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ABSTRACT 

A cross-sectional study was conducted on 858 heads of cattle (371 recruited from Bako 

Agricultural Research Center, BARC and 487 from Bako municipal abattoir) from October 2009 

to April 2010 to estimate the prevalence of bovine tuberculosis (BTB) and characterize its 

causative agents. To this effect, comparative intradermal tuberculin (ClOT) test, post mortem 

examination, bacteriological culturing, genus typing using multiplex polymerase chain reaction 

(PCR) were applied. At the cut-off point of ~4mm (recommendation of the Office des 

International Epizooties, OlE), animal prevalence of BTB was 1.3%. Re-analysis of the same 

data using the newly defined cut-off point of >2mm gave a prevalence of 4.6%. There was a 

highly significant difference (P=O.OOO) in prevalence estimated using the two cut-off points in 

zebu cattle. The prevalence was significantly associated with age (P=0.012) and origin (P=0.04) 

of the animal. On the other hand, the prevalence was 9.3% (46/492) in cattle slaughtered at Bako 

abattoir. Lesions were more frequent and severe in the mesenteric (60.9%), retropharyngeal 

(17.4%), and bronchial (17.4%) lymph nodes of slaughtered cattle. Culture positivity in 

suspicious tissues was 32.6% (29/89) although only 69% (20/29) were confirmed to be acid-last 

bacilli (AFB) by Ziehl Neelsen staining. Of the 20 AFB positive isolates, 17 were characterized 

by multiplex PCR and almost all (94%) of the isolates showed signal for the Genus 

Mycobacterium. Nevertheless, none of these isolates showed signal for the Mycobacterium 

IUberculosis complex as revealed by multiplex peR. Therefore, further identification and 

characterization of these iso lates should be done. Furthermore, the pathogenicity of these 

mycobacteria in livestock requires further investigation. 

Key words: Bovine tuberculosis, Prevalence, Pathology, Culturing, Molecular typing, 

Mycobacteria, Balm, Ethiopia. 
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1. INTRODUCTION 

BTB is a chronic infectious disease characterized by progressive development of granulomatous 

lesions or tubercles in the lung tissue, lymph nodes, or other organs of infected animals. 

Mycobacterium bovis (M bovis), the causative agent of BTB, was discovered in 1882 by Robert 

Koch (1843-1910), who first showed that different organism cause TB in cattle and hwnan. 

Together with other highly related bacteria; M bovis forms a complex, the M tuberculosis 

complex (MTC), a single species as defined by DNA/DNA hybridization studies (Imaeda, 1995). 

The MTC comprises seven members which include, M bovis, which is responsible for BTB, and 

includes the vaccine strain M bovis BCG; M tuberculosis, the primary causative agent of human 

TB; M africanwn, the main causative agent ofhwnan TB in West Africa (Kallenius et al., 1999); 

M microti, which is a pathogen of voles and rarely infects hwnans (Rastogi et al., 2001); M 

canetti, a rare MTC strain that produces smooth and glossy colonies, with all known cases so far 

isolated from individuals having been to the hom of Africa (Smith et al., 2006); M pinnipedii, 

also known as the seal bacillus (Cousins et al., 1993; Cousins et al. , 2003); and M caprae 

primarily isolated from goats (Aranaz et al., 2003). Among MTC, M bovis has a wide range of 

both target organs (lungs, gastrointestinal tract, mammary gland, kidney and reproductive organs) 

and manlmalian host (wi ld animals, domestic animals aI)d human) (Phillips et al., 2002; Rupp et 

al., 2007). 

Infection of catt le with M. bovis constitutes a human health hazard as we ll as an animal welfare 

problem. Furthermore, the economic implications in terms of trade restrictions and productivity 

losses have direct and indirect implications fo r human health and the food supply (Pollock and 

Nei ll , 2002; Villarreal-Ramos et al., 2003). Being aware of these problems, most developed 

countries initiated a control strategy since the early 1920s, using wide spread application of 

quarantine, compulsory test and slaughter combined with management regulations (Pereira­

Suarez et al., 2006). In consequence, the epidemiology and public health significance of BTB 

was well studied and hence, BTB was controlled in farm animals. As a result, human infection 

with M bovis has been reduced to a very low level, although a potential ri sk still exists in 

countries where wild reservoir hosts are found (Ayele et al., 2004). 
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In low-income countries, particularly in Africa, however, the epidemiology and public health 

sign ificance of BTB is largely unknown for politico-economic reasons, including the high costs 

of a sustainable testing programme, social unrest due to political instability and ethnic wars, 

resulting in the displacement of large numbers of human and animal populations, lack of 

veterinary expertise and communication networks. In addition, there are few or no laboratories 

that are capable of iso lating and characterizing mycobacteria from animal and human beings 

(Aye Ie et af., 2004). Nevertheless, the potential of M bovis infection is straightforward in both 

animals and humans in many African settings where domestic animals are an integral part of 

human social life, poor food hygienic practices like consumption of unprocessed dairy and meat 

products, and HIV -AIDS infections (Oloya et af., 2007). 

In Ethiopia, the endemic nature of TB in cattle has long been reported (Hailemariam, 1975). Most 

of the BTB surveys qrried out in Ethiopia have been based on tuberculin skin testing and post 

mortem inspection of carcasses of slaughter animals in a particular locality. These limited and 

fragmented surveys show that the prevalence of BTB ranges from 3.4% to 50% depending on the 

production systems under which cattle are kept (Kiros, 1998; Ameni et af., 200 1; Regassa, 2005; 

Ameni et af. , 2007; Berg et af., 2009; Ameni et af., 2010). NevertJ:!eless, there have not been 

complete nationwide studies to date that can address the economic impacts and the total burden 

of mycobacterial infection in cattle populations managed under different systems (Tschopp et af., 

2009). Moreover, even though there is a direct correlation between the prevalence of human TB 

of bovine origin and that of TB in livestock (Cosivi et af., 1998) and ·the elimination of TB from 

human society necessitates understanding and controlling M bovis in animals, there is lack of 

attention of BTB as a public health threat in the country (Ameni et af., 2010). Hence, the 

contribution of bovine bacillus in the overall incidence of human TB is unknown. Yet, report 

from the ministry of health to WHO (2005) show a significant rise in the incidence of extra" 

pulmonary TB in human populations of the country but did not indicate the extent attributed to 

M bovis as the routine diagnostic procedure employed could not differentiate mycobacterium 

species of the Mycobacterium tubercufosis complex. 

Studies carried out in various countries indicate the prevalence, distribution and epidemiological 

pattern of BTB to vary from region to r~gion and even from farm to farm in the same region 

(Ayele et af. , 2004; Oloya et aZ., 2006, Oloya et aZ., 2007). However, in Ethiopia, most of the 

1. 



studies on BTB were conducted in the central part of the country (Ameni el al., 2003; Asseged el 

al., 2004; Ameni el aI., 2007) and hence, there is still no or limited information about the actual 

situation of mycobacterial infections in various localities and regions of the country (Tschopp ?I 

al., 2009). However, accurate baseline data for the prevalence of BTB across a range of eco­

epidemiological settings is needed to ensure that public health policies and disease control 

strategies are based on sound scientific data (Ayele el al., 2004). 

The aim of this study was therefore to generate information on the epidemiology ofBTB in cattle 

in and around Bako, Western Oromia so as to understand the disease burden and to inform public 

health policies. In the area, practices such as the consumption of raw milk and meat is practiced 

widely which means that the opportunity for zoonotic transmission of BTB is high. We therefore 

carried out BTB surveys in cattle kept at BARC and Bako abattoir to estimate the prevalence of 

BTB, and characterize mycobacteria circulating in the area. In order to achieve these objectives, 

both conventional and molecular diagnost ic tools · .. ·:c:·c t:se=. 

Objective 

General objective 

» To estimate the prevalence of BTB, and characterize mycobacteria circulating in and 

around Bako 

Specific objectives 

» To estimate the prevalence of BTB at Bako Agricultural Research Centre 

» To estimate the prevalence ofBTB in cattle slaughtered at Bako Abattoir, . 
» To isolate mycobacteria from tuberculous tissues and characterize the isolates usmg 

molecular typing techniques, 

» To identifY the risk factors associated with mycobacterial infection in animals 

3 



2. LITERATURE REVIEW 

2.1. Mycobacterium 

2.1.1. Taxonomy and nomenclature 

Mycobacteria belong to the Kingdom of Bacteria; Phylum of Actinobacteria; Order of 

Actinomycetales; Family of Mycobacteriaceae, and the Genus of Mycobacterium. The genus 

Mycobacterium includes many pathogenic species known to cause serious diseases in mammals, 

and .non-mammal animal species. Mycobacterial taxonomy is continuously changing since 

uniC:entified species are constantly being discovered. The species belonging to a species group 

(sometimes referred to as a species-complex) can be very different in virulence or pathogenesis 

(DSMZ, 2008). 

Several previously considered species appear to consist of several closely related species, as 

biochemical and mainly genetic analyses have demonstrated in, for iristance, the M tuberculosis­

complex. The complex species can be identified using differences in size of genomic sequences: 

Region of Difference1 (RD1), RD2, RD4, RD9 and RD12, analysed in PCR (Warren et al., 

2006). This complex now consists of M t,!berculosis, M africanum, M microti and M bovis, the 

latter of which has been further differentiated into M bovis, M caprae, M pinnipedii and M 

conetii, all of which were named after their principal host (Haddad et aI., 2004; Pavlik et al., 

2005; Warren et ai. , 2006). A similar phenomenon is found in the M avium-complex. Originally, 

one species, but meanwhile divided into the species M ilvium, M intracellulare and M 

scrofulaceum. Previous serovars belonging to this complex have been re-arranged (Thoel et al., 

1990; Butler et al., 1992; Wayne et al., 1993) and several s~bspecies of M avium have been 

identified: M avium subsp. paratuberculosis, subsp. silvaticum. and subsp. avium. This 

identification was based on molecular and biochemical criteria, that is, High Performance Liquid 

Chromatography (HPLC) of mycolic acids and sequencing of, for instance, Internal transcribed 

ribosomal regions (ITS). M avium subsp. avium has recently been divided into subsp. avium and 

subsp. hominissuis using Restriction Fragment Length Polymorphism (RFLP) of insertion 

sequence 1S1245 (Mijs et aI., 2002). 
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The identification of a new species was conventionally based on the description of the Runyon 

classification, the biochemical properties of the strain(s) and the degree of DNA-DNA 

hybridization. With the growing amount of species and subspecies with various biochemical 

properties, new methods were developed and this created a new standard for species 

differentiation (Rogall et al., 1990). For the acceptance of a new species, the old and new ways of 

identification are all included: biochemical characteristics, growth and pigmentation 

characteristics, HPLC analysis and a unique genetic composition determined by the sequence of 

genes that allow species differentiation, such as the 16S rRNA gene, the hsp65 gene and the ITS 

region (Hale et al., 2001; DSMZ, 2008). From 1990 to 1999, 28 new species have been 

recognized (Hale et al., 2001) and from 2000 to September 2007, 41 more species have been 

identified. 

2.1.2. Structure and composition 

Mycobacteria are rich in lipids (mycolic acids, waxes and phosphatides) and are also composed 

of proteins and polysaccharides. The lipids are largely bound to proteins and polysaccharides 

(Brooks et al., 2004). The cell wall of mycobacteria contains N~glycol muramic acid in place of 

N-acetyl muramic acid and has a high lipid content (60%) (Brennan, 2003) (Figure 1). Lipids 

account for acid-fastness and pathogenic and immunogenic properties. Various structural 

components that are found in mycobacteria include surface mycosides (mostly glycolipids and 

peptidoglycolipids), mycolic acids and their esters, wax D, cord factor (dimycolil trehalose), 

sulfolipids (or sulfatides), phosphatidyl inositol mannoside (PIM), mycobactins, carotenoid 

pigments (in chromogens) and tuberculin~ (peptides liberated into culture media during growth) 

(Biberstein and Hirsh, 1999). The genome of mycobacteria has a high GC content (GC% - 65%), 

and its polymorphism is very limited compared to its genome size (4.4 Mbp). But some regions 

are highly polymorphic, either by a variation in number and/or position or by a variation in 

primary structure (Haddad et aI., 2004). Strikingly, the genome sequence of M bovis is >99.95% 

identical to that of M tuberculosis, but deletion of genetic information has led to a reduced 

genome size (Garnier et aI. , 2003). 

5 



I 
I 

I 
I 
I 
I 
I 

I 

I 

I 
I 
I 

llydtuphObic s m o ll , h ydroph ilic 

;l,. .. bJn o o .. l .. et~" 

poptldoQ ly c .. " 

Figure 1: Schematic diagram of mycobacterial cell wall (Brennan, 2003). 

2.I..3. Physical an~ biochemical characteristics 

Morphology 

The mycobacteria are thin (slender) rods of varying lengths (0.2-0.6 by 1.0-10.0 ~m) (Quinn et 

aI., 1994). Most of the members are slightly curved rods, sometimes branching filamentous or 

mycelium type growth may occur but usually gets fragmented into rods or coccoid cells. They are 

acid fast, non-motile and do not form endospores, conidia or capsules (Tauro et aI., 1996; Quinn 

et al., 1999). The distinguishing features of pathogenic mycobacteria are the formation of 

characteristic cords (Gillespie and Timoney, 1981) and M tuberculosis is straight or slightly 

curved rod, whereas M bovis is usually straighter, stouter and shorter (Gupte, 2006). The 

mycobacterial cell wall is triple layered comprising a basal peptidoglycan layer and an 

intermediate arabinogalactan mycolate complex. The outer layer is lipid rich , comprising surface 

rope-like structure ofpeptidoglycolipid (Brennan, 2003) (Figure I). 

Staining 

Mycobacteria are cytochemically gram positive, but, they often resist staining with gram stain 

(Biberstein and Hirsh, 1999). Thus, they cannot be classified as either gram-positive or gram­

negative bacteria (Brooks et aI., 2004). The high lipid content renders mycobacteria hydrophobic 

and makes them difficult to stain with commonly used aniline dyes at room temperature. The 
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bacteria, therefore, take up the stain with dycs only by prolonged app lication vr by ~~C:lti:lg 

(Sharma and Adlakha, 1996). Mycobacterias' most noted staining property is their acid-fastness 

(Biberstein and Hirsh, 1999) that depends on the integrity of the waxy envelope and is related to 

the resistance of Mycobacteria to the decolori zing effect of strong acid/alcohol sol utions unlike 

other bacteria which quickly get decoulori zed. Usually the Ziehl-Neelsen technique of staining is 

employed for identification of acid-fast bacteria including mycobacte6a (WHO, 1998a; Brooks el 

aI., 2004). Moreover, mycobacteria can also be stained with fluorescent dyes like auramine 

rhodamine (Biberstein and Hirsh, 1999). 

Growth requirement and cultural characteristics 

Examination of bacteriological culture provides definitive diagnosis of tuberculosis. However, 

the usual microbiological techniques of plating clinical material on selective or differential media 

and sub-culturing to obtain pure cultures cannot be applied to tuberculosis bacteriology. For that 

reason, many different media have been devised for cultivating tubercle bacilli and three main 

groups can be identified, viz egg-based media, agar-based media and liquid media (WHO, 

1998b). In addition, tubercle bacilli may also be grown on chick embryos and in tissue culture 

(Gupte, 2006). The only media which allow abundant growth of tubercle bacilli are egg-enriched 

media containing glycerol/pyruvate and asparagines, and agar or liquid medium supplemented 

with serum or bovine albumin (WHO, 1998b). To date, the most frequently used media for 

isolation of M bovis are Lowenstein-Jensen (LJ) and Ogawa-medium (both containing eggs 

phosphate and magnesium) and the former contains asparagine (Seifert, 1996). 

The media are prepared as solid slants in screw capped bottles. M tuberculosis and M avium 

prefer the caps on the culture media to be loose while M bovis grows best in airtight containers 

(Quinn et aI., 1994). All the members of the mycobacteria complex are slow growers (Seifert, 

1996). Therefore, the inoculated media may have to be incubated at 37°C up to 8 to 12 weeks 

(Quilll el aI., 1994). The growth requirements and cultural characteristics of mycobacteria are 

summarized in table I. On solid media M tuberculosis appears as dry, rough, raised and irregular 

colony: It is creamy white first and becomes yellowish or buff coloured later on and is not 

emulsified easily. On the other hand, the colony of M bovis is flat, smooth, white and breaking 

up easily when touched (Gupte, 2006). 
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Table 1: Growth requirements and cultural characteristics of pathogenic mycobacteria 

Growth M tuberculosis M bovis M avium M avium 

characteristics and complex paratuberculosi 

requirements 

Growth rate Slow Slow Slow Very slow 

(3-8 weeks) (3 -8weeks) (2-6 weeks) (up to 16 

weeks) 

Atmospheric Aerobic Aerobic Aerobic Aerobic 

requirements 

Colonial features Rough, buff, Cream colored Sticky, off Small, 

difficult to break raised with white, break hemispherical, 

apart central roughness, apart easily some pigmented 

break apart easily 

EsseI].tial growth None None None Mycobactin 

supplement 

Effect of added Enhanced Growth inhibited Enhanced 

glycerol growth (dysgonic) growth 

(Eugonic) (Eugonic) 

Source: Quinn et al. (1999) 
" ' 

2.2. Pathology 

2.2.1. Infection 

The routes through which tubercle bacilli gam entrance into the animal body include: the 

respiratory, alimentary, genital, cutaneous, congenital and venereal routes (Menzes and Neill, 

2000); the first two being the most commonly observed routes of infection resulting in pulmonary 

and extra-pulmonary forms of the disease, respectively. Furthermore, infection can occur via the 

teat canal (Seifert, 1996). However, infection in animals is usually via the respiratory and 

intestinal tracts (Quinn et al., 1994). In intensive animal productio'n systems, the infection is 
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acquired aerogenously by the inhalation of infected droplets from a coughing or sneezing animal 

with open tuberculosis or infected dust particles from the floor of the paddock or cowshed; the 

primary focus of infection is localized in the lung. For animals in the extensive production 

system, the infection is acquired through the oral route; in this case, bacteria excreted with faeces, 

urine, milk, lochia (from cows with endometritis i.e. as high as 5%) and mycobacteria-laden 

exudates from the lung are ingested with, contaminated feed and water. The primary focus with 

this route of infection is in the lymph nodes ofthe intestinal system (Seifert, 1996). The infectious 

dose .is very low; 1-3 viable bacteria are considered sufficient as infectious inoculum (Thoen et aI., 

2006). 

2.2.2. Virulence factors 

Since mycobacteria are intra-cellular organisms, their virulence appears to be related to their 

ability to survive and multiply within the macrophages. The mechanism for such survival is 

poorly understood and may vary from species to species (Quinn et al., 2002). For instance, M 

tuberculosis inhibits the fusion of lysosomes with the phagosome due to factors such as 

polyglutamic acid, ammonia, and cyclic "";MP and sulpho-lipids. The sulfur-containing glycolipid 

(sulpholipids) commonly called sulfatides play the major rol e in inhibiting phagolysosome 

formation. Most of the virulence factors of M bovis are the same as those of M tuberculosis, as 

both organisms can cause identical clinical disease in humans 'and are genetically very similar 

(Collins, 200 I). M avium survives within the fused phago-Iysosome by a virtue of their capsule 

like coating material of mycosides. In addition to these survival mechanisms, an important aspect 

of pathogenecity of mycobacteria is their ability to subvert the protective immune response 

(Grange, 1995). Wax D and various tuberculo-proteins induce a.delayed hypersensitivity reaction 

detected in the tuberculin test (Quinn et aI., 1994). 

A characteristic feature of virulent strains of mycobacteria is that they form cords when they 

grow in a liquid culture media whereas tN: avirulent strains develop as clumps. Lipids present in 

the cell wall of virulent tubercle bacilli appear to contribute to the formation of "rope-like" cords 

in parallel form (Thoen et al., 2006) the cord factor is a glycolipid that inhibits leukocytic 

migration and has also toxic effect on leukocytes (Gillespie and Timoney, 1981). 
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J 3. Pa thogcnes l!'! 

.Ifycohaclerium bovis is an intrace ll ul ar pathogen of maerophages and other ed ls or the 

:nonoey ti c type (de la Rua-Domenech el al .. lOOG). In prcviously uncx posed an imals, fo llowing 

infccti on local mUltiplication of thc mycor,ac teri a occurs and thc rcs istance to phagocyti c killing 

.1l lows continued intrace llular and extraccl lular multiplication. Before ce ll mediatcd immunity is 

establi shed lymphatic spread occurs with general di ssemination. At thc site of a les ion, 

3ggregation o f macro phages contributes to the formation of tubercle. and a fibrous layer may 

encompass the lesion. Caseous necros is occurs at the centre of the lesion and thi s may proceed to 

ca lcification or liquefaction. After ce ll mediated immunity (CMI) is establi shed spread occurs by 

.:ontiguous extension or v ia the erosion of bronchi , blood vesse ls or viscera to new areas (Quinn 

2 1 aI., 1994). 

~.2.4. Lesion distribution 

.-\ primary les ion or focus of infection is establi shed fo ll owing the interact ion of the host and the 

3gent at the site of entry within 8 weeks of bacterial entrance (Radostits el al. , 2000). The 

:nycobacteria are then taken by the alveolar macrophages to the circulation and establi shes in lym ph 

nodes. Ce llular responses attempting to control the disease results in the accumulation of large 

:lumber of phagocytes and lead to the form ation of a macroscopic lesion referred as tubercle (Theon 

<!I al. , 2006). Tubercles commonly occur in the thoracic cavity (chest) , though they may be found 

:n other major organs such as the li ver. In cattle, BTB most commonly causes lesions in the 

:"mph nodes of an infected anima l. Therefore, du ring necropsy, the lymph nodes, espec ia ll y 

:hose associated with the head, thorax and abdomen are closely examined. It should be 

~emembered that an animal may be infected w ith BTB despite the absence of tubercles (Patterson 

a nd Grooms, 2000) . 

., , I 'ty _. ~.,. mmunl 

fmmunity against mycobacteria is multi factoria l and dependent on the ba lance between an 

. 'ltlammatory response that allows the host to develop a granu loma, which contains the 

n ic roorganism and an anti-inflammatory response that restricts the extent of the granuloma and 

c,i0WS contact of effector T cells with tile infected cell s, whi ch results in the killing of the 
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In leellllg pathogen (Vi llarrcal-R;llllClS 1'1"1. , 2()() '). Illl lll ll llit y tll lll yco b; lctcria is cha racterized by 

il CM I response whcre infec ted J1lacrophage, beco J1lc SlilTOUlllkd by a '~o nc of lymphocytes tll 

fi Jlm a granu lollla (Wed lock el ,,/., 20(2). In ca ttle, both hUlllo ral alld cell -J1lediated responses 

can be induced following I'vl. hOllis in iCct ion . Al though the illl port ance o f th e latter in the 

pathogenes is of the illness is H! ry c lear, the role played by anti bodies in imlllunity still remains 

unclear (S ilva, 200 1). The immune response to M. hOllis is a T he lper type- I response as 

ev idenced by IFN-y, interieukin (I L)-1 2, and tumour necrosis factor (TN F)-a product ion to 

pathogen-associated antigen (Flynn, 2004). Al l of the main T-cell subsets (yo T-cells, CD4 and 

CD8 up T-cells) have been shown to be invo lved in the anti -lllycobacterial immune response in 

cattle (Pollock et aI. , 2005). The humoral immune response to 1'011. bovis infecti on in cattle is 

characteri zed by highly heterogeneous antigen recognition. Six proteins, earl y secretory target 

antigen-6 (ESA T-6), 14-kDa protein, 1'vJycobaclerill111 target protein (MPT63), MPT70, MPT51 , 

and MPT32, were identified as major sero-reactive antigens in bovine tuberculosis (Lyashchenko 

el aI. , 1998). 

2.4, Epidemiology 

The epidemiology of the M bovis infection has hi storically been of great interest owing to the 

public health and economic consequences of the infection. BTB was first recognized in 

domesticated animals, although its host range is broad and includes most mammalian species 

(Theon el al., 2006). M bovis infecti on is recognized worldwide and has no geographical 

boundaries (Kazwala el ai" 200 1). The ep idemiology in developed and developing countries 

differ, owing to differences in the implementati on of preventi ve measu res (WHO, 1999). Bovine 

tuberculosis has been on the increase in developing countries and continues to occur in developed 

countries (Cosivi el ai" 1998; Grange, 200 I; Gilbert el al., 2005). Infect ions occur in diverse 

groups of mammals; including goats (Bernabe el al., 199 1; Garcia el al., 1992), deer (Griffin and 

Buchan, 1994), buffaloes (Hein and Tomasovic, 1981), humans (Co llins and Grange, 1987; 

Cotter el al., 1996; Moda el al. , 1996) anci wi ldli fe (Grange and Yates, 1990; Grange, 200 1; 

Pavlik el ai, 2005). However, many epidemiologic and publ ic health aspects of infection remain 

large ly unknown in the world (Cosivi el aI., 1998). S imilarly, the epidemiology and public health 

significance ofBTB in Africa remains largely unknown (Ayele et aI. , 2004). 
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c . .). i. Distr ibution 

l30vine tu bcrculos is is a lVo rld wide di scase (F ra'guns <:1 III .. 20(6). Out oj' o m: bi lli on ca ttl c 

popula ti on of the wo rl d one third are roun d in 'l reas where IlTIl is unde r I.'o ntrol. Anot her thi rd 

are in a reas wherc the di sease is w idesprcad but the inc idence unkno wn. and the rcmai ning third 

are in reg ions where the prevalence of BTB is high IAmanru, 2006). 

Industriali zed countri es have eradicated or drasti cal ly reduced the preva lence of M. bOllis 

infecti on in both an imals and humans through ani mal tubercu losis control and elim ination 

programmes, improvements in milk hygiene and pasteuri zati on and awareness creation on the 

zoonotic and economic significance of M. bovis infection (Amanfu, 2006). 

In deve loping countries, animal TB is wide ly distributed, control measures are not applied or are 

applied sporadicall y, and pasteuri zation is rarely pract iced (Bakshi el aI., 2005). Out of 55 nations 

of Afri ca, 25 reported sporadic/low occurrence of BTB, 6 repo rted enzooti c d isease pattern , 2 were 

descr ibed as havi ng a high occurrence, 4 did not report the disease and the rema ining 18 countri es did 

not have the data . Of all nations in A fr ica, onl y 7 apply disease control measures as part of a test and 

slaughter po licy and cons ider BTB as not ifiab le disease; the remai ning 48 countri es control the 

di sease inadequate ly or not at all. This approximates 85% of the cattl e and 82% of the human 

population of Africa are in areas where BTB is either partly con tro ll ed or not controlled at all (WHO, 

1993 ; Cosiv i et al., 1998 ; Ayele et aI. , 2004 citing OlE 1998-2001). In such countries, where BTB 

is still common and pasteu rization o f mi lk is not practi ced, an estimated IOta 15% of human T B 

cases are caused by 1111. bovis (Ashford e/ al. , 200 1; Ayele e/ aI., 2004). 

2.5. Bovine tuberculosis in Ethiopia 

In Ethiopia, there are sparse anecdotal data on the prevalence of TB in catt le. In addition, there is 

scarce information about the strains of I'vi. bovis that are present in Ethiopia. Furthermore, the 

contribut ion of M. bovis to human TB, parti cularl y to the hi gh inc idence of extra pu lmonary 

di sease is not clearly known (Young, 2008: Ameni e/ aI. , 20 10). Most of the studies on BTB in 

Ethiopia have been carried out on the basis of tubercu lin skin testi ng of animals Crable 2), 

abattoir meat inspections (Table 3) and rare ly on bacteriologica l anclmolecular techn iques. There 
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ca llie breed (A lem u, 19')2; Amen i el u/ .. 20() I; Regass". 1005: /\mcni ('I u/ .. 1006: Yo lIIl !,! . 20());). 

T hc first survey on the prevalence of IlTB using int radermal tubcrculin skin tcsting was donc by 

Shola zonal veterinary laboratory from 1984- 1986 whe re 4,838 cows in 12 dai ry farms were 

tested that showed an average prevalence o f 16.8% with the highest preva lence (77.7%) reco rded 

in Modjo state dairy farm (Yehualashel, 1993). A year later, a total of 3,352 dairy animals were 

tested by comparative tuberculin test and an average prevalence of 24.7% was reported in 10 

dairy farms with Modjo still showing the highest prevalence of 92.3% (Shitaye el al., 2007 citing 

MoA, 1987). In other studies conducted later, a prevalence as high as 50% (n=486) has been 

reported in dairy cattle in Eastern Shoa (Ameni and Roger, 1998) and 38.5% (n=441) in goats in 

Adami Tulu district (Tafesse, 2006) us ing the s ingle intradermal tuberculin (SIDT) test. 

Furthermore, studies made using the recommended comparative intradermal tuberculin (CLOT) 

test showed a higher individual animal prevalence of BTB. Ameni el al. (2003 b) reported a 

preva lence of 46.8% (n= 11 7 1) in canle from 12 selected dairy farms of Ethiopia. The study 

showed that except one private farm with small number of animals, the rest II dairy farms 

contained the infection (i.e. a herd prevalence of 91. 7%) ranging from 10.81 % (n=37) in one 

private farnl in Sebeta to 87.1 % (n= 140) in Oebre Zeit state farm. Among the recently undertaken 

studies using comparative intradermal tubercu lin (ClOT) test, the prevalence of BTB ranges from 

3.4% in a smallholder production system to 50% in intensive dairy productions in the country 

(Kiros, 1998; Ameni and Roger, 1998; Asseged el al., 200 I; Regassa, 200 I; Ameni el al., 2003a; 

Ameni e/ al., 2003b; Regassa, 2005; Ameni and Erkihun 2007; Shimel is, 2009). 

Abaltoir inspection of carcasses also showed the widespread presence of BTB in Ethiopia. A 

prevalence of 44.27% (n= /441), 22% (n=53 I ) and 5% (n= 1138) in cattle slaughtered at Bahir 

Dar municipality abattoir (Negash, 2006), Oebre Brehan municipality abattoir (Shihun, 2008) and 

Komboicha ELFORA meat processing plant (Ameni e/ al., 20 I 0) respectively were recorded. In 

addition , bovine tuberculosis was reported in 4.34% (n=I,152) of goats and 2.86% (n=384) of 

sheep slaughtered at Helmix abattoir, in Oebre Zeit (Nigussie, 2006), and 5.07% (n=276) of 

camels slaughtered at Dire Oawa municipality abattoir (Kassaye, 2007). Moreover, a ten year 

(1996-2005) retrospective analysis of inspection of 2,455,289 slaughtered animals at Addis 

Ababa municipality abattoir showed that 0.052% (n= 1,336,266) of cattle, 0.00 I % (n=534,436) of 
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sheep, 0.001% (n=573,767) of goats and 0.009% (n= 10,820) of pigs were found harbor 

tuberculous lesions in parenchymatous organs (Shitaye ef ai. , 2006). 

Table 2: Prevalence of BTB in different parts of Ethiopia using intradernlal tuberculin test 

Location Type of test Species Number Number References 
examined positive (%) 

Eastern Shoa SIDT Cattle 486 243(50%) Arneni and Roger, 1998 

N. Shoa& SIDT Cattle 538 132(24.5%) Dejenu, 1998 

S.Wollo 

Eastern shoa CIDT Cattle 788 234(29.7%) Kiros, 1998 
Wolayita Soddo SIDT Cattle 416 149(35.8%) Regassa, 1999 
Addis Ababa CIDT Cattle 241 128(10.31) Asseged et ai. 2000 
Fitche town SIDT Cattle 735 31(4.25%) Gemta, 2000 
Dairy Fam1s ofEt CIDT Cattle 117 I 548(46.8%). Ameni et ai., 2003b 
Wuchale Jidda CIDT Cattle 763 60(7.9%) Anwni et al. ,2003a 
Assela CIDT Cattle 514 18(3.5%) Redi,2003 
Bodji CIDT Cattle 320 12(3.8%) Laval and Ameni, 2004 
Dire Dawa CIDT Cattle 301 93(31 %) Adugna, 2005 
Adama CIDT Cattle 524 59(11.3%) Aklilu, 2005 

! 
Addis Ababa CIDT Cattle 1,071 197(18.4%) Kebede, 2005 
North Gonder CIDT Cattle 1,025 2 15(21%) Ali,2006a 
Holetta CIDT Cattle 705 41(5.82%) Dabese, 2006 

I Sululta CIDT Cattle 786 73 (9.29%) Firdessa, 2006 
Addis Ababa CIDT Cattle 798 246(32.2%) Hus'sien, 2006a 

I 
Holetta DF CIDT Cattle 243 54(22%) Lamber1 ef aI., 2006 
Addis Ababa CIDT Cattle 2,098 392(19%) Shitaye et ai. , 2006 
ATARC SIDT Goats 191 50(26.18%) Tafesse, 2006 
Adami Tulu SIDT Goats 441 170(38 .5%) Tafesse, 2006 
Adama CIDT Cattle 524 58(1 1 %) Ameni and Erkihun, 2007 

North W. Shoa CIDT Cattle 1,041 259(24.9%) Regassa et aI. , 2007 

Debre Brehan CIDT Cattle 521 14(2.7%) Shihun, 2008 
Central Ethiopia CIDT Cattle 5,424 732(13.5%) Ameni, 2008 
ADF, South Et. CIDT Cattle 355 101(28.45%) Shimelis, 2009 

ADF: Alage dairy farm ; A TARC: Adami Tulu Agricultural Research Center; OF: Dairy farm; 

Et.: Ethiopia; N. Shoa: North Shoa: S. Wollo: South Wollo 
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Table 3: Prevalence of BTB detected by abattoir meat inspection In cattle at different 
slaughterhouses of Ethiopia 

I 
Location Species Number Number References 

examined positive (%) 

Nazereth Cattle 1,125 58(5. 15%) Ameni and Wudie, 2003 

1 
Addis Ababa Cattle 1,350 21 (1.5%) Asseged et ai., 2004 
Hossana Cattle 751 34(4.5%) Tekelu et ai., 2004 

[ 
Modjo Goats 1,536 65(4.2%) Hiko,2005 
Hawassa Cattle 469 II (2.34%) Jemale,2005 
Nazareth Cattl e 1,601 11 2(7.0%) Molla, 2005 
Gonder Cattle 402 64(15 .9%) Worku,2005 
Woldiya Cattle 605 33(5.5%) Ali ,2006b 
Adama Cattle 1,018 48(4.7%) Anebo,2006 
Dessie Cattl e 805 28(3.4%) Ayanaw, 2006 

Buta Jira Cattle 32 1 40(12.5%) Hussien, 2006b 
Gimbi Cattle 420 60(14.3%) Mulu,2006 
Bahir Dar Cattle 1,441 638(44.27%) Negash, 2006 
HEA, DZ Goats 1,152 50(4.34%) N igussie, 2006 

HEA, DZ Sheep 384 11(2.86%) . Nigussie, 2006 
Addis Ababa Cattle 984) 34(3.5%) Shitaye et ai., 2006 

I Jinka Cattle 337 52(15.4%) Taddele, 2006 
Yabello Cattle 433 18(4.2%) Adane, 2007 

I 
Woldiya Cattle 500 30(6.0%) Hassen, 2007 
Dire Dawa Camel 276 14(5.07%) Kassaye, 2007 
Adama Cattle 522 129(24.7%) Mamo,2007 

I Buta Jira Cattle 353 74(20.96%) MekOlmen, 2007 

Jinka Cattle 317 47(14.8%) Mi lkessa,2007 

I 
Addis Ababa Cattle 600 92(15.36%) Seid,2007 
North Gonder Cattle 350 54(15.4%) Terefe, 2007 
Gimbi Cattle 758 11 6(1 5.3%) Woyessa,2007 

I Debre Brehan Cattle 53 1 117(22.0%) Shihun, 2008 
Kombolcha Cattle 1138 57(5.0%) Ameni et ai. 20 I 0 

[ HEA: Helmix abattoir; DZ: Debre Zeit; EMPP: ELFORA Meat Processing Plant 

[ There are reports indicat ing the iso lation of the human and bovine tubercle bacill i from cl inical 

and tissue samples (in an imals onl y) obtained from humans and animals in different parts of 

Ethiopia. Isolation of the agents was made through culture on the Lowenstein-Jensen media and 
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confirmed using acid-fast staining, colony morphology, biochemical tests (Ameni et ai., 2003b; 

Ameni and Wudie, 2003; Ali, 2006a; Regassa et ai., 2007; Shihun, 2008; Ameni et ai., 2010). 

Very recently, Ameni et ai. (2007), Hassen (2007), ManlO (2007), Mekonnen, (2007), Seid, 

(2007), Berg et al. (2009) and Ameni ef ai. (20 J 0) identified M bovis from isolates obtained 

from cattle tissue using peR. Furthermore, Ameni ef ai. (2007) reported the results of strain 

typing of isolates for the first time in the country from tissue samples of animals in Holetta dairy 

farm. Spoligotyping of 41 isolates from 17 cows gave an identical and a unique spoligotype 

pattern that was represented by the binary number 

1100000101111 J 101111 111000 I 0000000000 100000, where I indicates the presence of a spacer 

and 0 represents a loss. This spoligotype pattern had not been reported to the M bovis database 

(www.mbovis.org), and it was designated as EMbsl (Ethiopian M bovis strain I). The variable 

tandem repeat (VNTR) profile of the new strain was 5254*33.1, which differed from the VNTR 

profile of strains reported from UK. In addition, Berg el ai. (2009), Tsegaye et ai. (2009) and 

Ameni et ai. (20 I 0) reported a number of strain types of M bovis identified from cattle tissue in 

different localities of Ethiopia (Table 4). 
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Various types of diagnostic techniques have been developed for the detection of BTB. However, 

because of the dynamics of M bovis transmission, the microscopic size of early lesions and the 

time it takes for an animal to mount a detectable immune response, no single ante mortem or post 

mortem test for TB can be expected, on its own, to detect every infected herd and every infected 

animal in such herds (de la Rua-Domenech el aI., 2006). The various diagnostic methods used 

may be well suited for one stage of the disease progression but not necessarily others. Each 

diagnostic method or point of survei llance offers some advantage but has associated 

di sadvantages (Jolley el aI., 2007). The diagnosis of BTB in live animals mainly depends on 

clinical manifestations of the disease, skin testing, and subsequent identification of the pathogen 
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by biochemical testing (Vitale et ai., 1998). After death, it is diagnosed by post mortem 

examination and then confim1ed in the laboratory by histopathological and bacteriological 

techniques (Jahans and Worth, 2006). 

2.6.1. Clinical examination 

Bovine tuberculosis may be diagnosed by its clinical symptoms (Seifert, 1996). Clinical signs 

such as chronic debilitation, moist cough, low-grade fever and enlargement of local lymph nodes 

may suggest infection with tuberculosis (OlE, 2009). Nevertheless, other techniques are required 

to ensure the diagnosis. 

2.6.2. Post mortem inspection 

A tentative diagnosis of BTB can be made following the macroscopic detection at necropsy of 

typical lesions (Comer, 1994; Liebana et ai., 2008). Therefore, during necropsy, the lymph 

nodes, especially those associated with the head, thorax and abdomen are closely examined 

(Patterson and Grooms, 2000). Careful examination of as few as 6 pairs of lymph nodes, the 

lungs and the mesenteric lymph nodes can result in 95% of cattle with macroscopic lesions being 

identified. However, this method is not useful to determinc the significance of cattle that give a 

positive reaction in diagnostic tests but do not have visible lesions. Non visible lesion reactors 

(NVL) may be due to early infection, poor necropsy teclmique or infection with mycobacteria 

other than M bovis (Comer, 1994). Above all , it is not always possible to differentiate tubercle 

lesions by gross examination from those of other infections (Liebana et ai. , 2008). 

2.6.3. Histopathological examination 

Another important diagnostic method for detection of tuberculosis is histopathologic examination 

conducted following post mortem (Jolley ef al. , 2007). For histopathology, fixed samples (in 10 

percent formalin) of lesion are required (Quilm et ai. , 1994) and histologic sections are stained 

with hematoxylin-eosin (Biberstein and Hirsh, 1999). Microscopic appearance of a typical bovine 

tuberculous lesion consists of a peripheral zone of mononuclear cells, fibroblasts and giant cells 

with central caseous necrosis (Quinn ef ai., 1999). The presumptive diagnosis of tuberculosis can 

be made if the tissue has characteristic histological lesions such as caseous necrosis, 
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mineralization, epitheloid cells, multinucleated giant cells and macrophages. The presence of 

acid-fast organisms in histological sectiens may not be detected (OlE, 2009). 

Histopathological examination requires considerable technical skill , an equipped histopatholegy 

laboratory and substantial time to perform. For these reasons, this method is not well suited to 

large volume surveillance testing and is limited in that definitive identification of M bovis is not 

possible. Consequently, animals and herds may be identified incorrectly as infected with M bovis 

if other tests are net used for diagnestic confirmation. This false diagnostic result could lead to. 

ecenomic losses for producers (Jolley et al. , 2007). 

2.6.4. Immunodiagnostic methods 

Intradermal tuberculin test 

The tuberculin skin test has remained the primary diagnestic test fer tuberculosis in both humans 

and cattle. They are based on eliciting a delayed-type hypersensitivity respense to. the intradermal 

injectien of tuberculin, a crude protein extract frem supernatants of mycobacterial cultures (de la 

Rua Domenech et at., 2006). The tuberculin test was introduced by M'Fadyean in 1899 (Silva, 

200 I). It provides a measure of CMI dependent delayed-type hypersensitivity (DTH) reaction in 

response to. tuberculin (Pollock et al. , 2005). Tuberculin test may be performed using bevine 

tuberculin (PPD-B) alene or as a comparative test (OIE, 2009). Animals, which have been 

sensitized by nen-pathogenic environmental strains of mycebacteria, may react pesitively to 

PPO-B, due to the presence of antigens commen to virulent and nen-virulent mycobacterial 

strains. Where this occurs, discrimination between cattle infected wi til M bovis and these 

exposed to. environmental strains is done using the comparative intradermal skin test (Pellock et 

at. , 2005). The comparative intradermal skin test is that in which a delayed type hypersensitivity 

(OTH) respense to. purified protein derivative (PPO) of tuberculin from M bovis (PPO-B) and M 

avium (PPD-A) is assessed and compared (Thom el al., 2006; OlE, 2009). 

In spite of its wide use, intradermal tuberculin reactions present some important limitations, 

related to their sensitivity and specificity (Fra ' guas et al., 2006). Tuberculin skin testing lacks 

se'lsitivity, can be confeunded by exposure to. non-tuberculous mycobacteria, and cannot be 
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repeated for 60 days due to desensitization (Palmer et al. , 2006). When skin-test reactive animals 

are slaughtered and lesions characteristic for tuberculosis are not found (NVL reactors) the 

reliabi lity of the test may be questioned and confirmatory tests may be required. The tuberculin 

PPDs are complex antigens and the presence of cross-reactive antigens between other 

mycobacterial species has driven research to identify M bovis-specific epitopes (Pollock et at., 

2005). 

Blood-based laboratory tests 

A number of new diagnostic blood tests have become available. However, they are usually used 

as ancillary tests to confirm or negate the results of the intradermal test. Of these tests, the 

lymphocyte proliferation assay and the gamma-interferon assay correspond to cellular immunity, 

while the enzyme linked immunosorbent assay (ELISA) corresponds to humoral immunity (OlE, 

2009). Serological assays provide an important and needed tool for large volume testing for 

exposure to M bovis. They offer the important advantages of ease of use, assay speed and 

relatively low cost (Jolley et al., 2007). To overcome difficulties associated tuberculin skin 

testing, an effective whole blood cellular immunoassay for bovine gamma interferon (IFN-y) has 

been developed. The test is commonly used in conjunction with tuberculin skin testing as a 

confirmatory test following a positive response to the caudal fold test (CFT) (Palmer el al., 

2006). IFN-y diagnostic test is a rapid whole blood assay. The assay is based on the release of 

ganuna-interferon from sensitized lymphocytes during an overnight incubation with a specific 

antigen. The detection of plasma gamma-interferon is carried out by means of a sandwich ELISA 

using specific monoclonal antibodies (Walravens el al., 2002). This test in its current form will 

not generally be acceptable as a direct substitution for skin testing, but could be applied rather as 

an ancillary test. Benefits of this test include accelerated elimination of tuberculosis from infected 

herds and the possibility of the test to be performed as soon as 10 days after the application of a 

tuberculin skin test. Other applications of the IFN-y test include confirmation of the 

inmlUnological status of skin test reactors and the investigation of fraudulent intervention into the 

skin test (Vordernleier el al., 2001). Combinations of specific antigens/microbial proteins such as 

culture filtrate protein lOkDa (CFP- IO), early secreted antigen target 6-kDa protein (ESAT-6), 

TB27.4, TB 16.2, TB 15.8, and TB 10.4 induce strong gamma interferon responses in cattle and 
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have potential as diagnostic reagents which could be used in a whole blood assay for diagnosis of 

tuberculosis (Aagaard et al. , 2003 ). 

Different enzyme-linked immunosorbent assay (ELISA) tests have been developed recently for 

the detection of antibodies to M bovis (Silva, 200 I) and have been suggested as an alternative 

test for field diagnosis of tuberculosis (Fra' guas et al., 2006). A study demonstrated that iELISA 

(indirect enzyme linked inmmnosorbent assay) using rM70-83-E6 antigen is simple, sensitive and 

easy to perform and can be used for the analysis of a large number of samples for sero-diagnosis 

of BTB (Liu et al. , 2007). However, due to its low sensitivity ELISA should not be considered as 

a reliable confirmatory test for BTB diagnosis at the slaughter (Fra' guas et al., 2006). 

2.6.5. Isolation and identification of mycobacteria 

Bacteriological method 

The difference among the growth rates of mycobacterial species may be j ustified by differences 

in key respiratory pathways or energy production, in the velocity of oxygen and nutrients 

diffusion across the cell envelope, in the rate of lipid synthesis and assimilation by cell wails, or 

finally in the number of rRNA operon (Goodfellow and Magee, 1977). There is clear correlatiun 

between slowly growing capacity with disease chronicity and the abi lity of mycobacteria to 

survive in a latent state in the host (Goodfellow and Magee, 1977). 

The high degree of sequence conservation among members of the Mycobacterium tuberculosis 

complex makes differentiation of species in mycobacteriologicallaboratory a difficult task (OlE, 

2009). Mycobacterium species grow on complex organic medium containing serum, potato and 

egg. The most commonly used media are Lowenstein-Jensen (LJ) that contains egg, glycerol, 

asparagines, mineral salt and malachite green and Stonebrink's medium. Glycerol suppresses the 

growth of M bovis and malachite green inhibits the growth of bacterial contaminants and 

provides a green background. Glycerol in LJ medium is replaced by pyruvate in Stonebrink's 

medium to enhance growth of M bovis (WHO, 1998b; OlE, 2009). M bovis grows slowly with a 

generation time of 2-20 hours and needs more than 8 weeks to appear on primary culture. 

Tubercle bacilli are obligate aerobes, but growth of M tuberculosis and M bovis can be 
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enhanced at 5-10% CO
2 

(Quinn el al. , 1999). The optimal growth temperature is 37°C . Growth 

in liquid medium is diffused, but 011 a solid medium M bovis is dry, sparse, delicate and non 

luxuriant. Species level identification of growth of acid fast bacilli (AFB) positive mycobacterial 

isolates is done by standard biochemical tests including, niacin production, nitrate reduction, 

catalase activity, tween hydrolysis, arylsulphatase and thiophen-2 carboxylic acid hydrazide 

(TCH) sensitivity, and etc (WHO, 1998b; OlE, 2009). 

Molecular methods 

These molecular diagnostic methods are particularly useful for dysgonic slowly groWll1g 

mycobacterial strains for which biochemical and growth data are difficult to obtain but for which 

even minimal growth can yield sufficient DNA for PCR amplification (OlE, 2009). In recent 

years, molecular genetic methods have been developed and widely used in the routine 

identification of mycobacterial species and sub-species (Wilton and Cousins, 1992; Szewzyk el 

al., 1995). These tools can help to determine the origin of outbreaks, to understand the link 

between different outbreaks, to show the relationships between domestic and wild TB, and 

identify the source of human infection (Haddad el aI. , 2004). In the genome of mycobacteria, 

polymorphism is limited compared to its genome size. But some regions are highly polymorphic, 

either by a variation in number and/or position or by a variation in primary structure. These areas 

of higher polymorphism appear to correspond essentially to segments of genes encoding proteins 

where variability provides a selective advantage to the bacteria, e.g. , antibiotic resistance, 

antigens involved in escaping the immune response, or to non-coding sequences probably 

involved in inducing variability of neighbor genetic areas, such as insertion sequences or repeated 

sequences. These are the bas is for molecular typing teclU1iques (Haddad el aI., 2004). The various 

molecular teclU1iques used in tuberculos is bacteriology includes polymerase chain reaction 

(PCR), variable number of tandem repeats (VNTR), restriction fragment length polymorphism 

(RFLP) using various genetic markers and spoligotyping (Kamerbeek el al. , 1997). 
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Polymerase chain reaction (PCR) 

The principle of the PCR technique is based on the ampl ification of a given DNA sequence to a 

large nwnber of copies that can be identified by separation on gel electrophoresis and, 

subsequently, either with or without probing with a labeled ol igonucleotide specific for the 

amplified DNA fragment. PCR methods for the detection of members of the Mycobacterium 

tuberculosis complex in clinical specimens were developed in the mid-90s and provide a rapid 

and sensitive method for the detection of M tuberculosis complex (Clarridge et 01., 1993; 

Cadmus et 01. , 2006). The development of any species-specific PCR assay requires that the target 

gene or DNA fragment be present in all the isolates from the particular species of interest and be 

absent from all other unrelated species (Bakshi et 01. , 2005). The PCR technique is much faster 

than culture, provides detection of M bovis when rapidly growing Mycobacterium species are 

present in the sample and may be able to detect the presence of M bovis in samples even when 

organisms have become nonviable. It could be used as a rapid screening technique which would 

be complementary to culture of tissue specimens for the routine diagnosis of bovine tuberculosis 

(Cadmus et 01. , 2006; Liebana et 01., 2008). Generally, a sample found to be positive by either 

culture or PCR is regarded as a true positive. However, a negative result by either method means 

that M bovis was not detected in the sample of ti ssue that was tested. Other samples of tissue 

from the same animal could harbour M bovis. Therefore, a negative test result from PCR does 

not provide conclusive proof that an animal is not infected with M bovis, especially if the animal 

originated from an infected or suspect herd. PCR requires sophisticated laboratory equipment, 

facilit ies, and advanced technical skills (Jolley et 01., 2007) . 

A conventional PCR generally only uses one set of primers (Jahans and Worth, 2006). Several 

genes and insertion sequences have been targeted in attempts to develop PCR assays to 

differentiate between mycobacteri a in general and between members of the M tuberculosis 

complex in particular (Kurabachew et 01. , 2004). PCR amplification of genomes such as 16S 

rDNA (Wilton and Cousins, 1992), mpt40 gene (Pan'a et 01., 1991), mpb70 gene (Radford et 01., 

1988), pncA gene (Shah et 01., 2002), the oxyR gene (Espinosa de los Monteros et a1., 1998) and 

the regions of difference (RO) (Haddad et 01. , 2004) were used to differentiate the genus 

Mycobacterium or, M tuberculosis from M. bovis isolates. 
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3. MATERIALS AND METHODS 

3.1. Description of the study area 

The study was conducted at Bako Agricultural Research Center (BARC) and Bako abattoir 

(Figure 3). BARC is one of the old research centers in the country established in 1960's through a 

bilateral agreement between the then West Germany and the then Ethiopian government. It was 

establi shed with the aim of generating and adopting improved agricultural technologies. Since its 

establishment, the Center has made tremendous contributions to the country's agricultural 

development through generating, adopting, and transferring improved agricultural technologies to 

the far demanding farming communities of the country in general and west Oromia in particular. 

Currently, the Center undertakes basic and applied research activities in areas of crop, livestock 

and natural resources. Consequently, the livestock farm of the center is mandated to evaluate the 

productive and reproductive performance of indigenous cattle breeds, mainly Horro breed, to 

improve the performance of the breed through selection and crossing with various exotic bloods. 

The improved genotypes are transferred through extension system for dissemination to livestock 

farmers of the area. In addition, the farm serves as a source of raw milk to residents in and around 

the center (Jiregna et aI., 2004). 

Bako Town is the center of Bako-Tibe district in Western Showa administrative zone of Oromia 

National Regional State. It is located 250 Km in the west of Addis Ababa at an altitude of 1650 

meters above sea level on 37° 09' E and 9° 06' N. The Town has hot and humid climate with 

average relative humidity of 60%. It gets a bimodal pattern of rainfall with the main rainy season 

extending from June to September and a short rainy season that extends from March to May with 

an average annual rainfall of 1300 mm. Mean monthly maximum and minimum temperatures are 

about 28°C and 14°C, respectively, with an average monthly temperature of 21°C. The mean 

daily minimum and maximun1 temperatures are 9.4°C and 31.1 °C, respectively. Potential evapo­

transpi ration averages 62 mm per month (Gebregziabher and Mulugeta, 2006). 

Post mortem examination was performed at Bako municipal abattoir. The abattoir is small and 

has one slaughter hall where al l the procedures of stunning, skinning, evisceration, removal of 

rumen contents, washing of offals, etc. are usually performed. It is supplied with tap water, 

holding crush, examination crush and electricity. Only cattle are slaughtered in the abattoir each 
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day with the exception of Tuesday and Thursday. In the abattoir, on average 8 heads of cattle are 

slaughtered per day and the number increases to over 20 heads during the holidays. The abattoir 

serves 15 local butchers most of which use the abattoir regularly to supply the town residents 

with fresh meat. 

BAKO 

"" "'~""-'" <.--.~ .... -,.". .• 
• -.., ...... ,,, .•• , ..... ,, .. ,_"', ..... . w •. _ 

Figure 3: Map of the Federal Democratic Republic of Ethiopia showing geographic location of 

the study site. 

3.2. Study animals and management 

The study animals were cattle kept at BARC and cattle slaughtered at Bako abattoir. All the cattle 

kept in the farm above six months of age were tested by using ClDT test. Majority (67.7%) of the 

tested animals were reared at the farm since their bitih, whereas, 32.3% of the tested animals 

were purchased from the local livestock markets and included in the main herd as replacement. 

The average age of the tested animals was 6.12 years with a standard deviation of 4.75 years. 

Among the 371 animals tested, 253 (68.2%) were indigenous Horro cattle and 118 (3 \.8%) were 

crossbred animals .. All the animals were managed by semi-intensive production system. They 

were allowed to graze on natural pasture (in herds of 30-40 heads) during the day for 8 hrs. 

Pregnant and lactating cows, breeding bulls and calves were supplemented with a concentrate 

mixture of maize (49%), noug cake (49%) and salt (l %). Supplementations of all animals with 
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hay mainly Rhodes grass (Chloris gayana) and natural pasture or silage (maize silage) at night is 

practiced depending on the availability of hay and silage. The animals are housed (in herds) in a 

barn with concrete floor and corrugated iron roof. The barn was cleaned daily and disinfected 

with formalin at monthly interval. All animals were routinely monitored for any health problem 

and those above six months of age were annually vaccinated against Black leg, Anthrax, 

Contagious Bovine Pleuro-pneuminia (CBPP), Lumpy Skin Disease (LSD) and Foot and Mouth 

disease (FMD). All the animals were de-wormed with anthelmintics twice a year; during the 

beginning of the main rainy season and end of the main rainy season. The animals were sprayed 

with acaricide (Diazinon 60% EC) but the frequency of spray varies depending on the degree of 

infestation and season of the year (Gebregziabher and Mulugeta, 2006). 

Cattle slaughtered at Bako abattoir were also used for the study. Accordingly, 487 slaughter cattle 

were included in the study. Though the animals were purchased from local livestock markets, the 

geographic origins of the animals could not be traced as they were brought to the slaughterhouse 

by butchers or their assistants who did not have information about the origin of the animal. 

Nevertheless, all the slaughter animals were indigenous Horro cattle managed under integrated 

extensive production system where cattle are kept primarily for draught power. According to 

Albcrro and Hailcmariam (1982), Horro cattle are described as an intermediate Sanga-Zebu type 

and are dominant cattle breed in western Ethiopia. The cattle breed clearly shows a Sanga 

characteristic in terms of their horns and humps. They have uniform body conformation and are 

dark red to brown in color and have a medium frame size with a small to finely shaped head. 

These animals have medium to large homs that are generally larger than other Ethiopian zebu 

breeds (Annex 6). 

3.3. Study design and sampling 

Cross-sectional study design was lIsed and all animals above six months of age were purposively 

selected and tested by CrDT test. Reactor animals were euthanized and subjected to a detailed 

post mortem examination. Animals were confirmed as being infected with TB on the basis of the 

presence of macroscopically apparent lesions followed by standard cultural isolation of 

mycobacteria from the affected ti ssues. For each animal the location and the severity of 

pathological lesions were registered on a preformed format (Annex 5) . 

27 



I 
I 
I 

For the abattoir-based survey, Balm abattoir was purposively selected and included in the study 

to get a wider picture of BTB in the area. The sample size consisted of all slaughter animals 

present at the 5 times weekly visits during the months of November, December, January and the 

first two weeks of April. During each visit, ante and post mortem data were collected from each 

animal. During ante mortem examination, the health status of the animal was checked; age, sex 

and body condition scores were recorded; and each animal was provided a unique identification 

number. Similarly, during post mortem examination of carcasses, distribution and severity of the 

lesion pathology was recorded. A total of 487 cattle were investigated during the sampling 

period. 

3.4. Study methodology 

3.4.1. Comparative intradennal tuberculin (CIDT) test 

All cattle maintained in the center except the newly born calves were individually identified 

based on their farm records. Data on possible risk factors for mycobacterial infection were 

collected from the animals to look for associations between the risk factors and the infections. 

Potential risk factors considered were breed of the animal, age, body condition score (BCs), sex, 

parity, pregnancy status and origin. All the potential risk factors and skin test measurements for 

each animal were recorded on preformed format (Annex 4). The body condition of each of the 

study animal was scored using the guidelines established by Nicholson and Butterworth (1986). 

Accordingly, on the basis of observation of anatomical parts such as vertebral column, ribs, 

spines, tip of tail, etc., the study animals were classified as lean (score, I to 3), medium (4 to 6), 

or fat (7 to 9) (Annex I) . 

Two sites on the right side of the mid-neck, 12 cm apart, were shaved and the skin thicknesses 

were measured with calipers. One site was injected with an aliquot of 0.1 ml containing 2500 

IU/ml bovine purified protein derivative (PPD) (Veterinary Laboratories Agency, Addlestone, 

Surrey KTl5 3NB, U.K.). Similarly, 0. 1 ml of 2500 IU/ml avian PPD (Veterinary Laboratories 

Agency, Addlestone, Surrey KTl5 3NB, U.K.) was injected into the second site. After 72 h, the 

skin thickness at the injection sites was measured and registered on a preformed fonnat (Annex 

4). The interpretation of the result was such that when reactions were observed at both injection 

sites, the difference between the two reaction sizes was considered. Thus, an animal was 
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classified as tuberculin positive if the increase in the skin thickness at the injection site for bovine 

PPO (B) was at least 4 mm greater than the increase in skin thickness at the injection site for the 

avian PPO (A) (OlE, 2009). A newly defined cut-off value of >2 mm (Ameni et al. , 2008) was 

also used alongside the OlE recommended cut-off value to determine the prevalence of BTB in 

local cattle kept at BARC. 

3.4.2. Post mortem exanlination and pathology scoring 

Nowadays, TB detection is often done at slaughterhouses. The discovery of characteristic 

granulomatous lesions in the lymph nodes or organs when inspecting animal carcasses is a sign 

for the presence of the disease (Artois et al., 2000). Accordingly, abattoir-based surveillance of 

BTB was carried out on carcasses of cattle slaughtered at Bako abattoir. A total of 492 (5 skin 

test reactors and 487 unknown status) carcasses were examined for tubercle lesions during post 

mortem examination. A standard necropsy combined with routine meat inspection was done 

(F AO, 2000) to detect tubercle lesions in carcasses on infected animals. The lungs, lymph nodes 

and liver were removed for the investigation of tubercle lesions. The seven lobes of the two 

lungs, including the left apical, left cardiac, left diaphragmatic, right apical, right cardiac, right 

diaphragmatic and right accessory lobes, were inspected externally and palpated. Then, each lobe 

was sectioned into 2 em thick slices to facilitate the detection of lesions. Similarly, lymph nodes, 

namely, the mandibular, retropharyngeal, cranial and caudal mediastinal, left and right bronchial, 

hepatic, and mesenteric lymph nodes, were sliced into thin sections and inspected for the 

presence of visible lesions. When gross lesions suggestive of BTB were found in any of the 

tissues, the animal was classified as having lesions. The severity of the gross lesions was scored 

by the semi-quantitative procedure developed by Vordermeier el al. (2002), with minor 

modifications to facilitate performance under field conditions (Ameni et al., 2006). Briefly, 

lesions in the lobes of the lungs were scored separately as follows: 0 = no visible lesions; I = no 

gross lesions but lesions apparent on slicing of the lobe; 2 = fewer than five gross lesions; 3 = 

more than five gross lesions; 4 = gross coalescing lesions. The scores for the individual lobes 

were added up to calculate the lung score. Similarly, the severity of gross lesions in individual 

lymph nodes was scored as follows: 0 = no gross lesions; I = small lesion at one focus (just 

starting); 2 = small lesions at more than one focus; 3 = extensive necrosis. All the data were 

recorded on a preformed format (Annex 5). 
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Tissue showing macroscopic lesions compatible with BTB during the post mortem examination 

were collected and placed in a 50 ml capacity tubes with screw caps containing 5 ml of sterile 

0.90% saline water. In addition, non-tuberculous tissues were collected from tuberculin skin test 

sensitive cattle. Overall, 89 specimens were collected from 48 animals among which fi ve were 

tuberculin test reactor animals and the remaining were slaughter cattle at abattoir. Collected 

tissue specimens were kept frozen at -200 C at BARC to retard the growth of any contaminant and 

to preserve the mycobacteria. The specimens were transported in ice box to Aklilu Lemma 

Institute of Pathobiology (ALIPB) where the specimens were stored at _80
D
C until processing for 

mycobacterial culture (OlE, 2009). 

3.4.3. Isolation of mycobacteria 

A total of 89 tissue specimens from a total of 48 animals were collected and further processed for 

isolation of mycobacteria. Of the total 89 tissue specimens collected for culture and isolation, 

61(68.5%) were obtained from 43 tuberculous cattle from Bako municipal abattoir and the 

remaining 28 (3 1.5%) specimens were collected from 5 tubercul in test reactor cattle of BARC. 

From the 28 tissue specimens collected from tuberculin test reactors, 10 (35.7%) were lesioned 

and the remaining 18 (64.3%) were non-lesioned. The specimens were collected and processed in 

accordance with OlE (2009) protocols. Briefly, tissue specimens for culture were collected in 

sterile universal bottles in 5 ml of 0.9% saline solution and then transported to the laboratory by 

maintaining a cold chain. In the laboratory, the specimens were sectioned using sterile blades and 

then homogenized with a mortar and pestle. The homogenate was decontaminated by adding an 

equal volume of 4% NaOH by centrifugation at 3,000 rpm for 15 minutes. The supernatant was 

discarded, and the sediment was neutralized by 1 % (0.1 N) HCl using phenol red as an ind icator. 

Neutralization was achieved when the color of the solution changed from purple to yellow (OlE, 

2009). Next, 0.1 ml of suspension from each sample was spread onto a slant of Lowenstein­

Jensen (LJ) medium (Annex 3). Duplicate slants were used, one enriched with sodium pyruvate 

and the other enriched wi th glycerol. Cultures were incubated aerobically at 37°C for about 10 

weeks with weekly observation for growth of colonies. Cultures were considered negative if no 

visible growth was detected after 10 weeks incubation. Microscopic examination of cultures 

using the Ziehl- Neelsen (ZN) staining method was performed to select acid-fast bacilli (AFB) 
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positive isolates. AFB positive isolates were heat-killed by mixing approximately 2 loopfuls of 

cells in 200 f.ll dH20 followed by incubation at 80°C for 45 minutes and stored in deep freeze at -

SO°C until molecular characterization was conducted. 

3.4.4. Molecular characterization of mycobacterial isolates 

In the present study, multiplex polymerase chain reaction (m-PCR) was used to differentiate M 

tuberculosis complex from M avium, and other mycobacterial species following the standard 

operating procedure (SOP) developed by VLA (2005). The PCR targets the sequence of the 

genus Mycobacterium within the 16S rRNA gene (GI, G2), sequences within the hyper-variable 

region of 16S rRNA that is known to be specific to M avium (MYCAV-R), and the MTB70 gene 

specific for M tuberculosis complex. The reaction was carried out using Thermal Cycler 

(Applied Biosystems, GeneAMP 9700). Each PCR tube consisted of 5.2 f.ll H20, S f.ll 

HotStarTaqMasterMix, 0.3 f.ll of each of the primers, 5 f.ll of DNA templates of samples or 

controls making the total volume 20 f.ll. M avium, and 2122/97 (M bovis strain) were used as 

positive controls while H20 (Qiagen), was used as a negative control. The mixture was heated 

for 15 min at 95°C, followed by 35 cycles of I min denaturation at 95°C, 1 min annealing at 

61°C, and 1 min extension at nOc; and final extension was done for 10 min at nOc. The PCR 

product was electrophoresed in 1% agarose gel in IXTAE running buffer. Ethidium bromide 

(DNA interacting dye) at a ratio of 1:10 in 1% agarose gel, 100bp DNA ladder, and orange 6x 

loading dye were used during gel electrophoresis. All members of the Genus Mycobacterium 

produce a band of 1030bp, M avium or subspecies such as M avium subspecies paratuberculosis 

produces a band of ISObp, while members of M tuberculosis complex produce a band with 

3 nbp. Then, the bands on the gel were photographed with digital camera (Inotech AlphaImage) 

and documented for future use. 

3.5. Data management and analysis 

All the data obtained from the study were entered into MS Excel data sheets. Then, the data were 

coded and analyzed using SPSS 15.0 version programmes. The prevalence of mycobacterial 

infection was calculated by dividing the number of cattle found infected (either positive reactors 

or harboring tuberculosis lesions) by the total number of cattle tested or whose carcasses is 
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inspected multiplied by 100. Interval estimation was calculated using 9S% confidence interval 

(el) for the different prevalence values. 

A total of 7 individual animal level potential risk factors were considered to analyze their 

association with mycobacterial infections. Due to the similarity of the age of slaughter animals at 

the abattoir, most of them old age as determined by teeth eruption, no statistics were computed 

for the variable age. However, association between age and tuberculin test positivity was assessed 

for animals tested with tuberculin skin test. Otherwise, the association between infection with 

mycobacteria and the various potential risk factors was tested. Data with discrete values were 

analyzed by comparing proportions using the non-parametric statistical tests including Pearson's 

chi-square or Fisher's exact test based on the number of observations per contingency table cells . 

Variables measured in scales like severity of pathology were analyzed using descriptive statistics. 

Logistic regression analysis was used to assess the association between prevalence and animal 

risk factors using SPSS lS.0 statistical package. Odds Ratio (OR) was used to assess the level of 

association of prevalence to the different host factors. A statistically significant association 

between the different variables were said to exist if the estimated P-value is less than O.OS 

(P<O.OS) and the 9S% confidence interval (el) for OR doesn't include 1.0. Microsoft office 

power point was used to analyze the gel images obtained from the peR products. 
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4. RESULTS 

4.1. Prevalence based on tuberculin skin test 

Apparent prevalence of BTB at cut-off point of :C:4 mm (the recommendation of OlE) was 1.3% 

(5/371, 95% CI: 0.15; 2.45) (Figure 4). When doubtful reactors were considered as positive, the 

apparent prevalence was 8.9% (33/371, 95% CI: 6.0, 11.79). The prevalence of avian reactors 

was 3.5% (13/37 1, 95% CI: 1.6, 5.4). All the positive reactors and 78.6% (22/28) of the doubtful 

animals were Horro cattle while the remaining 21.4% (6/28) doubtful animals were crossbred 

cattle. 

___ ______ "__ -L 

Positive Doubtful Negative 

o Percentage 

O Numbcr 

Figure 4: Responses of cattle kept at BARC to tuberculin skin test. 

The apparent prevalence of BTB was re-calculated using the newly defined cut-off value of >2 

mm (Ameni et ai. , 2008) for Zebu cattle. Accordingly, the apparent prevalence was found to be 

4.6% (17/37 1, 95% CI: 2.3, 6.9) for all tested animals. When cross breed cattle were excluded, 

the apparent prevalence of BTB in Horro cattle using the OlE recommended cut-off point was 

2.0% (5/253 , 95% CI: 0.3 , 3.7) whi le it was 6.7 % (17/253, 95% CI: 3.6, 9.8) at a cut-off >2 mm 

in the same study population. There was a highly statistically significant difference (l=90.543 , 

P=O.OOO) in apparent prevalence estimated using the two cut-off points in local Horro cattle. 

33 



I 
l 

4.2. Risk factors for tuberculin test sensitive animals 

In the present study, 7 individual animal characteristics were assessed to establish the association 

between the potential risk factors and tuberculin test positivity in cattle. The significant variables 

resulting from the analysis were age (l=14.052, P=0.012) and animal origin (X2=6.082, P=0.04). 

Logistic regression analysis of the significant variables showed animals in the age category of 1-5 

years to be at higher risk (OR=1.5, 95% CI: 0. 153- 14.700) of infection with BTB than the other 

age groups. Moreover, animals purchased from local cattle market and introduced into the farm 

were found to be at higher risk (OR=8.3 , 95% CI: 0.916-75 .057) of becoming tuberculin test 

reactors than animals born on farm. On the other hand, as indicated in Table 4, Fisher's exact test 

showed no statistical significance of breed (l=3.474; P=0.147), sex (X2=4.796; P=0.068), body 

condition score (X2=2.270; P=0.623), pregnancy (X2=8. 178; P=0.342) and parity (l =4.162; 

P=0.341) effect on apparent prevalence of BTB estimated using tuberculin skin test. 
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Table 5: Association of potential risk factors to the prevalence of BTB in cattle kept at BARC, 

Western Oromia, Ethiopia. 

Factor Category Number Number(%) I test P-value 

examined positive 

Sex Male 83 1(1.2) 4.796 0.68 

Female 288 4(1.4) 

Breed Horro 253 5(2.0) 3.474 0.147 

Cross 11 8 0(.0) 

Age (year) V,-I] 39 0(.0) 14.052 0.012 

1-5] 156 3(1.9) 

5-10] 106 1(.9) 

>1 0 70 1(1.4) 

Body condition Thin 36 0(.0) 2.270 0.623 

score Medium 299 4(1.3) 

Fat 36 1(2.8) 

Pregnancy Late 57 0(.0) 8.178 0.342 

Mid 12 0(.0) 

Early 7 0(.0) 

Non-pregnant 55 1(1.8) 

Heifer 157 3(1.9) 

Parity Nullipara 162 3( 1.9) 4.162 0.341 

Unipara 16 0(.0) 

Pleuripara 110 1(.9) 

Origin Born on farm 251 1(.4) 6.082 0.04 

Purchased 120 4(3 .3) 

4.3. Prevalence based on post mortem examination 

Gross TB lesions were detected in 46 of the 492 study cattle examined during post mortem 

examination. Lesion prevalence was 9.3% (95% CI: 6.3, 11.8). Characteristic TB lesions were 

35 



r 

r 

l 

I 
l 

observed in different tissues of the study animals (Table 5). Lesions were most often detected in 

mesenteric lymph node (60.9%, 28/46), followed by retropharyngeal (17.4%, 8/46), and left 

bronchial (17.4%, 8/46) lymph nodes. On the other hand, lung lesions were detected in 6 (13.0%) 

of the 46 lesioned cattle among which 2 (4.3%) animals had lesions only in lung lobes and the 

remaining 4 (8 .7%) animals had lesions both in lung lobes and lymph nodes (Figure 5). There 

was a significant difference ("i=91.174; P=O.OOO) in occurrence of lesions in different tissues. 

However, there was no significant association (P>0.05) in tuberculous lesion prevalence between 

different sex and body condition scores of the animals. 

Of the five skin test positive cattle examined at post mortem, tubercle lesions were detected in 3 

(60%, 3/5 ) of the animals for which lesion distribution and severity was established. Lung lesion 

was observed in 1 (33.3%, 113) of the lesioned reactor cattle. In contrast, all the 3 (100%, 3/3) 

lesioned tuberculin reactor animals had lesions in mesenteric lymph node (Figure 6) and 2 

(66.7%,2/3) had lesions in retropharyngeal and cranial mediastinal lymph nodes. 
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Figure 5: Distribution of tuberculous lesions in different tissues of cattle with tuberculosis lesion 

in at least one tissue 
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Figure 6: Tuberculous lesion detected in mesenteric lymph node of one ofthe tuberculin skin test 

positive cattle at BARe. 

4.4. Pathology scoring 

In our study, investigation was made to determine the severity of pathology of BTB by scoring 

the disease severity using a semi-quantitative pathology scoring system (Vordermeier et aI. , 

2002). Accordingly, mesenteric lymph node was found to be the most severely affected tissue 

(mean pathology score±SEM, 1.11 ±0.15) followed by retropharyngeal (0.33±0.117) and left 

bronchial (0.28±0.102) lymph nodes (Table 5). On the other hand, mandibular lymph node was 

found to be the least severely affected tissue (0.02±0.022). The present study also indicated 

severe lung lesions in right diaphragmatic (0.17±0.122) and left diaphragmatic (0.15±0.108) 

lobes of both lungs than the other lung lobes. Moreover, lesions were frequent and severe in 

mesenteric (mean pathology score±SEM: 1.67±0.333), retropharyngeal (1 .0±0.577) and cranial 

mediastinal (0.67±0.333) lymph nodes of tuberculin reactor cattle. 

37 



Table 6: Proportion and severity oflesioned tissues of bovine tuberculosis in cattle slaughtered at 

Bako municipal abattoir, western Oromia, Ethiopia. 

Tissue Number Number(%) Lesion severity 

examined Positive (Mean±Sem) 

Lung lobes 

Left apical 46 1(2.2) 0.04±0.043 

Left cardiac 46 2(4.3) 0.13±0.096 

Left diaphragmatic 46 2(4.3) 0.15±0.108 

Right cardiac 46 1(2.2) 0.04±0.043 

Right accessory 46 1(2.3) 0.04±0.043 

Right diaphragmatic 46 2(4.3) 0.17±0.122 

Lymph nodes 

Mandibular 46 1 (2.2) 0.02±0.022 

Retropharyngeal 46 8(17.4) 0.33±0.117 

Left bronchial 46 8(1 7.4) 0.28±0.102 

Cranial mediastinal 46 3(6.5) 0.07±0.037 

Caudal mediastinal 46 4(8.7) O.13±O.O67 

Hepatic 46 6(13 .0) 0.22±0.093 

Mesenteric 46 28(60.9) 1.11±0.1 5 

Liver 46 4(8.7) O.l 5±0.082 

4.5. Isolation of mycobacteria 

The presence of mycobacteria in post mortem specimens may be confirmed by cultivation of the 

organism on primary isolation medium (OlE, 2009). Accordingly, 89 tissue specimens collected 

from 48 cattle were cultured on primary culture media for mycobacterial isolation. Consequently, 

specimens from 22 (46%) animals had shown growth of mycobacteria on primary culture media 

in at least one ti ssue (Figure 7). On the other hand, from the total 89 specimens, 29 culture 

specimens showed growth of mycobacteria on primary culture media constituting a culture 

positivity of 32.6%. Out of the total culture positive specimens, 9 (3 1 %) were from tuberculin 

test reactor animals among which, 6 culture positive specimens were from tissues that had no 
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gross les ion ofTB. Most of the isolates produced white, moist, slightly rough and fri able colonies 

with no pigmentation while some of the isolates showed slightly yellow colonies. The earliest 

growth was observed after 3 weeks of culture while the latest growth recorded was after 10 

weeks of culture. 

Figure 7: Some of the mycobacterial culture isolates of tissues and organs obtained from 

suspicious tubercle lesions. 

In the present study, the highest proportion of culture positivity (72.7%) was obsery'<.d in left 

bronchial lymph node followed by right bronchial lymph node (50%), while the lowest 

percentage of positive cultures were observed in caudal mediastinal (16.7%) and hepatic (12.5%) 

lymph nodes (Figure 8). On the other hand, mycobacterial growth was not observed from 

mandibular lymph node culture. Furthermore, out of the 10 lung specimens cultured for 

mycobacterial isolation, growth was observed on left diaphragmatic (50%) and right 

diaphragmatic (50%) lobes of lungs (Figure 8). In contrast, no h'Towth was observed from left 

apical , left cardiac, right cardiac and right accessory lung lobes. Culture positivity was confirmed by 

the demonstration of acid-fast bacilli in the colonies. Accordingly, 69% (20 of 29) isolates showed acid­

fast bacilli on ZN staining. 
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Figure 8: Proportion of culture positivity of tissues and organs obtained from suspicious tissues, 

4,6, Molecular characterization of mycobacterial isolates 

Characterization of mycobacteria was performed by genus typing (VLA, 2005), Accordingly, 

multiplex polymerase chain reaction (m-PCR) was used to differentiate species of the 

Mycobacterium tuberculosis complex (MTC) organisms from other Mycobacterium species, 

Consequently, 94% (16 of 17) isolates were positive for the 16S rRNA genus specific locus and 

thus identified as mycobacteria (Table 7), However, as indicated in Figure 9, none of the isolates 

showed signals fo r the presence of Mycobacterium tuberculosis complex and Mycobacterium 

avium complex organisms, Furthermore, one isolate did not show amplification signal for the 

genus Mycobacterium, A lthough complete identification of these mycobacteria to the species and 

subspecies level is required to have complete information about the organisms, we could not 

characterize the iso lates further due to lack of necessary materials, 

40 



Table 7: Summary of the result of m-PCR products of mycobacterial isolates obtained from 

cattle tissues. 

No. Sample code Sample type Multiplex PCR result 

Genus M tuberculosis M avium 

Mycobacterium complex complex 

I 2276MES Mesenteric LN + 

2 63207RPH Retropharyngeal LN + 

3 52809RB R. bronchial LN + 

4 2276LB L. bronchial LN + 

5 63207CRMO Cr. Mediastinal LN 

[ 6 52809MES Mesenteric LN + 

7 52809RB Retropharyngeal LN + 

8 GNIMES Mesenteric LN + 

9 TIMES Mesenteric LN + 

!O GI Hepat Hepatic LN + 

II SILlV Liver + 

12 S2LB L. bronchial LN . \ 

13 G!2HEPAT Hepatic LN + 

14 016MES Mesenteric LN + 

15 GU IRD R. diaphragmatic LL + 

16 B27LO L. diaphragmatic LL + 

17 G23MES Mesenteric LN + 

LN: Lymph node, LL: Lung lobe, L: Left, R: Right, Ca: Caudal, Cr: Cranial , +: positive, -: 

negative 
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Figure 9: Electrophoretic separation of multiplex polymerase chain reaction (m-PeR) 

products for 16S rRNA typing of mycobacteria. 

Lane I : I OObp DNA ladder; Lane 2: genus Mycobacterium and Mycobacterium avium positive 
control; Lane 3: Water (Qiagen) negative control; Lane 4: genus Mycobacterium and M 
tuberculosis complex positive control; Lanes 5, 6, 8-13, 15-22, were positive san1ples 
(1030bp) for the genus Mycobacterium; Lane 7: negative sample; Lane 14: peR product 
evaporated. 
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5. DISCUSSION 

Infection of cattle with M bovis constitutes a human health hazard as well as an animal welfare 

problem. Furthermore, the economic implications in terms of trade restrictions and productivity 

losses have direct and indirect implications for human health and the food supply (Villarreal­

Ramos et al. , 2003). The present study using the CIDT test showed the prevalence of BTB in 

cattle kept at BARC to be 1.3%. The overall prevalence found in the current study is consistent 

with the results of Shihun (2008) and Tschopp et al. (2009), who found individual animal 

prevalence of 2.7% and 3. 1 % in Ethiopia, respectively. Moreover, the result of the present study 

is consistent with the results found in some African countries. In Uganda, Oloya et al. (2006) and 

Inangolet et al. (2008) reported a prevalence of 1.3% and 1.4%, respectively from cattle in 

different districts of Uganda. Similarly, Jiwa et al. (1997), Shirima et al. (2003) and Cleaveland 

et al. (2007) found an individual animal prevalence of 0.2%, 1.3% and 0.9%, respectively from 

different areas of Tanzania. Nevertheless, the prevalence of BTB in the present study is lower 

than most of the recently undertaken studies in different areas of Ethiopia, where prevalence 

ranges from 3.4% in a small holder production system to 50% in intensive dairy productions were 

reported (Kiros, 1998; Ameni and Roger, 1998 ; Ameni et al., 2003a, b; Asseged et al., 2001; 

Regassa, 2001 , 2005; Shitaye e/ al. , 2006; Ameni el al., 2008 ; Teshome and Nigatu, 2009; 

Shimelis, 2009; Regassa et al., 2009; Ameni et al., 20 I 0). 

The low prevalence of BTB in the present study could be due a number of facto rs among which 

are; exposure to environmental mycobacteria which lowers sensitivity, as the reaction to avian 

tuberculin could be high and thus interferes with the interpretation of the result (Hope et al., 

2005). In our study, 22.6% animals responded positively (A2-AI 2:4mm) to avian PPD and hence, 

could have interfered with the interpretation of the result. Oloya et al. (2006) suggested that 

unusual low prevalence of BTB in some areas in endemic countries could be due to non-speci fic 

response to environmental mycobacteria In addition, adverse effects of pregnancy on cellular 

immunity have been reported to lower the sensitivity of cattle to tubercul in skin test (Kehrli e/ al. , 

1989). Recently calved or pregnant tuberculous cattle go through a period of desensitization 

immediately before and after calving and as many as 30% give false negative reactions returning 

to a positive status 4-6 weeks later. The loss of sensitivity is probably due to the removal of fixed 

cell antibodies from the skin into the general circulation and subsequent drainage into the 
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colostrums (Radostitis el ai., 2000). In the present study, 15.4% of the cows tested for BTB using 

tuberculin skin test were at late pregnancy or early parturition. 

Moreover, some of the animals may be in an advanced stage of the disease in which they do not 

give a positive reaction to a tuberculin test (Radostits el ai., 2000). Previous reports indicate that 

since the test-and-slaughter-based control method is not applied in Ethiopia, the disease could 

progress longer with a greater proportion of animals reaching a more severe disease status 

(Ameni et ai., 2006). Animals in late stage of the disease do not respond to the tuberculin test 

because of changes in the nature of the immune responses with disease progression, from a 

dominant Thl -type response at early stages of disease toward B-cell antibody response and lower 

T-cell responses at more progressive disease stages (Buddie et ai., 2005; Hope el ai., 2005). A 

consequence of lower cell-mediated immune responses in animals with severe disease could be 

their escape from detection by cell-mediated immune response-based tests like the tuberculin skin 

test (Ameni el ai., 2006). 

The low number of tuberculin test positive animals may also reflect the low prevalence of BTB in 

the farm which may indicate a low transmission rate of mycobacteria in the investigated cattle 

farm. This low prevalence may indicate, among others, transmission might be maintained by few 

animals shedding mycobacteria in the milk causing earl y infection of young animals, of which a 

low proportion themselves become infectious in latter stage (Tschopp el ai., 2009 citing Francis, 

1947). 

The prevalence of BTB varied significantly among different age groups. No reactor animals were 

recorded in animals aged less than one year and reactivity to CIDT test increased with age, up to 

fi ve years of age, after which it declined. This finding agrees with findings of other researchers 

(Asseged el ai. , 2000; Ameni el ai., 2001 ; Kazwala el ai., 2001; Ameni el ai., 2002; Ameni and 

Erkihun, 2007; Shimelis, 2009). It is possible that the infection may not become established in 

very young an imals but, as they get older, their chance of acquiring infection also increases, due 

to the increased time of exposure to the infectious agent particularly in contaminated farm . 

Moreover, reactivity to tuberculin test was significantly higher in animals purchased for 

replacement purpose than animals born on farm. This indicates the risk of purchasing and 
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introducing mycobacteria infected cattle for replacement purpose. This finding suggests that 

avoiding purchasing replacement animals from market without testing for BTB might help in 

decreasing the risk of introduction of infectious animals. The prevalence of mycobacterial 

infection in purchased cattle directly affects the risk of buying infected cattle and the rate at 

which the whole herd could be infected. 

Despite age, and source of the animal, no statistical association was observed between the 

potential risk factors and the prevalence of BTB in cattle kept at BARC. The absence of 

differences in prevalence between animals of different sexes was consistent with previous reports 

(Woldesenbet et ai., 2002; Asseged el ai., 2004; Arneni and Erkihun, 2007; Elias et ai., 2008; 

Shimelis, 2009). However, the absence of statistical association between body condition scores of 

the animals and tuberculin test positivity in the present study is in contrast with the report of 

Ameni and Erkihun (2007), Elias el ai. (2008), Shimelis (2009). The difference could be 

explained by the high proportion (80.6%) of animals with medium body condition score in our 

study, making comparison of different sized categories difficult. 

In the present study, no significant difference in prevalence of BTB between local Horro cattle 

and crossbred animals was observed although only local animals were positive to the tuberculin 

skin test. This finding is consistent with the finding of Ameni (2008) and Shihun (2008) who 

reported no significant difference in prevalence of BTB between local Zebu cattle and their 

crosses with exotic cattle breeds managed under identical condition. In contrast, very few 

comparative susceptibility studies between zebu and their crosses with European cattle breeds 

indicate that zebu type cattle are much more resistant to BTB than their crosses with exotic 

bloods (Radostitis el ai., 2000) . 

In our present study we found the prevalence of BTB in local Horro cattle to be 2.0%. Previous 

studies of BTB in Horro cattle under traditional management in the Bodji district of Western 

Ethiopia using tuberculin skin test revealed a prevalence of 3.5% (n= 353) (Regas sa, 2001) and 

4.1 % (n=460) (Laval and Ameni, 2004). Moreover, Ameni and Erkihun (2007) and Shihun 

(2008) reported a prevalence of 2.4% (n=130) and 4.0% (n=76) in local Zebu cattle managed 

under smallholder system in Debre Brehan and Adama areas of Ethiopia, respectively. On the 

other hand, a higher individual animal prevalence of 11.6% (n=2,578) was reported in local Arsi 
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cattle in central Ethiopia (Ameni et at., 2007; Regassa et at., 2009). Comparative studies conducted in 

Chad (Diguimbaye-Djaibe et al., 2006b) and Cameroon (Njanpop-Lafourcade el al., 2001) to 

assess susceptibility differences between the different local breeds revealed a difference in 

susceptibility to BTB even within the local Zebu breeds. 

The difference in apparent prevalence of BTB in local Horro cattle varied significantly at the two 

cut-off values. The prevalence was 2.0% when a cut-off ~ 4mm was used while analysis of the 

same data using a cut-off value >2mm gave an apparent prevalence of 6.7%. Similarly, in his 

recent study, Ameni et al. (2008) reported a statistically significant difference in apparent 

prevalence of BTB at the two cut-off points in study cattle in central Ethiopia. Arneni and his 

colleagues showed that sensitivities and specificities of CmT test were optimal at cut-off values 

ranging from > 2mm to >4mm in Zebu cattle in central Ethiopia. According to this intensive work 

report, a cut-point of >2mm was more sensitive in detecting infected animals than the OlE 

recommended cut-off value. Furthermore, Arneni et al. (2008) evaluated the specificity of CmT 

at the two cut-off points in local Arsi cattle breed and found no difference between the 

specificities at the two cut-off points, and therefore, the new cut-off point was recommended for 

use for testing Zebu cattle nationally. The use of appropriate cut-off point of a diagnostic test is 

critically important in di sease surveillance and hence disease control and eradication. 

In the present study, detailed post mortem examination of carcasses revealed an apparent lesion 

prevalence of 9.3%. This finding is in agreement with the report of Demelash e l al. (2009) who 

found a prevalence of 10.2% (n=3322) from slaughter cattle at five abattoirs located in various 

cattle husbandry systems in Ethiopia. A relatively higher lesion prevalence of 14.8% was 

reported by Mohamed et al. (2009) from carcasses of pigs slaughtered in Egypt. In contrast, the 

present finding is higher than previous findings by various researchers (Ameni and Wudie, 2003 ; 

Asseged el at., 2004; Shitaye el al., 2006; Regassa el at. , 2009; Berg et al., 2009; Ameni el al., 

20 10). On the contrary, the result of the present study is lower than repolis of Negash (2006), 

Cleaveland et al. (2007) and Shihun (2008). 

The frequency and severity of tubercle les ion in slaughter cattle was higher in the mesenteric 

lymph node than the thoracic lymph nodes. A number of studies in developed countries, and in 

contrast to our finding, revealed that the majority of tuberculosis lesions in cattle are located in 
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the thoracic cavity suggesting the inhalation route being the principal route of BTB transmission 

(Collins, 1996; Whipple et al. , 1996; Radostitis et aI. , 2000). Similarly, Ameni and Wudie 

(2003), Shitaye et ai. (2006) and Ameni et ai. (2010) reported a higher frequency of lesions in 

thoracic cavity than in abdominal cavity of animals in Ethiopia. Nevertheless, in our case, the 

result contrasts with the above reports, and agrees with the findings of Cleaveland et ai. (2007), 

and Shihun (2008) who reported higher lesion prevalence in alimentary tract of animals managed 

under similar settings. Furthermore, in a comparative BTB study in grazing and housed cattle, 

Ameni et al. (2006) observed a significant difference in lesion distribution between animals 

fanned intensively and those kept on pastme. According to the report, digestive tract lesions 

predominated in animals kept on pasture whereas animals in intensive farms were presented with 

lesions predominantly in the respiratory tract. In the present study, almost all the slaughter 

animals, except the three tuberculin reactors, were from an extensive communal pastme grazing 

condition which could suggest that shedding of mycobacteria in the feces aJ1d ingestion of the 

bacilli with contaminated pastme/water may be the main route of transmission in cattle in the 

area. 

For animals in the extensive production system, the infection is acquired through the oral route; 

in this case, hacteri a excreted with faeces, urine, milk, lochia (from cows with endometritis i. e. as 

high as 5%) and mycobacteria-laden exudates from the lung are ingested with contaminated feed 

and water. The primary focus with thi s route of infection is in the lymph nodes of the intestinal 

system (Seifert, 1996). The infectious dose is very low; 1-3 viab le bacteria are considered sufficient 

as infectious inoculum. Experimental investigations in animals comparing intravenous, 

intratracheal, intraperitoneal injection, as well as oral exposme to M bovis, reveal that the nature 

and extent of disease varies with the route of exposure and dose of organisms (Thoen et ai., 

2006). 

Out of the 89 tissue specimens cultured, 32.6% specimens of different kind showed growth of 

mycobacteria on primary culture media. A comparable culture positivity result of 32% was 

repol1ed by Shihun (200S). On the other hand, a lower culture positivity of 12% (n=170) was 

reported by Asiimwe (200S) from Uganda. In contrast to our finding, Munyeme et ai. (2009) and 

Ameni et ai. (2010) observed a relatively higher culture positivity of 42.S% (42 of 98) and 47.4% 

(27 of 57) from suspicious lesions of cattle slaughtered in Zambia and northeastern Ethiopia, 
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respectively. Furthermore, Oloya (2007) reported a higher culture positivity of 60.6% from 

lesioned ti ssue specimens collected from cattle in Uganda. In addition, Ameni (2008) reported a 

culture positivity of 55 .8% from tuberculous lesions of tuberculin skin test positive cattle. 

A low isolation rate of mycobacteria may have resulted from reduced sensitivity of culture 

arising from prolonged storage prior to cultivation. WHO (l998b) indicated losses of 5-10% due 

to contamination resulting from prolonged preservation and a loss of up to 90% due to 

decontamination procedure. In addition, specimens taken from tuberculous cattle contain low 

numbers of bacilli that may be killed during processing, thawing and decontamination 

(Cleaveland et af., 2007). A high amount of completely calcified lesions, without viable tubercle 

bacilli, could also explain the low recovery of bacteria (Teklu et al., 2004). Besides, 

mycobacteria grow poorly on standard Lowenstein-Jensen medium (Amanfu, 2006). In 

consequence, Berg e/ af. (2009) collected mycobacterial colonies at a higher frequency from 

7HII media than from LJ glycerol or LJ pyruvate media indicating that LJ media is less suitable 

for mycobacterial isolation. 

Although culture is still internationally considered the gold standard for detection of 

mycobacteria; the intensity of labour required and the possible presence of viable non-cultivable 

mycobacteria in some clinical specimens requires more appropriate method (Ayele et al., 2004). 

The culture yield of acid-fast bacilli (AFB) from visible lesions in the current study was 

calculated to be 69% (20 of 29). This is a relatively high number when compared to other 

countries such as Great Britain, where typical BTB lesions collected at slaughterhouses yield 

AFB in approximately 50% of cases (Liebana et al., 2008). The proportion of AFB positive 

iso lates in our study extremely differs from that of Berg e/ al. (2009) who reported only II % of 

AFB isolates. This may reflect subjective differences in identifying tuberculous lesions leading to 

misclassification of lesions during examination of carcasses with subsequent low yield of AFB of 

the colonies. 

In the present study, of the 17 AFB isolates typed using molecular method, 94% (16 of 17) were 

positive for the 16S rRNA genus specific locus and thus identified as mycobacteria. However, 

none of the isolates showed signals for the presence of Mycobacterium tuberculosis complex and 

48 



\ 

i 

[ 

r 

l 

Mycobacterium avium complex orgamsms. In a similar study, Shihun (2008) typed 9 AFB 

positive mycobacterial isolates from tuberculous tissues using m-PCR and revealed seven isolates 

belong to the genus Mycobacterium. However, only 28.6% (2 of 7) of them were found to be 

members of the Mycobacterium tubercuiosis complex suggesting that majority of tuberculosis 

lesions in grazing animals are caused by mycobacteria other than the tuberculosis complex. 

Furthermore, Berg et ai. (2009) showed other acid-fast bacilli (AFB), notably non-tuberculous 

mycobacteria (NTM), as considerable causes of infection and disease in cattle. In their recent 

finding, Berg et ai. (2009) typed AFB positive isolates using molecular methods and confirmed 

about one third of the isolate from tuberculous lesions as NTM. Similarly, Diguimbaye-Dja'ibe et 

ai. (2006) and Oloya et ai. (2007) reported the isolation of NTM strains from more than 40% of 

the animals with tuberculous lesions in Chad and Uganda, respectively. Furthermore, Fujimura et 

ai. (2003) isolated NTM from pathologic specimens of livestock and milk in Brazil. 

The isolation of mycobacteria mostly considered less virulent in conditions of disseminated 

tuberculosis with fully caseated and calcified lesions is documented elsewhere (Falkinham et ai., 

2002; Biet et ai. , 2005). Mixed infections, in caseated and/or calcified disseminated lesions were 

also documented in other studies (Godfroid et ai., 2005; Oloya et ai., 2007) . These find ings could 

suggest secondary mycobacterial infections or may have outgrown the slow growing M bovis 

during culture (Biet et ai. , 2005). 
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6. CONCLUSION AND RECOMMENDATIONS 

Bovine TB surveillance and control contributes to poverty alleviation through direct benefits to 

human health and improvements in livestock production that are needed to meet an ever growing 

demand for meat and milk. The current study, which is the first of its kind in the area, revealed 

the presence of mycobacterial infections in cattle found in and around Bako Town. The 

identification of mycobacteria from tuberculous cattle at BARe has serious implications on the 

health of other animals and humans working in the farm . Similarly, the identification of 

mycobacteria from carcasses of slaughter cattle at Bako abattoir coupled with the very limited 

awareness of the meat inspector about TB of animal origin highlights the possibility of the 

presence of TB infected meat for sale for human consumption on market which has serious 

implications on the spread of tuberculosis in human population in the area. On the other hand, 

although M bovis has been known to be the major cause of BTB, in the present study, 

mycobacteria other than the M tuberculosis complex members were isolated from the suspicious 

lesions. The method used by the present study could not identify these mycobacteria at the 

species level. The isolation of these mycobacteria from lesions underlines their roles in causing 

lesions, which are similar with lesions caused by M bovis. However, the magnitude of severity of 

the lesions is not known. 

Therefore based on the above conclusive remark, the fo llowing were recommended: 

.:. Further identification and characterization of mycobacteria that were isolated by the 

present study, 

.:. Investigation of the pathogenicity of these mycobacteria in cattle as compared to the 

pathogenicity of M bovis, 

.:. Further similar studies in different regIOns of the country so that the national 

epidemiology of mycobacterial infections is establ ished. 

50 



7. REFERENCES 

Aagaard, C., Govaerts, M., Okkels, 1. M., Andersen, P. and Pollock, J. M. (2003): Genomic 

approach to identification of Mycobacterium bovis diagnostic antigens in cattle. J 

Clin. Microbio/., 41: 37 19-3728. 

Adane, B. (2007): Bovine Tuberculosis in cattle slaughtered at Yabello municipal abattoir, 

Southern Ethiopia. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Adugna, W. (2005): Bovine tuberculosis: An epidemiological survey in specialized and 

smallholder dairy farms in and around Dire-Dawa, Eastern Ethiopia. DVM thesis, Addis 

Ababa University, Debre Zeit, Ethiopia. 

Aklilu, E. (2005) : Bovine tuberculosis: Prevalence in smallholder dairy farms and its public 

health implications in Adan1a, Central Ethiopia. DVM thesis, Addis Ababa 

University, Debre Zeit, Ethiopia. 

Alberro, M. and Haile- mariam S. (1982). The indigenous cattle of Ethiopia, Part!. Wd. Anim. 

Rev., 41 : 2-1!. 

Alemu, T. (1992): Bovine tuberculosis III Ethiopia. MSc. thesis, University of Edinburgh, 

UK. 

Ali , M. (2006a): The Status of bovine tubercu losis in selected area of North Gonder 

adminstrative zone, Ethioipia. MSc. thesis, Addis Ababa University, Debre Zeit, 

Ethiopia. 

Ali, M. S. (2006b): Cross-sectional study on bovine tuberculosis in Woldiya municipal 

abattoir, N011h Wollo. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Amanfu, W. (2006): The situation of tuberculosis and tuberculosis control in animals of 

economic interest. Tuberculosis, 86: 33 0-335 . 

Ameni , G. and Roger, F. (1 998): Study on the epidemiology of bovine tuberculosis in dairy 

farms (Debre Zeit and Zeway, Ethiopia). In: Proceedings of the 12'h Conference. of 

Ethiopian Veterinary Association, June 1997, Addis Ababa, Ethiopia, Pp 13-19. 

Ameni, G. , Ragassa, A. , Kassa, T. , Medhin, G. (2001): Survey on bovine tuberculosis and its 

publ ic implications to cattle raising families in Wolaita Soddo, Southern Ethiopia. 

Elh. J Anim. Prod. , 1: 55-62. 

Ameni, G. and Wudie, A. (2003): Preliminary study on bovine tuberculosis in Nazareth 

muncipality abattoir of central Ethiopia. Bull. Anim Health Prod. Aji-i. , 51: 125-132. 

51 



Ameni, G. Amenu, K. and Tibbo, M. (2003a): Bovine tuberculosis: Prevalence and risk factor 

assessment in cattle owners in Wuchale-Jida district, Central Ethiopia. J Appl. Res. 

Vet. Med., 1: 17-25. 

Ameni , G. , Bonnet,P. and Tibbo, M. (2003b): A cross-sectional study of bovine tuberculosis III 

selected dairy farms in Ethiopia. J Appl. Res. Vet. Med., 1: 253-258. 

Ameni, G., Aseffa, A., Engers, H., Young, D. , Hewinson, G. and Vordermeier, M. (2006): 

Cattle husbandry in Ethiopia is a predominant factor affecting the pathology of bovine 

tuberculosis and gamma interferon responses to mycobacterial antigens. Clin. Vaccine 

Immunol., 13: 1030-1036. 

Ameni , G. and Erkihun, A. (2007): Bovine tuberculosis on small-scale dairy farms in Adama 

town, central Ethiopia, and farmer awareness of the disease. Rev. Sci. Tech. Off. Int. 

Epiz., 26: 711-7 19. 

Ameni, G. , Aseffa, A., Sirak, A. Engers, H. , Young, D. B., Hewinson, G. R.,Vordermeier, 

M. H. Gordon, S. V. (2007): Effect of skin testing and segregation on the prevalence of 

bovine tuberculosis, and molecular typing of M bovis, in Ethiopia. Vet. Rec.,161:782-

786. 

Ameni, G. (2008) : Epidemiology and immunopathology of bovine tuberculosis in Bos indicus 

and Bos taurus cattle in Ethiopia. PhD thesis, Imperial College, London, United Kingdom. 

Ameni , G. , Hewinson, G. , Aseffa, A. , Young, D., Vordermeier, M. (2008): Appraisal of 

interpretation criteria for the comparative intradermal tuberculin test for diagnosis of 

tuberculosis in cattle in central Ethiopia. Clin. Vaccine Immunol., 8: 1272-6. 

Ameni , G., Desta, F. and Firdessa, R . (20 10a): Molecular typing of Mycobacterium bovis isolated 

from tuberculosis lesions of cattle in northeastern Ethiopia. Vet. Rec.(in press). 

Anebo, M. (2006): Study on bovine tuberculosis in animals slaughtered in Adama 

muncipality abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Aranaz, A., Cousins, D. , Mateos, A. and Dominguez. L. (2003): Elevation of Mycobacterium 

tuberculosis subsp. caprae Aranaz et al 1999 to species rank as Mycobacterium caprae 

comb. nov. , sp. nov. In/. J Syst. Evo!. Microbiol. , 53: 1785-1789. 

Ashford , D. A., Whitney, E., Raghunathan, P. , Cosivi, O. (200 1): Epidemiology of selected 

Mycobacteria that infect humans and other animals. Rev. Sci. Tech. Off. Int. Epiz., 20: 

105-11 2. 

52 



L 

Asiimwe, J. (2008): Molecular characterization of Mycobacterium bovis isolates from 

selected slaughter houses in Kampala. MSc thesis, Makerere University, Kampala, 

Uganda. 

Asseged, B. , Lubke-Becker, A. , Lemma, E. Taddele, K. and Britton, S. (2000): Bovine 

Tuberculosis: A cross-sectional and epidemiological study in and around Addis Ababa. 

Bull. Anim. Health Prod., 32: 267-276. 

Asseged, B., Lubke-Beker, A., Lemma, E., Kiros, T., Britton, S. (2001): Bovine tuberculosis: 

A cross sectional and epidemiological study in and around Addis Ababa. Bull. Anim. 

Health Prod., 48 : 71-80. 

Asseged, B., Woldesenbet, Z., Yimer, E. and Lenmla, E. (2004): Evaluation of abattoir 

inspection for the diagnosis of Mycobacterium bovis infection in cattle at Addis Ababa 

abattoir. Trop. Anim. Health Prod., 36: 537-546. 

Ayanaw, T. (2006): Gross histopathological examination of tuberculous lesions in cattle 

slaughtered in Dessie municipality abattoir, South Wollo Zone. DVM thesis, Addis 

Ababa University, Debre Zeit, Ethiopia. 

Ayele, W. Y., Neill, S. D., Zinsstag, J., Weiss, M.G. and Pavlik, 1. {2004): Bovine 

tuberculosis: an old disease but a new threat to Africa. Int. J Tuberc. Lung Dis. , 8: 

924-937. 

Bakshi, C. S., Shah, D. H., Verma, R. , Singh, R. K. and Malik, M. (2005): Rapid differentiation 

of Mycobacterium bovis and Mycobacterium tuberculosis based on a 12.7-kb 

fragment by a single tube multiplex-PCR. Vet. Microbiol., 109: 21 1- 216. 

Berg, S., Firdessa, R., Habtamu ,M., Gadisa, E., Mengistu, A., Yamuah, L., Arneni, G. , et al. 

(2009): The burden of mycobacterial disease in Ethiopian cattle: Implications for public 

health. PLoS One 4, e5068. 

Bemabe', A., M. A ., Go'mez, J. A., Navarro, S. Go'mez, J., Sa'nchez, J., Sidrach, and 

Menche'n, V. (1991): Pathological changes of spontaneous dual infection of 

tuberculosis and paratuberculosis in goats. Small Rumil1. Res., 5:377- 390. 

Biberstein, E.L. and Hirsh, D.C. (1999): Mycobacterium Species: The agents of animal 

Tuberculosis. In: Hirsh, D.C. and Zee, Y.c. (eds.), Veterinary Microbiology. 

Blackwell Science, Inc. , Massachusetts, Pp 158-164. 

53 



I 
I 

I 

Biet, F., Boschiroli, M. L., Thorel, M. F., Guilloteau, L. A. (2005): Zoonotic aspects of 

Mycobacterium bovis and Mycobacterium avium-intracellulare complex (MAC). Vet 

Res., 36: 411-436. 

Brennan, PJ. (2003): Structure, function, and biogenesis of the cell wall of Mycobacterium 

tuberculosis. Tuberculosis, 83: 91-97. 

Brooks, G. F., Butel, 1. S. and Morse, S. A. (2004): Medical Microbiology. 23 rd ed., The 

McGraw-Hill Medical Publishing, New York, Pp 319-330. 

Buddie, B. M., D. N. Wedlock, M. Denis, M. A. and Skinner. Y (2005): Identification of 

immune response correlates for protection against bovine tuberculosis. Vet. Immunol. 

Immunopathol.,108 :45-5 1. 

Butler, W. R., Thibert, L. and Kilburn, J. O. (1992): Identification of Mycobacterium avium 

complex strains and some similar species by high-performance liquid 

chromatography. J Clin. Microbiol., 30: 2698-704. 

Cadmus, S., Palmer, S., Okker, M., Dale, J., Gover, K., Smith, N., Jahans, K., Hewinson, R. 

and Gordon, S.V. (2006): Molecular Analysis of human and bovine tubercle bacilli 

from a local setting in Nigeria. J Clin. Microbiol. , 44: 29-34. 

Clarridge, J. E.; Shawaz, R. M.; Shinnick, T. M. and Plikaytis, B. B. (1993): Large scale use 

of PCR for detection of Mycobacterium tuberculusis in routine mycobacteriology 

laboratory. J Clin. Microbiol., 31: 2049-2056. 

Cleaveland, S. ,Shaw, D.1. , Mfinaga, S.G., Shirima, G., Kazwala, R.R. , Eblate,E. and Sharp, 

M. (2007): Mycobacterium bovis in rural Tanzania: Risk factors for infection in cattle 

and human populations. Tuberculosis, 87:30-43. 

Collins, C. H., and Grange. J. M. (1987): Zoonotic implication of Mycobacterium bovis 

infection. Irish Vet. J. , 41:363- 366. 

Collins, J. D. (1996): Factors relevant to M bovis eradication. Irish Vet. J., 49: 241-243. 

Collins, C. H. (2001). The bovine tubercle bacillus. Brit. J Biomed. Sci., 57: 234-40. 

Comer, L. A. (1994): Post mortem diagnosis of Mycobacterium bovis infection in cattle. Vet. 

Microbiol. , 40: 53-63. 

Cosivi, 0 ., Grange, 1. M. , Daborn, C. 1. , Raviglione, M. C., Fujikura, T., Cousins, D., 

Robinson, R. A., Huchzermeyer, H. F. A. K., de Kantor, 1. and Meslin, F. X. (1998): 

54 



i 
I 
I 
j 

Zoonotic tuberculosis due to Mycobacterium bovis In developing countries. Emerg. 

Infect. Dis., 4: 59- 70. 

Cousins, D. V. , Williams, S. N., Reuter, R., Forshaw, D. , Chadwick, B. Coughran, D. , Collins, 

P. and Gales, N. (1993): Tuberculosis in wild seals and characterization of the seal 

bacillus. Aust. Vet. J., 70:92-7. 

Cousins, A.V., R. Bastida, A. Catalda, V. Quse, S. Redrobe, S. Dow, P. Duignan, A. Murray, 

C. et al. (2003): Tuberculosis in seals caused by a novel member of Mycobacterium 

tuberculosis complex: Mycobacterium pinnipedii sp. Nov. Int. J. Syst. Evol. 

Microbiol. , 53: 1305-1313. 

Dabese, G. (2006): Study on the prevalence of bovine tuberculosis in and around Holeta town. 

DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

de la Rua-Domenech, R., Goodchild, A. T. , Vordermeier, H. M. , Hewinson, R. G. , 

Christiansen, K. H. and Clifton-Hadley, R. S. (2006): Ante mOl;tem diagnosis of 

tuberculosis in cattle: A review of the tuberculin tests, y-interferon assay and other 

ancillary diagnostic techniques. Res. Vet. SCi., 81: 190-210. 

Dejenu, A. (1998): Bovine Tuberculosis: Evaluation of diagnostic tests, prevalence and 

zoonotic importance (Ethiopia). DVM thesis, Addis Ababa University, Debre Zeit, 

Ethiopia. 

Demelash, B. , Inangole, F. , Oloya, J., Asseged, B., Badaso, M., Yilkal, A. and Skjerve, E. (2009): 

Prevalence of bovine tuberculosis in Ethiopian slaughter cattle based on post mortem 

examination. Trap. Anim. Health Prod., 41: 755-65 . 

Diguimbaye-DjaYbe C, Vincent V, Schelling E, Hilty M, Ngandolo R, Mahamat HH, et af. 

(2006): Species identification of non-tuberculous Mycobacteria from humans and cattle 

of Chad. Schweiz Arch Tierheilkd., 148: 25 1-256. 

DSMZ (2008): Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH 

http://www.dsmz.de/microorganismslbacteria I_no menclature. php 

Elias, K., Hussein, D. , Asseged B. , Wondwossen, T . and. Gebeyehu M. (2008): Status of bovine 

tubercu losis in Addis Ababa dairy farms. Rev. Sci. Tech Off Int. Epiz., 27: 915-923. 

Espinosa de los Monteros, L. E., Galan, J. c., Gutierrez, M., San1per, S., Garcia, M. 1. F. , Martin, 

C. ( 1998): Allele-specific PCR method based on pncA and oxyR sequences for 

55 



distinguishing Mycobacterium bovis from Mycobacterium tuberculosis: Intraspecific . 

bovis pncA sequence polymorphism. J Clin. Microbiol., 36: 239-242. 

Falkinham, 1. O. (2002): Nontuberculous Mycobacteria in the environment. Clin Chest Med. , 

23: 529-551. 

F AO (2000): Manual on meat inspection for developing countries. F AO animal production 

and health paper 119, FAO, Rome, Italy. 

Firdessa, R. (2006): Preliminary study on bovine tuberculosis In and around Sululta town, 

North Shoa Zone of Oromiya. DVM thesis, Addis Ababa University, Debre Zeit, 

Ethiopia. 

Flynn, J. L. (2004): Immunology of tuberculosis and implications in vaccine development. 

Tuberculosis, 84: 93-10 1. 

Fra'guas, S. A. , Cunha-Abreu, M. S., Lilenbaum, W., Marassi, C. D. , Oelemann, W. M. R. 

and Fonseca, L. S. (2006): Comment on: use of ELISA as a confinnatory test for bovine 

tuberculosis at slaughter. Prevo Vet. Med. , 77: 304-305. 

Francis, J. , Seiler, R. J. , Wilkie, I.W., O'Boyle, D., Lumsden, M. J. and Frost, A. 1. (1978): 

The sensitivity and specificity of various tuberculin tests using bovine PPD and other 

tuberculins. Vet. Rec., 103: 420-425. 

Fujimura, C. Q L., Anno, 1. S., Leite, Sergio R de Andrade, Roxo, E., Morlock, G. P. and 

Cooksey, R. C. (2003) : Isolation and identification of Mycobacteria from livestock 

specimens and milk obtained in Brazi l. Mem. Insl. Oswaldo Cruz., 98: 34.42. 

Garcl'a Man'n, J. F., and Gutie'rrez, M. (1992): Aspectos epidemiolo'gicos y ch'nicos de la 

tuberculosis caprina. Ovis, 46: 45-60. 

Garnier, T., Eiglmeier, K., Camus, J. c., Medina, N., Mansoor, H. et al. (2003): The complete 

genome sequence of Mycobacterium . Proc. Nature Acad. Sci., 100: 7877-7882. 

Gebregziabher, G. and Mulugeta, K. (2006): Herd life and lifetime calf crop production in 

relation to age at first calving in indigenous and crossbred cows at Bako, Ethiopia. 

Elh. J Anim. Prod., 6: 55-65. 

Gemta, M. (2000): A cross-sectional study on bovine tuberculosis in smallholder dairy farms and 

its implication in man in Fitche town, North Shoa. DVM thesis, Addis Ababa 

Uni versity, Debre Zeit, Ethiopia. 

56 



Godfroid, J., Delcorps, C., Irenge, L. M., Walravens, K., Marche, S. and Gala, J. L. (2005): 

Definitive differentiation between single and mixed mycobacterial infections in red 

deer (Cervus elaphus) by a combination of duplex amplification of p34. and 157 

sequences and Hpy 1881 enzymatic restriction of duplex amplicons. J Clin. Microbiol. , 

43: 4640-4648. 

Goodfellow, M. and Magee, J. G. (1977): Taxonomy of Mycobacteria. In: Mycobacteria I 

Basic Aspects, Chapman and Hall, New York, Pp 1-72. 

Grange, J. M. , and Yates, M. D. (1990): Zoonotic aspects of Mycobacterium bovis infection. 

Bull. Int. Uni. Tuberc. Lung Dis., 65: 25-28. 

Grange, J. M. (2001): Mycobacterium bovis infection in human beings. Tuberculosis, 81 :71-

90. 

Gillespie, J.H. and Timoney, J.F. (1981) : Hagan and Bruners infectious diseases of domestic 

'h 
animals, 7 ed. Itaca and London; Cornell University Press, Pp 247-280. 

Griffin, J. F. T., and Buchan, G. S. (1994): Aetiology, pathogenesis and diagnosis of 

Mycobacterium bovis in deer. Vet. Microbiol. 40:193-205. 

Groenen, P. M. , Bunschoten, A. E., van Soolingen, D. , and van Embden, J. D. (1993): Nature 

of DNA polymorphism in the direct repeat cluster of Mycobacterium tuberculosis: 

Application for strain differentiation by a novel typing method. Mole. Microbiol. 10: 

1057-1065. 

Gupte, S. (2006): The Short Text Book of Medical Microbiology. 9'h ed. Jaypee Brothers 

Medical Publishers (P) Ltd. New Delhi, Pp 509. 

Haddad, N., Masselot, M. and Durand, B. (2004): Molecular differentiation of 

Mycobacterium bovis isolates: Review of main techniques and applications. Res. Vet. 

Sci., 76: 1-18. 

Hailemariam, S. (1975): A brief analysis of the activities of the meat inspection and 

quarantine division, Ministry of Agriculture (MOA). Addis Ababa, Ethiopia. 

Hale, Y. M. , Pfyffer, E. and Sal finger, M. (200 1): Laboratory diagnosis of mycobacterial 

infections: New tools and lessons learned. Clin. Infect. Dis., 33:834-846. 

Harris, N.B. (2006): Molecular teclmiques: Application in epidemiologic studies. In: Thoen, 

C. 0. , Steele, J. H. and Gi lsdorf, J. M. (eds), Mycobacterium bovis infection in animals 

and humans. 2nd ed., Blackwell publishing professional, Ames, Iowa, Pp 54-60. 

57 



Hassanain, N., Hassanain, M., A., Soliman, Y. A., Ghazy, A. A. and Ghazyi, Y. A. (2009): 

Bovine tuberculosis in a dairy cattle farm as a thJeat to public health. A/ri. J 

Microbiol. Res., 3: 446-4S0. http://www.academicjournals.org/ajrnr 

Hassen, A. (2007): Cross-sectional study of bovine tuberculosis in Woldiya muncipal 

abattoir, North Wollo. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Hein, W. R. , and Tomasovic, A. A. (1981): An abatto ir survey of tuberculosis in feral 

buffaloes. Aust. Vet. J, 57:S43- S47. 

Hiko, A. (200S): Preliminary study on tuberculosis in goats at Modjo export abattoir. DVM 

thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Hope, J. C. , Thorn, M. 1., Villarreal-Ramos, B., Vorderrneier, H. M., Hewinson, R. G. and 

Howard, C. J. (200S) : Exposure to Mycobacterium avium induces low level of 

protection from Mycobacterium bovis infection but compromises diagnosis of disease 

in cattle. Clin. Exp. Immunol., 141: 432-439. 

Hussien, D. (2006a): Study on bovine tuberculosis in exotic and local breeds of cattle in Addis 

Ababa. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Hussien, N. (2006b): Cross-sectional study of bovine tuberculosis in Butajira municipal 

abattoir, Southern Ethiopia. DVM thesis, Addis Ababa University, Debre Zeit, 

Ethiopia. 

Imaeda, T. (1995): DNA relatedness among selected strains of M tuberculosis, M bovis, M 

bovis BCG, M mcroli and M a/ricanum. Int. J Syst. bacteriol., 3: 147-ISO. 

lnangolet, F. 0 ., Demelash, B., Oloya, J., Opuda-Asibo, J. and Skjerve, E. (2008): A cross­

sectional study of bovine tuberculosis in the transhumant and agro-pastoral cattle herds 

in the border areas of Katakwi and Moroto districts, Uganda. Trap. Anim. Health Prod., 

40: SO I-S08. 

Jahans, K. and Worth, D. (2006): The laboratory diagnosis of tuberculosis. Vet. J , 16: 53-S7. 

Jemale, M. (200S): Evaluation of meat inspection procedures for the diagnosis of bovine 

tuberculosis in Awassa municipality abattoir. DVM thesis, Addis Ababa University, 

Debre Zeit, Ethiopia. 

Jiregna, D. , Ulfina G. , Mulugeta, K. and Adisu, Y. (2004): Growth performances and 

mortality rate of Horro calves under different weaning system. In: Proceedings of the 

S8 



, 
l 

I 

Kurabachew, M., Engerd, 0. , Sandaae, R., Skuce, R. and Bjorvatna, B. (2004): A multiplex 

polymerase chain reaction assay for genus-, group- and species-specific detection of 

Mycobacteria. Diagn. Microbial. Infect. Dis., 49: 99- 104. 

Lambert, W. , Ameni, G., Manaye, K. and Mekonnen, Y. (2006): Study on bovine tuberculosis 111 

the Holeta dairy farm, Central Ethiopia. J Anim. Vet. Adv., 5: 1150-11 54. 

Laval, G. and Ameni, G. (2004): Prevalence of bovine tuberculosis in zebu cattle under 

traditional animal husbandry in Bodji district of western Ethiopia. Rev. Med. Vet., 155: 

494-499. 

Liebana, E., Johnson, L., Gough, J., Durr, P. , Jahans, K., Clifton-Hadley, R., Spencer, Y., 

Hewinson, R. G. and Downs, S. H. (2008): Pathology of naturally occurring bovine 

hlberculosis in England and Wales. Vet. J, 176:354-360. 

Liu, S., Guo, S., Wang, c., Shao, M., Zhang, X. , Guo, Y. and Gong, Q. (2007): A novel fusion 

protein-based indirect enzyme-linked immunosorbent assay for the detection of bovine 

tuberculosis. Tuberculosis, 87: 212-217. 

LoBue, P. (2006): Public Health Sign ificance of M bovis. In: Thoen, C. 0., Steele, J. H. and 

Gilsdorf, J. M. (eds.), Mycobacterium bovis infection in animals and humans. 2nd ed., 

Blackwell publishing professional, Ames, Iowa, Pp 6-11. 

Lyashchenko, K. P. , Pollock, .T. M., Colangeli, R. and Gennaro, M. L. (1998): Diversity of 

antigen recognition by serum antibodies in experimental bovine tuberculosis. Infect. 

Immun., 66: 5344- 5349. 

Mamo, B. (2007) : Efficiency of abattoir inspection to detect tuberculosis lesions in cattle 

slaughtered at Adama muncipality abattoir, Central Ethiopia. DVM thesis, Addis Ababa 

University, Debre Zeit, Ethiopia. 

Mekonnen, N. (2007) : Cross-sectional study of bovine tuberculosis in Butajira mlIDcipal 

abatto ir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Menzies, F.D. and Neill, S.D. (2000): Cattle-to-cattle transmission of bovine tuberculosis. 

Vet. J , 160: 92- 106. 

Mijs, W., de Haas, P., Rossau, R., Van der Laan, T. , Rigouts, L., P0I1aels, F. and van Soolingen, 

D. (2002): Molecular evidence to support a proposal to reserve the designation 

Mycobacterium avium subsp. avium for bird type isolates and 'M avium subsp. 

60 



I 

I 

r 
hominissuis' for the human/porcine type of M avium. Int. J Syst. Evol. Microbiol. 

52:1505-18. 

Milkessa, D. (2007) : Cross-sectional study of bovine tuberculosis in Jinka municipal 

abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Moda, G., Daborn, C. J ., Grange, J. M. and Cosivi, O. (1996): The zoonotic importance of 

Mycobacterium bovis. Tuberc. Lung Dis. 77:103- 108. 

Mohamed, M. A., Abou EI-Ella, A. G. and Nasr, A. E. (2009): Phenotypic and molecular typing 

of tuberculous and nontuberculous Mycobacterium species from slaughtered pigs in 

Egypt. J Vet. Diagn. Invest. , 21:48-52. 

Molla, B. (2005): Abattoir based study on bovine tuberculosis in Nazareth municipality 

abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Mulu, S. (2006): A cross-sectional survey of bovine tuberculosis in Ghimbi muncipality 

abattoir, Western Ethiopia. DVM thesis, Addis Ababa University, Debre Zeit, 

Ethiopia. 

Munyeme, M., Rigouts, 1., Shamputa, 1. c., Muma, 1. B., Tryland, M. , Skjerve, E., and 

Djonne, B. (2009): Isolation and characterization of Mycobacterium bovis strains from 

indigenous Zambian cattle using Spacer oligonucleotide typing technique. BMC 

Microbiol., 20: 9: 144. 

Negash, G. (2006): Pathological observations on bovine pulmonary TB at Bahirdar 

muncipality abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Nicholson, M. J. and Butterworth, M. A. (1986): A guide to condition scoring zebu cattle. 

International livestock center for Africa (ILCA). Addis Ababa, Ethiopia, Pp 72-74. 

Nigussie, T. (2006): Study on tuberculosis in small ruminants slaughtered at Helmix export 

abattoir, Debre Zeit. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia 

Njanpop-Lafourcade, B. M. , Inwald, J. , Ostyn, A., Durand, B., Hughes, S., Thorel, M. F., 

Hewinson, G., and Haddad, N. (2001): Molecular typing of Mycobacterium bovis isolates 

from Cameroon. J Clin. Microbiol., 39: 222-227. 

OlE (2009): Bovine Tuberculosis. Manual of diagnostic tests and vaccines for Terrestrial 

animals. Part 2, section 2.3. Chapter 2.3.3. World Organization for Animal Health. http:// 

www.oie.intlpdfs/ 

61 



I 
[ 

[ 

[ 

l 

[ 

I 

L 
I 
r 

Oloya, 1., Opuda-Asibo, 1., Djonne, B. , Muma, J. B., Matope, G., Kazwala, R., and Skjerve, 

E. (2006): Response to tuberculin among Zebu cattle in the transhumance regions of 

Karamoja and Nakasongola di strict of Uganda. J Trop. Anim. Health Prod., 38: 275-

283. 

Oloya, J., Kazwala, R., Lund, A., Opuda-Asibo, J., Demelash, B., Skjerve, E., et a!. (2007) : 

Characterisation of Mycobacteria isolated from slaughter cattle in pastoral regions of 

Uganda. BMC Microbiol., 7: 95 . http://www.biomedcentral.comlI471-218017195 

Pallock, 1. M. and Neill, S. D. (2002): Mycobacterium bovis infection and tuberculosis in cattle. 

Vet. J, 163: 11 5- 127. 

Palmer, M. V. , Waters, W. R., Thacker, T. C., Greenwald, R., Esfandiari, J. and Lyashchenko, 

K. P. (2006): Effects of different tuberculin skin-testing regimens on gamma 

interferon and antibody responses 111 cattle experimentally infected with 

Mycobacterium bovis. Clin. Vaccine Immunol., 13: 387-394. 

Parra, C. A., Londono, L. P. , Del Portillo, P. and Patarroyo, M. E. (1991): Isolation, 

characterization and molecular cloning of a species-specific Mycobacterium 

tuberculosis antigen gene: identification of species-specific sequence. Infect. Immun. , 

59: 3411-3417. 

Patterson, J. and Grooms, D. (2000): Diagnosis of bovine TB: Gross necropsy, histopathology 

and acid-fast staining. Bovine TB Notes, Extension Bulletin. 1,2. 

Pavlik, 1., Trcka, 1. , Parmova, 1. , Svobodova, J., Melicharek, 1. , Nagy, G., Cvetnic, Z., 

Ocepek, M., Pate, M. and Lipiec, M. (2005) : Detection of bovine and human 

tuberculosis in cattle and other animals in six Central European countries during the 

years 2000-2004.vet. Med. -Czech. 50: 29 1-299. 

Pereira-Suarez, L., Estrada-Chavez, C., Arriaga-Diaz, C., Espinosa-Cueto, P. and Mancilla, R. 

(2006): Co-expression of NRAMP 1, iNOs and Nitrotyrosine in Bovine tuberculosis. 

Vet. Patho!. , 43:709-717. 

Phillips, C., Foster, W., Morri s, A. and Teverson, R. (2002): Genetic and management factors 

that influences the susceptibility of cattle to Mycobacterium bovis infection. Anim. 

Health Res. Rev. , 3:3-13. 

62 



Pollock, J. M., Welsh, M. D. and McNair, J. (200S): Immune responses in bovine tuberculosis: 

Towards new strategies for the diagnosis and control of disease. Vet. Immunol. 

Immunopathol., 108: 37-43. 

Quinn, P. J. Carter, M. E., Markey, B. K. and Carter, G. R. (1994): Clinical Veterinary 

Microbiology. Mosby International Limited, London, Pp IS6-169. 

Quinn, P. J. Markey, B. K. , Catier, M. E., Donelly, W. J. c., Leonard, F. C. and Maghire, D. 

(1999): Veterinat·y Microbiology and Microbial Diseases. Blackwell Science Ltd., 

Oxford, Pp 97-10S. 

QUilll, P. J. , Markey, B. K. , Carter, M. E., Donnelly, W. J. C. and Leonard, F. C. (2002): 

Mycobacterium Species In: Veterinary Microbiology and Microbial Disease. 

Blackwell Science Ltd. , London, Pp 97-IOS. 

Radford, A. J., Du' eld, B. and Plackett, P. (1988): Cloning of a species-specific antigen of 

Mycobacterium bovis. Infect. Immun., 56: 921-92S. 

Radostits, O. M. , Gay, C. C. , Blood, D. C. and Hinchelift, K. W. (2000): Disease caused by 

bacteria-Mycobacterium. In: Veterinary Medicine: A Text Book of Disease of Cattle, 

Sheep, Pig, Goat and Horses. 9th ed., Harcourt publisher Ltd. , London. Pp 909-918. 

Rastogi, N., Legrand, E. and Sola, C. (2001): The Mycobacteria: An introduction to 

nomenclature and pathogenesis. Rev. Sci. Tech., 20:21-24. 

Redi , N. (2003): Prevalence of bovine tuberculosis and its zoonotic implications in Assela 

town, Southern Ethiopia. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Regassa, A. (1999): Preliminary study on bovine tuberculosis in Wolaita Soddo, Southern 

Ethiopia. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Regassa, F. (200 I): Herd prevalence of contagious bovine pleuropnemonia, bovine 

tuberculosis, and dictyocaulosis in Bodji Wereda, West Wallaga, Ethiopia. DVM thesis, 

Addis Ababa University, Debre Zeit, Ethiopia. 

Regassa, A. (200S): Study on Mycobacterium bovis in animals and humans in around Fiche, 

North Shoa zone, Ethiopia. MSc thesis, Addis Ababa University, Debre Zeit, Ethopia. 

Regassa, A. Medhin, G. and Ameni, G. (2007): Bovine tuberculosis is more prevalent in cattle 

owned by farmers with active tuberculosis in central Ethiopia. Vet. J, 132: ISO-174. 

63 



Regassa, A., Tassew, A., Amenu, K., Megersa, B. , Abunna, F., Mekibib, B, Macrotty, T. and 

Ameni, G. (2009): A cross-sectional study on bovine tuberculosis in Hawassa town 

and its surroundings, Southern Ethiopia. Trop. Anim. Health Prod. , 42: 915-920 

Rogall, T., Wolters, 1., Flohr, T. and Bottger, E. C. (1990): Towards a phylogeny and 

definition of species at the molecular level within the genus Mycobacterium. Int. J 

Syst. Bacteriol., 40:323-30. 

Rupp, R. , Hernandez, F. and Mallard, A. (2007): Association of bovine Leukocyte antigen 

(BoLA)-DRB3.2 with immune response, mastitis, and production and type trait in 

Canadian Holstein. J Dairy Sci., 90: 1029-1038. 

Seid, Y. (2007): Abattoir inspection for the diagnosis of tuberculosis in cattle slaughtered at 

Addis Ababa abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Seifert, H.S.H. (1996): Tropical Animal Health. Kluwer Aczadamic Publishers, Dordrecht, 

the Netherlands, Pp 343-352. 

Shah, D. H., Verma, R. , Bakshi, C. S. and Singh, R. K. (2002): A multiplex-PeR for the 

differentiation of Mycobacterium bovis and Mycobacterium tuberculosis. FEMS 

Microbial. Lett., 214: 39-43. 

Sharma, S. N. and Adlakha, S. C. (1996): Textbook of Veterinary Microbiology. Vikas 

Publishing House Pvt. Ltd. , New Delhi, Pp 150-156. 

Shihun, S. B. (2008): Bovine tuberculosis: Epidemiologic aspects and public health 

significance in and around Debre Birhan, Ethiopia. MSc thesis. Addis Ababa 

University, Debre Zeit, Ethiopia. 

Shimelis, D. (2009): The epidemiology and public health implication of bovine tuberculosis 

in alage dairy farm, southern Ethiopia. MSc thesis, Addis Ababa University, Debre­

Zeit, Ethiopia. 

Shirima, G. M., Kazwala, R. R. and Kambarage, D. M. (2003): Prevalence of bovine 

tuberculosis in cattle in different farming systems in the Eastern zone of Tanzania. 

Prevo Vel. Med., 57: 167-1 72. 

Shitaye, 1. E., Getahun, B. , Alemayehu, T. , Skoric, M. , Treml, F., Fictum, P., Virbas, V. and 

Pavilk, l. (2006): A prevalence study of bovine tuberculosis by using abattoir meat 

inspection and tuberculin skin testing data, histopathological and IS6110 PCR 

64 



examination of tissues with tuberculous lesions in cattle in Ethiopia. Vet. Med., 51: 

512-522. 

Shitaye, J. E., Tsegaye, W. and Pavlik, I. (2007): Bovine tuberculosis infection in animal and 

human populations in Ethiopia: a review. Vet. Med. , 52: 317-332. 

Silva, E. (2001): Evaluation of an enzyme-linked immunosorbent assay In the diagnosis of 

bovine tuberculosis. Vet. Microbiol., 78: 111 -1 17. 

Smith, N. H., Gordon, S.V., de la Rua-Domenech, R. , Clifton-Hadley, R. S., and Hewinson, 

R. G. (2006): Bottlenecks and Broomsticks: The molecular evolution of 

Mycobacterium bovis. Nature Rev.!Microbiol., 4: 670-681. 

Szewzyk, R. , Svenson, S. 8., Hoffner, S. E., Bolske, G., Wahlstrom, H. , Englund, L. Engvall, 

A. and Kallenius, G. (1995): Molecular epidemiological studies of Mycobacterium 

bovis infections in humans and animals in Sweden. J Clin. Microbiol. , 33: 3183-3 185. 

Taddele, H. (2006): A Cross-sectional study on bovine tuberculosis in Jinka muncipality 

abattoir. DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Tafesse, K. (2006): Study on caprine tuberculosis in mid-rift valley area. DVM thesis, Addis 

Ababa University, Debre Zeit, Ethiopia. 

Tauro, P. , Kapoor, K. K. and Yadav, K. S. (1996) : An Introduction to Microbiology. Wiley 

Eastern Limited, New Delhi , Pp 138. 

Teklu, A., Asseged, 8. , Yimer, E., Gebeyehu, M. and Woldesenbet, Z. (2004): Tuberculous 

lesions not detected by routine abattoir inspection: the experience of the Hossana 

municipal abattoir, southern Ethiopia. Rev. Sci. Tech. Off. Int. Epiz., 23 : 957-964. 

Terefe, Y. (2007): Cross-sectional study of bovine tuberculosis in Gondar ELFORA abattoir. 

DVM thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

Teshome, F. · and Nigatu, K. (2009): Bovine tuberculosis of cattle In three districts of 

northwestern Ethiopia. Trop. Anim. Health Prod., 41: 273-277. 

Thoen, C. O. and Barletta, R. G. (2006): Pathogenesis of Mycobacterium bovis. In: Thoen, C. 

0., Steele, J. H. and Gilsdorf, J. M. (eds.), Mycobacterium bovis infection in animals 

and humans. 2nd ed. , Blackwell publishing professional, Ames, Iowa, Pp 18-29. 

Thoen, C. O. and Ebel, E. D. (2006) : Diagnostic tests for bovine tuberculosis. In: Thoen, C. 

0. , Steele, J. H. and Gilsdorf, J. M. (eds.), Mycobacterium bovis infection in animals 

and humans. 2nd ed., Blackwell publishing professional, Ames, Iowa, Pp 49-51. 

65 



Thorn, M. L. , Hope, J. C., McAulay, M. , Villarreal-Ramos, B. , Coffey, T. J ., Stephens, S., 

Vordermeier, H. M. and Howard, C. J. (2006): The effect of tuberculin testing on the 

development of cell-mediated immune responses during Mycobacterium bovis 

infection. Vet. Immunol. lmmunopatho/. , 114: 25-36. 

Thorel, M. F., Krichevsky, M ., Levy-Frebault,V. V. (1990): Numerical taxonomy of 

mycobactin-dependent Mycobacteria, emended description of Mycobacterium avium, 

and description of Mycobacterium avium subsp. avium subsp. nov. , Mycobacterium 

avium subsp. paratuberculosis subsp. nov., and Mycobacterium avium subsp. 

silvaticum subsp. nov. Int. J Syst. Bacterial. , 40:254-60. 

Tschopp, R., Schelling, E., Hattendorf, J ., Aseffa,A. and Zinsstag, J . (2009): Risk factors of 

bovine tuberculosis in cattle in rural livestock production systems of Ethiopia. Prey. 

Vet. Med., 89: 205-211. 

van Embden, J. D. A ., van Gorkom, T. Kremer, K., Jansen, R. , van Der Zeijst, B. A. and Schouls 

L.M. (2000): Genetic variation and evolutionary origin of the direct repeat locus of 

Mycobacterium tuberculosis complex bacteria. J Bacteriol., 9:2393-2401. 

Villarreal-Ramos, B., McAulay, M., Chance, V., Martin, M. , Morgan, 1. and Howard, C . 1. 

(2003) : Investigation of the role of CD8+ T cells in bovine tuberculosis in vivo. Infect. 

lmmun., 71: 4297-4303 . 

Vitale, F. , Capra, G. , Maxia L. , Reale, S. , Vesco, G. and Caracappa, S. (1998): Detection of 

Mycobacterium tuberculosis complex in cattle by PCR lIsing milk, lymph node 

aspirates, and nasal swabs. J Clil1. Microbio/., 36: 1050-1055. 

VLA (2005): "TB multiplex polymerase chain reaction" . Standard operating procedure (SOP). 

VLA-Weybridge, Pp 2-18. 

Vordemleier, H. M., Chambers, M. A., Cockle, P. J., Whelan, A. 0., Simmons, 1. and 

Hewinson, R, G . (2002) : Correlation of ESAT-6-specific gamma interferon with 

pathology 111 cattle following Mycobacterium bovis BCG vaccination against 

experimental bovine tuberculosis. Infect. lmmunol. , 70: 3026-3032. 

Walravens, K. , Marche, S. , Rosseels, V., Wellemans, V., Boelaert, F., Huygen, K. and 

Godfroid, J. (2002) : IFN-y diagnostic tests in the context of bovine mycobacterial 

infections in Belgium. Vet. lmmunol. lmmunopathol. ,. 87: 401-406. 

66 



f 

I 

j 

1 

1 

I 

r , 
! 

,. 

Warren, M., van Pittius, N. C. G. , Barnard, A., Hesseling, A. , Engelke, E., de Kock, M., 

Gutierrez, C., Chege, G. K., Victor, T. C., Hoal, E. G. and van HeIden, P. D. (2006): 

Differentiation of Mycobacterium tuberculosis complex by PCR amplification of 

genomic regions of difference. Tuberc. Lung Dis. , 10: 818-822. 

Wayne, L.G. , Good, R. C., Tsang, A. et al. (1993): Serovar determination and molecular 

taxonomic correlation in Mycobacterium avium Mycobacterium intracellulare, and 

Mycobacterium scrofulaceum: a cooperative study of the International Working Group 

on Mycobacterial Taxonomy. Int. J Syst. Bacteriol. , 43:482-489. 

Wedlock, D. N., Skinner, M. A., de Lisle, G.W. and BuddIe, B. M. (2002): Control of 

Mycobacterium bovis infections and the risk to human populations. Microbes Infect., 

4: 471-480. 

Whipple, D. L. , Bolin, C. A. and Miller, J. M. (1996): Distribution of lesion in cattle infected 

with Mycobacterium bovis. J Vet. Diagn. Invest., 8: 351-354. 

WHO (1993): Report of the World Health Organization (WHO) meeting on zoonotic 

tuberculosis (M bovis) with the participation of FAO. Geneva. WHO/CDSNPHI 93-

130. 

WHO (I 998a): Laboratory services in tuberculosis control. Part II, Microscopy. WHO (World 

Health Organization). Geneva, Switzerland, Pp 1-61. 

WHO (l998b): Laboratory services in tuberculosis control. Part III, Culture. WHO (World 

Health Organization). Geneva, Switzerland, Pp 1-95. 

WHO (2005) : Global tuberculosis control surveillance: Planning and Financing. WHO 

Report, Country Profile, Ethiopia, Pp 83-86. 

Wilton, S. and Cousins, D. (1992): Detection and identification of multiple mycobacterial 

pathogens by DNA amplification in a single tube PCR. Method. App/., 1: 269-273. 

Woldesenbet, Z. (2002): Evaluation of abattoir inspection for the diagnosis of M. bovis 

infection in cattle at Addis Ababa abattoir. DVM thesis, Addis Ababa University, Debre 

Zeit, Ethiopia. 

Worku, A. (2005): Cross-sectional study of bovine tuberculosis 111 Gonder abattoir. DVM 

thesis, Addis Ababa University, Debre Zeit, Ethiopia. 

67 



I 
I 

, 

I 

I 

I 

r 

Woyessa, M. (2007): Cross-sectional study of bovine tuberculosis in West Wallaga 

Adminstrative Region at Ghimbi muncipality abattoir. DVM thesis, Addis Ababa 

University, Debre Zeit, Ethiopia. 

Yehualashet, T. (1993): Occurrence and zoonotic potential of M bovis infections in Ethiopia: 

epidemiological, bacteriological and molecular biological aspects. PhD thesis, 

Giessen, Germany. 

Young, D. (2008) : Tuberculosis: A Global Overview. In: Special Issue on bovine tuberculosis III 

Ethiopia. Eth. J Health Dev., 22: 97-145. http://www.cih.uib .no/joumalsIEJHD 

Zuma'rraga, M. J., Martin, C., Samper, S., Alito, A. , Latini, 0., Bigi, F., Roxo, E., Cicuta, 

M. E., Errico, F., Ramos, M. C., Cataldi, A. , van Soolingen, D. and Romano, M. L 

(1999): Usefulness of spoligotyping in molecular epidemiology of Mycobacterium 

bovis-related infections in South America. J Clin. Microbial., 37: 296-303 . 

68 



I , 

, 
1 

8. ANNEXES 

Annex I: Description of body condi tion scoring 

I . Condition Score I (L-) marked emaciation- the anima l could be condemned ante-mortem 

2. Cond ition Score 2 (L) transverse processes project prominentl y, spine appear sharply 

3. Condition score 3 (L+) individual dorsal spines are pointed to the touch, hips, tail-head and 

ribs are prominent 

4. Conditi on score 4 (M-) ribs hips and pins are clearly visible, musc le mass between hooks and 

pins are s li ghtl y concave. 

5. Cond it ion score 5 (M) ri bs usua lly vis ible, little fat cover, dorsal spines are barely visible 

6. Condition score (Mt) the an imal is smooth, dorsal spines can not be seen, but are easil y fe lt. 

7. Cond ition score7 (F-) animal is smooth and we ll covered but fat depos it are not marked 

8. Condition score8 (F) fat cover in critical areas can eas il y be seen and fe ln transve rsc process 

can be seen or ('e lt 

9. Condition score9 (F I ) heavy deposits of fat is clearly visible on tail -head, brisket, dorsal spines 

ribs and hooks 

Source: (N icholson and Butterworth, 1986) 

Key: 1-3: I.ean, 4-6: Illed iulll , 7-9: Fat 

I\ nnex 2: I\ge delerminalion in catt le 

Age (years) 

I y, - 2 

2 - 2 Y, 

3 

5 

6 

7 

8 

<) 

Characteri stic change 

II erupt 

12 erupts 

13 erupts 

14 erupts 

1\ 11 inciso rs and canine are in wear 

II is level and the neck has emerged frolll gum 

12 is level and the neck is visible 

I 3 is level and the neck is visible , 

14 Illay be leve l 
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I 

14 is leve l and the neck is visible 10 

II 

12 

The denta l star is squire in II and in a ll teeth by 12 years 

The teeth that are not fallen out are rcduce to small round pcgs 

• Canine of ruminant is usuall y combined as fourth inciso r 

Source: De I.ahunta and Habel, ( 1986) 

A nnex 3: Preparat ion of Lowenstein-Jensen egg-based medium 

1. Mineral salt solution 

1.1. Ingredi ents 

Potassium dihydrogen phosphate anhydrous (KH2P04) 

Magnes iulll sulphate (Mg S04. 7H20) 

Magnesium citrate 

Asparagine 

G lycero l (reagent g rade) 

Disti lied water 

1.2. Preparation 

2.4 g 

0.24 g 

0.6 g 

3.6 g 

12 ml 

600 ml 

Dissolve the ingredi ents in order in the di st ill ed water by heati ng. A utocla ve at 12 1 "c il)r ]0 

minutes to s te rili ze. Cool to room tempera ture. Th is so lution kccps inde fini te ly and maybe stored 

in suitab lc amounts in the refri gerator. 

2. Malachitc g,·ccn solution, 2% 

2.1. Ingredi ents 

Malachite g reen dye 

Sterilc d istill ed water 

70 

2.0g 

100 m l 



I -

2.2. Preparation 

Us ing aseptic techni ques di sso lve the dye in ster il e d ist ill ed water by plac ing the solution in th e 

incubator lin 1-2 hours. 

3. Homogenizeu whole eggs 

Homogeni sed eggs (20-25 eggs, depending on si ze) 1000 ml 

Fresh hens' eggs. not more than seven days old , are cleaned by scrubbing thorough ly with a band 

brush in warm watcr and plain a lkaline soap. Let the eggs soak for 30 minutes in the soap 

so lut ion. Rinse eggs thoroughl y in running water and soak them in 70% ethanol for 15 m inutes. 

Before handling the clean dry eggs scrub the hands and wash them . Crack the eggs with a steril e 

knife into a s te rilc fla sk and beat with sterile egg whisk or in a s teri le blender. 

The ingredi ents are asepticall y pooled in a large, ste rile flask and mi xed we ll. 

Mincral salt so lution 

Malachite green so lution 

Homogeni zcd wholc eggs 

600ml 

20m I 

1000mi 

The compl ete egg medium is d istri buted in 6-8ml volumes in ste ril e 14ml or 2 81111 McCartney 

bottles or in 20m I volumes in 20 x 150ml screw-capped test tubcs and the tops arc sec urci y 

fastened. !lefore load ing, heat the inspissator to sone to qu icken the bu ild-up or the tcmperat ure . 

Place thc bottlcs in a slanted pos ition in the insipi ssator and coagul atc the mcdium J()r 45 minutes 

at 80"C-8 5"('. Insp issate the medium within 15 minutes of distribution to prevent sedimentation 

of heavier ing redi e nts . 

Source: WIIO (1998) 
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Annex 4: Individual animal tubercu lin skin test result record ing sheet 

u 

'" -'" 
oj ~ 

-u '" >-. oj 

OJ OJ en OIl ~ « ~ 

0 <!) x U OJ ~ " 0 ~ <!) OIl ~ oj 0' 0' , " Z en if] « en 0... 0... « « en en en eX 
~- - .-~ - -_ ._- ~----

-~~---

------- -- ---I---I-----I---~- --~.- -- - -- --- -- --. - -.--

-- +__-+-- --I---__+- - f----+---+---I--- .----

-+--+---+----1---- --- -- -- -- . 

~---+-~--~--I---~----~ 

-+--+---+---1------- -.- ---
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--~- ---- - - -
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_ ___ -"-----_---"---_-----'-_~_-:_-_~_-___ -_~L-~_ -_-I-_-_-_--=J 

72 



! 
I 

I 
! 
[ 

1 

Annex 5: 130vinc tubcrculosi s patho logy sco ring recording format 

o-l o-l .....J o-l o-l o-l o-l 7- /. V> 
.'< 

o-l o-l o-l o-l o-l o-l o-l Z .....J /. /. 0 0 f- .....J :,r, 

@ '" 
~ U to ....J ....J ....J :>: :>: -< if) ;; E 0- 0.. to U co I w..; ~ 

to U '0 to U to ~ c.. co co co::: -< c.. v 0 o-l o-l ....J ~ ~ ~ co::: :2. co::: ....J co::: U U I :>: 0 co::: 

- -- ------ --- -

------- -------- --

--1--+--+-- - - -- -

-r--f---+-~--+-~-I--~--

------ -j---+- -+--+--f--I-- +- - -1- -- - -

-- -- -\--1---\---\----1---\--- --- - -----

-I--1--+--~--1--- --- --- ---- ----- : ----- --

-------

---\---+- -1---

--- .. -------

--- ---------

---1--- -

________ .1_ --' __ .1 I 

MB: Mandi bular: RI'H: Retropharyngea l; CRMD: Cranial med iastinaL CAM !) : Caudal 

mediastina l; R I ~ : Ri ght bronchial; LB: Left bronchial ; HPAT: Hepati c; M loS : Mesenteric : LI.: 

Lung lobe; LN: Lymph node 
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Incubation of tissue specimens cultures aerobically at 37°C 

Some of the mycobacterial colonies as grown on slants ofLJ media 
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