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ABSTRACT 

The study was conducted with the aim of determining the prevalence of M bovis infection in 

cattle located in the periphery of the Yankari Game Reserve (YGR) and wildlife species in YGR, 

Bauchi State, Nigeria. The YGR is located in Alkaleri Local Government Area of the State. 

Twenty one cattle herds around the game reserve were identified and conveniently selected. The 

ages, sexes and breeds of the studied cattle were recorded. Blood samples were collected from 

each animal above six months of age in the selected herds. Such samples were also collected 

from darted wild life species during routine examinations and also from wild animals captured 

by hunters. Their species, sexes and estimated ages were determined at capture. Serum sample 

was obtained by centrifugation. The serum was analyzed using Rapid bovine TB antibodies test 

kits which is specific for M bovis. A total of 750 cattle and 250 wildlife were sampled. Of the 

750 cattle sera tested 88 were positive for M. bovis antibodies representing 11.7%. Out of the 

250 wildlife sera tested, 30 were positive for M bovis antibodies representing 12.0%. Of the 88 

cattle that were positive for M bovis antibodies, 19 (11.5%) were males, while 69 (11.8%) were 

females. According to breed of cattle, 80 (11.4%), 5 (18.8%), and 3 (15.8%) were White Fulani, 

Sokoto Gudali and Red Bororo respectively were positive for M bovis antibodies. Amongst the 

age groups, 14 (11.8%) were in the age group of 6 months to 2 years, 45 (12.5%) between 2 and 

5 years, while 29 (10.7%) were over 5 years of age. Of the 250 wildlife species tested 6 (19.35%) 

Zebras, 2 (10.0%) Elands, 3 (7.6%) Antelopes, 4 (10.0%) Baboons, 6 (15.0%) African Giant 

Rats, 3 (12.0%) Hares, and 6 (30.0%) Grass cutters were positive for M bovis antibodies. Based 

on the results obtained, no statistical differences (P>0.05) occurred in the rates of occurrence of 

M bovis antibodies between different, breeds sex and age groups of cattle examined. There was 

also no significant differences (P>0.05) in the overall rates of occurrence between the cattle 
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living at the periphery of the YGR and the wildlife species. The study has established the 

existence of M bovis antibodies in cattle living at the periphery of the Yankari Game Reserve and 

in wildlife species within the YGR, suggesting a possible transmission between cattle and 

wildlife species. Also the wildlife species could serve as reservoir of M bovis infection to cattle 

living at the periphery of the Game Reserve, and even to humans. To minimize encroachment of 

cattle into the Game Reserve watering points should be provided at the periphery of the Reserve. 

Likewise public awareness should be stressed on the public health implications of this finding to 

workers and other people including illegal hunters living at the periphery of the Game Reserve.                 
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CHAPTER ONE 

INTRODUCTION 

 

1.1. History of Bovine Tuberculosis 

Bovine tuberculosis (bTB) caused by Mycobacterium. bovis (M. bovis) is a chronic, infectious 

and contagious disease of livestock, wildlife and humans (O’Reilly and Daborn, 1995). The 

disease is an important public health concern worldwide, especially in developing countries, due 

to deficiencies in preventive and/or control measures (Etter et al., 2006). The incidence of M. 

bovis in humans probably remains underestimated, as distinction between M. bovis and M. 

tuberculosis, is not systematically performed (Anonymous, 2006). Since the real incidence of M. 

bovis on human health is still unknown, it is essential to advance the eradication of bTB 

worldwide by means of adequate programmes, especially in developing countries (Grange, 

2001). Genomic evidence showed that M. bovis, evolved from an ancestor shared with 

Mycobacterium tuberculosis, the cause of tuberculosis in humans. As a result of gene loss it 

changed its host specificity from human to cattle (Brosch et al., 2002). This change in hosts from 

human to cattle appears to have broadened its effective capabilities, as it has one of the broadest 

host ranges of any known zoonotic pathogen (O’Reilly and Daborn, 1995). As a result a wide 

range of wildlife species and many domestic livestock species can be infected (de Lisle et al., 

2002). Members of the closely related phylogenic grouping of Mycobacterium known 

collectively as the M. tuberculosis complex may cause tuberculosis in a range of species 

including man. Some members of this group are predominantly human (M. tuberculosis, M. 

africanum, M. canetti) or rodent pathogens (M. microti), whereas others have a wide host 

spectrum (M. bovis, M. caprae) (Broach et al., 2002). The respiratory route is accepted as the 

primary method of infection spread in all species. However, it is clear that there are other less 
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common methods of spread such as oral, occupational, congenital and via wounds (Thoen et al., 

2006; Doran et al., 2009). Tuberculosis has been present in humans since antiquity. The earliest 

unambiguous detection of Mycobacterium tuberculosis was in the remains of bison dated 18,000 

years ago (Rothchild et al., 2001). In the past, tuberculosis has been called consumption, because 

it seemed to consume people from within, with a bloody cough, fever, pallor and wasting. Other 

names included phthisis (Greek for consumption) and phthisis pulmonalis, scrofula (in adults), 

affecting the lymphatic system and resulting in swollen neck glands, tabes mesenterica, TB of 

the abdomen and lupus vulgaris, TB of the skin, wasting disease, white plague, because sufferers 

appear markedly pale; king's evil, because it was believed that a king's touch would heal 

scrofula; and Pott's disease, or gibbus of the spine and joints (Rudy, 2006). Miliary tuberculosis 

now commonly known as disseminated TB occurs when the infection invades the circulatory 

system, resulting in millet-like seeding of TB bacilli in the lungs as seen on an X-ray 

(Dissaminated tuberculosis, 2006). It is also called Koch's disease, after the scientist Robert 

Koch (Bhansali, 1977). Before the Industrial Revolution, tuberculosis was sometimes regarded 

as vampirism. People who had TB exhibited Symptoms similar to what People considered to be 

vampire traits. Symptoms such as red, swollen eyes (which also creates a sensitivity to bright 

light), pale skin, extremely low body heat, a weak heart and coughing blood, suggesting the idea 

that the only way for the afflicted to replenish this loss of blood was by sucking blood (Sledzik 

and Bellantoni, 1994). Another folk belief was that the affected individual was being forced, 

nightly, to attend fairy revels, so that the victim wasted away owing to lack of rest. This belief 

was most common when a strong connection was seen between the fairies and the dead 

(Kathrine, 1976). Similarly, but less commonly, it was attributed to the victims being 

“hagridden" being transformed into horses by witches (hags) to travel to their nightly meetings, 
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again resulting in a lack of rest (Kathrine, 1976). The bacillus causing tuberculosis, 

Mycobacterium tuberculosis, was identified and described on 24 March 1882 by Robert Koch. 

He received the Nobel Prize in physiology or medicine in 1905 for this discovery (Nobel 

Foundation, 1905). Koch did not believe that bovine (cattle) and human tuberculosis were 

similar, which delayed the recognition of infected milk as a source of infection. Later, this source 

was eliminated by the pasteurization process. Koch announced a glycerine extract of the tubercle 

bacilli as a remedy for tuberculosis in 1890, calling it "tuberculin". It was not effective, but was 

later adapted as a test for pre-symptomatic tuberculosis (Waddington, 2004). The first genuine 

success in immunizing against tuberculosis was developed from attenuated bovine-strain 

tuberculosis by Albert Calmette and Camille Guérin in 1906. It was called "BCG" (Bacillus of 

Calmette and Guérin). The BCG vaccine was first used on humans in 1921 in France (Bonah, 

2005). But it was not until after World War II that BCG received widespread acceptance in the 

USA, Great Britain, and Germany (Comstock, 1994). Tuberculosis, or "consumption" as it was 

commonly known, caused the most widespread public concern in the 19th and early 20th 

centuries as an endemic disease of the urban poor (Tuberculosis encyclopedia). In 1815, one in 

four deaths in England was due to TB; by 1918 one in six deaths in France were still caused by 

TB. In the 20th century, tuberculosis killed an estimated 100 million people (Torrey and Yolken, 

2005). After the establishment of the disease (tuberculosis) to be contagious in the 1880 the 

disease was made to be notifiable in Britain. This was followed by campaigns to stop spitting in 

public places, and that the infected poor were pressured to enter sanatoria that resembled prisons. 

The sanatoria for the middle and upper classes offered excellent care and constant medical 

attention (McCarthy, 2001). Whatever the purported benefits of the fresh air and labor in the 
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sanatoria, even under the best conditions, 50% of those who entered were dead within five years 

(McCarthy, 2001).  

1.2. Statement of Research Problem 

Bovine tuberculosis is a chronic disease of animals caused by infection with slow-growing, 

obligate bacterium M. bovis (OIE, 2009). It is widely distributed throughout the world affecting 

all age groups of animals and human. Mycobacterium bovis is becoming an important disease in 

developing countries as it affects humans (Cosivi et al., 1998a). The disease remains a major 

costly infectious disease of cattle, other domesticated animals (goats, sheep, and camelids), and 

wildlife (badgers, possums, deer) (Pollock and Neill, 2002). It affects cattle health, and impacts 

negatively on profitability, trade and decrease genetic traits toward improved production (Boland  

et al., 2010).  It also affects the welfare of the families involved in the farming activities (Farm 

crisis network, 2009). The disease remains the most complex and difficult multi-species endemic 

disease presently facing governments and the veterinary profession and the farming industry in 

the UK and Ireland (Reynolds, 2006). 

Expansion of ecotourism-based industries, changes in land-use practices and escalating 

competition for resources have increased contact between free-ranging wildlife and humans 

(Ferber, 2000). Although human presence in wildlife areas may provide an important economic 

benefit through ecotourism, exposure to human pathogens may represent a health risk for 

wildlife (Botswana, 1999). Persisting in the longer time. Bovine tuberculosis remains a costly 

disease in many countries, despite extensive eradication and control efforts (Farm Crisis 

Network, 2009). The disease in wildlife poses a risk to livestock, tourism economy, and wildlife 

conservation (Michel et al., 2010). Multiple wildlife reservoirs of M. bovis infection found in 

recent decades in the USA, Europe, New Zealand, UK and South Africa play important roles in 
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fuelling high risks of disease in livestock. Innovative and rapid diagnostic tests for bTB are 

urgently needed to improve control strategies (Lyashchenko et al., 2000). Bovine tuberculosis is 

re-emerging in a number of developed countries because of environmental changes, the 

movement of people and animals. Cattle movements particularly from those areas where bovine 

TB was reported to areas free of the disease help in spreading the disease (Gilbert et al., 2005). 

Closer inter-species contacts is associated with larger herd size. This increase in contact between 

animals hence may results in increase in disease transmission and changes in animal 

management such as herd size, herd type and that intensively managed dairy herds where at 

greater risk of bovine TB outbreak than other herds (Cosivi et al., 1998b). In developing 

countries bovine tuberculosis causes serious concerns not only for wildlife, but also for public 

health, food safety and the economy of livestock industries. More accurate diagnosis of bTB 

would reduce unnecessary killing of healthy animals hence will help control bTB (de la Rua-

Domenech  et al., 2006).   

Bovine tuberculosis caused by M. bovis, is a zoonotic disease that affects cattle and wildlife 

(Nishi et al., 2006). This wildlife can serve as reservoirs of infection, thus increasing the risk of 

human exposure and subsequent infection, especially those living at the wildlife-livestock-

human interface (More et al., 2005). Wildlife tuberculosis has resulted in both national and 

international trade restrictions for affected species (Miller and Kaneene, 2006). The disease is a 

key constraint to livestock production in which milk yields and animal draught power are 

reduced and infected carcasses are condemned. In addition, the disease is not only a major cause 

of economic loss to farmers and butchers but it has a serious impact on export potential. 

However, most important is the risk of infection to humans, particularly women and children 

who appear to be most susceptible to the disease (Cosivi et al., 1998b). The risk increases 
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considerably in individuals with immunosuppression induced by HIV infection (Raviglione et 

al., 1995). Infection has been identified wherever cattle are raised; the greatest risk at present is 

that Tb has potential to spread from wildlife to other animals including humans thought to be 

disease-free. (Kaneene and Pfeiffer, 2006).  

In Nigeria there is paucity of information about the prevalence of bTB in wildlife .Yankari Game 

Reserve has a large population of wildlife with a good climatic condition, abundant grazing 

areas, fertile land and rivers that support wildlife. Lack of sufficient grazing land and water 

especially during the dry season, has led to the encroachment of cattle into wildlife areas such as 

Yankari Game Reserve in Bauchi State, Nigeria in search of free pastures and water. Farming 

and hunting activities also take place around the border of the game reserve. Interaction between 

cattle and wildlife at grazing and watering sites may serve as source of transmission of bTB 

between domestic and wildlife species. Hence, the need to determine the level of exposure to 

bTB in both group of animals in the Game Reserve.  

The intradermal tuberculin skin test (TST), which detects delayed-type hypersensitivity (DTH) to 

tuberculin antigens, has been the mainstay of tuberculosis screening and ante -mortem diagnosis 

in non human primates for many years (Coombs and Gell, 1975; Monaghan et al., 1994). This 

method is cumbersome; results are obtained in a minimum of 24 hours and require specific 

technical training and is also difficult to conduct in wildlife. Based on these limitations of 

tuberculin test in wildlife, it is essential to use one of the several new in-vitro assays that are 

sensitive, specific and rapid. The lateral flow method is easy to use, adaptable for multi species 

use, results can be obtained in 20 minutes and require a small volume of serum, plasma, or whole 
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blood. The test does not require sophisticated laboratory equipment or specific technical training 

as compared to the tuberculin test. 

1.3. Justification 

Wildlife tourism and ecotourism have fast become popular industry generating substantial 

income for developing nations with rich wildlife population, especially in Africa and India. This 

ever growing and increasingly popular form of tourism is providing the much needed incentive 

for poor nations to conserve their rich wildlife heritage. Ecotourism is now favoured by many 

global environmental organizations and aid agencies as a vehicle to sustainable development. It 

promotes conservation of biological diversity by protecting ecosystems and has the local culture, 

flora and fauna as the main attractions. The Yankari Game Reserve fulfills these criteria 

(Yankari National Park, 2000). Yankari is one of the biggest Game Reserves in Nigeria and the 

most popular destination for tourists in Nigeria. It therefore plays a crucial role in the 

development and promotion of tourism particularly ecotourism in Nigeria. It is also one of the 

most popular eco-destinations in West Africa. This attracts tourists from Japan, Western Europe, 

USA and Southeast Asia (Yankari National Park, 2000).  If properly managed, it could become a 

significant part in the development and promotion of tourism throughout Nigeria (Nihotours, 

2000). The Yankari Game Reserve is one of a few remaining areas left in West Africa where 

wild animals are protected in their natural habitat. The Game Reserve is well-stocked with 

different species of wildlife including elephants, baboons, waterbucks, bushbucks, oribis, 

crocodiles, hippopotamuses, roan antelopes, buffaloes and various types of monkeys and lions. 

The villages that surround the Game Reserve are populated by farmers and cattle herders. 

Farming activities coupled with good grazing areas including the felling of trees for fire wood, 
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and hunting activities are the major reasons that lead to people and livestock to interact with the 

wildlife park. These human activities serve as points of contact between  livestock and wild life 

and as such may lead to the transmission of bTB between cattle, humans and wildlife species. 

Some wild animal populations serve as source of infection for domestic livestock and humans 

(Gary, 2009). The level of interactions observed between cattle and wildlife in Yankari Game 

Reserve poses a great health hazard not only to tourists but also to those communities that use 

the reserve for farming, fishing, hunting and grazing of livestock. There is lack of information 

about the actual prevalence of bTB in the wildlife population at the Yankari Game Reserve as 

such it become essential to carry out this study to identify the true situation. Should wildlife be 

identified to serve as bTB reservoir hosts then the finding will be crucial for the implementation 

of effective control measures. 

1.4. Aim of the Study 

To determine the prevalence of M. bovis infection in wildlife and cattle in Yankari Game 

Reserve in Bauchi State.  

 
1.5. Objectives of the Study 
            

 To determine the prevalence of M. bovis in wildlife in Yankari Game Reserve  

 To determine the prevalence of M .bovis in cattle settlements around Yankari Game 

Reserve 

1.6. Research Question 
 

 Does wildlife in Yankari Game Reserve harbour bovine TB? 

 What is the prevalence of bovine TB in cattle grazing at the periphery of Yankari Game 

Reserve?  

 If wildlife located at the YGR does habour bTB, what is the prevalence like?  
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                                                          CHAPTER TWO  

                                                     LITERATURE REVIEW 
 

2.1. Introduction 

Bovine tuberculosis is a chronic debilitating disease caused by M. bovis  that affects a broad 

range of mammalian species including domestic animals, wildlife and humans (Philips et al., 

2001; de Lisle et al., 2002: Delahay et al., 2007). It creates a complex of epidemiological system 

and is a major economic and public health problem in numerous countries ( O’Relly and Daborn, 

1995). The disease affects all age groups of human and animals (Alemayehu et al 2008), and is 

responsible for an increasing proportion of human tuberculosis cases (Cosivi et al., 1998a). 

Mycobacterium tuberculosis was considered primarily a human pathogen and has been reported 

in domestic and wildlife species living in close prolonged contact with humans (Michalack et al., 

1998; Montali et al., 2001). Mycobacterium bovis is present in most developing countries where 

surveillance and control measures are often inadequate or unavailable. As a result many 

epidemiological and public health aspects of the infection remain unknown (Cosivi et al., 

1998b). There are a variety of mechanisms by which bTB is transmitted, most notably by 

inhalation or ingestion but also via the skin , or pseudo vertically to suckling young, so the 

combination of multiple hosts and multiple transmission routes generates complex patterns of 

intra-species transmission.  
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2.2. Epidemiology of M. Bovis. 

2.2.1 Etiology of M. bovis. 

Bovine Tuberculosis is a member of mycobacterium complex which includes M. bovis, 

Mycobacterium tuberculosis, Mycobacterium africanum, and Mycobacterium microti (Van 

Sooligen et al., 1994). The cause of Bovine tuberculosis (Mycobacterium bovis) is a small 

aerobic non-motile bacillus. The Mycobacterium is unique among the bacteria because of the 

waxy material in their cell wall called mycolic acids which accounts for many of its unique 

clinical characteristics (Reynolds, 2006). The mycolic acids give the Mycobacterium the ability 

to hold onto special stains, allowing them to be seen with the microscope. The special stain is 

called an acid fast stain and the Mycobacterium will be red while the other non Mycobacterium 

will be   blue. Disease caused by Mycobacterium often develop very slowly and may take 

months to years (Krebs et al., 1997; OIE, 2009). Can withstand weak disinfectants and survive in 

a dry state for weeks. In nature, the bacterium can grow only within the cells of a host organism, 

but M. tuberculosis can be cultured in vitro (OIE, 2009), Mycobacterium bovis has one of the 

broadest host ranges of any known zoonotic pathogen (O’Reilly and Daborn, 1995). The disease 

other than in domesticated and feral cattle has been reported in wild animals. (Collins and 

Grange, 1983). It has a complex epidemiological pattern which includes the transmission of 

infection within and between farm animals and wildlife population (Collins and Grange, 1987)  
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2.2.2. Survival of M. bovis in the environment 

Mycobacterium bovis is relatively resistant to environmental factors and under appropriate 

conditions like cool and protected from sunlight may persist in the environment for weeks, or 

months, prolonging the likelihood of transmission by ingestion (Duffield and Young, 1985; Fine  

et al., 2011). Early work suggested that M. bovis is a highly resistant organism surviving in cow 

faeces for at least 5 months in winter, 4 months in autumn, 2 months in summer up to 2 years in 

soil; 4 months in liquid manure stored underground, and 1-2 months in soil during the summer 

months (William and Hoy, 1930). A study in Michigan, USA showed that M. bovis under natural 

weather condition survived for up to 88 days in soil, 58 days in water and hay, and 43 days on 

corn (Fine et al., 2011). Survival on feedstuff (supplemental feeds) provides a more conceivable 

route of indirect transmission. The activity of sunlight and other bacteria, protozoa and fungi 

contribute to the breakdown of feaces appears to destroy tubercle bacilli. Also the decomposition 

of carcasses has been shown to destroy M. bovis (Fine et al., 2011). The organism could not be 

recovered in carcasses left on pasture for upto 4 weeks. Furthermore the organism could not be 

recovered in 3 badger carcass buried for 2, 3 and 6 weeks. (Fine et al., 2011). Kelly and Collins 

(1978) later suggested that the major factors influencing survival in soil and on pasture are 

temperature, moisture, and pH, exposure to sunlight, dissolved oxygen, presence of naturally 

occurring antibiotics in the soil, natural microflora and types of microflora associations. The 

survival period of M. bovis in the environment was shown to be inversely proportional to mean 

daily temperatures in a New Zealand study carried out between 1992 and 1993 (Jackson et al., 

1995). Temperatures just above 0 °C and a strong hygrometry are favourable for M. bovis 

survival, while hot and dry weather do not allow a long-time survival of M. bovis in the 

environment (Artois et al., 2004). 
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2.3. Transmission of M. Bovis 

The respiratory route is accepted as the primary method of infection in all species. However, it is 

clear that there are other less common methods of spread such as oral, occupational, congenital 

and via wounds (Thoen et al., 2006; Doran et al., 2009). The principal route of transmission of 

bovine TB in housed and even at pasture is via the respiratory system involving direct aerosol 

transmission between animals in close contact (Cassidy, 2006). Through nose to nose. Ingestion 

of unpasteuralized dairy products or ingestion of contaminated feeds, feed trough and drinking 

water. However a large infective dose is required (Radostits, et al., 2000). Consumption of 

undercooked venison, carnivores may become infected with M. bovis by ingesting infected 

carcasses, sniffing and licking wound of an infected animal (Sauter and Moris, 1995; Nugent, 

2005). Ingestion of infected milk by young animals. Percuteneus is as a result of exposure to M. 

bovis during field dressing of tuberculous animal as a result of injury sustained during dressing 

(Wilkins et al., 2008). Also abattoir workers and veterinarians are infected during slaughter or 

post mortem examination of cattle (Robinson et al., 1988; Cousins and Dawson, 1999) 

The combination of multiple hosts and multiple transmission routes generates complex patterns 

of intra-and inter species transmission (Nugent, 2011). Intra-species transmission is likely to 

occur as a result of cannibalism (Ragg et al., 2000), among other interactions, and where the 

densities are very high. Other uncommon routes include intrauterine infection at coitus, by the 

use of infected semen or uterine pipettes, and intramammary infection by the use of 

contaminated teat siphons or infected cusps of milking machines (Radostits et al., 2000). In 

wildlife aggregation of animals around housing, feeders and water sources act as source of 

transmission, during scavenging, sniffing and licking wound of infected animals (Sauter and 

Moris, 1995; Nugent, 2005).  
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The transmission dynamics of infectious diseases depends critically on what is frequently termed 

reservoir or maintenance hosts. Any host complex in which disease persists indefinitely is termed 

a reservoir (Ashford, 1997). Maintenance host is a host complex in which the pathogen can 

persist as a short term source of infection. Host status depends on the characteristic of individual 

host, host density, nature and frequency of contact it has with other potentially infected 

individual (Begon, 2008). Reservoir host should have one of these characteristics (a) it must be 

susceptible, (b) able to transmit the disease and (c) high density (Corner, 2006). Transmission of 

M. bovis from domestic animals to wildlife (spillover) and subsequent transmission from wildlife 

to domestic animals (spillback) is common in different regions of the world. Both spillover and 

spillback have been facilitated by factors such as encroachment on wildlife habitat, animal 

translocation, or supplemental feeding of wildlife (Daszak et al., 2000). The scrutiny of wildlife 

reservoir hosts is essential in control or elimination of M. bovis from domestic animals (Ryan et 

al., 2006). Infected cattle were generally considered the source of human infection with M. bovis, 

with transmission being through ingestion of unpasteurized milk and other dairy products 

(Grange, 2001). Also, abattoir workers and veterinarians were infected during slaughter or 

postmortem examination of cattle, or as a result of ingestion of undercook infected meat 

(Robinson et al., 1988; Corner et al., 2006). The role of each animal species in spreading the 

disease depends on (a) how the transmission occurs, (b) on the abundance of each host, and (c) 

on the interspecies interactions between hosts at the wildlife-domestic animals’ interface both of 

which facilitate disease persistence (Cartensen and Doncarlos, 2011). The multiple-host 

epidemiology of bTB is therefore immensely variable, with every location tending to have a 

unique set of conditions underlying the emergence and persistence of this pathogen in wildlife. 

Management system of animals contributes to the spread of this disease. Intensive, as opposed to 
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extensive livestock systems facilitate close contact between animals and favour the spread of 

respiratory disease including tuberculosis (Griffin, et al., 1993). Calves which are housed with 

cows are exposed to constant risk of infection by the respiratory route, than those not housed 

together (Griffin et al., 1993). Also cattle grazing in an open range , in wild cervidae  and in feral 

cattle the prevalence of TB  is only 1-5% whereas in dairy cows and farmed deer the prevalence 

was between 25-50% because the deer were housed, and because of their average life span 

(Wagner, 1993). Under extensive pastoral system of husbandry factors such as congregation of 

livestock from different sources at watering sites, or gathering of animal in an enclosure 

overnight lead to increase aerosol transmission of infection and individual with high disease 

prevalence might be encountered (Radostits et al., 2000). Herd size also contributes to the 

transmission of infection as cited by Francis in Great Britain in which herds with a large number 

of animals showed high prevalence of tuberculosis than those with small number of animals 

(Garnett, et al., 2002). Transmission of M. bovis infection from human to cattle is direct and 

through the respiratory route and by indirect via beddings and or hay contaminated by urine from 

human excreta has been reported in Germany and Netherlands (Huitema, 1963). In non- human 

primate tuberculosis is a common problem in captivity and the new World monkeys are known 

to be more resistant than the old World monkeys (Wilson et al., 1984).  In the Masai Mara game 

reserve in Kenya there was reported case of tuberculosis due to M. bovis in wild baboons (Papio 

cynocephalus Anubis, Lesion) (Sapolsky and Else, 1987) . It was concluded that the infection 

was contracted by the animals feeding on village slaughterhouse offal of M. bovis infected cows 

(Sapolsky and Else, 1987). M .bovis was also isolated from 2 tuberculin positive female baboons 

(Papio papio) quarantine at the Biological Resources Laboratory primate facility at the 

University of Illinois, USA (Thoen et al., 1977). They had tuberculous lesions in their liver, 
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spleen, lungs, and media sternal lymph nodes. M. bovis infection in wild and feral cervidae. 

Cases of M. bovis infection have been reported in the USA (Wagner, 1993), Hungary 

(Kormendy, 1993). New Zealand and Great Britain (Rose, 1987). In a recent literature review on 

tuberculous in deer it was reported that the prevalence of the disease in wild deer was less than 

5%. Transmission of M. bovis among badgers is by respiratory route with infection more 

frequently in young animals due to pseudo-vertical transmission from mother to cub (Anderson 

and Trewhella, 1985). Some transmission may occurs as a result of bite wounds caused by +--

fighting between males, pastures contaminated with badgers urine has been reported as a source 

of infection to cattle (Brown et al., 1994).  

2.3.1. Wildlife to human transmission;  

Hunters are exposed to M. bovis during the field dressing of tuberculous animal as a result of 

injury sustained during dressing or the consumption of undercooked venison products (Wilkins, 

et al., 2008).  

2.3.2. Cattle to cattle transmission; 

Cattle-to-cattle transmission can be facilitated by close contact, poor ventilation systems in barns 

and sheds, and the herd density (Neill et al., 1991). Mycobacterial are shed through feces, milk, 

discharging lesions, saliva, and urine and are transmitted through different routes (Menzies and 

Neill, 2000). The most common spots for nose to nose or mouth to mouth contact among animals 

are at the salt supplementation and feeding points. Especially in large herds with small-sized 

feeders (Parra et al., 2005). Animals under intensive farming management and confined to 

spaces or corrals allowing close physical contact before and during milking are more stressed 
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(Brown et al., 1998). The transmission of M. bovis between cattle is dependent on a number of 

factors, including frequency of excretion, route of infection, the infective dose, the period of 

communicability, and host susceptibility. It is also possible that a range of highly specific 

conditions must occur for fine aerosols to be produced and for transmission to take place (Griffin 

and Dolan, 1995). Field experience also indicates that cattle in the early stages of disease or with 

discrete walled-off lesions do not commonly transmit M. bovis to in-contact animals (Griffin and 

Dolan, 1995; Olea-Popelka et al., 2008). Animals excrete M. bovis in exhaled air, sputum, urine, 

faeces and pus, so the disease can be transmitted by direct contact, contact with the excreta of an 

infected animal, or inhalation of aerosols (Cosivi et al., 1998a). Other factors that contribute to 

bTB transmission include; stocking densities, type of housing, and farm habitat type ,livestock 

production intensity and rotational versus strip grazing (Johnston et al., 2011). Herd- to- herd 

transmission include cattle movement and trading, purchase of for addition to cattle from the 

market or from infected herds increase risk of infection for the receiving herds (Johnston et al., 

2011). At pasture transmission is enhanced through stocking densities, rotational versus strip 

grazing, livestock production intensity (Johnston et al., 2011). Farm management system 

including herd size, herd type, herd location, and other management practices such as spreading 

of slurry may also play a role (Griffin et al., 1993). Use of certain housing types such as having 

multiple premises may also be important (Johnston et al., 2005). Nomadic transhumance relies 

on the movement of livestock to follow grazing and water over considerable distances following 

seasonal changes. During the wet season, animals graze in pastures shared by several farmers. 

During the dry season, several herds are gathered in mobile groups migrating together, and share 

grazing areas and watering sources along the way (Oloya et al., 2007). Transhumance was 

recently associated with an increased bTB status (Munyeme et al., 2008). 
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2.3.3. Cattle to wildlife transmission  

Direct contact between wildlife and cattle is rare, but wild animals reaching a late stage of 

clinical tuberculosis may show modified behaviour, they lose fear, active in day light, attract 

cattle (Norton et al., 2005). Cattle might also become infected by smell, sniff, or lick discharges 

from a dead or dying wildlife as reported by Zuckerman (1980) and Griffin et al. (1999). Indirect 

contact between cattle and infected wildlife feaces, urine and wound discharges resulted in 

transmission (Palmer et al., 2004). Also storing wildlife manure indoors and type of housing 

increase the risk of transmitting bTB (Garnett et al., 2002; Roper  et al., 2003). In Great Britain it 

was suggested that routes of transmission between badgers and cattle included direct contact 

between cattle and badgers at pastures (Ward et al., 2010). Further indirect contact between 

cattle and infected badgers faeces, urine and wound discharges, this is increase where cattle can 

access badger setts and latrines or where badgers access cattle feed( including feed in stores, 

maize, silage and feeds in trough and or water troughs or visit to farmlands (Garnett et al., 2002., 

Roper et al., 2003). Also close contact between ungulate and cattle at the interface is the cause of 

interspecies transmission (Renwick et al., 2007). 

2.3.4. Wildlife to wildlife transmission;  

Intraspecies transmission of bTB among wildlife species is seen in those groups of wildlife that 

live in large herds such as African buffalo and the Kafue lechwe (Munyeme, et al., 2010). 

Interspecies transmission between prey and predators has been reported in Kruger National Park 

in South Africa and affected by factors such as group composition of the herd augmented with 

group social behavioral pattern under favourable ecological disposition (Bengis, et al., 2002). 

Same family groups are more likely to share the same feed from the same sources, participate in 

mutual grooming and spend time within distances favourable to aerosol transmission (O’Brien et 
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al., 2002). Intraspecies transmission is likely to occur as a result of cannibalism and other 

interactions and where densities are high (Ragg et al., 2000). 

2.4. Pathogenesis of M. Bovis 

The most common route of infection is through inhalation, the inhaled bacilli lodge in the 

terminal air space of the lung, where they enter and replicate within the endosomes of alveolar 

macrophages (Houben et al., 2006). T lymphocytes secrete cytokines such as interferon gamma, 

which activates macrophages to destroy the bacteria with which they are infected (Kaufmann, 

2002). Cytotoxic T cells can also directly kill infected cells, by secreting perforin and granulysin 

(Houben et al., 2006). The infection can spread hematogenously to lymph nodes and other areas 

of the body and cause smaller, 2-3 mm in diameter, tubercles.  The formation of these smaller 

tubercles is known as “miliary tuberculosis” (Kim et al., 2003). Macrophages, T- lymphocytes, 

B- lymphocytes and fibroblasts are among the cells that aggregate to form a granuloma, with 

lymphocytes surrounding the infected macrophages. The granulomas function not only to 

prevent dissemination of the mycobacterial organism but also provide a local environment for 

communication of cells of the immune system. The bacteria are not always eliminated within the 

granuloma, but can become dormant, resulting in a latent infection (Kumar et al., 2007). 

Mycobacterium bovis infection results in the formation of primary focus located in the lungs and 

thoracic lymph nodes (Kaneen and Thoen, 2004). In animals lymphatic drainage from the 

primary focus leads to the formation of caseous lesions in the adjacent lymph nodes. This lesion, 

together with the primary focus is term primary complex. This primary complex seldom heals in 

animals, the disease progresses for some years during which the humoral immune response 

appears in the more advanced stages of the disease (Kaneen and Thoen, 2004). The natural and 
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acquired immune response mechanism of host often help in limiting the proliferation of tubercle 

bacilli and the development of progressive disease (De la Rua-Domench et al., 2006).  

Another feature of the granulomas of human tuberculosis is the development of abnormal cell 

death, also called necrosis, in the center of the tubercles. To the naked eye this has the texture of 

soft white cheese and was termed caseous necrosis (Grosset, 2003). Tissue destruction and 

necrosis are balanced by healing and fibrosis (Grosset, 2003). Affected tissue is replaced by 

scarring and cavities filled with cheese-like white necrotic material. During active disease, some 

of these cavities are joined to the air passages bronchi and this material can be coughed up. It 

contains living bacteria and can therefore pass on infection to others (Grosset, 2003). 

Development of overt disease after infection under field conditions may be dependent on the 

number of virulent organisms to which a susceptible host is exposed, the frequency of exposure 

and route of infection, as well as the general health and immunological status of the animal 

2.5. Clinical Signs 

Clinical signs are manifested as emaciation, depression, and intolerance to exercise. Because 

infection often involves the lungs, coughing, nasal discharges, and difficulty in breathing can 

occur in severe cases (Cassidy, 2006). In some instances, superficial lymph nodes in the neck 

will develop large abscesses that may rupture and drain through the skin. Affected animals may 

have yellow to tan, pea-sized nodules in the chest cavity or lungs (Radostits et al., 2000). It is 

usually characterized by formation of nodular granulomas known as tubercles. Any body tissue 

can be affected, but lesions are most frequently observed in the lymph nodes (particularly of the 

head and thorax), lungs, intestines, liver, spleen, pleura, and peritoneum (Menzies and Neill, 
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2000). The distribution of lesions will depend on the infecting dose, route of infection and the 

incubation period before examination.  

2.6. Diagnosis 

2.6.1. Intradermal tuberculin skin test.  

This has been the mainstay of tuberculosis screening and antemortem diagnosis of M. bovis in 

nonhuman primates and is currently the most widely applied method for tuberculosis testing of 

animals in primary import quarantine (NRC, 1980; Roberts and Andrews, 2008; Monaghan et 

al., 1994). 

2.6.2. Single cervical  

This involves the injection of purified protein Derivative (PPD), which is prepared from culture 

of M. bovis grown on synthetic media (OIE, 2009). The injection site is the cervical region. A 

fold of skin is picked up in the center of the lateral aspect of the neck. The result is read between 

48 to 96 hours after injection. A positive reaction constitutes a diffused swelling at the injection 

site; the injection site is measured before and after the injection with a caliper (Monaghan et al., 

1994). The subjective method of palpation is more accurate. 

 

2.6.3. Caudal fold 

The PPD is injected into anal or caudal fold at the base of the tail (Radostits et al., 2000). The 

injection site must be clipped and cleaned before injecting the PPD. The results are read after 72 

hours (OIE, 2009). In the caudal fold test, a short needle, bevel edge outwards, is inserted 

obliquely into the deeper layers of the skin on the lateral aspect of the caudal fold, midway along 

the fold and midway between the hairline and the ventral aspect of the fold. The standard 
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interpretation is that any palpable or visible change is deemed to be a reaction. a positive test is 

any palpable or visible swelling at the site of the injection that has a caudal fold thickness 

difference of 4 mm when compared with the thickness of the opposite caudal fold. If an animal 

has only one caudal fold, it is considered to be test positive if the caudal fold thickness is 8 mm 

or more (OIE, 2009) 

 

2.6.4. Comparative intradermal tuberculin test  

The test is used to differentiate between animals infected with M. bovis and those responding to  

bovine tuberculin as a result of exposure to other mycobacterial organisms (Radostits et al., 

2000). This sensitization can be attributed to the antigenic cross-reactivity among mycobacterial 

species and related genera. The test involves the intradermal injection of bovine tuberculin (PPD-

B) and avian tuberculin (PPD-A) into different sites, usually on the same side of the neck at 12-

15 cm apart and measuring the thickness of the skin with a caliper 72 hours later (OIE 2009). In 

young animals in which there is no room to separate the sites sufficiently on one side of the neck, 

injection is made on each side of the neck at identical position in the centre of the middle third of 

the neck. In the interpretation of the intradermal comparative test, a reaction is usually 

considered to be positive if the increase in skin thickness at the bovine site of injection is more 

than 4 mm greater than the reaction shown at the site of the avian injection. The reaction is 

considered to be inconclusive if the increase in skin thickness at the bovine site of injection is 

from 1 to 4 mm greater than the avian reaction. The reaction is considered to be negative if the 

increase in skin thickness at the bovine site of injection is less than or equal to the increase in the 

skin reaction at the avian site of injection (Grooms and Molesworth, 2000).  
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2.6.5. Blood-based laboratory tests 

Diagnostic blood tests are now available and they include the gamma interferon assay, which 

uses an enzyme-linked immunosorbent assay (ELISA) as the detection method for interferon, the 

lymphocyte proliferation assay, which detects cell-mediated immune responses, and the indirect 

ELISA, which detects antibody responses. The logistics and laboratory execution of some of 

these tests may be a limiting factor. Lateral flow-based rapid test, has been shown to be useful 

for detecting tuberculous animals, particularly in some domestic animals, wildlife (Lyashchenko 

et al., 2008). And zoo animals such as South American camelids, badgers (Greenwald et al., 

2003).  

2.6.6. Post-mortem tests   

The preliminary diagnosis of tuberculosis at slaughter is by the identification of TB tubercles. In 

approximately 90 percent cases of tuberculosis in cattle, lesions primarily involved the lymph 

nodes of the respiratory system. Lesions can also be found in the thoracic cavity, head, and 

mesenteric lymph nodes. Approximately half of the lung lesions were located in the distal part of 

the diaphragmatic lobes ( Menzies and Neill, 2000).  

Other methods include, histopathology, examination of Ziehl-Neelsen (ZN) stained smears or 

contact  tissues sections for acid-fast bacilli (AFB), or tuberculosis-like lesions provides 

presumptive diagnosis. The isolation of mycobacteria on selective media and their subsequent 

identification by cultural and biochemical tests or DNA technique such as PCR  can confirm the 

infection ( De Lisle et al., 2002) . Although expensive and extremely time-consuming, 

bacteriological culture is considered the reference test for the diagnosis of TB, as most other 
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techniques lack sensitivity and/or specificity (De Lisle, 2002; O’Brien et al., 2004; Gavier-

Widen  et al., 2009).          . 

2.7. Prevention and Control of M. Bovis 

Maintenance hosts are critical in disease epidemiology and control because without intervention, 

disease will persist indefinitely. Therefore to control the disease efforts should aim at the 

maintenance host (Ryan et al., 2006). Bovine tuberculosis control strategies should be based on 

prevention, control, and eradication, fundamental activities concerning animal husbandry, 

removal of known sources of infection, early diagnosis, quarantine, movement control, and 

environmental hygiene must be sound (Kaneene et al., 2002). Transmission of M. bovis across 

the wildlife-domestic animal interface represents a significant obstacle to bovine tuberculosis 

eradication efforts in many countries around the world. The combination of tuberculin testing, 

monitoring at meat inspection, movement control, and destruction of exposed animals, milk 

pasteurization, animal health surveillance, generally have been successful in eliminating the 

disease, except where a reservoir of infection exists outside the cattle population (Nahid et al., 

2006;  FSAI, 2008). The eradication of the disease in livestock has been impeded in several 

countries by the presence of tuberculosis in wild animals (Kaneene et al., 2006).  The lack of 

efficient diagnostic tools for most species and the absence of an effective vaccine make it 

currently impossible to contain and control this disease within an infected free-ranging 

ecosystem.  Veterinary researchers and policy makers have recognized the need to intensify 

research on this disease and the need to develop tools for control, initially targeting buffaloes and 

lions, and then other species (Miller and Kaneene, 2006). Meat inspection programme should be 

strengthened and designed to prevent the consumption of contaminated products by people. All 
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animals entering the food chain should be subjected to ante-mortem and postmortem inspection. 

The tuberculin test is valuable in the control of zoonotic tuberculosis because early recognition 

of preclinical infection in animals intended for food production and early removal of infected 

animals from the herd eliminates a future source of infection for other animals and for humans. 

Milk should be pasteurized or effectively treated with heat or further processing also meat be 

properly cook prior to human consumption these measures help to prevent transmission of 

zoonotic tuberculosis through milk and meat (FSAI, 2008). There should be an increased 

enlightenment of the public on the possible risks of M .bovis infection in man. Farmers and other 

occupationally at-risk individuals should be required to adopt appropriate measures to minimize 

exposure of employees and farm visitors to infections that can be transmitted to humans from 

animals (HPA, 2009). Animal husbandry practices should be improved upon to reduce contact 

between domestic livestock and wild ruminants especially during grazing (FSAI, 2008). 

2.7.1. Post-mortem 

During meat inspection presence of tubercles in the lungs as occasioned by palpation and 

incision of lymph nodes to detect the presence of gritty sound may indicate tuberculosis 

(Radostits et al., 2000) Detecting these infected animals prevents unsafe meat from entering the 

food chain and allows veterinary services to trace-back to the herd of origin of the infected 

animal which can then be tested and eliminated if needed. Treatment of infected animals is rarely 

attempted because of the high cost, lengthy time and the larger goal of eliminating the disease 

(FSAI, 2008). 
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2.7.2. Vaccination  

Is currently considered the leading prospective control strategy in wildlife in England and 

Michigan, and is under consideration in other countries such as Canada, New Zealand, the 

republic of Ireland, South Africa, and Wales (Buddle et al., 2011). Presently, M. bovis strain 

Bacilli Calmmette-Guaerin (BCG) has been used as a vaccine and showed protection of naturally 

occuring tuberculosis in Silka deer (Cervus Nippon) (Shilang and Shanzhi, 1985), and in 

experimental infection of red deer (Griffin et al., 1999; Griffin et al., 2006). In wildlife control is 

through reduction in density (measures that reduce animal aggregation) through hunting, or 

elimination through supplemental feeding and baiting (Rudolph et al., 2006). Monitoring of both 

wildlife and domestic livestock can be done through hunter-killed surveys, carnivores and 

omnivores surveillance, and whole herd tuberculin testing of cattle. The use of potential 

measures for minimizing contacts between cattle and wildlife through fencing of feeding areas to 

exclude cattle herds (VerCauteren et al., 2006) and the use of guard dogs  (VerCauteren et al., 

2008b)  to preventing transmission of bovine tuberculosis . 

 

2.8. M. Bovis Infection in Goats and Sheep 

Tuberculosis in goats and sheep is caused by M. bovis and M. caprea (Sharpe et al 2010;  Hiko 

and Agga, 2011). Epidemiological studies showed that the disease is distributed globally, and has 

been reported in various countries like New Zealand, Sudan, Spain, Nigeria, UK, Italy, Algeria 

and Ethiopia (Hiko and Agga, 2011). Cadmus et al. (2009) reported M. bovis and M. tuberculosis 

in goats in Ibadan Nigeria. In Ethiopia work done by Gezahegne et al. (2012) showed a 

prevalence of 4.2% based on abattoir examination and 3.1% using single intradermal tuberculin 

test.  Haruna et al. (2012) reported M. bovis infection in sheep and goats in Kaduna State, 
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Nigeria, with an overall and individual prevalence of 13.56% and 10.64% (54/498) for sheep, 

16.41% (84/512) for goats respectively, The Female sheep and goat had an overall prevalence of 

8.8% and an individual prevalence of 14.98% as compared to the male with 4.73% and 11.54% 

respectively. This showed that sheep and goats could play an important role in transmission of 

M. bovis (Haruna et al., 2012) 

 

2.9. M. Bovis Infection in Humans 

Transmission of the disease to humans is via consumption of contaminated milk from infected 

cows (Collins and Grange, 1987). People with high risk of infection are slaughterhouse and rural 

workers (Ritaco and  de Kantor, 1992). individuals at high risk include persons involved  with 

potentially infected animals such as veterinarians, abattoir workers, meat inspectors, autopsy 

personnel, farmers, milkers, animal keepers (those in the zoo), animal dealers, laboratory 

personnel and owners of potential tuberculous pets such as monkeys (O’Donahue et al., 1985; 

Yumi and Tooru, 2007). Indirectly, man acquires the disease from animal sources by ingestion of 

meat and meat products from slaughtered infected cattle and consumption of unpasteurized 

infected milk (Cosivi et al., 1998a; Radostits et al., 2000; Thoen et al., 2006). The incidence of 

M. bovis infection in humans probably remains underestimated, as a distinction between the 

various Mycobacterium species like M. bovis and M. tuberculosis, is not systematically 

performed (Anonymous 2006). Since the real incidence of M. bovis in human health is still 

unknown, it is essential to advance the eradication of bTB worldwide by means of adequate 

programmes, especially in developing countries (Grange, 2001). Even if the risk to human health 

is low in most developed countries, the HIV pandemic in developing countries raises concern 

about its impact on the transmission of M. bovis to and between humans (Grange 2001). The 
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highest risk groups are actually individuals with concomitant HIV/AIDS infection (Ayele et al 

2004). HIV is the major factor responsible for the progression of tuberculosis infection to active 

tuberculosis disease (Dabon and Grange, 1993). In countries where tuberculosis in cattle had 

been common, about 10% of cases of clinical tuberculosis in humans were assumed to be caused 

by M. bovis infection (Schliesser, 1992). Francis (1947) stated that in Great Britain 5% of all 

deaths from tuberculosis at all ages were due to bovine type of bacillus, but in children under 5 

years the proportion was 30%. About 8% of raw chunk milk and nearly all of the 3000 gallon 

tanks in which milk is often brought to the city contain tubercle bacilli. Human cases of 

tuberculosis diagnosed in different countries were as a result of M. bovis especially in Argentina. 

Relatively high prevalence of tuberculosis in cattle coincided with bacteriological diagnosis of 

human tuberculosis, the percentages of human tuberculosis to M. bovis range from 0.4 to 6.2%, 

and most of the patients infected with M. bovis were slaughterhouse or rural workers (Ritaco and 

d Kantor, 1992). In Santa Fe province from 1984-1989, M. bovis was responsible for 2.4 to 6.2% 

of human cases of tuberculosis and about 64% of the patients were slaughterhouse or rural 

workers (Latini et al., 1990). In South America the highest infection rate was found in milk-

producing regions surrounding large cities (Acha and Szyfres, 1987). In Australia reports of 

Mycobacterium bovis pulmonary infection in abattoir workers highlighted the aerosol route of 

infection as an occupational hazard (Robinson et al 1988; Georghiou et al., 1989). In Alberta, 

Canada one veterinarian became infected with M. bovis while examining a tuberculous elk and 

several workers became tuberculin positive following exposure to carcass of tuberculous elk 

(Fanning and Edwards, 1991). 

Tuberculosis is a major opportunistic infection in HIV infected persons. The epidemic of HIV 

infection in developing countries, particularly countries in which M. bovis infection is present in 
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animals and the conditions favour zoonotic transmission, could make zoonotic TB a serious 

public health threat to persons at risk (Moda et al., 1996; Daborn et al., 1997). Tuberculosis due 

to M. bovis is significant in sub Saharan Africa due to high prevalence of HIV infection in 

human population. Human Immunodeficiency Virus (HIV) infection suppresses the immune 

system. Thus Farmers infected with the organism will be at greater risk of developing 

tuberculosis, which in turn can lead to the transmission of tuberculosis to their cattle as a result 

of their close contact with their animals (MOH, 1997). In 1995 the WHO estimated that 5.6 

million people were co-infected and by the of the century, tuberculosis is likely to be the leading 

cause of death among HIV positive people. High prevalence of HIV in patients with tuberculosis 

suggested that an epidemic of reactivating tuberculosis was arising in those infected with HIV. 

AIDS patients infected with M. tuberculosis develop active tuberculosis (Cowley et al., 1992). 

Human Immunodeficiency Virus positive individual who are also infected with M tuberculosis 

are 30 times more likely to develop clinical tuberculosis than HIV negative people infected with 

the tubercle bacillus (Shimao, 1995). Mycobacterium bovis has been isolated from HIV infected 

person in developed countries (Bouvet et al., 1993). 186 Serious concerns was expressed that 

HIV pandemic would result in an increase of human tuberculosis due to M. bovis infection. 

Public Health Laboratory services in South-East England have diagnosed 2 cases of M. bovis 

infection in HIV positive patients (Daborn and Grange, 1993).    

 

2.10. Status of M. Bovis Infection in Africa 

Mycobacterium bovis infection in humans is under-reported as a result of the diagnostic 

limitations of many laboratories in distinguishing M. bovis from M. tuberculosis (Ayele et al., 

2004). None of the national reports submitted to the OIE and WHO by African member states 
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mention the importance of M. bovis in human TB cases. Consumption of unpasteurized milk and 

poorly heat-treated meat and close contact with infected animals represent the main sources of 

infection for humans (Ayele et al., 2004). 

 

2.10.1. M. bovis in wildlife in Africa 

Tuberculosis in wildlife, caused by Mycobacterium bovis, has emerged as an increasingly 

important disease of free-ranging wildlife populations (Acha and Szyfres, 1987). 

Bovine tuberculosis in wildlife was first diagnosed in African buffalo in the southern region of 

the Kruger National Park, South Africa, in 1990 (Cornuzi et al., 1991). M. bovis was later 

diagnosed in Cheetah (Acinonyx jubatus), two lions (Panthera leo) and a Chacma baboon (Papio 

ursinas) (Keet et al., 1996). These animals were assumed to have become infected either directly 

or indirectly from tuberculous buffalo.   

In lions M. bovis infection is generally alimentary, which later spreads to other sites. Peripheral 

lymph nodes were also frequently affected, probably due to infected fight wounds. 

Mycobacterium bovis infection of the mammary tissue was also identified in a few lionesses, and 

Lion cubs as young as six months have been found to be infected (Keet et al., 1996). Members of 

the family Bovidae in the wild are generally the maintenance hosts of M. bovis in Africa and are 

gregarious. They include Kafue lechwe antelope (Kobus leche kafuensis) in Zambia (Clancey, 

1997) and the African buffalo in Uganda (Guilbride, 1963 and Woodford, 1982) and South 

Africa (Cornuzi et al., 1991; Keet et al., 1994). Greater kudu may also have maintenance host 

potential, but are generally a lower density species (Bengies and Keet, 1998). In 1963, Guilbride 

and his 10 workers reported eight cases of tuberculosis in African buffalo that were shot in the 

Ruwenzori/Queen Elizabeth National Park in Uganda. Mycobacterium bovis infected leopard 
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(Panthera pardus) was diagnosed in the Kruger National Park (Bengis, unpublished findings), 

the animal had lesions typical of alimentary infection Keet et al. (1996) reported M. bovis 

infection in Baboons which might have been due to scavenging on infected buffalo, either in the 

veld or at the necropsy facility at Skukuza in the Kruger National Park (Keet et al., 1996). The 

greater kudu was the first wildlife species in Africa documented to be infected with tuberculosis 

(Hilsberg and Van-Hoven, 1999). The first Tuberculosis caused by M. bovis was also recognised 

in the same area in a few common duiker (Sylvicapra grimmia) and in a bushbuck (Tragelaphus 

scriptus). Subsequently, the infection appears to have spread to springbok (Antidorcas 

marsupialis), bushpigs(Lungton et al., 1998; OIE, 2000)(Potamochoerus larvatus) and hares 

(Lepus spp.),  

Work done by Timothy et al. (2001) on Buffaloes at the Kruger National Park (KNP) South 

Africa showed a prevalence of M. bovis infection of 0%, 4.4% (60.6%), and 27.1% (61.4%), in 

the north, central, and south zones of KNP, respectively. 

In Zambia prevalence of M. bovis in African Buffaloes (Syncerus caffer) was investigated from 

different herds by Hetron et al. (2011) showed a prevalence of 5.8% only on avian reactors 

 

2.10.2. M. bovis in domestic animals in Africa 

Mycobacterium bovis was probably introduced into Africa during the colonial era of the 1800s or 

early 1900s, by cattle imported from Europe which became a source of infection for natives’ 

breeds of cattle (Hilsberg and VanHoven, 1999). Subsequently, infection was transmitted to 

wildlife that had a shared habitat with infected cattle. In Egypt De Lisle et al. (1993) reported M 

.bovis infection in cattle and buffaloes using tuberculin tests the results showed a prevalence rate 

of 2-9% in cattle and buffalo in 1920. In 1981-1986 a national programme was commenced to 

cover the entire country (De Lisle et al., 1993; Buddie et al., 1995). This programme was based 
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on compulsory periodical testing of females aged over six months and bulls for breeding, 

followed by slaughter of reactors and compensation. In 1981 the overall proportion of positive 

reactors in two of the controlled governorates were 6.16% and 9.40%, respectively; in 1985 

reactivity dropped to around 2.60% . 

De Lisle et al. (1993) reported the occurrence of M. bovis infection in 34 herds in South Africa. 

The prevalence in the cattle population dropped from 0.17% in 1981 to 0.04% in 1992.  

In Cote d’Ivoire cattle that were totally condemned at slaughtered in abattoir, tuberculosis was 

reported in 50% of the cases (approximately 10% in sheep and goats) by De Lisle et al. (1993). 

In Mali, De Lisle et al. (1993) reported that a total of 237 cattle and 124 sheep were found to be 

infected with tuberculosis during 1992, and their entire carcasses were condemned (De Lisle et 

al., 1993). Dairy cattle and animals in artificial insemination centres were tuberculin tested, and 

those yielding positive results were slaughtered. In Morocco bovine tuberculosis was diagnosed 

in some intensive cattle units and dairy farms as reported by De Lisle et al. (1993), in some 

districts, slaughtered female cattle were found to be heavily infected, with isolation rates of 30% 

for M. bovis and 9.7% for M. tuberculosis (Gallagher et al., 1998) 

In Somalia Buddie et al. (1995) reported the prevalence bovine tuberculosis in cattle, the 

proportion of cattle infected with BTB was 4.54-10.2%. 

In Ethiopia a case control study was conducted between October 2004 and April 2005 to 

determine the prevalence of bTB in cattle in central Ethiopia by Alemayehu et al. (2008) using 

the comparative intradermal cervical tuberculin test (CITT) in cattle, while clinical symptoms, 

chest x-ray, and Ziehl-Neelsen staining were used for the diagnosis of tuberculosis in farmers, 

showed a prevalence of 24.3% in cattle owned by farmers with active tuberculosis than those 

owned by farmers who did not have active tuberculosis (8.6%) (Alemayehu et al., 2008) 
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Work done by Awah-Ndukum et al. (2010) in Cameroon reported a 4.2% prevalence of bovine 

tuberculosis  from slaughter records, also analysis of  tissue and sera showed a prevalence of 

31% (Ziel-Neelsen), 51%(culture), and 60% (antibody detection). 

 

2.10.3. M. bovis in humans in Africa 

The current increasing incidence of tuberculosis in humans, particularly in immunocompromised 

persons, has given rise to a renewed interest in the zoonotic importance of M. bovis, especially in 

developing countries (Radostits et al., 2000) .A close physical association between humans and 

potentially infected animals has been reported in some traditional African communities 

(Carmichael, 1938). Approximately 90% of the total volume of milk produced in sub-Saharan 

Africa is consumed fresh or soured, and only a very small proportion of the total production 

follows official marketing channels (Walshe et al., 1991). According to Cosivi et al. (1998a), 

preliminary studies conducted in Africa indicate that a proportion (approximately 5 - 7%) of 

human tuberculosis cases is caused by M. bovis. In Tanzania, work done by Bologne (2007) 

showed that 10.5% of people with stomach or lymph gland tuberculosis were infected with M. 

bovis and the proportion of extrapulmonarytuberculosis among all forms of tuberculosis stands at 

nearly 16%. A study in Egypt revealed that nine of twenty randomly selected patients with 

tuberculousperitonitis were infected with M. bovis, and the remaining with M. tuberculosis 

(Nafeh et al., 1992; WHO, 1992). Also Buddie et al. (1995) in Egypt reported human cases of M. 

bovis results showed that approximately 63% of these patients were from rural areas (Buddie et 

al., 1995). In a recent investigation, nine of twenty randomly-selected mycobacterial samples 

isolated from patients with abdominal tuberculosis were found to be M. bovis (Cross et al., 2000) 

Other authors reported that 5% of 300 mycobacterial cultured from human sputum were M. bovis 
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(Briones et al., 2000). The observed M. bovis occurrence was attributed to the fact that most 

patients lived in the Cairo abattoir area, and some were workers at the abattoir. 

In Zaire (Congo Democratic Republic), M. bovis was isolated from gastric secretions in two of 

five patients with pulmonary tuberculosis (Mphoshy et al., 1983), with the prevalence of the 

disease in local cattle determined to be approximately 8% by tuberculin testing and isolation of 

M. bovis (Cosivit et al., 1998b). Work done by Kidane et al. (2002) and Shitaye et al. (2007) in 

Ethiopia showed a prevalence of M. bovis was found to be a cause for tuberculous lymphadenitis 

in 17.1% of 29 human tuberculosis cases and 16.7% of 42 human isolates respectively. These 

findings show that the role of M. bovis in causing human tuberculosis seemed to be significantly 

important. HIV seroprevalence rates have been found in over 40% of tuberculous patients in a 

number of African countries (Narain et al., 1992).  

 

2.11. Status of M. Bovis in Nigeria   

2.11.1. M. bovis in animals 

In Nigeria work done by Kudi et al. (2012) on camels in Northern Nigeria using a one-step 

antibody detection assay employing a cocktail of selected M tuberculosis and M. bovis antigens 

with a blue latex-based signal detection system was used, it showed a prevalence of M. bovis of 

17% of the 1375 of the camels tested to be positive (Kudi et al., 2011). Another work done in 

Nigeria by Bello et al. (2012) on slaughter camels(Camelus dromedarus) based on postmortem 

meat inspection and Zeihl-Nielsen stain showed that out of the 83 suspected positive samples, 36 

were males with prevalence of 19.1% and 47 were females with prevalence of 15.1%. A survey 

on the prevalence of tuberculosis in cattle slaughtered in Maiduguri Central abattoir was carried 

out during the month of May to June 2008 by Raufu and Ameh (2010) showed that out of the 
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265,722 cattle slaughtered during the period of the survey, 2,902(1.1%) were positive for 

pulmonary tuberculosis. The annual prevalence during the study varied between 0.5- 6.4%. The 

monthly (mean) prevalence of bovine tuberculosis was highest in the month of July, with 

prevalence rate of 1.4% (Raufu and Ameh, 2010). Work done by Abubakar et al. (2011) on 

slaughtered Camels in Kano State abattoir, Nigeria showed, the prevalence of M. bovis to be 

19.1% in males and 16.6% in females. Work done by Cadmus et al. (2004) in a private farm in 

Ibadan, Nigeria using comparative intradermal tuberculin test reported the prevalence of Bovine 

tuberculosis 10.5%. All the smear samples obtained were positive for acid-fast bacilli; cultural 

isolation confirmed the growth of mycobacterial on pyruvate-enriched Loewenstein-Jensen 

medium, which were identified by molecular typing to be M. bovis. This study demonstrates 

widespread infection in this cattle herd and potential risk of infection for the human population 

with M. bovis (Cadmus et al., 2004). 

Work done by Darbirni (2009) in 4 intensive dairy farms of 200 cattle and semi managed farms 

which produced milk for yoghurt in some part of Kaduna state using Rapid test and Ziel-Neelsen 

stain. The rapid test result showed 17.5% (35/200) of the lactating dairy cows to be positive. 

Fresh milk from cows positive for rapid test and also pack yoghurt made from those positive and 

negative cows were subjected to Ziel-Neelsen stain, the result showed 17.1%(6/35) to be positive 

Work done by Salisu et al. (2012), in Jigawa State Nigeria between September 2008 and March 

2009 using comparative intradermal tuberculin test in cattle showed a prevalence of M. bovis 2% 

while the herd men had a prevalence of 5%. The isolation and identification of M. bovis in fresh 

and sour milk as sold in local market, sputum and tissue samples from humans especially among 

Fulani herdsmen, abattoir and slaughter houses has been reported what has therefore been 

established is that bovine tuberculosis occurs in cattle and humans in Nigeria. 
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2.11.2. M. bovis in humans  

Bovine tuberculosis has been documented in human by different authors in Nigeria. In a study in 

Nigeria, it was reported that one of the ten mycobacterial isolated from sputum-positive cultures 

was M. bovis (Idrisu and Schnurrenberger, 1977). Also, Ofukwu (2006) reported that M. bovis 

account for 5% of all cases of tuberculosis in humans and up to 3% of cases in children less than 

5 years of age. Alhaji (1976) found the presence of M. bovis in the sputum of market milk 

(“nono”) sellers in Zaria. Kolo (1991) in his study at the Ahmadu Bello University Teaching 

Hospital, Zaria, revealed that out of 300 samples of urine, pus, peritoneal and pleural fluid, bone 

marrow and lymph nodes collected from patients, 75% of the isolates were M. tuberculosis while 

3% was M. bovis. Fadiran et al (1999) reported a case of the sternum caused by M. bovis in a 3-

year old Nigerian (Fadiran et al., 1999) supported the earlier findings of other authors. More 

recently,  Abubakar (2007) in his work showed that there was  a high prevalence of both bovine 

and human tuberculosis amongst herders in the Federal Capital Territory, Abuja. Ofukwu (2006) 

in his study covering hospitals in Benue State reported that 2.4% of 124 samples of pus, urine 

and sputum collected from patients were characterized as M. bovis while M. tuberculosis 

accounted for 82.3%. Another study by Ofukwu et al. (2008) on milk samples (nono) collected 

from a market in Benue State revealed the presence of M. bovis. These findings evoke serious 

public health concern taking into consideration the large proportion of the Nigerian population 

exposed to beef, milk and their products. Kovayov (1989) reported an isolation of M. bovis from 

sputum samples of patients with pulmonary TB Of 102 M. tuberculosis complex isolates 4 

(3.9%) were M. bovis (Kovalyov, 1989). Another study by Livingstone (1992) in Nigeria 

reported that one of 10 mycobacterial isolated from sputum-positive cultures was M. bovis.  
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2.12. Economic Importance of M. Bovis 

Bovine tuberculosis is considered by the World Organization for Animal Health OIE (2009) to 

be an important zoonotic disease of major socio-economic and public health importance, with an 

impact on international trade of animals and animal products In dairy cattle, the disease causes 

weight loss (36%), decreased milk production (13%), and lowered reproductive rate (12%)     

(Suazo, et al., 2003). The costs of diagnosis and treatment of cattle and humans and the costs of 

correct disposal of infected animal carcases have an additional impact. The disease is re-

emerging in a number of developed countries because of environmental changes, the movement 

of people and animals, closer inter-species contacts, and changes in animal management (Abalos 

and Retamal, 2004 and Miller et al., 2006). The disease is a threat to wildlife conservation in 

sub- Saharan Africa as it affect several wildlife species especially African buffalo (Syncerus 

caffer) and Kafue lechwe Kobus (leche kafuensis), (Munyeme et al., 2010). The disease is also 

associated with high mortalities that have linked to population reductions (Renwick et al., 2007).  

2.13. Risk Factors of M. Bovis 

2.13.1. Risk factors of M .bovis in wildlife 

Fencing or housing for wildlife zoos increases the rate of contact among animals which increases 

the chances of disease transmission. This may increase the chances of mating among close 

relatives, and contribute to a reduced genetic variability and reduced disease resistance. 

Moreover, fencing or housing is commonly associated with well known bTB risk factors such as 

feeding and translocation and high density (Gortazar et al., 2006). Artificial feeding and watering 

causes spatial aggregation and allows maintaining ungulate densities above carrying capacity of 

a given habitat. Diseases prevalence has been linked to special aggregation and high densities 
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(Acevedo et al., 2007; Vincente et al 2007). Environmental factors such as forest availability 

have been associated with increased bTB risk in red deer and wild boar in central Spain 

(Vincente et al., 2007). Miller et al, (2003) suggested that woodland areas provide shady, moist 

conditions under which M. bovis might survive longer in the environment. Scavenging, including 

hunting gut pile consumption is most probably a significant risk factor for wild boar and 

carnivores. Infection through consumption of contaminated materials may increase the 

probability of contacting M. bovis (Gortazar et al., 2008). Another risk factor is long life span. 

Some wildlife like female deer can live for up to two decades longer than any of the main hosts, 

deer infected while young can sometimes survive in an infected state for many years (Nugent, 

2005). Latently infected deer acts as key temporal vector carrying bTB through time. Movement 

of wildlife from endemic area (deep forest) to the boundary  between forest and farmland, where 

they are often die or are killed by hunters, feeding on the infected carcass by other wildlife or 

livestock may aid in spreading the disease (Byrom et al., 2005). Proximity of cattle herd to forest 

parks remain a significant factor associated with easy contact between cattle and wildlife, hence 

increase risk of bTB transmission, translocation of wildlife from one park to another is also 

associated with increased risk of bTB transmission (Porphyre et al., 2008).  

2.13.2. Risk factors of M. bovis in humans 

The existing eating culture (eating of raw meat and drinking of raw milk), close contact of 

animals with humans (most common in rural areas), inadequate meat inspection and the 

prevailing low standard of hygienic practices are potential risk factors that favour the spreading 

of zoonotic tuberculosis (Shitaye et al., 2007). WHO (1992) reported that development and 

spread of multidrug resistant strains and increased immigrant population from infected area to 

free zone or communities have been reported to increase the risk of infection (WHO, 1992). 
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People with HIV/AIDS, other forms of immunosuppression and debilitating disorders such as 

chronic renal disease, cancer and diabetes, among others have been are reported to be at risk of 

being infected on exposure to tuberculosis (Harries, 1990; Hamburg and Frieden, 1994). HIV 

induced immunosuppression could well lower the host defenses leading to overt disease after 

infection (Cosivi et al., 1998b).  

 

2.14. Wildlife Reservoir of M. Bovis 

In some countries, the maintenance of M. bovis infection by a wildlife species has been the major 

impediment to eradication of bTB (Corner, 2006). The best known examples are bTB presence in 

possums (Trichosrus vulpecula) in New Zealand and White-tailed deer (Odocoileus virginianus) 

in Michigan, USA. feral cattle and buffalo in Australia, and in badgers (Meles meles) in Britain 

and Ireland (Corner, 2006). In south Africa, a substantial number of other wildlife species are 

also infected (Coleman and Cooke, 2001; Michel et al., 2006; O’Briel et al 2006; Delahay et al., 

2007) .Wild boar in the Iberian Peninsula (Portugal and Spain) (Vincente et al., 2006). A single 

main wildlife host also capable of maintaining bTB as seen in White- tailed deer in Michigan and 

badgers in Britain (O’Brien, et al 2006; Delahay et al., 2007). In one ecosystem a particular 

species may act as a maintenance host as seen in white –tailed deer in Michigan and wild boar in 

the Iberian Peninsula (Naranjo et al., 2008) while in another ecosystem the same species may act 

as a spillover host as seen in white-tailed deer in Minasota, US. And feral pigs in Newzealand 

and Australia (Corner et al., 1981; Mclnerney et al., 1995; Cartensen and Doncarlos, 2011; 

Nugent et al., 2011.). These different roles are likely due to factors such as animal density, 

environment, and contrasting agricultural and cultural practices (Daszak et al., 2000). There are 

also small groups of species  each of which may either independently or jointly contribute to 
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bTB persistence, as exemplified by the combination of wild boar (S scrofa) and red deer (Cervus 

elaphus) in part of Spain (Gortazar et al 2008). And possums and ferrets (Mustela furo) in some 

places in New Zealand (Caley and Hone, 2005). In some places large proportion of mammalian 

communities may be involved, as in South Africa where buffalo (Syncerus caffer) and greater 

kudu (Tragelaphus strepsiceros) are regarded as key sources of infection for a wide range of 

other species that have potential to contribute to bTB persistence (Renwick et al., 2007). 

Establishment of these reservoirs is the result of factors such as spillover from domestic 

livestock, translocation of wildlife, supplemental feeding of wildlife, and wildlife population 

densities beyond normal habitat carrying capacities (Daszak et al., 2000). As many countries 

attempt to eradicate the disease in domestic animals efforts are hampered by spillback from 

wildlife reservoirs. In these countries, eradication of bTB in domestic livestock will only be 

achieved through the concurrent control of the disease in the wildlife maintenance hosts. Partial 

control of the disease has been achieved by reducing the density of the animals or banning 

artificial feeding that causes local high density of animals (Griffin et al 2005; Livingstone et al., 

2006; O’Brien et al., 2006). Where there is a desire to control or eliminate bTB in a multi-host 

complex, it is important to identify which species are the principal drivers of bTB persistence. 

Management of such species is essential. Other species may be infected but do not contribute to 

disease persistence as in the case for feral pigs (Suis scrofa) in Australia (Mclnerney et al., 

1995). Knowing which species are epidemiologically unimportant, and which therefore do not 

require management, is also crucial in avoiding wastage of control resources. This also results in 

avoiding the issue of killing or otherwise controlling wild animals (Haydon, 2008). 

Understanding host status both with or without management is therefore intuitively a critical first 

step in designing a programme for disease control in wildlife (Haydon, 2008). Wildlife species 
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can be classified as a maintenance host where infection can persist by intraspecies transmission 

alone or as a spillover host, where infection will not persist indefinitely unless there is re-

infection from another species. Although both types of host act as disease vectors, control of the 

disease in the maintenance host should prevent the disease  

Isolations of M bovis have been made from different species of domestic and wildlife (O’Reilly 

and Dabon, 1995; de Lisle et al., 2002)  

 

2.15. Factors Affecting M. Bovis Control and Eradication in Wildlife  

Control and eradication of bTB in wildlife is inherently much more difficult than when only 

livestock are involved. This is due to many reasons like different wildlife species are involved in 

the transmission, the ecology of bovine tuberculosis is poorly understood, and difficulty in 

determining the distribution, movement, and numbers of wild animals with high accuracy 

(Abalos and Retamal, 2004). It is difficult to obtain adequate samples from wildlife populations 

to determine disease at low prevalence. The cost to capture wild animals for samples collection 

and testing is prohibitive and generally impractical. As a result postmortem samples are used 

which are equally not the ideal. Lack of specific diagnostic tests validated for use in wildlife 

species. Legislation that provides the authority for elimination of tuberculosis in livestock may 

not be applicable to wild animals. There are multiple stakeholders with different objectives, 

responsibilities, and views of the need for management. While there may be general support for 

the principle of tuberculosis eradication, there may be less support for specific methods (Dorn 

and Mertig, 2005). Furthermore due to resources of conservation, it is inherently difficult to 

reduce populations of many wild species, or to maintain them at low density, without using 
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methods that have low public acceptance. Management of disease may involve risks to 

biodiversity and ecological integrity that are unacceptable to large segments of the society. 
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CHAPTER THREE 

 

                                                    MATERIALS AND METHODS                            

 
3.1. The Study Area 

The Yankari Game Reserve is one of the largest wildlife parks located in the south-central part of 

Bauchi State in the North-East zone of Nigeria (Fig 1). It lies between latitude 9.750000  North 

and  longitude 10.500005 West. It covers an area of about 2,244 km² and is home to several 

natural springs, as well as to a wide variety of flora and fauna. The Game Reserve is situated in 

the heartland of the West African savanna and  has characteristic savanna vegetation, including 

swamps with river floodplains, grasslands, and thick bushes (Odunlami, 2000). 

The Yankari Game Reserve was established as a game reserve in 1956 and designated a national 

park status in 1991(Yankari National Park, 2000). As the most popular tourist destination in 

Nigeria, it is rich in wildlife, including baboons, crocodiles, elephants, giraffes, hippopotamuses, 

hyenas, leopards, lions, and several species of antelopes. It is also one of the most popular eco-

destinations in West Africa (Ajayi et al., 1975). The Yankari Game Reserve main entrance is at 

Mainamaji village, about 29 km from Dindima (Fig 2 and 3). It is located within the Duguri, 

Pali, and Gwana districts of Alkaleri LGA in Bauchi State. This LGA has a population 208,202 

people occupying a total land area of 7,457.78 km². The park features four warm water spring 

and one cool water springs. Other Special features are ancient sandstone cisterns carved by 

former inhabitants for water storage, as well as cave dwellings and rock paintings (Olokesusi, 

1990). The Game Reserve is an area of great natural beauty, providing crucial habitat to both 

asnimal and bird life. Its designation as a Game Reserve serves to protect the environment and 
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provide for recreational pleasure, at the same time contributing to the nation's economy being the 

largest tourist attraction It is an example of a symbiotic relationship where both man and creation 

benefit (Odunlami, 2003).  

Annual rainfall in the Yankari Game Reserve is between 900 mm and 1,000 mm. The rainy 

season is from May to September. Temperatures range between 180 C and 350 C. (Nihotours,  

2000). During the dry season, the larger wildlife species in the Yankari Game Reserve depend on 

the Gaji River and its tributaries for their water needs (Marshal, 1985). This river which serves as 

the only watershed in the Yankari Game reserve, divided it into two. The estimated expanse of 

the Gaji River valley used by the elephants in the dry season is at about 40 km2 (Marshal, 1985). 

Yankari Game Reserve has four warm water springs, these springs’ serves as water and feeding 

source for cattle and wildlife especially in the dry season. Feeding and watering causes spatial 

aggregation and allows maintaining wildlife densities in that area. Disease prevalence has been 

linked to spatial aggregation and high density (Falade, 1999; Acevedo et al 2007; Vicente et al 

2007). As the Yankari Game Reserve has a fertile land, and lush grasses people living around it 

encroach into the area for the purpose of farming and livestock grazing activities. Sometimes 

people carry out hunting activities or collect fire wood from the reserve. Some wildlife enter the 

settlements around and destroy crops and animals (Yankari National Park, 2000) These levels of 

interactions between human, livestock and wildlife do facilitate the transmission of bTB between 

infected animal (domestic or wildlife)  and or  humans (WHO, 2009). 
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Fig 1. Map of Bauchi State showing LGAS and the location of Yankari Game Reserve 

 
Bauchi State Map. Source https://maps.google.com.ng/maps?hl=en&q=bauchi+state+map&ie=UTF-
8&hq=&hnear=0x11074dbebe298d97:0x806bd2a58b5c2c3f,Bauchi&gl=ng&ei=C1A4UdybEonT0QW96
oDQCA&sqi=2&ved=0CC0Q8gEwAA 
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Fig. 2: Sketched map of YGR showing human settlements and major streams 
 
Key 
 = Human settlements. 

 = Major streams. 
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Fig. 3: Satellite map of YGR showing the boundaries & major roads 
 
The satellite image with roads is from Google Earth (C) 2012 Google (C) 2012 Cnes/Spot Image 
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3.2. Sample Size Determination 
 

Convenience sampling and purposive sampling were used to select cattle and wildlife species 

respectively. Based on this 1000 samples were collected, consisting of 750 cattle and 250 

wildlife. 

 

3.3. Sampling Procedure 

Convenience sampling was used to identify the herds to be sampled. Any herd with 10 cattle and 

above living around the Yankari Game Reserve was identified and from each herd blood samples 

were collected from cattle over 6 months of age. As for the wildlife species, identified animals 

were darted in order to collect blood samples. Sick wildlife under treatment by the resident 

veterinarian and captured wildlife staff and hunters were also used to obtain the samples.  

 

3.3.1. Blood sample collection from cattle 

The ages, sexes, and breeds of cattle that were sampled were recorded. The age was determined 

by the use of permanent incisors teeth as described by Pace and Wakeman (2003). The different 

breeds were determined by the use of body characteristics as described by Mason (1996), Tawah 

and Rege (1996), and Rege and Tawah (1999) for Red Bororo, Sokoto Gudali and White Fulani 

respectively. Sexes were also determined as described by Tawah and Rege (1996). Each animal 

was physically restrained and 5mls of jugular blood was obtained using a sterile disposable 

10mls syringe to which an 18 G needle was attached (Plate 1). The syringe was kept in a slanting 

position to allow the serum to separate from the blood, the serum was carefully dispensed into a 

20 ml sterile sample bottle and appropriately labeled. A total of 750 cattle were sampled. The 

samples were stored at National Veterinary Research Institute State office Bauchi. The samples 
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were then transported over ice to Protozoology Laboratory Department of Veterinary 

Parasitology and Entomology, Ahmadu Bello University Zaria, where they were stored at -200 C 

until used.  

 

3.3.2. Blood sample collection from wildlife species 

Blood samples were obtained from different wild animals associated with the Yankari Game 

Reserve. A total of 250 wildlife were sampled. Healthy and sick wildlife species located in the 

Reserve and as well as wild animals captured by hunters were sampled. Wild animals were 

chemically restrained using etorphine via dart gun administered by wildlife staff. Blood samples 

were then taken from the wildlife through the jugular vein and tarsal vein by the resident 

veterinarian during the sedation period. Serum were then separated from each sampled blood, 

appropriately labeled and stored at -20o C until used.  

 

3.4. Sources of Test Kits 

The Immunochromatography Test Kits. Rapid bTB Antibodies (RbTBAb) test kit - Bionote 

Incorporated (Seogu-dong, Hwaseong-si,Gyeonggi-do, South Korea) was used for the detection 

of M. bovis antibodies in the serum samples from sampled cattle and wildlife species. The 

RbTBAb test kit is based on a chromatographic immunoassay for the quantitative detection of 

IgG and IgM antibodies against M. bovis in serum, plasma, or whole blood. The MPB70 is a 

specie-specific protein produced by M. bovis and is a major antigen from culture filtrate protein 

of M. bovis. It has a sensitivity of 90% and a specificity of 98% (Wiker, 2009). 
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3.5. Laboratory Analysis 

3.5.1. Serum analysis for M. bovis antibodies 

The test kit has a sample hole and developing buffer hole (Plate 111). The serological test was 

carried out according to the manufacturer’s instructions as follows; 

(a)  Stored sera were removed from the freezer and allowed to thaw to room temperature                                     

(b) One drop of the test serum was added to the sample hole (S) using a capillary tube and after 1 

minute, 3 drops of the developing buffer was added into the developing buffer hole  

(c) The result was interpreted within 20 minutes, and beyond 20 minutes the result was 

considered invalid   

3.5.2. Interpretation of the test results 

3.5.2.1. Positive results 

 The presence of two red color bands (‘T’ band and ‘C’ band) within the result window no matter 

which band appeared first indicated a positive result (Plate 1V). Even if the intensity of the red 

band color was faint, it was interpreted as positive result. 

3.5.2.2. Negative results  

The presence of only 1 red color band within the ‘‘C’’ result window indicated a negative result 
(Plate V).   
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Plate 1: Steps in the procedure used in the application of the bTB Rapid Test Kit 
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Plate 11: Positive test showing two red bands in the results window 
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Plate III: Negative Test showing one red band in the result window 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



53 
 

3.6. Data Analysis 

 Data obtained were expressed as percentages in tables and graphs where necessary. Chi square 

test was used to test for the association between the presence of antibodies and the age, sex, 

breed of cattle and wildlife type. Graphpadprism Version 4.0 for Windows (SanDiego, 

California, USA) was used for the data analysis, while the level of significance at 95% 

confidence interval and P<0.05 was considered significant.  
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                                                     CHAPTER FOUR 

 

                                                             RESULTS 

  

4.1. Prevalence of M. Bovis in Cattle and Wildlife 

A total of 1000 blood samples for sera were collected from cattle at the periphery of the Yankari 

Game Reserve and wildlife in the Reserve. These samples comprise 750 from cattle and 250 

from wildlife. The sera were used for the determination of the presence of M. bovis antibodies 

using the rapid test kits from the results. Eighty eight (11.73%) of the 750 sera from cattle were 

positive, while 30 (12.0%) of the 250 sera from wildlife were similarly positive for M. bovis 

antibodies. (Table 4.1). There was no significant statistical difference in the infection of cattle 

and wildlife at the YGR. ( Odd Ratio =0.9748  p=0.9101 and CI of 0.6268-1.516. 

4.2. Prevalence of M. Bovis by Sex in Cattle  

Of the 750 cattle sampled 585 were females while the remaining 165 were males. Of the 585 

female cattle 66 (11.79%) were seropositive while 19 (11.79%) of the 165 male cattle were 

positive for M. bovis (Table 4.2). There was no significant statistical difference by sex in the 

prevalence of M. bovis among the cattle studied (OR =0.9232; p=1.00 and CI at 0.5670-1.670).  

4.3. Prevalence of M. Bovis by Age in Cattle  

Fourteen (11.77%), 45 (12.54%) and 29 (10.66%) cattle of the age brackets of 6 months to 2 

years, 2 to 5 years and above 5 years respectively were seropositive for M. bovis (Table 4.3). 

There was no significant statistical difference of M. bovis among the different age groups of the 

cattle (X2 =0.6103, df=2 and p=0.7370).  
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4.4. Prevalence of M. Bovis by Breeds in Cattle.  

The prevalence of M. bovis among the different breeds of cattle sampled is given in Table 4.4. Of 

the 750 serum sampled from cattle studied 19, 27 and 704 were from Red Bororo, Sokoto Gudali 

and White Fulani respectively. Among them 3 (15.79%), 5 (18.79%) and 80 (11.36%) Red 

Bororo, Sokoto Gudali and White Fulani cattle respectively were seropositive for M. bovis. 

(Table 4.4). There was no significant statistical difference among the breeds of cattle studied 

(X2=1.595, df=2 and p=0.4505). 

4.5. Prevalence of M. Bovis in Wildlife Species 

Among the 250 wildlife studied 31 were Zebra, 10 Western Heart Beast, 15 Water Bucks, 20 

Eland, 39 Antelopes, 40 of each of Baboons and African Giant Rats, 25 Hares, and 20 Grass 

cutters. (Table 4.5). Out of these 6 (19.38%) Zebras, 2 (10.0%) Elands, 3 (7.6%) Antelopes, 4 

(10.0%), Baboons, 5 (15.0%) African Giant Rats, 3 (12.0%) Hares and 6 (30.0%) Grass cutters 

were sersopositive for M. bovis (Table 4.5). Wildlife that were seronegative to M. bovis include 

Western Heart Beast and Water Bucks. There was no significant statistical difference among the 

wildlife that were seropositive for M. bovis (p=0.1315). 
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Table 4.1: Prevalence of M. bovis in cattle and wildlife at the periphery and in YGR,     
Bauchi State 

Animal type Total 
number 
sampled 

No positive 
(%) 

Odd Ratio CI P  value 

 

Cattle 

 

750 

 

88 (11.73) 

 

   

Wild life 250 30 (12.0) 

 

   

Total 1000 118 (11.8) 0.9748 0.6268-1.516 0.9101 
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Table 4.2: Prevalence of M. bovis by sex in cattle living at the periphery of YGR,   Bauchi                                                               
                  State. 
 
Sex 
 

Total 
number 
sampled 

No positive 
(%) 

Odd Ratio CI P value 

 

Male 

 

165 

 

19 (11.5) 

   

 

Female 

 

585 

 

69 (11.8) 

  

 

 

 

Total 750 88 (11.73) 0.9732 0.5670-1.670 1.00 
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Table 4.3: Prevalence of M. bovis in cattle living at the periphery of YGR according to age                                                                    
                  groups.      
              
Age Total 

number 

sampled 

No positive 

(%) 

X2 df P value 

 

6 months to 

2 yrs 

 

119  

 

14 (11.77 

   

 

2 -5 years 

 

359 

 

45 (12.54) 

   

 

Above 5 yrs 

 

272 

 

29 (10.66) 

  

 

 

 

Total 750 88 (11.73) 0.6103 2 0.7370 
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Table 4.4: Prevalence of M. bovis in cattle living at the periphery of YGR, Bauchi State 
                  according to breeds.    
 
 
Breed 

 
Total 
sampled 

 
Number (%) 
positive 

  
X2 

 
df 

 
P value 

 

Red Bororo 

 

19 

 

3 (15.79) 

   

 

Sokoto 

Gudali 

 

27 

 

5 ( 18.79) 

   

 

White Fulani 

 

704 

 

80 (11.36) 

  

 

 

 

Total 750 88 (11.73) 1.595 2 0.4505 
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Table 4.5: Prevalence of M. bovis in different species of wildlife in YGR, Bauchi State. 

Wildlife 
species 

Total 
number 
sampled 

Number 
positive(%) 

Total% 
positive 

X2 df P value 

Zebra 31 6(19.35) 2.4    

Western 

Heart 

beast 

10 0(0.0) 0.0    

Water 

bucks 

15 0(0.0) 0.0    

Elands 20 2(10.0) 0.8    

Antelopes 39 3(7.6) 1.2    

Baboons 40 4(10.0 1.6    

African 

Giant Rat 

40 5(15.0) 2.0 

 

   

Hares 25 3(12.0) 1.2    

Grass 

cutters 

20 6(30.0) 2.4    

Total 250 30(12.0) 12.0 13.75 9 0.1315 
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                            CHAPTER FIVE  

                                                                DISCUSSION 

From this study it was shown that bTB affects both cattle and wildlife. This was in agreement 

with Philips et al. (2001), de Lisslle et al. (2002) and Delahay et al. (2007) who reported M. 

bovis infection in cattle and wildlife. The seeing of M. bovis in the wildlife in the YGR could be 

due to the entry of cattle resident in the periphery of YGR as attracted by the abundant grazing 

facilities   in the Reserve. This is possible, especially during the dry season when grazing land in 

the community at the periphery of the Reserve could be said to be scarce (Yankari Nationa Park, 

2000). The fact that wildlife in the Reserve also migrate into the community beyond the Reserve 

could lead to their interaction with domestic animals, especially at the watering points. 

Feeding of wildlife on dead carcasses could also lead to such wildlife becoming infected with M. 

bovis (Norton et al., 2005). The habit of some people to have special interest in buying ‘bush 

meat’ may lead them to become infected with M. bovis, should the meat from such wildlife be 

infected with M. bovis. Similarly hunters may become infected with M. bovis through 

consumption of carcasses infected with M. bovis. This view was supported by Zuckerman (1980) 

and Griffin et al. (1996) that cattle could be exposed to M. bovis through smell, sniffing or 

licking discharges from dead or dying wildlife.   

The findings of all ages and sexes of cattle with Seropositivity for M. bovis is in agreement with 

the reports of Bonsu et al. (2000). The fact that more females were sampled in the herds studied 

could be due to their greater number in the herds, since the males are normally sold, leaving the 

females for the reproduction and milk production  (Zanini et al. 1998)  Infection in calves could 

have resulted  as a result of pseudo vertical transmission or through contaminated milk from the 



62 
 

dams. While close contact with such infected dams could also result in infection. This 

observation could be supported by the reports of  Philips et al. (2003) and Ozygit et al. (2007) 

that calves could be infected from their dams through grooming and congenitally. The duration 

of exposure of susceptible animals with infected ones will certainly aggravate the infection as 

shown by Munroe et al. (1999) in a study in Ethiopia. The finding of M. bovis infection in some 

wildlife in this study, especially in Baboons is significant in view of the fact that these baboons 

are subject of attraction by the tourists coming to the YGR  from far and near. Similar findings 

were also made by Sapolsky and Else (1977) in Masai Mara Game Reserve in Kenya, and Thoen 

et al. (1977) in the Biological Research Laboratory Primate Facility in the University of Illinois 

USA in Baboons. Such Baboons might have been infected by feeding on infected carcasses or 

coming into contact with contaminated feeds and water since all wildlife use the same feeding 

and especially the watering points for their livelihood as they can acquire the infection through 

close contact as the play with them.  Daborn et al. (1997) similarly reported M. bovis in Eland in 

Zambia. It should be noted that even though the seroprevalence in low the dangers to the public 

is high since such animals may be caught by hunters and either be killed for consumption or sold 

by those who have interest in keeping such animals as a hobby. Zebras were found to be 

seropositive in this study. Their infection could be as a result of feeding on contaminated 

pastures or coming into contact with cattle at the watering points. Once infected it is foreseeable 

that carnivores like lions, sheeters and leopards in the YGR  can be exposed to M. bovis, should 

they hunt them for their meals. This way the infection can spread to other carnivorous wildlife 

through close contact. The non finding of Seropositivity for M. bovis in Western Heart Beast and 

Water bucks could be as a result of their way of life. The finding of Hares and Grass cutters 

being seropositive for M. bovis is significant as these wild animals are usually liked by the 
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general public who find delicacies in eating ‘bush meat’ from these animals. Kantor et al. (1994) 

reported Hares being infected with M. bovis in Argentina and New Zealand. The Hares and 

Grass cutters in this study might have being infected through consumption of contaminated 

grasses at the periphery of the YGR since dead wildlife that might have died of the disease could 

release the organism in nature, especially that Hares are gregarious in their feeding habits 

(Kantor et al., 1984). The fact that Elands and Antelopes were found to be seropositive for M. 

bovis in this study calls for closely attention in the habit of some people in raising them in their 

homes, should such Elands be infected with M. bovis. A great majority of such people are not 

aware of the dangers such infection could result in them.         
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                                                      CHAPTER SIX  

SUMMARY, CONCLUSIONS, RECOMMENDATIONS AND LIMITATIONS 

6.1. Summary 

In this study to determine the prevalence of M. bovis in cattle living at the periphery of the 

Yankari Game Reserve of Bauchi State Nigeria and the wildlife living within the Reserve 

showed that of the 750 cattle and 250 wildlife examined 88 (11.73%) and 30 (12.0%) of the 

cattle and wildlife respectively were seropositive for the Mycobacterium. 

The presence of lush pastures, streams and water springs are the major reasons that cattle 

encroached into the Game Reserve, especially during the dry season for the purpose of grazing 

and watering activities. Contact between cattle and wildlife at the grazing and watering sites, or 

indirect contact with feaces, urine and wound discharges contaminated with M bovis might have 

served as a source of transmission of M bovis between cattle and wildlife. 

There was no significant statistical difference between age, sex, and breed of cattle and bTB 

infection (P>0.05). This showed that bTB affect cattle irrespective of age sex and breed. In terms 

of age the younger ones age 6 months to 2 years might have become infected through ingestion 

of contaminated colostrum/milk from their dams. Older cattle (2 years and above) were more 

likely to have been exposed than younger ones, due to longer period of life, they had higher 

probability to have come into contact with more contiguous herds at grazing and watering sites 

and this increase the risk of cattle-to-cattle transmission. 

The cows were probably infected due to the fact that the herders kept more female for the 

purpose of breeding and milk production.  
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In terms of breeds, white Fulani cattle were the predominant breeds compared with other breeds 

(Red Bororo and Sokoto Gudali). They have large herd size as a result grazed in large areas as a 

result might have come into contact with other contiguous  herds at grazing and watering sites 

leading to transmission of bTB between the infected and susceptible cattle. The Red Bororo and 

Sokoto Gudali due to their small size were confined in an enclosure, especially in the night this 

might have led them to be congregated in a small area, hence increased contact among them, 

leading to increase aerosol transmission of infection and individual with high disease prevalence 

might be encountered.  

The YGR has different species of wildlife, but only, Zebras, Elands, Antelopes, Baboons, 

African Giant Rats, Hares and Grass cutters showed positive for M bovis. Some of the wildlife 

are gregarious (Hares, Grass cutters, African Giant Rats and Antelopes) while others are 

carnivorous (Zebras, Elands) others are omnivores (Baboons) gregarious ones might have 

become infected by ingestion of pastures contaminated with M bovis, while the carnivores were 

infected by ingestion of contaminated carcasses while omnivores might become infected by 

ingestion of contaminated pastures and carcasses. Supplemental feeding or baiting practice in the 

Reserve leads to aggregation of wildlife this also helps in the spread of M bovis. 

6.2. Conclusions 

This study showed that 

 Cattle grazing at the periphery of YGR exhibit M. bovis antibodies 

 Wildlife in the Yankari Reserve exhibit M. bovis antibodies 

 Cattle might have served as a source of infection to wildlife at grazing and watering 

points and vice versa. 
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 The high prevalence of M. bovis in cattle and wildlife is of public health significant to 

those living at the periphery of the Game Reserve and tourists due to possible 

transmission to humans. 

 No significant statistical difference between age, sex, and breed of cattle and bTB 

infection (P>0.05). This indicated that bTB could affect cattle irrespective of age, sex and 

breed, hence making it one of the most versatile infectious diseases  

6.3. Recommendations      

 Bauchi State Government should provide logistics for active surveillance against illegal 

encroachment of cattle, hunting and poaching. 

 There is the need to screen cattle for bTb at the periphery of the Game Reserve 

and removal of positive animals from the herds 

 Watering points should be provided especially in the dry season to those herders living at 

the periphery of the Game Reserve to reduce contact between cattle and wildlife. 

 Contact between baboons and staff or tourists should be discouraged to forestall possible 

transmission of M. bovis to humans. 

 Public enlightenment of herders on the dangers of this disease is advocated 

 There should be annual programme of capture and testing of wildlife in YGR  

 Positive wildlife that were transported to various zoos, should be investigated 

 Further study is required for isolation and characterization of M. bovis in cattle, humans 

and wildlife in the Game Reserve. 
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6.4. Limitations of the Study 

 It was difficult to obtain adequate samples from wildlife populations; blood collection 

from wildlife was relied from treated wildlife from the resident veterinarian, and wildlife 

capture from hunters.  

 The risk and cost of capturing wild animals for in vivo testing was high. 
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