 

the presence of Brucella antibodies from sheep and goats among the pastoral communities. 

Brucella melitensis is one of the most pathogenic zoonotic Brucella species. Despite this fact, the 

sheep and goat industry continues to grow rapidly in Kenya, with the growth rate predicted to 

increase by 180% by the year 2030. Therefore, there is need to accurately establish the flock 

prevalence the disease in small ruminants, especially in pastoral regions of the country in order 

to manage it properly. 

RBT is recommended by OIE for brucella screening. Despite sensitivity of RBT being high, it 

has a relatively low specificity may give false-positive results and requires confirmation by more 

specific tests. Other serological tests such as ELISA also suffer low sensitivity in brucella 

diagnosis in sheep and goats. These limitations of serological tests of brucellosis make them not 

to be ideal for diagnosis. The application of molecular tests to complement serological tests in 

the current study will significantly advance the understanding of host-pathogen interactions and 

provide accurate and reliable detection of Brucella in the sheep and goats of Kajiado County.The 

findings of this study will pave way for an understanding on the link between sheep and goats 

and human infection by Brucella pathogens.  

The recommendations from this study will enable policy makers and governments to properly 

plan and develop programs for prevention and control of brucellosis in small ruminant 

populations as part of controlling human infections. The use of an interdisciplinary one health 

approach would eventually lead to successful elimination or even eradication of the disease. 
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CHAPTER TWO: LITERATURE REVIEW 

2.0 Background on brucellosis in small ruminats  

 

Brucellosis is a bacterial zoonosis that causes significant health, financial and economic 

challenges globally mostly affecting developing countries where pastoral communities rely 

entirely on livestock production as a source of livelihood. Brucellosis is also referred to as 

Enzootic Abortion, Ram Epididymitis, Contagious Abortion or Bang’s disease in animals. It has 

also been described as Malta fever, Gastric Fever, Undulant Fever or Mediterranean fever in 

people (Alemneh & Akeberegn, 2018). It is a significant cause of reproductive losses in 

livestock. Symptoms of infection include third trimester abortions, placentitis, epididymitis, 

orchitis, still births and birth of weak offspring. Animals that experience abortion may have 

retained afterbirth (Dean et al., 2012). In the lactating animals brucellosis would cause reduced 

milk production and sub-clinical mastitis, while abortions are reported in pregnant animals 

(Franc et al., 2018). In addition, Brucellosis has significant public health implications and if 

transmitted to people it can cause acute fever and even chronic illness (Bodenham, 2020). The 

people at a higher risk of Brucella infection are individuals who are frequently in contact with 

animals like veterinarians, abattoir workers, and laboratory workers. 

2.1 Causes of brucellosis 

 

It is caused by Brucella organisms which have been demonstrated microscopically as short rods, 

small cocci or cocco-bacilli, measuring  about 0.5 - 0.7 by 0.6 - 1.5 pm in size. They have been 

described as non-encapsulated, non-sporulating and non-acid-fast bacteria which stain gram-

negative. Brucella organisms are categorised into six main species; B. abortus, B. melitensis, B. 

suis, B. canis, B. ovis and B. neotomae (Bang, 1897, Meyer and Shaw 1920). Brucellosis in 
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sheep and goats is caused by B. ovis and B. melitensis. B. melitensis are the most pathogenic and 

virulent species in people (Poester et al., 2013). Most brucella strains thrive in anaerobic 

environment with optimal pH of 6.6 to 7.4 and temperature of 370C. Brucella pathogens lose 

viability at 560C (Tegegn & Feleke, 2016). 

The Brucella species do not have strict host preference. They may infect secondary hosts but 

such infections appear to be self-limiting (Blair et al., 2003).  Brucella pathogens primarily 

target the reproductive organs. Transmission to other hosts especially wild animals can be 

through exposure to contaminated carcasses or other contaminants (Wyatt, 2005). 

Brucella species are mainly found in their primary hosts, but cross infection can occur and the 

severity of infection varies from one host to the other (Alton et al., 1998, Eisenberg et al., 2012). 

2.2 Occurrence of ovine and caprine Brucellosis globally  

  

Small ruminant brucellosis occurs worldwide. The disease spreads to humans and result in major 

economic challenges in developing countries especially Africa (Mustafa et al., 1995). This is due 

to poor practices of importing exotic breeds of sheep and goats without proper veterinary 

inspection. However, it was declared eradicated by OIE in some developed countries in Europe 

(Corbel, 2006). This was achieved through rigorous implementation of one health disease control 

measures involving vaccination and elimination of infected animals (Kelkay et al., 2017). But, 

some developed countries have faced challenges in their effort to eradicate the disease since 

Brucella pathogens are able to infect multiple species and they can survive for long periods in 

feral populations of ruminants and swine as reservoirs (Berger, 2016). For example, America 

invested heavily in a national programme on disease control efforts, and they managed to reduce 

bovine brucellosis prevalence by about 12 %. However, elk and bison which are reservoirs for 
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Brucella pathogens made it impossible to completely eradicate the disease from the country 

(Pedersen et al., 2014). Brucellosis can be transmitted among people, livestock and wildlife 

especially in pastoral communities in developing countries (Assenga et al., 2014). 

A previous study of human brucellosis was done using data from 15 countries across the world. 

A strict exclusion criteria was used to compile scientific papers published between 1990 and 

2010 and found that many countries had poor health systems for Brucella diagnosis, which could 

probably underestimate the disease burden. Brucellosis prevalence in the developed regions was 

lower compared to that in developing countries. However, Brucellosis still remains of significant 

public health concern globally (Dean et al., 2012). 

2.3 Occurrence of ovine and caprine Brucellosis in East African region 

Brucellosis was officially reported through laboratory diagnosis in Kenya for the first time in the 

1930s. According to veterinary epidemiology and economics unit (VEEU) and the zoonotic 

disease unit (ZDU), the disease has since become one of the most significant livestock diseases 

in Kenya (FAO, 2017).A review of brucellosis in Kenya in the year 2016 revealed that there was 

bacteriological evidence of brucellosis in livestock and people but there was no evidence in small 

ruminants in the country at that time (Njeru et al., 2016). Another survey has previously reported 

a prevalence of 8.6% (6/69) in sheep and 7.3% (5/67) in goats in Kajiado where 167 sheep and 

167 goats were screened for Brucellosis using RBT and cELISA tests (Nakeel et al., 2016). A 

study was conducted in Marsabit where a total of 227 households and their livestock were 

screened by ELISA test and the prevalence of Brucellosis was found to be 16.09% in goats and 

11.89% in sheep (Kahariri, 2018). In another study done at Garissa, sera from sheep and goats 

were tested using RBT and sero-positive samples further subjected to CFT using serial 

interpretation, and a sample was only classified to be positive when both tests results turned 
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positive. According to this study, the overall sero-prevalence for brucellosis at individual animal-

level was 20.0%, 24.3% in goats and 12.5% in sheep (Obonyo, 2018). A hospital based study in 

Garissa County among febrile patients, reported a Brucellosis sero-prevalence of 31.8% and a 

molecular prevalence of 15.4% (Kiambi, 2014). 

In another study conducted in Narok and Marsabit Counties, a brucella prevalence of 33.3% in 

livestock and 38.5% in people was found. Cattle and camels had a higher prevalence of B. 

abortus while sheep and goats were found to have a higher prevalence of B. melitensis (Akoko et 

al., 2021). 

In a study to establish the serological and molecular prevalence of brucellosis in people, wildlife 

and livestock in one of the pastoral regions of Tanzania, RBT and ELISA tests were used and a 

brucellosis seroprevalence of 1.6 % was found in goats and 0.6 % in humans. Multiplex PCR 

detected Brucella abortus bovine milk but did not detect any brucella antigens in goat milk 

(Assenga et al., 2014). 

2.4 Transmission and pathogenesis of brucellosis among sheep, goats and humans 

 

Sheep and goats are commonly infected through ingestion of contaminated feed and water, 

inhalation during overcrowding, direct contact through intact skin and conjunctiva and by 

suckling milk from an infected dam. Transmission may also occur through artificial 

insemination, using male animals for breeding without proper medical examinations, exposure to 

aborted materials, contaminated placenta and postpartum discharge from an infected female 

animal (Njeru et al., 2016). 

The brucella pathogens mainly inhabit organs with numerous reticuloendothelial cells (karim et 

al., 2019). The pathogen replicates intracellular and results in hepatomegaly and splenomegaly in 
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humans (Von Bargen et al., 2015). Brucella pathogens multiply predorminantly in genital organs 

of their hosts. The placental conditions favour multiplication of  brucella organisms leading to 

abortion, which in turn spreads the Brucella progeny to new hosts (Letesson et al., 2017). 

 The uterus and epididymis have high concentrations of erythritol which provides energy for 

Brucella, enhancing their growth (Rodríguez et al., 2012). The progesterone produced by sheep 

and goat placenta has been shown to enhance the growth and development of the brucella 

organism (Amjadi et al., 2019). 

2.5 Detection of Brucella infection in livestock  

  

Diagnosis and control of brucellosis in livestock must be done at flock level in order to increase 

the chances of detecting and effectively managing it. The disease can have a long incubation 

period and individuals may not develop antibodies against it hence giving false negative 

serological results. Detection of the disease in at least one animal provides sufficient evidence of 

the disease in the flock and implies that the animals that test negative could be at the incubation 

stage but can infect other animals and humans hence posing a great risk (Tewodros and Dawit, 

2015). The diagnostic tests routinely used for brucella can be categorized into two: detection of 

immune response to the antigen especially production of specific antibodies against the pathogen 

and detection of the presence of  brucella pathogens in the host (Mohseni et al., 2017). 

The tests that are commonly used to detect an immune response to the brucella antigens include 

the MRT, RBT, STAT, MAT) and ELISA (Khan et al., 2018). MRT is used to screen for 

brucellosis in dairy animals but has serious limitations in sheep and goats since it can only be 

used on milking animals. CFT is a good test for active infection because it can single out IgG 

antibodies that are usually during infection (Musallam et al., 2016). RBT is valuable in the rapid 
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screening for ovine and caprine brucellosis. It has a high sensitivity (>99%) but relatively low 

specificity which can result in false-positive results. It has a low positive predictive value and 

therefore requires confirmation by more specific tests (Neharika et al.,2018). ELISA can be used 

for screening of sheep and goat flocks for brucellosis. It can be used together with other tests for 

better diagnosis of infected animals (Gutiérrez-Jiménez et al., 2019). 

However, specific antibodies detection or observing a hypersensitivity reaction in an individual 

gives only a tentative diagnosis, but is mostly the only feasible and economical diagnosis 

available in field conditions (Mohseni et al., 2017). Factors like vaccination can result in false 

positive results when serological tests are used and one must bear this in mind when interpreting 

those results. Dermal hypersensitivity reactions also only indicates that the individual was 

previously exposed to the brucella pathogens or vaccinated, but not necessarily an evidence of 

active infection (WHO, 2016).  

The culture and direct demonstration of the causal organism can be done microscopically with 

staining examination, fluorescence, culture on special nutrients and in animal experiments with 

guinea pigs to provide evidence of infection. Smears can be made from vaginal swabs, aborted 

fetuses, blood or milk and stained with stamps method. Necropsy samples can be obtained from 

the spleen or lymph nodes. This Confirmation of the pathogen is done on appropriate culture and 

selective media (Yasmin et al., 2018). However, some infected individuals may not grow a 

positive culture upon incubation and the required facilities and safety levels for culture are not 

always easily accessible (Musallam et al., 2016). The achievement of a reliable diagnosis of 

brucellosis through culture and isolation is therefore a tedious process since isolation is affected 

by factors such as the fastidious nature of Brucella, a lesser number of viable pathogens in the 
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available sample, delay in the sample submission resulting in putrefaction and a prolonged 

incubation period may lead to a failure in its isolation (Hanci et al., 2017).  

2.5.1 Molecular diagnosis of ovine and caprine Brucellosis 

Detecting the specific genomic DNA is very useful for a conclusive diagnosis of brucella in 

sheep and goats. Molecular techniques are replicable, standardisable, pose very minimal risk to 

laboratory technicians and take a short amount of time to carry out. The molecular signatures of 

Brucella mainly rely on genomic variations of the biovars. DNA fragments are subjected to PCR 

using specific oligonucleotide primers with sufficient Taq DNA polymerase at appropriate 

annealing temperature. The primers designed for brucella spp are usually specific to the target 

size of amplicon products elucidated in electrophoresis. A variety of molecular marker based 

assays are currently used for confirmatory diagnosis of brucella. The molecular markers target 

the conservative brucella genes that include; bcsp31, omp2, omp19, bp26 and IS711 genes. 

Polymerase chain reaction and sequencing are simple, quick and highly sensitive for Brucella 

detection, especially those using the 16s rRNA as targets and the bcsp31 genes (Singh et al., 

2014), which are highly conserved in Brucella genus (Al Dahouk ET AL., 2007) 

A previous study that was done in Gerais, Brazil combined serological and molecular tests to 

detect brucellosis in small ruminants. Samples were subjected to AGID, ELISA, RBT and PCR 

tests. The study found 4% (2/50) positive by PCR. They did not find any positive samples in 

RBT, implying that there were no antibodies against Brucella melitensis. This confirmed that the 

samples detected by ELISA were B. ovis (Costa et al., 2016). 

Another study sought to find brucellosis prevalence in Bangladesh using serological and 

molecular diagnostic tools, a total of 40 sheep and 50 goats serum samples were collected and 
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screened by RBT and those that tested positive were subjected to SAT CFT, ELISA and 

quantitative real time PCR. All samples tested negative to RBT but 12 tested positive for 

Brucella DNA (Sarker et al., 2016).A study on caprine brucellosis was coducted in a Sultanate of 

Oman, where RBT, I-ELISA and CFT were coupled with PCR to detect brucellosis. An overall 

seroprevalence of 11.1% was found. Further confirmation using biochemical tests and PCR 

revealed B. melitensis (Yasmin et al., 2018). 

2.6 Empirical review of studies on predisposing factors for animal and human infection 

  

The predisposing factors for brucellosis infection in animals can be grouped into factors that 

facilitate the spread of the pathogens from an infected flock to a susceptible one and the factors 

that maintain and spread brucella infection in the flock. They can also be categorized into host, 

agent or extrinsic factors (Franc et al., 2018). 

The transmission of Brucellosis from one animal to another is associated with the mixing of 

flocks from different regions when livestock are moved in search of pasture especially during 

periods of prolonged drought, grazing the animals in communal fields and when different flocks 

of animals gather around public watering points such as water pans, rivers and government-built 

boreholes (Kunda et al., 2010). It is widely accepted that kids and lambs may become infected 

before or soon after birth and tend to become free from infection before reaching breeding age, 

occasionally infection persists much longer. Brucella pathogens mostly cause disease in sexually 

mature animals (Kelkay et al., 2017). 

People can contract Brucellosis in livestock by practicing risky sociocultural activities that 

expose them to the pathogen either by direct contact with infected animals especially when one 

has broken skin or consuming animal products (Mutua et al., 2017). People who work closely 
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with animals, such as veterinarians and  herdsmen are at a greater risk of exposure to infection 

(Luce et al., 2012, Asiimwe et al., 2015). Abattoir workers have been shown to be at a great risk 

of infection especially those involved in cutting animals’ throats and those that clean the offal 

(Swai et al., 2009). A previous research that was carried out in hospitalized patients in Kampala 

Uganda showed that gender (being female) and living in slums were major risk factors for 

brucellosis infection in people (Makita et al., 2011). 

Another study in the northern region of Tanzania with a majority of the pastoralists showed that 

close interaction with animals puts people at risk of infection with brucellosis (Kunda et al., 

2010). When pastoralists migrate with animals in search of pastures and water, these animals 

may get infected and in turn transmit them to people. Infection in humans and livestock was 

significantly associated (p<0.05) (Migisha, 2018). 

2.7 Empirical review of studies on zoonotic aspects of Brucellosis  

 

Brucellosis, especially where B. melitensis is enzootic in small ruminants, has been found to 

cause severe and chronic disease in people (Moreno, 2014). Brucellosis in people is widely 

distributed globally and has been found to be endemic in Africa and Asia (Demena, 2019). 

Brucellosis is transmitted to people by direct contact with abortus and carcasses of  infected 

animals handling retained afterbirths with bare hands, consumption of raw milk, meat and 

contaminated water (Onono et al., 2019). It has also been found to be one of the common 

laboratory acquired infections (Weinstein & Singh, 2009). 

Brucellosis due to B. melitensis causes an acute condition with non-specific symptoms that 

transforms to a chronic debilitating illness in people if it is not treated (Buzgan et al., 2010). The 

chronic form of the disease is an insidious illness with vague signs and symptoms that can be 
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confused with other diseases(Franc et al., 2018). A previous study on brucellosis was carried out 

in northern Tanzania, a pastoral community with a livestock-wildlife interface. B. melitensis was 

isolated from 50.0% (7/14) of patients and B. abortus from 7.1% (1/14).  Age and herding were 

identified as risk factors with young patients being more likely to have brucellosis compared to 

older patients. Individuals who herded livestock in the previous 12 months were also more 

susceptible to infection (Bodenham et al., 2020). 

In a previous study, serum samples were obtained from human patients in north eastern Kenya 

and subjected to serological and molecular tests for brucellosis.  80.13% (117/146) of patients in 

the study tested seropositive for Brucellosis. 2.7% of seronegative patients tested positive for 

brucellosis by molecular test. These results highlighted the usefulness of combining serological 

and molecular tests in diagnosis of acute brucellosis (Njeru et al., 2016) 

2.8 Empirical review of studies on the Impact of Brucellosis 

Brucellosis causes significant economic losses globally especially in the developing world where 

very little research has been done to provide an account of losses (Shirima and Kunda 2016). The 

losses normally result from the culling of sick animals, animals lost through abortion, decreased 

milk yield especially when mastitis is involved, costs incurred in diagnosis and treatment of the 

infected animals and people, vaccination of flocks that are at risk of infection, trade restrictions 

and loss of market for the animals and their products especially the international market and 

administrative costs invested in programs to manage the disease (Singh et al., 2015). 

Some developed countries have faced challenges in their effort to eradicate the disease. Brucella 

pathogens are able to infect multiple species and they can survive for long periods in feral 

populations as reservoirs (González-Espinoza et al., 2021). The United States invested a large 

amount of resources in a national program and managed to significantly decrease the prevalence 
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of brucellosis in the country. However, elk and bison which are reservoirs for brucella pathogens 

made it impossible to completely eradicate the disease from American soil (Pedersen et al., 

2014).  

Small ruminant productivity losses resulting from brucellosis are not well researched in Kenya. 

Human disability-adjusted life year burdens for brucellosis are significant. Brucellosis can result 

in chronic complications which increase the cost of treatment in delayed diagnosis. There is need 

to introduce earlier differential diagnosis for brucellosis in high-risk populations(Mcdermott et 

al., 2013). 

2.9 Treatment remedies for brucellosis 

Brucellosis can be treated by common antibiotics including tetracycline, aminoglycosides, 

fluoroquinolones. Most Brucella strains are susceptible to these groups of antibiotics. However, 

their susceptibility varies with the species and strain of brucella causing infection (Saxena et al., 

2018). Subjecting brucellosis patients to long-term treatment with antibiotics has been found to 

help in controlling the damage caused by infection to a great extent (Solera et al., 2017). 

 Combining different groups of antibiotics such as tetracyclines and aminoglycosideshas has 

been shown to increase the efficacy of treatment (Meng et al., 2018). These treatment protocols 

are used both in veterinary and human cases and have been proven to work well even 

experimentally.  

2.10 Review on prevention and control of brucellosis 

Controlling the disease in livestock populations is the primary step in managing brucellosis 

(Godfroid et al., 2013). This can be done by vaccination of livestock, culling of the sick animals, 

epidemiological monitoring and surveillance testing. So far there is no approved Brucella 
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vaccine in humans. However, there are three major vaccines in animals; RB51 and S19 

against B. abortus infections, while Rev1 against B. melitensis (Stevens et al., 1994). 

Vaccination has been found to lower the likelihood of abortion and therefore breaks the cycle of 

transmission hence protecting the remaining livestock and humans from infection (Roth et al., 

2003). 

Test and culling strategy coupled with rigorous vaccination have been used to eradicate the 

disease in some regions (Blasco and Molina 2011). These principles however depend on the 

disease burden and the economic status of the country involved. The need to test and cull, 

introduced and resident animals likely to be carriers is recommended, but difficult to be effective 

because of the inaccuracy of tests and the poor economic status especially in developing 

countries (Musallam et al., 2016). The One health principle has proven essential in the 

management of brucellosis (Zinsstag et al., 2011, Desta, 2016).  

Effective prevention and control of brucellosis comes down to individual herds where proper 

hygiene at parturition, separate pens for lambing and kidding need to be routine practices 

(Mandal et al., 2017). Brucella pathogens can be destroyed by most disinfectants such as 

formaldehyde and iodophors. They can also be destroyed by pasteurization temperatures (Makita 

et al., 2010). 
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CHAPTER THREE: RESEARCH METHODOLOGY 

3.1 Study area 

A cross-sectional study of 130 sheep and goat pastoralist flocks was conducted in Kajiado 

County, Kenya. Residents of this county mainly rely on pastoralism for livelihood especially for 

the rural population. Kajiado County is located in the southern region of Kenya and covers 

approximately 21,900 km2 of land. It is divided into  has five sub counties which include Kajiado 

north, central, east, west and south and these are further divided into 25 administrative wards. 

The study area was purposively selected based on the relatively high livestock numbers and easy 

accessibility. Data was collected from Kaputiei North and Kenyawa-Poka administrative wards 

in Kajiado east sub county, Ildamat and Matapato South administrative wards in Kajiado central 

sub county and Iloodokilani administrative ward in Kajiado west. 

3.2 Target population 

Reproductive flocks with enough females to reproduce and multiply were selected. Flocks with 

10 ewes and/or does and at least 50 sheep and/or goats were selected.  

3.3 Study design 

We used a cross-sectional design. Serum and whole blood samples were obtained from sheep 

and goats to test for Brucellosis using PCR. In addition, a retrospective survey based on 

pastoralist interviews about their flock management practices was done. 
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Figure 1: A map showing Kajiado County, Kenya. 

 

3.4 Sample size 

The number of flocks sampled within Kajiado County was determined by the following formula. 

(Dahoo et al., 2014).  n = 
𝑍⍺

2𝑝𝑞

𝑙2
 

n=
1.962×0.5×0.5

0.12
 ,     n = 96  

The obtained value was adjusted upwards by 30% and this gave a sample size of 130. Therefore, 

a total of 130 flocks were sampled. The following formula was then used to obtain the number of 

sheep and goats that were sampled in each flock (blood sampling). 

𝒏 = (𝟏 − (⍺)
𝟏
𝑫⁄ ) (𝑵 −

𝑫 − 1

𝟐
) 
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Where: n = required sample size, ⍺ = 1 – confidence level (0.05), D = estimated minimum 

number of diseased animals in the group (population size x minimum expected prevalence), and 

N = population size. For a flock size, N of 100 small ruminants, if the disease was present at 20% 

prevalence or higher (D), with 90% herd sensitivity, assuming 95% test sensitivity, perfect 

specificity, 5% precision and 95% confidence interval (⍺ = 0.05), assuming a design effect of 2, 

the required sample size, n per flock will be: 

𝑛 = (1 − (0.05)
1
20⁄ ) (100 −

20 − 1

2
) 

𝑛 = 12 

12 sheep and goats in each of the 130 flocks were sampled, resulting in a total of 1,560 sheep 

and goats. 

3.5 Selection of sampling units 

Pastoralist flocks were selected randomly through the identified areas, 26 pastoralists were 

surveyed from each ward. Female animals of reproductive age (2 years and above) within the 

flock were selected through systematic random sampling. 

 

3.6 Laboratory processing 

3.6.1 Rose Bengal Test 

All the 1560 sheep and goat serum samples collected from Kajiado County were screened using 

RBT for anti-brucella antibodies. 25ul of the test serum and75ul of the RBT antigen were 

dropped on each well of the agglutination plate and immediately mixed thoroughly using a 

wooden splint and the agglutination plate rocked gently for about 2 minutes. The results were 

read immediately in a well-lit place and interpreted as either positive or negative. A sample was 
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considered positive for RBT when there was any visible agglutination at 2 minutes (Tegegn & 

Feleke, 2016). 

3.6.2 Detection of Brucella antibodies using competitive ELISA (Apha scientific, 2014) 

Reagent preparation 

The diluting buffer was made by adding 5 tablets of PBS, 500ul phenol red indicator and 250ul 

of Tween 20 to 500ml distilled water.  

Wash solution was made by adding contents of the ampoule of Na2HPO4 and 1ml of Tween 20 

to 10 litres of distilled water.  

The conjugate was made by adding 20ul of the conjugate concentrate (BM40) to 50ml of diluting 

buffer and kept at -200C ready for use.  

Stopping solution was prepared by diluting the contents of the ampoule of citric acid with 38ml 

of distilled water.  

The positive and negative control samples were reconstituted each with 1ml of sterile distilled 

water.  

OPD was prepared in an opaque container (since it is highly sensitive to light) by dissolving one 

tablet of urea H2O2 in 12ml of distilled water to make a substrate and chromogen solution then 

adding the OPD tablet and mixing thoroughly.  

Method 

• 20ul of each serum sample was added per well, leaving columns 11 and 12 for controls.  

• 20ul of the positive control was added to wells F11, F12, G11, G12, H11 and H12. 20ul 

of the negative control was added to wells A11, A12, B11, B12, C11 and C12.  
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• The remaining wells in columns 11 and 12 had no serum and acted as the conjugate 

control; D11, D12, E11 and E12.  

• 100ul of the prepared conjugate solution was then dispensed into all wells, giving a final 

serum dilution of 1/6.  

• The plate was vigorously shaken on the microtitre plate shaker for two minutes to mix the 

serum and conjugate solution.  

• The plate was then covered with a lid and incubated at room temperature for 30 minutes 

on the shaker.  

• The contents of the plate were shaken out before washing each of the plates 5 times with 

washing solution.  

• The plate was then dried by tapping firmly onto a few layers of absorbent towel until no 

more liquid was removed.  

• 100ul of OPD solution was added to all the wells. The plate was incubated at room 

temperature for 15 minutes.  

• The microplate reader was switched on and allowed to stabilize for 10 minutes.  

• The reaction was slowed down by adding 100ul of stopping solution to all wells.  

• The Optical Density (OD) was determined using an ELISA reader (BioTek Synergy HT, 

BioTek Winooski, VT 05404 United States) at a wavelength of 450 nm.  

Plate acceptance criteria 

Lack of color formation meant that the sample had tested positive. A plate was considered valid 

if the mean OD of the 6 negative controls at 450 nm was greater than 0.700 and the mean OD of 

the 6 positive controls was less than 0.100, the mean OD of the 4 conjugate control wells is 

greater than 0.700 (the optimal mean conjugate control OD is 1) and the binding ratio (mean of 
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the 6 negative control wells divided by mean of the 6 positive control wells) is greater than 10. A 

cut-off was established using the conjugate control, i.e. 60% of the mean OD of the four 

conjugate control wells. Any OD equal to or lower than the cut-off value was considered as 

being positive, while values above the cut-off were considered negative. 

3.6.1 Extraction of pathogens- genomic DNAs from sheep and goat-blood 

The stored whole blood samples were obtained from the freezer and allowed to thaw at room 

temperature for about 20 minutes then genomic DNA of Brucella spp extracted using a 

commercial Thermo Scientific GeneJet Whole Blood Genomic DNA Purification Mini-Kit as 

follows: 

• 20μl of Proteinase K solution was added to 200μl of whole blood and mixed by 

vortexing.  

• 400ul of Lysis solution was added and mixed thoroughly by vortexing to obtain a 

uniform suspension.  

• The sample was then incubated at 560C for 10 minutes while vortexing occasionally until 

the cells were completely lysed in the process.  

• 200μl of 70% ethanol was added and the solution and mixed thoroughly by vortexing.  

• The mixture was transferred to the spin column, centrifuged for 1 minute at 8000 rpm.  

• The collection tube containing the flow-through solution was discarded then the column 

placed into a new 2ml collection tube. 

• 500μl of wash Buffer WB I was added to the column and centrifuged for 1 minute at 

10,000 rpm.  

• The flow-through was discarded and the column placed back in the collection tube.  
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• 500μl of Wash Buffer WB II was added to the column and centrifuged for 3 minutes at 

maximum speed (14,000 rpm).  

• The collection tube was emptied; the purification column placed back in the tube and the 

column was re-spin for 1 minute at maximum speed (14,000 rpm) as a dry run.  

• The collection tube containing the flow-through solution was discarded and the column 

transferred to a sterile 1.5ml micro centrifuge tube.  

• 100μl of Elution Buffer was added to the center of the column membrane to elute 

genomic DNA. 

• The column was incubated for 2 minutes at room temperature and then centrifuged for 1 

minute at 10,000 rpm.  

• The purification column was discarded and the purified DNAwas poured in 1.5mL 

Eppendorf tubeand stored at -200C for PCR. 

 

3.6.2 Detection of Brucella DNA by Conventional PCR  

The genomic DNA of Brucella spp was detected using oligonuclides employing forward primer 

B4 (5′ TGG CTC GGT TGC CAA TAT CAA 3′) and reverse primer B5 (5′ CGC GCT TGC 

CTT TCA GGT CTG 3′) were used to amplify a 798bp fragment of the brucella DNA strands 

(Baily et al., 1992). 

10µl of the mastermix containing 1 x buffer, 1.5µM MgCl2, 200 µM of each dNTPs, 2U of Taq 

DNApolymerase was added to 0.2µl of 100 µM forward primer, 0.2µl of 100 µM reverse primer 

and 3.0µl of the purified target DNA extract to make a final volume of 20µl of the PCR reaction 

mixture. The PCR amplification was done in a thermal cycler (Bio-Rad, USA). 
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The primary PCR amplification involved an initial denaturation step at 940C for 5mins, followed 

by denaturation, annealing and extension for 35 cycles at 940C for 1 min, 56.50C for 1 min and 

720C for 1 min, respectively and a final extension phase at 720C for 7 mins. 

A reagent control containing all the PCR reagents without DNA was included to evaluate the 

success of the amplification and purity of the reagents. 

Important parameters such asthe required annealing temperature, primer concentration, Mg2+ 

concentration, extension time and the amount and quality of Taq DNA polymerase were adjusted 

and several tests performed in order to obtain maximum band intensity for the Brucella gene 

amplicons and optimize PCR conditions. 

Gel electrophoresis 

The PCR amplification products were resolved in a 2 % (w/v) agarose gelcontaining 1xTBE 

buffer (100mM Tris-HCl (pH 8), 90 mM boric acid and 1 mM Na2EDTA) and stained with 

ethidium bromide (0.5 μg/ml) and run at 75V for 45 mins.  

A 1000 base pair molecular ladder (Promega, USA) was run concurrently.A visible band of 798 

base pairs was considered as a positive reaction for B. melitensis and B. ovis. A positive control 

(based on DNA from B. melitensis and B. ovis) and a negative control (DNases and RNases free 

water) were included in all tests.The agarose gel was visualized with UV transilluminator for the 

presence of 798 bp bands. The photographs of the stained DNA in gel were taken using gel 

viewer (Gelmax 125 Imager, UVP, Cambridge, UK) for documentation and determination of the 

expected bands. 
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3.7 Questionnaire 

Based on existing literature, a structured questionnaire was developed and administered to assess 

the pastoralists’ practices to find out the risk factors which could contribute to or limit the spread 

of Brucellosis from one animal to another. The questionnaire contained questions covering flock 

dynamics, risk factors associated with brucellosis in flocks with specific questions covering flock 

size, flock composition, history of occurrence of abortions in the flocks, sharing of common 

grazing fields and watering points and the introduction of new animals into the flock.130 

pastoralists, who were mainly household heads, were interviewed orally in Swahili and some 

translated to Maasai and their responses entered into the open data kit (ODK). 

3.8 Data analysis  

The raw data from RBT, cELISA, molecular tests and ODK questionnaire were entered into a 

Microsoft excel spreadsheet which was used to compute descriptive statistics. The data was then 

entered in SPSS®Version 20.0 and Instat plus where logistic regression analysis was used to find 

possible risk factors that were associated with Brucellosis. Odds ratios were used to show the 

degree of association between the identified risk factors and brucellosis infection. 

 

3.9 Ethical approval 

The approval for conducting this project was sought from the International Ethical Research 

Committee from ILRI in Nairobi, which is recognized by NACOSTI, Kenya. Consent was 

obtained from all farmers that participated in this project. 
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CHAPTER FOUR: RESULTS 

4.0 Introduction 

This chapter will present the findings of this research. These findings are presented based on 

objectives that the study sought to achieve by determining the prevalence of ovine and caprine 

brucellosis and analyzing factors associated with animal infection in Kajiado County. 

4.1 Sheep and goat flock demographics in Kajiado County  

Data were obtained from a total of 130 flocks: 27 flocks from Ildamat ward and 25 flocks from 

Matapato South ward, in Kajiado central sub county, 31flocks from Kaputiei North ward and 21 

flocks from Kenyawa Poka ward in Kajiado East sub county and 26 flocks from Iloodokilani 

ward in Kajado West sub county. A total of 1560 sheep and goats were sampled. Out of these, 

887 were sheep and 673 were goats. All the 130 flocks had a total of 14,626 sheep and goats, of 

which 8,610 were sheep and 6,016 were goats. Serum samples were obtained from 145 goats and 

179 sheep in Ildaamat ward, 145 goats and 167 sheep in Iloodokilani ward, 104 goats and 268 

sheep in Kaputiei north ward, 120 goats and 132 sheep in Kenyawa poka and 159 goats and 141 

sheep in Matapato south ward. 

4.2 Estimated flock seroprevalence of brucellosis by RBT in Kajiado County 

The overall flock seroprevalence of brucellosis in sheep and goats in Kajiado County based on 

RBT screening was 5.38% (7/130). The flock seroprevalence in sheep was 2.31% (3/130) and 

3.85% (5/130) in goats. The highest flock seroprevalence of brucellosis in sheep and goats in 

Matapato south ward was 12% (3/25) followed by Kenyawa poka at 9.52% (2/21), Ildaamat 

at3.7% (1/27) and Kaputiei north at 5.77% (3/52). Iloodokilani ward had no positive serum 

samples based on RBT tests in sheep and goats. The flock seroprevalence in sheep was 8% 
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(2/25) in Matapato south, but there were no positive cases using RBT in sheep in Ildaamat, 

Kenyawa poka, Kaputiei north and Iloodokilani wards.The flock seroprevalence in goats was 8% 

(2/25) in Matapato south, 9.52% (2/21) in Kenyawa poka and 3.7% (1/27) in Ildaamat ward. 

There were no positive cases by RBT in goats in Iloodokilani ward. 

Table 1: Estimated flock seroprevalence of Brucellosis by RBT distributed by wards in Kajiado 

County 

 

Administrative ward  RBT positive 

samples 

Total samples Brucella prevalence by 

RBT 

Ildaamat 1 27 3.7% 

Iloodokilani 0 26 0.0% 

Kaputiei north 1 31 3.22% 

Kenyawa poka 2 21 9.5% 

Matapato south 3 25 12% 

 

4.3 Detection of Brucella melitensis by cELISA 

All the positive serum samples by RBT and others selected from the 130 flocks based on history 

of abortion and from sick ewes and does were further tested using cELISA for Brucella 

melitensis antibodies. A total of 320 serum samples were subjected to cELISA.Two serum 

samples tested positive for Brucella melitensis by cELISA. One of these samples, collected from 

a goat, had also tested positive by RBT. Both samples were from Matapato south administrative 

ward.  
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Figure 2: Image of the ELISA plate showing Brucella melitensis positive sample in well F6. 

 

4.4 Determination of flock molecular prevalence of Brucellosis by conventional PCR  

Whole blood samples corresponding to the serum samples that had tested positive in RBT and 

cELISA together with other serum samples that were randomly selected from other flocks were 

subjected to conventional PCR. B. melitensis and B. ovis were confirmed by conventional PCR 

using specific primers for their IS711 and omp31 (JX081250.1) genes that gave the anticipated 

bands of 798 base pairs. Figure 3 below shows an image obtained from the GelMax imager. 
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Figure 3: An image showing the bands obtained at 798 base pairs molecular weight on the 

Gelmax imager after electrophoresis. 

The flock molecular prevalence of Brucellosis in sheep and goats was highest in Kenyawa poka 

ward at 35.7% (5/14) followed by Matapato south ward at 33.3% (4/12), Ildaamat ward at 18.2% 

(2/11) and Kaputiei north ward at 8.3% (1/12). Iloodokilani ward had no positive PCRtests in 

sheep and goats. 
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Table 2: Estimated flock molecular prevalence of Brucella by conventional PCR in the selected 

administrative wards 

Administrative ward PCR positive 

flocks 

Total flocks Brucella prevalence by 

PCR 

Ildaamat 0 11 18.2% 

Iloodokilani - - - 

Kaputiei north 1 12 8.3% 

Kenyawa poka 5 14 35.7% 

Matapato south 4 12 33.3% 

 

4.5 Comparison of Brucella positivity between sheep and goats in the selected wards 

Approximately1.5% (2/130) of serum samples from sheep and 3.8% (5/130) from goats tested 

positive for Brucellosis using RBT. The serum samples from sheep from all selected flocks were 

negative for Brucella by conventional PCR. However, goats from 35.3% (12/34) of all selected 

flocks that were subjected to conventional PCR tested positive for Brucella.Conversely, sheep 

serum from 2 flocks in Matapato south tested positive for Brucella using RBT. Sheep from the 

remaining 4 administrative wards all tested negative. However, goats from 2 flocks in Kenyawa 

poka, one flock in Ildaamat, one flock in Kaputiei north and one flock in Matapato south 

administrative wards tested positive for Brucella by RBT. Among the selected flocks subjected 

to PCR, goats from 5 flocksin Kenyawa poka, 4 flocks in Matapato south, 2 flocks in Ildaamat 

and one flock in Kaputiei north administrative wards tested positive by conventional PCR. 
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Table 3: Comparison of Brucella positivity between sheep and goats in the selected 

administrative wards 

Administrative ward RBT Positive flocks PCR Positive flocks 

Sheep  Goats  Sheep  Goats  

Ildaamat 0/27 1/27 0/10 2/6 

Iloodokilani 0/26 0/26 - - 

Kaputiei north 0/31 1/31 0/18 1/7 

Kenyawa poka 0/21 2/21 0/8 5/13 

Matapato south 2/25 1/25 0/9 4/8 

% positivity 1.5% 3.8% 0.0% 35.3% 

 

4.6 Predisposing factors for flock and human infection 

The factors that predispose flocks and humans to Brucella infection were analysed using 

descriptive statistics and grouped frequency distribution for categorical variables and measures 

of dispersion and central tendency for continuous variables were computed. Several factors were 

found to be common practices among pastoralists and these have been associated with 

Brucellosis. 

It was found that most flocks kept at least seven sheep in their flocks. However, several flocks 

did not keep goats. The average flock size of sheep in Kajiado County was 65 sheep per flock. 

The mean flock size of sheep was 63 in Ildaamat, 46 in Matapato south, 78 in Iloodokilani, 59 in 

Kenyawa poka and 77 in Kaputiei north ward. The average flock size of goats in Kajiado County 

was 47 goats per flock. The average flock size of sheep was 41 in Ildaamat, 53 in Matapato 

south, 43 in Iloodokilani, 61 in Kenyawa poka and 36 in Kaputiei north ward. 
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Table 4: Distribution of sheep flock size across the administrative wards in Kajiado County 

Ward Mean Min Max Median SD 

Ildaamat 63.56 0 300 48 61.58 

Matapato south 46.08 7 110 40 27.94 

Iloodokilani 78.81 21 287 55 69.26 

Kenyawa poka 59.81 22 120 58 27.69 

Kaputiei north 77.16 12 230 70 49.99 

 

Table 5: Distribution of goat flock size across the administrative wards in Kajiado County 

Ward Mean Min Max Median SD 

Ildaamat 41.89 0 200 30 41.21 

Matapato south 53.68 16 241 36 49.06 

Iloodokilani 43 0 150 32.5 35.52 

Kenyawa poka 61.38 0 200 42 49.29 

Kaputiei north 36.65 0 170 25 45.08 

 

History of abortion in ewes and does in the flock within the past 12 months was found to be 

statistically significant. Approximately 56.92% (74/130) of the flocks in Kajiado County had 

experienced cases of abortion in their flocks within the past 12 months. 80% (104/130) flocks 

were using communal grazing pasture lands for their livestock. The animals were allowed to mix 

freely with animals from other flocks during grazing period. About 96.92% (126/130) of flocks 

In Kajiado County shared common watering points with other flocks. These included water pans, 

rivers, boreholes and wells where animals from different flocks could mix freely to drink water. 

In addition, 50.77% (66/130) of flocks had new entries of animals from other regions added in 

the past 12 months. These were either bought from livestock auction markets, other pastoralists 

or given as gifts from friends or payment for dowry or other debts. Furthermore, 88.46% 

(115/130) of flocks were moved to other regions in search of pastures and water during the dry 
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seasons. These were either short distance movements to the neighbouring regions where the 

pastoralists would return the animals back home in the evening or long distance movements 

where the herdsmen would go as far as Narok County or crossing the border to Tanzania and 

stayed there until the dry season passed. This was a common practice during droughts years or 

months. About42.31% (55/13) of flocks shared breeding bucks and rams with neighbouring 

flocks to serve their ewes and does during the breeding seasons. They either borrowed the 

breeding males or hired them at an agreed fee and these males would stay in the flock for an 

agreed period of time during the breeding season. Other pastoralists would agree with the owner 

of the breeding males to allow the two flocks to graze together during the breeding season. 

A relatively large proportion of the pastoralists interviewed in the 130 flocks lacked knowledge 

of ovine and caprine brucellosis. Pastoralists from only 30% (39/130) of the flocks were aware 

that Brucella exists in sheep and goats. A significantly high proportion of pastoralists also did not 

seek veterinary services whenever their sheep or goats were sick. Only pastoralists from 40% 

(52/130) of the flocks sought veterinary services when their animals were diseased. The other 

60% of the pastoralists either left the animal to recover naturally or attended to the sick animals 

by themselves mostly using traditional herbs to treat the diseases. Five factors were analysed and 

all were found to be common practices among pastoralists hence can be risks for transmission of 

Brucella from flocks to humans. Almost 90.77% (118/130) of the pastoralists interviewed never 

used protective gear such as gloves, gum boots and overalls when handling aborted materials or 

when assisting the animals during delivery. 3.85% (5/130) always wore protective gear while 

5.38% (7/130) wore them occasionally. Similarly, 93.08% (121/130) of the pastoralists never 

consumed raw milk. They always boiled milk before consumption. However, 0.77% (1/30) of 

the pastoralists often consumed raw milk while 6.15% (8/130) occasionally consumed raw milk, 
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but 79.23% (103/130) of pastoralists reported that they have never consumed raw meat. 

However, 0.77% (1/30) of the pastoralists always consumed raw milk while 20% (26/130), while 

occasionally consuming raw meat and 50% (65/130) of the pastoralists would consume raw 

blood. 48.46% (63/130) reported to occasionally consumed raw blood while 1.54% (2/130) 

always consumed raw blood. Finally, about 71.54% (93/130) of the pastoralists did not have 

knowledge of zoonotic diseases while 28.46% (37/130) were aware that animal diseases can 

infect humans. 

Table 6: Descriptive analysis of the predisposing factors for animal and human infection with 

Brucella in Kajiado County 

Predisposing factor to Brucellosis Nature of 

response 

Number of flocks 

out of 130 

Percentage 

(%) 

History of abortion in the flock Yes 74 56.9 

Common grazing pastures Yes 104 80 

Common watering points Yes 126 96.9 

New animal entries into flock Yes 66 50.7 

Animal movement in dry season Yes 115 88.5 

Sharing of breeding males Yes 55 42.3 

Knowledge of brucellosis No 93 71.5 

Seeking veterinary services No 78 60 

Wearing protective gear when handling 

aborted materials or neonates 

Never 118 90.7 

occasionally 7 5.4 

Always  5 3.9 

Consuming raw meat Never 121 93 

Occasionally 8 6.2 

Always  1 0.8 

Consuming raw blood from animals Never 103 79.2 

Occasionally 26 20 

Always  1 0.8 

New animal entries into flock Never 65 50 

Occasionally 63 48.5 

Always 2 1.5 

 



 

36 
 

4.7 Analysis of the risk factors associated with Brucellosis in sheep and goats 

The risk and protective factors associated with flock infection were analysed by logistic 

regression. Eight factors were examined at the univariate analysis of which six variables 

(introduction of new animals in the flock, experiencing abortion in sheep and goat flocks, contact 

with other flocks in common grazing fields and watering points, sharing male animals with other 

flocks for breeding purposes, knowledge of brucellosis and seeking veterinary services) were 

significantly associated with brucella flock positivity.  

The following factors were found to be independently associated with flock brucellosis test 

positivity in sheep and goats: experiencing abortion in sheep and goats flock (odds ratio (OR) = 

3.09; 95% CI), introduction of new animals into the flock (OR = 1.33; 95% CI), mixing with 

other flocks in communal grazing fields and common watering points (OR = 1.56; 95% CI), 

sharing male animals with other flocks for breeding purposes (OR = 1.03; 95% CI), knowledge 

of brucellosis and other zoonotic diseases (OR = 0.85; 95% CI) and seeking of veterinary 

services (OR = 0.23; 95% CI). 

4.7.1 Univariate analysis of the predisposing factors for brucellosis  

Univariate analysis showed history of abortion, mixing of flocks in grazing fields and common 

watering points, introduction of new livestock to the flock, sharing male animals with other 

flocks for breeding purposes, knowledge of brucellosis, seeking veterinary services to be 

associated with the test positivity for Brucella infections. 

Flocks that had history of abortion were 3.09 time more likely to have at least one sheep or goat 

test positive for brucella relative to those flocks that had not experienced any case of abortion 

before (OR=3.09). Similarly, flocks that were mixing freely with other flocks at communal 

grazing fields and watering points were 1.56 times more likely to have an animal test positive for 
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brucella (OR=1.56) relative to animals that were restricted to grazing in private land, provided 

with feeds like hay at home and had private water sources. Flocks that regularly introduced new 

animals into their flocks were 1.33 times more likely to have at least one sheep or goat test 

positive for brucella relative to flocks that were not (OR=1.33). Flocks that were sharing male 

animals with other flocks for breeding purposes were 1.03 times more likely to have brucellosis 

relative to flocks strictly using their own males for breeding (OR=1.03).  

Two factors were negatively associated with brucellosis positive test. These included farms that 

had knowledge of brucellosis and other zoonotic diseases (OR=0.85) and those who often sought 

veterinary services (OR=0.23). 

4.7.2 Multivariable analysis of risk factors for exposure to brucellosis  

Out of the six flock level risk factors that were significantly associated with infection in 

univariate analysis, four remained significant in the multivariable logistic regression model. The 

factor “sharing males for breeding purposes” lost its significance in determining the brucella 

flock test positivity. This shows that its association was confounded by another factor in the 

model, probably “mixing of flocks in common grazing and watering points’. The factor “seeking 

veterinary services” also lost significance implying that its association with brucellosis positivity 

might have been confounded by another factor, most likely “knowledge of brucella and other 

zoonotic diseases”. The odds ratios (ORs) for the other factors retained their association and 

showed no much difference from the univariable analysis. 
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Table 7: Multivariate regression analysis of risk factors for flock Brucella infection 

Variable  Estimate  Odds 

ratio 

(OR) 

Confidence 

intervals  

p-

value 

Lower  Upper  

History of abortion. 

 

0.697 2.64 0.097 1.488 0.0164 

Mixing of flocks (grazing & 

watering) 

0.853 2.67 0.083 2.346 0.0337 

Entry of new animals into the flock. 0.682 1.25 0.210 3.039 0.0742 

Knowledge on  

Brucella. 

0.165 0.848 0.322 4.314 0.0803 
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CHAPTER 5: DISCUSSION 

This study intended to detect Brucella by combining serological tests with molecular tests and 

analyze risk factors for animal infection in sheep and goats in Kajiado County. Three tests were 

used for accurate detection of brucella, which is akin to eradication or elimination of brucellosis 

(Tsevelmaa et al., 2018). Samples of serum and whole blood were randomly collected from 1560 

sheep and goats in Kajiado County and screened using RBT. 320 serum samples, were selected 

and further tested using cELISA for Brucella melitensis and Brucella ovis antibodies. Whole 

blood samples corresponding to the serum samples that tested positive in both serological tests 

and other randomly selected negative samples, making a total of 72 samples, were further 

subjected to conventional PCR. 

The overall flock prevalence for brucellosis was 11.54% (2.31% in sheep and 10.00% in goats). 

This morbidity at flock level implies that brucellosis has significant economic implications and 

should be viewed as a public health concern. This is because Brucella pathogens can rapidly 

spread from a single animal to all animals in the flock and beyond (González-Espinoza et al., 

2021). The overall individual animal level prevalence of brucellosis was found to be 0.96% 

(0.34% in sheep and 1.78% in goats). This is a lower estimate when compared to  the 

seroprevalence reported in the country by Nakeel et al., 2016 in Kajiado (8.6% in sheep and 7.3 

in goats), Kahariri, 2018 in Marsabit (16.09% in goats and 11.89% in sheep), Obonyo, 2018 in 

Garissa (24.3% in goats and 12.5% in sheep). This could be attributed to the differences in the 

management practices in these areas and the level of knowledge of the pastoralists about 

brucellosis over time since the disease was confirmed to be present in the country. 

The molecular flock prevalence of brucella obtained by PCR in this study (21.43%) is higher 

than the flock sero-prevalence obtained by RBT and cELISA (6.92%). These findings are in 
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agreement with previous studies (Mohseni et al., 2017). The stage of infection and the higher 

sensitivity of PCR may explain why PCR assay had better outcome compared to the serological 

methods in diagnosis of the disease. Moreover, PCR assay can detect small traces of DNA in 

samples, while serological techniques only detect antibodies formed by the host against the 

Brucella pathogens (Yasmin et al., 2018). 

There was a significant difference in the prevalence of Brucella infection between sheep and 

goats in Kajiado coutny. The higher prevalence of the disease in goats than in sheep was 

comparable with other studies (Osoro et al., 2015, Kelkay et al., 2018). This species prevalence 

difference might be because sheep are more resistant to infection compared to goats and flocks 

with high numbers of livestock would have a low prevalence of the disease. Moreover, goats are 

the primary hosts of B. melitensis, and sheep are not significantly infected even when kept 

together with goats. In addition, infection in goats can develop to chronic for a long time while 

sheep have been reported to be resistant to re-infection (Costa et al., 2016). 

In analysing the risk factors associated with flock level Brucella infection it was found that the 

presence of female animals that had aborted in the flock was significantly associated with flock 

brucellosis positivity. Abortion in livestock represents the major complaint attributed to Brucella 

infections. Females infected with Brucella spps are known to shed highly concentrated volumes 

of Brucella organisms in milk, placental membranes and aborted foetuses and they may continue 

shedding the organisms for several months resulting into environmental contamination which 

spreads these organisms among animals of the same flock and other flocks during free mixing in 

grazing and watering places (Kelkay et al., 2017). 

The introduction of new animals to the sheep and goat flocks from unscreened flocks was 

significantly associated with Brucella flock test positivity in this study (OR=1.33; 95% CI). This 
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was in agreement with several other studies which noted that introduction of animals from flocks 

whose brucellosis status was unknown was significantly associated with brucellosis infection in 

sheep and goat flocks. Other studies suggest that the introduction of infected animals can lead to 

an increase in the individual level prevalence due to the fact that the longer the animals stay in 

the flock and they are in contact with the rest of the flock, the higher is the risk of spread of 

brucellosis (Asiimwe et al., 2015). 

Mixing of animals amongst different flocks in communal grazing lands and common watering 

points have also been found be associated with flock brucella test positivity and this may 

potentiate the transmission of brucellosis between flocks (Tegegn, 2016). Evidence suggests that 

failure of most brucellosis control strategies could be explained by uncontrolled movement of 

animals and lack of efficient measures to prevent entry of infected animals, and this is very 

common in pastoral communities. Proper screening of new livestock is perhaps one of the 

effective control strategies for ovine and caprine brucellosis (Boukary, 2013). 

Pastoralist knowledge about brucellosis and seeking veterinary services were also factors that 

were significantly associated with brucellosis flock test positivity as protective factors. This 

helps pastoralists to take precautionary measures in preventing transmission of the disease 

among flocks (Demena, 2019) 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSION 

A combination of serological and molecular tests provided a relatively faster and more accurate 

diagnosis of Brucella and its detection in sheep and goat flocks in Kajiado County. The findings 

of this research have shown the significance of ovine and caprine brucellosis in Kajiado County 

and presented the associated risk factors in animals and their possible zoonotic implications.  

A significant proportion of sheep and goats kept in Kajiado County are infected with B. 

melitensis and B. ovis. Since a large proportion of infections in people are caused by B. 

melitensis, the most common Brucella spp of small ruminants, there is a high risk for public 

health. Such findings of a significant level of infection in the absence of any prevention and 

control strategy in form of vaccination against the disease indicate the occurrence of natural 

infection.  

Risk factor analysis concluded that  experiencing abortion in sheep and goats flocks, introduction 

of new animals into the flock, mixing with other flocks in communal grazing fields and common 

watering points,  sharing male animals with other flocks for breeding purposes, knowledge of 

brucellosis and other zoonotic diseases and seeking veterinary services were significantly 

associated with brucellosis infection in sheep and goat flocks in the pastoral regions of Kajiado 

county. There is close contact among the pastoral community and livestock, making the presence 

of the disease in small ruminants an indicator of potential risk for the pastoralists. Moreover, 

these pastoral areas constitute an important source of small ruminants in the Kenyan and 

international markets and can contribute to the spread of the infection to other areas. Prevention 

and control of the disease in livestock in this region will definitely result in reduced incidence of 

the brucellosis in humans.  



 

43 
 

RECOMMENDATIONS 

• Assessment of the zoonotic effects of brucellosis on humans, is worthy as the prevalence 

is significant.  

• One health approach and combined efforts among the veterinary and public health 

professionals are very important in controlling brucellosis in livestock, humans and 

wildlife.  

• Create awareness in the county on routine flock management, disease management and 

risk of brucellosis. 

•  Further research on the molecular detection of Brucella species in humans and 

understanding the linkage between human and animal infection in the region is 

imperative. 
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APPENDICES 

Appendix 1: Certificate of Consent 

I am willing to take part in this study on Brucellosis in sheep and goats in Kajiado County. I 

consent willingly on the following to be done (tick as appropriate):  

 

An interview about practices in the small ruminant flock 
 

A blood sampling procedure in 6 ewes and 6 does of the flock 
 

I also give you permission to take some pictures of the animals and the farm  
 

 

I want that the results of the laboratory tests will be communicate to the Veterinary 

Officers, so they can implement appropriate measures to protect my family and my 

flock.  

 

Yes 
 

No 
 

 

Name of respondent__________________     

Signature of respondent ___________________ 

Date ___________________________ 

 

If illiterate I witness that the consent form has been read and correctly interpreted to the 

respondent and they have participated in this research freely.  

Name of witness ………………….. ………………….      

Signature   ……………………… 

Date…………………………… 

Name of researcher……………………………… Signature …………………… 
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Date …………………………….. 

Appendix 2: Distribution of the flocks and animals sampled in the administrative wards of 

Kajiado County. 

 

Ward  

 

Flocks sampled 

 

Species and number sampled 

Total sheep and goats 

Ildamat 27 Goat  145 324 

 

 Sheep 179  

Iloodokilani 26 Goat  145 312 

 

 Sheep 167  

Kaputiei North 31 Goat  104 372 

 

 Sheep 268  

Kenyawa poka 21 Goat  120 252 

 

 Sheep 132  

Matapato south 25 Goat  159 300 

 

 Sheep 141  

    1560 
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Appendix 3: Questionnaire 

 

Instruction to enumerator before starting the questionnaire 

• Provide a general introduction of the enumerator, the project and its goals and overall 

objectives of the survey 

• Explain conditions of the interview and sampling of animals 

• Obtain consent form signed 

The involvement of the rest of the family members, especially wife(s), will be encouraged as they 

can provide additional information about the shoats’ management. 

Identification questions – to be completed by the enumerator alone before or after the interview 

1. Flock identification number(Flock ID) 

2. Date of interview (DD/MM/YYY) 

3. GPS codes (automatically recorded with the tablet) 

 

 

 

 

 

 

 

 

 

4. Sub-county and ward *(Single-answer question) 

Latitude 
 

Longitude 
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Sub-county Ward (Tick appropriately) 

 

Kajiado East 

Kaputiei North  

Kenyawa Poka  

 

Kajiado Central 

Ildaamat  

Matapato South  

Kajiado West Iloodokilani  

 

5. How many sheep do you have now in all your flocks? 

 

6. How many goats do you have now in all your flocks? 

 

7. Regarding your ram(s) and buck(s) how did you get them? (Single-answer question) 

Raised my own 
 

Bought 
 

Rented 
 

Borrowed 
 

 

8.  For how long do you keep them? Expressed in years 

9. How many breeding seasons do you have during the year for your sheep and 

goats?(breeding season: period when lambs and kids are born) (Single-answer 

question) 

One  
 

Total sheep 
 

Total Goats 
 

 
Age (years) 
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Two 
 

During the whole year 
 

 

10. Do you know a disease called Brucellosis? 

Yes  

No  

 

11. How many abortions did you notice during the last 12 months? This is referred as 

“early births” to be different from those born dead. 

 
Number 

Sheep 
 

Goats 
 

 

12. How many difficult births (dystocia) did you notice during the last 12 months? 

 
Number 

Ewes 
 

Does 
 

 

13. How many lambs and kids died (up to 6 months old) during the last 12 months? 

 
Number 

Lambs  
 

Kids  
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14. Who own the land you use for grazing your sheep and goats?(single answer question) 

[The enumerator have to be sure that they are referring to sheep and goats] 

Owned  
 

Public land 
 

Rented-in 
 

Other, specify 
 

15. What is the main source of water do you usually use for watering your sheep and 

goats? (Single-answer question per column)  

 
Rainy season Dry season 

Own well 
  

Other pastoralist well 
  

Borehole/well 
  

River 
  

Roof harvested rainfall 
  

Waterpan 
  

Piped water 
  

Other, please specify (free text) 
  

Thank You. 

Blood sample collection 

During the blood sampling procedure the body condition of the sampled animal will be recorded 

16. Body condition of sampled animalsA full description of each code can be found at the 

protocol. 

Score SHEEP GOATS 
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1 2 3 4 5 6 1 2 3 4 5 6 

1(emanciated) 
            

2 (thin) 
            

3 (normal) 
            

4 (slightly fat) 
            

5 (obese) 
            

 

17. Additional comments. Any additional comment of interest will be included here by the 

enumerator. 
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Appendix 4: Work plan 

 

Activity Aug 

2019 

 Sep  

2019  

Oct 

2019 

Nov 

2019 

Dec 

2019 

Jan 

2020 

 Feb 

2020 

Mar  

2020 

Apr 

2020 

May  

2020 

Sep 

2020 

Proposal drafting                       

 Proposal 

presentation 

                      

Proposal submission                       

Field work                       

Lab analysis                       

Thesis preparation                       

Departmental 

presentation of results 

                      

Submission of thesis 

for examination 

                      

Thesis defence                       

Graduate 
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Appendix 5: Budget 

This was part of the budget for the bigger research project. 

BUDGET ITEMS QUANTITY COST 

(KSH)/UNIT 

AMOUNT 

Laboratory  detection of brucella and leptospira 

pathogens 

 
1851/sample 275,000 

Cost of hiring biomedical freezer and refrigerator 

for storage of blood samples and processed DNA 

materials.  

2 for 90 days 1000/day 90,000 

Consumables for packing and storing samples (cool 

boxes, vacutainer tubes and needles for blood 

collection, racks)  

  
100,000 

Cost of hiring  translators in the field  1 translator 

for 30 days  

2000/day 20,000 

Cost of travelling  to the field for data collection 1individual 

for  30days 

1000/day 90,000 

Cost of accomodation for data collection  1individual 

for  30days 

2000/day 100,000 

Cost of hiring laboratory technicians  1technician 

for 20 days 

2000/day 40,000 

Contigency allowance  
  

20,000 

TOTAL 
  

625,000 
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