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Abstract: Bovine tuberculosis (TB) is caused by the bacterium Mycobacterium bovis (M. bovis) and it is a worldwide problem. The genus Mycobacterium comprises more many species of mycobacterium that occur in the environment and are rarely associated with disease in humans or animals. Transmission of M. bovis can occur between animals, from animals to humans and vice versa and rarely, between humans. Transmission to humans is mostly through air droplets, consumption of unpasteurized milk and milk products and raw and improper cooked meat. Risk groups are elders, children, immunocompromised individuals, dairy workers and butchers and vulnerable people gathered together like prisons; homeless shelters and medical providers. Clinical symptoms may include chest pain and a prolonged cough producing sputum in humans. It is difficult to diagnose TB particularly in the early stages. The test used for TB in humans is similar in mechanism and function to the skin test used on cattle. Microscopic examination is an important laboratory diagnosis. Immunoassays are used for the confirmation of tuberculin screening skin test. Molecular diagnostic techniques are very important to identify the strain of the species. Treatment of TB should be early and the drugs should be taken properly. BTB can be controlled by test-and-slaughter or test-and-segregation methods. Affected herds must be re-tested periodically to eliminate cattle that may shed the organism and tuberculin test is generally used. Animals that have been in contact with reactors should be traced back. Raw milk and meat consumption is very common in Guto Gidda District especially in rural kebeles and sharing the same shelter with cattle. Human tuberculosis can prevented through consumption of pasteurized milk and milk products and proper cooked meat.
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1. Introduction
Bovine tuberculosis is an infectious disease caused by M. bovis that affects cattle, other domesticated animals and certain free or captive wildlife species. It is usually characterized by formation of nodular granulomas known as tubercles. Although commonly defined as a chronic debilitating disease, BTB can occasionally assume a more progressive course. 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. Mycobacterium bovis is a zoonotic organism and should be treated as a risk/hazard organism with appropriate precautions to prevent human infection occurring [1].
It should be noted that other members of the M. tuberculosis complex, previously considered to be M. bovis, have been accepted as new species despite identical 16s RNA sequences and over 99.9% identity of their genome sequences. These include M. caprae. In some countries considered to be a primary pathogen of goats and M. pinnipedii, a pathogen of fur seals and sea lions. These two new species are known to be zoonotic. In central Europe, M. caprae has been identified as a common cause of bovine tuberculosis. The link between animal and human tuberculosis has long always been known to be strong which demonstrated the cross adaptability of the tubercle bacilli from one species to another to cause disease; pointing out the danger that tuberculosis could be transmitted from animals to humans [2]. 
Bovine tuberculosis is becoming increasingly important due to the susceptibility of humans to the disease caused by M. bovis and there is increasing evidence that M. bovis infections may be much more significant than generally considered [3]. The direct correlation between M. bovis infection in cattle and the disease in the human population has been well documented in developed countries, whereas scanty information is available from developing countries and this lack of data according to [4], relates to its perception as an animal disease, with the health problems relating to the HIV/AIDS and human tuberculosis given a greater priority. Infection due to M. bovis, which is the principal agent of zoonotic tuberculosis, was once a major problem in developed countries but following eradication programs involving test and slaughter policy and milk pasteurization, the incidence drastically reduced. However, the infection currently poses a major concern in the human population in developing countries, as humans and animals are sharing the same microenvironment and dwelling premises, especially in rural areas [3]. 
The genus Mycobacterium comprises more than 70 species. Many species of mycobacteria occur in the environment and are rarely associated with disease in humans or animals. A number of species of mycobacteria are important pathogens of animals or humans. Human tuberculosis is chiefly associated with infection with the species Mycobacterium tuberculosis, although M. africanum is also important in some regions. Tuberculosis in bovines and many other animal species is primarily associated with infection with Mycobacterium bovis. M. tuberculosis, M. bovis and M. africanum together with Mycobacterium microti (associated with infection of rodents) form a very closely related phylogenetic group and may be referred to collectively as the M. tuberculosis complex (MTBC). Human infection with members of the MTBC produces an indistinguishable clinical picture and the individual species cannot be distinguished from each other based on microscopic examination of stained tissues or other clinical specimens. Determination of which species is responsible for infection in a particular case normally requires culture of the microorganism in the laboratory [5]. 
However, M. bovis is the most universal pathogen among mycobacteria and affects many vertebrate animals of all age groups including humans although, cattle, goats and pigs are found to be most susceptible, while sheep and horses are showing a high natural resistance [6]. Both Mycobacterium bovis and Mycobacterium tuberculosis occur in countries on every continent and across the economic spectrum, with recurring outbreaks in the last decade. BTB has been significantly widely distributed throughout the world and it has been a cause for great economic loss in animal production [7]. 
It is estimated that approximately 85% of the cattle population and 82% of the human population of Africa are in areas where bovine tuberculosis surveillance and control activities are often inadequate or unavailable, therefore, many epidemiologic and public health aspects of the infection remain largely unknown. The emergence of drug resistant strains of Mycobacterium species, the rise and synergism of HIV/AIDS infection with tuberculosis, poverty, and neglect of tuberculosis control programs have further complicated this disease current situation in Africa [8], [9]. 
Therefore the objectives of this paper are:
· To overview the epidemiology of human tuberculosis and its associated risk factors.
· To review data on the trends of current bovine tuberculosis and its public health importance in Guto Gida district.

[bookmark: _Toc316590235]2. Bovine Tuberculosis
Bovine tuberculosis primarily affects cattle especially in Africa. However, infection in other farm and domestic animals are sometimes reported [10]. Mycobacterium bovis has a broad host range as the principal cause of TB in free-living wildlife, captive wildlife, domestic livestock, and non-human primates. Wild ruminants and carnivores, such as African buffalo, lion, cheetah, greater kudu, leopard, warthog, and eland, can be infected [11]. Most of the time BTB transmission was considered as passing from livestock to wildlife. In wild ruminants, the disease has been documented worldwide, and lesions and symptoms are very similar to those of domestic ruminants [12]. 
Depending on the susceptibility of a species to, and on the prevalence of BTB, these animals could act as reservoirs or spill-over hosts to other species. In Africa, TB infection in humans is principally caused by Mycobacterium tuberculosis. However, human TB of animal origin caused by M. bovis is becoming increasingly prevalent in developing countries due to the lack of both control and diagnostic measures and pasteurization of milk. TB is a major opportunistic infection in HIV-infected persons, and the World Health Organization (WHO) estimated that 70% (6 million) of the people co-infected with TB and HIV live in Sub-Saharan Africa [13]. 
The prevalence, incidence, and deaths caused by TB, reported in 2002 by WHO indicated that every year, there are 8-10 million new cases of TB reported, and 2-3 million deaths attributed to TB, but the exact percentage of TB that may be caused by M. bovis is not known. Global prevalence of human TB due to M. bovis is estimated at 3.1% of all human TB cases, of which 2.1% are pulmonary infections, and 9.4% extra pulmonary. However, the proportion of M. bovis in Africa and within the TB–HIV complex is unknown. Tuberculosis of both the Mycobacterium bovis and Mycobacterium tuberculosis types can be spread not only through inhalation of infective mucus droplets but also through consumption of raw milk and milk products and raw and improper cooked meat. The natural history of zoonotic tuberculosis has been best studied in cattle, although the progression and outcome of infections are probably similar in most species of animal used for food production [14].
[bookmark: _Toc316127528][bookmark: _Toc316590236][bookmark: _Toc316590237]2.1. Etiology and Susceptibility
2.1.1. Taxonomy of mycobacterium
Identification of mycobacterium began in 1800s with the discovery of tubercle-bacilli originally named “Bacterium tuberculosis” and the leprosy bacillus originally named “Bacillus leprae”. The classification of mycobacterium began in 1896 and the genus mycobacterium included many species. Classification was based on one or more characters or patterns of characters which all members of a group have and other members of group do not have. The definition characteristics of mycobacterium were based on morphology, rod-shaped, acid-alcohol fastness. Additional criteria were Gram staining, growth rate, penicillin resistance, mole% G+C, mycolic acid profiles and arylsulfatase production. Currently, the minimum standards for including species in the genus mycobacterium are acid-alcohol fastness, the presence of mycolic acid containing 60-90% carbons, which are cleaved to C22 to C26 fatty acid methyl esters by pyrolysis, and mole% G+C of 61-71% [15]. 
Bacteria of the M. tuberculosis complex are aerobic, non-motile, non–spore-forming, slow-growing, acid-fast bacilli. Because they are slow growing, isolation of the bacteria can require 3 to 8 weeks of incubation. Results of experimental studies indicate that the strain of the organism, dose of the organism, route of inoculation, and prevailing conditions for growth of the organism may influence the time required to produce disease. The natural and acquired immune response mechanisms of a host are often successful in limiting proliferation of tubercle bacilli and the development of progressive disease [16]. 
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Fig.1: Appearance of Mycobacterium tuberculosis  under electron micrograph [17].
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The susceptibility of certain animal species to different types of tubercle bacilli is variable. Nonhuman primates, swine, cats, and dogs are susceptible to M. tuberculosis. Ruminants are quite resistant to infection by M. tuberculosis; however, this organism may induce responses to M. bovis purified protein derivative (PPD) tuberculin. Other mycobacterial infections including those involving M. avium complex (M. avium-M. intracellulare-M. scrofulaceum), M. kansasii, M. fortuitum, and M. avium subsp paratuberculosis may induce skin sensitivity to tuberculin, but do not usually induce progressive pulmonary disease in cattle and other animals. Cattle are susceptible to M. bovis, yet they are comparatively resistant to infection with M. tuberculosis [18].
Moreover, laboratory animals such as guinea pigs and rabbits are susceptible to M. bovis, whereas chickens are resistant to that organism. This difference in observed susceptibilities may be associated with differences in body temperature. In Ethiopia, M. bovis was found to be a cause for tuberculous lymphadenitis in 17.1% of 29 human tuberculosis cases [19]. Also in Ethiopia, [3] reported that 16.7% of 42 human isolates were identified as M. bovis. These findings show that the role of M. bovis in causing human tuberculosis seemed to be significantly important [17].
[bookmark: _Toc316127524][bookmark: _Toc316590238]2.2. Epidemiology
Bovine tuberculosis caused by M. bovis is a zoonosis in which both natural and anthropogenic movement of animals has influenced the epidemiology. In many parts of the world, badgers, brush-tail opossums, wild boars, deer and other wildlife species constitute a wildlife reservoir of the pathogen. Thus, the natural movement of these reservoir animals increases the spread of the disease to domestic animals and thereby, its public health impact. M. bovis infection is transmissible from cattle to humans directly by erogenous route and through direct contact with material contaminated with nose and mouth secretions from an infected herd of cattle [20]. 
Research findings revealed that at risk, individuals are persons in contact with potentially infected animals such as veterinarians, abattoir workers, meat inspectors, autopsy personnel, farmers, milkers, animal keepers [21]. Also, in the United Kingdom, disease in humans from M. bovis has occurred in no more than twenty-five cases a year for the last five years [2].
Several mammalian species are known to be susceptible to infection with M bovis, including hoofed mammals (Artiodactylae and Perissodactylae), marsupials, carnivores, primates, pinnipeds, lagomorphs, rodents, and other species. In addition to mammals, some avian species are also susceptible to infection, including parrot like birds (Psittacciformes), rock doves, and North American crows. Humans are also susceptible to M. bovis, and there are numerous instances of human infection resulting from contact with infected animals [22]. The disease still spread, as it can today, through females transferring it to their young through their colostrum and milk, as well as through random contact of uninfected herbivores with infected mucus discharge, urine and feces spilled onto forage and browse, and, in the case of carnivores, through the eating of infected herbivores [23].
[bookmark: _Toc316590239]
51

[image: World map with sub-Saharan Africa in various shades of yellow, marking prevalences above 300 per 100,000, and with the U.S., Canada, Australia, and northern Europe in shades of deep blue, marking prevalences around 10 per 100,000. Asia is yellow but not quite so bright, marking prevalences around 200 per 100,000 range. South America is a darker yellow.]
Fig 2: Epidemiology of tuberculosis
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3. Zoonotic Importance Of Bovine Tuberculosis
Human tuberculosis due to M. bovis has become very rare in countries with pasteurized milk and bovine tuberculosis eradication programs. However, this disease continues to be reported from areas where bovine disease is poorly controlled. The incidence is higher in farmers, abattoir workers and others who work with cattle. In addition, humans can be infected by exposure to other species; documented infections have occurred from goats, seals, farmed elk and a rhinoceros. Some human infections are asymptomatic. In other cases, localized or disseminated disease can develop either soon after infection [24]. 
The role of BTB causing tuberculosis in humans has not been studied adequately. However, very few studies have indicated the isolation of the causal agent of BTB from humans in Ethiopia. With respect to this out of 85 sputum samples taken from 28 dairy farm workers and 57 tuberculous patients where, 48 samples were positive for acid fast bacilli, of which 14 (29.2%) were niacin negative indicating M. bovis and 34 (70.2%) M. tuberculosis isolates. With a similar scenario, demonstrated that, out of 87 sputum and 21 fine needle aspiration (FNA) human samples, 42 mycobacteria species were identified by culture, of which, 7 (16.3%) and 31 (73.8%) were found as M. bovis and M. tuberculosis, respectively [25]. 
Localized disease can affect the lymph nodes, skin, bones and joints, genitourinary system, meninges or respiratory system. Cervical lymphadenopathy (scrofula), which primarily affects the tonsillar and pre-auricular lymph nodes, was once a very common form of tuberculosis in children who drank infected milk. In some cases, these lymph nodes rupture and drain to the skin; chronic skin disease (lupus vulgaris) may occasionally result. Humans infected through the skin can develop localized skin disease (“butcher’s wart”), a form usually thought to be benign and self-limiting. Pulmonary disease is more common in people with reactivated infections than initially. The symptoms may include fever, cough, chest pain, cavitation and hemoptysis. Genitourinary disease can result in kidney failure [24].
When bacteria of the MTBC gain access to tissues they proliferate locally. Human tuberculosis (HTB) of animal origin (zoonotic TB) is an important public health concern in developing countries like Ethiopia. Recently [3] reported the range of prevalence of human TB in different consecutive years in Ethiopia (Table 1). 
[bookmark: _Toc316506804]
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Table 1: Human tuberculosis case findings in Ethiopia
	[bookmark: _Toc316127529][bookmark: _Toc316590240]Years
	Pulmonary smear cases
	extra pulmonary cases
	all new cases
	

	
	Positive
	%
	negative
	%
	No.
	%
	

	 2000
 2001
 2002
 2003
 2004
 Total
	28104
34473
38291
37374
41 430
179 672
	33.1
37.2
35.6
34.2
34.2
34.8
	30 333
28 994
32 197
32 897
37 119
161 540
	35.7
31.3
29.9
30.1
30.7
31.3
	26542
29312
37138
39 076
42 477
174 545
	31.2
31.6
34.5
35.7
35.1
33.8
	84 979
92779
107 626
109 347
121 026
515 757


Source: [3]
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3.1. Source of Infection and Modes of Transmissions
When people with active pulmonary TB cough, sneeze, speak, sing, or spit, they expel infectious aerosol droplets 0.5 to 5 µm in diameter. A single sneeze can release up to 40,000 drople [26]. Each one of these droplets may transmit the disease, since the infectious dose of tuberculosis is very low (the inhalation of fewer than 10 bacteria may cause an infection) [27]. People with prolonged, frequent, or close contact with people with TB are at particularly high risk of becoming infected, with an estimated 22% infection rate [28]. A person with active but untreated tuberculosis may infect 10–15 (or more) other people per year [29]. Transmission should only occur from people with active TB. Those with latent infection are not thought to be contagious [30]. 
The probability of transmission from one person to another depends upon several factors, including the number of infectious droplets expelled by the carrier, the effectiveness of ventilation, the duration of exposure, the virulence of the M. tuberculosis strain, the level of immunity in the uninfected person, and others [31]. The cascade of person-to-person spread can be circumvented by effectively segregating those with active ("overt") TB and putting them on anti-TB drug regimens. After about two weeks of effective treatment, subjects with non-resistant active infections generally do not remain contagious to others [28]. If someone does become infected, it typically takes three to four weeks before the newly infected person becomes infectious enough to transmit the disease to others [32].
Mycobacteria are transmitted by many different routes, depending on the localization of the foci of infection in animal tissues and organs. In the case of open pulmonary lesions, mycobacteria are normally discharged and disseminated by the erogenous route but, if swallowed, they may also be excreted in the faeces. Disease may spread from the initial focus to regional lymph nodes and then further via the lymphatic and erogenous routes, resulting in generalized tuberculosis. Dissemination can follow, through excretion in faeces, urine, semen, uterine discharges or milk, in addition to respiratory spread. If peripheral lymphatics become involved, fistulae may develop and mycobacteria may be discharged. Under natural conditions, 90-95% of all tuberculous cattle contract infection by the erogenous route [33].
TB infection may occur via contaminated materials (fomites), aerosolization (human to human), and predation, or by vertical and/or horizontal transmission in humans [12]. Zoonotic TB caused by M. bovis could be acquired by humans through the inhalation of cough sprayed from infected cattle, or from handling or consumption of milk contaminated with the organism [13]. During the course of processing carcasses, food and drinks usually handled and consumed with blood- stained hands, are the potential source of infection to the butchers and their families. One of the first studies indicating Mycobacterium bovis zoonotic transmission between cattle and humans in Africa was conducted in Tanzania where the same Mycobacterium bovis spoligotype was isolated from man and cattle. Aerosol transmission of bovine tuberculosis to humans continues to occur among meat industry and slaughter house workers in regions where infection is still prevalent in cattle [34].. 
[bookmark: _Toc316590241][bookmark: _Toc316127530]3.2. Risk factors
A number of factors make people more susceptible to TB infections. The most important risk factor globally is HIV; 13% of all TB cases are infected by the virus [35]. This is a particular problem in Africa, where rates of HIV are high [36]. Tuberculosis is closely linked to both overcrowding and malnutrition, making it one of the principal diseases of poverty [37]. Those at high risk thus include people who inject illicit drugs, inhabitants and employees of locales where vulnerable people gather (e.g. prisons and homeless shelters), medically underprivileged and resource-poor communities, high-risk ethnic minorities, children in close contact with high-risk category patients and health care providers serving these clients. Chronic lung disease is another significant risk factor with silicosis increasing the risk about 30 folds. Those who smoke cigarettes have nearly twice the risk of TB than non-smokers [38]. 
[bookmark: ft3]Other disease states can also increase the risk of developing tuberculosis, including alcoholism [37] and diabetes mellitus (threefold increase). There is also a genetic susceptibility [39] for which overall importance is still undefined [37]. At present, worldwide over one million children are infected with tuberculosis (TB) and 630,000 by HIV annually [40], [41]. While TB alone is responsible for over 250,000 deaths every year, HIV is projected to cause more than 56,000 deaths worldwide annually [42]. 
[bookmark: ft5][bookmark: ft7][bookmark: ft10][bookmark: ft9]Co-infection with both organisms, also described as "cursed duet" or "deadly duo", is becoming an increasing global emergency especially in the sub-Saharan Africa, where between 10% and 60% of the children are co-infected. HIV infection has been known to weaken the immune system by depleting the CD4 cell counts and in turn giving room for opportunistic infections. TB itself can also lower the CD4 cell count in children and exacerbate the immunodeficiency caused by HIV infection. Children infected with HIV have 50 times greater risk of developing primary progressive TB in a given year from severe immune suppression of young age and HIV infection.  Those with co-infection also have a higher case fatality rate [43], [44]. Studies of TB co-infection with HIV in children have been reported in both industrialized [45] and non-industrialized countries, with proportions ranging from 5.5% in United Kingdom, to 17% in Peru [43]. 
[bookmark: _Toc316590242]3.2.1. Pathogenesis
About 90% of those infected with M. tuberculosis have asymptomatic, latent TB infections (sometimes called LTBI) [46] with only a 10% lifetime chance that the latent infection will progress to overt, active tuberculous disease [47]. In those with HIV, the risk of developing active TB increases to nearly 10% a year. If effective treatment is not given, the death rate for active TB cases is up to 66%. TB infection begins when the mycobacteria reach the pulmonary alveoli, where they invade and replicate within endosomes of alveolar macrophages. The primary site of infection in the lungs, known as the "Ghon focus", is generally located in either the upper part of the lower lobe, or the lower part of the upper lobe [30].. All parts of the body can be affected by the disease, though for unknown reasons it rarely affects the heart, skeletal muscles, pancreas, or thyroid [48]. 
Tuberculosis is classified as one of the granulomatous inflammatory diseases. Macrophages, T lymphocytes, B lymphocytes, and fibroblasts are among the cells that aggregate to form granulomas, with lymphocytes surrounding the infected macrophages. The granuloma prevents dissemination of the mycobacteria and provides a local environment for interaction of cells of the immune system. Bacteria inside the granuloma can become dormant, resulting in latent infection. Another feature of the granulomas is the development of abnormal cell death (necrosis) in the center of tubercles. To the naked eye, this has the texture of soft, white cheese and is termed caseous necrosis [49]. 
If TB bacteria gain entry to the bloodstream from an area of damaged tissue, they can spread throughout the body and set up many foci of infection, all appearing as tiny, white tubercles in the tissues. This severe form of TB disease, most common in young children and those with HIV, is called miliary tuberculosis [50]. People with this disseminated TB have a high fatality rate even with treatment (about 30%) [51], [52]. Tissue destruction and necrosis are often balanced by healing and fibrosis. Affected tissue is replaced by scarring and cavities filled with caseous 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 so can spread the infection [49]. 
[bookmark: _Toc316590243]3.2.2. Clinical signs and symptoms
The main symptoms of variants and stages of tuberculosis are given [53], with many symptoms overlapping with other variants, while others are more (but not entirely) specific for certain variants. Multiple variants may be present simultaneously. About 5–10% of those without HIV, infected with tuberculosis, develop active disease during their lifetimes In contrast, 30% of those co-infected with HIV develop active disease [54]. Tuberculosis may infect any part of the body, but most commonly occurs in the lungs (known as pulmonary tuberculosis) [17]. 
Extra pulmonary TB occurs when tuberculosis develops outside of the lungs. Extra pulmonary TB may co-exist with pulmonary TB as well. General signs and symptoms include fever, chills, night sweats, loss of appetite, weight loss, and fatigue and significant finger clubbing may also occur [54]. If a tuberculosis infection does become active (pulmonary form), it most commonly involves the lungs in about 90% of cases. Symptoms may include chest pain and a prolonged cough producing sputum. About 25% of people may not have any symptoms (i.e. they remain "asymptomatic") Occasionally, people may cough up blood in small amounts, and in very rare cases the infection may erode into the pulmonary artery, resulting in massive bleeding (Rasmussen's aneurysm) [37].
[bookmark: _Toc329290448]Tuberculosis may become a chronic illness and cause extensive scarring in the upper lobes of the lungs. The upper lung lobes are more frequently affected by tuberculosis than the lower ones [17]. The reason for this difference is not entirely clear. It may be due either to better air flow, [30] or to poor lymph drainage within the upper lungs [17]. In 15–20% of active (extra pulmonary) cases, the infection spreads outside the respiratory organs, causing other kinds of TB. These are collectively denoted as "extra pulmonary tuberculosis. Extra pulmonary TB occurs more commonly in immunosuppressed persons and young children. In those with HIV this occurs in more than 50% of cases [55].
[bookmark: _Toc329290449]Notable extra pulmonary infection sites include the pleura (in tuberculous pleurisy), the central nervous system (in tuberculous meningitis), the lymphatic system (in scrofula of the neck), the genitourinary system (in urogenital tuberculosis), and the bones and joints (in Pott's disease of the spine), among others. When it spreads to the bones, it is also known as "osseous tuberculosis"[56] a form of osteomyelitis [30]. A potentially more serious, widespread form of TB is called "disseminated" TB, commonly known as miliary tuberculosis [17]. Miliary TB makes up about 10% of extra pulmonary cases [51]. 
[bookmark: _Toc316590244]3.2.3. Diagnosis
Clinical diagnosis of tuberculosis is usually possible only after the disease has reached an advanced stage and, with the exception of miliary tuberculosis, is dependent on the site of lesions. At the time of diagnosis, most infected animals are shedding bacilli and are a source of infection for other animals. Ante mortem evaluations are a critical component of tuberculosis control programs throughout the world. At this time, one of the most reliable and practical methods of diagnosis (albeit tentative) in domestic animals is assessment via the tuberculin skin test [57].
In live cattle, tuberculosis is usually diagnosed in the field with the tuberculin skin test. In this test, tuberculin is injected intradermal; a positive test is indicated by a delayed hypersensitivity reaction (swelling). The tuberculin test can be performed using bovine tuberculin alone, or as a comparative test that distinguishes reactions to M. bovis from reactions to environmental mycobacteria. The U.S. uses the caudal fold (bovine tuberculin) test for the preliminary screening of cattle; reactors are re-tested with the comparative cervical test [18].
Animals infected with mycobacteria are allergic to the proteins contained in tuberculin and develop characteristic delayed type hypersensitivity reactions when exposed to those proteins. The deposition of tuberculin intradermal in the deep layers of the skin usually elicits a local reaction characterized by inflammation and swelling in infected animals, whereas such reactions at the injection site fail to develop in uninfected animals. The sensitivity and specificity of the intradermal test often depend on the field conditions, prevalence of infection, and other factors [58]. Tuberculosis can be difficult to diagnose based only on the clinical signs. In developed countries, few infections become symptomatic; most are diagnosed by routine testing or found at the slaughterhouse. In cervids, tuberculosis should be considered in the differential diagnosis when abscesses of unknown etiology are found [57].
[bookmark: _Toc316590245]Laboratory test: A presumptive diagnosis can also be made by histopathology and/or the microscopic demonstration of acid-fast bacilli. Direct smears from clinical samples or tissues may be stained with the Ziehl/Neelsen stain, a fluorescent acid-fast stain or immunoperoxidase techniques. Following Ziehl-Neelsen test, Acid fast bacilli appeared pinkish in a bluish background and tuberculous lesions can be observed more in slaughtered animals [58]. (Figure 1).
The diagnosis is confirmed by the isolation of M. bovis on selective culture media. Mycobacteria grow slowly, and cultures are incubated for eight weeks; growth usually becomes visible in 3 to 6 weeks. The identity of the organism can be confirmed with biochemical tests and culture characteristics, or polymerase chain reaction (PCR) assays. Genetic fingerprinting techniques (e.g. spoligotyping) can distinguish different strains of M. bovis. Animal inoculation is rarely done, but may be necessary if the histopathology suggests tuberculosis and cultures are negative. All procedures for bacterial culture should be done in a biological safety cabinet, as the bacteria may survive in heat-fixed smears or become aerosolized during specimen preparation [17]. 
Other assays are typically used as ancillary tests to the tuberculin test. Enzyme-linked immunosorbent assays (ELISAs) measure antibody titers to M. bovis. However, tests of humoral immunity are generally of limited utility in cattle, because titers are inconsistent and rise only in the late stages of infection. In deer, titers can rise earlier in the course of disease, and may be more predictable. Radiographs are used for diagnosis in dogs and cats, together with culture [57]. 
Diagnosing active tuberculosis based merely on signs and symptoms is difficult, [59] as is diagnosing the disease in those who are immunosuppressed. A diagnosis of TB should, however, be considered in those with signs of lung disease or constitutional symptoms lasting longer than two weeks. A chest X-ray and multiple sputum cultures for acid-fast bacilli are typically part of the initial evaluation [60]. Interferon-γ release assays (IGRA) and tuberculin skin tests are of little use in the developing world [61], [62]. 
[bookmark: _Toc316590246]A definitive diagnosis of TB is made by identifying M. tuberculosis in a clinical sample (e.g. sputum, pus, or a tissue biopsy). However, the difficult culture process for this slow-growing organism can take two to six weeks for blood or sputum culture. Thus, treatment is often begun before cultures are confirmed. Nucleic acid amplification tests and adenosine deaminase testing may allow rapid diagnosis of TB, [59]. These tests, however, are not routinely recommended, as they rarely alter how a person is treated [63]. Blood tests to detect antibodies are not specific or sensitive, so they are not recommended [64]. The  tuberculin skin test is often used to screen people at high risk for TB [60]. Those who have been previously immunized may have a false-positive test result. Interferon gamma release assays (IGRAs), on a blood sample, are recommended in those who are positive to the Mantoux test [65]. 
[image: ]
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[bookmark: _Toc316591917][bookmark: _Toc329292042][bookmark: _Toc329292043]Figure 3: Pinkish Acid- fast bacilli in a bluish background and tuberculous lesions observed in animals [57]. 

3.2.4. Treatment 
Treatment of TB uses antibiotics to kill the bacteria. Effective TB treatment is difficult, due to the unusual structure and chemical composition of the mycobacterial cell wall, which hinders the entry of drugs and makes many antibiotics ineffective. The two antibiotics most commonly used are isoniazid and rifampicin, and treatments can be prolonged (months). Latent TB treatment usually employs a single antibiotic, while active TB disease is best treated with combinations of several antibiotics to reduce the risk of the bacteria developing antibiotic resistance [37]. 
People with latent infections are also treated to prevent them from progressing to active TB disease later in life. Directly observed therapy, i.e. having a health care provider watch the person take their medications, is recommended by the WHO in an effort to reduce the number of people not appropriately taking antibiotics [66]. The evidence to support this practice over people simply taking their medications independently is poor [67]. The only way to get rid of tuberculosis is by taking TB medicines. Even if you feel better after a few weeks on the TB medicines, it does not mean all the TB germs are dead. Treating TB takes months. Staying on your medicine the way you are supposed to is the only way to cure TB [31]. 
[bookmark: _Toc316590247]3.3. Prevention and control 
Bovine tuberculosis can be controlled by test-and-slaughter or test-and-segregation methods. Affected herds are re-tested periodically to eliminate cattle that may shed the organism; the tuberculin test is generally used. Infected herds are usually quarantined, and animals that have been in contact with reactors are traced. Only test-and-slaughter techniques are guaranteed to eradicate tuberculosis from domesticated animals. Once eradication is nearly complete, slaughter surveillance, with tracing of infected animals, may be a more efficient use of resources. Sanitation and disinfection may reduce the spread of the agent within the herd. M. bovis is relatively resistant to disinfectants and requires long contact times for inactivation [67]. Tuberculosis prevention and control efforts primarily rely on the vaccination of infants and the detection and appropriate treatment of active cases. The World Health Organization has achieved some success with improved treatment regimens, and a small decrease in case numbers [37].
Effective disinfectants include 5% phenol, iodine solutions with a high concentration of available iodine, glutaraldehyde and formaldehyde. In environments with low concentrations of organic material, 1% sodium hypochlorite with a long contact time is also effective. M. bovis is also susceptible to moist heat of 121°C (250°F) for a minimum of 15 minutes. Rodent control may also be advisable on affected farms; meadow voles and house mice can be infected experimentally, and voles shed M. bovis in feces. The basic strategies required for control and elimination of bovine tuberculosis are well known and well defined. However, because of financial constraints, scarcity of trained professionals, lack of political will, as well as the underestimation of the importance of zoonotic tuberculosis in both the animal and public health sectors by national governments and donor agencies, control measures are not applied or are applied inadequately in most developing countries [67]. 
M. bovis is resistant to pyrazinamide, which is widely used in the treatment of infections caused by M. tuberculosis Complex in humans. Cattle should not be treated at all and as such farm animals with tuberculosis must be slaughtered (culled). In the case of cattle, a tuberculin test should be performed in the course of the twelve months prior to presentation for slaughter. Milk should be pasteurized or effectively treated with heat prior to human consumption or further processing, as this is the generally agreed critical and effective control measure to prevent transmission of zoonotic tuberculosis through milk. The tuberculosis bacteria are killed when meat is cooked and when milk is pasteurized, hence these products are safe to eat in the unlikely event that products inadvertently gained access to the food chain [68]. 
[bookmark: _Toc316127525][bookmark: _Toc316590248]3.3.1. Current Tuberculosis Vaccine 
Advances in mycobacterial molecular genetics, which have culminated in the establishment of the genome sequence of Mycobacterium tuberculosis H37, make it possible to generate a vast new repertoire of potential tuberculosis vaccine candidates. Two broad strategies can be envisaged. Following the paradigm of BCG vaccine, live attenuated mycobacterial vaccines can be constructed with the aim of presenting the immune system with a challenge as close as possible to that of the natural infection but without the pathological sequelae associated with the virulent bacteria [26]. 
Although BCG vaccine arose as the result of spontaneous deletion of fragments of the mycobacterial genome including genes encoding important antigenic determinants [69], it is now possible to use the tools of gene replacement and transpose on mutagenesis to allow precise inactivation of individual genetic loci. This strategy has been applied successfully in the design of live vaccines for the prevention of other bacterial infections. A second general approach to vaccination is to boost the immune response to selected antigenic determinants that are delivered in the form of subunit vaccines. Such vaccines have advantages over live mycobacteria with respect to safety and quality control. Several strategies are available for delivery of subunit vaccines. For example, promising results have been obtained in experimental models of tuberculosis by immunization with purified mycobacterial proteins mixed with appropriate adjuvants [71]. 
[bookmark: _Toc316590249]The only currently available vaccine as of 2011 is bacillus Calmette–Guérin (BCG) which, while it is effective against disseminated disease in childhood, confers inconsistent protection against contracting pulmonary TB. Nevertheless, it is the most widely used vaccine worldwide, with more than 90% of all children being vaccinated [37]. However, the immunity it induces decreases after about ten years. As tuberculosis is uncommon in most of Canada, the United Kingdom, and the United States, BCG is only administered to people at high risk [72]. Part of the reasoning arguing against the use of the vaccine is that it makes the tuberculin skin test falsely positive, and therefore, of no use in screening [31]. 

4. Conclusions And Recommendations 
Tuberculosis is a common deadly infectious disease and is important zoonotic disease and caused by M. bovis that affects a wide range of animals in the world including human. Most farmers have close contact and share the same shelter in the District with their livestock which expose them to the disease. The disease can transmit to human by direct contact with the infected animals, drinking unpasteurized milk and consumption of uncooked meat. Contamination from human to human of M. bovis is usually considered as a rare event. But in the context of high HIV prevalence and the presence of many risk factors, the epidemiology of the disease in the human host could be changed and human-to-human transmission could be more common. BTB remains to be a great concern due to the susceptibility of humans to the disease. This will go a long way in helping to assess the risk posed by the disease to both livestock and humans particularly the high risk groups (herdsmen, butchers, abattoir workers, cattle traders; vulnerable people gathered together like prisons and homeless shelters). From this it can be said that bovine tuberculosis is endemic in many countries of the world. The infections mainly take place by drinking raw milk and meat that occurs particularly in extra-pulmonary form, in the cervical lymphadenitis form. 
In line with the above conclusion the following points are recommended:
· The sale of unpasteurized milk intended for human consumption, originating from all farm animals, and consumption of uncooked meat and meat product should be prohibited in the area.
· Animal and human tuberculosis surveillance needs to be established or strengthened in most in the District, taking zoonotic aspects into consideration.
· Diagnostic methods which are able to differentiate between M. bovis and M. tuberculosis infection in humans should always be applied when feasible. 
· As much as possible it is essential to establish areas or BTB free farms and conducting a bi-annual testing.
· National and regional cooperation should be strengthened to combat the spread and prevalence of bovine and human tuberculosis in the country. 
· [bookmark: _Toc316590250]Education is the most suitable and effective tool for prevention where infrastructure and technologies for the commercialization of safe milk are insufficient or non-existent. 
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