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ABSTRACT 

A cross sceti onal study was conducted on 293 apparently hea lthy camels slaughtered at 

Ji gjiga. Harar, Aweday and Dire Dawa abattoi rs between December 2010 and April 20 11, 

The objective of the study was to iso late and charactcrizc Mycobacterial species causing 

tubcrcu lous lesions III slaughtered camels through postmortcm examination. 

mycobactcrio log ical culturing. and multiplcx polymerase chain reacti on (PCR). A 

preva lence or 12.3% (36/293) was recorded on the basis of postmortcm cxamination and 

the di ffc rence was stati sticall y significant in females (X'=7.474. 1'=0.006) and in poor body 

cond ition (X'~ 7.323, 1'=0.025) camels when compared to their counter parts. About 79.5% 

of tuberculous lesions were found in lungs and associated lymph nodes in thoracic cav ity 

and 15.9% in the lymph nodes of the head indicating inhalation as principa l route of 

infect ion.O f the 36 camels wi th gross ly susp icious TB lesion organs and ti ssues cultured 

myco bacterial growth was observed in 66.7% (24 /3 6). Genotyping of the 17 iso lates using 

multiplex polymerase chain reacti on identified 88.2% ( 15/ 17) of them as mcmber of 

mycobacteria othcr than Mycobaclerium luberclliosis complex and only onc as member of 

M)lcobaCleriul1l ,uberculosis complex. The relati ve ly hi gher isolat ion of nontuberculous 

mycobac teria from most of camel 1'B lesions in this st udy cou ld indicate their pathogenic 

or opportuni stic ro le in the pathology or camel 1'13 signifying th e need to further exam ine 

these species as cause of came l 'I'll so as to c1kct ive ly elucidate its pathology. and enhance 

the effort in the control 01' the disease. 

Key words: Camels, Genotyping, Mycobaclerilllll Illberculosis complex. Nontuberculous 

myco bacteria, Prevalence, Tubercul os is 
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ABSTRACT 

A cross sect ional study was conducted on 293 apparently hea lthy camels s laughtered at 

Jigj iga, Harar, Aweday and Dire Dawa abattoirs between December 2010 and Apri l 201 1. 

The objective of the study was to iso late and characterize Mycobacterial spec ies caus ing 

tu bercu lous les ions in slaughtered camels through postmortem exam ination, 

mycobacteri o logical culturing, and multiplex po lymerase cha in reaction (PCR). A 

preva lence of 12.3% (36/293) was recorded on the bas is of postmortem examination and 

the difference was stati sticall y sign ificant in fema les (l=7.474, P=0.006) and in poor body 

condition (£=7.323, P=0.025) camels when compared to the ir counter parts. About 79.5% 

of tu berculous lesions were found in lungs and associated lymph nodes in thoracic cav ity; 

and 15.9% in the lymph nodes of the head indicating inhalation as principal route of 

infection.Of the 36 camels with grossly suspicious TB lesion organs and tissues cultured 

mycobacterial growth was observed in 66.7% (24/36). Genotyping of the 17 isolates using 

multiplex polymerase chain reaction identified 88.2% (15117) of them as member of 

mycobacter ia other than Mycobacterium tuberculosis complex and on ly one as member of 

Mycobacterium tuberculosis complex. The relatively hi gher isolation of nontuberculous 

mycobacteri~ from most of camel TB lesions in this study cou ld indicate their pathogenic 

or opportunistic role in the pathology of camel TB signitying the need to further examine 

these spec ies as cause of camel TB so as to effectively elucidate its patho logy, and enh2llce 

the effort in the control of the disease. 

Key words: Camels, Genotyping, Mycobacterium tuberculosis complex, Nontuberculous 

mycobacteria, Prevalence, Tuberculosis 
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1. INTRODUCTION 

Pastora li sm refers to the use of extens ive grazi ng rangelands for li vestock production. It is 

one of the key product ion systems in the dry land Africa (FAO, 200 I). Pastora lism covers 

about 25% of the earth 's terrestrial surface, and it is an important economic and cultural way 

of life for between 100 and 200 million people throughout the world surface (WISP, 2008) . 

Pastoral production system accounts for the li ve li hood of 50- 1 00 million people in develop ing 

countries while .60% of this population li ves in more than 21 African countries confi ned to the 

most arid reg ions of the continent (Sheik-Mohamed and Velema, 1999; UND P, 2007). In 

eastern Africa, Ethiopia has the largest pastorali st population (7-8 millions) representing 

around 20 ethn ic groups (Markaki s, 2004). The maj or ethni c groups in Ethi op ia are Somalis, 

Afar, Kereyu and Borena pastoral communities occupying the Eastern and southern lowlands 

of the country (Nori , 2005). Ethi op ia's camel population is estimated to be 0.807 mill ion head 

(CSA, 20 I 0). The eastern part of Ethiopia is considered the heartland of the camel population, 

because it is home to two-th irds of the nation's camels. As in most dry lands of Africa and 

Asia, in Ethiop ia camels are the principal source of income and food for mi ll ions of 

pastoralists. In add ition, camels play a central ro le in providing draught power and 

determin ing the wealth and social status of past ora li sts (And rew, 1993). 

In pastoral comm unities of Somali , Afar and Borena, camels are kept almost entirely for milk 

prod uction (Getahun and Belay, 2002). In these communities, camel mi lk is consumed raw, 

and this hab it combined with close physica l contact with the ir animals create a potential 

public hea lth concern for transmission of zoonotic diseases such as TB from animals to the 

pastoralist (Gezahegne et al., 20 11 ). 

Tuberculosis is a chronic disease caused by bacteria of the genus Mycobacterium that affects 

many an ima l species. It is characterised by developmen t of tubercles in the organs of most 

spec ies and forms tubercles in the organs of most species (Eberle in, 2007). The di sease had 

already been di agnosed around the turn of the 19/" century in dromedaries in Egypt 

(Litt lewood, 1888) and in India (Lingard, 1905; Leese, 1908). M tuberculosis, M bovis and 

atyp ica l mycobacteria have been isolated from drom edaries (E lmossalami el al., 1971 ; 

Osman, 1974 ;Wernery et ai., 2002). Kinne el af (2006) described a TB case in dromedary in 

the Un ited Arab Emirates with typical lesions in the both lungs. The repOit described a 



mycobacteri al strai n of the ante loped of the Mycobacleriun7 tuberculosis complex, closest to 

Mycobacterium bovis. 

Camel TB is genera lly sporadic and camels are not considered to be maintenance host 

(infection can persist by intra species transmission alone, and may also be transmitted to other 

species) and infection is via contact (Cousins and Florisson, 2005). Leese (1969) reported that 

it is frequently found in Egyptian camels, while Mason (19 17) indicated that in one Cairo 

abattoir the incidence of tubercul ous carcasses was 2.8%. Tubercular les ions were found to 

affect the li ver and lungs, or the lungs alone, or were sometimes generalized th roughout the 

body. Mason concluded that camel tubercu losis was caused by the same baci lli that cause the 

bovine type (lvlycobaclerillll1 bovis). Apart from these it was also reported in Somalia 

(Wernery et,al., 2002), Pakistan (Zubair et al. , 2004), and Australia (Manefield and Tinson, 

1997). 

Although the camel is susceptible to bovine tuberculosis, it would appear that the di sease is 

not an important one. In spite of their susceptibility to infection, camels are very resistant to 

the effects of the di sease, and a long period elapses before they become cachectic and 

emaciated (M ukasa-Mugerwa, 1981 ). However in the other hand since bovine TB is caused 

by Mbovis and is a zoonotic di sease implies the greatest im portance of the disease as di'rect 

cause of infection to human mainly through the consumption of raw milk . 

The zoonotic risk ari sing from camel milk should be cons idered because camel milk is usua ll y 

consumed in its raw state. In particular in the pastorali sts of the Horn of Africa where no 

treatment of milk is allowed either it is consumed raw or when it just soured (Eberlein, 2007). 

Donchenko el ,,/. (1975) iso lated M bovis strains from camel milk samples in Russia. Further 

more M bovis, M .aviul11, Mkansasii (Strauss, G. 1995) and Mtuberculosis were iso lated 

(Zubier el al., 2004) in necropsy examination of camels, 

Ethiopia is a country where the impact of TB is particularly important and it is amongst the 

three African countries with highest burden of human TB cases. Regrettably, in the pastoral 

production system, in the low land areas, despite the presence of huge livestock population, 

the actua l prevalence of bovine TB is not yet known. In thi s production system, the study 

process can be complicated by the frequent movement of animals for water (watering point) 

and the live stock markets. To this effect, animals came together from different directions and 

2 



due to the enclosure of the animals overnight may ex pose to the increased transmiss ion of the 

di sease (Shitaye el 01. , 2007). 

Regarding TB in dromedaries of Eth iop ia there are onl y very few studies conducted so far. In 

1979, Richard for the first time report the existence of the di sease in hi s work entitled "The 

Study of the pathology of the dromedary in Borana Awraja (Ethi opia)" (Wernery et 01., 

2002). Further report was made in recent years ind icating the ex istence of the disease and 

specifying some of its causat ive agents (Gezahegne el 01. , 2009; Gezahegne et 01., 20 I I). 

As preliminary work these studies ca lled for the need for further investigation of the 

pathology of camel TB, and identification of its causative agents. The need for further 

investigat ion of the di sease ari se from its very cruc ia l importance both to alleviate the large 

paucity of inform ation on the pathology, and the causative agent ofTB in camels of pastoral 

reg ion of the country and al so more importantly to encourage and enhance the effort in the 

control of the disease and reduce its risk of zoonosis to the pastora li st community of Ethi opia. 

Therefore the general objective was: 

.- Estimating the prevalence of TB in camels and charactcrization of mycobacteria from 

TB suspicious lesions of camels. 

The specific objectives were: 

.- To estimate the preva lence ofTB in camels at Jigjiga, Harar, Aweday and Dire Dawa 

abatto irs . 

.- To isolate, identify and characterise mycobacterial species causing patholog ica l 

lesions compatible w ith bovine tubercul osis in slaughtered camel. 

.- To detect and assess poss ible risk factors for infection and transmission of the 

causative agents in camels. 

3 



2. LITERATURE REVIEW 

2.1. The genus Mycobacterium 

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

Actinomycetales; Family of Mycobacteriaceae, and the Genus of Mycobacterium. (Haddad et 

aI., 2004) The genus shares an unusually high genomic Deoxyribonucleic Acid Gaunosine 

and Cytosine (DNA G+C) content (62- 70%) and production of myco li c acids with closely 

related genera, Nocardia and COlynebacterillm, within Actinomycetales (Han'is, 2006; 

Saviola and Bishai , 2006). The Genus Mycobacterium includes many pathogens known to 

cause serious di seases in mammals, including tuberculosis and leprosy. The phylogenetic 

analysis of the genome of pathogenic mycobacteria has shown that all (except M avium) 

belong to a single genetic species: the Mycobacterium tuberculosis complex (Haddad et al., 

2004). 

2.1. 1. Mycobacterium tuberculosis complex (MTC) 

The Mycobacterium tuberculosis complex (MTC) is the causative agent of tuherculosis (TB) 

in humans and animals (N iemann et al. , 2000). It comprises different species of mycobacteria 

that include Mycobacterium tuberculosis, Mycobacterium aFicanum, Mycobacterium microti, 

Mycobacterium caneltii, Mycobacterium bovis and Mycobacterium bovis BCG (Aranaz, et al., 

1996; van Soolingen, et aI., 1997). Newly recognized add itions to the MTC include 

Mycobacterium caprae, wh ich affect goats and was originally classified as M tuberculosis 

subsp caprae or M bovis subsp caprae (Aranaz, et al., 2003) and Mycobacterium pinnipedii, 

which affects pinnipeds (Cousins, et al., 2003). 

Mycobacterium tuberculosis 

This is the predominant cause of human TB and arguably the most successful of human 

bacterial pathugens. In 1888, Robert Koch first descri bed this bac illus and it is thus 

sometimes referred to as Koch 's baci ll us (As iimwe, 2008). It has been speculated that it is 

from Mbovis that M tuberculosis evolved by specific adaptat ion of an animal pathogen to the 

human host (Stead, 1995).These hypotheses were proposed before the whole genome 

4 



sequence of Mtuberclilosis (Cole, 1998) was available and before comparative genom ics 

uncovered severa l variab le genom ic regions in the members of the MTC (Brosch, 2002). 

Based on the presence or absence of such conserved regions, a degree of relatedness to the 

last common ancestor of the MTC was proposed that the I ineages of M tuberculosis and 

M bovis separated before the Mluberculosis specific de let ion TbD I occurred. From this 

ana lys is it is clear that Mbovis cannot have been the ancestor of Mluberculosis but, rather, 

appears to be descended from Mlliberclilosis or to have emerged independently (Cole, 2002). 

Mycobacterium aji-icanllm 

This species is heterogeneous and has characteristi cs that appear to lie between M bovis and 

Mluberculosis and was first isolated from a Senegalese patient suffering from pu lmonary TB 

in I 968(As ii mwe, 2008).On the basis of geograph ic origi n and biochemical propert ies, 

Ma/i'icanlll11 species have been subdivided into two major subgroups : those from West 

Africa are SUbtype I and are closer to Mbovis , whi le those from East Africa are closer to 

Mluberculosis and are SUbtype II (Niemann el al. , 2003). Recent surveys show difference in 

distribution of Maji-icanllm in various reg ions of Africa(Sola et ai, 2003). 

Mycobacterium bovis and Mycobacterium buvis BeG 

Mbovis is the causative agent ofTB in catt le and other mammals and the disease in humans is 

clinica ll y indistinguishable from that due to infection with Mluberculosis . It has been 

observed that the risk factors for M bovis infection in both an imals and humans especia lly in 

many African sett ings where domestic animals are an integra l palt of human socia l life are 

close contact, food hygiene pract ices like consumption of unprocessed dairy and meat 

products and HIV/AIDS infection (Cosivi el ai, 1998); wh ile other studies have noted 

reactivation di sease due to Mbovis even in areas where catt le TB is we ll controlled (Yates et 

al., 1993). Mbovis BCG (Baci ll us Cal mette-Guerin) has its ori gin from a viru lent Mbovis 

strain. Ca lmette and Guerin performed 230 in vitro passages of M bovis unti l the organism 

lost its viru lence. Wh ile this strain has been used worldwide as a li ve attenuated vaccine, it 

may cause disease but only after vacc ination with BCG (Asiimwe, 2008). 
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Mycobaclerilll1l micrOli 

Mmicroli, wh ich causes TB mainly in small rodents such as vo les, had earl ier been 

cons idered non pathogenic for humans (Kremer et 01., I 998).Considering the DNA sequences 

of the 16s rRNA gene and the 16 S-to-23S inte rnal transcribed spacer region, M microti 

proved to be a member of the MTC. Primary isolation and differentiation by classical 

biochemical tests are comp li cated by very slow growth of thi s species but spo ligotyping 

permits the simultaneous detection and typing of Mmicroti (van Sooligen et 01. , 1998). This 

technique has been applied in two retrospective stud ies of Mmicroti infections in the 

Netherlands and England, enab ling identificatio n of cases in ll amas, cats, and ferrets, as we ll 

as in four humans, on ly one of whom was described as imminocompetent. Niemann et 01. 

(2000) reported two cases of M micrOli infection causing pu lmonary TB in Germany. The 

iso lates were identified as M microti of llama and vole types, accord ing to spoligotype 

patterns, wh ich di splayed reactions with or on ly 2 of the 43 spacers (As iimwe, 2008) 

Mycobacterium caprae 

When iso lates from the MTC cultured from caprine pathological tissue samples in Spain were 

biochemically and genetically characterised, they segrcgated from other members of the 

complex. The results of thi s test ing, together with the repeated assoc iation of this micro­

organisms with goats , suggested that a new member of thi s taxonomic complex not matching 

any of the classical species had been identified. The name M tuberculosis subsp. capre 

subspnov. was proposed fo r theses iso lates (Aranaz et al. , 1996) . Besides biochem ical 

(sensitivity to pyrazinamide) and ep idemiologica l features, strains of this unusual member of 

the MTC showed a specia l combination of pncA, oxxyR , katG and gyrA gene polymorphisms, 

wh ile sequence analys is of the gyr B gene in these strains revealed special nucleotide 

subst itut ion not found in other members of the MTC that cou ld be used to differentiate 

caprine mycobacterial stra ins from M. bovis and other members of the MTC . It was proposed 

that M. tuberculosis SliSp. capre be elevated to species status , as Mycobacterium capre comb. 

1101'. , spnov. (Aranaz et al., 2003). 
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Mycobacterillll1 pinippedii 

Tuberculos is was first diagnosed in sea ls (pinnn ipeds) in Australia (Cous ins el al., 1993) in 

1993. When mycobacterium species iso lated from the lungs of 2 of seals were studied to 

determine the similari ty of the strains to each other, the secretary protein MPB70, present in 

M bovis, was not detected in the wi ld seal iso lates using sodium dodecylsuphate poly 

acrylam ide gel electrophores is and Westeren blotting techniques. Further analys is of protein 

and DNA fragment profiles indicated that seal TB iso lates fo rmed a un ique cluster within the 

MTC. When a comparison of MTC isolates from seals in Australia, Argentina, Uruguay, 

Great Britain and New Zealand was undertaken to determ ine their re lationships to each other 

and their taxonom ic pos ition within the complex (Cousins el ai. , 1993), biochem ica l testing 

clearly confirmed that the sea l isolates be longed to the MTC. In most cases, the iso lates grew 

preferenti ally on media that contained sodiu m pyruvate, and slight di fferences from typical M 

bovis iso lates were note. It was further shown that all isolates contained the sequences 

IS6110, IS I 08 1, mpb70 and mtp40, yet fail ed to produce detectable MPB70 antigen. The 

pncA gene contained CAC (His) at codon 57 and the oxyR gene showed G at position 285, 

simi lar to M tuberculosis , M microti and M aji-icanull1. The seal iso late spoligotypes 

fo rmed a cluster that was clearly different from those of all other members of the MTC. The 

name Mycobclerium pinnipedii sp. nov. was proposed for th is novel member ofMTC(Cous ins 

et al., 1993). 

"/l1ycobaleteriul11 canelli i" 

The name "M canettii" is in quotation since it does not appear the official List of Bacterial 

Names with Standing in Nomenclature (Asi imwe, 2008).ln an attempt to characterize an 

unusual mycobacterial strain isolated from 2-year-old Somali patient with lymphadenitis, van 

Sool ingen et al. (1997) appl ied various molecular methods to a bacillus that produces smooth 

and glossy colonies, which is highly exceptional for thi s species. In another study, Mi ltgen et 

al. (2002) identified an unusual strain of mycobacteria from two patients with pulmonary TB 

its smooth, glossy morphotype and, primarily, its genotypic characteristics. Spoli gotyping and 

IS6 110 RFLP revealed that it was M canel/ii. All known cases of TB caused by M caneltii 

have been contracted in the Horn of Africa, as was al so the case of a Swiss patient described 

by Pfyffer el al. ( 1998). The prevalence of M caneltii iso lates may be underestimated in t,he 

routine microbiology laboratory due to their close sim ilarity to M tuberculosis, palticularly as 
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the smooth co lony type easily reverts to give a stable rough colony type 111 Mcanetli. 

(Asii mwe,2008). 

2.2. Genom ics and evolutionary relationships of MTBC 

Comparati ve analys is with the genome sequences of Mycobacterium tuberculosis complex 

(MTBC) prom ises to expose the genetic basis for the phenotyp ic diffe rences between the 

tubercle bac illi, offering unpara ll e led insight into the virulence factors of the MTBC 

(Gordonafl et 01., 200 I). The use of delet ion analysis in conj unction w ith mo lecu lar typ ing 

and ana lysis of specific mutations was shown represent ing a very powerful approach for the 

study of the genomics and evolution of the tuberc le bacill i and for the identificat ion of 

evolutionary markers (Gordonafl et 01., 200 I; Brosch et 01., 2002). 

Because of the un usua lly high degree of conservation in thei r housekeep ing genes, it has been 

suggested that the members of the complex underwent an evolutionary bottleneck at the time 

of speciat ion, estimated of having occurred roughly 15,000 - 20,000 years ago (Brosch et 01., 

2002). Differentia l hybrid ization arrays based on regions of difference chall enged the 

previous M bovis genome analysis that M tuberculosis human adapted variety of M bovis 

that was acquired from cattle. The irreversib le DNA materia l uncovered by the M bovis 

genome sequenc ing proj ect and systemat ic analys is of po lymorph isms in a large panel of 

strains indicate qui te a different scenario from the prev ious. The analysis indicates that the 

common ancestor of the tuberc le bac illi resembl ing to M tuberculosis or M canettii (B rosch 

et 01. , 2002; Fri tsche et aI., 2004). 

The complex inc ludes M canetlii, M tuberculosis, M africanum, M microti, M bovis, M. 

caprae and M pinnipedii (Fig.2). The group characteri zed by more than 99.95% sim ilarity at 

the nucleot ide level and identica l 16S rRNA sequences (Tauro et 01., 1996; Brosch et 01. , 

2002). However, a comparati ve genomic analysis shows that minor genome changes have a 

profound effect on the host tropisms, phenotypes and pathogen icity (Brosch et 01., 2002). 

Success ive DNA de let ions, starting by the loss of region RD9 from M tuberculosis originate 

M a/i'icanul11, M microti, and also after loss of RD4 M bovis. Moreover, a further de letion of 

RD I during in vitro adaptat ion of M bovis gives av irulent M bovis BCG strain (Fig.2) 

(Brosch et al., 2002). 
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Figure 1: Proposed evolution of mycobacterial pathogens from a common ancestra l M 

cannetti strain and phylogenetica lly inform ative mutati ons in the lineages leading to M hovis. 

The scheme bases on the presence or absence of conserved deleted regions and on sequence 

of po lymorph isms in fi ve selected genes. 

Source: Brosch et al. (2002). 

2.3. Virulence Factors ofMTBC 

Virulence factors of mycobacteria are the special properti es that enable them to infect, 

survive, mul tiply and cause disease in their host (Co llins, 200 I ; Thoen et al., 2006) .Most 

studi es of mycobacterial virulence determi nants have been performed on M tuberculosis 

rather than on other members. However, the presence of homologous genes in other members 

of the complex and the close re lationship between these microorganisms indicate the use of 

similar virulence determinants and mechanisms of pathogenic ity. Complex lipids, extracted 

from both virulent and attenuated stra ins of mycobacteria, have been extensive ly evaluated by 

in vivo or in vitro systems to obtai n in formation on their signifi cance in di sease (Chua and 

Deret ic, 2004). 
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Therefore, the ce ll wa ll core of mycobacteria is composed of three covalently attached 

mo lecules: 10 peptidoglycan, arabinogalactan, and myco li c ac id. G lyco li pid complexes 

present in the ce ll wall of virulent and attenuated strai ns of mycobacteri a are extensively 

exa mined to obtain in formation on the ir s ignificance in granuloma formation. An important 

property of virulent tubercle bac illi is their abil ity to form cord factors when grown in liquid 

culture med ium (Chua and Deretic, 2004; Thoen and Barletta, 2004). 

On the other side, the effects of mutations in cell wa ll components could have indirect effects 

that extend we ll beyond the phys ica l integrity of the wa ll itse lf (Ba rry, 200 I). Moreover, 

differentia l hybrid ization arrays within MTBC identified 14 reg ions of difference (RD I- 14) 

that were absent from M bovis BCG Pasteur relative to M tuberculosis 1-1 37Rv (Fig.2) . In 

addit ion, loss of RD I has been demonstrated as the mechanism of virul ence attenuation in M 

bovis BCG during in vitro adaptat ion (Behr el al. , 1999; Gordon el al. , 1999; Brosch el al. , 

2002). 

2.4. Growth requirements and cultural characteristics 

Samples before being tested for mycobacterial growth must be decontaminated to remove 

rapidly grow ing micro fl ora . Decontam ination procedu res take advantage of the thick lipid 

enve lope of mycobacteria and its natural resistance to chemical agents. N-Acety l-L-cyste ine 

(NALC) (0.5-2.0%) liquefies sputum samples. T he compound has not onl y minor inhi bitory 

etlects on mycobacteria but also does a ll ow other antibacteri a l agents to access and neutral ize 

contaminati ng orga ni sms. Sod ium hydrox ide (NAOI-I 4%) is another decontaminating used to 

inactivate contaminating bacteria with only modest inhib itory cHects against mycobacteria 

(Isenberg, 1992; Metchock el al. , 1999; Pfyffer, 2003) 

Once decontaminated, spec imens may be used to inoculate either a solid or liquid growth 

medium. The so lid growth media are ava ilable as e ither egg- or aga r-based. Both types of 

so lid media conta in malachite green dye, whi ch inhib its the growth of many other bacteria. 

The com monly used Lowenstein-Jensen (LJ) medium is egg-based, whereas Middlebrook 

71-1 I 0 and 71-1 II are agar-based med ia, growth can also be assayed in a liq uid medium such as 

Middlebrook 71-19. For the culture of t issue, sputum, milk spec imens and others clinical 

samples the LJ med ium is the first choice. Because it is easy to prepare, least expensive while 

supporting good growth of tubercle baci lli , ca n be stored in the refrigerator for several weeks, 
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contamination during preparation is limited for it can be insp issated after be ing placed in 

bottl es. In addit ion, the malach ite green added to the medi a suppresses the growth of non 

mycobacteria l organ isms while prov iding green background during readings of co lonies 

(Woods et al., 1997). Furthermore, the International Uni on Agai nst Tubercul osis and Lung 

Disease (l UATLD) is recommended the modified LJ med ium conta ining glycerol favo urs the 

growth of !vI tuberculosis whil e LJ medium without glycero l but containing pyru vate 

enhances the growth of !vI bovis. In addi tion, both should be used in countries or regions 

where pat ients may be infected with e ither organism (Woods el al., 1997). Furthermore, the 

growth of!vI bovis in liquid med ium is di ffused, but on a solid medium is dry, sparse, delicate 

and non luxuriant (Quinn et al. , 1999) while the growth of!vI tuberculosis in sol id med ium is 

dry, rough co lonies with sometimes nodular or wrinkled surfaces (Pfyffer, 2003). 

However, so lid growth media has some limitations. Beca use th ey are both labour and time 

consuming i.e. it may take fi ve to eight weeks before cu ltures become pos itive, especially if 

specimens conta in few bac ill i or if decontamination procedures have been overl y harsh. To 

shOlt en th is, in most developed co untries, the Bactec (Becton- Dickinson) system is used. 

With rega rd to this, samples are decontami nated as necessary and added to vials con tain ing 

Midd lebrook 7H 12 or 7H9 media, an antib iotic mixture and 14C- labelled palmitic acid 

(Pfy fferel aI., 2002). If mycobacterial growth uccurs, 14C palmit ic ac id is ut ilized and 14C02 

is prod uced . In th is method growth of mycobacteria may be detected within 5-7 days, but 

positi ve resul ts require further testing to distingui sh between tuberc le baci lli and o,her 

mycobacteri a (Pfyffer el al., 2002) . 

2.5. Morphology and staining characteristics 

Mycobacteria are non-motil e, non-spore fo rmi ng, pleomorphic bac ill i or coccobac illi . In 

tissue samples they appear as rods, wh ich may be straight, curved, or in the form s of c lubs. 

They occ ur singly, in pa irs or as sma ll bundles (Qu inn et ai. , 1999). The dist inguishing 

features of pathogenic mycobacteria are the fo rmati on of characteri stic cords on ac id fast 

staining (Thoen and Barletta, 2004). The mycobacteria l ce ll wall is tripl e layered comprising 

a basa l peptidog lycan layer and an intermediate arab inoga lactan myco late complex. The outer 

layer is lip id rich, compris in g surface rope-like structu re of peptidoglyco li pid (Thoen and 

Barletta, 2004). 
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Mycobacleriul11 species may be inv isible by Gram staining. Therefore, specia l ac id-fast 

staining procedures are necessary to promote the uptake of phenol dyes and hi gher 

temperature in the classica l Ziehl Neelsen sta ining all ow penetrat ion of the carbo I fuchsin 

sta in more eas ily. When counterstained with methylene blue, the red to pink stained acid fa st 

bac illi (APB) are highlighted against a blue background which facilitates their microscopic 

recogni tion (Metchock el 01., 1999). 

2.6. Diagnostic tests for mycobacterial infections 

To date, the diagnosis of tubercul osis has not im proved signi ficantly particularly in 

developing countri es and still relies heav ily on staining and cultu re of sputum and tissues or 

other clinical specimens which were developed more than 100 years ago. Even though, 

culturing is go lden standard diagnostic technique, but not presum pti ve between spec ies. In 

response to this demand, new rapid diagnostic methods: molecular diagnostic techniques are 

urgently sought (Wei-Juin, 2002; Heekyung el 01. , 2004). In the coming sections different 

diagnostic techniques are rev iewed. 

2.6.1. Ante mortem examination 

Bovine tu bercul os is is tentati vely di agnosed by its clinical symptoms (Se ife rt, 1996). Clinica l 

signs such as chron ic debi li tation, moist cough, low-grade fever and enlargement of local 

lymph nodes may suggest infection with tu berculos is (OlE, 2004). Nevertheless, other 

techniques are required to confi rm the diagnosis. 

2.6.2. Smear microscopy 

Smear microscopy is still among the most rapid and inexpensive ways to diagnose 

tuberculos is and a rapid means to identify the most contagious pati ents with high specifi city 

and also with high positive predictive va lue for tuberculos is (>90%) for resp iratory specimens 

(Kaufmann and Hahn, 2003). However, the overall sensitivity of the smear ranges from 22 to 

80% from clini ca l spec imens, and in addition to thi s, species diagnosis is im possible 

(Metchock ef 01., 1999; Ka ufmann and Hahn, 2003). 
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2.6.3. Immunod iagnosis 

The diagnos is of camelid tuberculosis in living animals faces many difficulties. None of the 

tests ava ilab le can diagnose tubercu losis with certainty (Wernery el al. , 2002). 

Tuberculin iesl 

The tuberculin skin tests are the internati onal standard for ante-mortem diagnos is of BTB in 

cattle herds and indiv idua l ani mals. They are based on eliciti ng cell -mediated immunity 

dependent delayed-type hypersensitivity (OTH) response, to the intradermal injection of 

tubercu lin, a crude protein extract from supernatants of mycobacterial cultures (Pollock el a/., 

2006). The tuberculin skin test, involves the inject ion of 0.1 ml M bovis purifi ed protein 

derivati ves (PPO) intradermally and observation of the injection site at 72 hours in cattle, and 

any in fl ammatory response is class ified as a reactor cattle with suspicious reactions to the 

caudal fo ld test are subsequently subjected to a comparative cerv ica l test to determ ine their 

re lative responsiveness to biologica lly balance of M bovis and M avium subspecies avium 

PPO. Catt le inlected with M bovis will deve lop more induration (measured as an increase in 

skin th ickness at the site of injection) in response to the M bovis PPO than to the M avium 

PPO. The increase in skin thickness at each injection site is plotted on a scattergram. The 

results are classi fi ed as negati ve, doubtful, or reactor (pos itive) based on infl ammatory 

response of skin swelling (Poll ock et ai., 2006). 

Intradermal tuberculin testing, which is the classical diagnostic test, often gives nonspecific 

reactions in camel ids. Several papers repOit non-spec ific skin reactions in camels. The 

literature contains reports of dromedary camels with positi ve responses to intradermal 

tube rcul in testing that range from 1.9% reactors in India to 37% in Kenya (Wernery el aI. , 

2002). 

A program to control tuberculosis in camel ids based only on intradermal tuberculin tests will 

face severe deficiencies. One of the main reasons for false-positi ve or fa lse-negati ve reactions 

is not the structural compounds of the camel ids skin but the presence of atypical 

mycobacteria l antigens that are common in camel ids. The common antigens shared with 

Nocardia and COIynebacleriae further negatively affected the specificity of these tests 

(Wernery el aI. , 2002). 
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Serological tests 

It is obvious that camels are susceptible to tuberculos is but thi s disease is very difficult to 

diagnose on c linical grounds. A definitive diagnosis of tuberculosis requires the cultu ring and 

specification of the organism. Cons iderable effo rts have been undertaken in the development 

of sero logical tests for the diagnos is of tuberculosis, but they still remain inadequate for the 

clinical application of this di sease (Wernery et 0/.,2002). 

The ante mortem tests, such as lymphocyte transformation and ELISA tests have also not 

been very rel iable in undomesticated mammal s because of false -negative and fal se-positive 

reactions. This is a lso true for tubercu los is testing in camel ids. However, it is recommended 

that several tests be used to aid in the diagnosis of tuberculosis in camel ids (Fowler, 1998). 

2.6.4. Post-mortem inspection 

During necropsy, the lymph nodes, espec ially those associated with the head, thorax and 

abdomen are closely exam ined with good light source. Careful examination of as few as 6 

pairs of lymph nodes, the lungs and the mesenteric lymph nodes can result in 95% of 

inspected animals wi th macroscopic lesions being identified . However, this method is not 

useful to determine the significance of an imals that give a pos iti ve reaction in diagnostic tests 

but do not have vis ible les ions. Non visible lesion reactors may be due to earl y infection, poor 

necropsy technique or infection with mycobacteria other than M tuberculosis complex. 

Above all , it is not always possible to differentiate TB lesions by gross examination from 

those of other infections (Croner, 1994; Vordermeier el 01. , 2002). 

2.6.5. Histopathological techniques 

For hi stopathology, fi xed samples (in 10 percent formalin ) from lesions are required (Quinn et 

of., 1999) and hi stologic sections are stained with hematoxy lin-eos in (Biberstein and Hirsh, 

1999). Microscopic appearance of a typica l BTB lesion consists of a peripheral zone of 

mononuclear ce ll s, fibroblasts and giant ce lls with central caseous necrosis (Quinn et 0/., 

1999). The presumptive diagnosis of mycobacteriosis can be made if the ti ssue has 

characteri stic hi stologica l lesions such as caseous necrosis, minerali zation, ep itheloid cell s, 
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multinucleated giant ce ll s and macrophages. The presence of ac id-fast organi sms 111 

histological sections may not be detected (O lE, 2004). 

2.6.6. Iso lation and identification of Mycobacterium 

A de fini t ive diagnosis of tuberculosis requires the culturing and spec ifi cation o f the organi sll1. 

The presence o f Mycobacterium spec ies in clinical samples and post-mortem specimens may 

be demonstrated by examinati on of stained smears and confirmed by cultivation o f the 

organi sm on Lowenstein-Jensen medium (Ol E, 2004). Cultures are incubated for 8 weeks at 

37 dc. When growth is vi sible, smears are prepared and stained by the Ziehl-Nee lsen sta ining 

technique. 

Growth of M bOllis generally occurs within 3-6 week incubati on. lvf bOllis will grow on 

Lowenstein-Jensen med ium with pyru vate, but M tuberculosis grow we ll when glycero l is 

added to the medium. Characteristic growth patterns and co lonia l morpho logy cannot provide 

a presumptive d iagnosis of species (01 E, 2004). 

2.6.7. Molecular diagnostic techniq ues 

Molec ular d iagnostic techn iq ues allow investi gators to determine whether the species or strain 

causi ng di sease in one case is identica l to that causing disease in another case, and hence 

whether transmiss ion could have occurred. In addition, the level o f genetic relatedness of 

Mycobacterilll7. isolates can be determined (Durr et al. , 2000; Kaufman and Hahn, 2003; van 

Soolingen et ·al., 2003). 

Poly merase chain reaction (peR) 

DNA amplificati on by pe R prov ides a rapid and sensitive method for the detection of M 

tuberculosis complex. The development of any spec ies-specific pe R assay requires that the 

target gene or DNA fragment be present in all the iso lates from the particular species of 

interest and be. absent from all other unrelated species (Jahans and Worth, 2006). The pe R 

techniq ue is much faster than culture, prov ides detection of M. bovis when rapidly growing 

Mycobacterium species are present in the sample and may be able to detect the presence of M. 

bOllis in samples even when organisms have become nonviable. It could be used as a rapid 
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screening technique wh ich would be complementary to culture of tissue specimens for the 

routine diagnos is of bovine tuberculosis (Jahans and Worth, 2006). 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 tissue that was 

tested. Other samples of ti ssue from the same animal could harbour M bovis. Therefore, a 

negati ve test result from PCR does not provide conclusive proof that an ani ma l is not infected 

with M bovis, especially if the animal originated from an infected or suspect herd. PCR 

requ ires soph isticated laboratory eq uipment, fac ilities, and advanced technica l skil ls (Jo ll y el 

a/. , 2007). The most common PCR based molecular typing methods fo r MycobacleriulII 

species are multip lex PCR (mycobacterial genus typ ing), 16SrRNA, RD4, RD9, RD I 0 

delet ion typing (Durr el al., 2000; Saunders and McFadden, 2003 ; van Soolingen el a/. , 2003; 

Ayele el al., 2004; Harris, 2006). 

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

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

differentiate between mycobacteria in general and between members of the M tuberculosis 

complex in particular. PCR amplifi cation of genomes such as 16S rRNA, mtp40 gene, mpb70 

gene, pncA gene, the oxyR gene and the regions of difference (RD) (Haddad et al., 2004) are 

used to differentiate the genus Mycobacferium or, M tuberculosis from M bovis isolates. 

Spoligolyping (spacer oligonucleotide Iyping) 

The genom ic advances in molecular typing have improved our understanding of the 

dissemination of MTBC and he lped improve our ab ili ty to di stinguish among strains. The 

genomics of the MTBC carry a single region on the chromosome called the direct repeat (DR) 

locus and th is single locus is composed of a series of 43 identica l DR sequences. Each DR is 

bp long, interspersed by spacer sequences varying in length from 35 to 4 1 bp and DNA 

polymorphism in this locus allow for stra in typing (Kamerbeek et al., 1997; Costello el al. , 

1999). Spoli gotyping is now considered as standard alternat ive molecular techniques for 

strain typing (Supply et al., 2000; All ix el al. , 2004; Sophie el al. , 2006). The tech nique is 

PCR-based that evaluate the polymorphism of the direct repeat copy number at several loci 

and have been used to identify different strains of the complex (Skuce and Ne ill , 200 1; 

Gibson et al., 2004; Sophie el al., 2006). 
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Moreover, the DR region is the basis of a novel mycobacterial strain-typing technique ca lled 

" reverse line blot hybrid ization," or spoligotyping. In th is, polymerase cha in react ion (PCR) 

products are ampl ified using RFLP primers specific for the DR sequences. Thus, products of 

multiple s izes are generated, representing a ll the spacer sequences present in an isolate 's 

genome (Fig.2) . Us ing a spec ialized dot-blot apparatus, this prod uct mi xture is then 

hybridized aga inst a membrane to which the 43 indi vidua l spacer sequences have been 

cova lentl y linked, generating a specific pattern (spo li gotype) of positive and negative 

hybridization signa ls (Fig.3) (Kamerbeek et aI., 1997). Each spacer is then ass igned the va lue 

of 0 (negative hybridization s ignal) or I (pos iti ve s ignal) . The 43 spacers are then divided into 

a set of 14 triplets with one extra, and each set is then converted to a IS-digit octa l code 

(Fig.2) (Kamerbeek el aI. , 1997) . 

Differences between spoli gotype patterns are mainly the result of de let ions of spacer sequence 

reg ions. Interest ingly, the absence of spacers 3, 9, 16, and 39-43 is a characterist ic of all M 

bovis stra ins (Coste llo, 1999) and is thought to be a result of the deletion of thi s region by 

homologous recombination instead of genetic divergence from the M tuberculosis spacer 

sequence (Caimi., 200 I). 

Spol igotyping has the advantage of being s ignifican tly less techn ica ll y demand ing than other 

fin gerprinting, with a much shorter turnaround time. In addition, the degree of differentiat ion 

ach ieved by spoligotyping is higher than that of IS6110 RFLP for M bovis (Kamerbeek el aI. , 

1997). However, the maj or drawback to spo li gotyp in g is that it can on ly identify 

polymorph isms within the DR c luster. Despite thi s limitation, spoligotyping is capable of 

providing sat isfactory sens itivity for routine mo lecul ar epidemiolog ic analyses at both 

regional and globa l levels (Cai mi, 200 I). 
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Figure 2: Schemati c diagram of a segment of the direct-repeat locus in the mycobacterial 

genome. The direct-repeat sequences are depicted as rectang les, interspersed by variable 

length spacer regions, labeled 8- 28. The in vitro amplification of the DR region by PCR is 

represented by the expanded diagram, which illustrates a series of five direct repeats 

containing spacer regions 14- 17. Spoligotyp ing primers directed aga inst term inal sequences 

of the DR region are shown as outward fac ing arrows, whereas the variable-length 

po lymerase chain reaction products generated from these primers are indicated as so lid lines 

below the diagram . 

Source: Kamerbeek et al. (1997). 
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Figure 3: Diagram demonstrating the hybridization pattern (spoligotype) and octal code 

derivation for M bovis BCG. Posit ive hybridization signal s are represented by so lid black 

rectangles, and negative signals are indicated by em pty rectangles. The numbers directly 

be low rectangles are the assigned value of 0 or I, for negat ive and positive hybridizati on 

signals, respective ly. The octal code is derived from these va lues by first a ll ocating the 
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ind ivid ual signals into 14 sets of triplets plus one additiona l singlet. Within each trip let, the 

fi rst position is arbitrar ily ass igned the value of 4, the second pos ition is ass igned the va lue of 

2, and the third position is ass igned the va lue of I. These va lues are then summed fo r each 

positive signa l within the triplet to arrive at a single digit. The 15 individual digits then form 

the unique octal code fo r an iso late. 

Source: Kamerbeek ef al. (1997). 

In general, the find ing of genetic differences between two stra ins of a Mycobacterium species 

impl ies that they presumab ly originate from di fferent sources, which is a fundamental 

question to be answered during a di sease outbreak. Confidence in this assumption can be 

increased by using more than one typing system to detect genetic di ffe rences, as various 

genet ic markers target changes or mutations within di fferent parts of the mycobacterial 

genome (van Soolingen et 01., 1995; Ka ufmann and Hahn, 2003 ; Thoen and Barletta, 2004). 

2.7. Molecular epidemiology of Mycobacterium luberculosis complex 

The deve lopment of DNA finge rprinti ng techniques for typing Mycobacterium tuberculosis 

complex iso lates during the last decade has led to an increasing number of studies of the 

molecular epidemiology of tuberculosis. The techn iques have led to im provements in the 

identificat ion and recognition of subspecies of the Mycobacterium tuberculosis complex such 

as Mycobacterium tuberculosis H37Rv, M bovis BCG and M microti (Ferdinand el 01., 2004; 

Smith el 01., 2005; Soph ie et 01., 2006) which were prev iously difficult to identify using 

biochemical procedures. Two new spec ies have been identified with in the complex, namely 

M canettii which is the most divergent subspecies withi n the complex, and M tuberculosis 

subspecies. caprae subspecies. nov. which has been isolated mainly from goats (Aranaz et 01., 

1999; Ferdinand et 01., 2004; Smi th et 01., 2005) 

Strain typing in different geographic areas has revealed that the population structure of M 

tuberculosis complex iso lates differs significantly between settings with a low and a high 

incidence of tuberculosis. This has led to extensive research on se lecti ve adva ntages of 

predominant genotypes, such as the ' Beijing' genotype of M tuberculosis, which is highly 

preva lent in Asia. Selecti on of predominant M tuberculosis genotypes may have im pli cation 

fo r research on the development of new tuberculos is vacc ines (Ferdinand el ai. , 2004; Smith 

et 01. , 2005). 
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The recent introducti on of whole genome analys is has provided poss ibilities to associate the 

presence or absence of particu lar genes present in complex with pathogenicity and 

transmissibility (Ferdinand et 01., 2004). Th is genetic marker, with a low turnover, will also 

provide new insight in the evolutionary deve lopment of the M tuberculosis complex and 

offers poss ibilities for a renewed identification of taxons within the complex (S mith et 01., 

2005; Sophie el 01. , 2006). 

2.8. Distribution 

Based on estimated number of incident cases in human, India, China, and Indonesia are the 

top among the world 's 22 high-burden tuberculos is (TB) countries. Ethiopia ranks seventh in 

this report. The country had an estimated 314,267 TB cases in 2007, with an estimated 

incidence rate of 378 cases per 100,000 populations (W HO, 2009). 

However, the distribution and incidence of zoonotic tuberculosis probably remains 

underestimated, as a distinction between the Mycobacterium species, i.e. M bovis and M 

tuberculosis, IS not systemat ically performed, especially in develop ing countries 

(Anonymous, 2006; Sarah et 01., 2007). Industrialized countries have eradicated or drastica lly 

reduced the prevalence of M bovis in fection in both animals and humans through animal 

tuberculosis control and elimination programmes, improvements in mil k hygiene, 

pasteurization and awareness creation on the zoonotic and economic significance of M bovis 

in fection. In developing countries, however, an imal TB is widely di stributed because control 

measures are not applied or are appl ied sporadicall y and milk pasteurization is rarely 

practiced (Cosiv i, 1998; Amanfu, 2006). 

Data on the occurrence of animal tubercu los is in develop ing countries li ke Africa are 

generally scarce. It is difficult to measure the precise morb idity of the di sease in some 

countries and only qualitative assessment often not supported by laboratory or field 

invest igations, are submitted to OlE (Amanfu, 2006; Sarah el 01.,2007). 

In Ethiopia bovine tuberculos is is endem ic, although the epidemiology and zoonotic 

importance of the di sease is not we ll known due to lack of nation-wide investigation. 

However, the disease has frequently been reported in Eth iopia from small sca le studies, 

though the magnitude of the impact of BTB on anima l hea lth is largely unknown. Since the 
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disease is known to affect a large host range (cattle, goat, sheep, camels, humans, and 

wi ldli fe) it makes its assessment d ifficu lt (A meni el al., 2006; Ameni el al ., 2007; Yimenu 

and Demiss ie, 2008; Gezahegne el al. , 2009). 

2. 9. Risk factors to mycobacterial infections 

2.9. 1. 1·lost facto rs 

One of the ma in host ri sk factors identified by numerous studies in both deve loped and 

developing co untri es is the age of animals. The durati on of exposure increases with age; older 

animals are more like ly to have been exposed than younger ones (Kazwa la el al., 200 I; 

Cleaveland el aI., 2007; Inango let el al., 2008; Munyeme et al., 2008). Since camel can live 

around 40 years (Kinne el al. , 2006) they are more affected than other domestic animals. Sex 

is the other risk factor whi ch has been mentioned in studies carried out in cattle. Opinions 

di verge regard ing its influence on the susceptibil ity to a M bOllis infection (Kazwa la et al. , 

200 I). A cross-sect ional study on im ported catt le in Uganda revea led signi ficantly more 

females positive to the skin test than males (I nangolet el al., 2008). Sex- linked factors are 

probably re lated to management practices or behavioura l hab its . Regard ing pastorali sts in east 

A frica, they have preference to fema le an imals. Thercfore, based on the above analogous 

stud ies, it is most probab ly the risk factor of mycobacteria l infect ion in came l. The other host 

fac tor is poor BCS an increased risk ofa positive skin test resul t. Sk in test reactors might have 

a poor BCS as a consequence of an advanced stage of BTB, as suggested by cross sectional 

study indigenous cattl e carried out in Tanzania; animals suffe ring fro m a clinica ll y advanced 

BTB often present a low BCS as a resul t of the long-lasting patholog ical process (Kazwala el 

al., 200 I). 

Immunosuppress ion is another pred isposing factor for a number of diseases. Thus, the risk of 

infecti on with M bOllis also increases, a lthough it has not been sc ientifi ca lly demonstrated in 

cattle to date. The ev idence is extrapo lated from studi es of M luberculosis in mice (Menzies 

and Ne ill, 2000). Genetic mechani sms of non-spec ific immuni ty could e liminate a low-dose 

M bovis cha llenge: bronchi al mucus, e ffi ciency of the mucociliary escal ator, active non­

specific macrophages in the lungs (and the ir lysosomal enzymes) as well as their destructive 

effi c iency are some examples (Phillips et al. , 2002; Morri s, 2007). 
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Vertical transm iss ion of M. bovis was described as host ri sk factor from an in fected dam to 

her ca lf through congenital in fection in utero (Ozyigit el oi. , 2007). Ingestion of contaminated 

colostrum/ milk is another way of BTB transmission from cow to ca lf. The ri sk is more 

im portant in developing countri es where control measures are not very effective (Ph illi ps e l 

al., 2003). An animal is infected th rough autoin fection. For example, the oral route might 

furth er emit conta minated aerosols during the rumination process. The animal might inhale 

these contaminated aerosols and a subsequent respiratory infection can occur (Phillips et aI., 

2003) and the same is true from respiratory to oral route. 

2.9.2. Agent fac tors 

All MycobacleriunI spec ies share a characteri stic ce ll wa ll , thi cker than in many other 

bacteria, which is hydrophobic, waxy, and ri ch in myco li c acids/mycolates . The ce ll wall 

consists of the hydrophobic myco late and a peptidoglycan layers held together by a 

po lysaccharide, arabi noga lacta. The ce ll wall makes a substantial contribution to the hard iness 

of thi s ge nus (Bham idi, 2009). Optimum growth temperatures vary widely according to the 

species rang ing from 25 °C to over 50 °C. For example, M bovis is highl y susceptible to 

sunl ight, but it can survive for severa l months in the environment, in moist so il and in 

darkness that remains viable for long periods (>6 months) in frozen tissues (Jahans and 

Worth,2006). 

Some species become diffi cult to culture (i .e. they are fastidious), sometimes they take over 

two years to deve lop in cul ture. Some species also have extremely long reproductive cycles. 

For example, M leprae may take more than 20 days to proceed through one di vision cycle 

(for comparison, some E. coli strains take onl y 20 minutes), and also M luberculosis and M 

bovis take 16-24 hours to proceed one divi sion cycle. These making laboratory culture a slow 

process (Kaufmann and Hahn, 2003). In add ition, the avai labi lity of genetic manipu lation 

techniques sti ll lags fa r beh ind that of other bacteri al spec ies (Parish and Brown, 2009). 

Mycobacteri a can colonize their hosts without the hosts showing any adverse signs. For 

example, billions of people around the world are infected with M tuberculosis without never 

knowing it for they do not develop symptoms. Also, mycobacterial infect ions are notoriously 

di ffi cult to treat. The organisms are hardy due to their ce ll wa ll which is neither truly Gram 

negat ive nor pos itive and unique to the family. They are naturally res istant to a number of 
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ant ibiotics that work by destroy ing cel l walls such as penicillin. Also, because of this ce ll 

wa ll , they can surv ive long exposure to acids, a lkalis, detergents, oxidative bursts, lys is by 

complement and antibiotics which eventually leads to antibioti c resistance. The other 

distingui shing features of pathogenic mycobacteria are the form ation of characteristics cords 

on acid fa st sta ining (Thoen and Barletta, 2004). 

2.9.3. Environmental and management factors 

Housing and feed ing cond itions are other important ri sk factors fo r an imal tuberculosi s since 

transmiss ion of BTB between an imals is mainly aerogenic, c lose contact between animals 

becoming a major ri sk factor (Menzies and Ne ill, 2000; Ameni el al., 2006) . The severity of 

BTB was significantly greater in cattle kept indoors at a higher population density than in 

cattle kept on pasture. Therefore, close contact facilitates the transmiss ion of infective 

aeroso ls between an imals. In this regard, mi xing animals from different herds is common in 

Afri ca (Ameni el al., 2006). Moreover, pastora lists in east Africa move from place to place 

with their li vestock includ ing camels and also mi xing is common with other herds. This close 

prox imity may favo ur the transmission o f the infection between in fec ted and susceptible 

an imals and/or herds. The disease incidence grows more in intens ive dairy farms than heef 

ranches. Factors that play role in predisposing an irnals to infection inc lude type of production 

(dairy catt le are at risk), suckling (ca lves become infected by ingesting contaminated mil k), 

and presence of wild reservoirs of M bovis infection for grazing cattle (Quinn el aI., 1999). 

Cattle movement, purchase, grazing field boundaries or short swards and spreading cattle 

s lurry on the fi elds are a potential risk for transmission of the di sease between cattle (Thoen et 

al., 2006). 

Ci rcumstantial ev idence suggests that an adequate intake of minera l, vitamin and protein 

co uld reduce the susceptibili ty of cattl e to BTB infection (Thoen el al., 2006). A lthough 

weather patterns implicate in the susceptibility of herds, it is concluded that some red uction in 

the susceptibility of cattle to M bovis infection can be achi eved by modificati ons of the 

management pract ices to minimize the weather risk factors (Thoen el al., 2006).The arriva l of 

an in fected animal in a BTB free herd serves as one of the major ri sk factors for introducing 

of the disease (Gopal el al., 2006). 
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Movement of animals was recently shown to be a critical risk factor in a study conducted on 

analyzing cattle movements. For instance, molecu lar typing demonstrated an imal movements 

as greatly responsible for most outbreaks reported (Gopa l el al. , 2006). This specific factor 

retains a major impact on animal movements Ii'om an endemi c zone to a BTB-free zone 

(Oloya el al., 2007; Munyeme et ai. , 2008). 

2.9.4. Co- infection with HIV/ADIS 

One of the greatest cha llenges in the fight against the globa l TB epidem ic is the HIV 

epidemic. The vast majority of people carry ing th is dual infection live in developing countries 

(Cosivi el al., 1998; WHO, 2009). The occurrence of both infections in one person makes TB 

infection very like ly to progress 5% to 15%, depending on their level of immunosuppression 

to active disease. Before 15 years HIV seropreva lence rates greater than 60% found in TB 

patients in various Afri can countries (Ravig lione el al., 1995). 

The epidemic of HIV infection in developing countries, particularly countries in wh ich M 

bovis infection is present in an imals and the cond itions favo r zoonotic transm ission, cou ld 

make zoonotic TB a serious public health threat to persons at ri sk (Grange et al. , 1994; Cosivi 

et at., 1995). For instance, a study based on genotyping of isolates from Co- infect ion with TR 

and HIV/AlDS in Ethiopia has shown of higher zoonotic tuberculosis infection in HIV 

positive patients 9% (Kidane et al. , 2002). 

Recently, there has been increased interest among public health officials in drug-resistant 

strains of M tuberculosis , M bovis, and M aviul11. Because several such strains have been 

iso lated from HIV-infected and non-immunocompromised humans. (Dupon and Ragnaud, 

1992; Dankner et al. , 1993 ; Charles et al. , 2006) 

HIV infected patients contract less o f the pulmonary TB, and thus harder to detect by sputum 

microscopy, one of the cornerstones for TB d iagnosis in reso urce limited settings, where 

HIV -TB co infect ions are actually hi ghest (Asiimwe, 2008) 
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2.10. Transmission 

There are different modes of spread of tubercul osis between camelid herds. One is the 

introduction of an infected animal into a non-infected herd (Bush el al., 1990). Gatt Rutter 

and Mack in ( 1963) reported that in Egypt, tuberculosis did not occlll' in nomadic camels but 

in those belonging to farmers who kept them in close contact with cattle. The mode of 

transmission of tuberculosis is unknown in camel ids, but it is presumed similar to that in 

cattle. In cattle it is mainly horizonta l. It is believed that camelids suffering from pulmonary 

tuberculosis infect hea lthy an imals via aerosols. The alimentary, congenital, venereal and 

cutaneous routes that may occur in cattl e have not been described in camelids(Wernery et ai. , 

2002). 

2.11. Public health significauce of M. bovis 

Shortly after M tuberculosis and M bovis were di scovered to be unique organisms, 

controversy arose regarding the latter's ab ili ty to pose a sign ificant health threat to humans. 

Robert Koch, for example, did not believe that bovine strains of tuberculos is represented a 

sufficient danger to humans such that their eradicat ion was necessary (Dankner et al., 1993). 

Subsequent work by a I:lriti sh Roya l Commiss ion and others showed, however, that humans 

could become infected by drinking contam inated milk, with the resulting di sease commonly 

manifesting as lymphadeniti s in children, or via inhalation of droplet nuclei produced by sick 

cattle, which could result in pulmonary disease (Dankner et al., 1993). In response, M bovis 

eradication programs were begun in cattle herds, along with widespread pasteurization of 

dairy products. These measures produced a sharp decline in the incidence of human M bovis. 

By the 1990s less than I % of human tubercu los is cases in industrial ized countries were 

caused by thi s organi sm (O ' Reilly and Daborn, 1995). 

Nowadays zoonotic tuberculosis has been large ly controlled 111 most developed 

countries.Because of pasteurization of cows' milk and systematic cull ing of cattle reacting to 

compulsory tuberculin tests. The ri sk of contracting M bovis infection from animals appears 

to be extremely low in industrialized countries (Charles et aI. , 2006). 

On the other hand, in most developing countries, human TB is widely known to be caused by 

M tuberculosis; however, an unknown proportion of cases are due to M bovis. In Africa, 
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BTB is widespread throughout the content, but very I ittle is known about risk factors for M 

bovis in fect ion in e ither human or cattl e populations. A study in rura l part of Tanzan ia a lready 

confi rmed M bovis in 7 of 65 ( I O. S%) human cervical adeni tis cases, of whi ch only one came 

fro m a household owning in fected cattle with M bovis (Sarah et ai., 2007). T hi s infection in 

humans is under-reported as a resul t of the diagnostic limitations of many laboratories in 

distinguishing M bovis from M tuberculosis. For example, none of the national reports 

submi tted to the O lE and WHO by Afri can member states mention the importance of M bovis 

in human TB cases. Moreover, consumption o f unpasteuri sed milk and poorl y heat-treated 

meat and c lose contact with infected animal s represent the main sources of in Fection for 

humans (Ayele et al., 2004) . 

In Ethiopia bovine tuberculos is is endemic, although the zoonoti c importance of the di sease is 

not we ll known like other deve loping countries (Ameni et al. , 2006; Ameni et aI. , 2007; 

Yimenu and Demiss ie, 200S). Few study in di fferent parts of the countri es confirmed M 

bovis infection in human. For example, a study conducted on cattle owned by TB patients had 

higher prevalence (24 .3%) than cattle owned by non tuberculous owners (S.6%). And the 

study a lso noted that 16% of 42 human isolates were identified as M bovis (Regassa et a/., 

200S) 
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3. MATERIALS AND METHODS 

3.1. Description of the study sites and population 

3.1. 1. Study s ites 

The study was conducted on camels s laughtered at Jigjiga, Hara r , Aweday, and Dire Dawa 

munic ipa lity abattoirs brought from parts of Eastern Ethi opia pastoral areas. These reg ions are 

located 500- 600 km east of Add is Ababa. The areas differ in both topography and climate. 

Harar is approx imate ly 2000 m above sea leve l and the surrounding fanni ng areas are semi­

ari d. Jigj iga is located at a lower elevation ( 1600 m), and Dire Dawa is in the Rift Vall ey at 

1100 m. Dire Dawa and Ji gjiga d istricts are hotter and dri er and are generally more arid than 

those of the Aweday and Harar. 

Meat inspection in thi s abattoir is routine procedure in cattle and sma ll ruminants but camel 

carcass inspection was not properl y performed by meat in spectors. The average num ber of 

camels slaughtered per week was 2 at A weday and Harar, 4 at Dire Dawa and 7 in J igj iga 

abatto irs. 

3.2. Study population 

The study was carried out on apparently hea lthy s laughtered camels. The camels slaughtered 

at the abatto ir were both male and female originated from Eastern pastoral parts of the 

coun try. 

3.3. Study design 

A cross sectiona l study was carri ed out to determine the preva lence of camel T B in 

slaughtered came ls in four mun icipa l abatto irs found in Eastern Ethiopia Jij giga, Harar, 

Aweday and Dire Dawa on the bas is o f PM examination and, mycobacterial culture and 

molecul ar characterization of the iso lates to assess the circulating orga nisms. Census type 

sampling of s laughtered camels was used to co llect a ll the tissue samples in between 

December 20 10 and April 20 II . T issue samples from different lymph nodes, lung ti ssue parts 
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and other organs were aseptica lly collected exactly correspond ing to other factors of the same 

came l. 

3.4. Sampling proced ures 

Census type samp ling of slaughtered camel s was used to col lect a ll the tissue sampl es. At first the 

work was establi shed in Dire Dawa munici pa lity abattoi r where on average 4 camels was 

slaughtered per week but due to the low number of camel Aweday, Harar and Jigji ga abattoirs 

were included where an average number of camel slaughte red per week were 2,2, and 7 

respectively . 

3.5. Study methodology 

3.5. 1. Body cond ition scorin g and age est imation 

BCS estimation was done based on hump wh ich refl ects inte rnal fa t reserve and superficial 

body conform ati on such as ribs cage and coxa l tuber accord ing to (CACIA, 200 I). On the 

basis of thi s the BCS of camels exam ined during the study period were scored as 1-5 

(A nnexVI).Moreover age of the camel was determined based on teeth erupti on. Even if some 

minor vari ati on existed, the most convenient teeth for age est imation purposes were the 

incisors (front teeth), canines and the first of the premolars according to (CACIA, 2001) 

(Annex VII) 

3.5.2. Post mortem inspecti on 

For thi s study through postmortem examination was conducted foll owing the proced ure 

descri bed by Croner ( 1994) on organs and ti ssue lymph nodes which are expected to have 

tuberc le lesions. These tissues were di ssected from the surrounding tissue and carefu lly 

visua l ized for any change in co lour or morpho logy, pa lpated for detection of any a lteration in 

its consistency an d inc ised fo r examining the cut surface fo r the presence or absence of 

abscess and tubercles, these a ll were done under a bright light source .The lymph nodes 

included in postmortem examination were mandibular, retropharyngeal , left and right 

bronch ia l, mediastina l, mesenteric, hepat ic and the lungs and other organs such as liver, 

gastroin testina l. The lobes of the two lungs, inc luding the left apical, left cardiac, left 
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diaphragmatic, right apical, ri ght card iac, right diaphragmatic and right accessory lobes, were 

inspected and pa lpated extern ally. When gross les ions suggestive of tuberculous detected in 

any of the ti ssues, the ti ssue was c lassified as having lesions. 

3. 5.3. Isolation of mycobacteria 

Mycobacterial isolation/rollltissue lesions 

For myco bacteriol ogica l isolation tuberculous lesio ns from slaughtered camels were 

asept ica lly collected adapted from cattle in accordance with OlE (2004) from the lung lobes 

(le ft apical , left card iac, left di aphragmatic, right ap ica l, right cardiac, right diaph ragmatic and 

right accessory), lymph nodes of the head (retropharyngea l, mandibular and parotid), lymph 

nodes of lungs (mediastina l and bronchial), mesenteric lymph nodes, hepatic lymph node and 

other organs . T iss ue samp les were put in sterile un iversa l bottles with about 5 ml of 0.9% 

saline so lution and kept in a deep freeze (-20Co) in accordance with the proximity to the 

abattoir were co llected (at Dire Dawa Veterinary Diagnostic and Investigat ion Laboratory, 

Harar and Jigjiga Veterinary C linic) until being transported to Akli lu Lemma Institute of 

Patho Bio logy (ALlPB). Tissue samples were transported in icebox to keep the cold chain. 

Samples were kept at +2 -8°C for mycobacterio log ica l culturing at T B laboratory. 

Then, the preserved samples were further processed for iso lat ion of mycobacteria in 

accordance with the Office Internat ional des Epizooties (O lE, 2004) protocols. Thus, in the 

laboratory samples were processed under a biological safety cabinet the specimens were 

sectioned using sterile blades, scissors and homogenized with a mortar and pest le. The 

homogenate were decontaminated by adding an equal volume of 4% NaOH on the sample in 

order to remove other environmental bacteria. Then immediate ly centrifugation at 3,000 rpm 

for 15 minutes to concentrate the mycobactria. The supernatant was d iscarded, and the 

sediment was neutra lized by I % (0.1 N) HCI ac id usin g phenol red as an indicator. 

Neutralizat ion was achieved when the color of the so lution changed from purple to ye llow 

(OlE, 2004) . Next, 0.1 ml of suspension from each sample was spread onto a s lant of 

Lowenste in Jensen (LJ) medium. Duplicate slants were used, one enriched with sodium 

pyruvate and the other enriched with glycero l. Cultures were incubated aerob ica ll y at 37 °C 

for about 8-1 2 weeks with week ly observation on growth o f colonies. 
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3.5.4. Microscopic examination 

After in itia l identificat ion of mycobacteri a l spec ies were made based on the rate of growth, 

pigment product ion and colony morphology. Ziehl -Nee lsen sta ining was performed to 

confirm the presence of acid-fast baci lli (A FB) on pos itive cultures (Quinn et al., 1994). 

Direct smears were made from the pos itive cultures fo r direct microscop ic examination and 

stai ned using the Ziehl-Neel sen staining techn ique. Smears were heat fi xed, flooded with 

concentrated Carbo I fuchsi n, heated gently to steam for 10 minutes. Then the sta in was 

poured off and the smears were washed with tap water and deco lorize with 3% HCI in 95% 

alcohol for I minute, with s li des being washed under tap water between each step. The smears 

were then counter stained with methylene blue for 3 minute, air dried and examined under 

the 100x oil immersion objective of a light microscope for the presence of Acid Fast Bacilli 

(AFB) (Q uinn et al., 1994). 

AFB confirmed positi ve cultu res were preserved with freez ing media whi le at the same t ime 

heat killed in water bath at 80°C for 45 minutes. The freeze and heat killed iso lates were put 

at (-20°C) for further mycobacteriology and ge notyping analys is. 

3.5.5. Molecular characterization of mycobacteria l isolates 

Multiplex polymerase chain reaction (peR) (Mycobacterial genus typing) 

The mU ltiplex PCR differentiate M tuberculosis com plex fro m Maviull1 complex, 

Minlracellularae and other mycobacterial species. Mycobacteria l gen us typ ing was 

conducted as descri bed by Wilton and Cous ins (1992). Heat killed AFB positive samples 

were used as source of DNA template. DNA amp lifications was done in thennocyc ler with 20 

,t1 reaction vo lumes consisting: 5 , t1 of genomic DNA as a template, 8 f!1 

HotstarTaqMasterM ix (MgCI" dNTP, Taq polymerase and PCR buffer) for each sample, 0.3 

f!1 internal primer per sample, 0.3 , t1 forward and reverse prime r per each sample and 5.2 ,t1 

per sample of Qiagen water. The primers used for ampl ificat ion were MYCGEN-F, S'AGA 

GTT TGA TCC TGG CTC AG 3' (35 ng/,t1) ; MYCGEN-R, 5'TGC ACA CAG GCC ACA 

AGG GA 3' (3 5ngl,t1) ; MYCAV-R, 5' ACC AGA AGA CAT GCG TCT TG 3'(35ng/f!I); 

MYCINT-F, 5TCT TTA GGC GCA TGA TGT CTT TA 3' (75ng/f!I); TB I-F, 5' GAA CAA 
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TCC GGA GTT GAC AA 3' (20ng/~1I ); TB I-R, 5' AGC ACG CTG TCA ATC ATG TA 3' 

(20 ng/,1I) . M bovis strai n 2122/97 and M avium were used as pos itive control while Qiegen 

water was used as negative control. 

The react ion mixture was then heated in Programme Thermal Contro ll er (Applied biosystem; 

PTC- 100TM) cycle using the fo llowing amplificat ion program: 95°C for 10 min utes for 

enzyme activation; 95°C for I min ute for denaturation; 6 1°C for 0.5 minute fo r an neal ing; 

n Oc fo r 2 minu tes fo r extension, in vo lving 35 cycles all in all ; and fina l extens ion at n Oc for 

10m inutes. 

Agaros gel electrophoresis 

After amp lificat ion of mycobacterial DNA the PCR products were processed in agaros ge l 

electrophores is. 0.8 % agrose gel was prepared by di ssolving aga ros powder in I x T AE buffer 

in a fl ask and melting in microwave oven then adding I: 10 Ethid ium bromide (10000 x 

dilu tions) to melted agaros gel and pouring the me lted agaros gel over gel casting tray 

assembled on a plane surface and combs were inserted into the agaros and allow to so lidify 

for 30-45 minutes. The so lidified agaros ge l was immersed in an electrophoresis chamber 

fi lled with lxTAE ru nning buffer. Then the combs werc removed carefully. Then 10 ,1I (1:4 

load ing dye to PCR product) sample was loaded into the aga ros well s (l anes), 5~1I of 100bp 

DNA marker was loaded on the first lane (we ll), Then electrophores is tark to the power 

supply was connected and separat ion of PCR products was ach ieved by running at 120V and 

250mA for 40 minutes. The gel was removed from the electrophoresis apparatus with gloved 

hand and; it was exam ined on UV ill uminator in the dark and vi sua lized using in Mul ti­

imageTM light cab inet using Al pha innotech vers ion 1.2.0. I(A lpha Innotech Corporat ion), 

DNA molecuks were identifi ed as orange bands on the gel and were photographed uSlllg 

Alh palmagerHP camera connected to a computer. The image was opened using 

Al hpa lmagerHP software which was applied to man ipulate the image and transferred to 

Microsoft power po int for appropriate ed ition and documentat ion. Thus black and white were 

produced as presented in the resu lts sections, All members of the genus Mycobacteri um 

produce a band of 1030bp, M aviulI7 or subspecies such as M avium subspecies 

paratuberculosis produces a band of 180bp whi le members of M tuberculosis complex 

produce a band with 3 nbp, 
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3.6. Data management and analysis 

Data were c lassifi ed, fi ltered, coded using Ms Exce l S, and transferred to STATA software V. 

I I. There after' ana lyzed according to the different variabl es. Pearson chi-square was used to 

eva luate the statistica l sign ificance of variables. Bivariate and multi via rate regression analys is 

were performed us ing STATA II. A probab ility value P <0.05 , and th e 95% confidence 

interval for odds ratios (OR) does not include I was considered stati stica lly signifi cant. 
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4. RESULTS 

4.1. Prevalence of tuberculosis and analysis of different risk factors 

The preva lence of camel TB was 12.3 (36/293) on the basis of deta il post mOltem 

exa mi nation. Mycobacteri a were isolated in 66.7% (24/36) of the camel s with suspicious TB 

lesions. 

The association of risk factors sex, age, and body condition with preva lence rate are- indicated 

in Tab le I.The diffe rence in preva lence rates of TB was stati stically s ignificant in fe males 

(X2=7.474,P= 0.006) and in poor body cond it ion (X2=,7.323,P= 0.025) camels when compared 

to thei r counter parts. However, no statistica lly s ignificant difference was found for the 

different age categories. 
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Table.1: Assoc iati on and Log istic regress ion anal ysis of host risk factors with post mortem 

TB les ion. 

C haracteristics J(, (%) J(, (%) PM X' P- C rude OR Adjusted OR 

Examined Positive Value (95%CI) (95% CI) 

Female 14 1(48. 1) 25( 17.7) 

Sex Male 152(5 1.9) 11 (7.2) 7.474 0.006* 0.36* 0.43 

(0. 17-0.77) (0. 19-0.97) 

::: 5 years 19(6.5) 1(5.3) 

Age 6-10years 11 1(37.9) 13( 11.7) 1. 125 0.656 2.4 1.33 

(0.29· 19.40) (0.15-12 .13) 

> 10 years 163(55.6) 22(13.5) 2.80 1.29 

(0.3 7-22. 10) (0. 142·11.69) 

Poor 126(43) 23 ( 18.2) 

Medium 152(5 1.8) 12(7.9) 7.323 0.025 * 0.38* 0.52 

BCS (0.18·0.8 1 ) (0.23·1. 17) 

Good 15(5. 1) 1(6. 7) 0.32 1.06 

(0.04-2.6) (0.11·10.12) 

Bes Dody Condition Scorin g; 1.2 Chi squ are; CI Co nfidence Inlen'al; OR Odtls Ratio; I)M POslmortcm; ·stalistica lly significan t 

4.2. Distribution/location of TB lesion 

Out of 36 animals with suspicious TB lesion, 24(66.67%) harbour the lesion on th eir lungs, 8 

(22 .22%) on lymph nodes and 4(1 1.11 %) on both lungs and lymph nodes. Macroscopica lly 

the most common lesions encountered in affected organs and/or lymph nodes were 

encaps ulated caseouse masses and circumscribed grayi sh wh ite ca lcified masses of various 

sizes. Thick gray ish white exudate, pus, was also found with some area of consolidation III 

retroph aryngeal , sub-mandibular, prescapular lymph nodes and lungs. 
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Table.2: Distribut ion and tropi sm o f tubercu lous les ions in post mortem pos iti ve camels with 

les ions in at least one ti ssue or organ with their respective culture positivity. 

Anatomical Site Tissue/organ X2(%) of Positive X.(%) of C ulture 

Specimens Positive 

Retropharyngea l In. 4(9. I) 3(75) 

Head Sub mandibul ar In . 3(6.8) 1(33.3) 

Parotid In. 0 0 

Total 7(15.9) 4 

Tracheobronchia l In. 3(6.8) 3( I 00) 

Thorax Lung 28(63.6) 14(50) 

Mediastinal In . 4(9. 1) 3(75) 

Total 35(79.5) 20 

Abdomen I Mesenteric In . 1(2.3) 0 

Total 1(2.3) 0 

Carcass I Presca pular In 0 

Total 1(2.3) 0 

In re lation to distribution of tubercles lesion with anatomical sites the highest was fou nd in 

lung and its assoc iated lymph nodes in th orac ic cav ity (79.5%) fo llowed by retropharengal 

and submandibula r lymph nodes in the head region( 15. 9%). In contrast the least lesion was 

found in abdomen (mesenter ic lymph node) and carcass (prescapu la r lymph node) with 2.3% 

each.The average number of lesions per infected animal was 1.2 and about 81.8% of 

postmOltem examination pos itive camels possessed only a s ingle les ion. 
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4.3. Mycobacterial isolation 

Of the 36 ca me ls with grossly suspicious TB les ion in their organs and tissues cultured 

mycobacterial growth was observed in 66.7% (24/36).The rate of mycobacterial iso lation was 

highest in the tracheobronch ial lymph node ( 100%) (Table 2) fo ll owed by retropharyngea l 

and the medi astina l lymph nodes with s imilar percent (75%) where as lung and mandibular 

les ions were less often mycobacteria l culture positi ve with positivity o f 50% and 33.3%, 

respective ly . The least of a ll mycobacterial culture pos itiv ity were fo und fro m mesenteric and 

prescapu lar lymph nodes les ions. 

4.4. Molecular characterization of the isolates 

MUltiplex pe R. 

Out of the 24 c ulture isolates Mycobacterium genus typ ing was ca rried out on the 17 culture 

iso lates. From w hich 15 were ident ified as member of mycobacteri a other than 

Mycobacterium tuberculosis complex and only one as member of Mycobacteriull1tuberculosis 

complex. Not any of the iso lates were M avium complex (Figure 4). 

Figure: 4. Mu ltiplex pe R results of mycobacteria isolated from camels with grossly suspicious TB 

lesion in their ti ssues and organs. Lanes 1- 17 were isolates from individual camels with tubercles 

les ions. Lane 18 ~ MycobacteriulII tuberculosis complex (positive contro l), Lane 19 ~ H20 (negative 

control), Lane 20 ~ MycobacleriulIl GviUIIl complex (positive control), Lane M ~ 100bp DNA Ladder. 

Lane 1,2,3,5,6,7,8, 9, 10, I I , 13-1 7 were positive for genus MycobacteriulIl and Lane 4 was positi ve 

for Mycobaclerilllll tuberculosis complex. Lane 12 was negative for all positive controls. 
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5. Discussion 

The present study report a 12.3% (36/293) preval ence of camel TB based on detai led post­

mortem examination and a preva lence of 8. 19% (24/293) based on culture result. Thi s finding 

is lower than the previ ous reports in Kenya based on intraderm al tuberculin testing in car.lels 

(Wernery et ai. , 2002) and whil e it is s imilar to the prev iously reported prevalence 12.5% by 

(Hussen, 2006) on cattl e based on abattoir survey. But higher than the report of prev ious study 

in the Afar Region of Ethi op ia by (Hussen, 2009), based on Comparati ve tubercul in test and 

in Dire Dawa and Akaki abatto irs by Gezahegne et al. (2009) and Gezahegne et al. ( 20 II ) 

based on detai led post-m ortem examination. It is a lso hi gher than the prevalence reported in 

Egypt (Refai, 1992) . Analogously the prevalence in thi s study is a lso higher than prev ious 

reports on abattoi r survey for bov ine TB in cattle (Tek lu, et ai., 2004; Regassa, 1999). 

However s ince the actual preva lence of bov ine T B in pastora l production system is not yet 

known (Shi taye et aI., 2007) these reports on abattoir survey for bov ine TB on catt le ma inl y 

ori ginated from extensive husbandry system (more in high lands) mi ght not give a great 

s ign ificance as indicative of prevalence of bovine tu bercu los is in camel rearing pastoral 

community (i n the low land areas). 

Almost a ll of the camels slaughtered in the abatto ir originate fro m the pastoral areas where 

the pastora li sts depend on the milk of the ir camels for subsistence and where no treatment of 

milk is a llowed e ither it is consumed row or when just so ured. As M.bovis is inacti vated by 

pasteurization, mainl y raw camel milk plays a role in transmission of tuberculos is into human, 

even if M.bovis is not capable of growing in milk (Eberl ein, 2007). Therefore the preva lence 

rate of 12.3% fo und in th is study wi ll show the greatest hea lth implication of the di sease on 

the pastora l community which was also further strengthen by the isolation of bacteria 

belonging to Mycobacterium tuberculosis complex group in thi s study. 

Tuberculous les ions were fo und most frequently in the lungs and assoc iated lymph nodes 

(81. 8%) foll owed by lymph nodes of the head (15.9%) whi ch is in consistence with 

Gezahegne et al. (2009) and Ashenafi el al. (2008) in camel and (W hi pple et al., 1996, 

Croner, 1994) where 60% and 56% TB les ions were reported, .in the lunges and associated 

Iymphnode. Croner ( 1994) reported that up to 95% of cattle wi th visi ble TB les ion could be 
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ident ified by examination of lu ngs and assoc iated lymph nodes; this fi nding suggests 

inha lation as the principal route ofTB infection in catt le which is a lso true in camel due to the 

higher proport ion of macroscop ic lesions obtained in lunges and assoc iated lymph nodes in 

thi s study. Presence o f lesions in the mesenteric lymph nodes indicates the infection through 

ingestion (Radostiti s et 01., 1994). However it is inconsistent with the report by Gezahegne el 

01 (20 11 ) which report higher di stributi on, and frequency, of les ions in the mesenteric lymph 

nodes than the thorac ic. 

The average num ber of infected ti ssues per infected camel was 1.2 while 81.8% of the camels 

had o nl y a single les ion. Th is finding comp lies with previous report on camel ( Ashenafi el 

01., 2008, Gezahegne et 01. , 2009). 

The difference in prevalence rate based on sex was statistica ll y signi ficant (l = 7.474; P 

=0.006) which is in consistent with (Gezahegne et 01., 20 II ) in came l. The higher proportion 

of preva lence of the di sease in fema le catt le is ind icated as being poss ibly due to their longer 

productive life and other stressfu l factors (such as pregnancy, parturition, lactation, etc.) 

associated with fe male cattle (Mil iano-Su uzo et 01., 2000; Teklu el 01. , 2004 and Radostiti s et 

01., 1994) which a lso may app ly true in fe male camel. The increased propOition of prevalence 

in fema le camel can be a lso due to thc fact th at alm ost a ll female came l s laughtered at the 

s laughter house were old (> I 0 years). As explained by Barwinek and Taylor (1996), thi s 

could be due to the fact that as the age increase the probability of acquiring tuberculous 

infection a lso increases, th is mi ght be the case in camels too. 

In contrast to sex based study, the difference in prevalence rate and age was not stati sticall y 

significant wh ich is in cons istence with previous reports (Gezahegne et 01. , 2009; Gezahegne 

et 01., 20 I I). An imals older than ten years had the highest preva lence ( 13.5%) compared to 

other age groups. This is in consistent with Abdurrahman and Bornste in (1992); indicated TB 

as chiefiy disease of o ld camels. T hi s may be the fact that, in sp ite of their susceptibili ty to 

infection, camel s are very resistant to the effects of the di sease and long period e lapses before 

they become chahecti c and emaciated (Manson, 19 17) and al so to deve lop tubercu lous les ion. 

Other researchers have a lso reported in cattle particularl y that older an imal s are affected by TB 

(Kazwa la el 01.,2001 ; Cleaveland el 01., 2007; Inango l el ai., 2008; Munyeme el ai. , 2008) which 

could be due to the fact that older an imal s have weaker im mune system.The reason mentioned 

above in case of o lder fem ale by Barwinek and Taylor ( 1996) a lso hold true. 
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The stati stica lly s ign ificance difference found between body condition score (poor body 

condit ion) (X' = 7.323 ; P =0.025) and preva lence rate of camel TB, may arise from the 

resistance of camels to develop tubercu lous lesion before they become chahect ic and 

emac iated as indicated by Manson (19 17). 

Mycobacterium genus typin g of the 17 isolates using mul tipl ex polymerase chain reacti on 

identified 88.2% ( 15/17) of them as member of mycobacteria other than MycobocteriulII 

tuberculosis complex and onl y one as member of A1ycobacteriwI1 tuberculosis complex. The 

iso lation o f nontubercul ous mycobacteria from most of camel TB lesions havi ng tuberculous 

nodu les w ith granulomatous and caseous les ions in lymph nodes and lung of camel like those 

caused by M bovis and M tuberculosis in this study complies with previous report on camels 

by Gezahegne el al. (20 11 ). Elmossa lami el af. ( 197 1) in Egypt and Strauss (1995) in 

Germ any a lso reported the isolation ofNTM from tu bercul ous li ke lesions in camel ca using a 

simi lar lesions li ke those caused by c lass ica l fo rm s of mycobacteria (M bovis and M 

tuberculosis). Moreover the isolat ion of NTM in Ethiopia, from cattle with tubercu lous 

les ions in d ifferent regions of the country by Berg el al. (2009) and from wild ani mals and 

man by Tschopp et af. (20 I 0) could further indicate their widespread geographical 

distr ibution and pathogenic or opportunistic ro le in the pathology of TB in a broad range of 

host. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

The present study recorded 12.3% preva lence of TB in camels on the bas is of suspicious 

les ions. However, the proportion of isolation of M. tuberculosis complex from the suspicious 

lesion was low. Majority of the iso lates from most of the suspicious lesions were 

Mycobacteria oth er than the M. tuberculosis complex whi ch co uld suggest the pathoge nic or 

oppOituni st ic ro le ofNTM in camel tuberculosis. Moreover, the common habit of consuming 

raw camel milk and meat in pastoral communi ty may signify the possib le potentia l role of ri sk 

factors for acq uiring zoonotic TB. 

On the bas is of th is conc lusive remark, the fo llowing recommendations were forwarded : 

~ Further identification and characterization of the nontubercu los mycobacteria members 

that were most frequently iso lated from suspicious TB lesions and investigation of the ir 

pathogenic or oporton istic ro le in the pathology of camel TB, 

~ Identificati on of the the nontubercu los mycobacte ria members and one camel iso lates 

of M tuberculosis complex that were isolated from suspic ious TB lesions at species 

and strai n level us ing RD4 deletion typ ing and spol igotyp ing, 

~ Public education and creation of awareness in the soc iety on safe use of camel milk and 

meat, 

~ Further investigation of the d isease is also a basic requirement so as to effective ly 
elucidate its epidemiological s ignificance for pub lic health and contro l of the disease in 
the region. 
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8. ANNEXES 

Annex I: Preparation of Lowenstein-Jensen egg-based medium (SOP) 

1. Prepa ration of mineral salt solution 

Approximate Formula' Per 600 mL 

1.1 . Ingredients 

~ Potass iu m dihydrogen phosphate anhydrous (KH 2P04) = 2.4 g 

~ Magnesium sulphate (Mg S04. 7H20) = 0.24 g 

~ Magnesium citrate (Mg3(C3HsO' )2) = 0.6 g 

~ Asparag ines =3.6 g 

I. Weigh and add the above listed minera ls sa lt ingredients in to a flask that labeled with P 

(Pyruvate) and G (Glycerol), 

2. Add 300ml distilled water to each flask, 

3. Add 12m l of G lycero l (M tuberculosis) to the fl ask labe led with G, 

4 . Add 109 of Pyruvate (M bovis) to the flask labeled with P, 

5. Disso lve the mineral salt ingredients to the distilled water by heat ing, 

6. Autoc lave the minera ls sa lt so lution at 12 10c for 30 minutes to steril ize, 

7. Cool at room temperature before use, 

8. Keep the solution indefinitely and may be kept in sui table amounts in refri gerators. 

2. Preparation of2% malachite green solution 

2. 1. Ingredients 

~ Malachite green dye 

~ Sterile di stilled water 

2.0g 

100 ml 

Using aseptic techniques di sso lve the dye in sterile d istilled water by placing the solution in 

the incubator for 1-2 hours. 
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3. Preparation of homogenized whole eggs 

Homogeni zed eggs (20-25 eggs, depending on size) 1000 ml 

~ Fresh hens' eggs, not more than seven days o ld, are cleaned by scrubbing thoroughly 

with a hand, brush in warm water and plain a lka line soap . 

~ Let the eggs soak for 30 min utes in the soap solution . 

~ Rinse eggs thoroughly in running water a nd soak them in 70% ethanol for IS 

minutes. Before hand ling the clean dry eggs scrub the hands and wash them. 

~ Crack the eggs with a sterile knife into a sterile fl ask till 1000m obtained . 

~ Then beat with steri le egg wh isk or by using magnetic stirrer unti l it full y 

homogenized. 

4. Preparation of the complete medium (Mixing of the different solution) 

~ Measure and add 500m l of homogenized eggs in to ster ile fl ask that labe led with P 

andG, 

~ Add 300m I mineral sa lt so lut ion to each fla sk( remember to add P labeled sa lt 

solution to P flask and labe led and G labe led mineral sa lt to G labeled), 

~ Add 10mi malachite green so lution, 

~ Steer we ll the complete med ium 

~ Distr ibute the complete egg medium in 6-8 ml volumes in sterile 14 or 28m I 

McCartney bottles or in 20 m I vol umes in 20 x 150 mm screw- capped test tubes a nd 

the tops tightly closed, 

~ Insp issate the medium with in 15 minutes of distributi on to prevent sedimentation of 

the heavier ingred ients. 

5. Coagulation of medium (Inspissation) 

~ Before loading heat the inspissations to 800c to hasten the build up of the 

temperature, 

~ Place th e bottles in a s lanted position in the inspi ssator and coagul ate the medium at 

80-850c fo r 45 mi nutes. 

58 



6. Sterility checking 

.. After inspissati on , the who le batch of med ia or a representative samples of culture 

bottles should be incubated at 35-370c for 24 hours as a sterility check 

7. Storage 

.. Date the media for storage, 

.. Store or keep the dated media in the refrigerator for several weeks with caps tightly 

c losed to prevent the medium from drying out. 

Annex II: Culturing of tissue sample 

1. Homogenizl1tion of tissue samples 

.. Remove the surrounding fla sh with steri li zed blade/sc issor 

.. Cut the ti ssue into pieces by using ster ili zed scissor 

.. Add these pieces of tissue into mortar that contain small amount of sterilized sand 

.. Then grind the t issue with pistel 

.. Add small amount of sterilized saline 

.. Fi lter the grinding tissue using sterilized sieve 

.. Take(harvest) the filter liq uid, and add into centrifuge tube 

2. Decontaminatioll 

.. Add equa l volume 4% NAO H to centrifuge tube 

.. Mi x we ll for about 10 minutes 

.. Centrifuge the mixed liqu id at 3000 rpm at 40c for 15 minutes 

.. Decant the supernatant 

.. Mix the sediment 

3. Neutralization 

.. Add drop of pheno l red indicator to well mixed sediment and mi x we ll until it 

becomes purple 
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or Add 1% HCL to the sed iment and mi x well unt il it becomes yell ow 

4. Inoculation 

or Add 1-3 drop of neutralized sediments of the ti ssue in to LJ media (one labeled with P 

and other with G) 

5. Incubation 

or Incubate at 370c with 10% C02 air at slant position for a week, 

or Then put at upri ght position for 8 weeks at the some temperature and air cond ition 

until complete growth is observed. 

or Monitor every week for growth 

Annex III : Ziehl-neelsen stain reagents preparation 

1. Carbol-Fuchsin Solution: 

or Bas ic fu chsin 2.5 gm 

or Distilled water 25 0.0 ml 

or 100% alcoho l 25.0 ml 

or Phenol crystals, melted 12.5 ml 

or Mix well, filter into brown bottle. Label bott le with date and initia ls, solution is stable 

for I year. 

Caution: Carcinogen, toxin. 

2. 1 % Acid Alcohol : 

or Hydrochl oric acid 10.0 ml 

or 70% Alcohol 990.0 ml 

or Mix we ll , label with date and initial s, stable for I year. 

Caution: Flammable, corrosive. 
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3. Methylene Blue 

3.1. Stock Solution: 

~ Methylene blue 0.7 gm 

~ Distilled water 50.0 ml 

~ Mix well, filter into bottle. Label with date and initial s, stable for I year. 

3.2. Working Solution: 

~ Methylene Blue Stock 5.0 ml 

~ Disti lled water 45.0 ml 

~ Pour into coplin jar, stable for 2 months. 

Caution: Avoid contact and inhalation 

Annex IV: Ziehl-Neelson staining procedure for AFB 

~ Mi x we ll the sample/sputum/ isolated colonies and make the smear, 

~ Fix the smear with heat, 

~ Flood the slide with the carbon-fishs in stain (primary stain), 

~ Gently heat the carbon-fuchin stain until it steam and maintain steaming for 5 

minutes, 

~ Wash the slide thoroughly with tape water, 

~ Decolorelize the s lide with acid alcoho l (3% HeL) for 5 minutes, 

~ Wash thoroughl y the slide with tape water, 

... Flood the slide with the methyl blue/ malachite green (counter sta in) for I minute, 

72 

... Wash thoroughly the s lide with tape water, 

... Wipe the back of the slide with cotton or gauze and and dry it, 

... Examine the slide with 40x magnification power to check for quality of smear and 

staining, 

... Add one drop of oi l immersion and examine the sl ide with 100x magni ficatio n power. 
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Annex V: Preparation of freezing media 

-- For 450 ml of di sti lled water , add 2.35gm of7H9 powde r, 

-- T hen add I ml of glycero l and mix, 

-- Autoclave at 12 10c for 10 minutes, 

-- Let the solution to comes to 450c, 

-- Then add 50 ml of Midd le Brook ADC Enri chment (OADC) 

2. Preparation of freezing medium 

-- Take 50ml of 7H9 media 

-- Add 25 ml o f glycero l, 

-- Add 25 ml of di st illed water, 

-- Mix we ll and thoroughly, 

-- FI iter into sterile conta iner us ing 0.22 ~lm fi Ite r, 

-- So lution rema ins in use on ly for 3 weeks. 

3. Freezing colony 

-- Take I ml of freez ing media to 1.8 mlnanc tube 

-- T ransfer 2-3 colonies from the LJ media using sterile loop to the nanc tube and a lso 

take a little LJ med ia with colonies and mix thoroughly. 

-- Label the nanc tube ( s imilar with the label on the LJ media) 

-- Keep the freezed colonies contaning nanc tube at -20 0 C or -80 oC 
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Annex VI: Description of body condition scol'ing in camel Hump score range is 1 - 5 based 

on the amount of fat in the hump 

SCORE 1 Littl e or no fat in the hu mp sac, hump hairy and 

may be leaning to one side. 

SCORE 2 Hump with moderate development ri sing 5% 

higher than chest depth, but may also be leaning to one 

side. 

SCORE 3 Hump with good deve lopment and rising to 10% 

hi gher than chest depth. Hump is still sculptured in wards on 

both sides and sti ll fi ts over the chest and abdominal area. 

~~-~""" 

SCORE 4 Hump fully deve loped and rising to 15% 

higher than chest depth . Hum p rounded outwards on 

both sides and runs from the shoulder to the rump. 

SCORE 5 Hump over-extended and rising more than 15% 

higher than chest or the hump is so full that it is rounded on the 

sides like a semi circle. 

Source: CAC1A, 200 I 
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