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I. I;\,TIWDLT Tl ON 

ElillopJ:J. I~ " coulllry \\hu~c agri(.;ulturai ~ector i~ the bigge~[ contri bu tor to it!) Grand Domeslic 

Produ~l, G DP. and the m.LJor cuntributur to il') export t!arning .... Currelltly, Ihe contribution of thi., 

sec lor (0 GOP .lOd export eurnlllgs i .. 48% <.Inti 90%, rcspecliYely (Kebede, 1997). Livestock 

contributes 30% 10 the agricultural GOP and 19G'c to the export c;lrnings. I3c .,ide.:. . about six 

million oxen proyitlc the draught po\\cr required for the ClJlti\ation of grain crop.:. (Tegcgnc and 

Gcbrc \\oIJ. 1997). Although the coniributiull of the liYc'>\ock sector Lo the national economy i ... 

quill' high. anim.t1 pruJuClJ\'il~ i:-. extremely lu\\. 

The country Possc."e, the highcM number of li \ estock in Africa. \\ jlh all estimated 33.S milliol1 

caulc. Dc:-.pite thi~ huge resource. Ethiop ian live .... tock productivity is lower than the African 

:I\erage. Total herd off t.IKe i .... c:.t im:llcu:tl 7C:c . liv(' \\eight gain:. arc 10\\ al about :20Kg. anu 

mOrlallty i .... Illgh at about :::0%. I kifel'''' don 't rCiIl::h malllrilY un til -l )car~ of age. cow.!! calve 

e\'cry .... ccond )eJr and producc only 1.5-2.1 htre" of milk per day uver a ISO-I SO day~ of 

lactatiun periud (Kebede. 19971. The lllaJor biological eon:.tfiullb contribu ting to low 

productIvity indudt: 10\\ gcnctlc potential of the .. ullmal!>.. poor nutrition and disc;]..,e pre\alence. 

The low le\eI of h\c,tocK plOdUt.:tl .... it~ IS abo rdlcctcd In the \cry low per capita cOIl:.umptioll 

of animal protelll. In general. the pcr capitd cunsumptlon of :tllllllal product:. in developing 

coulltrie:. repre .... cllh I :i-30re uf th;lt of I.k\elupeti countnes. For c:\.<lmplc, the .1\ erage 

CUIl:'UJllptiuli uf IllilK III dc\clllpcd CUllllUit:.., j.., ,lbout 200Kg per person per YCi.lf. ,1:-' oppo::.ed to 

n.SKg for Africa. and 20Kg for Ethiupid fTcgcgnc anu Gebrc wold. I(97). 

Programs III many dcn::loping countries ,lIe aimeLl ,1I encouraging milk production through 'Illlall 

holder and other dmry ..,chemc~ to ,Hl!,\\Cr thc ltlcrc~lscd demallli for milk and milk products. This 

IIlCl"cascd JcmanLl will be panly met by :In Intcnsification of <lnim,tl production. Cnfonullate 

enough. animal tuberculo\!' .. has shown c1o~c hnk~ \\l1h in lensi\c management sYl,tem. anti can 

... prc .. ld r'lpldl)" \\hen tltere i-. ilHldcqu~lle vetcrinary ",upcrvi"ion (Alh.lji. 1976: Balwineck and 

Taylor. 1996). 



BO\'lIl~ tubcrculo!,>j~, cau:-.cd by M. bOl'is , ha!'> be~n eliminated a::. an animal health problem. ill 

mo!'>t of the devcloped countries . but still remains one of tbe IllOSt preva lent and cleva~tat ing 

di::.ca!'>c of caulc in dcvcloping countric::. thro ughout mo::.t of the world. From the estimated 

I billion caulc wodd-wide . one third lives in regions where the prevalence of bovine tllbe rcu lo!'>i~ 

i ... high. the Diller third in arcus where the disease is widespread but the incidence is unknow n. 

Jointly with other disca~es . bovine lllbcrculos is ~criously affects thc productivi ty of the livestock 

industry in these countries, by reduci ng mil k production, the food valLIe of carc aS~ . and 

rcprodu~tion. Veterinary scienti~ts have delllomMated that tuberculosis in cows reduces their 

production JOt;c or more: the lo,>scs. ill calvcs arc much highcr because of high mon ality (Thoen 

and Stcel. 19~5). While the ... e bottlcnccks relatc to the deve lopment of the dairy industry 

throughout the world, the di ... easc allai l1 '" much of its importance from be ing:.t zoonosis. cau~ing 

human luberculo::.i!'>. 

In J~\'eloped collntrie:-, the prcvak:nl:c anJ the annual risk of hUlllan tubercular infection was 

!'>hown to be clo)o.L'ly as"oci"teu with thL' prc\.t!l.!ncl.: of IllbCrClllin po..,itl\c c'!lllc (Cook el ul. , 

1996). and lhcrclorc \va", ~ucCl,::..,~rull) controlled by tuberculin h.'",1 :.tlld :-.Iaughlcr schcmcs of 

cattle (Pntcllard . 1988 J. 

In dc\doping countrie~. e::.pccially III Africa \\hen:: 1\ /. b()l·i.~ infection i::. pre!'>ellt in v,lrious 

<illlmal "'pecic". thl.!rc i" il :-.ub:-.tanti:11 lad, of knu\\ ledge of Ihc di"lribution. epidemiological 

paucrn .... and loonotic implic.lIion of this important JI,,~a,>c . Animal ... gathering at watering _ 

poillt~. markct". and in pen ... u\erlllght. Gill playa key role in the lllail11cn ~lnce and spread of ,\/ 

huds under lllore-tradition.!I fanning condilions. With increa~ed ..,ile of callie herd.., and 

inlcn ... ified milk productioll in IlW1Y uL'\'doping, coulltries. concurrent with the intcn..,ificatioll of 

thc li\c"'tock managemcnt SystelllS . thc..,e c1Jssic cOlllfition.., prevail and are aggravated in \ irtual 

absence of adequ.ltc monitoring and l:0[llro1 ille<l::.urcs for thc wid~spread transmission of M. 

hOl'is to human popul.tlions. An addilional factor that could affect the zoonotic aspects of M 

bod.1 infection in de\'cloping eoullIrie" is the dose phy<..il..:al rclation::.hip between huma ns and 

pOll..'llti ... tlly infct.:led anillhlb Uvlc)o.lill and Cosivi. 1995 ). A survey Jr human ~pulLim cLlItLlre~ from 

human tuberculosis patients in Malawi indicated that -11.8% of the culture positive specimens 

were ,\/. bods (Bedard ('I o/.. 1993). Such sitllat ions are most evident in areaS whl..'r c European 

breed!'> o f callie have been u~edlO e::.!ablish a dairy industry. 

, 



A furt hl:r l,;iIU:-'l: of cUIl:;lderablc concern i~ that a s ignili eant amount uf the lllilk produced i~ 

bC lllg m .. lfkcted through lllbUPCfVi:;cd, informal channel s. In line with thi s . Idrisu and 

Schurfenberg (1977) . (lted by ~lc:;lin and Cosl\'i. (1995) found both .\/ bOl'is anti ,\/ 

IlIhaclIlo.\I,' III IlJ.llkct milk in Nigcria. Ychllal ~l' .. het ( 1995 ) \\;1' .. able to l ... ol;lte ,\/. hot';,\ from 4 

out of IJ I mill.; "ample.., in Ethiopia. IIH.licating the ri:-.k of tran:; llli ",slon to human . especially 10 

..:hildrcn: and an i .. ol;Hion rate uf OA~ uf M. bod.\ frum 11lIlll;m "'putUIll samples ha. ... heel! 

reporled. Although [he rel <l[i o n~hip nced:; further t[ll.llllilic.t!ion. thl: ri:.k o f ,\/. bOl'i.\' as a 

LOOIlO:.I.., I:. "'E'l1ngly underlined. Condition ... such as custom ... or consuming raw milk. keeping 

.l lllllhll .. in the ",line d\\clting with their 0\\ ncr .... tethering c'lI1 i1: in rlo~e proximity to the owner ... ' 

hnu ... e and U:-'Lllg l'OW dung for plJ.:-.tcring wall or noor:; and a:; a :-.ource of energy for cooking, do 

exacerbatc the chance o f :-.pread of luberclllosi ... a:; l.oonmis in Ethiopia. 

It h ...... bC~1l "'Iall.'d thaI IUberculmi ... infeCl\ ... tllll'd of the world hum,1Il population. and in ... ome 

African cOllntnl: ... the ml:iuellcc 13 ~aitl to h;l\e doubled ill till: la ... 1 dec.lde (Re ichel and OloY<I. 

199-t1. With the .tdyent of the A IDS (Acquired Immune DefiCiency Syndrome) pandemic there 

1M ... al ... o bC~1l ~I ml,: of IIIV rdated tuberculu:.I .... \\ith IIIV IIlft!CICU peuple being more likely to 

tlC\ clop overt tubernlio:-'h ,Iftcr Infection th.lll nOll-infected pcr ... on .... So (.11' the largest number of 

peuple \\ ho \,.' ,Irry b\lth the ... c infectiun:; Ii \e in Jc\'cloplIlg coullIrie\ I Klecberg. 198-t). 

On Ihe olle h.md. ,\I a\'iwlI-iIlII'llCellll/ure-comp/ex and 1\/ bOI'/;1 h.lvc been i.solated from 

IIIV/AIDS p.ltJC l ll~ in EU lOpe and Uniteu SUite:; (r. l e~11Il anti CO:; i\!. 1995), on the other, ,\/ 

IIIIJI!n.: II/()si,\, the human tube rcle bacillu:;. h ..... been iwlatcd from exotic Jllllllai::. in areas where 

tubcrr.;lIlo..,i~ III hlllll.lIl .. \\;.1 ... prc..,cnl. M (/I·1I1111 ... c rOVaE'3 I .!lllJ 2 (of over 30 dlffercnt serotype:; of 

th~ ,\/ t/I'/WIJ cOllll'le\ ) J.re IlIO"" cOlllmonl} isuliltcd flOm c.:attle (Thucn .. llld Steel, 1995), The 

i..,olJ.llon of the ... e org<llll ... m~ frolLl patient ... "Ilil AIDS hJ.<., \tllllulatcd J.11 IIlcreascu intcrc,,:>1 in thc 

..,ource ... of the ... e b<lc tenJ. 

The dr'IIllJlil IIlcrc .. ~e In reported ca..,c., of hlllll,m IlIbcrculo:;i~ cau~et! by ,\/. luberclliosis 

a ...... ol·ht!ed \\ ith IIIV tButlJlc clal" 1995: Oaborn CI a/., 1996). hil~ .... uggt:sted that there might be 

.t simil,lr Incre~l..,e III the tllciJellce of hUllIall tubclclIlo ... i\ c.:aw.ed by ,\/. hO\'is ,md ,\/ m'ium 

complc;\c ... , al..,o III J. ..... oc lat ion w il h I-IIV infection. Such IIIl IIlCft:d"'C wUldJ IIlc\itably rc!.uit in 

the trmhllll. ..... IUEl o f the di..,cusc from IIlIJIl;Ul being ... nut ani} 10 uther human beings but u l ~o to 

animal ... thereby further incrca3ing the level or ,\t. bol'is land other mycobaclcria) in the 

environment. On the a ... :-.umplion Ih,,' infec tion tillt! tu 11lIman. :J\ian and other atypical 
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mycobacteria might be common in cattlc as wcll, this study is intendcd to invc,',tigalc the types of 

Ill)cobacteria cau~illg infection in callIe. 

The obje(li vc\ of the present invc~tigalion were, therefore, 

,.. to determine the prevalence of bovine tuberculosis in cattle, as indicated by the tuberculin 

test. 

,.. to gather information on ri~k factors for tuberculosis in cattle, 

,.. to isolate and idl.!lllify mycobacte ria from secretions of animals to establish whethcr 

mycobacteria species were bcing secreted, and: 

,.. iO relatc the laboratory findings with some zoonotic aspects of the disease, and to ascertain 

the cxtelll of the implic.niom, \0 the people engaged in Ihc dairy clllcrpri~c and vice vcrsa. 



2, LITERATU RE IlEVIE\\' 

2. 1 GCllcnil Ch ;Ir:lcll' J'i ~ tics of J\lycobal' lcria 

:!.I.I T.l.xollomy 

~ l ycob'lct~rJ" arc clal, .... ifil!d into the order of Actinomycete ... which includes the genera 

,\~}'C(lh(/Cleri/(Ill. Rltodo('()cCIiS (I//(/ Nocardia. The gcnll~ MycobacferiulII includes a number of 

"'pi,.~cic .... and accOJ"tllng 10 E. J . ilaron and co-worker:--, a ICntati\c clW~"'lric,ttiun is proposed based 

on pathogene,i" and natural hi:..lory (Baron el al.. 1994). Specie ... tllll.., grouped include: obligate 

pdlhogClh thill cau~c cxclu ... i\'cly human mfr.::c\Jolls. rucullalivc p:.lthogcm, that arc found 

prillldrily III ,lI1llll<lb or the ellvironment but produce documented hUlllilll infections. 

oppOflllni"tic p.lIhogcnic ... pecics that arc fOlllll] in the CIlV lfonmcni but produce documented 

hUlIl.tll III t'..:CI Ion ... OInd ...... propbylic -"peci..:') fOllnd III Ihe enVironment that do 1101 cau~c human 

IIlfectiol1\ (TJbtc I ). 

2.1.2 ,\ lurphulogy .llId St:lllllllg 

i\1~'\:obaClcri'l MC Ihlll rods uf \arying length ... 1100HII01I1..:. lIon~~p(Jring. aerobiC and oxidative. 

Ikcallsc. th..: I.:cll wall-. arc ridl in lipid~. mycolic acid cOll slit uting Ill..: bulk of II1..:.'oc. they arc 

chMacl..:ri .... tic.llly acid fa ... t: once" dye h,I" been Idh.cn lip by the cdb. they are nol easily 

dcco louri\cd. even by aCId ;t1cohol. In ordl'r to .'o1;lil1 the bacillu..... Ih..: .\.mC<lrs must bc placed in 

hOI \I.mllng \olUllol1 or rClllain in L'Ollt.ICl \\!th the Slalll for .,cvcral hours (Karbon. 1983). 

Sc\(:ral "'Jlning icchlllqU(:S ..tI'C <[\".ilable but the Zlchl-~(:(:l\cJl ~'~tJl1 i.-. the one cOllllllon l) u.'.cd 

in IllO\1 labof<ltoric ..... 
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Table 1: C UITClltl y recugnized spcc il's uf thc genus i\l ycobaclcriull1, isu laletl from humans 

Group 

St ric t pathogen.:. 

Pholochrolllogens 

SWlochro lllOgcns 

1'\0 n-ch ramo gens 

Rapid gro\\'cr:-

Strici animal 

obligatory facul tative 

ivl. afri canulll r. 1. bovis 

ivl. Icprae 

;" 1. t liberclll o~ i ::. 

;" 1. 1Ilccrans 

r. I. ;t.:.i atllculll 

tvl. !,;ans<!)o, i 

i\ l. Jli;tnllUlll 

~ l. )o,lllll:tC 

M . !<.c rofulaccu lll 

r.1. ~zulgai 

j\ 1. :\cnopl 

M. gcn;tvcnsc :-' 1. a\IUlll 

1\ 1. IlaClllophi IUIll 

r-. 1. ilHracdlularc 

r-.,1. IilaimoCII)o,C 

1\ 1. )o,hilllOitici 

i\ l. chclolle 

Po l. fonuitulll 

t-. l. fan . .:inogclls r. 1. microll 

]\i .icpJo.Ll:lllULiUlIl 

1\ 1. paralubcrculo.':>is 

~1. pordnum 1\1. <.,cllcgalcnse 

Sourcc: Baron . ('I til .. 1994 

2.1.3 Gro\'Y·th Rcquiremclli)o, and Charactcri')lics 

potential 

M. gordo nac 

Po l. Il avcsccns 

j\J. ga::.tri 

saprophyte 

1\1 . nonchromogen iculll 

1\ 1. terrae 

1\ 1. 1["[\ iale 

t-. 1. falJax 

1\1. Sll1cglll:ttis 

r-. 1. phlei 

r-. l . vaccae 

i\ l. Ihcn noscnsiblc 

Tubercle bacilli can be cult initcd on artifidal lJledia directly from infected ti ssues. bu t the 

organislll fr~quentl~ b not present in a pure culture. due to contaminat ion by organisms. which 

grow marc rap idly than the tubercle bacilli. One of the mcthod::. cOllllllonly llscd to ~clcLli\ 'cly 

inhibit the conlaLnin;mts i~ 10 add an equal volume o r 2-4% <.,olution of NaOl1 10 the tissLJe or 
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exudale. Other Illclhod:-; abo u:-;cd ror decontaminating Lis~ue and body Iluids include 

incorporation of gentian vio kt and lllalachi te grcen in the mcdia in order 10 pre\'ent growth of 

contami l1an l~ not killed by trea tment with albli. 

The J1wmnhtlian tubercle bacilli grow ~lo\\'ly (10-14 days. up to 12 weeks on primary cullUl'e). 

while the dcvelopment of the avian type is morc rapid , viable growth occurring in 4-5 days. 011 

mcdia conta ining ~Crulll . potato or egg (Dor::,el egg medium). T he addition o f glycerine 

(Lowcn,>lein-Jenscn. U ) enhances the growth of human and a\'ian strain~ on primary culture. but 

ha!'. no errcc!. or c\cn lila) inhibit the bovine strain: conver!'.e1y. U with 0.4% pyruvate enhances 

tbc growth of ,II. hod.,. On a !'.olid medium. thi! human type produce!'. a dry. rough. crumbl y 

growth lCllgonic). with w<lrty. granu lar o r cauli fon n morphology: and arc en .... il) picked from the 

media but arc h.lrd to cmub.ify. The bovine tYpi! proLluce~ a ~canl. dry gro\\ th (Lly"i gonicJ. the 

colonies arc burr. low anLl .'!mall; and cllluisify easily in ~olut i on. The avian type proLlLlce~ a 

.:.moolh. moi::,!. gr~yi!)h-whitc gro\\th). The optiJ1\u J1lteJll per~turc for growth is 37°C although the 

micro-organi'>lll doe~ grow ~lo\\'ly at a tcmperature a.., low as 30°e. Avian tubercle bacilli grow 

\vell at temperaturc.:. between 25 ,Inti 45°C (Buxton anti Fra~er, 1977: Cernoch el a/., 1994: 

Karlson. 1983 ). 

2.IATenac1lY 

The pre:-.cnce of ~l 1,lpjLl ::,ub!'.tancc III the gelllJ~ ,\Iyc.:ubuclerilllll increa~e~ its rcs l::,tancc to 

eonditioJl~ th.lI .lri! detrimcntal \0 other nOIl-spuring lyPi!S of bacleria. When pre~cnt in cxudate. 

which I .... Ihoroughly dried. the microorganism may be viable for months. Although direct 

~unlight "ilb thi! bacillLl~ after it few minu tes of exposure . much o f the animal exudates ami 

faec<.L1 mal(er in which the microorg,1I1i~!Il is pri!:.cnl u~ually protceh it from thi! direct rays of the 

:-.Ull. The tubercle bacillu ... remain:. alive in putrefying materiab and cOlliaminatcd w<tte ring tank:. 

for month":., but i::, quilc scn.'J.it i\c 10 high temperalllre. cresol compounds (2-390). and ab::,o lute or 

dClI.llurcd alcuholl13.uwini!k and Taylor. 1996). TabJc ::! ~ho\\'!'. the surviva l lime o f AI. hu\'i:-, 

under dilTcrcnt environmcntal condition!'.. 

J 



Table 2: Sun h :1i lillll~ of M. bovis UIHJ CI' liiffer (, 1l1 (' 1I\' i 1'0 11 III CII 1:11 cO lldil io n ~ 

Conlaillinalcd malerial 

Purulent emul ... ion 

Cattle dung 

Cond ilions 

Direct ~un lig l ll 

Dirru~c \u nligli l 

Direct sunliglll 

Diffu:-,e ... un light 

Covered 

Temperate climatc. 

depending on sea:-.on and 

climatic l~uJ\dilion~ 

Water (c>"pcrllllellldlly l'olltamin.lIcJ) 

27.5 "C 

Survival time 

> I 0 h bUI < I J h 

at Ica~l 30 da y\ (not te",led furthe r) 

> 6 h but <37 Ii 

15-1 50 da); 

365-730 day; 

7-63 dav~ 

180 day, 

130-237 day ... 

1--l5-1Y5 day~ 

Source: .\ IH!:>chcrhch l'l (11. 19H-L CIted by B .. uwinck and T aylor. 1996 

') 1.5 ~ I~ c.:ob<tcten.d Antigen ... 

A \\I\.le [" .. mge of fraction ... of mycob"Lcteria can elicit humOl'al and cell -Illediated "nmunc 

rc!:>pon'-,c,>. SOllie of the!:>\..' .lIlligcn", h,l\e bcen "ltldied 1/1 rdation to thcLr effcct on the /Ilunune 

re~po[l',e of Ihc ho\\. wherea~ other ... h.l\'(: been ",tudied primarily in relation to the identification 

of Illycobacteria. Detailed rC\H~\\~ of ~\lIt1ic~ dUlle on !:>olublc antigen~ u~ i ng imlllunodiffus ion 

de ... cribed four major ~roups or .:.ulublc antigen", (Pritchard. 1988: Pritchard el (II. 1975): 

Group I antlgem. arc cOlllmon to .llIlIlycobucterial specic~ and related bacter ial gene ra 

(,Yocardi, l, CUlYlll.!btlCll'rial. 

Group II alltigen, are rc!-.tricted to the ,Io\\+growing mycobac teria. 

Group III amigt'n ... occLlr in r~lpidly growing .\/ycobaclerill and Xocardia. 

Group I'· <Hlligen\ are ~pecillc to individual spcdc\. 

Thc 1I11ponant con~cquencc of this antigenic cOJ1\titution is that the immune response to the 

pathogcnic .. 10\\ -growing mycobaclcri:.t I~ nOl "'pecific slIlce pan of lite respon;.,e wi ll be el iCited 

by amigcJ1\ ... h~lIcJ with olher ~pccies. Con\,cr.:.ely . rapid-growing mycobacteria aill.! related 

genera Illay elicll immune re'>pome!:> 10 anl igen_'> prc'>elll in pathogcnic m),cob<Lcte ria (Grunge and 

Coll1n .... 19h7). 
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,\ lan} prOicin antigen:. have becn idcllI ified and chartl.c (eri~ed by the use o f anu bodlcs . 

particularly murinc monoclonal antibod ies. Although mycobacteria consist of 5evcral thousand 

protell1 .... the range of proteins rccognised by antibodie!lo was in fact quite rc~tr i cted. lead ing to the 

conccpt of immunodomindllcc. i.e .. that there were certain proteins . which were selec ti,,::l), 

recognlscd by the Immune s)":.tcm. Several of the antigens iden tified belong to a group of 

molecules. \\ ho..,c function IS to protect the organism fr0111 em'ironmental damagc: thus the 70 

kD<I anllgen belong ... 10 thc heat shock protein:. (hsp) 70 family . the 65 kDa to the h..,p 60 family, 

the 10 I.:D.I antigen being hOl11ologou:. to thc hsp Gro Es of E coli .• 1Ild the 23 kDa be ing the 

enzy me supero.\.H.Ic (hslllut..l.!>c. which protects o rganism ... from damage induced by superoxide 

alliun .... ale thought to be a major componcnt of the J.ntlbactenal respon .... e of the macrophages 

lCohlOll. 1996). 

2.2 Ep idl'llli u lugy of 130' inl' Tuberculus is 

Although the organism of prillcipal llllJlort;1I11'e to 1.lboralOr)" uldgnOsl1ci<1n ... I~ ,\I hVI'i.\, 

nUlllerou~ mycubJctertd h.1\ e been l ... lIldh:J ftom canlc. ,\/ fIIhl'f"(.'lIlu.H.\, the human tuhercle 

b .. Lcillu\ c;lu~e~ pulmon,lry dl\edSC III prun.lle ..... mJ certain hoofed animab: it ha~ also been 

I ... alated from e\otil: <1niJllab, III Jle..c. \~ hele tubercLJlo~ls III human::. ] ... pre ... ent. .\1 tn'fllm "er(l\"Llr ... 

I ;Lnd 2 of >30 different ... erotyJJC" of the \/ (/\'illlll-illfl"andlulare (.'Olllpit:X) iLrc cOlllll1onl} 

I ... olated from cattle .. \/ kama.'" ha.., been Iwlaieu from pulmonary and c\trapullllollary 1e'101l.'! 

and ,\/ .\(:n~/lilc.iL"t:1l1ll from cer\ lcallymph node'"> .. \/ lur/llitulII abo ha ... been i::.olatcu from I) mph 

noJe .... of Co\\ .... amI. ha~ becn <b"ociated \~ IIh m<btilh III callic (Thoen .md Slecl. 1995 ). 

De"clopmcm of Ill)Cob;.tclcnJ.1 Ji~ea~e in J.llimab depcnd.::. on the ability of mycobacteria 10 

... Uf"\l\e and multiply 111 macroph..tge, of the ho ... t. T he pathogenicity of l1l)"cobactcl"lu i~ a 

multifactorial phenomenon. rcql1lrlllg the partICipation and cumulatlvc effcct~ of several 

componcilb. and may \'ary from ~pccie\ to speCics. From the cell ~\all componenh, Trehalo:-.e-6, 

6 dunyco!ate mhiblh chemotaxis, induc,,:. disintegrJ.lion of thc rough enoopla\mic reticululll and 
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del<tchmcnt of r ibosoJlle~ in liver cells . and i~ leukotoxic. Sulphur~con lai llin g g lycolipids 

(~ldfatids) ;.Ippcar to promote the survival of virulent tubercle bacilli within macro phages by 

inhibiting ph.lgoly~osome formation and avo idi ng exposure to hydrolytic enzymes pre::.ent in the 

lyso~oJllC~ (Thoen and Chiodin. 1993). 

Secreted protcin~ in the ulltigcJl 85 1.:omplcx llmy playa role in development of cell~Jllcditated 

response~ and disease in the ho:-.t. Fibronectin binds to antigen 85 components to effect 

monocytes phagocyto~e C3 sensitised cells. and the relea~e of large amounts of this anIigen 

could inhibit binding of tibronectin to tubercle bacilli (T hoen ~Illd Chiodin. 1993). 

The elevated ~) nthe~i~ o/" -.tn;ss proteins. ill response [0 changes in phy::.iological conditions 

\\ ithin the ph .. tgoly,osome may protect mycobactcri,1 frolll hydrolylic cnzyme~. reactivc oxygen 

radical:. and Ill~dopcroxida:-.e-killjng Illl;'cilani:.ms. Superoxide disnllllase produccd and released 

by ~e\'cnd mycobactcrial pathogens. could protcct the organisms from thc toxic effects of 

rcacti\~ oxygen radic,lis generated during thc oxidativc bur~t by hQl-,t macrophages (Tho~n and 

Cbiodin. 1993 ). 

Diff~rellt "'pecit:::. [0110\\ difJCrenl \\'ay~ of e\'ading the ho~t ddcn~l' llleChalli~[J1s, particularly 10 

ilvo id the effect of phagoC) 10:-.1 '" by lIlacruphagcs. Thus . . \f. IIIlJe"C:II{lJsi.~ inhibits the fusion of 

Iysoso me:-. wi1h the phago",omc~: ,\f 1I1'illlll ')ul"vives within thc fusl.'d phagolyso:-.omcs. by virtue 

of their cap:-. ule~like coating maleri<J.1 of Ill)cosides: M. hUl'i.\ chides the bactericidal effects of 

macrophages. by escaping frolll fu"ell inlo nOIl-fu~cd vacuoles in the cytopla')l11 (Grange, 1996: 

Gr.lIlge and Collin :-. . 19::::7 ). 

2.2.3 I lu."b Range 

'\f hol"i.\ combine::. one of the widest hosl ranges of all palhogen~ (Cob tan. 1996) with a complex 

epiLiellllologic.tI p.lIlern which involvc~ interactioll of infection,> <J.l1long hUIll,1Il beings, domcstic. 

and \\ild ,1Ilimab. All cxh.:nsi\·c range of mammals including variolls dOlllesticllcd and feral 

hoofed '1I1I111.1i:., prililates ulH.i ~I wide variety of exotic species bOlh of captive and free-living 

have been implicated (pritchard. 1988; Thoen 111 al . 1995 ). 
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FoIIO\\ IIlg er;,jdic;ltlon of ,\/ bo\';!) in c.mle. rc-infcctlon of caule herd3 had occurred from man. 

Imported c.lulc. and wildlife re<..en air .... The importance of each rc ... cnOJr dClxnd ... 011 thc degree 

of contact with c'lItle herd!:> and the extent to \\ hidl tubercle b,ICilli :..Ire excreted by Ihe3c frec­

hin,;; "'I~r.:le .... In the t\orthcrn Territorje~ of Au .. traiia. populatlo]]!) of \\ :J.ter buffalo (Buhu/w 

huhalu_l) ,Ire known 10 dcyclop generalized tuben.:ulo ... i .... ;,jod 'Ire IIIfecti\"c. In i':orth Allleric:J.. the 

bl ... on herd ... (Bi.lon hi-Ion) hayc long becn known to maintJIIl .\1 hOl'i!J, allli with elk (Cerm.\ 

l'tlllcldrmis) they pro\idc an important n.!3c[\oir III certain extensi\c range condilions. In ;\'c\\ 

Zealanu. tlK' bru ... h tall PO!:>SUI1l (Tric/lo.llIrOIl \'u/pew!a). <Ind in England and Republic of Ireland 

the bagcr (,\/d~'.~ IIIdl'.I). are implicated as significant re.scnoir ... In Afric.l a reservoir of tv!. bovt:>. 

i .. known 10 CXL .. I III Glre burf:J.lo tSJlICCI'II (:{~tfi!r). lcell'\e (}\u/Jm lee/me) . the capc ,",udu 

(Slrep.li('(!rtlJ .Ipcdl'.\) and C'lpC duiker (S)'hicaprocl .'pecic.,') (pritchan.l. 1988). 

~ 2-4 Ell\"lronlllt.:nt~tl and \lallagclllcnt Factor'. 

The largc body of field OJt'l <In .... lOg from tubercula ........ control III caule ~how that there i ... 

,ub ... tallli.tI \anatlon III bOlh incidence "md prclalcnce bCI\\cen gl.!ographicJI rcglom. ano 

between fanm. w Itlull reglolb. One !)imple e:umplc of thi .. I!:> that inCidence i~ tYPically higher in 

Jalr} tlhlll III beef herd..,. The- c\·idence .. uggc~" th~1I c\'cn when hClfer ... U't~ pastured with he-J\'ily 

II1feetcd (;0\\" the InCidence rCll1ail1~ low until the~ enter the co\\~hed (i'- Iorrb ef ul. 199-4) . 

. \I ,dl1utntioll. pregnancy ~tnd concurrent infection ... Illay ocp]'e ...... the immune rc .. pom.i\'ene~ ... in 

"OIllC C;I'>C" .mt! thc ... e may be IIllport.lIlt rdctur~ III c;,jllic held~ (Cullin ... 199 .. L Franci .. ef al.. 

1978: Tweddle .md Llnng .. tone. 199-4). 

The rOUle, hy \\ h.ch CIIlJc are IIlfectcd are inlluenced by f;,jclOr-. .. Ul::h a!) age. cm·ironment anJ 

pcrt,nlllllg f<lrllltng practice ... The alimentary route of IIlfeclion would not be unexpected in \·ery 

young c.llle ... IIlge .. ting infected milk from tubcrculou.'! ud<.it.:r ... Tuben::ulo ... i .. tran ... mission 

between Cilllir \ ia the re!-:.pmltory route I.., ide~tll~ filciht.llcd by n,lIural callie behayiour. 

e"peci .. lly in COnUlllll1llic ... with high :>.tocking den"IIIC\ and ... ubstantlal c~lUle mOlement through 

IH.lrket!-:. ami bet\\cen fanm ( ~Ic l lroy et 01. 1986: Robert..,. 1998). 
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Less common mUles of transmis~ion have also been recordeu. Cutaneous infection requires 

contam ination of other primary lesion, in congenital infecti on tf<IIlSlllission is via the umbilical 

vesscb. genital transmis!>.ion occurs in cattle if either the male or female sexual ol"!.!un.l. arc 

tuberculous. Iatrogenic transmission to the 111<1I11111.II·y glanu has resulted from the u~e of 

contamin:Hed intramatlllllary infusion (Neill el al., 1994). 

1.1.6 Distribution 

Tuberculosis is a wiudy spread di::-.ease throughoLlt the animal kingdom. It is commun among 

certain spede::-. oj" dOllle"licated an i III a]:.. , and callie arc within the most frequently ;J.ff~cted 

animal .... It became widdy ub::-.elllilwted in countries where cattle we re housed for long period::-. 

and in large hcrd~. anu was particularly prevalent among dairy herd!>. in the vicini ty of large 

European cities. For Instance the British Economic Advisory Council in 1934 reported that at 

least -W% of the cows in dairy hcrd~ in Great Britain were infected with tuberculosis (Alhaji. 

1976 ). and 0.5% prnduced tuberculuu~ milk (Collins and Grange. 1983). A prcv;tiencc as high as 

50% \Va ... also r.:po n.:d in Germany in mid of th.: century (Pi no. 1991: Pittler and Stee\. 1995). 

The progn: ... ~. whidl ha~ been made towards the total eradication of bovine IUberculosis. has 

changed tile pallern of ib pres.:nt distribution. Countrie~ which at tbe turn of the century had the 

highc'>t prevalence of tubcrculo~i\ now lUl\c the lowest, while r.:ountrie~ in South America. Asia 

and Africa, which probably acquired the di~ea .. e by Wily of Europe. arc today the problem areas 

(Alh;Ui. 1976). 

It is estimated that there arc 5 million callie infected with ,\/. bOlli."" in a population of over 250-

300 million cattle in SOllth America. In Centr~d Amcrlca. thc Caribbean and f\lexico. in an 

e~timated population o f 50 lIIillion cattle. about I million arc in fected (Berrada and Rojas, 1995). 

Apparently, tuberculosis had been rare in parts of Africa. where anim.lls con ... tal1lly live in the 

open . Ilowcvcr. the introduction of European breeds of callie and the development of intensive 

agricullUre rapidly changed tile distribution of the disease in these area!,. For instance, 

prevalence!, greater than 6.6c:'t among native cattle in some areas of Kenya. up to 50% in some 

arcas in f\ laluwi. a~ high as '25 % in pan s of northern Nigeria. and 4.1% in Libya have been 

repo rted by different worker ... (Alhuji, 1976: Sanousi and Orme. 1985). 
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In EthiopIa. although tuberculosis still remains a great pmblem in lI1an. nu data are available 

concerning the coulltrywide prevalence and pattern of the d iseU!.c ill cattle. Most of the !.urveys 

so far carried out are ba)<.cd on tubercu lin testing of animals. and abattoi r reports in a particular 

confined local ity. Oata from 1971, for thc condemnation rate of carcasses with tuberculosi~ 

originating from one slaughter hou)<.c (Diredawa) ranged betwecn I ;.tnd 1.5% ( YchualasheL 

1995). A !.ul1ll1lari~ed repon on the numbe r of bovine tuberculo!.is from different parts of the 

country whi(:h included about 210,000 slaughtcred cattle. in 1972 and 1973 was made. denoting 

a lung disease rate of 0.05-1.83% (Haile mariam. 1975). A total of 1.106,412 cattle we re 

~lallghtl.!rcd at 6 abaHoir:-. from 1985 to 1990. Gcnerali sed tuberculosis \V;J:' the caLIse of whoJc­

carcass cUlH..lelllnatlon in 0.008% (Ychualusbd. [995) but with wide differences (varying from 

0.006% in Addi ... Ababa to 1.156% in Ocbre Zeit). In 198.t. 4838 animals in sekcted farms were 

Mlbjectcd to tuberculin test anti 16.8% were fountlto be positive reactors. The Mojo farm had a 

high percentage of positive rC;Jc!urs (77.7%). followcd by Kuriftu (50.6%). Reactors' rates 

between 6.-1-% and 13.[% were found 011 six other farms. The rmc for 1985. as determined with 

3352 ,mimals \\,l:-' 24.4% lthi:-. time 90"l~ nile at i\ lojo and 35.5% at Oebre Zeit). In 1991. the 

IlIberclilin test of 2000 c~lttlc. 2 years of l:lge and older. in small dai ry herd:. (2-20 ::millla\<. per 

holder) resulted in 5.1 <:'C and 1.0% of reactors in cross and Im:al breeds. respectively 

(YehualasheL 1995). 

Table 3: Inl"id cllcc of tllbcl"l'lIlus is uf the lung in 19 72 and 1973, 11\ catt le at s laug ht er ill 

Ethiopia 

Plaee 

As Ill<lf;;! 

i\lakalc 
J\laJgue\\ ondc 
Add; ... Ababa 
KomboJcha 
Oireda\\ a 
Ocbre Zeit 
Gondar 

no. of 
aninmt... 

15.936 (27 .S 17) 
25.661 (39.8751 
19.938 (38.303) 
12.088 (81.9.\.\) 
.\ 7 .U77 (-------) 
21..\.\3 (7.483) 
-- ------ (3 .934) 

(J 2.525) 

Source: Haile mariam. 1975 

no. of lung 
affected 
2~3 (105) 
819(730) 
48 (207) 
60 (113) 

211(--- ) 
190(.\) 
---- (71 
---- (31 

Numbers in par~ntbeses indicate respective figure::. for 1973. 

percent of <llTeclion 

1.39 (0.38) 
3.10(1.83) 
0.2,\ (0.5.\ ) 
0.05 (0.15) 
DAD (-----) 
0.88 (0.053) 
----- (0.0171 
----- (0.02) 



2.3 Pathoge ll csis uf Uovilll' Tubcl'culosis 

Although tuberculo~i~ in catt le C,1ll milnife:,t it!'clf in a great variety of way:-. dependi ng upon the 

routc!' of infl:ction and the ",ub!ll!qucnt immunc respon~e, the Illo:-.t frequently occurring fo rm i!'i 

lesion:-. of the broncllo-rnedia!llinal lymph nudes and uf the lung, a~~ocialcd with infect ion via the 

respiratory roule. J\.'l icroorgani~ms 0 11 small pat1icles such as dust and water dropk l~ that do not 

impmge .Igainst the Illucocilliary layer can pas!'> through terminal bronchioles, thus gaining 

access to alveolar :-.paces. Here the org;lIIislIls arc inge:-.tcd by phagocyte",. which pas:, through the 

lining of the brunchiole:" l:nter the circulation . <lnd then arc carried 10 lymph nodc:-.. and 

parenchyma or the lung. Following inge:-'Iioll of the bacilli . IY!'>O:-'OlllCS rlhe to the phagosomcs to 

form pliagolysosomcs. and it is there that phagocytcs a ttcmpt to destroy the bacilli. The 

hydrol) tic enLymc.,> present and relea~ed into the phagosollles fail to kill the bacilli. the later 

multiply and destroy the phagocytes. The cell-mediated immune respon:-.es mediated by T­

lymphocyte:,. in an atlempt 10 control the disease. produce Iymphokines which immobi li ze and 

activate additional blood burn~ mononuclear celb at the sites where virulent mycobacteria or 

their product ... exi"t. t"!.!sulting in the accullIulation of large number" of phagocylcS. The 

per:-.i stence of mycoba!;terial antigen:, and their inuigeMible waxe~ in macrophages and the high 

turnover rate of m<lcropitage:-. in le~ion,>, re~ult in duonic innamm<ltion and granulolll<l formation 

characteristic of tubercle (pntdwrd, 19S8 ). 

The per:-.i:-.tencc of tubercle bacilli in the maerophages also aCb :1:-. ,L ,>ource of antigen for 

antibody production: the~e lIlay result III antigen-antibody complexes. which trigger a variety of 

immuno-pathological manifestations. The cellular hyper~ellsitivity that develops contributes to 

cell death and ti"slIc destructiOn ( c,,~cou~ nenosis). In some instances. liquefaction and cavity 

formation occur due 10 ctlLymatic action on proteins and lipid:,. Rupture ur these cavities into the 

bronchi all ow:, ~leroso l spread of the bacilli (Thoen ami Bloom. 1995). 

2A "athogn,tphy 

Sigm exhibited by tuberculous dnimab depend up on the extent and location of lesions. The 

general s igns are weaknc:,:" erratic appetite. dyspnoea, emaciation, ami low-grade, nuclUating 

fever. Enlarged superficial lymph nodes provide a useful diagnostic sign. When lungs are 

exten!.i\ely involvcJ. there I:' commonly an intcnnillenl. hacking cough. Tbe principal sign of 
14 



tubcrcuio!:>is cOllllllunl y i!-. chronic wa ... ting or cmaciation rhat occurs dc!'>p itc good Ilutrit ion and 

C~H"e (Thoen and Bloom. 1995). 

2.5 I III III unily Aga ins t Tubcr-cul:ll" Inr('ct iuns 

Allhough mycob,lCtena illltially encounter normal hU lllo ral component s ami granulo,) tes, the 

<lctlvil le<" of <lCl i\-'Lted lllonOnUclcilf macrophages ,Ire con.., idereu to be more importan l HI 

prolectlllg the ho!:>t. :-' lacruphagcs arc invohcd in procc!:>!:>ing mycubaL"terial .tntige ns and In 

pre!:>cllling anligen'" to T-IYl11phocyte ... T his in\"ohes a numbe r of !'peciric receptor- ligand 

Interaction!'>. T he Illo!-.t widely ... tudied of the!'>e im'olve complemen t receptor!:> CR I, CR3 and 

CR·'" which arc cOIl!'>Ldcred to be key recogni tion unit!:> in the immune respoll:.e to mycobacteria. 

The !:>ub!:>equent interaction of m<lcrophages and lymphocytes wi th specific antigens stimulates 

the rdc'lsc of soluble ')ub~tanccs. Iymphokines . that attract. activate and IIlcreasc the number o r 

mononuclear cell .. al the ..,ite of IIlfection (Thoen and Bloom . 1995; T hoen and Ch iodin. 19931. 

T-cell ... are regarded a .. pivotal in immune responses to mycobaccriJ . and all major T -cell subsets 

panicip,lIc: CD8+ eelb can cau .. c lysis of cells infected wi th Ill}cobacteria. cytotoxic activity has 

'Ibo been demon:.tr:.ned with CD~+ celb. T~hcipt:r ty pe-:~ cel ls produce IL-4. necessary to 

regulate antibody production. and type-I cells produce IF;\-y .lIld IL-1. and are as~ociated with 

feSl .. tance (Pollock and Ander",oll. 1997: Pollock ef al. 1996: Stanford <lml Stanford. 19S16: 

Thoen and Chiodin. 199J). Type I and type-2 cells operate in a reciprocal rashion . whe reby 

cellul.Lr and hUlllor.Li immune re ... ponse~ arc mutually antagol1l:.lic. 

in general terms. cell-mediated immunitv ,CM l) oceun, follQ\\ing T -cell recugilltion of 

proce .... cu mycobacterial untigen~ 111 u.'>soci,ttion \\ ith major hi~tocompatlbility complex (r-. 1HC) 

product" on i.lIltigen presenting cell,>. T hiS mte raction 11M}' cause activation of an ti-mycobacterial 

capiLcHle .. in lllacrophage .. . via the rele;l.::,e of cytokinC'- by the T -celb. Furthermore, blood 

monocy le ... . which haw greater anti -mycobacterial capabilities than re!-.idcnt macrophage.'> may 

be allraetcd mtu the leslon~ (!'\etll ef al.. 199~: Thoen and Chiodin. 1993). T llU:. . C \11 Illa) 

benelit the ho~t b) il1lti,lIing proces~e .. . which may clearly deslroy or inhibit mycobacteria. 

Alternatively . .. imilar cellular interactions Illa) lead to a delayed-type hyper!:>cns itl \ it y (DTH) 

with ~igll ificant ti ...... ue necro .. is. A .. in the ca:.e of beneficial Cj\ll. on·1 may al<.,o inhibit tubercle 



bacilli Olll in thi ... macruphagc~ containing repl icating orgall1 :' l11~ afe de ... tfoyed . T hi s reJca:,cs 

mycobacte ri.l flOm thei r protect ive and favourable environment po!\..,ib ly allowing phagocytosis 

by the ,If.:ti\ated macrophilges. However, the ce llular destruction 011\0 contributes 10 pathogenesis 

through tl ... :,ue lbrnagc ,mdJor spread of organi sms. Facto r:, IC<lding to necros is include 

potenthilly to.\.IC concentrat ion of cYlOkine\ , rcJc<lo;c of toxic fac tors from degraded baci ll i <lnd 

dl\llltegrallllg 1l1 .. tl:roph~l ge~ . ischaemia and local acti vatio n of complemc nt by immune 

complcxc\ (Nedll!ll1l.. 199--1 ). 

2.6 Pathology of Bu\'illl' Tubl'l'l'ulosis 

Gro\" de ... criptioll" of le ... ion,> of bovine ttlbc rclllo~is ha\'c been docume nted by Pri tchard (1988). 

A pnll1<tfy IC, IOll or foctl ... of IIlfection is c~t abli~hed follo\\ ing interact ion of I1 mt and pathogen . 

Thi'> primary le'llon. together with the lesion in the reglOnall}l1l ph node,> I:' termed the pn mary 

comple). '. 

The route" by which callie Me infected, together \\ ith the ho ... t IInmune re' IJOnse and the 

viruknn: of tbe organi ... m delermine LO .1 major extcnt thc 1ll.lIlife\(ation uf this disea!)c. 

Following .Ierogcnou~ infec tion in caltlc, the primary complex is u,u,dly found in a subpleura l 

local ion III the dor~al portion~ of the di .lpbragmat lc lube, of the lung .111(1 it'> associated lymph 

node .... Illllial fod nwy (.:o .. dcs(.:e to form I:\rge r ,m.:as of (.:a\cous bronchopncumonia and fu rther 

IIllrapulmonary dl ...... cmination Illay OCClII" via airway~. by lymph:llic ... prcad or by haematogenous 

'>prcad. If hdenwtog.cnou,> <,pread occur.." thi~ may lead 10 furthe r les ions in the lungs . spleen. 

hone m:IITO\\, lI\er. kidneys . adrcnal", te:,tes. uteru ... udder. mcni nge ... or serous eavi tie:,. 

Infectio n through the ... kin Will usuall~ be limited LO the 1I11 tiai 'l Ite; III congcnit.ll tu bercu los is , the 

prilll,tr~ complex i .. in the liver and portal lymph node. Inll;:<.,tll1.l1 le .. ion .. usua ll y m'ise from 

IIIgc ... lion of hca,y b:tcten.tl 10i.ld but :11 ... 0 11M)' ari..,e frolll di\"cminJtion of primary complexes in 

the lung (i\cilll!l al .. 199--1). The gross appearance of the lubercle I .. usually that o f a fi rm white 

or ) cllO\vhh nodule. On section, Ll yellow i ~h ca ... cous nec rosi~ , ... (.'01111110n (T hoen Cl al.. 1995). 
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2.7 Di;lgnosis uf BIIVillt." Tuberculusis 

1.7.1 Thc Tubcreullll Te!-Jt 

IntradermJI tuberculin tc ... ling i~ the u!-Juul mcthod recOlll lllended by the Office Internation,tl dc~ 

EplLOotle!-J (O lE) for detecting tuberculous infect ion in cattle . Tuberculi n \Va~ u~ed for the firs t 

lime by Robert Koch in I S91 in an attempt to develop a treatment for tubercu losis. Over the 

ye • .I r'l. different reagent!-J and tech ll iqLle~ have been ll ... eu, ranging rrom !-Jubcutaneous injection of 

Koch':-, Old Tuberculin (0'1' ) prep;;red from '\/. III/)en:u/wi.l. wilh ;t!'>!'>C:-.SJllcnl of the lest by 

determining the anim,~I' ~ temperature on repeated occa!'>ion~. to measuring the degree of ti!-J!. lIe 

reaction in millimeter at the injection !.ile. 

'2.7.1.1 The Tuberculin 

Koch':-. Old Tuberculin (aT) wa!-J prodm.:cll by grO\\lllg wbcrcle bacilli on glycerol brmh. 

remO\'lllg the baetena. reducing the volul11e of broth to onl.! tenth b} c";Jpor:uing and pas!-J ing it 

through a "terili ... ing filtcr. Thi!) old tuberculin \Va" I.Jiluted I:"" to g]\'C the Il1tradermaJ tuberculin 

used ror te ... ting callie. Koch' s OILl Tuberculin \\'a ... known to be iI comple>. Illi>.ture which varied 

con!-Jidcrably from batch 10 batch. 

Ileat Conccntrated Synthetic t-.lediulll (l ICS M) tuberculin wa!-J produced in thc same way as OT 

(hea! concentrating th~ filtratl.! 10 one third of it!'> origi nal volume) but the nitrogen for bacterial 

growth i., produced b) asparagine and the !'I::-,ultant wbl.! rculin i ... unllli,\ed with protein from the 

culture media. 

Further IInprO\elllcnt III llualit}' followed the description of tcchniquc~ for the precipi tation of 

tuberculin with ammoniulll .sulfate or trichloroacetic ac id. This allo\\cd fo r production of a more 

~tandardiLed product. anl! !-Juch tuberculin is de.scribed a.s ' Purified Protl.!in Derivati\e'(PPD). 

Although PPD tuberculins arc L1escribcd a!'> 'pure' they arc a complex mixtu re of protein. lipids . 

.sugar!'> <tntl nucleic acid'l including a great variety of antigen!>. nlany of which arc cOlllmon to 

sc"cralm),cobacterial '1IJCc ic!-J (Francis {'/ 0/ .. 1973: Il aag!'>ma and Angus. 1995; Monaghan el (1/ .• 

1994). 
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'2.7. I. :! Tubercu lin Reaction ... 

The tuberr.::ulm re~ICHon in infected cattle i~ a delayed type hypcr .. en':>itivity (DTH ) reaction which 

I!'. milxlI1l<.l1 at apprm.lIlhLtely 7:! hOllr" after the injection of tuben:ulm (Fr<.lnc is el aI., 1978). 

OehLyed type Hypcr:,en~HI\lty (OTII ) reaclioll~ <.Ire Illcdialcu by a population of ~ens illzeu T 

cell!'. ami "ueh rcaCHon ... arc con .... ldered to h,1\'e ... pcclfic and non-specific components (i\ tonaghan 

elal 1~)l) .. L Thoen ,Ind Chiodlil. 1993). The ..,pecifie componclll i .. belicvcd to be dcpendent on 

IIItcraclion bct\\ccn prniou':>ly wn..,itilcd T cell':> expre!'. ... ing the CO ... phenotype. and anligen 

prc,>cntcd b) macropbage:-. in " ....... ociation \\lIh ~ II IC cia ... .., II molecules. The non-specific 

componcnt .... trtggen::d by tlte reka\e or cytokinc\ protluccu by ilctl\<lted T ce ll s and these 

cy tOJ...ILlCS <Ire thllu~ht to be rc"pun\iblc for the 11 .., .... ue damage. which .\ ,I fcallJrc of a reaction. 

'2.7 1 :3 Tuberculin Te\ts Currently in L'\e 

There are two t~pe" or tubcrcuhn Le ... '" III u\e tod.I),. both rely on the re\pon':>e 10 intradermal 

IOjectlon ... of tubercullil with <111 a..,sc ..... ment of the II1Jeclion "He fo r ... wclllllg 71 hour'> po:-.t 

IIljcctlon. 

The Slllglc Intr<luernwl Tuben.:ulin (SlOT) test. u,>ing bonne tube rculin i" earned OUI in the ~J...in 

of the neck .• 1'> I'> the cI;:.e In Europe. or in the ... kin of the <:Judal-!"oh.l. a~ II I!. applied in i\!orth 

AlllenC'I. Au ... ll'aha ami f'e\\ Zealand (,\lollaghan III "I 199"'1. In the more popular test at the 

..,kln of the neck. 0 Iml of appro\'cd bovine PPO i'> InJccted in tradcrmally III the middle third of 

the nee I.. after the h.m IS dlppeL!. 

The Cllll1paratl\C Intradermal Tubercuhn (C lOT) te ... l. u:-.1I1g aVian and bovine PPO is applied by 

.... ulluitaneou'> IIlJccllun of both i.l\ian PPO (O.lm!. ::!500IU) and bo\inc PPO (O.lml. 5000IU) on 

the ... alllc ",tic of the neck, 1~-15 cm apart. A po ... iti\e re ... ult I!'. recorded when the bovlIle reaction 

h gre;Jler than the .I\un Coulltcrp.1ft {i\lol1;Jghan I!l al. 199 ... ). 



'2.7.1 A Diagllo~tic V~dul! 

2.7.1.4.1 False Negative Reactions 

Rccellily infected caule fail to rcaCl to tubcn.:ulin: reactivity i!. u~ually not apparent for 30-50 

day~ following infecllon (r..lonaghan el a/.. 1994). In addition it hm. long been recognized that 

:-.omc catlle. including lll<llly with !.everc or genera lized di~ca<;c Illay not react to tube rculin 

(Lepper cf £/1. 1977). a<; it i~ true wit h :-.t re~~c~ a~~oc i atcd \\ ilh ma lnutri tion. concurrent iJlfectiom. 

~lnd tlcprcs~ed illllllUn!! rc<;poJl~jvenes~ ~een during the carl y po.<; t- part um period (Coll ins. 1994: 

Kantor. 19B4). Thi ... ~1.lh: 1!<1 referred to a ... anergy. and the rcason~ for it ... occurrence arc poorly 

ullder ... tood. 

De ... en~lIization (a reduclion in the ability of a luberculoLl~ animal to react for a period following 

injection of wbcrnllin). tlte use of tuberculin of low or reduced potency and injeclion of 

In~urricicJlI :tmUlIJu", ur luberculin arc olll!!f pfobkm~ knuw n 10 Or.:CUf ~illr.:l: tubercu lin W'IS fir:-'1 

lI<;!!d ( Do he n y ef al.. 1995: Lepper ef al. 1977: Monaghan ef al . 1994). To overcome lhe.<;e 

problem ... . a penod of 42-60 days i ... left betwcen tl: ... t!<.. viab of tuberculin !.houltl only be u'>ed on 

thc UdY they arc opened. and the lI~e of IIltLilipk uo,>e syringes is tli ... couragcu . 

2.7.1.4.2 Fabe Positi\ e Rcul.:tions 

Callie. which ale c.:1a ...... tlled a~ reactors to the luberclllin tc~t and fail to ~how evidence of 

IIlfectiOll at s laughte r . .Ire often termed no vbible lesion (N VL) rea(:tur~. Althuugh thi~ ]1lublcJll 

c:m be greatly reduced by dct;.ajieo eX~lIniJlation of the carca!)s (Corner ef al. 1990). i\VL animah. 

can be encountered nen \\illt good abattoir tcdmiqucs. allributable to non-~pecillc reactions. 

The cau~e~ of ,>ur.:h non-~pecific reaction ... include paralUbcrClJlo~is withlor previolls infection 

with ,\/. lIV;WIJ, ~ki n luberr.:ulosi~ or expo~u rc to environmental mycobacteria or related 

organi:'l1l!. (Monaghan . 1994). Dc:.pite the facttiJal there arc a number of causes of non-~pecific 

reactions to tuberculin test in callie. ~uch rcaclion~ OCellI' in only a small proportion of animals 

hee T.lblc -l). 
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Tab le -4 : I{ l'~ ull s of s lulli e~ on Ihe sl'nsiti \' ity of sin gle cOlllpantli\ l' tuberculin tes t 

Stu ll) Nu. infl'c teo cattle I{ C:If .. t O "~ (VA ,) o uubtful eX,) SCll sili\'ily(% )K 

Kt.::rr CI .\1 11946b) 300 91 91 

Kerr l!1 ;d. {llJ-49) 201 6 14 82 

PJIt.::r ... on CI .t! ( 195~ ) l)~ 63.4 24.3 7.8 

dcJongh CI <II. ( 1969) 151 40 37 77 

Le~lie t.::1.1I (1975, 58 62 29 91 

O'Relll) ct .1.11975) 91 68.8 26.2 95 

O'Relll) el.II,11986) 68 62 28 90 

Adapted from 1\ IOllaghan t'( ,,/.. 1994 

"* Scn ... lll\lty i ... 1 mca ... ulI..' of thc ubil!t) of a le ... 1 10 corrcctly Identify i ... l. bovi ... -infccled animals 

.tIlJ , ... u!)u<llIy c\prc"!)l.!d <I ... a percelllagl.! IO'Reill). 1995). ~. 1= ........... 
• _A Co. ~ ... ~ 

SClhlll\·II\ Ire) = True Po ... itivc... ~. 
True pO ... ill\,C~ + Fabc j\cg.ltl\~ "~-s.... .. ,. 

~ , .... ~1It ~ 

~, / 
~.7.2 Pn ... l Illortcm In~pcclion 

PO ... UllllrtCIll e\iIIllIll.ltJon of cauk and bacteriological C.\.11ll1ll.1I1on of le ... lon ... are Critical ')ICp" in 

Ihe t.li;.Igno"'I'" of bO\inc tuberculm.I .... A tenlall\e uILlgnu ... l .. uf buvine tuberculmi ... can be made 

follo\\ IIlg the mat::ro .. l:0pIC detection and hi'ltopJlhologit.: .. 1I examlllat iun of Ihe lesions. The 

... en ... lln ity of gro ..... po .. t mortem examination i'l affel:tt.::d by the mcthod employed and the 

anatulllll:,11 .. It!.!!, ~x.Llllined. Since 1ll0~t tuberculou .. infectloll!o. 111 callie arc ucquireu by inhalation 

(t\kllroy III af. 191::6). between 70-90r:c of le ... ion .. ;Irc 100md III either the lymph nodes uf the 

head or III the thoraCIC cavity. !Iowe\cr. bccau .. c tub~rclllo!'I" 1 ... 1 uI"e ..... c alleclLng the retlcu lo-

endothelial ... y .. tclll. Ic .. ,on ... Ill.lY occur 111 lymph nudc::-. III \"JrIlJ;JII) J.n~ anatomical region of the 

body. IU!llce .. wide r .. nge of lymph node~ need 10 be examined. Corner ct d. ( 1990) determined 

the LIi ... tnbution of 1t.:: ... iol1 ... in 37-1 tubcn:ulous animal .. in order to optimize the postmortem 

CXJlllin;Lrion procedure IT.tblc 5). From the data it \\;.t~ a'lccnaincd Ihat66"'c oftubcrculou~ caule 

had one Ic ... iun only. anll 6t;c of the'le could be lucntd"icd by eXamill;jIlOn of only 3 pair:-. of 

I) mph nuJe'l t llleJiastinal. medial retropharyngeal and bronchtal) amI uf the lungs. Examination 

of 3 "JdIlIOIlJI pair .. of lymph nodes enabled the detection of 95 c;{- of animab with le5.lons 

ICurner. 1994: Corner l'I al. 1990). 
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Table 5: Tlu,' location of the must frCtlucnllr :lffcl' tcd ti:ss ucs in l'altlc with s innlc lesions of . . 
tub('rculus i ~ 

i\kdlal rCll'llph'lr)llgcalln (len and ri ght) 

metll.l\[IIl.t\ln (<lnlenor ;,tnt! pm,lcrior ) 

Bronelll.1I In (left and right) 

LUll" • 

Parolld In (ldl and righl) 

Caudal cervical III (lert anu riglH) 

Supcrficial1llguIIlili (left and nglll) 

Proportion of <Ill Glttlc \\ Hh :-,ingle lC~iOn ... 

that were detected 

In= I) mph noue 

Source: Corner l'1 £II. 1994 

'2.7.:' In Vitro CcliuLir A.., ... a~ 

% of Ic",ioned CJuic detected 

29.4 

18.0 

9.S 

2.9 

2.4 

94.3 

\\'01'1\.., 011 the de\c!opment of in vitro method" to lHI'::.I..,urc the T-cell rCilc[lvilY of ce ll s from M 

h()I'i.\ Infecled (:aulc fOl.:lI..,..,cu on the lymphocyte tran",fonnation tc~b (LTT). The method 

illvolve ... IIKubaling l)mphol~yIC'" in the v.hoh:: blood dilul!.!d wilh tI ...... uc cLlltu re media for 3-5 

day .... and th!'!11 u"ing radio acli\C nucleo . ..,ide~ to dele!,;! the level of cell proliferalion (Wood and 

ROlhel. 199·H. Thl.!"c condlliun.. t11l.!ant lhal while thl.! J}Jllphoc)tc prulifl.! ration a ...... ay wa-. ufOcful 

for rC:"l.!arch purro~c .... il was f<lf 100 comple .... cO..,lly ;.lI1d ..,Iow for U"C III routine diagnosis. 

:!.7.-I y- IIlI!.!rfcron ,1"');'1) 

The y-interferon (eM i::, an Clll.yme linked inulluno::.orbellt n::'3il) (ELISA) u~ed to delect bovine y-

mterkron III pl;.I ... I11;\ from infcL,tcd bovine whole blood, cultured with ,\1. bO\'is and .\1. (/dulII 

PPD ... (Rolhel.:l ill.. 1990). Wood (/1 aI., ( 1990) and Wood (199-1) d .. limed "(-interferon assay a~ a 

"'lInplc ,tm! rapid in vitro cellular assay for the diagnos[.., of bovine lubcrculosi3, and maybe a 

practlcal replacement for Ihe sing le intradermal tub!.!rculin tc:-.t. The major advantages of the y-



interferon as:-.ay would be that It docs not compromi.':>c the immune s tatus of thc animal thus 

ll1.Jking immediatc re-testing of suspect animab po:-.sib le . and tllmlcst results are available within 

as :-.hort as 14 hour:-.. 

7..7.5 Serological Diagno~lic Tests 

It i~ \~ell established that tubercu losis in both human ... and c,lttle induces a strong cellular 

respon~c. and in a [mtjo rilY of infect ion thc disease is controlled by a protective cclhJl ar 

Immu!lIt) (Thoen :tnd Chiodin. 19931. It abo hm. long been frequently reported that ami body 

respon ... e III tuberculosis infections is low. and when present. does not have any significant 

protective role (FiGs ef al.. 1994). Dc!-.pite Ihi:... many invesligators have attempted 10 produce a 

simple di.lgnostic antibody test that would replace the inlradermalluberculin test. 

Dunng the la ... t decide, the eI1Lymc-lmnlllllo:l<:.say was Ihe method most freque ntly evaluated 

(Baron el ell. 1994: Hannot ef til , 1989: Hanna el al.. [1)91: O'Reilly. 1995). Scrologlcal test'i 

u.'>ing crude mycobactcrial .1nligcns are known 10 have both low :.ensi tivIty and specific ity, and 

inten:--i\"c :'llI"vey, h,l\'c bcen conductcd 10 look for :.pecles-\pecific epitopes on mycobactcrial 

<lllIigen:.. The report of j\ II'B70 (22kDa) and r-. IPB64 (24kDa) antigen:. a:., being :--pecific 10 M. 

hO\'is (Fiji:., el 01 . 1l)9-l.) gave ncw hope thai more spccific diagnostic tests were po:-.sible. 

Although serologi<':~tl tCSb detected .'>omc tubcrculous animah that were ancrgic 1O the single 

intr.tdermal te:..l. most of the finding:-- with thc identified antigen::. however failed 10 ::.how any 

superiority to the cxi\ling cellular tC:.1S (Auer and Schleehauf. 1988). T he weak humoral 

response inhercnt to natural infection. the wide lTUSS-I"C<lcli\ it) \\ ill! itllll1Ltlludulltill.ml 

mycob<lcteri<ll antigen:. and the genctic.dly controlled diversity of Individual responscs to 

mycobacterial cpilope .... Ire largely respon.'>lblc for Ihe poor correlation observed between the 

,erology and those obtained by bacteriology (Wood and Rothcl. 1994). 

~. 7.6 Bacteriology 

2.7.6.1 Specimen ... 

In order 10 ohtuin the best re~ults from the bactcriological ex.ullinalion or 'pecllllcns. Ihe 

:--pecimcns mu::.t be pre::.cnted to the laboratory in the best possible condition. For the detection of 
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the greatest number of viablc lllycobacteria. e.g. M. bUllis, tn stored specimens. specimcns should 

be chilled to 4-6°C and cullUrcd w ithin 24-48 hours of collection; freez ing is recomme nded for 

any period longer than this (Corner. 1994). Giving th is cond ition, the main faclOrs inlluencing 

the ~lICcc::.~ of primary i~ulatioll of mycobacteria from clinical ~ pccimcns an.! the culture media, 

the decontamination procedure and the incubation condition. 

2.7.6.2.Culturc media 

Field ~trains of mycobacteria require enriched media for growth on primary isolation. T he media 

used arc either egg-ba~ed te.g. SlOncbrink~s medium and Lowcm,tcill-Jcnscn), or ag<lr bused 

enriched with ~erum and lor blood (e.g. modified-Middlcbrook7 H II medium) and IUberculous 

blood agar medium. al~o called 883 (Buxton and Fraser. 1977). 

2.7.6.3 Decomamination 

Dige~tion and decontamination of specimen~ is frequently necess;lry 10 release the organism 

from body fluid:.. and c:elk ;llld to permil the i..,olation of mycobacteria from contaminated 

~peciJllen.:. (Corner. 1994). The ideal reagent lL~ed for decolllUlllination ~hould have a minimulll 

toxicity for mycobacteria but maximum toxicity for other contaminating organi!-.I11~. Generally. 

hcxaadecylpyridiniu1l1 chluride ( I-IPC ) al both 0.075% ,lilt! O.75% w/v. oxalic acid 5%w/v and 

':>odium hydroxide 2--l% w /v arc commu nly used. 

2.7 .6.4 Incubatio n Conditions 

Laboratory cultures of tLIberde bacilli under uptimal conditions usually remain viab le for at least 

s ix mOllths , but it i:.. advi!:>able to tran !l plant culture!l at regular intervals to assure Vi~lbility 

( Karbon, 1983). Since Ihe organi~m mu~t be incubated longer than more rapidly groWlOg 

bacteria. the media, Illll~t be prolecled again~t de,sir.:cation. Glycerine redllcc~ the rate of drying. 

!:>c rcw cap tube:.. or ~mall bOlllc~ lhat prevent evaporation arc common ly lI~ed. and culture tube!:> 

may be openeLi and a few drop!:> of ~terile water arc added in order to maintain a mo iM 

atillosphcrc. 
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"2.7.7 Bio(.; hcm ic.:a l Tc:-.I s 

N"ot all mycoba(';leria i')olaled from clinical Ill<ltcrial arc tuberclc bucilli. Some are 5. pecie:-. that 

nonn.llly C\I'>t .I'> environmental ~i.lpropl1yte ... but occa ... ionally become opportunist pathogen .... 

The ... earch fur a ... implc leM 10 identify n::li;lbly a ... trai n ... uch as ,\/ whercu/uxis and. preferably. 

to dl' .. tingui')h hUIll.11l from bovine \'ariant'> ha:-. not Ix:e n a fruitful one (Collin!!. and Grange. 

1983). T herc arc a number of biochcmical le ... l!. for M bm'is (Co rner. 1994). the mOM useful 

bClng the NIJCIIl production ~tlHl Nitrate reduction teo..,{ .... anu :.. u...ccptibilit y 10 T iophcne-2-

Carbo,\yiJ(.; ac id hydra.litic. A:-. no !!.ingle mcthod i~ enti rel y reliable. combination:.. of le:..l!!. arc 

lI:..ed. 

Although .111 mycohacten"l produce nicotinic ac id. compar;.tti\"c n.:'>lIh ... 11<Ivc !.hown that bcci.llI:-.e 

of .1 block.ed metabolic pathway for cOll\e r..,ion of free nhlcin to I1ICQlilllC acid mononucleotide. 

,\/ llihL'rcu/mi_\ ilcCUlllulatc ... lll:lcin and excrete\; it into the medium. The accumulation of Niacin 

in thc medium cau ... ed by lack of an en Lyme Ihat convert ... niaclIl to another metubolitc in the 

coenLymc PJtll\\J) i:-. Illca:-.urcd by a colored end product. For thl!. purpo\e a 3-4 week o ld pure 

culture. \\"ith more thall 50 colonic!. grown on egg-ba!o.ed mcdia will be ~elected ( Baron et £If •• 

199~: Cernoch ('1 "I. 1994). 

2.7.7.'2 Nitrate Reduction Tc~t 

The prc<.,cllce of the cnzymc IlIlroreuuctasc call be detected by the .Ibllity of a su:..pen5.ion of 

org<.lI1L'>IlI:" to produce a colored end produci from ~lIb"'lratc<., that combine wilh nilrite_ the 

product of nilroreduCI~I~C .. \/ whel"cu/usis and ')everal other "IJeclc:-, of :-' Iycobilctcna po!.se!.s lhi~ 

enLymc. but.\/ hOl'is does nol. 

2.7.7.3 Su!.ceptibility to Tiophene-2-carboxilic aCid h) uraLiLie (T 211 ) IC!.I 

The Tlophcne-2-carbo.\ilic dc iLl hydrazide test is met! 10 di ... tingul:-.h niaci n-po:.. ili vc ,\ /. hU\'is 

from ,\/ (ul)(:I"("ulo.li." and other non-chromogcnic \Iow gro \\ ing mycobac teria . .\f. bods i:.. 



• 
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~u ... ccpBbk to Ill\\ conccntralion~ 01''1'21-1 ( I-Sf.! glllll) and therefore. \\ III not grow 011 the ml!diulll. 

\\hcrcJ\ .\/llIh.:n:ulwi.\ II., rc:-.i~lanl and will ~ho\\ growth (Ccrnoch t:1 ul.. 199.f) 

2.7.8 ~10Ic(ulilf Biology Approach 

The .lIhCIlI l1f gCllclK engineering hu:-. provided ailcrnall\'c DKA-ba,>cd ~lri.Hcgie:., which h<J\c 

the pOlenlL.tllo Qn;:rCOIllC non- ... pccific reaction .... The dc\'dopmclll of ilgaro~c clcctrophorc .... is for 

the "i/e ~Cp~U';tIIUn of O:\A- fragmellt... folJO\\cu hy the ,\\;\ilabditj' of rc"lriclion cndonuclt;a ... c ... 

\\luell dc,lve Oi\'A <It defined ..,JtI.!S led to the develupmellt of rc'>triclioll fragment analy .. i.!. of 

b.lctcri.d Or-:A. Thl'tcchlllquc produce.'.;1 pattern uf fragmen1'- or 'finger PnlH!'>', which uniquely 

charactcri"c-" the ,,11\1111 from which the DNA \\U, holated. Punher development of the technique 

114.1 .. pro\'ided i.t \\c.tlth of I,.'pidemiologicul information not pre\iou .. ly a\'ailable. Other DNA­

b.t .. eJ IccblllljUe .... ueh ,t~ Southern blot hybridl'Jlton JI".> hJ\e the potential 10 provide i.t useful 

Iyplllg. .. ~ .. ICIll (13uh.: her t'l til 1996: Cullin ... er (II.. 199~) . 

2.8 Econo mil' Impurtancc of ilo\ inc Tubcrculos is 

E\'cn though the delcrmimng faclOr for imllatll1g progrmllllle .. for thc control of bo\'ine 

wbel"('uio'l" wa .. n .. imp .. H.:t on human health. thc dl':>ca'>c \\ a .... Ibo cau~lIlg nms'ii\'c flll~Lnci~ll 

IO'-,"e'i due to animal mort,tlity .mu earca ... :-. and offal condel11n~L1ion (K.ulIor and Ritacco. 1994). 

\\ 'hell ... uit<lble cOlltlO1 me.NIn':", arc not (,,"ell. the crfech 011 Ihl,.' I,.'collomy and health progrcss 

... Iowly .. lilt! .. teadily . Direct 10'ise .. due tu thc IIlfcCIlUn bl,.'comc e\'ident by a decrca .. c III 

productlvil). ;.t decrc<I .. e III bl,.'ef production. and addliioll<11 procl,.':' .. lllg cosb for tubcrculou<; 

i.lntlllill, ant! condemllalJon dt .. Iaughterhou ... e ... Among dalr) C<lttJc there abo is a decrease ill 

Ilulk ( IO-IS<;t) and III meat production (roughly ISq. ). The culling los\ i~ e~(il11a(ed to be 30-

SOC:( or the difference bd\\een (he value of J d"ir\" or heel' breeding cow and il~ value at 

.. Iaughtcr tDaborn l 'l al. . I 996). 

Studlc .. done 011 the economIC' in Spam mdlcated that the 10 ...... III meal producliun \\as 10% in 

cah'c" born from mfcctcd cow::.. 12% in mil" production. s~(' due to :-.tcrility and about l.-l(7c due 

to C~trCi.I'>~ condemnalLon tBernucs el £JI. . 1997). In Argentina. the lo .. ~ of milk in tuberculous 

elm .. \\.1'> round 10 be ISt:"(- a .... a result or delay in the flr't lactallon and .1 tkcrc<l'ie in the number 



~nd dur:.tion o f lactation. a~ compared to healthy animal~ (Kantor anti Ritacco. 1994). 

Au(iltionally. in \'iew of the increa!o>i ng ~anitary reqllirement~ of importing coulllrie~. it is highl y 

probable thaI ll1arl.;~t~ will be dosed for ~xporting cOlilltric!o> with tllbcrculos i ~. In Cuba. Ihe 

ellIlllllalllln of bO\lne tliben.:ulo!'J IS hu~ led 10 incrc:c.cd I,upplicl, of milk (r •• bing actual per capita 

com.umption uf fre ... h milk and milk products to more than 150 It. a ye~r) and beef (10 more than 

27K£ a year) (Orill. 1986). 

In EthIopia the economic los~cs duc to mcat condemnation in ~Iaugh te red cattle within the 5-year 

pe ri od ( 1985 to 1990) wcre cquivalent to abollt ! 00.000 US $ (Ychuilla!'ihct , 1995). 

2.9 Zuu ll ut il: IlIlpurtallCl' o f Buvin e Tubt.· rculo~ is 

There oJfe l,e\er .. 1 re\lC\\~ dC!'icribing human tuberclJlOl,lS in de"eloped countrie!-. cau~ed by the 

bO\int! tubt!rcle bacJllll'l . . \1 bU\'is (Collinl, and Grange. 1983: Daborn 1/1 (Jr, 1996: Grange and 

CoHill'. 1987: Klcebcrg. 198-1). T hese rcvicw~ lIluicatcd Ih:.1 there 1:- ll!-.ually an a') ... ociat ion 

nelwcclI the number of human ca!'>e~ idcntificd and the prevalcnce of tuberculos is in the local 

callie population. 

In the LJSA, Ra\cncl in 1902 ~Ind later Par}.. in 1913 (c it ed by Pritchard. 1988) presentcd 

incontrovertible proof of transmission of bovinc lu ben:u lo!'> i ... from c,llIle to man. A Fedcral 

Vctcnnary Control ;vleat in<.pcction Servicc wal, :.et lip in 1906, <l1ll1 following the recognition 

Ihat 25':( of human death!'> from tllbl! rClllo~i ... \\e re dUI! 10 ,\/ buds. an cradic'lt ion program began 

1111917 !Pntchard. 1988J. 

In 1932. thc CHtle Di~ca!-.e Commillcc (CDC) in Great Brit •• in \\ as appo inted to con..,ider 

mc.bure .. to reducc di..,e •• "e. c~pcciall)' in dairy cow~. Their report .. talCO thaI bovine tuberculosis 

was re ... pon .... ble for mure than 2500 human dcath~ .. ullllially. and for a .. till larger incidence o f 

hUllhUl 111ne ... .., (Ree ... ami ~lcldrum. 1995). 

S;l\<lge. 1929 (cHed by Pritchard, 1988) readily c~t,.blishcd th:.t M boris could cau!'>e .. II thc 

\ariol!'" m:Hli fc .. lalion.., of tubcrculo~is in man. and later rcdcwed the relative proportions of 

novine ,lilt! human tubercle at different site..,. Accordingly. M. hod.\ wa~ i~olaled from 51% of 
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~kin Ic~ions compared to 4St;;. o f ccrvica l lesions, 32.% o f scrofulatlcrma cases . 27% of 

meningili~ ca~c:.. 18% of bone and joint lesions . 17% o f ge nilo- uri nary sam ples but o nl y 1 % of 

pulmonary Ic~ions. Tran~m i s~ion via milk to rural ,u1d urban popula tions was the most importan t 

mode of ~prcad of ,\/. bovi.L but skin infections were o ften occupat ional, e.g .. bu tcher's wart . 

conjucllvitls in l11 i lkl11aiJ~ and oral .1Ild ear infectiom in the famiitcs of ll1ilke r ~. The role of '\/. 

bm·i.' in pulmonary di~ease anti other lesions was establishcd for Brituill by Yates . Grange and 

Collins. ([ Y86) who found [.5% of a ll tu bercle bac illi i"o lated from man. in the south o f 

England. to be M. hOI'i.' (Yate~ and Grange, 1988). 

By I...'onlr<l:-'l. there i:-. very lIlllc Infufl natioll on thc prcvi.llencc of human tubcrculosis caw.,cd by 

.\f. hOl'is occurring in de\'clllpll1g countries o f Africa. Information on the pre\,alence and 

dl~lribution of bO\ IIlC tuberculo ... i:-. in Africa i!'. equtlJly scarce. but the few reports available 

lIldlcatc that a number of cOLlntric~ including I\ l0rocco. Egypt. Ethiopia. Uganda, Tanzania, 

Z~l11bia, anu t\ l.dawi have an.~ . l:-' with cxccptiollJlly high le\cb of infection (Daborn el at .. 1996). 

As an earliest ill\c':Itigation in Africa. in the year IlJl3. Carmichael (cited by Pritchard . IlJ88) 

i!!olated a IOlal uf four culturc~ proved to be ,\/. bo\'i~. all from patient!) with a hi!)tory of exposu re 

to cattle III Ug.lIltia. In Zaire. '\/. buris \\a~ i~olated from live pa~torali!)b admilled w ith 

pulmon,try tuberculosi~ tDaborn el af.. (996). The authors concluueu ~ignilicalll public health 

ri~J..... 

For Ethiopia there is equally I.,carcc cpidcnuological IIlformation about the impact of thi::. 

LOonO'>I'" on human health. The finding of ..j buvinc-Iypc~ i~olated from i31 milk <.,amples taken 

1'1'0111 tlIberclIiin po..,iti\e cow ..... and i ... ohltion of 7 from 486 raw milk sal1lplc~ ( Yehllalashel. 

1995) were the cdrliest slgnJ]:.., for the uangcr of thi~ particular LOOIlO:..i.., in Ethiopia. M. bOl'is 

was i<;ol;ncd from I 01'247 human :..pulllm "amplc)) in the "alllc study. 

COI1\'cr:-.dy, the trall))Jlli~ ... iul1 of .\/. bod.!! from man to canle ha. ... led to cxplo))ivc herd out-breaks. 

Spread from mall tu callie h;:l.) 1110 ... 1 frequentl) been by urinary contamination of hay or straw 

bedding. but it rna) ;.Ibo un:ur by ;.Ierogcllou.., route or by f;.lecal or !.cwagc contamination of 

jJill)lUrC, hay or bcdJlIlg (Pritchard. 1988). Some wo rkers prc\'ioll!!ly havc regarded man ,,I)) thc 

principal .... ouree of outbreab of tubcrculo!!i~ in caule. Sjorgcn and l-l illirdal in I 978. (cited by 

Thoen and Stcel. (995 ), cited . ..,('\,eral examples of man-to-cattie transmission of the dis.c:l!)c and, 

stres!! the danger or p.Ltient.i with smear po~itive pulmonury tuberculosis due to ,,\/. bOl·i~. The 

review!! include th~tI 107 of 299 patient!'. with tube rculo~is due to .\/. bOl'is (193 of who had 
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pulmonary d l :,ca~e 1 were the source of infec tio n of callie in - 128 herds, rcsll iting in the ~ I a ll ghtcr 

of 1182 animab. 

The ~ullrce of infectiun of caule in Ge rll1,my ha~ been ~llId led e"tellsi\cJy by Schli esscr and 

colleagues. In the ~Iate of Il e ... ~ell. where bovine tubcn':lIlosi~ wa~ virtua ll y eradicated by 1961, 

12 patients \\1111 tliben':lIlu~i~ due to M. bods infected 114 callJc in 16 herd~ between 1968 and 

1971. One p~Hient had open pulmonary di~c<.l~e but 9 had genitourinary dbeuse and one of the 

lutter infecled 48 cow:-. in 4 different hen..b. During the subsequent peri od 1975 to 1980, 

lllberculou .... 1'''1'111 worh.crs were respon:..ible for 5 out of 28 ( 18%) infected hel'ci:-. of catl le in the 

...... me fl:gion (Grange, 1996; Grange and Yutes, 1994). 

2, I U C Vlltrol vI' BU\'ill c TuiJrn:ulvsis 

2 10.1 Therapy 

The adn..:nt of crfectl\e chl.!lllotherapy in the 1940 .... had a dramatic crfect on the death rate 1'1'0111 

IlIben.:ldosl .... III man and pro\l:O effective proph) laclIcally for cOlltact of human GI ... l:S. A wioe 

variety of drug .... arc now u~ed in different combin:Hions of fir\t and second line regimens. 

depcnding un the ;mtib i otic-r~~i\l,Ulce pattern of i..,olate~, tht.: type of oisease and the patient'~ 

respon ... e. Ch(!!1lutherapy in lllan is u~ually required for ovcr 6 months and the nece\sity for daily 

aliminiqr;ltion of drug\ over a long period has limited its applil'i.Hion 10 ani mals: ulthough 

chemutherapy with i~unia£id ha ... been :-.hown to be effectivc, for a variety of rea~uns it ha ... not 

been lII~orporatco into allY national program (Thoen el u/ . 1995 ). 

2.10.2 Vacclllation 

The high prc\.lIcncc of tllbcrculo~i~ in European cdHle .It the \'"'no of the 19th century and the 

reall ... atloll or the enonnou,", CO~b of the ~tal1lpillg·OUl policy leo to the investigation of 

vaccinatio n in Germuny. Engl'lIlo and France. Studie\ ,",0011 ~howed 1hal live bacilli were more 

effectlvc than killed b;lcilli or tuberculin in inc rea~ing the re ... i .. tancc of calvc~. The mO:..1 widely 

lIsed vacclIle on the conllnelll wa ... 'bovo vacci ne', containing live human type bacilli. The 

dclllon .... lration (hy Griffith. 1913) thut the v:\cdnc could re .... ul t in the excrction uf the virulent 
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human type bacilli in tbc milk cows howcvcr led to 11'1 '.lb .. mdolllllcllt. Shorll y afterwards thc 

'1IIenuatt.!d bovint.!-IYpt.! bacilli including Bacille C:t1mette-Gucrin (BeG) were developed. In itial 

Itmllt.!d t.!xpc ri mt.!llta l tri <ll,,> 011 thi s BeG vaccinc in call ie did ilHJicate that it might be useful, and 

it \\,1.-. eXlem,I\i.::ly 1I,cd .1' an oral vaccine in 1ll;111 and callie in many cou nlrie~: howc\cr. ilmay 

al ... o bt.! !!oecrclcd in the: Ilulk o f cow .... As it is ncce .... ;ary 10 vaccinate C'IJvC., at birlh 10 protect them 

from cxpm,urc for scvcral months ami bt.!causc of v<lccinc-lIlduccd .,ensitisation to the only 

rellablc lest vacc in <lllOlllhacfure i!-o regardcd a hilldranct.! to control (Pri tchard. 1988). 

T hc problem of high pre va lence of tubercu losi ... in many dt.!veloping countrie .... in Africa. Asia and 

South A merica however ha., nUl been amenable \0 contrul by tC!>.1 ami ..,Iaughter methods and "'0 

attention has turned once again to BeG . In r-. lahl\\ i. cxtcn ... ivc controlled field triab applying 

BeG \ dCClllC wllhout cilhcr cuJling clinil':ll ca~e:-. or i .... ohning reactor c<llt lc have found no crrect 

on tuberl'ulin re.ICllon. Ics.iom. at necropsy nor prevalence of ,\/ hods in le~ions (Berggren. 

1981 1. 

2.10.3 Te,t-and -SI.1Ughlt.!r Scheme 

The stratlo.!gy generally adopted world\\"ide for the control of bonne tube rculosi ... i ... diagnosis, 

ht.!rd ],\I[.I110n .l1ld the .,Iaughter of infected anllnaj.., to pre\cnt tran..,mi"'iloll. Thus, effective 

control of bo\illl' tqberculo ... is Ihh only been achieved b} Ihl! llllple11l1o.!Iltation o f a Government­

controlled scheme comi..,lIng of a cumbin:l\ ion of 'iy ... lematic tcsting and removal of infected 

animal" prC\e11l101l of spread of infec tion <l nd avoidance of 11IIroductlon of disc<lsC (Bernucs el 

£/1. . 1997: Thoen anLi Steel. 1995). E<lcli CUUlIlly fulluwing lili, p.llh h.l., 1.lilorcd it') !>chcmc 10 

loc<ll condlllun..,. ~Iosl counlrie.., st'lr!cd by introducing compcnsalion for ·open cases· followcd 

by .1 \ ()lullt;!ry scheme for mdlvidual herd:. with monetary inCel1ll\e .... Whcll !-ouch schemc .. had 

produced ">unable arCJ.., wllh J pool of tu~e rculo ... I ... -frt.!c Cdllic in alle'>!ed hcrd~ and \\hen the 

prcy,llcncc of reJcto~ ha ... rcouced to a sllllablt.! r"tc, Ihlo.!n a compulsof} <lrea emdicat ion pl.m i ... 

Introduced. 
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3. ~ I AT E J{I A LS AN D ~I ETIIODS 

3.1 S tu tl) Area 

The ... lUdy \Va ... conducted in-anti-around Addis Ababa. between March and July 1999. 

Adllllni~trall\'cly Addi:. Ababa area b di vided into 6 .wnc~. numbered 1-6. whic h further break 

into 28 ·worella ... ·. numbered 1-28 (Table 6). 

Tab le 6: Admil1 islralin di v is ion of the Addis Ababa (stud y) area 

Zone 

3 

4 

6 

7 

Won:od as 

3.4.5.6 

20. 2 t, 22. :!J. 2~ 

17.18. 19. ~8 

I. 9. II. I~. 13. 15. 16 

~. 7. 8. 10. 14. ~5 

26.27 

'1' 0 1;1111 0. ufw urcd as in a ZU ll i.' 

4 

5 

4 

7 

6 

located olll<.,idc the dc:-.cribed study 

arca at the out ... kirt~ of lown 

Gcograpllll:ally. the arC;'1 i ... located .11 an elevation of about 2AOO metres above ::.ea level (masl). 

The <I\cragc anllllal temperature is [6.1 °C. and the precipitation is well above 1800 I1lm~. 

3.2 S tudy I'u pu lation 

Ac(orJl1lg to Iht.! 199-1 ccn'>u.s. there were 58.568 heads of cattlc in the area, d i ~t ributed in 5167 

farnv.,. The t:ln::rage J.nlllwi number per farm wm, 11.36. COl11po~ltlon-\\'i~c co"':. made lip 39.6%. 

hClrer~ I .. L6r:'c. bulh and oxen 15.7%, and cah C~ and yOlmg-male~ make-up tile balance. A large 

proportion of animal ... in thc~c farm:.. 53.5%, Il<l~ dJllt::rt::nt lewh of t::xotic blood. The popUlation 

of ('allh.: III difft::rcnt zonc~ of the :-.tudy area i:-. pre~el1led in Table 7. 

JO 



Tablc 7: Dis tribution of f'lnll s anti caltle in dilTerclIl zolles of Addis Ababa. 

ZO Il (, No.of farm s Propol-tioll No_of call ic Proportion 

166 3.2 798 I A 

2 1449 2S 11-l91 19.6 

3 J 163 11 --_ .) 1255-l 38.5 

4 9')7 19.3 4556 7.8 

5 797 15.4 3569 6. 1 

6 595 11.5 15609 26.7 

Total 5,167 58,568 

One hundred and ~ixty three private dairy holdcrs have organizcd thell1~el\'e~ into the . Addi~ 

Ababa Dairy Produccr~ As:-.ociation·. Thc~c dairy farms make-up about 2.32% of total fa rms: 

thcy <lrc di3tributed unevenly in tiirrcrent LonC3 (Table 8). T he dairy animals kcpt arc primarily 

pure breed exotic callie. which have been produced through artificial insel1lin~lIioll . 

Tab le S: N umbel- of dairy fanm. ill Add is A baba i{('gi un undcr the ' Oail-Y Assuciatiun ' 

Zo ue 

2 

3 

5 

6 

Total 

Nu,of 

' V 0 rcdas/d is t ricl s 

5 

4 

7 

6 

3.3 Cattl e Se lec ti un 

No. of f :II' IIIS 

9 

9 

68 

SS 

21 

163 

pruportion Nu, uf catt le propurtion 

5.52 S5 6.28 

- -1 ).) - 67 4.95 

41.72 487 35.97 

33.74 453 33.47 

12.S8 157 18.98 

0.61 5 0.37 

IU U 1354 IUU 

1' \\"0 zone!'. (3 and -l, Tablc 8) were selected from the :.ix zones. on the ground that about 76% of 

the farm') registered under the -As~ociatlon- arc located there. Within the t\\O zone~, all farms 

and all animals within cach farm (with the pos~iblc exception of calves undcr three months age 

and aboul three week.., long pre-and-post parium cows) were selected for the study. The cattle 
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pOpuliltioll t:on:-. istcd nhlinl} of exotic brceds (Ilobtcin-Friesi.m anti Jersey ). Five hcrd:-. 

bclongmg to one national re:-.earcb stalion additionally were included. t:olll'lining Boran and 

Frie:'lan/Jcrsey-Boran cro~::.c~. The si ngle intr.tdcrnwl cerv ical tubercu lin tcst wu::. pe rformed on 

all the ~tudy ani mit]:.,. 

3 .... lhla Collcl' li on 

Euch of the f.trills wa!'> :-.equl.:nt ially numbered accortling to the datI.: and tillle of visit. The -"ilc of 

the f.lnn . farm conditions anu loc.ttion::. were rccorucd. Locut ion wa ... denotcd as peri-urban or 

urban. depending on \\ hcthcr-or-notlhe farm \\'a .. iOC<lied at the periphcry or in the vicinily of the 

cil)'. n:specli\cly; managemellt t:ondilioll s o f the farms were categori7Cd into c1assc!:> of good or 

poor. b'lsed on the cieanI1l1l.!s:-. o f the barns. watering and feed ing sy ... tclll. herding p.tllerns and 

slOcking density. Clean farms with suffic ient aeratIon. reasonabk siocking density per un it area. 

good Jrainage and \~"'>te rellloval and indi\' idu'll feeding ami watering practices were c<lIegoriletl 

a ... having good Jll~U1agelnclli. The owncr" wcn.! abo in te rrogatcd for thc duration of the dairy 

opcration and for the po"slbilily of introliuclIlg animal" from other fanll'>. 

In each of the farIm. animals were idcmilicd by the uWners/worker". T he indiviullal anima l car 

wg number or the an imal':-. name \Va:-. recorded and each animal W<l_,> givc n a !:>cquent ial 

identification number within the herd. Breed and .. ex we re- recorded. Age wns recorded for 

GlIvc:-.. yearling .. <llld male anill\al~ and parity W<I'" registcrcd for cow'\, In e-a~e o f tlncert.lint )' a ... 

tv the ,mim.ll'~ ,lge or parity, thiz:, particular informution for that anima l was omitted from the 

:lIlal} "I'). 

Bod) condition ')coring of "II eligible animah was made ll!.ing :J method devcloped for dairy 

cattle (Radostits el cd. 1994). Bridly, animals we re thoroughly i n ~pecteJ for their body 

condition. Five scores were u::.cJ in which the three main scorcs (fal. mediulil ,md lean) were 

divided into diffc rent catego nes. Each 'Ulimal was given a numcrical v.tllie frolll I (lean) to 5 

(fal): 

Lean 

i\lcdiulll 

Fat 

1.1.25. 1.5. 1.75, ::!.2.25. 

2.5.2.75,3, 3.25 . 3.5. 

3.75.4,4.25,4.5.4.75.5. 
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An:ltolll lc<tl ... Iruclurc:-:. ... uch as thc la il hcad. brisket and transverse processe~ of the lumbar 

vertebrae. the rib:-:. and hip~ wcrl.! used a ... rd erences fo r body condi tion ~eoril1g. 

3.5 Tubt n.:uJiu Test 

Cattle \\c rc restrained and the hai r was clipped from thc late ral side of the middle part of the 

neck. Each of the anllnab \\:1:-:. thell IIlJccled wilh bovinc purified protei n dc riv:.llive (PPD). 

prepared from ... train AN~. produced by W. D.T .. Hoyerhagen. Germany. Pre-sct sy ringes (O.lml) 

were u ... ed to inject 50.000 I. U. of tuberculi n per 1111. in lradcrmally with a short Me rile needle 

inserted obli4UcJy in to the deepe r layer of the ... kin on the neck as fccommenued. The skin fold 

Ihickne ... s \\,.1'" measuretl pre and approximately 72 11 1'0 ... 1 inject ion lIsing a dial type caliper and 

recorded. All increase in ~kin fold thickncs.., of 4 units and above (Community legislat ion. 

Dircctive 80/::! 19. EEC) was taken as a po~itivc reaction (Monaghan. ef al., 199-4). 

3.6 Bacteriolog y 

\llIk ~.lll1plc~ w('re colkctetl from p1'c\'lou ... l)' wa..,hed udder.., 11110 50-ml ..,h;nlc uni\'ersaltube~ .tS 

prcnolhly dc ... cribed (K<lI\\ala t't al.. 1998). Nasal swabl. \\ere aha taken uSlllg sterile cOllon 

tipped ,tppliciltur stick ... III 10-1ll1 cClHnfugc tubcs (the choil:c of herd ... or anllnah from which 

milk or lIa~al ~wilb ... were collectcd W<t~ bascd 011 the prcltmillary 11Ibcrr.:ulin tcst outcome i.c .. ;?: 5 

1IIl1ts). Thc ... ample., were kept Jl1 <I cool box and IransportcJ to the laboratory. st;tyed over night 

at -4(lC prior to proces ... lIlg 1'01' subsequcnt cultiviltion. Proce ... ~illg for cuiti\;Jtioll \\ as conducted in 

the ;"llcr0110w Biological S,tfcty Cabinet (i\ 1 0 11 LT D. 1 1,lInp~hirc) , unlc~s otherwise indie<Hcd. 

3.6.1 Decollt<tlllination 

About 30 ml of the milk s'lInple was tl\lllsfcrrcd into a Merile lube and centrifuged at 3000 g fo r 

15 minute ... at -4 0 c. The ..,upernatam \\ a ... disGl.rded and the :-:.cdimcllI rc~~u..,pcnded u~ing 2 Illi of 

sterile Willer. The swab \\ ;t ... abo PUI in .1 ... tcnlc tube into which 2 Illi of ""crile water wa" added. 

Into each tubc with milk and ~\\ab. 2 1111 of ~aO J-l (2lfc) \\ill. added for decolltamination (Corner. 

199-4) and left at room tcmpe rallJl"c for 15 minutes. Neutra lization was cffected using 
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concent rated lIel. The neutralil..i.ltion proce .... !'> was llIonitoreLi by adding a drop or two of phenol 

rcd. dlld wa .... a ..... ~lImed achieved when the MI .... I>Cn~ion co lor changed to light pink. 

3.6.1 CultivatIon 

Nelllralil..cd .... u ... pclhion .... were ,>imilarly centrifuged (a .... abovc). the ... upernat;ml di ... carded anu 

about 1 1111 of the mdk and na!'>~d .... wab ~edil1lelll"", pooled for individual animaL wa ... u!)ccl a~ an 

Inoculum for the I.:ultlvatlon of mycobacterial specie:.. Pl"IlIl ary i ... olation of mycobacteria \Va ... 

done un Ujwl.!ll .... tcill·Jen ... en (LJ ) Ilwdia wi th pyruvate or glycerol. f-ar cult ivation. about I Illl of 

the ... ediment from cadl ~amplc was seeded onto the ... urface of each of the cuJllIrc medium and 

incubated at 37 °C, al an angle far the IIrs\ week and in upright po",itian for lip to I I wceb: 

\\eckly \·i ... ibk gro\\th wa ... ob ... erved. Po ... itive culture ... were ... ub,cliitured onto another ... et of 

medl.! ;tIlJ incubated for another -1-·6 week ... for funher idel1l1l1catioll. 

3.6.3 Identification 

Smear ... from thl.! ... edillleni beforc uecolltaminallon ami from culture ... with evidence of growth 

\\ere t<l\..el1: alr·dried and be.n fixed by pas ... ing !o.cwral lime" through the Bllll ... en flame. The 

"'IIK'ar ... were ~t.lil1ed by the Zlchl·Neeben melhod for miero~coplc c,xamination of acid·fa ... t 

bacillt :I!o. de!o.cribl.!d (Ccrnoch (' I (//., 199-1-). Briefly. the heal fi ,\cd :-.mear:-. wcre stained with 

carbol-fuch'iin. heated gelltly \0 !o.le<lllling and left Oll the rack for about 10 lllinute .... The stain 

wa ... poured off .1I1U the ... Iidc!o. were \\a!o>hed with tap water. Decoluri ... alion was effected by 

,,"cering the .... Iide ... in 150c 'iulfuric acid !o>olUlion and 96% cthyl alcohol for I minute each. in thi~ 

order .Inu \\'i1 .... hlllg the ... ltue .... with tap \\ater in·bdwecn. The 'illlcar .. were then coullter ... lained 

\\!lh 111e ll1\ ICllC blue .. olulion for further 3 minute ..... wu"hed with lap waler, air dried ami 

ex;ullIllct..I by Iight11licro~cope (Karl Zei ... s), employing a IOOx objecti\·c wilh oil immersion. The 

pre~ence o f acit..l fa .... 1 bacilli in the smcars \\"a .. a":'lll11cd IIld'Glti\"c of mycobacterial infection. 

Further characteril.alion \\,a ... done by selected biochemical le ... t:-. 



3.6.4 Ch.lr .. u'::ll..:ril.alioll (Baron el (//., 1994) 

3.6.4.1 Ni.lcin Production Tc~t 

Abollt I 1111 o f .. terilc watl..:f wa:.. added with a pipcttc onto thc :..urfacc of the medium on which 

\'blhle colunl!.!" of about -l week-old i\ lycobacll..:ria c..\i~lI.:d. T he ~urface of the mediulIl limier the 

colol1le'> was ,>Iighlly poked with a sierile pipellc 10 allo\\ niacin ill the medium 10 dissolve in Ihe 

waleI'. The lIll..:dlUIlI was left at room tl..:ll1perature from 30 minutes to 2 hours. then about 0.6 1111 

of Ihe \\'~ller \\"<1' Lrall!'.ferrecl [u .\ clean !o.crew-cap lube arler which 0.5 1111 of aniline dye and 0.5 

ml of cyanogen brumidI..: were added. The te!'.t tube was in",pccled fur the development of a 

yellOWish color change immediately: the co lor change b ~uppo!o.ed IU indicate posilive re!'.ull in 

compari,on to both po~illve and ncgatiH: controls. 

3.6.4.2 ;\'lIr;\lc Reduction Tc ... 1 

Abolll 1 Illl of .. len Ie \\<111..:1" wa .. placed in a screw-cupped tube and ... loop-full of a young culture 

of ~I)cobaclcrium W .. I'" .. ldded. After addition of 2 Illi NaN03 ... olution (0.01 :-'1 solulion NaN03 

in O.022~' 1 pho..,phatc buffer. pH 7) the tube was well sha~cn. and incub'IICd in a waler balh al 

37"C for 2 hour .... Thcn !ltep \\ i ... e: 

• 1 drop of 1:2 diluliun of conc. Il el 

• 2 drop ... or 0.2 per celli aqueous solution of ~ulranilalllide and. 

• 2 drops of 0.1 per cen[ aqueous N-( I-naphthyl) cthylenediamine dihydrOl:hloride were added, 

and the tuhe e..\alllinccl for Ihe development or a pink to red colour in comparbon \\ illl bUlh 

pO'loiti\"c .1Ild negative controb. 

3.7 Oa t;\ Allal) ~b 

The pn.:va!cllce rale \\.\ ... Gllculated on the ba ... is of tuberculin rcactivity. di\'iding thc number of 

reactor .. by Illl' lul<ll IllIl11ber of anim~\b te ... tcd. Similarly. herd le\'cl prevalencc!! were computed 

a ... the !lumber of herds with at leasl one reactor divided by the lotal number of herds lesled. The 

wilhlll-herd prcvalence \Va!! calculated by tiividlllg the number o f reactors in a herd by Ihe tOlal 

\lumber ur anillla]'" tl:sled in lilat herd. 
35 



For Mati:-.tical unuly:-.i:-. II two-Mage proce:-.;., W'l ... app lied. III-lbc fir ... t ~tagc IIIca:-.urc:-. of u:-,:-,oclatiull 

betwccn cach determinant and thc outcome variab lc werc calculated a .... an unadju:-'Icd odd~ ratio ... 

(OR). Thc'>c were te:-.tcd for :-.tati:-'lical significancc by a Xl tc:-.t for indcpcmlcnce (Slatgraphic:-. 

PILI'. 2. [ dlld i\llf.:ru,ofl E;"\cd ). and after direct ,t;.lIldardinl1ion. In the ... econd :-'Iag<.:. putative ri:-.k 

f;IClor, \\cre e\alu.lted u'lIlg ullconditional multiple logi ... IIC regrc,,,,,oll. mlllg SPSS. Reduction 

procedure module \\";1', built. by lise of the :-.te[Jwi:-.e bad. ward procedure. wjth removal ba:-.ed on 

the likcllhood-ratio ... t<lti:-'lic and p<O.OS. 

.16 



~. RESU LTS 

-Llll en! Lc\l'I 

During the ~lln-cy 93 herd ... from commercial ' Dai ry A ... ~odal ion· and.5 hcnh from 'Nat ional 

Re"c;Jn.:h ' (.trllI'. \\en; tC\tCll. Table 9 g iH!:-' the number of farm!'. !.c]cclcd in cuch LOllI.! ilnd 

,ununan:.c\ Ihe luocrcuilll (eM rc~ult .... O\crall. 47 hcrd!-> (48%. CI=37.75-58.29(,"c) contained at 

Ie .. ,[ {Ill\.! rC:K"lor-<lnilllal. Sllch hen.1-. \\en! ddillCU a:-. P0..,III"C herd ... (T 'll.> lc 10). II CiIIl he 

ob~crved ,11,,0 Ihal (T;tblc 9 ) reaclivit)' to tuberculi n le:.l varieu :.ignilic:lnlly ilmong farm s 

(Xl:: 13.37. p=O.OO I) and ,II110ng ani mab with-in fi.l flll !. (Xl= 12.6 .. L p=O.OO2) III the ~Iudy LOlle .... 

Thl\ difference: \\<1 .... c\'idcllt ;11:-'0 in the ,ub..,cqucnt multl\'ilri~llc analy5. i ~ Crable II). 

Tabl l' I): Number t,f farlll s ~ Iudi ('d :l1ll1 summarized rall ic tuberculin test I'l's ult s 

"u. uf farm' ,\u. u f ca llIe 

Zunc '!\'_Icd I' o~ilh l' . ~" pU'I lh l' (1) ;;; '1' .. ,. Tl'~ll'll I 'o~i l h l' 'Yo, pus ili\c (1)5% X' 

CI ) ( IH:IJUCJ e l l , 
" 15 ~5.7C21.6-52.0) 501 :\H 7.6 (5.3·1 (l.{lJ) 

, ", " ·H.X021J-6.ll) 37~ .56 14X(113·!XR) 

Olher~ J[) 10 J I)() (71 .5- I U(J.O) 362 ." 9 . .:1 Ill.IO-13. 1) 

TUlal " " ~S (37.S-SID) 13.37 

(0.001) 

11.:1 1 121l IU.31 (S.7· 11. 14) 11.64 

(0.UU2) 

Large ~Ite herd .. did po ... ,,!.!,,:, more reaclor'l comp,lred to 1ll!.!l.iiulll .\,ll.C herd ... the later cOllltitn ing 

agaIn mon; reactor ... Iban "m .. 111 !'lIte fa f lll .. , i.c. 100.68.2 and 30.1 cc, re-.pcclivcly Crable 10). Thi.\, 

difference \\' .. 1.'. ~tal i sl l cally highly 'Iignilkant (X2=25.7!. 1'<0.001). Thi" finding was abo 

~upported by multi\'anate <lnal) .. i.\, Crable II). wher!! berd .\Iize \\a ... found to be significilntly 

iI ... "ociated (p<O.OO I) With tuberculin rCaCII\Ilj' after utlJu\lmg for other confounding faclo~. 

AddItional t e~t involving r1.!g rcssion and correlation between herd sile ami proportion of reactor:.­

(F ig. \.) ilH..llcated Illoderatt.:ly 'Ilrong po.,ili\c corrdalion (1'=0.55). i.c .. as herd !'I lle ilKreasc-. Ihe 

proportion of <lninml'l \\ Ithin a herd 'IhowlIlg a positive rcaction ~1I ... 0 incrca"c ... 
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II ERD SIZE (Lug.trallsfurllleu) 

Fi~. I : I{claliulI ~ hiJl helH ('e ll henl S i/. l' :1111.1 rcal'tunl pruponiulls ill a hl'nl 

Farm ... in \\hith mixing of animal!>. frolll different ",ourees (pun:ha::.c. grazing, mating etc.) \Va .. 

po:-. .. iblc did harbor more reactor:-- thull bolated farms (63.4% vs. 36.8\~). Similarly. older farm:.. 

did possess a higher fale of rC;J.clOr ... than 11I:wl)' or recently cstabli ... hcu [ann ... (6-t.5% vs. 20%). 

Thc ... e dil"fcrcllcc,> c'lI.:h were ... t.ltistically ... igllllicant (x z::::6.75. p=O.OI and X2=13.6-L p=O.OOI. 

n:">j>ccll\c1Y).It the 1I1l1\'al'liHc allaly-.is Ic\d. Adju!'>tlllcnts made to remove pm."ible confounding 

cfrct:l\ of olhe r factor ... in the scric:-. (Table 11) however rendered mi.xing of animab and farm 

e'>t,lbli~hment nOi '>lgniJicantly a!:>,>ociated with hcrd tubercul in reaction'> (p>O.I). 

Reactor rah!'> uf 5-J.3C(, and -J-J...JC'(' wl,.'n: rc\:urdl,.'d for farms undcr poor and good managemcnt 

condit ion .... re ... pecti\dy. LIJ...I,.'\\'i~l,.'. rcactor rate ... for herd~ located in the vicinity (urban hcrd~ ) 

\\1,.'11,.' ... llghtly highcr Ilmll fur fanm. loclled a1 the penpilcry (pcri-urb,ln herd,». of the city (51.-1 

and -J6.0l}. rc"pc~ll\cly). The;-,c rate~ ill n.:g"lro \0 farm loc<llion were not '>lgmficantly diffcn':l11 

(1'>0.1) even afler adJu"tm..:m:;; have been llIadc. but reactors raIl,.''> did dirfc r !:>ignif:canlly 



be twee n farll1~ under poor and good lll<lnagcllIc llI ;.,y .... t~ms (p=0.02, Tab lc I I, multi variate 

illlalysj,) . indicating Ihal thi ... fac tor was confo und ed ill the init ial univ tlrialc analys is Cr able 10). 

Table IU: AssOI.:iation bl' IW CC Ii pos iti vl' reaction to the tulJl'l'C ulin test III a farm and 

reconlcd ' ·ari •• bles 

O~~S Ibtio 
Tuberculin Tl's t (95'Yu eo nli d cn cl' Xl (p-va lue) 

Va ria b le 'Yu p osit ive illtu,·.d ) 
Pos itiv I.' Nega ti ve (95% e l ) 

Farm 
l's tablis hmcnt 
in years 1 3.6~ (O.UU I) 

<10 '" 6 24 20.0 (7.71-38.57) 
10-20 20 16 56.0 (38 .1 -72.1) 5.0(1.65-15. 19 ) 
>10 20 II 65.0 (45.37-80.8) 7.3 (2.28-23.16) 

Locatiull U.26 (U.61 ) 
Pcri- 29 34 46.0 (33. ~ -59.1) 
urball 
Urban 18 17 5 1.~ (34.0-69.6) 1. 2 (O.54-2.84) 

I I lT d SiLl' 25.7 1 «O.UUI) 
<10 19 44 30.1 (I ~.2-~3.0) 
I O.:~~ 15 7 68.2 (45.1-86.1) 5.0 (1.76- 1 ~.00) 

c25 13 0 100 (75.3-100) 3.3 ¢ 
l'lixing uf 
A nimals 6.75 (U.OI) 

No 21 36 36.8 (24.4-50.7) 
Yes 26 15 63.4 (46.9-77.8) 3.0 (1.30-6.90) 

.'lana:,:c llI cnt 
eolltiitiull U.87 (0.35) 

poor 19 16 54.3 (36.7-71.2) 1.510.54-2.84) 
!!llOU 
" 

28 35 44.4 (31.9-575) I 
For (.H"l11 !.!:,tabli ... llllK'lll and herd ~iL!.! the ri~~ fur eat'h category I!. comparetl \\ 1I1I,j btl:.e IlIle rl.! <Jctor 
group. 

iii Ri"~ RallO. Odd~ Ratio could nOI be calculated. 0 In one. cdl 

Table II : Res ult s uf till' lIIultipll' lugis tic r l'gress iun ana lys is at the herd Il'HI 

Log Likeli hood -2 Lug LR OF Signil1 l'lln cc "r Lug LI-I 
Variab lt, ratio {L]{1 ratio 

E~l abli:-,hmclll ·43.006 3. 239 2 0.1 980 
Herd !)i/~ category + -57.8~5 "5.061 2 0.0000 
i\ lanagcmcnt 
condition + -46.567 5.614 0.0178 
i\ l ixing -43.760 1.507 0.2196 

Location -41.387 0.055 0.8138 

Zone + -48.212 8.9') 2 0.0115 
+ Variable ... proved ~ignificall t 
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-L2 A nim a l Ll'vc l 

During the su rvey 12-1 I callie were tested. Of these 128 reuctcd !O the t e~t. giv ing <Ill overall 

reacto r ... rate of 10.31<70 (CI:=8.68-12.14). Specific reac to rs rates were 3.3% for c.dves and 

yearlings. 8.-1% for heifers. 19.2% for animals in the I ~~ through 2"<.1 parity, 11.7% for animals in 

the 3'd through 5~h parity and 4.8% for animals in the 61h and above parity levels (Fig. 2). These 

differences for Jxu·ity-ba:-.ed infection rates were highly significant (X 2=39.57, p<O.OOI). Th is 

significant association bet\\cen parity levds and tuberculin reactivity was evident also after 

making adju>,tlllCIll.s for the effects of confounding facto rs in the multiple logistic rcgrcssion 

anal)~l"" Crable 1-1 ), indicating that purity was significantly (1'=0.03) affecting animal's react ion 

to HLbcrculin. 
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The rO;!<lctors ratc s observcd for animals under different physiological condilion\, i. e .. open (non­

milking. non-pregnant) . milking. pregnant. and milking and pregnant were 8.1, 1-1.2, 10.0, and 

12.5'70 . respectively (Table 13.112.3). Thi5 difference is nO! statistically significant (X2=2.66, 

p>O.I ). \\hile tbe rato;! for calves, young and males (together). was !.ignificantly different 

( X~:=I-I . 93 , p<O,OOI ) from til.: rate in acluh females (Fig, -I). 
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Breed level infection rate~ ~howed high ri glJl"cs for local (2.0.45%). followed by exotic (11.2%), 

and cross (5.1%) breed~. Thi:. difference is biased towards local breeds (X2= 11 .23, df=2. 

p=O.002). due to high number of young and male an imals included in the exotic and cross 

breeds. After ~t<H1dardi~i[Jg for these two variables. age and sex (direct ~ta[Jdardisation . Table 

12). local anima l:. were seen to react. <lltnost equally. to exotic animals (standardised r<llio 

=1.16). 

Tablc 12 : Breed lcvel infection rates after s lalllJanJis ing for age and sex 

yo ung and malcs ad ult s 

Brced total positive '1., positive total posi tive 'x. positive S tOllldanJ. 

ratio 

Local 2 0 0 42 9 21.43 

Exotic 376 30 8 .00 568 76 13.38 

Cross 118 2 1.70 135 J3 9.63 

Local/exotic 378 610 1.16 

Local/cros~ 110 177 1.99 

T he rcactor~ rate was :.Iightly higher in animals in good budy condition compared to poor 

condition ( 13.11 % vs. 11.81 %. Table 13), thi:.. difference wa:. not :.tatisticaJly significant 

iX'=O. 13. 1'>0.1 ). 



TalJh.' 13 : Dis trilJution of tuberculin lesl results fOL 124J callie in and ,II'OUIIU Addis 

according lu phys iological s l,He, lJody cunditiun scun!, p'U-if), and bluod levels 

Test Result Odds Ibliu 
(cunlidcnce limits) 

Va ria hie Pusitivl.' Nctlative 'X. 
I'hys iulug il'al 
s tate 

open 5 
milking 65 
prcgllillll 20 
milking and 
pregnanl 15 
young and 
male..,+ 22 

Parity 

you ng + 7 

heifers 22 
parity I and 2 59 
parity 3-5 28 

parity ~6 3 
Budy Score 

poor 

mediulll + 
good 

Breed 

30 
56 
16 

56 
394 
180 

105 

379 

203 

241 
248 
211 

59 

224 
502 

106 

g.20 
14.16 
10.00 

12.50 

5.49 

3.33 

8.37 
19.22 
11.72 

4.84 

I 1.81 

1.5 (0.73-4.83) 
2.8 (1.72-4.67) 
1.9 (1.02-3.59) 

2.5 (1.23-4.08) 

2.7 ( 1.12-6.26) 
7.0 (3.14-15.73) 
3.9 ( 1.65-9.04) 

1.5 (0.37-5.86 ) 

10.04 0.9 (0.58-1.36 ) 
13.11 1.1 (0 .59-2.16) 

local 9 35 20,45 4.8 ( 1.90-11.90) 
exolic 107 837 11.33 2.3 ( /.29-4.23 ) 
c ro~~ + 14 239 5.53 I 

xz tes t 

18.5U 

38.16 

1.26 

11 

+ The ri!ok for each category i::. compared wilh a ba:-.c-line rcaClOrs group in Ihe series 

Table 1-': Results ur j\ lultiple Logis tic reg ress ion :1I1.dys is at the animallevcl 

p-\'aluc 

U.UUI 

<U.OUI 

U.53 

Il.UUl 

Va riable Log LR -2 Lug LR I)F Significance or Log LR 

Breed -240.767 2.936 2 0.2304 

Parilyhlgc group + -243.764 8.929 3 0.0302 

Body condition -239.575 2.936 2 0.7590 

Statu.:. -240.144 1.690 4 0.7925 

+ Rbk faclOr proving ~igniricarH 
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-1.3 Bacteriulugy 

Out 01' ... 6 pooled milk and nasal swab !!.<l.mplcs collected from tuberculin reactors. 4 (8.7%) werc 

positl\c fur aciu fast bacilli. Two nasal swab samples take n from one heifer ( ID 10-01 I) and one 

young bull (10 96-011) were ~imilarly positive, indicating 6.1% (n=33) cu lt ure positive rate. 

Additlon .. tlly. 2 milk samples (n= 12) taken from lactating cows ~howed visib le growth which 

proved to be I\~. CUhr.lCleriulII Crable 15 ). Olher 16 samples were overgrown by contaminants and 

had (Q he di ... c .. mled. 

Two of the pO ... ltl\C ClllturC~ ... hawed rapid growth and \\ere too contaminated 10 gel it pllre 

colony. Likewi:-.c. two other po!!.itivc cultures failed to show a workable size of colon ies in the 

subsequent !!.ubcuitufc and werc discarded. Biochemical testing of the rcmaining four positivc 

culture ... u~JIlg "'iacm production and Nitrate reduction tests in paralleL ga\e synchronous 

negutin:: results (Table 15), proving thai AI. b()l'is WaS the most probnble agent involved. 

Ta blc 15: nc~ ult ~ o f b iul'ilellli cal tes ts o f th e S add-fas t bacilli pos itive cultures and of 

con t rols 

Sampl e I U S peeim cn G ruwth at j\' iad n tl~s t Nilnllc tes t Remarks 

4·002 ~ I ilk & swab 

-1-005 i\llIk & ... wab 

10-011 Swab only 

II-OJ3 ~lill..& ... \\ab 

19-003 ). I ill.. & ~\\ab 

96-011 Swab onl~ 

33170 ~Iilk only 

33180 i\lilk only 

---~¢ Bovllle type 

J\I-TB 1927 EHNRI !!.lrain 

" I·TB 1978 

i h week 

lllh week 

Illh wcck 

SIll week 

11111 \\cek 

71h week 

2nd wcek 

3rd week 

rererence 

" 

negali .. c 

negati\e 

Not tc-.ted 

negativc 

neg:lllve 

Kot tested 

Not te!!.tcd 

NOlle ... ted 

negative 

po~iti\'c 

positive 

negatlvc 

negative 

NOllcstcd 

ncgativc 

negatlvc 

NOllcs led 

Not le~(Cd 

Not tested 

ncgali\c 

pO'->iti\e 

positive 

* \\'orl....tble SILC of colonic~ cOLild not be obtained in the sub-culture 

6 IdenlllY not de,->cribed 

Growth failed* 

Growth railed* 

contaminated 

contaminated 

negative control. 

2(+ ) 

4(+) 



5. lJlSCUSS IO N 

Some repon:. ex I:'! for government farms lC~led for Hlberculusi:-. in Addis Ababa and elsewhere III 

Ethiopia (Ychuala ... hcI, lY9S). but there have been no reports on the tuberculosis :.Latus so far in 

the emerging privately owned uai!"y farms in the country. The present ... urvcy was the first 

attempt to address thi:.- continuously growing body of privately owned commercial dairy farms. 

Tuberculasi!'> had to be suspected a:-. i1 was already known Iha\ bovine tuberculosis was present al 

a high prevalence in :'UI1IC important area:. of the count ry. c.g .. A. A., Debrczcit, Modjo. 

Dircda\\i.t. etc (I lailc mariam, 1975: Ychualashet, 1995). 

The overall tuberculin reactor':. rale in this siudy of 10.31% is sligh tly lower than previous 

rcport~ ( Kiro~, 1998: Ychuala:.hcl. 1995). The lower prevalence rate may be due to the facl that 

the earlier inve~tigation" have cOllle from s<tlllpks from unusually high prevalence farms (large 

"ILe governmelll rarlll~ in:.leaJ of ~mall or mediulll size private farms ). Con::.idering the. 

sen:,ilivity <Iml :,peciCkit)' of 1'2% and 98%. re~pcctivcly. reported for the single ce["vical 

intradcrlnal tuberculin le"l (Francis ('I al., 1978). the adju~led prevalence t=true pn:valence) of 

the di:.ca ... ¢ i!:l c!">lim.lled at 1:2%. 

Proportions of animals giving a pO!'iitivc reaction varied ~ignificanlly between in\'e~ligalcd zone~ 

(Table 9 ). Thi!"> i ... in agreemelll with previous reports (Cook 'e! of" 1996: Morfi:. el al .. 199-1-) who 

s taled thaI the large body of data .Irising from tuberculo:-.is control program:, in cattle shows 

... ubslaillial variation in both incidem.::c and prevalence rales between geographical regions and 

between farill s within regions. Thi~ probably indicates a difference in the exposure of c'lttle to 

agcllb capable of stilllulaling a positive reaction i. ¢. TB infeclion or a differenc¢ in the re~pollse 

of canle to such cxpo~ure, 

As herd ~ile incre~scJ, so did the ri~k of callIe within Ihe herd showing a positive reaction 

(RR=3.3 ). The proportion of reactors abo varied correspondingly with herd size, showing ~t 

moderately strong relationship. with a correlation coefricicnt (r) of 0.55 and a coefficient of 

detennll1<lIion (r2 ) of 30.65 (Fig. I). This re:.ult i ... consistent Wilh previous reports (Barwinek and 

Taylor. 1996: Cook ('I at. . 1996) and may arise from the fact thaI introducing IUbcrcular infection 

into a l1coalin' herd mav illuca::.e with herd sil.e. BeeHLlsc of increased contact. lateral splc~ld of o • 
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infection with in a herd may be favourcu increasing the probability of infection than is u ~uall y the 

ca~e with ~1lli111 :-.it.:c berd~. 

There. arc nUlllcrou:-. rcpun:-. dOculllcliling that poor hous ing and uther poor managerial inputs 

predJ.!oposc to tubercular infect ion (e.g. Barwinek unci Taylo r. 1996; Grirfin el af .. 1993: 

Marangon el af .. 1998). There is also somc cvidcnce that animals' re~i~lUncc to tuberculos is I:' 

reduced by a ~horlagc of feed and/or an in-balanced die\. attributable to a de ficiency of protein. 

minerals and \ itamim, in tbc diet (Griffin el al.. 1993). Accordingly in tbe ClIrrCIlI study herds 

undcr poor lll:lnag\,!mcllI condition::. hat! higher rate~ of reactor!> than tllO:-.e undcr good 

manag.ement (p::::O.02 . Tabk II). 

In contra .... 1 to ob:-.er\'atiol1!-. by e.g. Muran gon et et., ( 1998), introduction (lllixi ng) of animals did 

not sccm (0 be as~oci.lted with increa~ed risk of Illberculo~is. although a high proport ion of 

farmers in the sllldy area :-.h'lre bulls and purchase in-heifers from a cOlllmon source. This ~tudy 

thu:. indicated that there was a h igh potential for contact between CUll Ie in differen t he rds, both in 

infected and non-infected herd~: howcver this factor was not found a significant risk factor for 

IUbcrculosi:io presence in the ~tudy area. 

By univariate ani.d)~i~. older farm:. were identified to pos:.e!'>!'> a higher rate of reac tor:. than newly 

or recently estab!i~hed farms (O R::::7.3. Table 10). This may lead to the conclusion that bovine 

tllberculo~i::. in the region i" not a recent prob lem. since bovine tubercu10si:. establishes itself 

wh\'!n <lnim,l)s are confined (inten~ivc farming) ami the disease I1ltlintains it:.df in infccted farms 

unle'>s control action i!'> plll in place (Alhaji . 1976: Griffin ellll.. 1993: j\larangan el al., 1(98). 

The po:.sibility that animals from the older farms might have been invulved in the establishment 

of new ones. Ihrough unmonitored purchase of in-heifers, might have led 10 the c~tab li shmellt of 

Ihe disease in the I'lller ones: in the Illultiple logistic regression analysis. reactors rates between 

the t\\'o groups did no more dIffer (p>O.1. Table I I). indicating that the factor was initially 

confounded. 

Re<ictor" ratc~ for farms located in Ihe vicinity of the city were slightly higher than those located 

at the periphery allhough, thi!'> d iffe rence \Va~ not ~tatistically s igni ficant (OR:::: 1.2-L C I 0.54-

2.S4 ). II i~ likely that once conti ned, as is usually the case with inten!>ive farming sy~teIl1, 

animal .... remain <:llM.:eptible. irrespec ti ve of the locatioll. 

J6 



The survey revealed a vcry low reactor rate for the young..and [he few male animals (X2=14.93, 

p<O.OOI. Fig. ~). Thi~ rc~ult is ill consent with many works (e.g. A lhaji, 1976: l3e rggren, 198 1) 

and was expected, as these vcry young animals had only been exposed to the infection for a 

relatively short time. It therefore call be assullled that at voun" aCTe only vcry few callie become 
oF 1:>;;>' 

infected. Similarly. in agreement with the work of Cook CI al. ( 1996). lower reactor rate:- were 

ob~cr\'cd <l Isa for older animals (Table 13, Fig. 2). It wou ld have b\!cn expected that a larger 

!lumber of older animals would have reacted [0 the tuberculin test. It is however possible that 

thc~c animab have ]j\eu with thc disease for some times: as the di~easc is frequently progress ive 

in cank (Alhaji. 1976: r-. l orri~ el af, I 99-t: Pritchard . 1988), the pre~ellce of progressive le,ion" 

providc!'> ,ulTicicnL r~pcatcu '1IlIlgcJli~ "liJllul:!liun anu Ic:!d~ to the temporary dcprc,o,;!'>iutl of ~kin 

reartivity (Corner. 1994: Le ppe r el at., 1977). This ,o,;ituatiun i ... frequen tly ob ... crved wilh 

tubercullll leMing in :-.hort period intcrval!-. (Dohcrty e{ at .. 1995; Franci~ af at.. 1978). 

The phy:.iological ,..,tatus like lactation ;IIHlIor pregnancy was not seen to be a ... ~oc i ated with thc 

ICo;[ outcome (Fig. J). when young and male animab were excluded from the analysis (X 2=3.33, 

1'>0.1). Thi, i" ill agreement with a pn::viou ... report of Couk ct al. (1996). but (olHraJict" with 

other inve:-.tigation~ (Franci ... el at. , 1978: Wood ef at., 1991), who claim that pregnant animab 

:.ho\\ lower reactivity as a n:,>uh of stress-induced immune supprcs~ion. In this study, in absolute 

terms. Idetating CO\\.'. did rC;'lct more frequently to the te::.t than pregnant one::., but paradoxically, 

reproductivel) inert CO\\" (non-pregnant. 1l0n-iaL'tating) were ::'(,Cll to react at a lower rate 

compared to the pregmmt animab {Table 13 , Fig. 3). 

In agreement \\ ith u pre\ lOll" report ( Coo~ I!llIf, 1996). body condition ~core.!. were not seen to 

have an elTert on tubcr'ldin rcacli vity (X2=0.13. p>O.1 O. Table 13 ). This finding is in contrast to 

the e ... tabli::.hed fact that poor nutrition prcdisposc~ to tubercular infection (Collin. 199-k Griffin 

el al. 1993: i\larangan CI at., 1998): 1lJalnutrition b abo implicated at. an important facto r in 

,tIlergy (Francis el (It .. 1978: Kantor el al., 1984; Wood ef at., 1991 ). It can be suggested that the 

ri::.k a~~ociated with an illcre~L,>cd .'.usccptibility due to malnutrition could be offset by a lower 

reactivity in malnourished cattlc. 

Breed ba~ed analy'>l~ indicatcd no !:. ignili cant !o.uperiority of thc local. autodHhonolis cattle Crable 

I:! ). Thi~ contradict!>. \\ith e;.!riicr rcpon~ (13arwinek and T.lylor, 1996; Kiro!>., 1998; Yehuulushet. 

1995). Previou~ works (Bedard el (If .. 1993: Marangoll ('Ial.. 1998) reported not on ly higher 

pre\,alence rates in local Zebu callie, blll prcvalence in cross-bred callie also was lower than in 
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pure breeds: these resull~ perfectly agree wi th the current -report. Comparison, Illude between 

c ro~!,>e!,> , 10CGl call Ie (unde r s imilar managerial s)'!'>lcm). and exotic animuls, after siandardizing 

for age and ..,ex (d irect standardization. Table [2 ), suppo rt this finding. where local. 

autocJu honolls call I!.! were found to react 2.0 and I. I 6 times morc likely 10 tubt: rculjn than 

cros..,e:-- and exotic animals irrt:specl ivc of uge and sex. The question remains whether difference:-­

in the tubcrculo:--b infection rutes between cattlc breeds arc rather due 10 the productio n systems 

in which they ;we kepI than d ue to genetic reasons. 

In this !'>tudy 8.7% of 46 pooled mtlk and nasal swabs, and 6. 1 % of 33 nasal swab samples 

(8.79% in total. including 2 positive milk ~il[])ples) did contain tubercle bacilli. This isolat ion rate 

is relati\"ely high in comparison to other works (Kaz\\<da el al.. 1998: Yehuahlshet. 1995) and 

lllay he attributed to the fact that milk and nasal !-.wab samples we re pooled samples in most 

case ... and . that <"amples wen:: taken from animals reacting st rongly to the tuberculin te~t, i.e. ;:::5 

mm increase in ~kin fold thickne~s. 

Altbough the number of ,\/. bOl'is po~iti\'e S<II11PIc:-. is low in absolute terlllS, it indicates that the 

habit of pooling milk in the Addis Ababa area doe~ po~c a grca( public health danger to milk 

cOll'>umer .... Kleeberg ( 1984) ha ... indicated that one cow can excrete enough viable bacilli to 

contaminate the milk of up to hundred COWs, when the ir mil k i~ pooled. The practice of feedi ng 

cal\-'e~ Ihis pooled milk raw will also facilitate the pcrpetualJon of the infection in a given farm. 

The i~olali o n of '\~I 'cubaClerilill/ frolll 6.1 9r of the nasal :-.wab:-. taken is lower thun findings in 

other reports (e.g. ~..tcllroy el d , 1986). It is a knowil fact though Lhat :-.wab:-. are not good 

material fo r the recovery of mycobacteria (Cernoch el 01. . 1994): however, isolution from the 

t\\O reactors would suggest that excretion of the organism i~ common . Th is figure could be 

expected to inc re:l~c, perh.lJ)s dramatically, by sequen ti,,1 ~ampling, a technique cons istent ly 

recommended for the detection of tubercu losis in human cases whe re morning pooled samples 

are taken over ~everal days. 



6. CONCLUSION 

T he rC~llll~ of tile ~ILldy :. upporl the hypothes is that in the urban and pe ri-urban dairy production 

~y:-' IC lllS of Addi~ Ababa. bovine tubercu los is I!. associLlted with classical risk factors o f herd size, 

herd managemen t, callie movements and persistence within infcc led herds. Given Ihis s ituation. 

the ~llCCC~l- of lubcrclIlo:-is eradication from cattle he rds al th is slage seems ralher unreali sti c. 

Surveillance :-.holiid therefore be stren gthened fir:..!ly [owards these aspccb. 

T he ... tratcgy gcncr; lll y ;ldOPICd for Ihe cont rol or bovine lubcrculo~i!'. I:. diagnosi:., herd iso lation 

and ,.., Iaughter of infected :tnimab 10 prevent InLllsmi!:>sion. II is frequelltly reported that diagnos is 

with tubcrculini:-.ation [.tiled 10 show consistent rclation~hip~ between re!'>uit!:l of the tuberculin 

tcs\:<, and the post-mortem findings. T hi..., has led to the conclusion that the illtraderm~11 tuberculin 

te!:>l i~ ba~ically a herd Ic~ 1. and thaI it i" of mllch lower value in countries with different ~y~lem~ 

of herd management. Unfortu nately. in Ihis study il was nOI po.'~siblc to make post-mortem 

examinations o f the reactors to exclude non-sp\!cifie reac[ion~: an evaluation of the lest under 

local condition!'> therefore ~eems the foremost and immediate important step to come up with a 

working standard of the test in Ethiopia. 

It wa~ not po .... !'>ible 10 obta in data on the levcl o f mycobacterial infection in dairy fanning \ 

familic..,. bUl human IUbcrculo!'>is is on the increase in African countries. running concurrent with 

the inc rea .... ing prevalence of I [[ V-infection. A proper assessment of the cont ri bu ti on of bovine 

mycobacterimc!'> in Ethiopia 10 the ove rall number of human infections will therefore r\!quire 

further work in the ficld. T he public health implications of M. hOl'is infecl i on~ . wilic:h arc 

acquircd Illainly through consumption of infected milk and aerosol transmission however. should 

be taken .... eriou~ly. The fact that milk from all cow.'\ on a farm i!'> pooled before being so ld to 

consumcr~ exacerbate .... the danger of the zoollosis to the general pUblic. 
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S. ANNEX 

Ann e.\ 1. Tu hc rc u lo~ i s S u r\'c~ : Q Ul'sti unn a ircs Fu rmals 

8.1 Qut:slionnaire:. for Dairy Ilokler:--

8.1.1 Gcnt:ral information 

Datc ___ _ 

Farm 10. r\o. __ _ Owncr __ _ 

Sex_ Agc ___ _ 

Addre~.., ____ _ 

Location I. Intr;J.urban'____ 1. Peri urban ___ _ 

Farm type I. dai ry ______ 1. Bcd ______ 3. J\'lixed __ 

Production System 

Herd :'lze 

i. Intcn..,ivc ____ 1. Semi intcn~in~ _____ 3. Land le~s_ 

I. ~ 10 __ _ 

J\ ian.lgt:lllelli com!. O. 1'001' __ _ 

8.1.2 Socia! F'lCtor.., 

110\\ long ha\'c you bt:en ill the bu:.ine:.::.? 

110\\ did you <.,tart thc bu:-,int::.:.? 

2.10-2-1 _ _ __ _ 3,~25 __ _ 

1. - ---

I. <10 years_2. 10-10 yean, 3. >20 years_ 

I. inheritcd ____ 2. bought the cntcrpri:.c, ______ 3. bought animals, ____ _ 

What are your fCaSO!l:' to run the enterprisc? 

I. to produce milk for home consumption 

o " " market 

3. \0 do fallcn ing 

To whom do you sell the milk? I. con:.ulllcrs ____ 2. DDE _ _ _ 3.I lltcnncd iate caters_ 

Is the farm opcn for visitors from out side I. Ye:. ___ 2. No_ 

Do animals in your farm ha\'c a chance \0 gell11ixed with animal:-. from other farms? 

I. Yes 2. No ___ _ 



If )e~, \\hen? I. \\hell gral.ingolll _ 2 . whcn bClllg-wi.llercd ___ 3. during medical c;trc 

Do animal ... cn ter into yo ur herd by purcha:::.c'! I. Yes 2. No~ 

8.13 On Tubcrculo~i ... 

What breed of <lnilllab do you kcep'! I. Local ___ 2. Cro" ___ 3. Exolil.: __ 

Do you kllO\\ thai bovine TI3. can bc tran~lllil1ed to man through milk or bcer! 

I f yc,>. 

Do ) Ott le ... \ anima!... for TB . \\ hCll yo u buy? I. Ye~ ___ 2. No, ___ _ 

Ilow do you ... dl or consumc the milk you produce? 

I .... cll or con",ulllc fa\\ 

, bod 

3. p ..... tclJri/c 

Il ave your 'Ulimat... evcr bcen teMcd for 1'8. '.' 

If yc .... \\ hal \\ a ... the out comc? 

\\'l1al did you do wilh the rcaclof'>, ___ _ 

I. Yc,> __ _ 2. No, ___ _ 

I. po ... ili\'c __ 2. ncg:tlJ\c __ 

Ilmc you cver l1ad ill your herd. animal with l ong-~Ia lldill g cough or body \\'a~ tagc? 

I.ye ... , __ _ 

\\ 'hat do you do will1 le ... 1 po ... iti\e allllllilJo., in your herd? __________ _ 

A lill t.':\ 2: BU\' inc lubcrculu ... i ...... un'cYi Ca lli e Tubel'cu tin leSI res uits rcc urd ... hCl'l 

ID Breed Sex Age BCS Stiltlls ~Ic ... bcf ~ I e ... an Diff DX Remark 

I 
, 

, 1 
I i . . . .. . . . , 

BSe. hudy condLtLon "cure. r-.lr.:~bd. :,f.-mlold thn.:f.-lIl;:':' bdore luben;ulLLL InJectLon. r-.lr.:~,Lh. "f.-m tlmf.-m.:<,~ 7. h ,liter 

tuben;ulLIl HlJecllu n; Ddt. mcre,L'C In ,kin lo ld 11m;f.-ne ....... OX: IIlll'rprclallOll 01 f'e'Ulh 
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Anile)' 3: IJO\ inc 'I'll sUI-ny: IIcn.l tuberculin te!!1 results rccord ShCl'1 

Farm 10 :-':0_ Zone Herd size I No. pOC'lltl\C l} P0.., II IVC Remark 
1 I , 

, 

, i 
r I r 

I I T i 

All Ill' ), -I : IJO\ ille TB. Sun ey; Bacteriulol!ic:1i te~ t (culture) re!loult reco rd sheet 

Antm.1i A£c Breed BCS SI'HU~ Tuberculin Sample \\'eek Remark 

ID reaction III I1Ull taken I checked 

A ll li t.'). 5: IJO\ ill e Ttl. S urH~: Data CUlil'cliull and i{ccurll S hce t 

I. Regloll _______ _ Oalc' _____ _ 

::!. Location Zone ___ _ \\'oreua ____ _ Kabale 

J. lieI'd 10 ;'\ 0'". ____ _ l ieI'd ... I/C ____ _ 

-L Herd te .. t R~"ult 1.5IDT ___ _ 

5. :-.... 0. of Pmltl\e reactor ... 

6_ Cuitur(' r~!',ult . 6.1. __ _ 6.2. __ _ 

- Biochemical Tc..,t ... 7.1. __ _ 7.2. __ _ 

~_ ProbJblc Aetiology 8.1 ____ _ 8.2. __ _ 8.3. __ _ 



Annl' ~ 6: 130\ illc Tuberculosis survey: CODE UOO~ 

Variable 

Farm II). ~u. 

CI..,e 10 ~o. 

Location 

Breed 

Se\ 

Age/parity 

CoJe de~cription 

00 1-"00 

00 1-"0011-2000 

Pen urban. 0; urban. I 

Local = I. E\ot ic= '1. Cro~ ... =3 

j\ 1<11e = 1. Female = 0 

young. 0: ilclfcr .... I: pant)' I 

BoJy ConthlJun 

Tc ... t RC'Iuh ... 

Culture 

Blochellllcai 

.Ind 2. 2: panty 3-5. ~: parity ~6. 4 

poor= J. II1cdlUm=2. good=3. 

..,low grower .... = J. r,lpiJ gro\\ cr'l=1. 

;\'1,lCin -T"ye = I. :\'m;.lte +\e= ~. 

,\etiolog~ ~J. bo\'i~= I . \1. tb=1. ~1. anum=3. 

Anne" 7: Li~t of RC:lgCllb 

I. Reagent ... fo r U media 

BaClO-a"paragllle 

\lono pota ....... lulll phosphate 

.\I ,lgne .... iul11 ... ulfilte 

\l,lgnc,1U1ll citrate 

Pot.1I0 nour 

GI~cerol · 

,\ i.i1achllc grceil 

Whole egg 

DI .... tillcd \\ atcr 

3.6 g 

2.4 g 

1.4 g 

0.6 g 

30.0 g 

1:2.0ml 

0.4 g 

1000.01111 

600.0 ml 

. replaced by OAre pyruyatc for ~1. boyi ... 
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II. Reagellts for Decontaminat ion procedure--

l. Sodium hydrox ide (2%) 

,.- Sodiulll hydro.\ide 

,.- Dj~lilll.!d \\ iller 

2. 0.1 1\1 H~drochloric acid 

3. Phcnol red ~olution (0.005-0.01%) 

4.0 g 

200.0 IllI 

.:. All the three are :tutodaved and stored al -l °C 

III. RC;lgents for Ziehl-Neelscn Acid-Fast Stain 

l. Carbolfuchsin Stain 

,.- Basic fuchsin 0.3 g 

10.0 ml 

5.0 ml 

,.. Ethyl alcohol (95%) 

,. Phenol ( melted crystal ) 

1. Acid-Alcoho l 

,.- Hydrochlonc acid (concentrated ) 

,.- Ethyl alco ho l (9S SC) 

3 0 IllI 

97.0 ml 

3. l\.lcthylene blue (Coullter stain ) 

I. 

2. 

,.- l\.lclhylclle 13luc (90% d)c conlent ) 

,.- Elh)1 alco hol (95%) 

0.3 g 

30.0 1111 

,. Potassiulll hydroxide 80.01 %) 1 00.0 IllI 

IV Reagents for :"-liacin Production test 

-4 7c anilLnc: 

I Oge Cyanogen bromide. 

96 lIlI ethyl alcohol (95 %) +..j ml colourless aniline 

Stored in a brown bOlllc al ..j0c. 

5 gill Cyanogcn bromide in 50 Illl distilled waler. 

Stored in a brown bOllle at ..J 0c. 



v. RcagenLs for Nitrate Reduction tc~t 

I. 0.0 I M NaNO] in 0.022M Phosphate burrer 

2. * 

3. * 

4. * 

Concclltrated HCl: 

0.2% Sulfanilamide: 

,. NaNO, = 0.085g 

,. KII 2PO .. = 0.117g 

,. Na21I PO ... 121-bO = 0.485g 

,. Di ~tiJlcd H20 = 100 Ill!. 

10 ml conc. HCI in 10 ml di~\. watcr. 

0.1 % cthylcpc diaminc dihydrochloridc: 

0.2 gm ~ulranilatnidc in 100 tnl dis\. Water. 

0.1 gill n-( I-nuphthyl) cthylcncdiaminc 

dihydrochloridc in 100 IllI di~\. waler 

* 2-4 kepl in the refrigeralor 
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