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ABSTRA CT 

\ cross-sectinnal stud~ \HIS conducted frum \ugusl 2003 10 J:.mtl~r~ 200-l. to d~lc rrn ine the 

prc\alcncc of Brucella species in carn\,.'I!:. <Jnd 10 idemif) ri sk factors for hrucellosis infection 

in camels «('alllel1l\ dl'Ol/Icd{/,.i/l.~) in 1\\0 districts of Borena 10\\ land. " toWI of 3218 camels 

in 250 herd" \\ere included in thc "'ILld~ from Libcn (2231) and Yabdlo (986 animals) 

di.,tricts. or these 78.6% (2518 oul 01 on 18) and 21.4% (690 oul of 3218) \\ere female and 

mall' cam!'!! ... rcspccli\el~. The herd sill' ranged from 3 10 -l2 JllIlllals \\ ilh mean herd silt.' 01 

l3.fi:: 7.8 i\ total of 3218 blood samples \\en.' collected. All ""fum samples \\ere iniliall~ 

... ~rccned b~ RI3P-I . All RIJP r positive reactors \\ere fUriher t(,"led b~ CFl for confirmation. 

CI·"I con tinned 58 scroposlli\ e cases {'lit of 71 RI3PT reactors. 

I hL' "' Iud~ Shll\\ed the distribution of /fr/lcellO species ;mt ibodie~ in 1.8% (95% C I == 1.4 

~ .. )) of the ll'sled samples. Fort~ herd.., \\ere found seropositi\(' arnC"mg the ~50 herds included 

in the sllld:, (16%.95% CI '"" 11.6 - 21.1). Seropre\ alencc rale in those :seropositi\e herds 

(\\ ithin hcrJ rre\ <lIenee) \ arit'd fwm 2 - 0 ° f 1 l'UI of ~ 7) 10 ..t,.;o !:' (lut llf 11) \\ ilh ~I\ crage 

rn::"lIenc\' 1.)1'9.5%. S1ightl~ higher scropre\alence \\as recorded in )'abello (2.0%. 95°/0 C1 

12 3.IJ than I ibcn distriCi 11 "7 ° 0.95"0 CI I:' J "1). thl1Ugh nOI .... tathticaJl~ dincrlng 

frolll each other (p > 0.05). Female camd!-. had higher prc\alenl.~: IJ.06~o. 9500 CI == 1.5 2.7) 

than male al1lmab (0.9%. 95% CI '"" 11.3 1.9). 

I hl: effect ~)r ... e\ \\as obscf\ed \0 br.: ... Igniftcam for seroprc\ah..'tlcc (I' < 0.05) \\jlh the ris~ 01 

infection 2 3 (95°/0 CI::c 1.1 5.3) time ... higher in females than male camels. SimiJarl~. there 

\\::IS !-.ignifi..:anl Increase in ... cmposili\l\~ \\ith respect to incrcu~mg herd sizc (p < 0.05) "ilh 

chance:::. of disease occu rrence I A tlille ... higher in herd of 11 ~I) camels and 1...t timcs higher 

in herd abmc 20 animals compared 10 ~ma1l5ized herds « II animals). Immalure animals (2 

..t ~car~) had .stath.ticall~ lo\~er reJ\,;\or<.; than "dult eamds (r 0.05). the odd::. of infccuon 

being :'.2 (95°0 CI "" 1.1 - 4.6) limes 100\er in immature cameb. COll\ersel~. parit~ ,1Ild 

herdIng e:-.rerience did nOI affect the ,latus o/" seropre\ alenee among the respecti' e t:ategnril.''' 

Cp > (J.DS). rhe mull" ariale anal~ si., of rresumcd risk factors rt:\ ealed herd size as the major 

risk raclo~. a,>.,ociated \\ilh .serl)pOSill\ll~ (p < 0.05). Ad\ancc in a£e and herd SiLC \\cre al ... o 

found 10 hil\ e pUlali\ C effect on ... croprc\ ale nee (r < 0.05). 

"-!)ortion. ')tillbirth and binh 10 \\l~ak I.:alt affec ted 20°0. 8.3% and 18.3°0 ol the ill' cSligaied 

herds. Percent of abortion. ~Iillbinh and birth to \\cal... calf \\ere found 10 be 8%. 3.6°/0 and 

\I 



7.4%. respc,cti\'cl~ per felluics pe r annuill. I.j\~ birlh. abort ioll and stillbirth pere~ nt \\cr!.! not 

significan tl) different among posit i\(' and ncgati\c breeding femalcs. This together \\ith Ion 

:.erapre\ alenee recorded in this stud) rna~ not sugge\t <lbortian and stillbirlh <IS clinical 

manifestation for brucellosl~ 111 the stud~ <lrea . 

I rom the questionnaire data it \\as identified that 950'0 and 81.3 00 of herdsmen keep al It'ast 

on~ and more than one ruminant species along side c3mds, rcsp,:cti\el) . A household o\\l1ed 

83.3% of the herds \\hile 16.7% belonged 10 extended fmnilics. Aecord ingl ~. infec tion rate 

ranging from 1.7 to 1.9°'0 \\ere obsence! in those camel hl:rds h.ept \\; Ih mon! tha n om: 

ruminant \\hile no or les<; reactor \\3.., lound in limited numbers of camel herds h.cpt alone or 

\\ ith one ruminant spl'cies. 

In sp ite of kmm ledge gap about brucellosis herders traditional!) do isolation of ca" ing and 

aborted dams from the rest of the herd during the da~ (98.3°0 and 46.7%) and night (98.3 0
/0 

and 33.3%). respectivel) far \ ariable durations. To the contrar~. camel pastoralists could be 

c'poscd \0 infection in se\eral \\a~s induding ra" mill.. consumption and close contact \\jth 

<Inill1<1b" ithout an) prutt'ctll)fl. 

r he results 01 the present <'1Ud~ pr()\ ide [hI.: ~tatu s of ,>cropO'>1I1\ II~ to Brucella ~pcci~,> III 

,amcl in tht: Oorena 10\\ land pa.<.toral areas and the ri .. h. factors that contribute to 

seropositi\ it~ 111 dromedaries. r labitual consumplion of ra\\ mill.. and close contact \\ itlt 

infected animals s ignif) possible 700nollC importance ofbruccllusis in the sll1d~ area. 

h.l'~ \\ o rds: Drol11cdar) ctllllcis. Brucellosis. Serological tests. CI·T. RBP I. I ridC'llliolog~. 

Risk faclor'). I iben. Yabello. Borena lm\land. Southern Ethiopia 
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I. INTROlll JCTlON 

Camels ( 'all/e/II.I derollle-darius) are \ ilal domestic animal specic~ that arc best adapted 10 

h~rsh cm ironl1l~nls and fluc tuating nutritiona l condi tions o f arid and extreille arid zolles. 

These animals an: cndo\\cd 1\ ilh c\lra nrdina r) feature ... thai cn.rbk them to 'iun ive and 

perfo rm in sLich hard conditions (T('~a. 1991). Dromedaries arc vl:rsatile living assets that 

ensure rood ~ccurit) c\ en during the dr~ periods and also sen e a!, mea ns o f transportati on and 

draught PO\\ er (VagiL 1985: Higgins t'l (1/ 1992) .. A.frica hosts SOli 0 of the \\orld population 

ofdro rllt.'dar) (16.5 million) of\\hich 63% attributed 10 cast Afri<:n (\\ 'ilson. 1998). 

Camels arc a subset of huge li\cSIOd;, rc\ources in Ethiopia \\ith the population estimated to 

bL' o\er one million. The arid and semi-arid areas of the countr~ that constitutes more than 

60% o f the lotal a rea and homc of7.8 l11illion pastoral and agropastoral communitics (Abcbc. 

2000) are .... uitable lor camel prodw:tion. The eastern and SOU lh(!fIl part s of the COUnlf). 

naJll(!I~ Afar. Somale and Borena are the major areas \\here ~amd husbandr~ is \\ide!) 

pmcticed (l-igu re I). In the$e areas. the li\cli hood of the pastoral eOlllmuni tic, i ... cerlainl~ 

(!n~un..:d b~ dromcdaries (Tel..a. I Ql) I. \\ o~~ene. 1991). 

The Borena pa!>toralists. \\ho traditionall~ arc based on callie husbandr) fo r mill.. production 

and \\ ealth ..,torage. ha\ e rece ntl~ dc\ doped considerable intere ... t in camel production. 

Feological changes. social condi ti on .... (rel igIOn. marriage linkJge. conflict) and c,[enSI\C 

seasonal migration ha\e been the main deri\ ing forces behind lh,,: increased camel production 

in thc Borena plateau (BifTa and Chal..a. 2(03). Allhough the e,act figure on population IS nul 

mailable. data from Borella lone Department of Pbnning 8nd [ conomie Development 

(B/OPED) indicates aboUi 467.119 c3mels are found in the an:a of \\hich 70~o is being 

produced in Ilocn district alone (BZDPI D. 1998). 

In sp ite of it ... \ Ilal importance particularl) to the marginaliLed (ollHnunitics in tht: d r~ zone .... 

of tropic" cmd ~ubtropics. studies ahoul camel are \er: fe\\. Due to the faci that camel 

production I~ in remote. migrator~ and pllor infras tructure conditIOn. 3\ailablc studies \\cre 

based on .... l11all animal num ber. one time !>u n C), inlen ic\\ ing . qu.::~tiol1 l1aires. est imation and 

.... . Illulations (~ch\ .. arl7 and Dioli. 19q~;). I-rom the la!>1 1\\ 0 to three decade~ oll\\ards. 



,"ckntitic intere~b In dini:r~nt aspect~ \)1' dromcuar) ha\c ~ho\\n progress ( Baumann and 

lessin. 1992). 

Pu blished information on diseast,:s revea l .. that camels ma~ be eithcr carrier o r or susccptible 

cor suffering fn.Jm a \ ast arra~ of infectiou ... and parasitic discases (Kohler-Rollcfson £'1 al 

~OOI). ·l r~panoso1llia.,is (,:au.,eu b~ T ('mll.\ll~ found 10 be the major hea hh problems in the 

I1nrena areas , Olher disease ...... uch as po.\ infections. contagIOus s. l..in necrosis: pncumonia and 

parasitic infestation., are also 1..110\\11 to aITceI the health of the camcl<; in the an:a (Ric hard, 

1979: J)CIllCI..t.'. 19(8). 

Somc o f the disca .. e~ such a .. bruce llos is lline considerabk publi,:; health im po rtance as camcl 

mill.. IS con~Llllled ra\\ (Abbas l'1 al.. 1987: Gamed el at 1993), f3rucdlosis \\a., reported in 

(umd from dilTcrent cOllntric!> of Africa and Asia (Abba!) and \gab. 2002: \\ erne r~ and 

"aaden, 20(1). Brucellosis is a \\idcsprcad disease in camel pr oducin~ 'Ifcas. Tht..' infeCiion 

rate is highc-r in intensi\e camel production s~stem \\here large ~lnilllab are kept in a farm. In 

I.'olllllries \\ ~th more of e'tellsi\e rOfm of husbandr) the rale I':> k)\\ (Abbas and r\gab. 2002). 

The disease is 1-..110\\ n 10 cau!)e abortion and birth of non-\ iable otT"pring in remale. and 

orchitis and epidid~ miti., in male animal" and infertllit~ in bOlh ea .. e ... (Rauostits CI (II, 1l)94. 

\gab. 19l)7: "Imten ('/ al 1997). In production S~!)lelll \\heri: li\I.· .. tllcl.. d i\ crsification i ... 

practiced. the dl)ca<.,c circulates III sheep. goals and can Ie. anu (unher ... prc:ads 10 dfllmedanes 

\ \ndreani el al 1982: Rad\\an ('I al., 1(92) 

Pre\iolls <.,erologh:al 5ur.e~s .,hO\\c;d l1\crall prc\alcncc rate.., ll£ 44"0 (Domenc..:h . 19771. 

5.5~'0 (Richard. 1(79) and 4 :!°o (leshome.:1 (II 2003) in dille-relll cwncl rearin!! area.., 01 

rthiopia. Srecificall~ 111 Borc:na arca. I e~home and colleague.., (~003) reported 1.2°0 \\hert' a., 

Domenech (1977) reported 5,~0·o pn.:\alcilce rate. A stud) 011 camcl hu.,bandr~ practice in 

ca!otern P<lrl of the coulllr~ h~ Getahun and Kassa (2000) IIldicated abortion rale~ and 

..,tillbirths ut 9°'0 and 4.3°'0. respecti\cl~. for \\hich hrucellosis I~ more lihd~ to be 

IIKrimlnalcd. 

the disca<i\:' c<ln genefall~ calise signilicanl loss or producth 11~ 111 camels through late first 

eal\';ng age. long cah ing IIller\"al lil11e. 10\\ ht:rd fertilll~ and comparati\el~ 10\\ mill.. 

production. (\\"crner~ and Kaaden. :!OO:!) 



\loreover. bruccllosis in human represents a major public health hazard. \\hieh allee ts soc ial 

and economic dc\clopment in various countrics. Camel milk as \,ell as camel liver are 

cons llmcd \', ithout heattrealment b) camel !..eepcrs and evcn considered as delicacy (Gamee1 

1'1 af. 1993). The isolation of B. abrlm and B. melilclIsis (Rad\\an el al.. 1992: Garneel ci al .. 

1993: Agab el al.. 199-1: Abou-Eisha. 2000) has certa inly demo nstrated thc danger of eamel 

milJ.; to public health . Ilo\\eH!r. available ~Illdics on camel brucellosis arc so scant) and do 

nOI pro\ ide dewil epidemiological information of the di scase in Ethiopia. Therefore. the 

prescn t stud) \\as undcrtaJ.;cn to determine the seroprevalence status of the brucellosis In 

camels and to idcntif) ris!.. factors associated \\ ilh the disease occurrence in th~ stud) areas. 
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2. LlTERATU IH: REV IEW 

2. 1 Dis trib ution of Ca llIels (Calllc/II,' dmmedariux) 

Camclid was probabJ) among the Ja~ t of major domestic s pccif,;:s to be put to regular usc b) 

man. rhe rnost likel) lime of domestication is about -WOO ~ears bdore pr~se nt or s light[~ 

earlier. Th~ presullH..'d area o f domestication is the ~ollthern Arabian Peninsula, probabl~ the 

area of Yemen and Oman. From presumed cente r o f domestica tion_ dromedar) has 

,>ubsequently been dislributcd 10 almost the re~[ of the \\ orld (SCh\\artL and Dio li, 1992: 

Wilson, [998). 

1'11\ irollmenta1. soc ial and cultural facto rs ImH' great influence on the dist ribution and 

production of camels. Arid and semi-arid zones of tropical and subtropical countries o f Africa 

and As ia a re found 10 he comenient ecolog.~ The greate~ t cultural influences in recent 

dist ribution of call1cl~ \\as the advent of Is lam. \\ h~n Arabs spread their gospel. consolidating 

its ranges north and l.·aSI \\ ards in Asia. and along the Mediterranea n II110ra i. There haH~ been 

man) attempts to IIHroduct" ~a llleis out'iide thc "normal"' range,>. in Bral'il. Co lombia. l So'\. 

Cuba. Spain. hal~ and france. Generall). thefe ha ~ been stead) increase in camel population 

since about 1980s. Ilo\\e\t:r. decrt"ase in numbers has been obsef\ed in SClm e countries for 

instance. \\here oil is the principal cOl1lmodit~ and the nomadic \\a~ o f life is no longer the 

major one ( Wil<.,ull. 1998) 

La::.tern Africa j<., kl1o\\n to he the hC<lnland 1l1f camel production as 80°'0 and 63% o f the: 

-\ frica and \\orld population. respecti\ d~ produced in the region. Ithiopia ranks 411 
In thc 

\\orld \\ ith lOla I popUlation estimatcd O\er one million (Table ! ). '-tubs istellcc camel 

production is practiced in dl") area::. of Lthiopia that CO\ ers 61 %. to 65° 0 of tht" lotal land arca 

(Abebc. 2(00). The eastern pan 01 the countr) is considered a::. thc heartla nd fo r camel 

prod uction . \\hich is Ihe home 0 1"1\\ 0 third of the nations camet population «(jetahun and 

Brud.na. 2000). The Borena rangeland of sOllthern Ethiopia is the th ird Important caml!! 

prod uct ion region of the cOllntr~. the fir~1 and ::.ccond being ~omalc and Afar regions (Figure 

I). According to II1Ikka (1998) the Borena rastoralists probabl~ started camel production in 

carl) 1560 in the Gi'dda period of Abhay (Jr/"(). It has been abo speculated that the Muslim 

Gebra communities \\ere said to the inst rumental in introduc ing cameb to the Borella plateau 

(Coppock. 199-1). Thereafter. soc ial anti changes.l'xtensi \c scasonalmigratiol1 and change in 
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rangeland C'cOS)Slern (dec reasing pasru rc for gral.crs and inc reas ing bro\\sc vegela li on 

<,pt.::cics) arc major factors for the expansion of dromedaries into the area (Biffa and Chaka. 

2002). 

I able I: Camel population in some selected couil lril:s 

'umber Dcnsi t) 

COllntr~ 1.000) (No per km =) 

Djibouti 60 

Lg)[)t 170 0.16 

I::. thiopia 1030 - 1040 0.83 

India 1100 0.33 

Ken)a 6,0 - 780 1.08 

'\Jiger 415 0.31 

Saudi Arabia 165 0.00 

C;;omalia 5800 - 63500 8.93 

~lldan 2S{\() - "1100 0.99 

Proportion to 10lal 

national ruminants (%) 

34 

5.8 

3.4 

0.4 

5.3 

8.3 

14.9 

46.6 

II I 

'ource: Adopted frolll \\'ibml el al. ( 1990) and ~Ch\\artl and Dioli (1992) 

2. 2 Potent ia l J mpo rl anee of Ca mels 

Camels are primaril~ the domestic animals 01 ra~lllral communities that ensure food securit~. 

Thc~ produce milk me;!!. hair and hides. and Jiso sene as a draught animal for agriculturc 

and transpoll people a.' \\ell as goods (Sch\\anz and DiolL 1992). \lilk Jnd meat are Ihe 

important products thai camels produce clsc\\hcrc. r\ ... (Ud~ in eastern Ethiopia indicated 3 10 

(1 liters of dail) milk ~ h;ld 0\ er 13 to 15 mOl1lh:-. o f lactation length (Getahun and I3wckner. 

2000) \\bile Tefera ami Gcbrcab (2001) reported the a\erage dail) mill.. )icld of2.5 liters. 

l.ong lactation and a~ilit~ 10 maintain mill.. production oyer long dr) spells are importan t 

lact'ts of camel prOdUdl\ it~. Apart from hOllle I.:onsllmplion. majorit~ of Ihe housebolds sell 

at least one-third of the produced milk sold to generate cash income (Gclahun and Bruckner. 

::!OOO). Daily mill.. ~ it'ld can be as high as 20 IItef!) \\ ith improwd Illanagement conditions 

f'-,c!l\\artz and Dioli. 199::!). 
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ntilthe arrivai llf motnri/cd transport in the arid <.Ind !<.cmi-arid 70n!:s. camcl~ ha\e becnthc 

..,ok means oftrall.:.p0rl in the nn:as \\]ll:n.: thc~ an: adapted. The) arc al so u<,cd for \\heel 

transpo rt. \\ ater lin ing and source of po\\cr for oil mill. Camel racing ami other lei!-urc 

;11;(1\ itics such a .. camel ~alan .. and trekk ing haH' n,:t:cntl) become a touri :-.t attraction and 

IU.\ll riolis in some paris 0 1 the \\orld (5c/m artL and Dioli. 1992: Wi lson . 1998). 

I rlllll global pcrspecti\e. the economic production of cameb sccms minimal. In Ithiopia. the) 

;]1"1.' a lso the subset of hugc li\estod. n:sourcc \\hen consIdered from national economic point 

lit \ IC\\ (Ge-whun Jnd I3rudner.. ::!OOO). lIo\\c\ cr. \\ hat makes the di ffcrence is its adaptati on 

tn har..,h em ironillents to produce milk form :-.cant~ and highl~ \ariahlc feed resources. 

111\: IllOSt significant ll1l'rih It' perform in areas "ht'rc o ther Ii, estock species do not thri\c 

and perhaps do nOI ,)lIni\t~ arc attributed to the economic usc of\\att'r in alrno.,t all metabolic 

flllKtions and \\ide rangc of feed rt'source utilizati on (Yagil. 1(85). III mi\l'd species. the 

caml!! feeds all plants or part ()f plant:; that are not eaten b) otll\!r COIl\ emional Il\estock dtll: 

to It\ si/e to hro\\st: the highest strata. thus reducing competitions and enhancing 

cIlmpk:ml'ntantIC\ l.\~an. 199·L \\ ilslln ('/ (II. [990: Id.ll. 1991·1. 

2.3 Constra j li b of C am cl ProdUl' ti ons 

(illncl~ are produccd b) pa..,toral societies of the thIrd \\orld \\ho d\\dl III dr~ marginal an!'as. 

Duo.: to Ihe faci that the prnduction is lI!.lIall~ a Illigra to r~ system in n.' lllote arl'as "ith harsh 

li\ ing l'ondition ... and poor Infrastructure. tile animal:, arc presuilled to be in3cccssible for 

n: ... earch. This alfc.:\s the depth of ou r kno\\ ledge on the general aspccts of camels (Sch\\ artz 

and Oioli. 1992). Generall~. there is negligence to\\ards the pr,jlllotinn ofc31llel health and 

pwduction. It j.., (l111~ reccntl~ that thl.' camel hccarnc the "Ubjl.'LT t Illnfl' intensi\e and 

<,~stelmHic mtcre::.t (Baumann and Zessin. 1992). In I-:thiopia until rccentl~ thl're ha:-. been \e~ 

lillie s~steilla t ic research and 11\) dc\eloprnent projects that feature the camel in all) "a~. 

Inli!ctious and parasitic di"eases are tht: prrrnar~ constrainLs th,H hamper production. 

rr~panosorniasis is the mo .. t sl! rio lls infectious disea:-.e of camel-. ami \\idespro.:ad in camel 

rearing are.as. \'iral. bacterial. ~\ternal para<"ilcs and hclminthc!. <lrc of clinical importance 

t\\os~ene. 1991. lIiggin<; d III 1992: f.... ohlcr+Rollcfson ttl lIl .. ::!OOl). lr:-panosomiasi:. 

cau .. cu b) T ('1'/lIISI is found to be the major health problem') 111 Ihe Borella areas. Other 

6 



dist:ases such as po ;.,. infections. contagious skin necrosis: pnellmonia paras itic infestations are 

the major diseases to aOcct Ihe heahh of the camcls in the area (Richard. 1979: Demeke, 

19(8). Besides the prc\ aili ng d iseases. camel keeping is rclal iVt!l), a rece nt CVl:1l1 in Borena 

pastoral systcm. Consequentl ). lack of approprialL' traditional knO\\ledgc or husbandry 

prac tices, labor input requi rement for its managemclll and knowledge o f its peculiar biology 

like inducib le ovu lation ~lrI.: perhaps the poss ible constraillls of <:amel product ion in the area 

(J3itTa and Chaka, 2001). Brucellosis is one of the infecti ous disl!ases lhal affec t both camels 

and camel owners (Werner) and Kaaden . 2002). 

2.... Camcl Brucc ll o!' is 

2."l, 1 Im portance ofCamell3rllcellosis 

1.4.1.1 Economic Im porta1lce 

I1rucellosis is characterized b~ abort ion. non .. \ iablc olTspnng bi rt h in female. and orchitis and 

(,.'pidid~ mitis in malt..· :mimals (Radosti t's el al .. 199-1: Seifert. 1(96). t\horti on is the major 

feature that is manifested in camels (AI-Khalnf .lIld EI-Khalad i. 1989). The disease is also 

assoc iated \\ill1 infertilil~ and prolonged cahing intenals. and has considerable impact on 

l'amel product ion. Chronic innammation of epidid~ mis. of the joints. tendon sheath and 

S) no\ ial bursae espcciall~ al the carpus may also occur in cam els (Abbas and \gab. 2002. 

Waner) and Kaaden. 1002). The disease can generally cause signiricanl loss of productivity 

through late rirsl cal\ing <lge. long cahing imcnal time. 10\\ herd fenilit~ and comparati\'el ~ 

10\\ milk prOduction. a" in callie ma~ also happen in camels (Radostils ef al. \ 99ol). The 

disease can also have an impact on export and import of anima ls constraining li\~slock trade. 

Aflal and Sakkir (1994) h,nc suggested tha i sub clinical bruc(;[los is can post: prob lems in 

racing camels by reducmg the performance and productivity o f ;hese anil1lab in the Arab ian 

Peninsula \\ here camel racing is highl~ popular. 

1.4.1.2 1)ublic lIealth Importnnce 

Brucellosis in human represents a major public health hazard. \\hich aITects socia l and 

economic dc \c lopment in \arious countries. Groups at high risk for brucellosis are animal 

health \\orkers. bu tchers. f:ml1crs. and thosc \\110 arc habitual ly consume ra\\ milk and corne 



In I.'onlact \\ ilh animals (Chul.. \\ ll. 1(87). In mall. tmn~mission OCCUf3 as a rc ... ult of ingestion 

of milk. contact \ in sl..in abmsion. mucolls mcmhrancs and inha lation (Radostll':. 1.'1 (I/.. 1994: 

Seifert, 1996). Masoumi 1.'1 al (1992) recorckd higher prevalence ratc among butchers and 

people who habituall) consume raw milk. Camel ~eepers consume camel milk as wel l as liver 

\\itholl t heat treatment. This is even considered as delicacy (Garneel el al. 19(3). There is 

also a close cOnlaet b~t\\ecn herdsmen and Ihe animal during \\alering. grooming. riding. 

nursing sick ones and deli\cry assistance (Abbas el al.. 1987). 

The isolali on of thc t\\\l major pathogenic Brucella species: 8. meliIeIl.HI and 8. abor/lIS. 

from milk and other samples orcamel origin (Gameell.'l ai.. 1993: Agab ('/ al 1994; Hamdy 

and Amin. 1002) clear!: indicate the potential public health ha.wrds of camel brucellosis 

(SimIen £'1 al.. 1(97). The disease in man Illa) be misdiagnosed due 10 the prc\ailing malaria 

infections m dry areas (Abau-Eisha. ~OOO: EI-t\nsa~ 1.'1 a'-. 2001). 

2.4.2 Status afCamel Brucel losis in Ethiopin anti olhcr COllntric:s 

Brucellosis IS a 1\ itlcc,prcild disease in camel producing areas. The infect ion rate is higher in 

inrensive camel production s: stem \\ here large Jnimals are kept in a farm. In countries \\ ith 

more of e'\tensi\ e form of husband~. the rate is Icm (Werner: a.nd Kaaden. ~OO~). Radwan el 

(II (1992) reported hight:r seroprevalencc.: in I:amds raised under intcnsi\ e management 

... ;~tems than those kept In backyards of hOllse.., III small groups in ~allJI ·\rabla. Reponed 

1Ilicction rates from c<l. I11( .. '1 rearing area.') of l-thiopia ranges from .l .'1 11.1 5.5. Table 2 

')ummarizes the prevalence ratt:s 01 camel brm.:dklslS in Ethiopia and llllli:reIH nt:ighboring 

countries. 

For comparison. thl! status o f bovine brtll.'ello..,is in the C()unt~ \aried \\ith the l:pC 

production s)-,slelll s and brl'cd of cattle il1\ohcd. I)eroprc\alence rates or 6.3% and 19.3 °~o 

I\crc reponed from ranchc.:s of'zebu cattle and mi'\ed (Fries ian and zebu). re~pccthel} (Bekelt! 

('/ (1/ 2000).\sfa\\ el II/ (1998) recorded inli:ction rate 01'8.1% in dair: laTJm in and around 

·\ddi s Ababa. Relati\d: 10\\ seropre\alence (1 ROo) \\a$ reported fmlll local r.:anle produc~d 

under e:\!em,l\C rroductil)!1 s)stcm in northca ... tt:m Ethiopia (Kebede. '1000). 

" 



Table 2: Prevalence SlaWS of brucellosis in Ethiopia and other countries 

Country Authors Year No of camels Prevalence 

tested (%) 

Eritrea Omar ef 01 2000 98 3. 1 

Azwai e/ 01. 2001 3.5 

Ethiopia Domenech 1977 977 4.4 

Richard 1980 762 5.5 

Teshome el al. 2003 1442 4.2 

Kenya Kagunya and Waiyaki 1978 174 4.6 - 10.3 

\Vaghela ef 01. 1978 172 14.0 

Wilson el (II. 1982 6.0 - 38.0 

Somalia Ahmed and Ibrahim 1980 802 , 8.0 11.0 

Andreani el of. 1982 2;0 10.4 

Baumann et (II. 1990 3.1 

Baumann and Zessin 1992 1039 I 0.3 - 1.9 

Bornstein ef (II 1984 s.; - 1 J.; 

Elmi 1982 514 12.6 

Sudan Abbas el al. 1987 238 3.0 

Abudamir el al. 1984 740 4.9 

Agab et al 199) 4;3 24.0 

Majid el al. 1999 80; 13.9- 43.9 

Osman and Adlam 1987 137 8.0 

Source: Adopted from \Verne!) and Kaaden. (2002) \\ ith modification 
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lA.3 Epiderni olog) ofCamcl Brucdlo.')is 

2.-U.1 r\'~tiolog) 

rhcre are s ix spl.!ci cs that has so far been !..no\\n in the genus Brllce1la: B abortlls, B. 

melilcn.sis. B. canis. B.SIIIS. B. Qvis and B. neowme (Corbel and Morgan. 1984; Radostits cl 

til .. 1994). Bruce llae are sma ll, short rod. coccobacill i or short rod (measu ring 0.5 x 0.7 to 0.6 

\ 1.5~un) occurring s ingly. in pairs or short cha ins. The) are non-spore form ing. non-mali Ie. 

rartiall) <Icid fast and Gram-negative facultati, e intracell ular bacteria. Wilh modified Zeihl 

Ncelsen stainin g (0.5% acelic acid ). Brucella appea rs as red s taining coccobacilli (Quinn et 

al.. 2002). ivlost stra ins arc ae robic (some are micro-aero phili c) but many of Ihem are 

ca rboxyphilic (capnophili c) and best gro\\ in Co.:! enriched atmosphere. Gro\\,th is unlikely on 

an ordinar) media. The) are catalase and oxidase pos itive. produce 1-1 2S, hydrolyse urea and 

reduce nitrate \\ ith some exceptions. The organisms neither produce indole. acetyl methyl 

ca rbinol nor utiliLc citrate (Corbel , 1990: Quinn ef (II, 2001). 

Brucellae are gcrlt:rally suscepti ble to he,H. di rt!cl sun light, acidic conditions and common 

disi nfectant (Radostits er al. 19( 4). Ho\\e\er. in favorable conditions the organisms may 

survive 4 to 6 days in urine. 6 \\eeks in dus!.. 4 to 10 \\eeks in \\ater. 40 10 75 days in aborted 

fctus (Corbel. 19(0). They also survive the production process of son cheese up to 6 months. 

in butter up to 4 l11 onths_ in milk up to 6 months and ice cream lip to 30 da)'s (Se ifert, 1996). 

Variants o f smooth colony a re more vi rulent than non-smooth ones. This suggests Ihe role of 

the O-chain ol .. rnooth lipopol)sacchandc- O_ PS) rn determi n ing \Irulcncc. r he r-\ and i\1 

domi nant su rface ant igens arc al so found in var) ing concen tration among different smooth 

.. arianls (Walker. 1999). 

The disease in dromedar) can be caused b~ H lIburrlls. B. melirensis and B. m 'is (Se ifer!. 

19(6). Different stud~ results sho\\ed that [J (/horlllS and B melitensis are the most rrequent 

isolates (Table 3) (Rad\\an el (1/., 1992: Gnmcel el (11 .. 1993: Agab el al. . 1994; Abou-Eisha. 

2000: llamd) and Amin. 2002). Brllcelllllllelitellsis and B. ahorllu' are capab le of infecting a 

\\ide range of hosts including mnn (Walker. P){N). 
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rable 3' "'um11lar~ of I3rllct'ila bolah .. ·.., from ca mel<. (( "wndll.\ t1romec/artm) in difTl..'rent 
countl' rc') 

Organ.s or Species isolatcd 

Coumr: 
, . 

Eg)pl 

AUlhor.s 

. I Abou _ Fisha (10-00) \Iil k -r- B meliremi.~ .711omr 3 ~ 

Iran 

Ku\\aii-

I Lo\\ghi and Ebad i ( 1988) 

Zowghi and Ebadi (1988) 

AI·Khalaf and EI ·Khaladi ( 1(89) 

L) mph node 

L~lllph node 

Felal siomach 

conlent 

13 melilemi5. lIiovar I 

13. melilemiJ. biovar 3 

' Gamecll.!lol (1993) \I ilk. abortcd I B. melil£'mis. hiomr I I 

~ 

Saudi Rad\\ an el (II (1991) 

Arabia Rad\\an el a/ (1995) 

Ramadan el al (1998) 

fetu". \aginal 

s\\ ab 

\I,IJ.. 

\10IJ.. 

Carpal h~g(lJll1a 

8 melilen.m. bU)\·orl. J 

hiomr I. J. 3 

B. melilellSis 

~,cncgar +-vergcrc/a/ (1979) B ahOrllH "Iornr /, 3 -+---\ I,K _---l--..---.-.._,,--_-.--,,< 

'iuLian · ... gah I.!I til (199-l) 
. , B aborlill hlOWI/" J 

. _ Laginal..,\\ah ..L . 

Source: adopled from Ahbas and Agah (1001): \\ 'ernar~ J.nd !....aaden (001) 

2.-l.31 Tran')mission 

Both \ I!rlil:al and horizonlal tran.sm is.siol1'> e'\ist in anima! hrllcr.: Ilosi.s. Ilori.wl1lal transmission 

occu r<; Ihrough inge.slion of contaminateJ feed. ~kin penetration. \ ia conjullcti\a. inhalation 

and udder contam ination during milh.ing. Congenital infe("tlOn that happr.:ns during parturilion 

i" frequentl~ clean:d and onl) IC\\ animal~ remained inlecteJ a~· adull (Rado~tit <; elal 19()-'). 

'.pread of the tlisea,,\! is due to mo\cmcnillf infecled anllnal ... t(1 di-.;case free herds. Pro'\imil) 

of inkctr.:d herd to clean herd~ happen') .li \\ater point'> \\here a number o f camel.., ~llJl1e 

together I pitlemiological1) Important rish. factors are large herd size. poor managements. and 

acti\\,.' aoortions. milh.ing more animals b~ si ngle per-';lln and lncrJing "ilh olher ruminanb. 

~tln I\al of the organisms in Ihe en\ ironment ma~ abo rla~ d r·ol e in the epidr.:m iolog: of the 

disca..,c (\bbas t' l lIl. 1987: Rad\\an el Ill.. 1991: Abul)-I-islltl. 2000). Dafni el (1/ (1991) 

..,ugge..,ted Ihal ~l11al1 ruminant:. act as e"cn..,l\ e resen Olf \If n meblemh. \\hich constitutes a 

Ihl"1:.11 ul" infection 10 large rumlll3nl<; includlllg camel<; JnJ man due to prolonged contact. rhe 
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I.:ham:c {It' transmiss ion is higher during part urithln and alxmilln \\ hen most of the Brllct't/a 

CUIlI,lI11lnalion occur~ (/\ bb~\'i ;jlld \.~ab. ~OO~). 

~ 4 . .3 ~ I kht Factors 

Intel'tlon n1:1) occur in animals of :tIl age groups. but persi)b .:ommonl) in sewall) matu re 

animab fRados tits el al.. 199J l. Generally. infection is acquired afte r three ~ears of age \\ ith 

II1cr~a..,e in Ihe subsequent age grour::. ( \ lajid l'l ClL 1999:\I'k:'IlI-Eisha. :! OOO). 

\lll11e "'tud~ resulls re\eakd the equal d ist ribution of Brll(dla antibodies among males and 

female ... fWaghela t'l (II.. 1978. ·\bu Damir clllJ.. 1984: \bbJ'i t'l al.. 198 - ; Rad\\ an cl al. 

I 9c):! I. In .1lher tindings II appeared that females are mor!.! su<,(eptible 10 the disease than 

mJ.le ... (:\:;ab el al.. 199- : -\jogi and :\J:unu. 19981. Higher ... us..: eptibilil~ in female animals is 

.. mril"lutcd to ph~siol('gica! .,tresse ... (Walker. 1(99). Icmale animals ha\t: essential 

cpidcmiolugical import~:mcc nOI onl~ in su.;.certibilir: but ab() iI" dis~eminating the disea:.c \ ia 

uterine dl ... ·~harge and milk The role of male ... in the spreJ.J (lfdl<,ease under natu ral condition 

IS m1t Important (Radosllb t'l 0/ I Qq~ I. 

rhe e\(ent to \\hich intt.-ction rJ.te \aric') due 10 breed dlllcrenu." IS not \'ell kn(mn. \\ ~rnc~ 

and \\ crn~'~ (1990'1 reported that brecding camels had !t\\\~r bru .. ~ellosi ... inh~c(ion rate than 

ra..:mg .JOImab. This \\J::.ju~t1lied as due 10 ra":lI1:; camels Ibm nH breedsng J.OImab) utilizing 

lll1pa ... tcllri.'ed CO\\ milk 

::! 4 ';.-l En', ironmental and C/imatK Factors 

\tll1o ... pheric conditions and season::. of the ~ear ma~ ha\e mllllcncc on [he management and 

..:ontact It the infecled and ... usceptiblc host. In d~ areas. \\.:ner resources are sparsel~ 

distributed lHelland 1(82). \ ... a re ... ult. the ":0ngregation L.t ;] Jarg.: number of mi~eJ 

nUllinanls at \\ater points facililate..; di ... t:J.Sc spreJd. The cl'inclJence ot panuritill/l III \\et 

sea'ltln ((",( h\\ artz and Dioli. 1l)9~ I enhJnce~ thc \ i3bilit~ of the vrganisms 111 the CI1\ Ironment. 

thll ... 1I11.;!"e,l ... ing the chan..:e of intectll1g sU"'l-eptible animals ((llrbcl. 19<)0). A.mmann and 

/c ...... m (ll;l9::!1 reported higher t'lrucello ... i.., reactl'f rate in t\'~l \\et sea~ons than dr~ sea...'lons 

lhe m..:iJ,::nce of bruccllo~1S Ln camel popuiatlc,n appear ... t\1 bl! related It..'l brceding and 

husband!) practice::.. I-krd ,;,liC ... Jensit~ of aOimal popUlation. and poor management arc 

dirc..:tl) rela led to pre\ akn\'~ I Wcrncr~ ':lI1d "aaden. ".:!OO:!). 



2.""."" Pmhogenc-sis and Patholog~ 

Fnlkm ing e'posure. the organisms penetrate iniaC! muco'}al ,;urfacc. In the alil1lenta r~ tract 

the epi thelium cove ring the ileal rc~cr's patches are the preferred si le'} of entry. After 

penetration the organi sms rna~ be engulfed b~ phagoc~ tic cells and localiled to regional 

I) 111 ph nodes (Walker. 1999). Then the) pro liferate. disseminat,e haemogenousl) and loca lize 

in the reticul~ndolhelial and reproducti\c Iract (Radosti:'I!!1 al.. 1994). Various mechanism!) 

an: emplo}ed b) Br/lc:el/a organisms to suni\c inside the phagocytic cells: inhibiling 

phagoly .. o~orne fusion, blocking bactericidal action o f phagocY les and suppressing the 

m~dopero:~idase il :!O:! halide system tFrenchick 1.'1 (If 1985: lIarmon 1.'1 af.. 1988: Tizard. 

1992: lI'alke r. 1999). 

Little i~ I-rlo\\n about the pathological changes in cameb. Gross lesion ma) be Ibund in the 

predilec llon sites lIt~rll S. uJder. testicles. I) mph nodes. joint bursa and placenta. H)drobursitis 

\\a~ often obsel'ed in brUl:ellosis po:-.iti\e dromedaries causing s\\elling of the bursa (\\'ernc) 

and Kaaden. 2002). The probable rossibilities for the abortion In fann animals may be due 10 

placentitis. direct effect (If cndoto"n') or inflammatory rcsrllOse in Ictal tissue (Walker. 

1<)<)9). 

1-"".5 Immune Responses 

~ ~_.: I l-Iulllorallmmunity 

",aturally infected and \accinated animals can be semlogicJI reactors. After inlection. the 

Je\el of immunoglobulin istot) pes: Ig\1. IgG and Ig:\ \\111 signi ficantl) increase in serum 

(Radosti!:. et a/. 19<)""). I g~ 1 antibodic~. \\hich appear initi<ll!~ after infection and 10\\ le\ds 

of Ig.G. \\ ill cause complemenl-m!!diatcd l) sl5 of Brlln'flu \ecretary /gA is tend to bc 

Joundunt In milk \\herc as IgG is high in serum (Wall-cr. 19<)<»). Thc O-chain of smooth 

I) popol) s~lcchanide comple:\. of the cell el1\ elope together \\ Ilh the outer prot!! in epilopcs 

ha\c cont ributor) role as protccti\e immunogen". On tht' other hands. the imml1nogenccit~ of 

the non-.':>1t'1ooth \ariant is n;\ati\cI~ ILm (Corbel. 1990: \\! 10. 1997). Thc O-chain speci iic 

antihodics pia) a major role in protecti\e immunit). btu don't eliminate the organisms as Ihc~ 

are protected being imraccllular (\\]-10. 19<)7). This indicalc~ lack of corrr:iation bel\\een 

rrOicction and high antibody Ic\t-:I (\\ all-cr. 1999). 



~ ... L..J :! Cellular Irnmun it~ 

Charactcri~tic chronic granulomatous lesions develop in intccled tissue \\herc macrophage. 

ncutrophils and I)mphoc)tcs respond to IJrflcel/a antigens. As the organisms are facultative 

intraccllular orga nisms. phagoc)les pia) a kc) role in Lnitiating T-cells b} processing and 

prc~crHing antigens. Sensiti/ed T-cells release c)tokines lhat activate macrophages which in 

tllrn combat Brucella b~ reacti\e oxygen imermediate. Both CO.$ and CD~ !>ubsets are 

irl\ol\ed in cell-mcdiated prOlection. C~lokines also pla~ a role in controlling Brucella 

infectrons (\\' 110. 1997) ~eutrophils dfecti\eI~ utilizc the m)eloperoxidase-hydrogen 

peroxidc halide system in ~illing Brucella. Ilo\\c\er. the organ ~is rns inhibit degranulation and 

thc rc~pirator) oxidatiH~ bUh!. and able to sur\ i\e in the cells (Rile) and Robertson. 1984). 

Macrophages readil) ingest Brllcella \\hen opsonized \\ith eilher complement or specific 

antihodies. The sun ivai \11' the organisms in macrophage<;; Lllay result from a failure of 

phagosonl\!-I~sosomc fusion and resistance to o.,idati\e ~imng by producing supe roxide 

di~mudase and catalase (rrenchick el al. 1985: Hannon 1:1 al. 1988: Quinn el (11.2002). 

laHull ('I al (1991) s ugge .... tcd that anti-o,idant Cu-Ln ,>up~rI..1,idc dillludase plays a role in the 

'>Un i\ al of Brl/cella species III phagoc) lie cdls. 

~ . ..J.6 Dia~nostic ~lethoJ.., 

~ .\ 6.1 11.I1;t.:riological \ kthnd .... 

Great care .,hould be cmpJu~l.'d during handling an) mateflal comaining Brucella organisms. 

(icncrall). precautions to be taken include usc of <;a lct~ cabinet in laboratl1f): \\cnring glows. 

protccti\c cloth and facl'ma!:>~ . .:tutocta\ing materials in con tact \\jlh the organism and 

disinfl!cting contaminated surfaces (Alton l'1 al .. 1975). Cl1ml1l0nJ) used basal media include: 

"CflLIll de'lrose (Agab el III.. 1 C)9..J). serum tr~ ptlbe agar. gl) cerol dextrose ag'lf. Ir) plica!:>!!. 

and soya agar (Al lon ('/ al.. [975). TcrLolo t'l (/1 (1991) sllgg~sted Ihat Ski(f(m agar is a 

!:><lIbfac tor~ mediuLn lor bl)lh [Jrllcel/a ... pecie.., anti CWllpdohllcler (elll.\. Contamination rs 

prc\ented b) use of sdcctJ\c media cOnlaining aClidionc (30 mgd). bacilracin (25mgll). 

pol)mi,in 0 (5rng I) and \ancom~cin (10mg I) (\\alker. 1999: OlE. 2000). 

l\lil~ sam ples. vaginal s\\ar.s .... ('men .:lIld abnrted Ictus are lLseflni for recO\ering the organisms 

.Hllemorlcm. Sample'> collCCh:d al nccror~) include mulliple I) mph nodes. <;;pleen. udder. 

" 



piel.:cs of Ulcrus and h':')I1Clddf tissue (Agah ('/ (II .. 1994). Tisslie ~pccllnen!'> an: directl) 

~ulUlrcd all :.olid media \\herea,> Illil~ cultures an.: performed b~ cC l1trifugmg mill... at 5900 10 

7700 x g fo r [5 minutes (Walker. 1999). Cultures then. incub.ated at nOe \\jth 5- 10% CO:? 

..:nrichment lor three da)s and above (Alton 1'1 {II. 1975: Gal11ccl e/ a/.. 1993: Agab el (I/. , 

1994). Characteristics colonies ha\c small con\{"·\. smooth translucent appearance (Gameel et 

(I/.. 1993: Agab ef (II, 1(94). Demonstration of the bacteria is by staining \\ ilh Gram-negative 

.. tain or modified-Leihl '!celsen staining. AnimJ.1 inm:ulalion (an old mcthoJ) can also reveal 

characteristics lesion in li\er. spleen and cpidld~mis ora guim:a pig (\\'all...cr. 1999). Further 

characterization is ba:.cd on se rot) ping. phage t~ping.. d)c sensi tivity. and biochcrnicaltcsts. 

FloresccnI antibod) tCSI and pol)l11crase chain n.:action methods have been described fo r 

Url/cell(/ spccies idcntification (WHO. 1997: \\ alh:r. 1999: Quinn el (I/.. ~002). 

~.4.6.2 Serological "-'kthods 

holation er f Brllcella organisms from patienl i~ n()t ah\a)s possible. rhcn:fon.:. serologica l 

te .. ts pIa) a major rok in the rOlilinl..! diagnu'w,> of thl: elise-as.:;: (Allan C'l 0/. 1975). Serum 

agglutination tests ("Iide or lube agglutination). (Mel te ... t and Rose Bengal plalc test (RBPT) 

h<l\{"~ been the prinelpJ.1 ... ernlogical methods u .. t:J R(WI has bt'l..!n founu IlHlrl..! cnicient than 

olhl'r serum agglutination t{,.'st<; although antig"n~ produced b~ different klbllratories and 

\\ o rl...ing procedures ma) atTl..!ct the ... ensiti\ It~ (-\il1ig anu \darnll. 1998: Quinn e/ (II. 1001). 

\\:I.:ordingl). RI3PT is conSidered as ~atislm:llIr~ '>crcening test (Nicolt;Ul. 1991. OlE, 2000). 

<. llmplemt'llt fi:-.aliol1 1t: .. 1 (eFT) 011 the olhe r hand. i.., considered to be the most accurate one. 

"Oille researchers rcpllrlt:d Its sllpt:norll~ IIJ tht: lliher mentIOned test.., ( \l uhamllll..!d l'l til.. 

1981: Gamed el al.. 1983: Asfa\\ eI 01 1998). (I. r detects predominatel~ IgG antibodies as 

most of Ig~1 dcstro)ed during serum deactiHltl l11l and '>l) lIsed as a Cllnlirll1ator~ test (FAD. 

1(96). Thl: test dislingui..,hcs reaction call'>ed b~ ot her lilclOrs lil...e \accine,> amJ uthcr bacteria 

infi..-etions. E.Icht!rchia coli 0. 15-. falinia t'lIIrfl('(Jltll('(I 0·9 /'ibr/IJ coh'I"IIl·. I'H/CdolllOll(lS 

l1/a/f(Jphili.a Wit/ Sa/mol/el/a scrot) pc"; "hare ':Dllllt1l1n chain of I.PS ~llIigl:11 \\ ith smooth 

I.Jnlcella ~:;trajns and do ern .. ,,; re~cl. FY(/I/('c!lI(1l11lurl'l/\/I ~Iso eros ... react"; fix tln~ 110\\ n reason 

Rough Brllcella ~train'> al~o cross-reacts. \\ Ith I, !lIIohacill//.\ equllh, I'mlc!I/I"c!{{u mil/lOt. ida 

(llId P'c!lIcloIllIJIIW ael'll.!!/,,·I/(/IC1 lCorbd. 1990: ClllccJ..at:ril.!l al. 1991. (,arill-Uasllui el (II 

19(9). These orgJflIsm .. contribute to fal,;c po .. iti\c re~ctors for brucellosis in animal herds. 

I hu". the lise ofillghl) spl:cific tesl ~llch ~I"" lIH'lI()clollal antibod) ba .... cd e-i-U,)A and CFT 

111 i n i III iLt: ·t he risJ.. 01 cnls~-~crological react ion'> t'l'l \\ CCll Brucella and the..;1.: grllllps of bacteria 

(ViLci:lino e / lI/. 199 1.011' .2000). 

" 



~e\l'r:ll attempts hUH: been made to usc mill-.. ring tcst for camel brucellosis . Camel milk 

hC!\\I.! \er. lacks agglutinating substances required to cluster fill globules (Stralcn ef al.. 1997: 

13aSI<mrows. 2002). Straten e l (II. (1997) established a modified milk ring test in camel by 

adding Brucella negat ive CO\\ milk to camel milk. Then after, the authors observed a t) pical 

.:olort~d creamy ring in brucellos is pos itive samples. Recentl~. ELISA has been used not on I) 

detccting Brucella antibodics in sera but also in ca rnelmilk (S traten e l al .. 1997: Azwai et 01.. 

::WOI). Besides its higher sensiti, it~ than other comentional tests. ELISA is round to detect 

scm as posi tive about 2 to 4 \\cel-..s earlier (Gameel el al 1983). It can a lso be used both ror 

,>cret.~ning and confirmato~ I\!'its (FAO. 1996). Other tests ... ueh as 1· merc<lptoethanol test. 

rhanol and Coomb 's (antiglobulin) tests ha\e been used for specific purposes (Alto n el (II., 

1975). I he use of se\eral tests to reliabl~ dctect brucellosis suggests shortcommg in each of 

these tt!SIS Hence. consideration should be gi\cn 10 all factors tha i ha\c impact on the 

relc\.lI1ce of test method and tCsl result 10 a specific diagnostic inte rpretation and application 

(O lE. "000). 

~.-l 7 (omral and Pre\enuon 

rh~ control and pre\enlion of brucellosis in fa rm anllnab dcperld on animal ')pt:cles imohed 

llnlLdla ... pedes. management practices and a\ailabilit~ and clTlcac~ ofvacclIlc ... The options 

10 conlrolthe disease include immullIzaiion. tesling and rcmo\a!. and imprO\ ing management 

rra.:tices and movement control (Hunter. 199.l. \\ 110. 1997 . \ \ erner~ and J....aadcn. 2002). 

Control o f camel brucellosis should suite condi tions in particular cOllntrje~ \\hl!r~ camels are 

r.ll')cd. In nnOSi of thc de\~loping countnes \\hef\! camds ar~ raised b) paslorall')lS. brucellosis 

pre\alence is 10\\ Thu!) .:ontrol b~ herd immunization and v<lccination of cahcs at -l 10 8 

months of age is helpful On the olher hand. le"t and slaughter roljc~ can be follo\\ed in 

(.:"u nties \\ he re intensification is practiced (Abbas and·\gab. 2001). 

::!.-f 7.1 Immunization 

rhe li\c attenuated B lIhortll.1 S19 and B mehtl:n\H Rc\ · l proved 10 be dlt:cti\c \accrnc 

agarnst thl~ disease in camel., and other ruminants. Both vaccines ha\c disadvantages of 

call!)lng abortion. heing pathogenic to human beings and interference \\ ilh ... erological te!)ts 

(\\ lID. 1997: \\'erncr~ <lnd Kaaden. ::!002). The non · smoOlh ')I rains o f B ahorll/S RB51 and 

B me!aefl.\is ~IIII ha\e r~ .. ccn l l~ been mlroduced into ~ome countries. Ihesc \accines are 

... aid to he sa fe and do n()t inlerfere with se rolog ical lI!SIS (\\ 110. 1(97). 

16 



1.4.7.2 Management practices and movement comrol o f he rds 

Improving management practices is one wa) of attempting to control brucellosis. This would 

aim to improve hygiene and reduce the chances of con tact between infected and non·infected 

animals. Ahhough it \\ould not be easy under man) circumstances. \\here resources are 

lacking and the movement of livestock is difficult to restrict, the follo\\ing points can be 

attempted in reducing infec tion rates (Hunter, 1994 ; Radostits ef 01., 1994); 

• Public a\\areness is of vital importance in successful control and prevcmion of 

brucellosis 

• Isolation of infected anima ls and female at parturition 

• Proper disposal o f aborted fetus, placenlal ti ssue and ut<erine discharge and 

• Disinfecting of contaminated areas. 

17 



J. \ IATEHIAL AN Il ~ I ET II O IlS 

3. 1 Study Arca 

fhe stud) was conduc ted in t\\O districts namel). Libcn and Yabe llo. \\ hieh arc located in 

north cuc;tern and northern pilrt of Dorena 10\\ lands of sou thlo!rn Oromia region. rt!speclivcly 

(Fi!.!urc I). The 100\I1S of Liben and Yabello are found at 600 km and 565 southeastern of 

\deli .. \baba. Generall). the Borena area represents a \ ast 10\\ land area of sou thern Ethiopia 

cu\t;ring an area of about 95.000 k11l~. The area is bordering \\ ilh Kenya to the south. Somalc 

region to t.he east Guiji LOo(: ILl the north and sOlllhern people. nation and nationalities region 

to the "cSt. The Borena pial1.!3U gently slopes from high mountain massifs in the north (1650 

III a.s.l) to the south bordering Ken):! (1000 m.a.s.l) \\jlh Slight variation due to central 

Il111Unlain ranges. and ",altered \ olcanic cones and craler" (Coppock. 1994). 

Ille climalc is genera1t~ <'l'l1l1-arid \\ilh annual a\erage rain l~lll ranging rrom 300 mm in Ihe 

'iou lh 10 over 700 mm in the north. The rain pallern IS bimodal I) pc \\ilh Ihe main rain)­

'icasnn 10call) "g{///f/o " (650 0) extending rrom ~Iarch to 1\·la) and ~mall rainy season 

--hllf.?J!,(II'Cl" rrom mid Seplemocr 10 mid i\o\cmbcr. Annual mean dad) tC1llperatllre \aries 

f'r\)111 P)"C 10 2-1 'c \\ith moderale seasonal \ariation . Tht: other mo season ... arc the coo l df) 

~C<l'>on "adoleessa c"tending from June to August and the \\armer dr~ ... eason --hol1l1a" 

December to Febrtlar~. Seasons arrect herding strategies due 10 its errect on fo rage and \\<ller 

resource availabilil~ (Coppoc!... 1994), ConseqUr.:ntl~. herd sp'li lling is practiced to cope lip 

\\ ilh "hortage or resources ( Dt'meke. 1998: Desla. 2000) 

lhe \cgct<ltion is dominated b~ savannah I) pc containing mi,ture of perennial and \\ood) 

plants. Thc~ savannah cOlllllluni!) varies rrom opcn gra~sland 10 bush encroached Jreas. There 

is 'ihili in composition in re sponse to hea\) graLing. bro\\sing. burning and drl)ught. Grazing 

'ihill the communil) 10 more Irees \\hc:rc as bro\\~ing and burning favors Ihe grass. Sc\eral 

pbnl !i pccics in the arca are recog nized as \ alliable livcstock roragc. Acacia arc dominating 

bu~hc~ "pl:cies in the area (Coppod •. 1994: Desta, lOUD). 
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Administrative Map of Ethiopia 

Source: MOA, Addis Ababa 
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Surrace water is a serious problem in the arca. rr£lditional deep \\ ells "ellas ", ponds, 

p~r(.!nniol springs. permanent rivers (D<l\\£l and Gcnale). and seasonal sources (st reams, 

ephemeral ponds and shallo\\ wells) are "£ller sources for both human and livestock. Deep 

"clls and large ponds (machine excavaled) are used in dry seasons while seasonal streams, 

ephemeral ponds and shallow wells are used in \\et seasons (Helland. 1982), 

Animal husbandry is characterized b) extensi\ e pastoral production system and seasona l 

mobilit) . Canle are the dominating animal spec ies fo ll owed by goats, camels and sheep. 

Camel and cattle herd splitting into mobile "form ' and home·based ··warm " is practiced as 

s trateg) \0 mitigate forage and wate r shortage (Desla, 2000). Camel herd movemen t may be 

moving thle whole herd to \\ater point and to relati\ely high altitude \\here green forage is 

a \ ailable or partial herd awa) from home base (Dcmeke, 1998). Table 4 shows the 

di stribution of camels and other livestock in Borena 10\\ land 

3.2. Study population 

Ihere are about 328,080 nnd 11 ,036 camels being kept in Liben and Yabc llo districts 

re::.pccti\'el) (Table 4) . Approximatel). a total of 33Q.116 came·] populations exist in the area 

and thi s was considered J S stud) populat ion. 

rable 4: I' umber and di stribution orJi\estock in the s i:.. Borena 10\\ land districts 

, 

I Districts I Liben Arero Yabe llo i Dire I ~'Io)'ale I Tcltelc Total 

Camel population 328080 22606 11 036 44697 59760 940 467119 
, , 

*Olher li\'l:~s tock 7 13 175 ~19217 294431 ' 631680 198570 ' 281180 2348164 

population 
1 

I Total 1041255 151833 305468 676377 ' 258330 . 181120 2815383 
, 

~ 

• Other li\ estock population includes cattle. goats. ::.hcep and eq uines. 

'>Ollrcc: BZDPED ( 1998) 
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3.3 S'l mpling melhod 

The 1\\0 districts were selec ted purpos ively due to easier accessi bi lity and camel population. 

Sampling ~s then conducted by random izing the pastoral association. At the present there are 

38 and 30 pastoral associations (PA) in Libcn and Yabello (though the number is non stable). 

respectively. PA is the lo\\est administrative unit within a district that \\Us considered du ring 

the su n/e~ . Camel herds in 16 PA 's from Liben and 6 from Yabello \,ere sampled during the 

stud) base-d camel population o f the two distri cts. Finally he rds \\ere sampled b) cluster 

sampling (about 5% oh:amel he rds per PA). All animals in a h,erd that \\erc t\\O )ears of age 

and above: werc sampled. Cluster sampling \\as the suitable method for this study as 

constructing sample frame for random sampling was not possible in pastora l production 

s)stem. Thc formula to detennine cluster size is as follows (ThrlUsfield, 1995): 

g ~" 1.962 (n:\ Vc + p (I-p» then total sample size (TS) = g:-.. n 

ml~ 

Whereas g. = Number of cluster. p = prevalence rale. n = number o f animal per cluster or 

herd. Vc = betwcen clu~ter \ariation and d = is precision level 

Ilowc\cr, to appl) thl.! formula there was no information about the bet\\ccn clll~ter variation 

(Vc) in the stud) r1rca. Therefore. it \\as necessar: to look for OIher alternatives that is 

modi fication of simph: random sampling. Information about the pre\ alr.!l1t:e rate of the disease 

is needed from the area when simple random sampling is to be! used. rhere are 1\\0 reports; 

Domcnecl1 ( 1977) and Tcshome e/ al (2003) reported se roprevalence rates of 1.18% (2 out of 

170) and 5.2% (39 ou t of 743). respec(i\el~ from the stud) areas. The J\crage expected 

pre\alcnce rale being 4.5% (41 out of913 animals) for the area. Subst!quently. the fonnuta 

used for (his option to calculate sample siLe (nJ is as 1"0110\\5: 

n = 1.96~.\ p.\ (I-p) 

d' 

Let d "" O.O\. 1.96 (CI = 95~o). averagc c:-..pected pre\alence. p = 0.045. I - P = I - 0.045 = 

0.955. thus the desired sample size for p = 0.045 \\ ill be n = 1650. 

In cluster sampling. sample size \\ill relative!) be large (Thrusfield. 1995) ilt the same time 

the preva[.ence rate is so [0\\ in thc area. Thercfon:. it \\as save to innate the sample size twice 



<IS tar as pract ical I) possible. Hence. n 1650:\ 2 = 3300. Demeke (1998) reponed the 

;:l\cragc herd s ize to be 14 animals. 3300/ 14 236 herds (cl ustl;:rs). There fo re , it \\as planned 

to sample a total of 3300 camels camel population 70% (23 10 camels or 165 he rds) from 

Liben and the rest 30% (990 camels or 71 herds) from Yabcllo. Subsequentl}. serum samples 

\\ere collected from 3218 camels (250 herds). 2131 and 986 an imals from Li ben and Yabello 

distri cts, re:spectivel}. 

JA Stud y mcthodo log~' 

3.4 I Questi onnaire SUf\C) 

o;;i\t~ rand oml) selected camel o\\ners from the '\\0 districts \\·e re intervie\\ed b~ uSing 

"tructured questions. 1\\ 0 qucsti onnaire formats; one lo r se rum sampled individua l animal 

histor) and the other structured questi onna ire format for herders \\ ere de\eloped and used in 

th i::. stud). B) doing 'i0. risk factors that ha,,! possible association \\ ith the brucellosis 

occurrcnce "ere imt!stigated and used to suppon serolog ical re su lts. 

3A.l Serological su r\'c) 

Blood samples \\e n: colkclI:d from jugular \em 01 each camel of sclectcd herds using plain 

\ acuta iner tubes. The blood "amples "erc allo\\ed to clot at room temperature. I"hen. scrllm 

\\as separated from c!ol!l'd blood b) decanting 10 other tubes. ~,epa rated "era \\c re stored at 

20 (" un til laborator) test \\as pe rformed b) both RBPT and Cr"T. 

3.4 .3 Rosc Bengal Plat(.! Test (RBPT) 

\11 s~ra samples collectcd wcrc i nitiall~ screened b~ RBPT using RBPT antigen (institul 

POllrquic r 325. rue de la galera 34097 \Iontpdlie r cede:\. 5. Fr.lnce). Sera samples \\ere kepi 

in rcfrigcr~ltor at 4 'C before testing. Sera and Jntigen \\ere left at room tempera ture for halfan 

hour before the test 10 maintain 10 room tl'l1lreraturc. 



rhe test proced ure n: commcnded b) Al ton el (II, (1975) \\ as 1'0110\\ ed: 

• 

• 

• 

• 

• 

30 ~d ofR I3 PT antigcn \\as addcd to t:ach circle on the plalc. 

30 II I of tes t se rum \\as placed alongside the antigen. 

The antigen and test serum were mixed thorough I) by wooden app licator, 

The platc \\ as shacked fo r 4 minutes 

A fter fou r mi nutes. the degree o f agglu tination reactions \\ere read and recorded as + + + 

+ (coarse clumping and c learing). + + f- (clumping and sorne clearing). + + (vis ible fine 

agglutination} .... (weak fi ne agg lutinations using magn ifying glass) and in case ofpositivc 

reactions, and 0 (no agglutinat ions) in negative reactions. 

14.4 Complement Fi,ation Test (CFT) 

Positive sera with RBPT \\ere furthcr tested \\Ith CFT for confirmation using Standard 

Brucella ahorlllS antigen (CVL. Nc\\ lIa\\. We~bridge. Surre) KTI5 3N13. UK). The CFT 

test propcr and reagent prepa ration procedures \\ere follo\\ ing the procedures outlined b) 

\11011 et cd (1(75) and 011- (2000). I hc reading \\a:; as complete Ii'\ation (no hemolysis) with 

\\ ater clear supernatant was recorded as ... .... + ~. nearl) complete fi.\ation (75° '0 clearing) as + 

.... .... partial hemolysis (50%) ~ - and some fhation (25% clearing) as +. Complete lac~ of 

fixation (complete hemol)sis) \\ as recorded as O. For posilive reactions tinal titration \\as 

recorded 

A/alerial .. 1I.led In the lahoralorv for (FT 

• \ Iicro titer plates (U·shapcd). multi channt'! and single channel micropipencs. pipette tips. 

plate scaler tape. test lubes. universal baules for preparation of solutions. stirrers 

(magnetic). measu ring c)linders \\cighing balance thermometers. pI! indicator. Incubator. 

\\ater bath. refrigerator. deep freeLer and centrifuge (;\AHRC laborator). Sebeta) 

• Stand<hrd Brllcella abortll.l antigen (CVL. Ne\\ 11<1\\. Wc) bridgc. Surrc) f...':T15 3 113. UK) 

"ith I: 10 \\orking strength). eomplemcilt (Biomc·rieu:\. France I: 20 strength), 

hemolysin or amboceptor (lnslitlll I>ourquier. France I: 700 \\orking dilution). positi\c 

and negati\'e contro l sera (Bg.VV. I3crlin. Germany) 

• Sheep RBC lfrom local breed malc sheep). \t:ronal bulTer and Alscn:r' s solutions 

prepared in the laborator) (:\AHRC Jaborator). Sebela). 



I. Preparation of \ I.!ronal buffer \'ith calcium and magnes ium (VCNt): 

• Sod ium chlo ride 42.5 g 

• Barbituric acid 2.85 g 

• Sodium diethy l barb iturate 1.85 g 

• Magnesium sulphate 1.018 g 

• Calcium chloride 0.047 g 

• Distilled water 1000mi. 

Th is so lution \\as diluted by four volumes 01'0.04% gelatin solu tions beforc usc 

II. Alscver's solution preparati ons 

• Glucose 18.66 g 

• Sodium chloride 4.18 g 

• Sodium citrate 8.00 g 

• Citric acid 0.55 g 

• Distilled water 1000 ml. 

rhe solution rna: bc autoclaved or passed through a seitz fi Iter so thm SRBC preserved 

aseptically in a refrigerator. 

[[I. Prepar<ltion of sheep red blood cells for the hemolytic system: 

• 7.5 ml of sheep red blood cells (SRBC) \\as dra\\n into 12.5 1111 Alsc\er's so lution. 

• The SRBC \'as centrifuged at 1500 rpm for 5 minutes. 

• The supernatant \\as discarded and replaced b) verona I buner in calcium and magnesium 

solutions (VCt\ l) . 

• The sheep red blood ce lls were resuspended in diluenlS completel). 

• This procedure \\as repeated 4 times. 

• Before discarding the supernatant after the lasl washing. the volume of the packed cell 

\\as measured b) placing an identical lUbe ne:\1 to the blood containing tube filled up to 

the level of blood by a measured amount of \\ater unlil the meniscus of SRBC \\as 

rcached. 

• SRBC \\as diluted in VCM to 2% suspension and stored at .... 4 0c. SRBC for CFf should 

be at least two da)s old. 



tV. Amboc:eptor (Hemolys in) t itration: 

I, 1:500 10 I :8000 serial dilutions o f Ambocepto r were prepared . 

.,. 5 t~~s t tubes were prepared and I 1111 o fVCM was added to lubcs 2 to 5 

, 10 III amboceptor was mixed with 4990 ~II VCM in the firs tubes and ml tran sferred 

up ;to fifth IlIbe 

2. I : 750 :amboce ptor was prepared and se ri al ly diluted up to I: 12000 . 

.,. 5 test tubes were prepared and 1 ml of VCM was added to tubes 2 to 5 

y 10 III amboce ptor was mixed with 7490 pi VCM in the firs tubes and ml trans ferred 

up 1:0 fi fih tube 

I: 1000 I: 2000 I: 4000 I: 8000 

I: 750 I: 1500 I: 3000 I: 6000 I: 12000 

3. 0.5 ml from each of these tubes \\ere transferred to a second set of tubes starting with the 

I: 12000 dilution (working from lower to highe r concentrations allows using one pipette) 

4. I ml ofVCM added to each of the tubes 

5. 0.5 Ill! <of2% sheep red blood cells added. shacked well. 

6. The lubes were placed on the be nch for 10 minutes. 

7. I ml ofcomplernent at a dilution of I : 20 added. 

8. The tubes were incubated for 30 minutes in water bath at 37"C 

9. SRBC sensitized by mixing equal volume of 2% erythrocytes \\ ith diluted amboceptor 

and allow standing for 30 minutes at room temperature or with agitat ion. 

10. The last tube showing completc hemolysis, minimum hemolytic dose (M HD) was read 

and reco rded 

V. Fresh complement preparations: 

• Fou r male guinea pigs bled and se rum separated from the: clOi and pooled to produce 

complement 

• S lock solution A: 

Boric acid ( 1-1 3B03) 

Borax (Na2B407.1 OI-hO) 

5mbitol (CcII 140 0.0.5 1-110) 

0.93 g 

2.29 g 

II. 74 g 

Saturated sodi um chloride sol uti ons 100 ml 

• Stock solution B: 

Borax 

Sodium azide 

0.57 g 

0.81 g 

Saturated sodium ch lo ride so lutions 100 ml 

o· ., 



• 8 paris of gui nea pigs serum \\as mixed \\ith I pan o f sol uti on U folloned by 1 part o f 

solution A. 

• The complement was stored frozen at ~20oe or below. Before use each I ml preserved 

complement \\as added to 7 ml of dist illed \\ater to restore tonicity. 

VI. Evaluation of complement: 

I. Freeze dried complement was reconstituted with diluent according to its instructi ons 

2. AI: 1 00 complement \\ as prepared. 

3. eompk~rncnt \\as added into the 9 wells inc reasing by j ~d cvery lime. start ing with 10 Ill. 

4. Dilllen~ \\as added into the 9 wells in decreasing amount by 5111. starting \\j lh 40 pI. 

5. 25 pI of antigen added into the wells. 

6. The plate was placed in \\ ater balh at 37°C for I hour. 

7. 25 ~tl hemol)tic s)stem (2% sheep red blood cells prem ixed with equal volume of 

Amboceptor) added in all wells. 

8. The plate \\as shaked and put again in the water bath of 37°C for anOlher 30 minutes 

9. The tL'" :)t \\as read b) recording the minimum hemolytic dose o f complement (MIlD). 

which liS represented b) the first \\ ell shO\\ ing complete hemolysis. The ne:~t we ll contains 

the full hemolytic dose (FHO). 

The connplelllc rll dilUlion = 2FIID dilution of com pI em em, i.e. 2FII D/ I 00. 

VI. Titration of anligen: 

Micro titer plale I: 

l. 25 ~d orVC~ 1 \\as added to ever) \\ell of U-plate. 

2. 25,.11 pre-diluted antigen \\as added to \\ells of row A. B. C ... G. 

J. By serial doubling (1\\0 fold) dilution 25 111 of antigen was transferred from row A to O. 

and again from row B to C. etc. llntil ro\\ G b) multi-channel pipette. 25 ~tl mixture \\as 

discarded from ro\\ G (row H \\ ill only contain the diluem) 

~ 1 icro titer plate II: 

I. 50 III of VeM \\as to bl! added to all \\dls. 

2. 50 III of pre dilu ted positive control serum \\as added 10 all wells of column I. 

J. 50 pI \\as seria ll) transferred by t\\ O told dilution. from column I to 2 and again from 

column 2. 3 etc. until column 11 . .50 ~d was discarded from column II . 
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\11, plale I amI II: 

25 Jd was transferred from plate II to Plate J. 
, 25).11 ofcornplement at \\ orking dilution \\as 10 added to alJ \\elb ofp latc I 

3. Plate I \\as incubated at 37°C fo r 30 minutes (covered with second empty plate or sealed). 

-l 15 JlI of2% sheep red blood cells. amboceptor premixed. equal volume. i.e. 25 ).11 of sheep 

red blood cells and 25 pI working dilution of amboceptor \\as added 10 all \\ c lls. 

S. Thc plmes \\ere covered wi th sea li ng tape. shakcd \\e ll and kept in water bath at 37°C for 

30 minute" . 

6. fhe la!:it \\ell \\ ilh 50% sedimentation \\as read and recorded The highest dilution of 

ant igen \\ ith 50% sedimcntation is the right antigen concentJration. 

The test proper. multiple sera technique: 

, 

rhe sera \\crc predilutcd to I :2.5 and incubated at 5SoC in.a \\ater bath for 30 rninLHes in 

order In inacti\ate the native complemenl. 

25 ).11 a t" diluted test sera \\as placed in \\ells of fir sl and s~'cond ro\\s of U·bottorn plate. 

and '25 JtI ofv\!Tonal buffer \\as addell to all \\ells e~cept those ot"the first ro\\ . 

_, ~erial doubling dilu tions \\ere then made b) transferring 15 ~tI volume of sen lin from the 

second TO\\ onwards continuing for at least four dilutions 

-l. "25 pI of antigen di luted 10 \\orJ...:ing dilution e:'\cluding those of the anticompleJllentar~ 

controls. \\hich received 25).11 VC~I in\lcad. 

:; ::!5}l1 ofcomplcmcnt in \\orking dilution \\as added to all \\(:II.., t:""ept control \\ells 

6. Comrol \\ells containing: se rum control has serum + complement + diluen t and antigen 

control has antigen ..... complement + diluent. Complement control has complemenl + 

diluent and hemol)tic s) stem has diluent set up to contain is ).11 tOlal \ o lumc in each case 

before hemal) tic system \\ as added 

7 rhe pbles \\cre incubated al 3f!C for 30 minutes \\ ith agitations (\\ann fixa lion) 

8 ::!5 pi of \olume sensitized }O 'o SRBC suspension \\as added 10 each "ells. The plat~s 

\\ ere !S';!alcd and reincubated at 37 'c fo r 30 minutes \\ ith agitations. 

9. rhe re-sults \\ere read after the plait::; \\ere cent rifuged al ~500 rpm for -I minutes to 

deposilUnl)sed red blood cells. 

Interpretat ion: Sera \\ ith sirong reaction. Ill orc than 75% fixation of" complement (3 ...... ) at a 

dilution of I 5 CDohoo ef 0/ 1986) or at least \\jlh 50% li\:lti("ln of complement (2-) at a 

dilution of 1' 10 and abO\c \\ere classified a!S positi\c (Allon ef at 1975: OlE. 2000). 



Dam on s\.:rum sampled indi \ idual ammal::, and questionnai re Hcre storcd in Microsoft Excel 

spread shee t (i\ licroso ft Corp. 1985 ~ 2000) as da tabase. rhe s,;:roprevalence to r anima l lc\ el 

\\as calculated on the basis of RBPT and CFT positivity. di\ iding the num ber o f Brucella 

reactors b)< total number of tested animals. Similarl~. herd Ie\el prevalence \\as computed as 

the numbe-r of herds \~i t h at least one positi\e animal di\ided b~ the tOlal number of herds 

tcsted. The \\ ithin herd seropre\ alenee \\ as also calculated b~ di\ iding the number of reactors 

in a ht:rJ b~ total numbe r of animal::, tested in that herd. 

To fulfill the assum pt ions of indepenJcnl \ariables. multi c:o· lineari ty of variables we re 

ched .. ed initiall~ using Intercooled SlaW - 0 (Staw Corp. 1984 ·2001. College Station. Te'\a5 

778-l5. u~A). Those faclOrs not ha\-ing strong linea r relationship (r < 0.4) \\ ere used in the 

anal~sis. This enablcs to e\elude confounding effects among the factors. hUl'rcoo/ed Statn - 0 

\\3<; used 10 generate categorie~ of risl.. taCtorS on \\hlch statistical anal)sis \\as performed. 

Lni\ariate logbtic regressIOn anal~sis \\J" emplo~ed 10 delernllnl: the ass iations of risl.. 

factors \\ ith occurrence of camel brucellosis. Odd ratio (OR l \\ as usd 10 indica te the degree 

of rbl.. fae lOr association" ilh the disease occurrcnce signified b) 95°'0 confidence intervals. 

Odd ratio is the ratio of the odds of disea<;e occurring aJnl'ng animals e'\plbed 10 a \ ariable 

and the oJds of the disease occurring among animals not ~O e\posed (Thrusticld. 1995). 

\..,..,ociation of rbl.. factor.., among different r,]rit~ group~ \\3"; anal~z("d using. Chi-"quare tor 

Independcnce. 

\11 risk factors ha\ing p < 0.2 on uni\ariate anal)sis \\ere subjeclCd to mu1ti\ariate anal)-,sis 

using logl'>tic regression to determine the major n<;1.. factors. \ slep"isl: approach (fof\\ard 

.,declion and bacl..\\ard elimination) \\ as constructed 10 anal~ zt: those factors ha\ ing pUlali\ e 

dTects on Ji~ease occurrence. based on a p·\aluc <O. :!O as the ~ignitkance threshold for entr:' 

l)r rem(na1. The linear relationship bCI\\een infl!ction rail''> and continuous \ariables \\ere 

also calculated 

Que";lIonnaire J:lIa \\ere ,]nal~zl'd b~ de.;;cnpti\e ... Iati"ti..:s uSing \/ltrtJ\o{t £\"(.e:J and 

IlIlerc,.·(JO/edStata - .0 The result'> \\cre compared \~ith Ihe serological finding'" 



~ . RES ULTS 

-1.1 SeroloJ:!ical Res ults 

" total of:!50 camel herds (3118 animals): 171 herds (2232 animals) from Liben and 78 herds 

(986 animals) from Yabello '\ere sampled RBPT identified 71 positive reactors out of 3218 

.,crum samples (1.2~·o). Funher confirmation b~ eFT sho\\ed 58 positi ve cases out of 72 

(80.6%). RBPT aggl utination intensities and CFr tilers !oho\\cd strong posili\c linear 

relationship (Figure 2) \\ith correlation coefficient (r) of 0.73. r\11 RBPT agglutinations 

abo\(: 1- ''10 ere found positi\c b~ eFT except for 1\' 0 samples ,11 ~ ...,.. degrees o fagglulinations. 

\Iost ofCFT titers (7"",%) \\ere distribUied bet\\een \,::Wand I 320. In this SlUd) at least \\ith 

50% fixation of campi em en I (2-) at a dilution of 1:10 and abo\lc \\ere considered as positi\'e 

for Brucella antibodies. 
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FIgure 2: Linear relationship bet\\ccn RI3PT degree ofagglutina.tions .:md CFI titt:rs on n 
IHW r reactors that further tc;;ted b~ CFT 

rhc seroprc\akncc o f the 1\\1) district~ \\ith rcspccl III age and se\ is sho\\n In rable 5. 

'.1Ig.htl) higher animal prc\alcn..:c \\as recorded in Yabcllo (2.0°'0) than in Liben (I - %). The 

I\\(l districts sho\\cd sil11ilarit~ of seropositi\i t~ (p' 0.05). ·\n o\t:r all ammal 1e \c l 

,>crnprc\alcncc rates of 1_80~o \\3'i recorded. In both districts ~oung animals had lo\\er rC:.ICIor 
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rates (ranging from 0.8% to 1 ... '%) than adults (ranging from 2.1 % to 2.2%). Similar!). higher 

n.:actor rah!S \\ere obse r.etl in I~malcs compan:d to male camel::; in rc~pccl i\l,: d i ~ tri cts. The 

10\\ cst and highest infection rates 01"0.4% and 2.5% \\ere recorded fo r you ng males in Liben 

and adult f,;:rnales in Yabello. rcspectiH:ly. 

rable 5: Brl/eel/a species seropre\alence in the 1\\ 0 districts stra tified by SC' \ a nd age 

Liben district 

Young camels (2 ~..J year:;) Adult camels (> -J years) 

St!_\. 
~ 

TOlat sample Posi tives % TOial sample Positives % Tolal (%) I 

\I ate 280 OA 174 , 
1.7 0.9 > 

I clll.Jle -J16 5 1.1 13-J2 29 2.2 1.9 

Suh tOlal 1 716 6 0.8 1516 " 2.1 1.7 >-
, 

Yabetlo district 

\Iale 168 0.6 68 1.5 0.9 

Fcmak: 190 4 2.1 560 14 1.5 2 ... 

")L1b IOtal 358 ; IA 628 15 n 2.0 

Total 1074 II 1.0 2144 47 2.2 1.8 

4 2.1 Risk factors of camel Brucella spl'cics seroprc\ alence 

I..;;!,!niticantl) higher infec tion rate \\as recorded In ft:males 1.1°0 (52 0f 2528) than males 

0.9% (6 of 6<)0) (p < 0.05) \\ ith thc likelihood of brucellosis occu rrence 2.3 timt:s hight.:r in 

It-mak,", than male animals Cfable 6). Adult dromedaries l> ~ years) had higher Brucella 

antibod) distribution than young anllnals (p < 0.05). the odds of seropn:\alcncc being 2.2 

timc'i higher in adult camels. Herd sizl! \~as c1a!>sllicd into three categorics (small 3 -10. 

medium I I - 20 and large > }O animals) as judged \\ ith rl!~pec( to enclo,",urc "pact! and local 

herding condition context. Correspondingly, signiticantl~ increasing positi\ it) \\;tS reco rded 

\\ i!h re~pect to increasing herd sizes (p < 0.05) \\ ith risk of se rocoll\ersion incn.:asing from 

,mall 'ii7e to medium '1ize. and from SIl1311 to large b~ 40°'0. and 140%. rC'Ipl!cmcl) 
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1 able 6: R is k factors for the occurrence of seroposHi t~ to IJrucelln spp. at nni malle\ d 

Risk Total % Posi. tives OR 

tactors Catcgar) sample Positives (95% C I) P ~ value (95% C I) 

Se"\ 11-1 690 6 0.9 (0.3 - 1.9) 

F 2528 -, 
)- 2.1(1.5 - 2.7) 0.04"'* 2.3 (1.0 ~ 5.3) 

Age 2-4 1074 II 1.0 (0.5 - 1.8) 

> 4 2144 47 2.2 (1.6 - 2.9) 0.02** 2.2 (1.1 - 4.6) 

I 'erd sizc 3 ~ 10 777 9 1.2 (0.5 - 2.2) 

11 ~ 20. I ~T' '_J 24 1.6(1.0-2.3) : ..J (0.6 ~ 3.4) 

> 20 918 ' --) 2.7 (1.8 - 4 .0) O.O--l ** 2.4 (1. 1 - 5.8) 

Parit\ No parturition 
198 4 2.0 (0.6 - 5.5) 

Single parit~ 
371 1.9 (0.86 - 3.8) 0.8 

Morl! than one 
1333 -, 24 (1.6 - 3.8) J_ 

Ilcrding Started recentl) 1432 28 2.0 (I.l - 2.8) 

c\pt:rience Life timc 1786 30 1.7(1.1 -2A) 0.6 

n Significant at 95 0 /0 le\cI ofsignilicance 

\ s indicated in Figllres 3 and --l. a strong po~iti\e linear relationship between increasing age 

amI herd size. and serocomersion (r = 0.98 and 0.97) \\as obsened. On the other hand. 

'il . .'roconversion \\a::. nO( ::.ignificantl) affected b) different pariti1~s among breeding. females (p 

'0.05). Hngher reactor nw: \\as recorded in multi parous animals compared 10 other group of 

call1eis. However,those \\ith ::.ingle parit) had sJ ightl~ lo\\er reactors than \\ithollt parturition. 

\\ here the reve rse \\tIS expected. I krding e:\perience b~ herdsmen of lifelime c"\perience and 

those stan ed recent1) did not have an} COi:Cl on the s t;ltUS of Bl"llce/fa antibodies in their 

fl:~pecti ve ani Illa Is. rh ose \\ ith J i 1''-'1 i ml! e."\pe rit'llcc \\ ere prl!SlLtll cd 10 ha\ 1! beHr.:r h) git:n ic and 

management condition::.. 

Figurt!s 3 and --l illu::.tratc a strong POSili\e linear n:lationsh ip bel\\ een incn.:asing herd size and 
age groups, and positi\it~. \\ Ilh the correlation coefficient (r) of 0.97 and 0.98. respectivel)". 
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\Iulll\uriatc anal)sls of ri ... " lactor:-. tlclcrmincd herd siLt: as the majt'r ri..,!.. laClor tor the 

o(:currcnce of se ropositl\i l~ 10 Brucella "'pp in camels. Table 7 sho\\,> herd si7t: \\as morc 

significantl~ associated \\ ith OCClI rrence 01' scropn!\ ale nee in camels (p' 0.05) compared to 

nlhcr factors like Sl! '\ and age 



I able 7: Mul ti\ ariate logistic regression anal~ sis of risk fac to rs 

eFT Odds Ralio Std. Error z P>z (95% e ll 

Sc~ 1.9 0.9 IA O. I 7 O. 1·4.6 

Agc 1.4 0.2 1.7 0.09 I . 1.7 

Herd size 1.5 0.3 2.1 0.03* 1.03 - 2.2 

LR chi2 (3) ~ 12.79 Prob > chi2 = 0.005 

"Ilerd size \\as statisticall) found !O be the ris"- facto r for camel brucellosis occurrence (P< 
0.05) 

\d\ance in age and herd size \\ere significantl~ associated \\ ilh infection rate (p < 0.05) "hen 

the putati ve effectS o f different facto rs subjecled 10 step \\ ise back\\ard reduction method. 

Cable 8 shows that increasing age and herd size ha\ jng sig nificantl~ joint effect on 

'>eroposi li" it) in d romedaries \\ hen ot her factors remO\ ed (p < 0.05). 

lable 8: PUlatl\C effect:. of ad\ance in age and herd sIze on serojprevaknce 

eFT Odds Ratio Std. Error 

Age 

lIerd size 1.5 

LR chi2 (21 ~ 10.66 

0.2 

0.3 

Prob> chi2 = 0.005 

-I 1.1 Seroprevalencc and risk factors at herd le\ el 

l P>z 

0.02 

0.03 

I I . 1.9 

1.0 - 2.2 

The merall he rd Ic\el and \\ilhin herd se ropre\alence rales for Ihe 5tud~ area \\ere 16% and 

9.5%. respecti\el~. The herd level and ma~jmurn \\ilhin herd pre\alence recorded in this 

-;tud~ were 1-l.5% (C)jO/o CI = 9.6 - 20.7) and -l5.5°o (5 ou t ofa herd of II animals) in Liben 

and 19.2% (95% CI = II :2 - ~9.7) t2.5% in the olher dislflcl. The re \\as a highl~ significant 

Inc rease in herd le\ el seropre\ alence \\ ith n:spc.:t 10 herd size (P <0.01). 

The risk for the occum:ncc of positi\ it~ being ~ 8 time higher in medium and -1.9 limes highcr 

In large herds than small sized herds. Scroprc\alence \\ as nOi different bel\\een herds 0\\ ned 

b~ those \\ho had tJktimc t:'periencc and rccent[~ st:lrtcd (P > 0.05) similar tu animalle\el 
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(Table 9). lIerd size \\as statisticall) obscned to be the major risk lactor for brucellosis 

occurrence: at he rd levcl simila r 10 animal k\cl (Tab leIO). 

Table 9: Risk factors associated \\ ith seroprc\alence occurrencc at herd level 

Number of Infected 

Factors Catcgor) he rds herds % (95% C I) p- value OR (95% CI) 
, 

JO 113 9 S.O (3.7 14.6) , 
Herd size 11-10 93 IS 19.4 (11.9-2S.9) 1.S (1.1 - 6.4) 

> 20 44 13 19.6 (16.8 - 45.2) 0.00' 4.9(1.9 - 12.2) 

Herding Life time 99 ~O 22.7 (I2.S 29.5) 

E:\pcriencc Recentl) 151 20 I3.S IS.] - 19.7) 0.2 I. 7 (O.S - 3.3) 

Yabello 78 15 19.1 (11.1-29.7) 

District.::; Liben 171 25 14.5 (96 - 20.7) 0.4 1.4 (0.7 - ~.S) 

·llerd size is highl~ significanl (p < 0.01) at herd Ic\el 

Table 10: 'I.lultivariate logistic regression anal) sis of risJ.. factors at herd le\ el 

cn Odds RallO ::'td. Error Z P>z 195°/0 CI 

Herding c',periencc 0.53 0.24 -1.;,8 0. 17 0.2 - 1.3 

Herd size 1.1 J 0.03 4.17 0.00 1.06 - 1.2 

LR chi:! (2) = 23.55 Prob> chi:! ~ 0.000 

.-\S illustrated in Figure 5. the distributions of reactor animals p~r infected herds sho\\ed 50% 

of reactor animals. more than one reactor per herds. \\ere clustered in II out of 40 herds 

(28%) indicating clustering of the disease in some herds. 
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o affected herds 

• affected animals 

number of reactors per herd 

Figure 5: The frequenc) distributions ofpositi\e reactors in -to seropositi\e herds 

Figure 6 sho\\s the occurrence of livc birth. abortIon and stillbirths percent in seroposi tive and 

negati\e breeding females (n = 170-l), that had aborted gi\en birth or sti llbirth as an outcomc 

ofpregnanc) during their production life in tht: pa<:,t 
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Figure 6: EfTects of brucellosis on reproducti\c parnmeters in br1eeding female::; in Liben and 
Yabello based on breeding females histor) profile (ou1.come of pregnancy) 
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\n apparent diOc rcnce \\as obscned In rcproductl\e paramelers bcl\\ c~n sc roposi ti\c and 

negati\C' brceding fema les. I lo\\e\er. this difTerence \\as not significant as the 95% binomia l 

confidence inter\ als of the t\\O groups overlapped for respective \ariables. Live bi rth percent 

\\as slight I) higher fo r ~e ronegati \ e females \\hile abortion and ~ t i ll bj rths were less in 

pos itive group. fhe \alues l'Or stillbirth arc 100 small to comp,lre the groups. Perhaps some 

herdsmen consider st illbirth as abortion and might ha\c missed it. Figure 7 sho\\5 that 

::.eroprc\alt:nce \\ere increased \\ ith increasing abortion frequencies in 573 aborted females 

and reached peal-. (5%) in animals that aborted three times and declined thereafter. 
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figure 7: Status of seropre\ alence \\ ith respec t to alx1r\lon frequencies in breeding female~ 
\\ ith abortion hi~tor: 

-'-2 Descrip ti on o f Dcmo!!ra phic Produ cti on C h:lractcris til'S 

Pastoral clll11 lllunities of 13orena. GlIli.\rsi and ",oma[e clans J\\dling in l.ibel1. nnd l3orena. . -
Gebra and Guji in Yabdl u district produce camels. rhe 13oren;] and Guji ha\c started camel 

proJuctior. recent I) and h,l\e lese; c'perience (3 to 30 :ear,,) than ~oma tc 'i and Gebra (lifctiml." 

npcric-nce). High mill-. production is primar: purpose o f camcl prodlJ(:ti()1l in the area 

hllkl\\cd b~ transpo rt, l.:J,h income b: sale and meat prodllction (slaughter), In addition 10 

high min, production. drought Iniligalion and to ~ome ntenl as .3Itcrnati\ e means against bu!)h 

cncroachment arc dccisi\c hlrces bchind to ..,tart camel I-.ceping among. the Borena 

pa-;torali~t'. 
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lIerds either belong to a household (83.3%) or extended famil~, (16.3%). As a result herding 

can be separate (83.3%). \\ ilh famil y herds ( 13 .3%) or \\ ilh village herds (3.3%). 

Consequently. majorilY of the herders have their own breeding bull (85%) where as some of 

Ihem use village bull s ( 15%). Labor division among family varies wit h a type o f activilies in 

Ihal most of the herding acti\ities done by you ngsters \\hi le adult men do \\·atering and 

deli\er) assistances. Women and men also are engaged in milking activities. The recorded 

mean herd s ize \\as 13.6 ± 7.8 \\i lh herd size ranging from 3 to -n an imals. Those o\\ne rs 

with less t!han three animals do not keep alone and mix with famil~ or village herds unti l the 

number increases. The herd composit ion was main I) consisting of breeding females (50%) 

follo\\ed h) calf you ng females. and young male (Figure 8). I n addition to camels. majority 

orthe paslOralisls keep cattle and small ruminant (81.7~'o). some of them (13.3%) keep either 

caulc or small ruminants along side \\jlh camels \\hereas anI) fe\\ groups possessed camels 

onl) (Tab l.:;: 1 I). The stalllS ofscroposi livit) among herds kept \\jlh other rumi nanl is simila r. 

Those kep[ anI) camels (3 Ollt of 60) and \\ ilb cattle onl) (3 ou t of 60) had no reactor \\ he re 

as herds raised \\ith more Ihan one ruminant had seroprevalencc ranging from 1.7 to 1.9%. 

rhe numbe r of tesled animals in those groups \\ ith no reactor is too smal l to make comparison 

and juslif) ruminants as risk factor. 
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Figure 8: Herd composition hased on 60 ill\estigated herds in Liben and Yabello districts of 
Borena area 
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I able II: Ruminants kept alongside investigated camd herds by herdsmen (n= 60) III l.ibt!n 

and Yabello districts of Borena 10\\ land and scrop rcvalencl~ status o f respective herds, 

% Number of Seroprevalence 

Compositi ons of Number of oli l of camels status: 

ruminant species camel herds total tested Cases (%) 

Onl) camels 
, 

5 37 0(0) J 

Cattle and camels onl) 3 5 84 0(0) 

Cattle and small ruminant and camels 49 81.7 697 13 ( 1.9) 

Cattle and camel or small ruminant ., 
)- 86.7 781 13 ( 1.7) 

Small ruminant and camels or ca tt le 54 90 793 14 (1.8) 

Small ruminant and camels anI) j 8.3 96 1 (1) 

Total 60 100 914 14 (1.5) 

Common \\ater points that herders uSliall) lise in the area include traditional \\ells (60.8%). 

1\1I1ds (machine excavated ponds) (::!6.6~o) and rlH!r \\llh mean \\<Hering intcnal of6.0"1"" 1.8 

ua),> basd on acccssibilit) though mobilit) docs nOI restrict herds to a specific \\<Her source. 

I raditional \\ell s are more numerous and distributed in the area than other sources. Water 

from traditional \\ells (salt~ in nature) i.s also more preferable for dromedarie<; due to their 

high salt rE·quircmenl. [n the ..:urrent stud~ regard !e\,) ll1obilit~ il \\as observed herds that often 

u .... \:.' ponds and traditional \\t~I[s \\ater points had higher pre\aknce (13.8%) than thlJsc using 

traditional \\ ells a lone (13.6%). and ri\cr and \\ell s logethcr (9.5%). Animals can have di rect 

access 10 pond during \\atering unlike that of traditional \\ells. \\h ich is lined from the \\ell s 

and added 10 trough for the animals to drink. Subsequentl). the chance afbciog contamination 

b) discharges is higher in the former case. i\l oreovo.;r. a larger number of difTerenl animals 

come together at pond than at traditional \\ells, 

Dromedaries are produced und~r a number of constrain IS of\\hich diseases Jr~ ver) crucial. 

rf")panosomiasis. respiramf) diseases. neck paral~sis '>~nJ rol11e . tick paral)sis. contagiolls 

.... kin llecrc,<;ls. absce~s. \\il-"ting disease of cal\c:.. black quarter. camel po, and internal 

parasites are priorit) disease::. that \\ ere identi lied b) the 0\\ ncrs. Poor \ etcrinar) sen ices 

tngether \\ ith lack of a\\arcness b) herde rs to use the existing opportunities ha\l~ \\orscned 

thc problem. 



(}nl~ 24.7'lto of them hil\e ,0 tilr used \ctcrinar) ~ef\lec .. "nd the rest large proportions 

(75.4%) do heahh care to tlll:ir animals either b) self-trcatment wi th drugs (42.3%) or using 

traditional healcrs (33.1 %). 41.7% have nc\ er used \ eterinar) service due to being far a\\a) 

from it or considering the 'len ice as not helpful for camels. 

-1.2 I Indicators for the clinical manifestation of brucellosis in herds 

Percent of abortion. stillbirth and birth to \\eak calf \\cre found to be 8%. 3.6% and 7.4%. 

respcl.'ti\el) per breeding temales per annum. Abortion alld stil lbirth affected 20°'0 and 8.3% 

llr the investigated herds. Table 12 sho\\s reported manilestations that ma~ indieme 

brUl .... dlosis in 60 ill\esligated herds in Liben and Yabello districts: Ihose herds had a lOla I of 

598 breeding females \\ ith 10lalli\c birth of 131 camel cahcs. 

rable 12: Brucellosis indicator<.; in 60 im e:::.ligaled herds in I iben and Yabcllo districts 

\ fleeted herd per annum \flcded animal-. rer annulll 

\ Ian i fec,tations Observations (°'0) Obscn alions % 

\bortion 12 20 12 8 

'-,tdlbirth j 8.3 j 3.6 

Birth to \\caJ... calf II 18.3 II 7A 

I ~ltalli\t~ birth " 52 86.7 131 S8.5 

~lIb total 56 93.3 148 100 

Ie r r I ~cmg emaes j 8.3 17 2.8 

Retained placenla II 18.3 II 7A 

"Birth to \\caJ... cahes included in tOlalli\c birth. 

lht..! J...no\\ !t..!d!.!e on brucellosi", i~ almost nil amoll!.! the pa<,tllrali"ts of the area '-,ollle of tht..! . -
ft..!"'ponJents indicated Ihal a dbeasc that causes abortion is unJ...no\\n to them and docs l1('1t 

ha\t,! 'ipt!clli c local nam!.!. Fig.ure 9 sho\\,> \llggested causes of .Jhonion according 10 herdt:r .... 

\bllrtion is multiractorial and Ihe major causes being tr~ panos.omiasis (J 1.6%). self-J...iding 

due tn n~ biting (18.70,'0) and high temperature (16.9%). Ihis l.;!\ent \\a:::. reportt..!d to be high 

during the \\el season.., 

3. 



Lh a di"'l."a'>c that CJlhe.:' abortion but notl...rHl\\n b~ "p~l:ifil.: \e.:rnacular name.: 

I igurc 9: Suggc::.lcd cau'>e" of abortion according to ht'rdcr" in Libl.!n and Yabdlo dbtrll.!ts 

.. L:!.:! Factors infhrt'ncing orul.:dlo::.is infcctil1ll in animals and human beings 

I)ome measures that traditionilll~ tahn b~ camel 0\\ ner, o f the area possibl~ rnCl~ rcdllc\! tht.: 

spft'ad of brucellosis from infected to other animals. The ... c in_elude isolation of I.:ahed and 

<lborted ICrnalc .. from thc herd during the Ja~ (98.3% and 46.7°'0) and night (98.3% and 

33.3°'0). r\!spccti\!':l~ II.) f \ariabk duratrons. thost' \\ilh small..:r herds ma~ /101 practice it. 

\k,hUf\!.., also taken 10 j're.:quell1l~ aborting and c~t:ljng females b) selling (56.3°0 (lnd 85.8%) 

;lIId ,Iltcrnpting tn.:atIllCI11 il)r sOllletilllt.."s (18.8% and II 1%). rt'spt.."clj\el~ . h:\\ of them do 

di"plhe aburled fctlh (68°0) ilnd fetalmcrnbral1\! (~.30/0) a\\a~ from re.:Jch llf ~'II11C"'. Other.., 

I,'ither tal..e no action (54(\0) or ..,"'inning (39.'7( 0) abt)f(ed IClus lo r fostering ami rllllkrng. 

On the o lh'cr hand. "'1.:\ I.:ral acti\ ilies and c.,,~tll1g habi!'. mrght hm~ mk In Ihe.: Iran ~mi,>s iol1 01 

Ih~ Ji"ca..,c from anll11allo human. Ra\\ rrc~h milk I" habitual!) COIl'>lllllCd h~ Ihe.: majorit~ 01" 

the rnhahilanh (93.30 QI \\ ht.."fe.:a.., onl~ fe\\ group .. I.:on..,umc <,our mill.. and mrll.. hoikd \\ ilh tea. 

It doc,> not ncces!jaril~ Ille.:an that thost.! thai IIH.li~alcd ohen con .... urne b(lilnlmill.. \\ ilh lea and 

,our mill... Ilc\cr Cnn"lIllIl.: fa\\. 1\ \\as reponed duc to in<Hk'quac) and frt.!"h carllcl mill.. is nOi 

apprc..:ialed h~ thtl~I,' \\hn adapted to Ihe liI~I!"·lll'..:al1le mill.. (rahle 13). 

'" 



To the contrary meat is consumed cooked by almost all except for chopped raw liver and 

hump (63.3%) that is liked by some groups of pastoralisls. B.es ides consumpti on of camel 

products, owners are usually in close contact with their animals. They do delivery assistance, 

clean Ihin membrane from newborn. assist suckling and carry the newborn from field to home 

without any sclf· protection. 

Table 13: Milk and meal consumption habits (n = 60), in Libcn and Yabcllo districts 

Milk conslllmption habits (usually) Meat consumption habits 

Response Fresh Sour Boil \\ jlh lea Cooked Raw meal **Rawothers 

Yes 56 2 2 60 0 38 

No 4 58 58 0 60 22 

% (Y~s) 93.3 ' , 3.3 100 0 63 .3 >.> 

** Raw others include raw hump and liver 



, . DISCUSS ION 

1)J.~toral commun ities of Bon.:na 10\\ land produce camels prinmrily for milk production 

I(llll\\\ ed by transport. cash income b) sale and mea! produc tion. Demckt: (1998) also reponed 

similar reasons for camel I.;et:ping while Coppod. (1994) stated. as transportation is the main 

rurpose in Borena e\:cepl lor Gebra and SomalI! c:thnic groups \\ho keep camels mainly for 

mill-.. production. Borena and Gujis are basicall) catlle herders and recentl) sla"ned camel 

husbundr) as asse t dhcrsificillion for unce rtainlic'i. drought mitigation and coping Lip with 

changing rangeland ccolo£) ( Bi O"a and Chaka. 200.1). As a result lhe) had less herding 

C'Perlcnce ranging from J to 30 ) car ... resulting 111 less indigenous I-..no\\lcdge in camel 

husbandry . 

Ilerds eith~r belong (u i1 household or cx(ended ramil) (ha\ ing ClLllllllat i\l.~ cffect on herd 

"'1/('). rhe :l\crage herd sile recorded in th i", !:.tud) i ... equl\alent to that of Demcke (1998) but 

Ie",,,, than Ihe reponed \alues o f 22.7 and 35 1. from Shmilc and Jijiga In t'a",tcrn Ethiopia. 

re,>pccti\ el) (Getahun and f\.a s!:.a (2000). Larger proptlrtlon of females in lu:rd:. of the area 

Inuicntes a strong dc-sire to ma,irnile thc herd sile h) herdsmen. Ifigh degree of ruminant 

diH'r!:.ificalion \\as also ob"t'ned in the area. Su(.;h ... Iratcg) is common to other areas and ha!:. 

e':lln~llllic Llnd ecological mhantage.., t \)3n. 198~ "d~on et al 1(1)0: (ictahun and Kassa. 

~tlOO). I-I o\\e\er. it increases the chance at brucello .. i ... and other disease tran'omission from 

()ther infecH:d rurninanb to dromeda ries (Andreani I.!l al. 1982: Rad\\an el (II. 1(92). 

\ large number of liH:stock herds arc congregated 'It \\ah~r points facilitating the spread of 

Ji..,ea:.e. Traditional \\cll<;. ponds and fe\\ ri\ers an.-major permanent \\ater sou rce" in the area 

(Helland. 1(82).l;nlike traditional \\ells (\\~lter Ii fled b~ people and added to trough). animals 

ha\c direct access to ptmd \\ater and contaminate b) Jis..;harges. Corrcspol1dil1gl~. a higher 

Infection rate \\as n!cordeJ in h~rds often using tratlitiona.l \\l'lb and pond~ together. 

1111\\e\er. the mobile nature oreamel hcrd:. Ill:!) not rcstrictthcrn to a "pecilic categor~ of the 

\\;ll\:r resources. making. conclusion ditlicull 

Brucl'lIosis rl'mains \\idc"pn.:ad in dont!.,"'ticatcll .lnll \\ild animal ptlpulation. and present a 

great economic and publiC health problems in '!'(l ean countries (C/luk\\u. 1985: Chuk\\u. 

1986). According to Chuk \\ u ( i 985). tlw high pre\a1cncc of the dbeasc in ,\ frica is probabl) 

due t0 the fact that rn;ln~ ·\!"riean coull lril's h;l\c not 'itarted con trol or eradication schemes . 



l ilt.:' di">l.:a<;t: In c'llllt.:'b is ei ther caused b) /J 1//C'11f('f/\1.\' o r /J ahOrlll\ (\\ crnt: r~ a nd Ka<lden. 

1002). It S~:CIl1S Ihat B. me/lfemis is the most fr t.:'quenl isohHt.:'s of camds in !\ t iddle Easl Cr able 

3) \\hercas hoth .species ' \ e re reported in \!'rica (Abbas and Agah. ~OOl). 

Brucel/u antibodies \\ e re de tt:cted in 68.8% (II OUI of 16) pastoral associat ion (PA) in Liben 

and all 6 ,.amplt.:'d PAs in Yabello dislri'b. sho\\ ing the \\ide-spread occu rrence of camel 

brucellosis e\en in femer admin islrali\c units ot lhe stud) area . ~croprl:\ alcnce rang ing from 

o to 66.70./0. and 0 to 5.7% at herd and anllnal le\ c l \\ere rt:cordcd from these PXs. 

rcspectl\el~ (. \nne, 8.1). Slightl~ higher seropn!\ale ncc \\[b recorded in Vabel lo (~ .O%. 

95% CI I.~ 3.1) than the other district ( 1.7%, 95%1 (' I 1 .~ 1.3). ll1ah.ing an over all 

..,eroprc\aknce 0 1 1.8°0 (95% C l = 1.4 - 2.3) for Ihe area. r ile 'S'.:roprc\alcncc of Brucella spp 

in the t\\O districts is not statisticall~ different from each other prob.:thl~ due 10 sim ilarit ics of 

those identilied ri,1.. tJclOrs. 

rhe s('ropre\.:tkncc finding o f the present stud~ is si milar to the pre::\ iollS reports from 

ulfti:rent !.:uuntri..:~ ( :\lu~ta IJ anJ\\\ad I·I-"-,mlll. 19' I; Ol..llh. I In.,. \bu-Oanllf l't al .. 11}8·l, 

\bba<; ef at' 1987: Baumann and LeSSin. 199~: \bou-Ei'ha. 20{)O~ Omar t'f al.. ~OOO : Az\\i t't 

al.. 2001. 1C' ... hollle et III 1003). Ilo\\ever. II I:' lo\\ er th<:lll ..,llllle ..,lUdie~ in Ethiopia 

(Oomenech. 1977. Ril:hard. 1979). Kenya (\\'aghela t't al. 1£)71). ,\igeria (t\jogi and Adalllu. 

1£)98). "iudan (Gina\\i. 1997: \ Ia;id l'f 01 19(9). " o malla (\Ildre<lill L'I (II .. 1981). Ku\\ai! 

I \I-"-halal ,lIld J·I-Khaladi. 1(89) .lOU ~audl \rabia (Rau\\.111 ('/ :'/_ 1(92). 

I he ,;eroprc\alcnce of brucellosis in camels I:, 101\ in e.'ten ... i\t:I~ kL'pt pastoral ists camels. 

lhus. prc\'aknc(' ranging be t\\een 2 and 5% Here (eponed Irol11 l11u~t cOllntries \\he re camels 

arc produceu b~ pastoralists (Abbas and ·\gab. 2002: Werner~ and Kaadell. 2001) On the 

"ther h~lIld. It \\,\S reported as high as 8 to 15°0 In IIltensi\cI~ !..t·pll:alllcls especiall~ in Saudi 

\rabia (Rad\\an ('/ Ill .. 1(92) and Klm.:tit (,\I-Khalaf anu FI · "-haladi. J£)89). In <;lIch 

production "'~"'lel1l. large herd::. together \\ jth o\, . .'rcn.)\\ding III r(:~lrictcd arL' ;} prO\ idt.' more 

dUllce ... nf ~llntact bet\\een animals leauing to inl:f":,I,,>ed lil..elil1l1(ld l't' IIlIi:cliol1 

I \en Linder pastoral condllions. indi\'idual herd.., ~oulJ hil\e an ' lppn':L'lahl~ higher hrucellosis 

tban the regional (isl.. \bb<l~ and ,\!.tab (1002) Imhcmcd Ihal " 'Sl..'roprt:\alenr.:c of camel 

hrllcello~i<; 111 certain l.:t1md herds in Slidan \\tlS ranging frnl1l ~6.5 1('130°0. \ Itljid et (II (1999) 

,11<:.0 rcroncu a ,eropre\alencc rate ranged from 14°'0 104,.90 '0 from the ",dille cOLLntr~. 

il..('\\L<'C. \\ithlll l1..:rd prl..'\;\ll:nLe ranged from 2 7°'0 (I l) j 37) 1\1 1).5°0 (5 of 1 J) \'Ith :\ \ crllgc 

-I .• 



uf9.5% re(:orded in Iht: pn:scn! s tud). As indicated b) Figure 5.50% of in Icc ted animals \\ere 

found in II Olll of 40 infected herds. having more than one reactor per herds. implying 

clustering of the seropositivil) in ce rtain herds. 

Teshome e! al. (2003) recorded comparable resu lis, 1.1% in small animal number (2 out of 

170) from Borena to the current finding. \\hich is lo\\er than the finding o f the study in 

eastern Ethiopia. Lo\\ prevalence rate of the present finding is probabl) due to the existence 

lIt' rdalively higher number o f smal! s ized herds (113 of 150 herds) as camel production is 

:, tarted recl:ntl) compared to larger herd s ize kepI in the eastern Elhiopia (Getahun and Kassa, 

2000). The existing tradition of isola ling calved and aborted females from other animals in the 

ht!rd perhaps might reduc{: the infec ti on rate. Selling of freque ntl) aborting and cycling 

females might redu ce the risk 01 infection ~ou rce to olher animals. Long cah ing intcrvals in 

combinmio n wilh late age at first cah ing in Jromcdarics kept under e;t;lensive production 

,;)slI::m (Wnlson. 1998) limit transmission \\ithin and subsequently among herds panicularl) in 

areas \\llh 10\\ pre\alcnce (Abbas and Agab. 2002). Since. brucellosis is considered as a 

Ji:-.eJ .... t.· oflllerd illlplln'H1Ll'. c(lIl.,il.h:rabl) high h~rJ b~1 ~~f\JlhJ.sil i\i t) ([6°'01.95°0 C[ = 11.7 

- 21.1) \\as recorded in Ib is stud) rcgardlcs~ or 10\\ animal pre\alencc. 

Se\eral factors ma~ affec t the resu lt of serological findings. Higber seropre \ alcnce of camel 

bru cellos is might be recorded using. l11ultiple '>crological tests in parallel (\\ aghc1a eI a/. 

[Q7S: .\ I-Khalaf ,lIld El-I-\.baladi. 1989) or lI~ing tcsts that had poor ~peciflcit) V\ndreani 111 

0/. 1(82). Majid j>! al (19Q9) reported higher seropre\ alelK e rate (ranging from 14 10 

-U.9%)lIsing RBPT al one (highl~ sensiti\c te~l). R~poned lo\\er prc\akncc ratcs b) some 

authors also could be Ihe result artests \\ilb lenl diagnostic sens itivit) (flaumann and Zessin, 

11)1)2) or as a cons (,.·qu~ ncc of ~crial mUltiple teSb (Abbas and !\gab. 2002). Cross-reacting 

bacteria su.:h as £\cliL'l"chia coli. rer.wlla emmw/tIica (l1Il! Sa/monella .lero!\!I('S (Cloeckaen 

!!/ lIl. 1992: Garin-Bastuj i ef (II , 1<)99) ha\ e pot~nli31 to affect s,::rological findings \\ hen tests 

oflo\\ spccificit) arc used. 

On the olbl~r hand. the immune suppressive t.!l1ects of lr)panosomiasis. ufit.! n pr.:\a lent where 

camcis are raised. \\efe r.:port.:d in \ accinated callie and goats impl)ing possible im pact on 

.... crological findings (Chuk" 1I. 1985). OUllla and colleagues (I c)97) ha\(' oh:.ef\cd c lass ical 

pass \\a) hCJ11oJy lil' cllmrkrnent aCli\it~ \\(1 .... negati\el) correlated "Ith parasitacrnia. 

indi l"<ning immunosupression b~ (r)"panosomia~i5. Sample se lection bin,> also might affect 

<;;cf() logical lindings .. \iogi and ,\damll t 1998) recorded seropre\'alencc 3'> high as 27.8% from 



..:amcls slaughten.:J al Ihree.: c.:amel re.:anng regLun .. l) j northern :-.Jigen", \nUllal<. I\cpt under 

("Icnsi \e pastoral Ilhll1agcme/ll arc selcctcd lor .. lauglHcring if Ihe producllon performance::; 

Jcclinr.: subslal1tiall~ 

II L.., imp0l1am IO IllHl' Ih;lI "'ide agglutination Ie..,1 and lube agglulLni.llillfl IC<.,IS ha\e been 

.. ho\\n 10 h<l\·e pOl)r diagnostic senSili\ it~ comparct!lo RBPT or card teSI {.\holl el o/. 1975: 

()uinn el al .. ~OO~J . \ ccordingl). RBPT b ..:nn..,iJe.:red <1<; satisfaCIOr) sc.: recning lest (:-.Jico leni. 

I 99::!: DIE. 2000: Ownn el 01 2002). The.: highe..,t "pt'cilic it) ofCFT dc')ened it to be used as 

confirmato ry Ie,,! ILl ..,crinllcsting (DIE. J.OOOI. r ht·rt.:!orc. the lise of ..,crinl w..,ting procedure 

LI1i ! iall~ sc reened all ..,amples b) RBPT. and !he.:n appl~ ing eFT un positi\ c reactors as 

t'mplo~ed in Ihe c.:um: /ll [e..,t imprO\cs [hc Cnkll·nc~ or detecling bru..:dlllSis (Dohoo el (II 

1986: feshome er 01 ::!O()3). Impro\cmcnl 01 h: .. 1 diagnostic spcc i fiut~ I.., particularl) useful 

III control p rogram.., \\ hen le..,1 Jnd slaughter polic.:~ j<., adopled 

In camels Ihert' i.., ~l.!1 no ;"IJmlards SCI for Ihl' r.ha.:;no..,ILc le"l pro!OCl1I and Jiagnostic liter for 

hnll .. t:lh ... b.OIl (2' HI) re.:\.'llmIlH.:nJ"th .... tl.:..,1 pr.'~t.:dllre.: utill ilwd for the.: ul<lgm)<,i.., ofbo\ine.: 

brucdlos is to ht.! applll.!u tor camels. II i~ al .. {'l nlll \\e.:ll dctint.!d to \\ halr.'''l.!n! hiocht:mical and 

rh~~iological pe.:culi<lfilic.., of I..'i.llm:lid., conlrlhute.: iLl Ihl' II'SI resull \.lriabdil~ Lacl\ing 01 

.Igglulinating sub .. tanl..'c", (Ihal rcqllir~d hI du .. ll..'r glnhulcs) in Ihe C,ll1ld mJlI\ afkcleJ Iht' 

.lrpllc<ltion of c.:lll1\t:lllional mill\ ring Ie;"! in Ihl';.,e .tnllnals (Straten t'l ell liN;). lil\e\\ise. 

un I il\l..' other anim,l! .. \.~IIIll.!I .. unique!) po .. ')c ..... ,\ I~ pc 01 dim"ric I!1Hllunllglohulin.., Ihal cunsisls 

\)ft \\ o he~l\) chaill'> llnl:. lal..'l\i ng Ihe lighl c.:hain.., (Pilslrom. 2002: 1)u l'/ 01 .. ~002). \\her" il'" 

dle..:t h nO! ck.lI-

In the present ..,lUd) c.:olllple.:mem li,alion <II I IIl,IIlJ abo\l: dilllllon", \\cn.· CllO·dJcred posili\e 

I.)r eFr. \ s a re .. ull 'I.'ropo ... lti\it: \\a, conlirmd in 58 oul ofT!. RBI'I po'>i li\~ reaclors 

IXO.f,°ol b~ CI I up nn ..,e.:rial 1~"ling. RBPI dt:gre.:c of aggllltinatl(ln~ .,hlml.!tl a po::;iti\.c 

":llrrl.'blion (Figun.: ~I \\ilh CF I Iller~ and all ~Iggltllin;llion abo\1..' ~- l.!,\cerl 1\\0 wnfi rmed 

po')ili\l' \ ·!OSlll(lhl.! lFI lill.!r (7-Llo.()) I(lund 1\1 I"!t: hCI\\een I 20 anu I ~20 tlillliion rale,> , 

I hi!'. l1la~ s.uggr: .. 1 [hill Ihl.! ohla ined n.:~lIlt I'" rO"''''lbl~ uue to hnl\;ctlll~i'i. 1 he hlghc~1 [iter 

re":{lrJI!U \\;.I.!i kml'r th;1I1 "h'll h<l ... OI..'Cll rCp(lrh:d h~ re..,lllll11e.: (' I al t2t)fI.;11Il \\llIc.:h 30°'0 hat! 

~I dLlmi(lIl rate \!( I ( • .to I he.: eJirfcrcnct:' ':\luld !"II.' auribtHcd to Iht' !l'''! pw-.:cdure :'IS \\arm 

ti'<llilln \\as uwd 111 Ihl" ..,ltId~ II (mc\er, .:\.IJ 1i...,lIion \\<lS lLsed in Ihe.: latcr. (nlJ ti'\alion 

\\[1" ((lu nd (0 ~ iell! "c rllpr.hl(l \il~ <II highl'r dLlu[IOIh than \\arm li',lIilln. IhllUgh II i!i lime 

l:{ln .. ull1lng (AIIIlIl ~./ (II 197~)_ 
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rhc st udy revealed that seropre\alenc~ \\as ~ igni (jca ntly highe r in female Ihan male 

dromedaries (p< 0.05) \\ith the likelihood ofscroconversion 2.3 times higher in females than 

male ani mal s (Table 6). This result is inconsisten t with the repons from Sudan ( Yagoub el ai.. 

1990: Agab ('I (II.. 1997) and Nigeria (Ajog! and Adamu. 1998). Relatively higher 

:'>usceptibi lity or fema les could be due to the fact that fema.les have more phys iological 

st resses (Walker. 1999). On the contrar) . othe r auth ors reported equal distribution of BruceI/o 

antibodies bel\\een both sexes (Waghela cl 01.1978: Abbas eJ' al .. 1987: Abu Damir cl a/.. 

1984). Okoh (1979) reported that male animals had higher infection rate bu t the sample si ze 

of females \\ as tOO small to make the comparison. 

Infection rna) occur in anima ls of all age groups. but rersists commonl) in sexuall) mature 

animals (Radostirs el (1/ .. 199-1). Younger animals tend to be marc resistant to infection and 

frequen tl) clear infect ions al though felt latt!nt infections Illa) ()ccur (Radostits el al.. 1994: 

Walker. 1(99). The presence of gro\\th factors such as er:-thritol and hormones favor 

infection in mature animals (Quinn el (II •• 2001: Walker. 19'99). Camels produced under 

,"ten:'I\\" producti l.,ln ::.)stelll reach mat uri!) at ,1b~HJ\ -I )Cars orag!: (\\ibon, 1998). Idem 

and Gebrea b (2001) recorded age at puberl) and firsl cah ing to be -I and 5 years. respectivel) 

for females \\ hereas males had agl,.· of 5 y cars at pubert) in eastern Ethiopia, \\iossene ( 1991 ) 

also reponed the same age fo r puben) and first ~ah II1g in Ogaden female dromedaries. 

Accordingl). animals abm,e -I years consiJercd mature (adult) for th is stud). Statisticall) 

'oignifil.:ant difference \\as obsened bet\\een )oung and matlUfc anlmals (p < 0.05). [he 

probabilit) of disease occ urrence being 1.2 times in mature camels than )oung animals, As 

the age increased so did the seropositi\ it) and strong posit!\ e correlation \\ as observed \\ ith 

increasing age and reaclor ra tes (Figure 4). the correlation eoetliencient (r) "" 0.98. This result 

\\as in agreement \\ith the findings of others (\Iajid el (1/ .. 1999: Abou-Eisha. 2000: Teshorne 

111 al .. 2003). In opposition to this. Rad\\an ef (II (1992) obsened similarit) ofseroprevalcnce 

31l1ong \arious age groups of adult camels (but young animals \\ere not compared). The 

.:urrenl stud) also illustrated that herd siLe \\as significantl~ associated \\ ith brucellosis in 

camels (p < 0.05) \\ ith odds of disease occurrence increasing b) -IO'h. and 1-l0% when small 

herd is cornpan:d \\ilh medium and largc h~rds. Consequentl~l . herd size \\as statisticall) 

Identilied to be the major risk factor for brucellasi::. ttl occur in rdation to other f'<lcwrs (p = 

0.03). \s hl~rd size increases. the chance of contact bet\\een animals increases leading 10 more 

t.:hances of infecti on (Abbas and ·\gab. J001). \vhich is particularly more importanl Ju ring 

~alving or aborti on \\ hen most of bruccllosi5 contamination aCCl! r (Gamecl t'l (If .. 1993: : \ ~ab 

(Of til 19(4). Thus. herd ~ i ze and den::;it~ .A animal popUlation together \vith poor 



managl'l11ent art! directly n:latcd to infe(tioll rail! {Abba!> ('I 01., I ()87: Abu - Eisha 2000; 

Werner) and Kaadcn. 2002). 

Brucella antibod) distribution \\ias ~illlilar in camels of those hl'rdsmen \\ho starled camel 

husba ndr) recent I) and who kept them for gene rations. rhis could b\! c"Xp lained b) smaller 

herd s ize kept b) inexperienced herders reduce (he infection rate in spite of presumed poor 

management. Parity had also no efTeet on positi\ ity in breeding camels. This might be either 

due to equal susccptibilit) of breeding females or possibly as a result ofnt!ga!ive impact of 

brucellosis on krtility; infected animals ma) had lo\\er number of par it) (Wernery and 

Kaaden. 2002) Radwan el al (1992) al"o reported simila ri!) of sc roprevalence among 

\arious ag\: groups of adult female dromedaries. 

\-1 j,.:d hading and frequent contact \\ ith small ruminants and ca.ule ar.: contribu ting factors to 

infection r.:lte. llenJers in Dorena and ebe\\h.:re imariabl) ke(~p small ruminan ts and cart Ie 

alongside \\ ith camels. llerds raised \\ llh more than one ruminants had seropreva lence 

ranging 1.7 - 1.9°·0. Small number ofanilllJb tested in camel herds k.:rt with ont! ruminant or 

alon~ rna~ nOI ~nable to make compari,\on and jllslif~ Illore thaln one ruminants as ri sk laclor 

in this slUd~. I here is high chance of brllcC'lIosi~ transmission fmm these ruminants to 

dromedaries as the~ li\'e in free range 111 promiscuit~ in the hush and at \\ater points 

(.\ndreani e/ (/1 1(81). Speciall)_ contact bel\\een drol1ll'darje~ anu "mall ruminants were 

more incril11inat.:d for the tra nsmission of brucellosis to camels (Ismail) el lIl .. 1988: Radwan 

l! f al. 19(2). Abou-Eisba. (2000) also obs-en ed higher se roprevalence in camels that were in 

contact \\lth sheep and goat. i\ loremer. higher frequencies of B melirensis isolation from 

camels Crable J) perhaps magnil~\ thC' rol.: of small ruminants in the transmission of 

brucellosis to camels. 

rhl' .,eropre\aknce status of brllccllllSi" in Borena c~lttle \\as fe-portt-'d to he I 1.5% (Z.:\\ udl'. 

1(89) from Dida Il)ura ranch (estahli:-.hed b~ local cauk in Yabellul. and 6.2% and 3.50;0 

(De~.:!t: el 01 .. 2000) from the ram.:h <1m! ra~toral L"JttfL'. res.pecti\d~. This indicales the 

potential 1"<.)l e of caltle. possibl~ sheep and goats in the transmission (If the Ji~ease to camels 

though th<..'re is no inforrnalion on small ruminant brucdlosis status in th.: area. 

In !hl~ "Iud) pl'rcent of abortion \\a:. slightl~ higher in brucellosis positi\C' breeding females 

than non-infected group but not 5ignd]c:lIHI~ (Figure 6). ~cropre\aknc(" \\·a:, also incrl'a5ed 

\\ lIh ahortion Ih:LJw:ncies \\ ith pl!al.. (5°·il) re:lch,,;d in animal-; that abc'IfI.:d thr.:e times and th.:n 
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declined. Due to low seropre valence recorded in thi s study. it may not be possible to suggest 

that those clinical manifestati ons were due to brucellosi s. Per<:cnl of abortion, sti llbirth and 

birth to weak ca lf were found to be 8%, 3.6% and 7.4%, respecti:vely per annum . Getahun and 

Kassa (2000) reported annual abortion and stillbirth rates o f 9% and 4.3%, respect ively in 

camels kept under similar production systems in eastem Ethio pia. Brucellosis in camelids 

occurs in a.ll known forms whereby aborti on is the most obvio us manifestations (AI·Khalaf 

and EI·Khaladi, 1989: Agab el aI., 1994; Wernery and Kaaden. 2002) . Radwan el al. ( 1992) 

recorded abortion rate of 12% with 8% scroprevalence. Low scroprevalencc report in Somal ia 

by Baumann and Zess in (1992) did not indicate the presence of bruce llosis in camels with 

abortion as clinica l manifestati ons. In extensively produced animals other diseases such as 

trypanosomiasis may a lso cause abortion (Wilson. 1998). Brucellos is can gene rally cause 

signi fi cant economic loss through abortion. Iale first calving ag;e, long calv ing interval time. 

low herd f1:!rti lity. cu lli ng and comparati ve ly low milk prod uct:ion (Chukwu, 1987; Wernery 

and Kaaden, 2002). 

The di seasl~ can also be a health hazard to human being:'> particular!) to pastoral hOll~eholds 

who in malny ways are exposed to the disease (Abbas and Agab 2002). Camel o\\ners of the 

study area consume raw milk. and do delivery assistance. clean newborns. assist suck ling and 

carry thc young from field 10 home without any protection. The' knowledge about brucellosis 

is nil among herdsmen. These can pUIIhe public health of the area at risk. Abou·Eisha (2000) 

report ed ! % (3 out of 330) brucellos is st: roprevalence among nomadic people. The disease in 

man rna) be misdiagnosed due to the prevailing malaria infeclio ns in dry areas (Abou-Eisha. 

2000: EI · Ansary el al.. 2001) 
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6. CONCL US IONS AND RECOi\I'\ I E~ J) .·\T IO~S 

rhe clI rrent sllld~ has sho\\ n the distribution of Brucella antibodies in 1.8% of the tested 

dromedaries in Libell and Yabello districts of !lorena 10\\ lands. rhe hcrd~ le\cI and \\ithin 

herd seropre\.:alence \\ere 16% and 9.5°'0. Dc::.pite the fact that 10\\ O\erall scroprevalence of 

brucellosis \\as recorded in this stud). the herd Ic\cI and " .thin herd infection rates are 

considerabD~ high the later ranging 2. no . 45 .5~·'O. This implies that anima ls and famil~ 

IlH:mbers of those inlected herds are abo\c all at rish;. Uni'aria~c anal)sis of sex. age groups 

tmd herd size categories has shown significant a~sociation bel\\een ~eropre\alcnce and these 

, 
'"' inJi ..... : ... _ '.\., J !. .... h .. major rish; 

factor associated \\ ith camel brucellosis. Incrca:.c in age and herd <,tze \\ as found to ha\ e been 

ioinll~ associated \\ ith hruedlosis. Laeh; of J\\ areness about brucellosis together \\ ith existing 

habit of ra\\ m ilh; consulllption and close wntaet \\ ilh animals can ~ef\ c a .. means of infection 

111 human being..;. Re ... ulh of the present .. tuJ) pro\ ide the status or camel bruccllosis in the 

Borena 10\\ land pa~loral arcas and the mh; 1;ILlt1rS that contribut,,: to tht: llccurrcncc of the 

Jir;;casc in dromedaries a!! \\ell as possible llwnolic implications in human beings. Based on 

the results orlhi~ !:>lUd~ the ro llo\\ ings arc rec(lnlmenJcd: 

• Th,,: 10\\' pre\talcllct.:: rate of can1l.:l brut:dlo .. i ... ob .. cnt:d in the "tlld~ area 11M) sugge~t the 

implementation of a lC~ t·and· slaughter polic~ Il o\\e\(:~r. Ihis remain ... unfeasible for the 

time b(~ing duc to the free mmement of herds in the pastoral areas and lInafforda ble 

compensation to th,,: O\\ l1crs. Therefore impro\lng manag(:ment practice: .. can assist in 

reducing the spread and maintenance of the IIltcction in camel herd .... 

• Camel pastoralists arc oftcn marglllali/ed from public ~ef\·ices. faeiht!!:..; and information. 

rhus. a\\arenes .. (public health t.:Jucmil)fl) all modern alllillal husbandr}. diseast.: 

pr":"cmion and ri ~1.. olloonotic disca .. es I .. quite ncccssar). 

• rurther n:.'search \\orh; that intended (0 the I!'>okuion ol.:allsati\L' agent :1nd Identification 01 

~pt:cies and biN) JX"s in l::thiopia is Important 

Dromedaries thri\t.::. produce and .. ustallllilc under Ilumberofeonstraints.llence. research 

\\orh; that t'r.::.1ll1n .. !..; thc<;c animals and Illa\lmi7ing. its performance I"; recommended. 
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I 

S. ANNEXES 

8.1: Sunllnary of Brllcella antibodies distributions in pastoral associations (PA) 
oflhe two districts 

Summar) of positive reactors by area 
Number of Number of RBPT & eFT + Prevalence (%) 

Districts i'A herds animals llerds Animals Herd Animal 
I 
Liben Adadi - 61 2 2 66.67 3.28 J 

Balanbal 6 100 0 0 0.00 0.00 

I3ilata 5 77 2 2 40.00 2.60 

Boba 6 119 0 0 0.00 0.00 

Bulbul 10 77 10.00 1.30 

Dedeko 6 59 16.67 1.69 

Dhakakala 6 85 0 0 0.00 0.00 

Genale 6 85 16.67 1.18 

Gofiambo ,-_J '" _JJ 2 2 8.70 0.86 

Kararo 8 100 0 0 0.00 0.00 

Karsamale 5 64 20.00 1.56 

~uraumba 20 239 5.00 0.42 

Marsa 4 40 0 0 0.00 0.00 

Madha 36 391 3 - 7.32 0.61 J 

Hadhesa 19 333 8 15 42.11 4.50 

Walenso 7 159 - 9 42.86 5.66 J 

Subtotal 172 2232 ,--, 38 14.53 1.70 

Yabello Dadim 12 205 5 6 41.67 2.93 

Dharitu 13 120 , 3 15.38 2.50 

Dida hara 21 289 4 4 19.05 1.38 

Didayabello 10 95 10.00 1.05 

IIara bake 7 112 3 14.29 2.68 

Surupa 15 165 , 3 13.33 1.82 

Subtotal 78 986 15 20 19.23 2.03 

Grand total 250 3218 40 58 16.00 1.80 

59 



8.2: Questionnaire formats for sl:rum sampled individual camels 

Formals I: Serum sample colll:ction formal for individual camds 

Regi on ........ Zone ........... District .. ..... .... PA .............. Date .......... . 

I Code No. Sex Age Herd I 0\\ ner Breeding female history In Remarks 
size experience the herd 

Ei () car) calving abortion' stillbirth 

• I I 

I I 
I I 

, 

I , 
, 

- -

I , , 
I I I , 

t===: , 
I I , , , , ---, 

I 
I 

I 
, I , , 

I ~ 

E: 
, 

I , 
, 

I 

, 
, 

, 
I 

r--
; 

I I 

I 
, 

-- -
" I 

, , 

• 
I 

I 
I I 

t 
--

: 
-

I 

I , , 
, , ~ , 
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S.3: Structured qlH!')tionnain' larma! Ii.u camd O\\ncrs 

Quc'>tionnaires for indi\ idual camel o\\ners Date .................. . 

I. General inrormation 

Region Zone Dimict 

P\ Village. 

'ame of respondent. Age ................ Se\ .............. .. 

Ilerd '>lze: expcnence 

~amil~ size .......... .. 

II Comparative impcmancc o f camels and it'; pn'dw:t"i 

I ~ pc,> of li\ cstoc).., !..ept and purpose 

I O:;pecies , 
Can Ie 
Goats 

I Sheep 
C'amds 

Equines 

+ 
i 

Purpose \tore lil..ed Rclali\e importance 

'") \\-hat is the purflOsc o f camel producllon'! 

~l lligh milk production 

c l3ush encroachment control 

b. Drought mitigation 

d Ilcrd a"umtll~Hion 

; Count 

+ 
- ; , , 

lRan\.. the use or camels ~ a. \lil\.. pn.xltu:tion b. rransport;)tions 

c Draught po\\cr ....... .. tI . Cash income b~ sale 

c \kat consumption .... .. . 

I krd ..:(,mposition or I krJ im entor~ 

Breeding female ... dr~ (1H111 pregnant). 

Breedmg bulls 

' on -breeding males (helm\ 5 ~ears). 

l n \\\!'ancd males 
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pregnant . Lactating 

<.. <l'>trated male ......... . 

.non-tm:eding females 

l n \\I.'alled females .. 

(~ ears) 



5. What is amounl of camel milk used for? 

5.1 home consumpt ion? (pc rcen l from tOlal) <I (100%), b.75%. c.500/0. d. 25% 

5.2 cash income b) selli ng? a. (100%). b.75%. c. 50%. d. 25% 

6. 1\lilk consum ption and prcscnation means 

Descriptions 
Usually consumed 
Rare!) consumed 
Delicac~ more liked 

6.2 \\ hat is the shelf life of camel milk (da) s)? . 

7. Do you slaughter camel ,n home? (Yes ~() I 

a. for home consumption. 

c. cerelllon~. 

S. 110\\ do you con"ulllc c~lInel meat n. cooked. 

III lI erdd~nami "m 

Fresh ~ Boil 

I 
~ -

.... . if)cs fo r \\hat rca"on'l 

b. group shan:. 

Sour 

d. emergcnc~ ,>Iaughtering. 

b. ra\\. c. other treatment 

9 . \nimal enlcred the herd (born. purcha!lcd. gift in ) or len the herd ( "-)o ld. dead. gift Olil. 

" raughtereJ. predatOr) 

Animal 
ty pes 

Anirnals el1lcred the herd 
This~ca r Las!)car 

·\nimals leli the herd Remarks 
This )ear r .ast ~ car 

Breeding 
I female 

I 1\0. ~ Reason ~o. Rl!n '>on , \ 0. f Roa'on No. Reason 
-1----1 

I Young (F) 
Yo ung (\ I) 

I Calf(F) ± 
Ye" D -":0 D 10 Do ~ Oll do ddi\er) a ... sistance? 

If ye ... ho \\ do ~ Uti do ? a. lIand pull ing b. o ther 

means . .. ....... . 

I I 110\\ do you take cart: for ne\\ born ? 

iI . Clcaning nc\\born b. !land feeding o j \\CilJ.. cahcs c. Carr~ illg IlC\\ born to home 

J 



IV I h.:rd managemen t and hl!alth care 

II. Aeli\ ilies and labor di, isions 

Act ivities I Y oungslers 

I \lale Female 
Ilc rd ing L 
\\ ·alering 

I I \filking 

Deli\ cry assistance I 
.\fating assistance I 
I}, Watcr points in diffen:nt seasons 

[) 

II 

(;jcasons 

" 01 

Ri\ e r Ponds 

--

, 
1 

i 
I 

Water source~ 
T raditional \\elb 

! 

l-l \\'hat is the main mcam. of health care fo r ~ourcarm:-I~.' 

Adult 
Male Female 

Freq uenc ies 
Others (da),) 

-

-

a. "' raditional healer b, ,elf-administered \ct drugs c. Vct 

l-l I I iSI and priorili.l.e h.'n top camel diseases ... 

15 Rcproducti\e disea~c !'!\cnts in the hl:rd (indicato r, (If brucellosis) 

I \ crus in the camel t.;incc one ,ears ~ince three )C;JTS Remarks 
1--. • 

had YeS or no 'lumber Yc,> N 11\1 Numbe r 

\hortion -
'-,till bIrth 
Birth to \\ eak c alf -

-+ . --- -

('\din" fe'male • 0 

Bull \\ ith s\\ ol1cn 
tests and join ts 1 

Retained placenta I I 

15.1 \\'Iwt do th in!" that ,;"llbe abortion in camels'? 

15 ~ \\'hal do )011 do \\ ith camels that frequent!) aoort ') 

b. Slaughter. c, !..r.:eping d . l)thcr .,' .. . 

1:'.3 110\\ do ) Otl IlHulagl' aoorted fettls ' Ictal melllOfillH: 

a I !,!;\\e in the field b, Disposing c. Gi\l! to dog d othe rs ........ 

15 -l What do )OU do "jth lemale that doesn't .:on.:eL\(:: " 

h .... laughter. c. f..ecping d. o ther . 

I 



16. \\ ha l is Ihe source of hull? 

a. h om own herd b. \ illagc bull c. others. 

17 110\\ do ~ou herd Camels: 

a. Seraratel~. b. \\ ilh \ illage herd. c. \\ ilh ealt le. d . \\ ilh smal l ruminants 

17. I 110\\ is nigbt resling '! 

,I. Separale. b. share \\ ith callie. c. Share \\ jlh slllall ruminants 

17.'2. I lave ) ou ever sold breeding females? (Yes.),o). . ... I f yes \\ hal \\a,> the reason o f 

selling 

a. Disease b. lnfertilil\ c. Shortage o rlll one~ d. Others 

\. lJreedil1g aspects 

18. Comparat ive age of malt: and female ()ears) 

Parameters \ Iale 

\\"t~aning age 

\ge al fir~, t mating 
, 

Rcproducii\l! life T 

I ill: '>pan 

I R I \ge al first ea" ing (Years). 

ea\ ing intenal (M onth) . . . ........ . . 

(M onth). 

19. Seasonal variations or re producti\t~ traits 

Parame ters Dr) season 

l ea" ing () es no) 

\1,lIing ()(~sno) 

\lilking frequencies 

\Ii[k off take per cia) (li lers) 

b reedin g 
~ 

lime 

(\ cs no) 

64 

Femak 

,-

( ;t·..,t:lI iC"I\1 lenglh ( \l nnth ) 

l.actJlion length 

\\'el season [ Ilolh seasons 

I 
+ 
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