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ABSTRACT 

A cross-sectional epidemiological study was ca rri ed ou l fTom September 200-t to March 2005 

to detemline the scropreva lence ofbovinc bruce llosis in the int ensive and extensive cattle 

production systems of Tigray Region, to identify the risk facto rs Ihal contribu te to the 

occurrence of brucellosis and assess the public health significance of the disease. 

The study populations werc compnsed of indigenous and crossbred c<lIlle in the Region and 

samples \\' ere selected by twa -stage cluster s ampling . Serum samples collected from 1,951 

cattle above six months of age, of which 1.135 from the intensive famls and 816 from the 

extensively managed herds \\cre screened for Brucella antibodies by the Rose Bengal Plate 

Test (REPT) and the reactor sera \\ere further tested by the Complement Fixation Test (CFT). 

Moreover, information was gathered on age. sex. herd size. managemenl. and agro-ecology of 

each sampled animal to determine the risk factors for brucellosis seroposi ti\'ity. Likewise. 

data on fann or herd-lc\-eI rISk factors and other farm characteristics \\ere obtained using a 

questionnaire survey. \\ hich \\ as administered in person to 112 intens ive fanns and members 

of animal o\\ners In the 26 extensi .... e herds. Furthermore. in order to assc~s the zoonotic 

imporlance of the dIsease. 185 human serum samples were also sc reened for bruce llosis. 

In this stud). the 0\ erall "eroprc\-alence of Brllcella antibodies in cattle \\ a~ I .!9"fO. Ho\\ e\'cr. 

indi\'idual aOimal seropre\'alence \\as found to .... ary from 0.26% m Ihe mtenSI\e famls to 

3.19°'0 in animals reared under the extensive management system :-,tatlstlcall) signi fi cant 

difference \\as observed in seropre\'alence val ues bel\\een the mtensi\·c and extensive 

management s:~tems (p<O_051 The o\'erall herd-level pre\'alence vaned from 2.68 ~o in the 

intensi\·e farms to ..!2.31 % in the c"\tcnsl\ely managed herds \\her("as \\i thm-herd prevalence 

differed from 0% - 33% m the inlcnsivc farms to 0% - 11% in the cxtensm;, herds based on 

CFT However. no antibodies agalilst Brucella were detected III the human sera 

The result:; of UOl\3riate logistic regression analysis re\ealed that agt:. herd Sl/e and pari ty 

number of animals had no statistically Slglll ficant effect on individual animal seropositivity to 

brucellosis in the Intensive mana:;ement system. Ho\\e\er. m th~ c'\ t~n~l\e management 

system. seropositivity to brucellf':>ls \\as slg.lllficantly higher III ammals. kept under the 

transhumancc managcmem sUb-s~:>lem than alllmais III the sedentar: sub-system fp<O.OOI) 

The result .. also indIcated that there \\as a ~taIl511ca1\) slgmficant increase III seroprcvalence 10 

\"Ill 



brucellosis with increasing age (p<O.OI) but not parity (1'>0.05). Significant increment of 

seropositivity was also observed as herd size increases from small to med iu m (p<O.05) and 

then to large sizes (p<O.OO I). In addition, a sign ificantl y higher seroprevalence was found in 

animals in the lowland than those in the high land agro-cJim8tic lones. Nevertheless, in the 

multivariate logistic regression analysis. systemic factor (OR = 10.6%,95% CI = 2.3 - 49.3. 

1'<0.01) and age (O R = 4.2, 95% CI = 2.3 - 49.3. p<O.O I) were identified as the major risk 

factor for indi\·idual animal seroprevalence in the extensive management system. 

Transhumance management sub-system was also significantl y associated with increased herd 

seroprevalence (p<O.OI) but not herd size (p>O.05) in the extensive management system. 

FurthemlOre, there was a stat is ti ca lly significant assoc iation between seroposi tivity to 

brucellosis and history of pre\·ious abortions (Fisher's exact p<OOO 1) and stillbirths (Fisher's 

exact p<0.05) in the extensive herds but only of abortion (Fisher's exact p<O.O 1) in the 

intensive farms. 

The results of this study sho\\cd that brucellosis is an endemic and widely distnbuted disease 

in Tigray Region \\ ith relatively high seroprevalence in the extensive than the intensively 

managed cattle. The implementations of better management practices are recommended to 

prevent further spread of the disease. 

Ke~ \\ ords: Bovine. brucellosis. seroepidcnllology. seroprcvalence. Tigray Region. ;-';orthem 

EthiopIa 

L\ 



I. INTRODUCTION 

Eth iop ia is a country whose agricultura l sector is the biggest contributor to its Gross Domestic 

Product (G DP) and majo r contributor to its export eamings. Currentl y the contribu tion of th is 

sec tor to the G OP and export earrings is 48% and 90%. respectively (S eyene. 1997). 

Livestock production is a major component of the agric ultura l economy of the count ry that 

contribu tes 30% to the agricultu ral GOP and 17% to the export eami ngs (Tegcgn and Gchre 

Wold. 1997). In Ethiopia. liYCSlock supports rura l and urban population with mi lk. meat, 

employment. investment opportunities. and draft PO\\ er for crop production (Demeke and 

Te,faye. 1997). 

The livestock population in Ethiopia is estimated 10 be about 41.5 million cau le. 14.6 million 

sheep. 13.6 mi llion goa ts. 5.8 mill ion equines, 0.44 mi llion came ls, and 42.9 million poultry 

(CACe. 2003). Despite these huge Ii"estock resources, productivi ty of anima ls is poor even 

lower than the African a\'eragt=s_ Total herd off take is estImated at 7% annually for canle and 

33% and 37% for sheep and goats. respectively. Live weIght gains are 10\\ at about 20 kg per 

annum and mortality is high at about 29%_ Cows do nOI reach maturity until 4 years of age. 

they cah'e c\-ery second year and produce only 1.5 - 2.1 hters of milk per day o\(,:r a 150 - 180 

days of lactation penod (Rcyene. 1997: Demeke and Tesfaye, 1997). As a result. the 

contribution ofli\'estock sector 10 Ihe national economy m general and to the impro\'ed living 

conditions of farmers m particular is miOlmal. 

One major constraint to 10\\ productiVIty and mortality of animals in Ethiopia is the presence 

of different widespread a nllnal diseases in the country D cvasta ling c pizootic diseases hke 

rinderpest, contagious bO\ lI1e pleuro-pneumonia. lump)' s km d iscase and endemic bactenal 

diseases such as pasteurcllos]~. amhra\ and blackleg cause high mortality in animals bu t are 

10 some extent in a bencr comrol by prophyiacllc \'acclllations. llowc\,er. olher diseases liKe 

brucellosis and tuberculOSIS \\ hich ha\e serious economIc and public health impact bUI 10\\ 

1ll0nalllY. h::!.\ c not recein!d lhe atlentlOn Ihey descr\!: In Etillop]a. Ihe currelll Irend of 

mtenslfication of h\eslOd producllon In the urban and pen-urban areas of the cQunlty . and 

the mcreasing international Jnllnal (rade \\' lIh increasing m o\'emcnts 0 f animals ]$ creating 

ground for the increasing Inl}'onance of bo\ine bmccllos]s III the intemi\'c herds panicularly 

m dai~ f3mls. S~\-er~J r~r(lr1~ have established the grO\\ IIlg Impol1an..:e of bmcdlos]:' In Ih~ 



country (Asfa\\ el 01 .. 1998. Bekele el til. 2000). Mo reover. the large herd size in the 

intensive producuon system is often ma1l1talneJ by int roduction of replacemc lH cattle from 

outside souKes. h('I\\c\er, these animals may on~mate from mUltiple sources 1I1creasing the 

probablht) lIt ItltwJucmg cauk with mCUhJII\c 1I1fecuous disease like bmccllosh rherefore, 

among other..,. bnlccllos is IS becoming a thn:at to the intensificatIOn of ]I\estod. production 

from a smallholder subsistence fanning to :1 Tn."!rkel orienlcd cO llllllercial fanning and health 

hazard to the human populauon 111 EthIOPI;3 

Brucellosl!:) IS an mfecllous and contagIOus JlSc<'be J.:aused by organisms ol lhe genus Brucella 

and affects domestic animals . man and \\ddhfe (Chukwu, 1985). BOHlle brucellosIs (also 

called cOlltagious abortion) is caused by Brucell.l aborws. less frequently b) B melitensis and 

rarely by B .\I/is (DIE, 100 ... 0. 

In animals. bnlcellosis mainly affects reproductIOn and fertility. reduces SUf\1\ al of newborns. 

and reduces milk ... yield. ho\\ e\er. mortahl~ of adult animals is insignificant (Swell and 

Brocklesby. 1990) rhe dIsease IS also frt:quenlly associated with rctenllon of fetal 

membranes after calvi ng and occasionally 1tl1~cl1on may result in development of metritis. In 

addit ion . localization of fJmcl?lIa organisms in the udder may cause mastitis, Brucellosis is 

also responsible for man}' cases of hygroma .... In;rsHls, arthntis and subcutaneous abscessatio n 

in cattlc. In the bull. B ahortus is kno\\n Il) produce orchi li s and stenltry (Chub~u , 1987; 

Radostits e I al., 2000). 110\\ ever. the dlsea..,e III humans is characten zed b) a multitude of 

somatic complaints. including feve r. ni ght s\\eats. anorex ia , fatigue, malai se. \\eig.ht loss, and 

depression (W HO, 1997) 

Brucellosis has a considerable impact on a11lmal and human health, as well as wide socio­

economic impacts. espec ially in countries 1tl \\ hich nlral income relies largely on !i\'estock 

breeding and dairy products {Roth et al. 2001J. According to Nicoletti el ul. (198-+), 

brucellosis IS perhaps the most \\idespread and eJ.:onomically important disease IIlITopical and 

subtropical regions. In cattle. Ihe disease causc:io losses due to abortion. diminished milk 

production, condemnalion of animals failmg. to breed, affects the animal expon trade ofa 

nation. and losses in finnncial invesrmcnt and go\·ernment cost on research and eradication 

schemes. The di rect loss of meal in infected herds of cattle was estimated to be 15% and for 

milk nt 20°'° per infected co\\". In addition. human brucel losis also callses loss of man ... hours 

and medical cost (C hukwll. 1987). 

2 



Bo\ine brucello:>is is found wo rldwide. but s~\cral countries in Northern and Central Europe. 

Canada. Japan. \ustraila and Ne\\ Zealand arc bdie\ed to be free from thl! agent. Howe\'cr, 

its OCCUITl!nct: I' !!1creasing in developIng countries (Acha and Szyfrcs. 2001: DIE, 200~). In 

Africa. bo\!01.' brucellosIs is widespread ami a hIgh prevalence is recorded m many countries. 

I-Iowewr. It I~ thrticult to compute natlonJI prevalence figure for ~ach countr), as mOSI 

surveys h:l\ e bt';.'n conducted on selected herd" or areas (Chukwu, 19S51 

In EthiopJiI. gl.'ll!.!rJlly. prevalence of bmcellnsls was found to be hq;h 111 tht: more 1I1tensi\'c 

management s~ stcms iJke dairy farnls and ranches than in the extensively managed animals. 

Seroprevakncc of bO\lne bnlcellosis in ethiopia was reponed to vary from O.l ~% to 38.7% 

dependIng on :hc IIllcnsivc or exten::il\e cattlc management systems On the other hand , 

informatiOn on the epidemiology of brucellOSIS in animals and humans 111 the study area i.e., 

Tigra) Region. IS non-c;l.Istent or scant 1I0\\I.'\·cr. considering the Sill:: and diversi ty of cattle 

population In Tigray Rcgion, tbe rapid dcn:lopment of intensive livestock farming and the 

mcreaS1l1g li\'e~tock movement and trade 111 the Region could be conducive for the 

maintenance and spread of infectious diseases like brucellosis which has SIgnificant economic 

and zoonotic Importance in Tigray. Tcsfay (2003) reported a seropre\-alence of 0.7% (3 ~30) 

in catlle III selected sites of the Region However. the survey \\as nO! conducted using 

sufficient and representative samples Thus. J well-designed, systematic and extensive survey 

that can thoroughly examine {he prevalence and distribution of brucellOSIS both in the 

extensive and Intensive cattle production systems of the Region is reqUired Understanding 

the epidemiological features 0 f this disease in the Region in t urn will enable to fonnulate 

sound control measures Therefore. the objectives oflhis study were: 

• Establish the s eroprevalcnce of bO\ Inc brucellosis in the extensl'C and IIltensi\'c 

cattle production systems ofTigray Region. 

• identify risk factors for occurrence of brucellosis 

• Assess the public health significance of brucellosis. 

) 



2. L1TERTl·RE REV IE\\ 

2.1 Epid emio l og~ 

The maintenance. spread and control of bnlccllosis are related to the animal population. 

biology of the disease and the type of management in the herd (Salman and Meyer. 198-1). 

According to Crawford e r (II. (\990). the factors influencing the epidemiology 0 f Bnlce/la 

infections in cattle in any geographical region can be classified into factors associated with 

the transmission 0 f t he disease between herds and factors influencing the maintenance and 

spread of infection within herds. 

2 1 I Geographical distribution and occurrence 

Bonne bmcellosis is found \\ orldwide. However. most of t he European countries are free 

from the disease. Brucellosis In cattle has been eradicated from Finland. ~or\\'ay. Sweden, 

Denmark. the Netherlands. Belgium. Switzerland. Gennany. Austria, Czechos lovakia. 

Rumania. Hungary and Bulgaria as well as other countries (Fcnstcrbank. 1986: Acha and 

Sl'yfres. 2001) . Furthennore. '\ew Zealand. Canada. and the COiled Sales. among the olhers. 

are free from bovine brucellas]:; or close to bemg so. TIlree important cattle.raising countries. 

Argentina, Brazil, and i'o.'lexico still have limited control programs (Acha and Szyfres, 2001). 

In the rest of the world. seroprevalence figures vary greatly from one country to another and 

bel\\een regions within a country and the highest pre\alence ha\'c been recorded in daiT) 

canle In many coumries mcludlng mo:.! of the Lalln Amencan countne~ that have no control 

programs. the data are unrdJable. i\'c\erthe1ess. the available Infonnation indicates that 

brucellosis is still one of the most ]mponant diseases of cattle In Lalin :\merica as well as III 

other de\'e\opmg countnes (A~·ha and Szyfres. 200 1). 

Chuk\\ U ( 19;\,:') summarized the extens]\e SUf"\'cys carnt:d out on bo\·ine brucellOSIS in Africa 

and reJ .... heJ {(. a conclUSIOn lil.1t the high pre\·alence of bo\ me brucellos]s In Africa sho\\ ed 

that many t:nuntries haw not yet started control or eradlcal10n programs. FurthemlOre. most 

or al! ui Ihe ... UT\C~S earned ,ut on bmll1C' bmccllosls were l"l'!ldu(i~d nn selected herds (lr 

persCtns ]n Ih~ country: thert'l(lre. ]t is d] fficult to have a national J\ crage lor each counlT) 



i he followi ng were some of the surveys conducted m Eas t African countnes. 

, Hellmann el al (1984) fou nd seroposltinty of6 5% from 5.9g1 randomly selected 

canie 1Il Bahr e! Ghazal Pro\ incc of SOllthern Sudan On the.: other hand, l'. lcDerrnott el 

til. 119S7) reported a pre\alence of 15."; 5% in cows In Kongor Rural Council of 

Southern Sudan 

". In Entrea. Orner til (II (2000b) screened 1 . ..127 cattlc. for bmcellosis lIsing RBPT and 

CrT The) obtained a higher seroprc\'a1ence in d:l1I') cattic (8.2(~o). follo\\ed b~ 

paslOral \\estern lowland~ (5%) and I) 3~~ In the Illl\e.:d-crop ll\e:;tod sy"tcill in the 

~outhern lughlands 

,. Kagumba and :\andokha (1978) carried a survey of bovHle brucellos is in Kenya. 

Uganda and Tanzania The prevalence of brucellosis on the basis of CrT was 9.2% 

(10% III RBPT) III Kenya. 4.6% (5% III RBPT) in Uganda and 5% (5.8% III RBPT) III 

Tanzania 

, Jiwa et aJ. (1996) found a prevalence of ..; 3% - 15% III Lake Victoria Zone of 

ranzama Recently, Weinhaup l el al. (2000) recorded seropositivIty of 1--1 1% and 

12.3% in crossbred dairy ani mals in Dar es Salaam and zebu cattle In Lugoba area of 

Tanzama. rcspecineiy. using serum agglutination test 

, In Som..1i1a. liusseln eI ,If (1978) reponed seropn>\Jlencc 01'.2 - 0 to 11\1 111 c,mle 

\\hereas :\nJream el (II (1982) found a prc\'alencc of 15 45%. 

, Chant! el al (1994) documented a prevalence of -l III Zebu caule I n DjIbouti b) 

testing 499 ammals. 

Other works III some other African countries showed prevalence of 1 I % III ~ I olopo dIstrict of 

Bophuthatswana (Bakunzl el Ill., 1993). 6.6( 0 in Ghana ( Kubufor e I .. 11. 2000) and 7% I n 

Chad (Schelhng el al .. 2003) 

In Ethiopia, there is \ery lillie information on how and when bovine bmcellosis \\as 

introduced and established. However. in the last two decades. different researchers ha\e 

carried out several srudies on prevalence of (he dIsease . These surveys have showed that 

bO\ me brucellosIs is an endemIc and widespread disease \\ ilh high prevalence in orgamzed 

farnls than extensively managed herds Results of bo\'ine brucellosis seropre\"alence sun"cys 

conducted in Ethiopia are summarized in Annex 1 
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Among the stud ies camet! out in the intcnslVc fanns. \I eye r (1980) reported a seroprevalence 

of 39% from 1.010 callIe al the Institute o f .\;ncultural Rcscarch Centre. Bako. Simaro 

(1994) had rcported a pn:valen.:c of 22°/11 In Chalf,! State DaIry Farm in northeastern Ethiopia. 

Asfa\\ ef tI/ (1998) found an o\erall pre\·alence of8.1% of the 1.11 4 dairy animal>; tested in 

and around Addis Ababa Bd,de et 0/. (2000). in their study in southwestern Ethiopia. 

recorded seropositi\·it~ llf - 3%. 10.8% and lOA-II/I) in Didatiu ra, Agarfa and Abernosa 

ranches, respecll\·ely In tht:- :-.tudy. a 10lal of 4,OQ4 ammals \\cre tested us ing MRT. RBPT. 

CFI and EJ.1SA Moretwer. lolosa (2004) and :\smarc (2004) documented prevalence of 

0.2% and 2 ..\ "" in Jlmm<l and Sttiama zones. respc.:u\·cly 

On the olher hand, 111 the e.\.tcnsi\·e cattle productlon "ystcm, Kebede (2000) and Mekonen 

(200 I) carried out survt:) s in Indigenous breed callie managed under the extensi\e system of 

northeastern and north\\ estern Ethiopia and reported scropreva lence of 1.8% and 8.3%. 

respectively Recently, Tolosa (200-1 ) reported a prnalence 0 r 0.77% i n J imma lone from 

1,305 sampled animals while !\smare (200-1) sho\\ed a seroprevalence of 1.66%, out of 1 ,627 

tested slUdy animals, 111 Sidama zone. Both \\orkers used REP'I and CFT as screening and 

(onfinnatory te~ts, re::.pectn·eI~ 

2 1 2. Factors related to the agent 

2 12.1 Etiology 

Brucellosis is caused by Bnlt d/ae which are Gram-negalne, facultative Intracellula r baclena 

that can infect many species of animals and humans. S ix species are recognized \\ ithin the 

genus Brucella · B aborflls, B melilellsis. B. sllis. B O\'is, B call is. B. neotomae (WIIO, 1997; 

OlE, 2004) However. recently. strains of Brucella have been isolated in the last decade from 

marine mammals thaI cannOi be ascribed to any of the above~reCOb'llised specie::.. 

Investigations are continuing to establi sh their correct position in the taxonomy of the genus 

and it is proposed that Ihey could be classified into IWO new species, 8 cetac:eae and B. 

pillllipediae (Foster et a/., 2002). Brucella species and their different biOlypes are cu rren tly 

distinguished by dIfferential tests based on sero-typing, phage typing, dye sensiuvity, CO~ 

requirement. 11 2S production and metabolic properties (W HO, 1986; WHO, 1997; Quinn el 

a/. 1999: O IF, 200-1). Bo\ine brucellosis is usually caused by Bruce/lei aborrllS, less 

frequentl y by 8 me/lfells/s, and rarely by B. sllis (OlE. 2004). 
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Natural infections in catt le with BruceJ/a species other than B. abortus are rare. Infection of 

cattl e with B melitellsis occurs in regions where the organi sm is enzootic in sheep and goals 

(Waghe la el 01., 1980). Howe\er. aborti on in cows due to B. me/llensis is rare although some 

may become earners and excrete organisms in their milk (Nicoletti. 1980). 

2.1 1 2. Morphology. stai ning and biochemical properties 

lin/cella species are small (06x 0.6 to 1.5~t1n ) . no n-motile. non-spore fomling, aerobic, non­

fennenling. coccobacilli or short rods. Gram-negative bacteria and partially acid fast in that 

thcy are not deco lori zed b) 0.5 per cent acetic ac id in the modified Ziehl- Neelscn (MZN) 

sta in. In MZ1\ stained smears of body fluid s or tissues. they characteri stica ll y appear as 

clusters of red cocobacilh The BmceJ/ae are aerobic and capnophilic. catal ase positive. 

oxidase positive (except B 0\'/5 and B. IIcolOmae), urease positive (except B o\'ls) and will 

not grow on f\.tacConke) agar (Qu inn el a1., 2002: O lE. 2004). 

2 1.2.3. Antigemc S\ nlcture 

B "borll1s. B 1IIt'll/ens/s. B ncOlomae or B SlIis may occur as either smooth or rough strams 

t:\prcssing slllooth-l]popol):'o3ccharide (S-LPS) or rough-lipopolysaccha ride IR-I PS) as major 

.;,urface antigen B on's ami B ('anis are two natura II) occurring spec ies. expressmg R-LPS as 

major surface antigen (WHO. 1997), All Brucella spt:c]es possesses A-antigen (abortUs) and 

M-antigen (melitensis) but 10 \"al)ing amounts. B. abortllS IS sa id to have 20 times morc A­

allligen than 1\1-antigen Ba>..cd on the Immunoelectrophoresis and immunodiffu~lOn analysis 

of soluble extracts of smooth (S) and rough (R) cells. the kno\dedge of the antigenic structure 

of Brucellae IS impro\'ed Th]S analysis indicated that the main antigens so fa r identified 

10clude Ihe smooth and the rnugh lipopolysaccharide~ (S-LPS and R- LPSJ and two related 

polysaccharidc' nau\'e hapten (\'11) and B polysacchandc (pol~ 8). ilnd at least 20 protcm or 

glycnprotein 3nl1gens the lipopolysaccharide (LPS) antLgcns arc all located on tht> surface. 

whereas most of the protem antigens occur within the Brucellu cell The I PS and S0111e 

pr<ltc1O antigens are lIl\'ohed m diagnostic teslS and the prol('cli\'c acti\'ity of \"acc1OcS 5-

I Ps 1$ the maJol anligen m\'ohed ]n Ihe stand ard dwgnostlc h!~h such a~ agglul1natioil. 

complement fi\ation. rose bl'ngal platc and milk nng tests The "H and rol~ B haptcns. 

which are 5-1 PS related. Jrc used III the radial-]mlllunuJljTl1~SlOn test for dlffercnuating 

Infected frolll Illll1ll1llill::-d animals 111e intracellular:\~ antigen ll~t'd in immunodiffusion and 



immum.lelectrophoresis test is also able to distinguish infected from immunized animals under 

some circumstances (WI-IO. 1986: W HO. 1997). The first antigen to be clearly identified as 

protecti\·e against smooth B abortus was the S-LPS even though other protein antigens must 

be invoh-cd (WHO. I 997)_ 

Serological eoss-react ions ha\e been demonstrated between smooth Brl/cel/a species and E 

coli 0.116 and 0.157. Frallc/sella Ill1arens/s. Salmonella group N (0:30). Pseudomollas 

malroplllia. "Ibreo cholera,-' and Yersillia ellrerocoliflca serogroup 0 :9 . ~ I oreover. non· 

specific agglutinins towards Brucella sometimes appear in the sera of certain animals. which 

cannot be attributed to conventional antibodies arising from infection (\V HO. 1986). 

2 I .2 --+ Resistance 

BI1l( ella organisms can sun'l\e in the environment for long periods at low temperature (under 

appropriate condit ions). Thclr ability to wi thstand inactivation under natural condition is 

relall\'cly high compared wI th most other groups or non-sporing pathogenic bacteria (WIIO, 

1986), \Ioreo\·er. under proper environmenta l conditions. they !Suf\,j\'e for up to --+ months 111 

milk. unne. water and daml' ~Oll l lowever. pasteurization eff~ct l\'ely kill s Rna'ella 111 milk . 

rhe mo~t cnmmonly used dblOfectants also kill BmcdJa (\\' alker. 1 (99). 

2 1 .\ Factor~ related to the h, J't 

::: 1 3.1 Su!'ceptibihry and latency 

Susceptibility of the al1lmal depends on the animal's natural resistance. age. sex. level of 

immlllllry and en\lfonmcntJI mess (Seifert. 1996; Acha and Szyfres. 2001), Moreover, 

su ... ceplll:lliity is detenlllned r\ number and \·irulence of the organisms required 10 produce 

mle..:tll1l1 ( ~icoletH. 1%0: \\·HO. J986). Furthermore. sexual developmem and rrcenancy 

slatu .... exposure to IOfeCIIl)l1 .nd \-accinatlon status arc al .. u !;lttOis that affect suseepllbtlit~ 

!\\'HO. 1%6. ;"ladsen. J9~'1 1 l.aten t Infec tIon does OCl'ur 1I1 cah'6 ~IIlCC .2 pcr ccnt {If 

anllllub infected at bil1h rc:;':alll mfected as adults (\\ 'nlkcr. 1999) I-Iow('\'cr. accordmg to 

\'.'HO (1986). about 50 of ~-JI\Cs born from infected dams remam latentl y mfecled with the 

chmcal signs and the seroIO!!I"::JI response becommg apparent dunng thei r first pregnancy and 

cau,es abmtlon 



2.U.2 . Age 

Cattle are morc resistant to brucellosis before maturity and become increasingly susceptible as 

the) approach breeding age (Radosti ls el ai., 2000). Young cattle are less susceptible to B 

aborfllS than older sexually mature cattle. Cah'es that ingest Bl1Icella contaminated milk 

excrete the organisms in their faeces. but rarely develop a persistent mfection (WHO, 1986). 

Susceptibility appears \0 be more commonl y associated with sexua l matmity nnd risk of 

infection Increases with pregnancy and as the stage of pregnancy increases (Crawford el al .. 

1990). Ho\\c\'e r. after sexual maturity. apparently, there are no differences in susceptibility 

among non-\'3ccinated pregnant canle (Radostits eI al., 2000). 

21.3 3 Sex 

It appears that no controlled studies have been conducted on the relative susceptibility of 

female and male cattle 10 brucellosis. Based upon reactor rates. it is probable that bulls are 

more resistant than sexually mature hei fers and cows and less resistant than sexually 

Immature heifer ... ("\;icoleni. 1980). 

2 I 3..l Brt'ed 

'\prarenti) no breed-resi"lan(c to bru(dloS1S is kno\' n and all hn::r.::ds (If canlc appear to be 

comparable III susceptiblll[} 10 hntcello"'ls (;..tadsen. 1989. Radosllh t'I d/ . 20(0). 

2.1 J Factors related to the management and enqronment 

The sy.;,tem of husbandry a..; well as the cO"ironmental conditions \\111 greatly mDucnce the 

spread of mfection (WHO. 1 %6). 

2 I J 1 ~Ianagemenl 

~IJnagement factors exen a ';'lgll1ficlnt l!lfluence on prevalence of Ihe dl:'-case It IS not merely 

the herd ... lze that affects l'IC\'alence but the i ntensHy 0 f cattle C ontaci "\lIhin a nd between 

herds and \\ nh mfected pa.;,tun: and \\ ':::;.T ThiS sho\\ .. thai mCldl'nce of brucellosis mcn.:ase,. 

\\ Ith L"han~e from a pllrel~ {'\II.'nSl\·e :-.: ... tcm 10 a more Inlr.::llsi\ e tann of catlle management 
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(Thimm and Wundt. 1976) However. if once brucellosis is introduced into large herds. a 

higher proportion of the antmals In the herd become Infected and the disease persists and 15 

more difficult 10 eradicate «(ra\\ ford d 111" 1<)90; Radosllb 1.'1 al. 1000). Likewise. 

\ ;\I,:cmallon It:vcL population density. method of housmg and use of matemllY pens influence 

the probabilllY of exposure 0 f cattle to Infection (Cra\..-ford 1.'1 ,tl. 1990). ~toreover. poor 

sanitation condition can favor rapid spread and subsequcntly high rrnalence of the disease in 

the herd (NicolettI. 1 %0), In addition to 1 his. c ah Ing I n dark c ro\\ ded enclosures ism ore 

favorablc In spreading the disease than calVing In the open air m a dry environment (W HO. 

1986) 

1 I -12 Envi ronment 

The em Ironment In which the host and the a gent InlCracl d elcnmnes the epidemiology of 

bonne bnlcellosis. The e)(lsting em Ifonmcntal condilion mlluences the viability of the 

organism outside the host. Bmcella orgam!:.ms merely persist but do not muhiply in the 

environment. Favorable climatic condition (cool agro-chmallc condition) increases the 

sun'i\'al of Brucella organisms in the em'lronment for a long tlmc and helps 10 maintain 

cnJt.:mlclty In an enzootic area '\Ioreo\er. change of dlilliltl"': condition in the same 

em Ironment in the ditTerem seasons of the YC<lr will affect management systems. hence. 

affects ::.pread of the dlse<lse between infected and susceptlblt:: lIldl\lduals (Radostits ef al. 

!OOO) 

:2 1.5. Source of infection 

The main sources of infection for can Ie are aborted fetuses, afterbirth. and vagmal discha rge 

containing large numbers of BrI/cella. To a lesser e)(tent. calve:s fed on contaminated milk can 

contaminate fann areas by their fecal mailer (\\'110. 1986; Acha and Szyfres. 2001)_ 

Con tam mated pastures. fodder. Of \\ ater are al50 important source of infection (Rados tits el 

al., 2000). Ingestion of contaminated milk from infected cattle is another source of infection 

in calves (Walker, 1999). 

Arter abortion. uterine Infection nonnally declines within months. rhe animal may not abort 

during the subsequent pregnancy. blH it \\111 continue to discharge the Brucella organisms, 

Udder and milk infection lasts for several months or years and may be a source of uterine 
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infection d uring subsequent pregnanc ies (!\. lukasa-Mugrewa, 1989). Persistent infection of 

mammary glands and supra-mammary lymph nodes is common. \\ ith constan t o r in tenn inent 

sht!JJmg of the organisms In the milk In succeeding 13ctations Some vmble calves born to 

inft!ctcd u::lms ha\e infections that may persist m the lungs and regional lymBb:nodes. 'J'lTose. 

fed \\ith mfected milk ma) han: infections of the lymph nodes draini ng the gastrointe~tina l 

tral't and IllJY shed Bnl(ellu organisms in the faeces (\\'110. 19\6). 

2. 1 (:I .\Iode of transmiSSion and route of infection 

Bmcellosis can be transmitted horizontally by the introducllon of acutely or lalently infected 

animals mto a herd. or \ertlcally m utero to calves born from mfected darns (Radosti ts et..lf.. 

~OOO). Infection occurs \\ hen Jmmals make direct or indirect contact with infective e:'(c retions 

(QUinn el ill .. 1999; Walker. 1999). Although bmcellosls IS acqUIred most orten by ingestion, 

mfe.:tlon can occasionally follow venereal contact. penetration through skin abrasions, 

conJuncti\·ae or inhalation (Acha and Szyfres. 200 I: Qumn el al. 1002) . 

.. \ controlled e:'(perimentill study mdicated that a largt! numht.:r of Brl/cella organisms arc 

ne-:6sar;. to mfect a co\\ \ 1.1 the vaginal route liowl.!n:r. there is no doubt that the 

imrautcrmc route used III artifiCial msemmation is \·cT) import3nt In transmlrtmg infectIOn 

Thus. the use of infected bulls for anificial lOsemmauon po:';cs nsk since the infection can 

spread to several herds (Chukwu, 1987, Seifert, 1996). CO\\'5 habit of licking the genilal 

organs of o ther cows also contributes to the transmissiOn of IIlfeclton (Radosti ts et 01., 2000). 

1.1 "! Reservoir of infection 

There are two principal epidemiological situations III \\ hlch Bn/cella infection may be 

prevalent III wildlife (WHO, 19 6). The first situation involves various species of wild and 

domestic ammals. birds, msects. and ticks to which the mfecHon is transmitted from Ihe 

pnncipal carriers of Brl/cella (fann ammals). disappearing agam after eradication of the foci 

of InfectiOn among the laner The second situation involves a number of animal species 

among \\ hlch brucellosis e:'(ists independenlly. e.g. hares infected with B suis biovar 2. \\ lid 

reindeer. bison. feral swine and certain species of rodents. Dogs and wild can ids commonly 

iogesl Ihe product of panurition and 1\ IS likely that they will inge:;( Brl/cella containing fetal 

membranes or pOSI· panurientlochia and gel infected (WIlO. 19 6: Detillcux el 01., 1991). 
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2.2. Pathogenesis and clinica l signs 

Following exposure, Sn/cel/a penetrates inta<:t mucosal s urfaces. Arter penetrating mucosa l 

barriers, organisms may be engulfed by phagocytic cell s (Walker. 1999). Inability of 

leucocytes to effectively kill virulem organisms at the primary site of infection results in 

dissemina tion of the orga nisms to regional lymph nodes. reticuloe ndothelial system. gravid 

uterus. udder, joint. bursa. testicles, and accessory sex glands (Walker, 1999: Radostits el al.. 

2000; Quinn et al .. 1002)). 

After infection of the regional lymph nodes, bacteraemia occurs which can last for 1-3 weeks 

and distribute to the lymphatic system, other organs and ti ssues. In pregnant animals, the 

uterus is pre ferred site of in fec tion where it leads to a necrotizing placentiti s. In non-pregnant 

an imals, the first infection often occurs in the udder followed by the infection of the uterus 

after the o nset of pregnancy. In canle. the uterus is the central s ite of mult iplication of the 

palhogen: Ihe enhanced vintlence of the Bruceilae inside the reproductive system is supposed 

to be Ihe consequence of the increased level of Ihe sugar alcohol erythritol (Seifert. 1996). 

According to Seifen (1996). Ihe variable facels of clinical sign s are the consequence of the 

mrlividuallevel of has I defense.le\·el of immunity. ag.e of the animal. productivity. condition. 

and em-ironmemal mfluences as \\ell as \Irulence of the pathogen. The pnmary clinical 

malllfestalion of hrucellosls h related to the reproduct1\ e I rae I In general. ammals do n 01 

e.x hlbil 0\"('11 s)stemic Ill ness (\\·alker. 1999, iht.' follo\\ing. complexe", of S)-1l1ptoms an: 

typical consequence to brucellosis infection (Chu!.;\\ u, 1987: Seifel1. 1996: Walker. 1999; 

Acha and Szyfres 200 I). 

• Early embryonic death and thus symptomless infection 

• Abortion after the fifth month of pregnancy 

• Binh of\\cak calves 

• Retention of fetal membranes 

• i\letnlls and mastItIS 

• Chronic tnflammauon of the Joi nt s. tendon shea ths, S)110vial bursae (hygroma) 

espccH!l1~ 111 the CO\\5. 

• Epidid~lllltis and orchitiS are the rnO:,1 ..:ommon in males: ho\\e\cr. mflammatlon 

of Illl' st:mmal \·eslcJe and vesicular gland also occu rs_ 
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2.3. Oiagnos is 

Gnequ1\"\)cal diagnosIs o f bmcellosis Infel:Il(ln In animals can be made only by the isolation 

and Ilh:nuficatlon o f Brucella. but In situations where bactenologlcal exam Illation is not 

practil:able. diagnosIs must be based on serologica l methods There is no single lest by which 

a bacten um can be identified as Brucel/.; t\ combination o f growth characteri stics. 

serologH.:al and bacteriological methods I.~ t1stlJI I) needed (W IIO. 1986: O lE . 2004). 

::! 3 I Dt:I1Hln'itra tion by microscopIc eXamlllJt lon 

This is .1 useful procedure for the cxanllnJlIOn of aborted material. Smears of placental 

cotylcJnn. Ictal stomach contcOiS. or utenne exudates should be heat-fixed and stained by a 

differential method such as Koster·s. ~lacchla\"ello's. or Stamp's modification of the Ziehl­

~eelscll stam (Alton el a/ .. 19-5; OlE. 20U..!). Brucella a rganisms resi st decolorization by 

weak aCids and a diagnosis can often be bJ. ... l!d solely on nllc roscopic examinat ion. Brucella 

appear..; as small. red-staming cocobacilli In clamps because of the ir intracellular growth 

(Quinn t!{ .zl.. 1999). The method will not differentiate bet\\ccn Brllcella and Coxidla burnelii 

or C""m/l ciitJ. Ilowe\er. the fluorescent antibody method has been ad\'ocated to increase 

specificity In practice. interprctation of the! results o f this test IS difficult and it offers few 

advanlJg~~ o\"er the modified acid-fast stams OlE. 200~). 

2.3.2 Isolation and identification 

Direct Isolation and culture of Brucella are usually perfonned on so lid media. This is 

generally the most sati sfactory method as it enables lhe developmg colo nies to be isolated and 

recognized clearly. Such media also limn the establishment of non-smooth mUlants and 

excessive de velopment of contaminants. However. the use o f liquid media may be 

recommended fo r voluminous samples or for enrichment purpose. Iso lation and identification 

of B aborlflS is confirmatory (Alton el al .. 19"5: WHO, 1986: Quinn el a/., 2002: OlE. 2004). 

The Bmcellae grow well on 5 - 10 per ceni blood agar Ho\\ever. mher [han felal abomasal 

contents and co lostrum. the specimens are hke ly to contain many contaminating bacteria and 

fungi. so selective media are usually requ lfed. The seleCli\·e media con tain nu tritive blood 

agar base \\ ith 5 per cent sterile sero-ncgative equine or bo\"ine serum and an antibiotic 

supplement (Quinn el at. 1999). Commonl) llsed media include serum dextrose, tryptose. and 
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Bmcella (Albimi) agars. If contamination is li kcly to be a problem. iso lation allcmpts should 

be made using media containing actidione (30mglL). bacitracin (7500 lUll), and polymyxin 

B (18001U. L) . Selective media are used both with and without the incorporation of ethyl 

violet (I :800,000). Cultures should be incubaled at 37"(' in 5% - 10% CO~ for a minimum of 

10 days and up to 21 days in higbly suspicious cases (Walker. 1999). 

Animal mocu lation is the most sens itive method for detection of Brucella and IS sometimes 

necessary when very low numbers of organisms are present. Guinea pigs are the mOSt 

sens iti ve laboratory animals for thi s purpose. Two guinea pigs are inoculated and sacrificed al 

3 and 6 \\ceks POSI - inoculation (Ahon er af .. 1975). 

2.3.3. Serology 

An ideal serological lest would establish an early diagnosis, identifies chronic infections. and 

distingUishes between antibodies of vacci nation and those of infection. A test also needs to be 

economical. simple and possible 10 repeat on numerous occasions. Iloweve r. no serological 

test possesses alilhese qualities (Fensterbank. 1986). 

\llI ibod~ detection is commonly used for diagno:)lng brucellosIs and In control programs. FN 

routinl' te'>\S. anti-Brucella antibodies an~ detected In serum. nulk and sometimes in \"agmal 

mucu.; or semen (Walker, 1999) B media ahOrfll\· strain 990 r 1119·3 usually IS u sed for 

preparation of antigen. The antigen pnmarily Invoked In either case is the surface 

lipopolysaccharide (OlE. 200.! ). Although. se\"cra l \"aricIY of sero logica l Lests are employed 

for the diagnosis of bovine bmcellosis m d lflercnt countri es: it has been limited to those 

methods Ihal were used in th is study 

2.3.3 I Rose Bengal Plate Tc.;{ (RBp·I) 

Thl" IS a ";Implc ~rot agglutmallon le.;t lI.;mg stamcd antlgcl1'; and buffered to a 10\\ rHo (If 

3.6501 J U The Rose Bengal Plate tc~t has found \\Ide application a.; <1 scrcemng leSi for 

mdi\"]Jual dlagnosl:) of herds of cattle It IS ~enerally considered 10 be o\·ersenS1l1YC. 

especially m cattle Immunized with :-.traln 19 (Alton et 01. 19-'5, \\ ·HO. 1%6). Serum 

samples may be sc reened usmg the RBPT Serum (20 - 30.111) IS ml\.ed with an equal \"oJumc 

of antigen on a \\hitl~ enamel plate to produce a 70ne approxlnl ately '2 cm III diameter 
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The mixture is rocked gently ror 4 minules al ambient tempera ture and then obsen 'cd ror 

agglut ination. Any \"isible agglu tination is considered to be positive. l lle test is very sensitive. 

espccially in vaccina ted an imals, and positive samples should be retested by a con fimHHory 

test such as the eFT or ELISA. False-nega ti ve react io ns may occur and can be detected by 

retesting ani mals al in ten 'a ls over a period or at least 3 months (OlE, 2004). 

2.3.3.2. Complement Fixation Test (eFT) 

Activation or the classical complement system by antibody to antigen results in the ge nera ti on 

of membrane attack complexes capable o f disrupting cell membranes. If the antibody is bound 

to erythrocyte su rfaces, the erythrocyte membranes are disrupted and baemolysis occurs. It is 

poss ible to use this reaction to measure serum an tibody leve ls and this test is known as 

Complement Fixation Test. The principle o f C FT is that if complement is fixed by antigen­

antibody immune complex. it is unavai lable to lyses the target cell s in the indicator system. In 

the absence of antibody. the complement remains free 10 lyses the targ.et cells in the indica tor 

system (Tizard. 1992). 

The eFT i:; a widely used and accepted confinnatory test althoug.h It ]s comple>. to perform. 

requinng good laboratory facilities and adequately tmined starr to accurately titrate and 

maintain the reagents. There are nUIllt:rOllS \ :matlons of the cr I in u<;e, hU I this test is Illost 

convemently earned out in a microtitre fonnal Either \\arm or cold fixallon may be used for 

the incubation of serum. antigen and complement. either J7"'C for 30 minutes or 4°C for 14-

18 hours. A number of ractors affect thc choice of the method anti-complementary activi ty in 

serum samples of poor quality is more c\'ident with cold fixation. \\ hi Ie fixation at 37°e 

increases the rrequency and intensity of prozone". and a number of dilutions must be tested 

for ench .;ample (:\lton el til. . 1975: OlE. 100..\) 

Refercllu' sera Primary bovine refercnce s tandards are thl)Se agamst which all other 

standard.; aTl.~ compared and calibrated For R BT and CFT. th~ 011·, Intcmational Standard 

Sennn (OIElSS. previOUSly the \\'110 Second International allti-RnIC.·/la ,,!Jorws Serum) that 

contains 1000 1l and ICFTU ( intcmatlonal c omplemcnt r l.\aUt)1l t L''1t u nIlS) is used T hest.! 

sera ha\·(' bcen dl'\·eloped and designated by the all: as Intcrnallonal St:1ndard Sera. TI1C use 

of these promotes illicmationni hannolli~at]on of dIagnostIc tC'ltll1g. and antigen 

standardlsat]un (O il:. . 200.1) 
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Stalldard,=atioll o/ the results o/eFT: there is a unit system that is based on the OIEISS . This 

serum contains 1000 ICFTL" (internat ional complement fixati on test units) per ml. If thi s 

serum is tested in a given method and gives a ti tre of. for example 200 (50% haemolysis). 

then the factor for an unkno\\ n serum tested by that method can be found from the formula: 

1000 .\ I 100 .\ l!lre of test serum = number of ICFTU of antibody in the test serum per 011. 

The OI EISS contams specifi(" IgG; national s tandard sera shou ld al so depend on this i so~lle 

fo r thei r speci fi c complement-fixing activity. Difficu lties In standardisation arise because 

different techniques select i\ely favor CF by different immunoglobulin isot),pes (OlE, 200.1 ). 

illcerpretaIioll of the resulls, Sera giVing a titre equi \-alent to 20 IC FTUlml or more are 

considered to be posi tive 

The CFT is yery speci fic. Ho\\ever, like all Olher sero logical tests, it could sometimes gi ve a 

positl\'c result due to S 19 \'ac('i nation or due to FPSR. Therefore positive reactions should be 

investigated using suitable confirmatof) strategies. Females that have been yaccinated with 

Bntcella abortus S 19 between 3 and 6 months are usually consIdered 10 be positive if the sera 

gin positlw fix::nion al a litre o f 30 or greater ICFTU. ml \\ hen the animals are tested at an 

age of 18 months 'r older (DIE. 200.1 ). 

2.3.3 :._ Other te"b 

A number of Immunodlagnostic tests ha\e been de\eloped in cattle These tests detect 

diffe rent clas:-es and types of antibodies and \'a~ In their sen~lIi\'ity and specifici[y (Wal ker. 

1999) The mo:-t.:ommonly u~ed tests in indi\idual aOlmals are: the serum agglutination test. 

buffered Br!I(i!!!... .'lgglulmatlon plate test (BB.\PT and the ELiSAs The perfonnanee of 

ELiSAs is ~'omr;:rahlc with (hat of the eFT. and a;: they are technically SImpler to perfaml 

and more robust. 'he If use may be preferred in man~ laboratories as sereeOlng or confirmatory 

tests {}:ielsen (,,'.. ;995J_ The ~I ilk Ring: Tcst Iherd level te~t) is also effidcnt mean5 of 

screening dall!' h(:rd" hy testmg milk from bulk tank (DIE. 200-+ ). In addltwn. a number of 

Olhcr method~ ha .. ~- heen described for detecunrJ 'l( Brucell<l In tissues and fluids mcludlng 

PCR. immUn(lper0:x:J.:!~;: stamlng. O!\A pro~e:. and Brucellm test • Walker. 10 99: Redkar eI 

dl .• ~OOI.0IE.2l ..: \ 
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2A. IllllllunilJ 10 bru ce llos is 

In fection with B nlcella usually results in the induct ion 0 f both humoral and cell-mediated 

immune responses The magnitude and duration of these responses can be affected by many 

factors mcluding viru lence of the infecting strain, size of mcoulum, age, sex, pregnancy, 

species. and immune status of the host (\VHO, 1986). Although humoral immune response 

plays an Imponan t role in immunity to Bntcella, it is the cell-mediated response that is most 

imponant in providing protection (WHO. 1997). 

2.4 I Humoral immunity 

IgG I • IgGz• IgM , and IgA are the immunoglobulin isotypes present in serologically s ignificant 

concentrations in bovine serum. Similar isotypes at different rela tive concentrations occur in 

milk. although most of the Ig.A is present m the secretar) fonn Although sec retary IgA in 

milk does play an important role In the Milk Ring Test. IgM also panicipates in this reaction. 

"hereas IgG I will produce an agglutinate at the bottom of the tube and may interfere \\ ith 

ring fonnation by other isotypes (\\'1-10. 1986), 

The tirst mmlUnoglobuhn produced after an millal hea\-y IIlfc'::llon or stram 19 immuniz31lon 

IS I g~l 1 his can usually be detected in the first or second \\cek li)lIowing. the mitial antigenic 

slmlulus. bUI is soon followed b~ IgG antibody, IgG J immunoglobulin IS the most abundant 

in semm and exceeds the concentration of IgG 2, The magllltude and duration of the antibod~ 

response following immunization is directly related (0 the age at immunization and the 

number of organisms administered Following immunization w!lh the standard dose of strain 

19 dUring calf hood, Ig.G antibody concentrations usually decline to diagnostically 

1000,lgmficant levels o\·er 3 - 6 months. Residual antibody, If present. IS usually predominantl~ 

of the 19:,\l class (\\·HO. 19S6)_ 

Fxpo~ure to a rdau\'ely large dose usually pwduces a slgmfi..::ant .lgglutinm Illfe within 2 to ..! 

wceb \\'lIh a mlmmum dO$:e, the time required for de\'clopmem of "reactor" litres may \-ar: 

from 1 10 7 momhs after exposure L'nder natural conditions. the maJoril~ of infected callIe 

\\ III probably ha\-e de\'e\oped a dlagnoslic 3gglutmlll litre 30 to 60 days after exposure 

(\lal1lhcI and Deyoe. 197""'). \ccordlng to \\'110 (19S6). follnwing exposure to virulent 

8rlllel/a abol'/l/s. antibody may appear in 4·10 \\eeks or longer. dependmg: on Ihe size and 
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route of entJy of the inoculum and the stage of pregnancy of the animal. but even undel 

controlled experimental conditions there is a great varia lion in response from ammal Ie 

animal. In infected em';ronments, animals exposed to low doses Illay develop transient 10\\ 

antibody lilres, bUI sho\\ no clinical or bacteriological evidence of infection, A disturbm~ 

number of infected animals do not develop anlibody of the IgG class until panurition, or I-~ 

weeks after panurition The;;:e animals may have low Igt\.l tiires a fe\\ weeks earlier, but in I 

\,accmated population they cannot be differentiated from non inft=cted vaccinated animals. 

Antibodies of the igA, Ig~1. IgG . and IgG2 isotypes can all react 111 the tube-agglutinauOT 

test. bUI those of the Igi'-I c1a~~ are by far the most efficient . Antibodies of the IgG! isotyp( 

produced in some sera. al least, have the capacity to block agglutination by other isotypes 

panicularly IgM, The agglutmating and precipitating activit)' of IgG 1 amibodies is enhancec 

at high salt concentrations or under acid condi tions and this isotype is reactive in the card ane 

Rose Bengal tests The react1\ ity of IgM in this type of test is dependent on the preciS( 

method of preparation of the ant igen and the procedures used (\\' 110, 1986). 

242. Ce!1-mediated immumt~ 

BntCl.!ll(1 i~ iI facuhal1\'(' ll11r.1~t:lIular bacterium that SUT\!ves and r~pilcate 111 both phagocyu. 

and non-phagoc)1ic cells Ph,1goc~1es playa key role In inltl3ting T-cell response~ b~ 

proces"ing and presenlinf am:,;ens (\\'HO, 1997). Studies earned OUI in micr.: (A raya t'f til 

1989) indicated thai acqUIred resIstance to infection with B abortlls is the result o· 

independent. and probably 1I1leracti \e, effects of antibodies and effec lor T -cells of both (Dol 

and COS phenorypes. Funher ~tudies shown that CDS T·cells (~1I1C Class I restricted) pla~ 

an Important role in clearance of Brucellae following the peak of infection, probably b~ 

lysing lllfected macrophage~ (Olivera and Splitter, 1995), 

The role of c~ tokines in the ~"'mol of Brucella infecti on has been 1I1\'esl1gated by mjectinn OJ 

recombinanl c Ylokines () I b~ "::hiblllOn of t heir a ctivity using spec! ric j\ lAbs. )'·lacroph3ge, 

derived c~1okmes such 3' In\: 1111erleukm-1 (lL-I ). 11.-12 and tumor necrosis ractor-alpha 

conlnbule 10 the cOl1lrol of e;!'l~ Bnuella mfection: 11.·12 by stmllllatmg natural killer f;\K 

cells and T-cells to produ~e IFN-gamma and TNF·alpha \"ia an IF I-gamma independent 

pathway. probably by recnlll::;; macrophages and promoting granuloma fonnalion (\\'HO. 

199") 
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2.5. Economic and public health importance 

Brucellosis affecting a wide range of animal has IS is recogni zed worldwide for ils greal 

economic losses in 1 iveslock industry and i ts serious public h ealth hazard (Chukwu. 1987; 

Weidmann. 1991. WHO. ]997), 

2.5.1. Economic Importance 

The highest prc\'alence of bo\]ne brucellosis is seen in dairy cattle (Ac ha and Szyfres, 200]), 

as a result, serious economic losses are encountered in dairy farnls as descnbed below. 

:;... Losses due 10 abor/lolls: abortions r educe financial r eturns because oflosses in 

calf-crop. in replacement and sales, prolonged intercalving interval increase the 

period between lactation (Chukwu , 1987; Radostits el aI" 2000). Lite rature values 

ranged between I O'~o 10 50% incidence of abortion in infected animals (Murillo, 

1989. Bemues el at . 199') . 

., Reduced milk prodllCfioll the direct loss in milk production \\ as estimated to be 

:Wo" per mfected cow (:";icolettl el at., 1984). Other workers showed ranges 

bc-l\\e"t:1l 1011 to~:' redu ... 'lIon ortolal yield (~ lurill(l. 19~9. Bemues d al.. 199-), 

, Inferulm und ('Ii/Illig OJ Illllmdls "fit: to breeding J;'lIll1r~' breeding failure b 

common III Hi'll{ r:::ilJ infectcd cows and frequently three or mo rc ser\'ices are 

needed per conception The a\ erage delay in conceptIon following an infected 

cahmg IS estimated to be about 63 days (Chu kwu. 1987 ) \lorco\·er. it causes 

slcnhty In aborted cows to the extent or20~, (~lurillo. 1989) 

, .\Ieat losses the loios 111 meat production \\as estimated at 5' both in CO\\S and In 

mfected cah·es (\lurillo. 1989. Bemues et al.. 1997). Olher estimale sho\\ed a 

\aluc of 1 S% (:\'icolcm t.'i c.ll.. 1984) 

r P~"'lI/utill morwllf'. :.% to 20~ · mcidence of perinatal 1l1onaltty was obsened in 

cal\c~ bOf1l from mfecttd CO\\ ~ (\lurillo, 1989; Bemuc .... L'l til . 1997). 

r .\lort.Jlul' a mOi1ahty ns-;'" of]' among aboi1cd CO\\:-, \\a.., t:sllmated (Bcmues ef 

.I1,1997) . 

.... Rt::plact.'lIl1ml rt.:QIlll"t'lIIl:!lli.' the IOcrease III replacement requIrements is 15°! of the 

pOSltl\'C lested ammals (Bemues L'( at.. 199- ). This increa:>.c \\a.., due \0 abortions. 

temporary infertilll: and decrease 11l milk production. 
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~ Endangerillg allimal e.xparl lrode of a IWI/On: brucellos is could endanger the 

ani mal expon trade of a country, pa rticu lar!) when other countries pu rchase only 

Bn/cello-free animal:::. (Chubvu. 1987). 

,. Losses associated III fill allcial im'eSlmell{S alld gO\'emmefll research olld 

I1nu /tcatioll schemes are also importan t. 

,. Human brucellosis causes loses of mall-hours alld medical costs (Chuk\\ u, 1987). 

:;... A(h erse effects 011 rhe reproductive potelliial of Africall \\ i1dlife (Chukwu, 1987). 

2.5.2. Public heahh Importance 

The Food and Agriculture Organ iza ti on (FAO), the World Hea lth Organizatio n (WHO) and 

the O ffice international des Epizooties (OlE) consider bnlcellosis as o ne of the most 

widespread zoonoses in the \\ orld. Human brucellosis caused by B abortus and B melilensis 

IS an occupational ha7ard affecti ng primanl y famlers. butchers, meatpacking employees, and 

\ eterinarians In countri es \\ ith endemic brucellosis. serological prevalence of 50% to 60% in 

\.·eterinary practItioners is common (Chukwu. 1987). Eac h year abo ut half a mi llion cases of 

brucellosis occur in huma ns arou nd the world (W HO. 1986) . 

Brucellosi3 III human . ., due to B melitensIs and B lIh()rillS causes an acute feonle dIsease \\ llh 

und ulant re\ er. \\ hh:h can pjogress to a more chrome fom1. There are e\ldt'nce~ of serious 

compl ication::- afrctllng the musculo· skeletal. cardlO-\'ascula r and cent ral ne rvous system 

(Radosti ts (' t <11 .. :. 000: \V HO. 1997) r be modes 0 f infection are mgestion. di rect contact , 

inhalation. and accidental inocu lation The most common source of mfectlon is by ingesti on 

of milk or Its products (Alton £'1 al. 19- 5). Brucellosis IS an occupational disease in 

veterinarian~. a haltOlr \\" orkers. fanners. a nd others \\ ho cont ract infectIon \\ hen they work 

wi th animal ... (lr cOll:'oullling their produd ... rhe mcidence of human bnlcellosb can sometimes 

be related ICl clim:nic condItIons. ir alllmais are brought close t(l. or \\ Hhin . the home 

cmironmcnI lor protcctionl\\" HO. 199-1 \l3nure. sod. and pasmre can bl' a sour(c of\"iable 

orgamsms (or sen:ral months aftl'r l·ontamll1atlOn. Some case... Ill' human-ta-human 

transmi:)S]on of brucellOSIS ha\'c been de":'lTibed III Kuwai t due to b f C,1:'t mllk (.A. cha and 

Szyfres . 2001) 

Se\cral sun e\ s earned on human bruce!losl~ sho\\ cd loonOlle importance of the dIsease. In 

Chad. seroprc\'a1ence of 3' \\ as recorded (Schell mg el al .. 20(3) I-I u:'oscm f!1 al. (19 - 81 
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recorded seropositivity 0.6% in Somal ia. A prevalence figure as high as 30% have been 

rcponed in Kenya, whi le in other African countries like the Sudan, Uganda and Tanzania 

prevalence within the range or 1% - 25% was reponed (Chukwu, 1985). Orner eI al. (2002) 

found seroprevalence of 3.0~o - 7.1 % in Eritrea. Staak (1990) recorded seroprevalencc of 10% 

in Iraq where people prefer to consume fTesh or sour milk . In Ethiopia, limited survey has 

been conducted on hu man brucellosis. Tolosa (2004) reponed seroprevalence or 2.4% in 

Jimma zone while ASlllare (2004) found 5.3% in Sidama zone, southem Ethiopia . Both 

conducted the study in occupational risk groups and thus don't rep resent the prevalence in the 

popula tion. 

2.6. Prevention and co ntrol of bovine brucellosis 

According to icoletti (1980), the justification ror the prevention and control or bovine 

brucellosis are usually divided into two major categories-economic and public health. Three 

major fOnTIS of conrrol and prevention are usually recommended. These are: Immunization. 

test-and-slaughter or seropositi\'c cattle and management practices (Nicoletti. 1980: WHO. 

1986: Weidmann. 1991. \\·alker. 1(99) 

2.6.1 . Immunization 

Vaccination is recommended for control of bovine brucellos is in enzootic areas with high 

prevalence. The choice or vaccine is B abOl'llls strain 19. confimled by its worldwide use. the 

protection it gives for the useful lifetime of the animal. and its low cost. To avoid in terrerence 

with diagnosis. 11 I';' recommended that \'acctnallon be limited (by legislation) to young 

animals (calves of) 10 S months old). as these ammals rapidly lose the antibodies produced in 

response to vaccine It is estimated that 65% to son;" of vaccinated animal::: remain protected 

against the inrection [n a systematic \acclIlation program. the best results arc obtained \\ ith 

70% to 90 % annual CO\'e rage in calves of the proper age of vaccination ;\Iale calves and 

remales over 8 momhs or age should not be \'accinated (Acha and Szyrres. 2001). The 

drawbacks of B ,1hor(IIS S 19 vacctne are' 11 causes abonion in a proportion or pregnant 

animals: pathogcnit: for humans and induction of O-PS specific antibodIes that interfere with 

the widely used serologIcal tests \\hieh emplo~ ';-1 PS as antigen (\\,HO. 199"'). 
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On the other hand. B. abortus strain RB5! vaccine is attenuated. devoid of the O-chain, 

rough, and with !inle or no abortifacient activity. When used in single vacc ination, its 

protective effec t in callie is similar \0 that ofS 19, After RB51 vacc ination, all species tested 

have remained serologically nega ti ve in all conventional serological tests for brucellosis 

(WHO. I 997).. oreover. Brucella suis S2 is a I i\'e vaccine developed inC hina. which is 

administered orall y. and a relatively new choice in the means of combating brucellosis. For 

beef canle, sheep, goats and pigs. protection rates of 75%, 83%. 82%, and 72% is anained 

with a single application. respectively. It allows administering the vacc ine via the watering 

point wilhout negative effeci on pregnant animals. The vaccine is also suitable for mass 

immunization in extensive husbandry systems (Weidmann, 1991). 

The fundamental di sad\'antage of killed vaccines (45/20 and H 38) is their relati vely shon and 

weaker prophylactic effect comparable to live \'accines, several vaccinations usually have to 

be perfonned, with a consequence of strong production of antibodies. But male animals can 

be vaccinated and handling the vaccine involves no risk \0 self-vaccination (infection). Killed 

vaccines are used \\ here eradication is al ready al a highly advanced level , or where a quick 

prophylaxis of an entire herd IS \0 be obtained WllhOUI nski ng abonion (Weidmann, 1991) 

The rough mactl\"at~d stram .1520 vaccine causes fe\\ diagnostic problems except \\ith the 

eFT. Two doses admilllsiered 6-12 weeks ar~l.Tl produce resi stance comparable to Slralll 19 

vaccina tions (Nicol em. 1980) Ho\\e\er. the H 38 \accine pro\'ides a higher Ic\·cl of 

protection after a single application than the J5 20 \"aC~lIle, but it produces very high Ulres in 

all immunoglobulin classes Ammals in all age groups and thus enllre herds can be vaccinated 

with it at one time \\lthout nsk (W HO. 1997). 

1.62. Tesl-and-slaughter 

In regions or counlfleS \\ Ilh a 10\\ pre\·alence of the dISease. an eradICation program can be 

carried out by repeated serologIC diagnostic tests apphed to the entire herd, and elimination of 

reactors until all fOCI of Infectlon ha\"e disappeared ThIs procedure can be u sed alone (In 

countTies with a low prc\·alencc of brucellosis) or In combination \\ ith vaccinauon of calves. 

Epidemiological SIU, cJllancc and control of ammal mm·ement are \cry imponant in such 

program (Acha and "lyfre~. 2001). ,\ccordin~ hI \\·clI.imann (19911. teSI and slaughter can be 

started \\ hen the rate of lIlfccuon IS reduced \0 an acceptable le\·el. about 1% - 2" , 
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2.6.3. Management practices 

Good husbandry and management systems help to reduce the within-herd pre\alence (Salman 

and t-.leyer, 1984). The management practices that should be implememed al an early stage of 

the disease include the isolation of calving animals In separate calving pens \~ hich are 

subsequently disinfetted, the burning or burials of fetal membranes, aboned fetuses. etc., 

testing and quarantine of newly arrived animals. regular examination of the herd, and 

slaughtering of positive reactor animals If one's o\\n herd is disease free. comact with 

neighbonng herds must be prevented. If the disease is enzootic. cenain group sizes should not 

be exceeded and unnecessary new groupings should be avoided (Nicoleni, 1980; WHO, 1986; 

Weidmann, 1991; Asfaw el al .. 1998). The impact of newly introduced infection can be 

mmimized by maintenance of a resistant herd and early detection. Cattle identification is also 

essential in modem cattle commerce (Nicoletti. 1980). 



3. ~IATERIALS AXD ~ I ETHODS 

3.1 Stud~ areas 

The study area. Tigray Region, is located in the northern part of Ethiopia (F igurel). The 

Region is situated between ]20 15' Nand 14° 5 7' N latitude and 36(') 27' E a nd 3 9° 59' E 

longitude. The land surface area IS approximately 53.638 square kilomclers with an average 

population density of about 65.persons/km2 and popula ti on growth rate of 3% (BoPED. 

1998). 

The topography of Tigray Region is mainly the extension of the cent ral Ethiopian highl ands 

and the associated western lowlands A fc\\ portion of it lies In the escarpment of the Rift 

"alley (BoP ED, 1998). The altitude also ,"aries from below 500 masl in eastern Erob to the 

highest peak at Tsibct :-'1ountain, which is above 3500 masl. 

The mean annual rainfall ranges from 990mm 10 the sOlL lh\\ e~lcm parts of the Region 10 less 

th.:n 2U(Jmm In the DJnkil depre:-slPn (Bl).\\."R, 199-). Rain~ :-~Json o(curs mainl~ be l\\een 

June to September. although quaSI-double ralOfall pattern \\ lthm a small peak III April and 

maximum m August IS obser .. ed m the eastern and Illost parts of the southern zone of Tigray 

R<~ion (BoPED. 1998) 

The Region is divided Imo SIX main agw-ecological zones These include: the hot to \\am1 

semi-arid (SA I) 10\\ lands in thc north\\ estern part. tepid to cool sub-moist (S 12) mid­

hl;hland!l. III the central part of the RegiOn (thiS cm ers abm l' SOC' of Ihe Region); the hot 10 

\\ aml sub-moist (S .\1 11 lowlands (onsisting \'alleys, escarpments and fJ\cr gorges: the cold to 

very cold "ub-moist IS:-'13) zone round at thc peaks of Alaj~ -'\ountam area. thc hot to \\-aml 

mOist (.\1 lowlands of \\'elkail"::. heg..::dc and Tsekmtl li'cr I. and the It:pld to cool mOist 

(.\l::!) mld·hlghlands lIf \\'elbllll' and Tscg~dc lI"aedas d30:\;-";R. 1996) Currently, thc 

RI.'~lon is divided mto five zone:; dnd one I11ctropolilan sub-lone \ total of 34 Wert!tias. 5.JJ 

rural and 59 urban Tahws (equj\JI~nt to PYs) are round III the Rq;lOn (13oPFD. 1998). 

The smdy was carri~d out at 26 T.lhias found in 1::! lren.'du.\J ht'se II ,-ret/as represent four 

ma_lor agro-ecological zones that posses:') more (han 95%.1 of the !J\·estock population III the 
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Region. The Weredas covered in this survey include: Tahta) Adiabo. Alamata. Raya Azebo 

and Tselemti from the transhumance cattle husbandry s~stcm and Oma, Endamehoni. Ad\\a. 

Lacla~ \Iaiche\\. Tahta~ Korara. Enderta. Saesca TsaidaEmba and Mereblehe from the 

scdentar) catt le husbandr) system (Figure I) . 

• +, 
• 10 

Figure I \tap of the stud) areas in Tigra~ Region 

3.2. Slud~ :1I1i l11 als 

Key 
I. Tahtay Adiabo 
2. Tahtay Korara 
3. Tselemti 
4. Mercblehe 
5. U Maichew 
6. Adwa 
7. SI Tsadaemba 
8. Enderta 
9. Endamehoni 
10. RayaAzebo 
II. om. 
12. Alamala 

Agriculture is the means of li\elihood for more thnn 85% of the ligra~ populati on. Livestoc k 

production is one of the maj or components of agricultural aCII\ Hies that play an important 

rote in the econom) of the Region (BoA 'R. 1997). 

AI.·cordlng to the Central Statistical Censu .. COf1lnw .. sion (~003). 1 igr<l~ Region has abollt ~.6 

million heads of cattlc. 0.68 million sheep. 1 ""'15 million g,1JtS. O.,·Po million equines. and 0.03 -

million camels. In 1995. there \\ cre a total of 11.162 (f,·<.;"br('d animals \\ith 50°'0 or more 

('\otic blood Ic\ellil the Region. Om l1flhcse. 5.\58 \\crc 1.:0\\..;. 1.5:!7 heifers. 1.366 bulls. 

1.26] male cahcs and 1.849 female cahcs. Currentl~. the projcclc.'d estimated number at 

cros<.;hred .:mimals in Ihe Region is far greater than this figure (Gcbregziabher. personal 

communication. 2004). 



Cattle production in the Region is mainly characterized by extensive type of management 

system. which includes sedentary and transhumance cattlc husbandry systems. Sedentary 

farming is a feature of the highlands while transhumance prevails in the north·western and 

south-eastern lowlands. ~ I oreo\'er, an intensive cattle farming is practiced in the urban and 

peri-urban areas of the Region . The study animals were comprised of indigenous and cross­

bred (Friesian x local) animals. Six kinds of indigenous cattle breed types are recognized in 

the Region and these are: the Arado, the ;\byssinian zebu. the Raya Sanga, the Barka/Begait. 

the Medenenes and the Abergelle breed type, The first two breeds are found in the highlands 

and the rest four exist in the low land areas , All these types arc known to be multipurpose 

animals. however. the Barka 'Begait is considered as dairy type can Ie. On the other hand , the 

crossbred cattle are found in the urban and peri-urban areas of the Region and are used for 

dail'} production (BoA~R, 1997). All the cattle in the Region have not been vaccinated 

against bruce llos is 

3.3. Stud~ design 

A cross-sec ti onal epidemiologica l study was ca rried out on bo\ inc hrucellosls usmg 

serological (RBPT and eFT) and questionnaire sU!l. ey from Septcmher :'OO-l to ~larch 1005 

m Tigra~ RegIOn. Xorthem Ethiopia Ihe "erological suney of bo\ me brucellosis was 

mtended to determine the Individua l ammal. herd and \\ Ilhm-herd prc\ alcnce and also to 

Identi fy IndlnJual animal risk factors associated \\Jlh se roposHinly 10 brucellos is both in Ihe 

intenslH' and e\tensi\ e cattle production systems of the Region ,·\l~o. qu c:: ~ ti onnaire was 

adnllmstered ai the same time to assess the role of di fferent management related farm or herd­

level fisk fadors m mfl uencmg. brucellosIs seropre\'alenc~ 1.lke\\ bl!. c ross-sectional 

':)cropre\alcnce study \\ as conduc ted on human bmccllosis 

3..4. Sample "ilC determination 

Sample .. Ill" ".\.1" d etemli ned usi ng a III ethod recommendcd h~ T hru<;jie!d (1 995) for IWO • 

sta ge c\U'ila samphng fo r both intensm:' 3 "ystem Q: li\'cstock ral~JIl::; ba:-;ed on zero grazmg I 

3nd c \1I:n;;l\ e m anagemcnt s ~ stem (a s~ .. tem of livestock k eepmg m ami) based a n nam ral 

pasture) Sample size calculatIOn was based on the follo\\ mg tomlUla 



T = , 

Wherc~ 

, 
(1.96)" ' g' P""ll..:.E",J 

, , 
g' d- - (1.96)" 'Vc 

g = number of clusters to be sampled 

Pnp = expected prevalence 

d = desired absolute precIsIon 

Ts = total number of animals to be sampled 

Vc = ber-ween + cluster vanance 

The following estimates were used to calculate the sample size for the intensive system: 

• Expected prevalence of 11 % (Bekele er al., 2000) 

• Error of 2' 

• Bei\\een· cluster vanance estimate of O.000146JI (This was estimated fTom an 

ovcrallmean cluster prevalence of 11 %) 

• 95' conlide:lce JC\eI 

• :'\umbcr of .. :lusters to be sampled 80. 

Accordmgly, the cstm131ed sample size for the mtenSI\'C sy~lem \\as 95"7 ammals~ howe\'cr. to 

Increase the precIsIOn. 1135 ammals belongmg [0 II:! fanns "ere actually sampled. 

The following estimates were used to calculate the sampk size for the extenSI\e system: 

• ESllmatl!d pre\-alence of8% (r..1ckonen. 2001) 

• Error (11 ~ 

• Bd\\Ccn· ~ lblcf \"3fl.:!.nce estimate ofO_001l0":09h (ThIS was eSllmated from an 

on:rallmcall cluster prevalence of ~ "/!,) 

• 9~ 0 Confidt:n~e le\"cl 

• :\umber of ,:Iusters to he sampled 21 

Accordlngl~. the number of ammals to be ~ampled from the exh.:n-:;\\"c s~stl'm \\as computed 

as -18. bU!. :-; 16 Jmmal::, belongmg to 26 hcrds were sampled to mcrease the preciSIOn 

,­-, 



3.5. Samplin g procedures 

3 5 1 Samphng proccJur~ for the e.\tenSI\ e s~s!~m 

In this study. t\\ o··;!J~l.' clu:,ter sampling technique \\:.IS used '.\ here Tdhias and herds \\'ere the 

t!stablished c1u:,!crs hr~:. the study areas \\ert! ~lr,mfied '-':. cattle husband!)' system Into 

.,edentary (sub-s~ .. tt!m 'f the extensl\e management :,;.stem ... here II\t!sto..::k o\\ners and their 

II\'cstock remain pemlan.:ntly settled In one area ",\ thout pra,,:uclng seasonal migration 10 

other areas In search 01 :i:ed and or \\3u:r) and If.mshum:!nce systems (sub-system of the 

t!.\lensive rnanagemt:nt ,,~..;.tem where there IS sea.;unJI mo\ ;:mcnt of herds follOWing precise 

routes and repealed r.:a .... h yean. subsequently: the total ;'Jrnple size \\as propol1ionally 

allocated to the size If .:atlle population in tht:: 1WO "ys:ems (Table I). The follo\\lOg 

pro.::edure \\3S follt)\\ed dunng samphng. 

• From each caule husband!) system. random sample of Tuoias were selected (10 from 

the transhumancc and 16 from the sedentar;. system) Jsmg random number method. 

• In each Tahl'l , one herd was randomly sdecled by a loue!) method 

• From eiJ..:h herd. J.t least 30 ammals above ~:.\ month~ of age were :,arnpled .-\ herd. In 

thi" sruJ:. ..\ iJ.,; Jdined as group of aOlmJ!:; shari;:; the ;;.ame granng areJ Jnd or 

watenn: r emt 

Table I Propomon and number of animals sampled from ea.:h cattle husbandry system 

Husband!}' Cattle Percentage of Calculated Acrually 
s)"Slems population sample sample size sampled 

Transhumance 1.00J .99 , 38 :!-3 312 

Sedentary 1.663.0 I 62 .!..is 50J 

Total 2.668.078 100 - 18 816 
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3.5.2. Sampling procedure for the intensive system 

Two-stage cluster sampling \\as used as a sampling strategy. Accordingly, towns with at least 

100 crossbred carrie and fanns were selected as primary and secondary sampling units. 

respective ly. Thereafter, sampling was conducted as follows: 

• Randor:1 sample of five towns, out of 8. were selected for the study by a loltery 

method . Then, the total sample size was proportionally allocated to each town 

accord!:1g to its callie population (Table 2). 

• In each town, random sample of fanns were selected using random number 

method from a lis! of fann owners. 

• In each fa nn, all animals above six months of age were sampled. 

Table 2 Proport io~ and number of animals sampled from each selected town 

City Catile Percentage Calculated Actually 
population of sample sam ple size sampled 

\laichc\\ ' " - .'..) 8 80 85 

\lekdk ~3q -15 -150 562 

.-\dlgral l~'\O 2-1 240 245 

:\ Xllm 619 12 120 126 

Shire 553 II 110 lie 

Total 5266 100 1000 11 35 

3.6 Data co ll ect ion 

3.6.1 Blood samp!:: co ll ection 

About 10 ml of b)od \\a~ c(1l1ecled fonn the jugular or coccygeal \'cin of cach selected 

ammal u~ing plaIr \'acutalilcr rub('s. Blood samples were kfl o\"emighl 10 clot al room 

temperature and Ir.~n separ,:ned serum \\as temporarily slored 1Il a portable elecrrical gas 

rcfngerator dunng 'he serum collectIon period. Sera samples \\'ere transferred in iccboxes to 

.\Iekelle Vcterinar:. Resear(h and Diagnostic Laboratory. Tlgray, and stored al -20"C until 

teslIllg 
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3.6.2 Serological tes ts 

According to WHO (1986) and OlE (2004), RBPT is recommended as a screening test with 

positi\'c samples being retested by the complement fixati on test (CFT). In this study, the 

RBPT was lIsed as screelllng test and the CFT as a confinllatory test. The RBPT was reported 

to ha\'e a sensitivity of 98.3"0 and speci ficity of 68.8% (Oajer et al.. 1999). Complement 

fixation test has also a speCificity of 100% in non-\'accinated cattle (Oohoo et aI., 1986) and 

sensitivity of95.2% (Uzal el af .. 1995). 

3.6.2 .1 Rose Bengal Plate Test (RBPT) 

Antigen and sera required for each day for serological testing was taken out fonn the cold 

storage and brought to room temperature before testing was undenaken. The RBPT test was 

carried out accord ing to the method recommended by Alton e l al. (1975). The antigen was 

obtained from Im,ti tu t Pourque r. ~-l09 t-.lontpellier Cedex 5, France. The RBPT test was 

perfonncd at \lekelle \ 'etennal'\' Re<;carch and Diagnostic laboratory using the foll owing 

procedtJn:~ 

a l:qual \ol ume OOul) of the te~t se ra and antigen \\as taken by a pipcltc and placl:d 

next 10 each other on a \\ hue enamel plate. 

b. The antigen and serum \\as ml\ed \\llh a st ick and then the plates were gently 

rOlated by hand for 3 - ..1 mlOUles. 

c FlIlal readmg was taken 3) po~lti\e or nega ti\e by l:xamlllmg the degree of 

agglullna t iOI1 . 

buerprehUiO/t: Any obscl'\'cd agglt.:ilnatlOn was considered as POSItI\C Dependmg on the 

degree of Jggiullnalion. rc::uhs \\ ere recorded a!': 4-.3+, 2+, I" and doubtful. 

J.6.~ 2 .... omplement Fixation re:;t ((T'I ) 

Sera P0'iltl\·l: 10 RBPT were retesl;::d b~ ..:omplement fixation lest. The e FT lest \\as done al 

National \'etl'nnary Institute. Dehre len. Elhiopl.J. Preparation of Ihe reagents and the eFT 

test pror~r \\as done accordlllg 10 the protocols recommended b~ O lE (100.1 ). Anugen. 
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control sera and complement were obtained from the BgVV. Berlin. Gennany. Matcrials, 

preparation and titrat ion of reagents for eFT are shown in Annex 2. 

The le.'>1 proper ,A..{ulliple sera tech ll ique 

Using standard 96-well microtitre plates with round (U) bottoms. the techn ique is usually 

perfomled as follows: 

a. Volumes of 25 ul of dilu ted inactivated test serum are placed in the wel l o f the 

fi rst. second and third rows. The second row is an anti-complementary control fo r 

each serum. Volumes of 25 II I of CFT buffer are added to the well s of the fi rst row 

(anti-complemental)' controls) to compensa te for lack o f antigen. Volumes of 25 

~d of e FT buffer are added to all other wells except those of the second row. Serial 

doubling dilutioll5 are then made by transfe rring 25 III vol umes of se rum from the 

third row onwards. 

b. Volumes of 25 ul of antigen. dil uted to worki ng strength. and 25 pI of 

complement. diluted to the number of units requi red, are added to each well except 

In the first row. 

c Lomrol wells comaimng diluem only. scrum + complement - diluent. antigen ... 

complemcm + dliuent. complement + diluent. are set up to contaJll - 5 ftl lotal 

\'olume in each case. A control serum that gives a nlmimum positive reaction 

should be tested in each set of tests to \'erify the sensitivity of test conditions. 

d The plates are incubated at rae for 30 minutes or at -laC oYel11lght. and a volume 

15 or 50 III according to the technique) ofsensi lised SRBCs is added to each well. 

The pbtes are re-mcubated at r~r for 30 minutes 

e The results are read afler the plales have been centrifuged at 1000 g for 10 minutes 

al jU( or left to stand at .toe for 2 3 hours to allow unlysed cells 10 settle. The 

degree or haemolysis IS compared with standards corresponding to O. 25. 50. - 5 

and loon, lysis The absence of anti-complemental) actiVlt\ is checked fo r each 

"emnl in the first ro\\ 

The reading of results for the eFT was earned out as follows· When there was complete 

fixation (no haemolysis) \\ith clear \\3ter supernatant. result was recorded as T - - - . nearly 

complete fixation (-5% c1eanng) as - ~ -. partial hacmolysis (50%) as -..;- and some fixation 
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(25% clearing) as +. Complete lack of fixation (complete haemolysis) was recordcd as O. For 

positive reactions finaltitrations was registercd. 

Illterprelatio//: sera with strong reaction. more than 75% fi xation of complement (3+) at a 

dilution of 1'5 (Oohoo et ul. 1986) or at least \\ ilh 50% fixa tion of complement (2+) at a 

dilution of I: I 0 and above were c1assificd as positive (A lton ef 0/ .. 1975; O lE. 200-l). 

Together with the co llcction of blood samples. the following data were collected on individual 

animal basis (Annex 3): breed. sex, age. herd size. presence of swollen joints, animal 

managemem and agro-cco logy of the arca. In addition, number of ca lves produccd. age al first 

calving, interval since last calving. occurrencc and number of abortions and stillbirths were 

taken from cows. Abortion was explained 10 each fanner, as being premature calving from 3-

8 months of age while a sti llbirth is expulsion of dead fetus that has reached a full teml 

(McDennott e l al .. 1987) 

3.6.3. Questionnaire sun.·e) 

A structured questionnam: \\ a~ prepared and applied to 112 and 26 farm owners beionglllg 10 

the intensive (Anne" -l) anti t'xtensivc canle production system (Annex 5). resrcct!H~ly. The 

questionnaire was pre-Icsh:d 111 Ihe field and adjusted as reqUIred. The obJe\:tI\·c was to 

characterize the production system and identify fisk factors for occurrence of brucellosis 

With regard 10 sampling. methodology. for thc intensl\'e system. all farms se lected for 

scrological survey \\ ere also se lected for the questIOnnaire intervicw; howc\er. in the 

extensive system. judgmcllI sampling was used to se lect the key infonnants. 111e 

questionnaire was admmlstered in a smgle \ISIt personal mten'iew to individual faml 0\\ ncrs 

in case of illiensi\e fam1~ but In the extenSl\e system to a group of 3-5 famlers. 1 he questions 

studied in the questIOnnaire for the illlensi\'e sy~tem IIlciude. g.eneral fann information. herd 

struc ture, management Jnd hygHme fJclor~ thai are bche\'ed to influence the spread and 

maintcnance of bmcdiosis. !thlory of major dH~a;-,t!s III thc faml. occurrence nr abortIOn or 

sti llbirths, and retention of fC1a1 membranes The mfonnatioll gathered for thl' ex tensive 

systcm was: general faml data. canle husbandry system. grazing and \\atenng system. 

movemenl of animals and disease and abortton hIStory One hundred per cent (100%) 

response ratc was ohtJlTlcd 
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3.7. Blood sa mple COIlCClio l1 for human bruce llos is 

The examination o f human blood samples was to detemline the seroprevalencc of brucellosis 

in human p opulat ion in the capital city of Tigray Region. Mekellc, where dairy fann ing is 

becoming a well·established prac tice. Sample size was determined by standard procedure 

(Thrusfield. 1995) 

Where: n = requi red sample size, P e,p = expected preval ence, d = desired abso lute precision. 

An expected prevalence of 2% and 2% desired absolute prec ision was substituted in the 

formula. Accord ingly, sample size was calculated as 188 persons. Sampling was conducted 

by convenience sampling method. Serum s.1mpies \\ere co llected from people who submitted 

their b lood samples to t-.1ckdle hospi tal foml January to :--" Iarch 2005. A total o f 185 sera wcre 

collected f rom t he population and tes ted fo r b rucellosis using RBPT. H owe\ cr, i t \\ as not 

possib le to collect hlood samples from the high-risk groups. 

3.8 I)a ta ana lysi s 

Data \Vas stored in \ licrosoft (MS) Excel Spread Sheet program and analysis was done uS ing 

i\ lS Exce l (Version 6.0. 1000). Epi lnfo \'ersion 6 (Dean e( al., 1994) and Intercooled 

ST AT A 7.0 for \\ IIldows (Sta la Corporation. Texas. USA. 2001) programs. TIle total 

pre\'alence \\as calculal~d by dmdmg the number ofRBPT and CFT positi\'c animals by Ihe 

total number of ammab It,;-;!ed Herd prcvalence wa~ calculated by di\'idmg the number of 

herds with at I east Oll~ reactor m R BPT and CFT h ~ Ihe number 0 f all herds I ested 1 he 

\\ ithin-herd pre\'al~ncc \\ a~ calcula ted by di\'iding. the number of RBPT and e FT reactors 

\\llhm a herd b} Ihe 11l1mher 01 serum samples tested mlhe herd ( rhrus lield. 1995) 

MS Excel 6.0 soft\\ are programs sen'cd 10 analyze desnipti\'e statistics of the questionnaIre 

,:md serological rC5ult~ Fpilnfo \'crsion 6 program \\as used 10 calculate confidence mlcr\'al 

for proponlOl1 Fisher' .. e'\dCI test in Stala ~.O pro~TJm \\as utilized to lest If staw:illcJll~ 

significant associatIons CXlst between parity number. abonion. stillbirth or hygroma \\ ith 
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brucellosis seropositivity status. Odds Ra tio (OR) in Stata program was also utilized to 

measure the degree of association between risk factors such as age, herd size, pari ty number. 

systemic factor, agro-ccology and farm or herd-level risk facto rs with brucellosis 

seroprevalence. All risk factors tha I had p va lue ::: 0.20 in the univariate logislic regress ion 

analysis were subjec ted to multivariate logistic regression analysis to identify major risk 

factors that have true effec t on seropositivity to brucellosis. When two independcnt variables 

were highly correlatcd (r>O.5) only one of such variables with more biological relevance was 

included in the multivariate analysis (Raa and Richard. 2003). 
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4. RESULTS 

"' . 1. Individua l anima l sl' roprc"al cllcc 

4.1 1 Individual animal seropre\-alence In the study areas 

In this study, a total of 1.951 canle serum samples. 1.135 from the intensive and 816 from the 

extensively managed animals were tested using RBPT and eFT. The RaPT and eFT results 

are shown in Table 3. The 0\ crall seroprc\'alence of bo\.ine brucellosis in the study area was 

1.49% using eFT Among the 12 \\'eredas mcJuded In the study. Bmcella antibodies were 

detected in 6 Weredas which are dispe rsedly located in lhe Region. In the study area, 

seroprevalence was significantly higher in the extensively managed animals as compared to 

ammals in the intens ive management system (Figure 2) . 

Table 3 Results of RBPT and e FT by management system in Tigray Regi on 

. \, anagc men t s~ stem 

Intensl\C system 

Fxtensi 'e sys tem 

Total 

Anima l .. 

tes ted 

1135 

816 

1951 

Sumbcr (pe rccnt agc) pos iti' e samples 

RBPT CIT 

..l (0.35' J) J (0 26) 

27 (:' 43%) 26 (J .19%) 

3 1 ( \.59 % ) 29 ( I A9%) 

Resuhs on the degrees o f agglu tmatlon In the RBPT and the mte n !'l1~ of titre in the e FT were 

recorded ):inetecn of I he serum sample.;. f iO 3°1 J) exammed b ~ t hl! (' FT showed a titre 0 f 

I 3](j The remaimng samples depicted a !lire of 1 160(2 sam ples). I ~o (3 samples). J..lO (3 

sampk .. and I ~.rl 11 !'ampie .. ,. rl'''pCCI1\eJ:. In contrast. 6 fI935'l0). 11 (35.48°/,,), 5 

{l6.1: o . - 1:!2 5 ~ Jnd .1 f6 ..! 5' ... t:rJ. ~.1mplcs tcsted b~ RBPI uJ -~. "'3. - 1. -1 and =­

reaction "r agglutmation, respect l\-c1 ~ 

, . . , 
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Figure 2 Seroprevalence of bovine brucellosIs by caille management system In Tigray 
RegIOn 

j I 2. Indl\"idl1:J.! ammal seropre\alence In the mtenSI\C famb 

In cattle undc the Intensive management ~y :,!~m a comparall\ely 10\\ mdi\ idual animal 

seroprc\Jlen:e was found Out of the 1.135 sl.:rum samples tested . ..: (Q .35 11 \\ere pro\'cd to 

be poslti\e b~ RBPT from \\hleh .3 to 26( ) samples were rOSIII\C reactor" \\llh a titre of 

1 320 when rele"ted with C'FT 

In the mlenSl ~ sy s:em. age. herd size anJ rarity number \\ ere studied a.; nsk f3clors fo r 

brucello:'l:- ~c'-'pOS;Il\'lty at the mdiyidua! '-lmmaJ-Je\"e1 usmg Unl\JrJ3k IO~J:',th: regression 

(Table -I) ... \n apparently higher seropre\ait'ncc (0 31' I was obsened In animals greate r than 

3 years 01 age- .han ~hose 0.6 - 3 years of J::e j'" 200 0). Ho\\e\er. the effect of age was not 

statisti .... ally ... :,;mfic:::.:lt t p>O.05 On the ('ther hand. In refercn.:e 1<) the dtect of sex on 

seroposltl\lI~ 11 \\25 found that the prop(llilOn JI POSlIIV!! rc.:tors \\ere 02-' 0 In females_ 

Howe\er. Ill) ihll('t'ml antibodle~ \\ere deicr.:h:d In ~ample" collected (r<llll Iht.' male animals. 

The effect of herd ~;ze on seropre\alence tu hru.:ellosis was also l..'\amlneJ In thiS study. A 

higher pre\ak".:e \\J.$ obsen-ed In farm~ that kept hel"\\cen 21 - 50 amlllJ.i, . 56° ,follo\\-ed 

by famls thaI had: - 20 (0.300 0) animals dnJ no Bnlcellu anllbodle~ \\ere Jt'lected m farms 



with greater than 50 ani mals However, statistically significant variation was not observed 

among the herd size groups (p>O.OS). Moreover, difference In seropositivity to brucellosis 

was also investigated among the different parity groups in female animals. The highest 

prevalencc was obsencd in animals with single parturition status (0.S3%) followed by 

multiple parturitIons (0.39%) and none in animals with no panurition status. There was no 

significant variation among the three parity groups (Fisher's exact p =0.402). F unhermorc. 

the result s of Fisher 's exact test rC\'ealed that individual animal seroposi tivit), to brucellosis 

was independently associated (p<O.O 1) with history of previous abortions but not with 

stillbirths (p>0.05). 

Table 4 The effect of risk factors on individual animal seropositivi ty to brucellosis in the 
intensi\'e managemem system 

Variables to! -",,' u mber (%) l"nivariat(' Log istic Regression 
pos itives OR I)-valu(' 95% CI 

Age (~ea r) 

0.6 - 3 496 \ (0.20%) 

-3 639 2 (0.3111/ ) I 5 0,19 0.1 \"'2 

Herd ~i/e 

1 - 20 664 2 (0.3011(0) 

21 - 50 164 1 (0.61%1 2.0 0.564 0.2 - 5'.3 

> 50 )07 0(0.00%) 

, number 'f ohsen;l::ons 

J 1.3. Indl\ Idual annnal seroprc\'alence m the c'\lenSL\"e herds 

In thiS study. the highest mdl\"idual annnal seropre\'alcnce \\"3S recorded III catt le III the 

extcnSI\e ..:auk production s~!ltcm. Of the Sl6 ~erJ cxammcd. T (3.)' ) \\t're seropositive to 

RBPl Ho\\('\·er. le:--t rcsults r")fC FT revealed a pre\'alencc 01) 2 (26 '16) \\lIh a litre of 

I :20 and abo\"!.:- \'ariation \\as observed In tht! seropre\'alence of antibod} to Brl/cella in the 

male and female ani mals kept under the exten5m:! system :\ seroprc\alencc of 3.2% was 

detected LIl tcmah: ammals whLle males \\crt' seroncgatl\\!. 
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A um\ariate and multivariate logistic regressIOn was run 10 determlnc association of risk 

factors such as systemic factor, age. herd s ize . ag.-ro-chmate and parity number with 

brucellosis scroprcvalence starus (Table 5, In the extensivt.' catlle production system. the 95% 

confidence mterval calculation for proportion lilu~trated that cattlc In the transhumancc 

management sub-system (- ,r t) had a 31gnificantly hlght.:r seropre\'alence a:; compared to 

cattle In the sedentary s)"tem (0.60%) (Figu re 3). \loreO\er unnariatc results depicted that 

ammals III the transhumance management sub-system \\ere approxima tely 13 times more 

likdy to dcvelop brucellOSIS than animals in the sedentar: ,,~';;,tcm Ip<O.OOI). 

12 

10 

~ 8 
• u 

" " 6 
> e 
~ 

~ 4 • 
'" 

2 

0 

f 

J 
Sedentary Tra nshumancc 

Extensive mangement sub-systems 

Figure 1 Seropn!\alence of bo\ine brucellosis in sedentary and tfanshumance management 
sub-systems in Tigray Region 

Analysis of the effect of age on the individual animal seropre\"alencc lIsmg univariate logistic 

regression Indicated t hat animals above 5 years 0 f a ge had significantly higher prevalence 

(5.1 %) than those between 0.6 - 5 years of age (1.02%) (p<O.OOl), The Ulll\anate analysis 

estimated that older animals \\ ere about 5 times more likely to develop brucellosis than 

voune:er ammais. There \\'as also a trend of increment In mdlvidual animal seroprevalence 

with the increment of herd size which was statistlcally sigmficant (Figure J ), The r isk o f 

seropositivity was 8.5 and 4 .3 times higher in the large and medium size herds. respectively. 

in comparison to the small herd size. f urthennore. a sigmficant variation in individual animal 

seroprcvalence \\a5 observed between the (\\'0 agro-C\im<lIic zones (p<O.OOl). The higher 

seroprc\'aience \\as recorded in the lowlands (6.0so,q than III the highland agro-chmatic zones 

(0.68%). Odds Ratio indica ted that animals in the lowlands were 9.4 times more likely to be 

3 



seropositive to brucellosis than those in hi gh land agro-c1imatic zone. Regarding parity 

number. a comparatively higher se ropositivity was found in animals with single parturition 

status (4.07%). followed by Illultiple panuntions (3 6°'.l) Sla lus and least in animals with no 

parturition status (0.69°'0) However. significant difference in seroposi tivity was not observed 

among the threl! panty groups (p>0.05). 
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Figure 4. Seroprevalence of bovine brucellosis accord11lg to herd size groups in the cxtensivc 
management system 

Risk factors that showcd significant effect in the um\'anate logistic regression were fitted in a 

model for multi\ariate logistic regression except those which \\cre thought 10 be confounding 

with age and system effect (Tab le 5). The result ren:'3!ed that system cffect was the major risk 

factor that was found to be significant ly associated with individual animal seroprevalence to 

brucellosis (p<O.OO!). The OR value showed that anima ls in the transhumance system were 

about II times at risk to brucellosis than those in the sedentary system In the multivariate 

analysis, age also exerted a significant effect on individual animal seroprevalence to 

brucellosis (p<O.O I) . Older animals were approxim3tely 4 times more likely to be affected by 

brucellosis than younger ones. Howe\er, the effect of herd size on brucellosis se ropositivity 

was not appreciated in the multivariable logistic regression analysis. 
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Table 5. The effect of risk fac tors on individual animal seroposi ti vity to brucellosis in the 

extensive management system 

V:Hi:llJles 

Age (~ear) 

0.6 - 5 

>5 

lIerd Sill.' 

1 - 100 

101 _ 21"") 

> 200 

s~ s l l.'mic- I.ICItJl 

Sedentaf\ 

Transhumanci 

,\gro· rlirn:lIC 

HIghland " 

Lo\\ 13nd" 

P3 rit~ nllmber 

' 0 pal1url!!On 

Smgle pal1urlllon 

\l u1tlplc pJI1Uni1!1!1 

~ I panunuon 

W I 

-12:; 

·B S 

151 

205 

504 

m 
3'8 

144 

172 

50U 

672 

~ limber (%) _"';-...,,~U~"~; ,~,~,~; '~'~' ""...,,;-_:;;-;;-\~I~"~"~"~'~'~i'~"~=,""",,::-_ 
pos iti\l.'5 OR P-'alue 95% CI OR " -\a lul.' 95% C I 

-1 {102%) 

22 (518%) 

-1 {091%) 

6<.' 97%) 

16 (7S0%) 

3(060%) 

23 (7 3"7%) 

3 (0,68%,) 

23 (6,08%) 

1(0,69%) 

"7 (4 07%) 

18(.36%) 

25 (.3 72%1I) 

5 .J o on:! 

n 4) (J:!'5 

li 5 1) O)(J 

13: 0000 

9 ': 0000 

6 0,09.1 

- , 
) -' 0104 

5 5 0095 

1.8-1 55 

1 2-15 :; 

~ S-2 5 (, 

.3 9·.1.1 8 

2 8·31 5 

o ~ _.1 9,9 

07 •• HU 

01_-1 1 1 

.12 0009 

I '5 0607 

I .2 ' '.1 5 

II) 6 ) (1)3 

23-493 

OJ - 6.3 

03 ·4 8 

23-493 

'oJ- number of obscr\ Juons . • - - > 1500 masl, • . ,., <:: 1 500 masl 

In the c x t~ nsl\ C caule production system. seropre\alence was SIll died III relation 10 agro­

ecology of the area. Results showed that seroprevalcnce or animals III the three warm agro -

ecological zones (semi-arid 5.79%, wann moist 14.29%. and warm sub-moist 5.51%) are 

significantly higher than seroprevalence of animals in the cool sub-moist (0.59%) a&'TO­

ecological zone (Figure 5). 

Breed based analysis of seroprevalence results was not carried out as Ihere were no 

comparable sizes or different breeds of animals in similar management system. However, 

crude seroprevalence values of bovine brucellosis by breeds or animals in the study area are 

0.27% Cross, 5.6% Barka. 5.5% Raya and 1 1% Arado (Annex 6). 

40 



30 

25 

~ 
o 20 
" c 
o 
;; 15 > e 
0. 

e 10 
o 

<f) 

5 

Cool sub-moist Semi-.arid Warm moist Warm sub-moist 

Agro-ecological zones 

Figure 5. Seropre\'alence ofbo\"lne brucellosIs by agro-ecological zone in Tigray Region 

Stat istical as:;OCl8t10n of outcome \anables ::iuch as abortions or stil lbirths was examined with 

brucellosis seroprc\alence slalUS In Ihe ex tensively managed herds. Results ha\'c sho\\n that 

hisloT) of prt'nous abo rt ions IFisher's exact p<O.OOI) and stillbirths (hsher's exact p<O.05) 

in the mdl\idual animal \\ere slgmficantly associa ted with brucellosis seropositi'"lty. 

4.2 . Her d-h.' \ cl sc ropre\'a lcncc 

.. l.2 I Herd·lt'vel scroprnaJence In the intenSive fanns 

Among the 112 mtensive farms inn!sligatcd in this study. ~ 13.6"0) fanns had at least one 

reactor US1I1,t: RBPT and 3 (2 SQo) b~ CFT \\·ilhin-hcrd prc\aicncl! \ancd from absence ot 

reactor amm<1ls In Ihe he rd 10 presen..:c of one reaClOrout of3 ammals 1:'3.1"0), 

In the mlelbl\l! management system. st:\en fann -le\-ej Tl sk factors were identified and 

examined by IO~lsllc regression for presence of an) assoc13lion \\ lth faml-le\'el se ropositivity 

to brucclln::>ls ~one of the TiSk factors conside red In the unJ\anale analysl:-; had sigmiicanl 

effect on faml-le\'ej seropre\alence to hnlccllosis (p>O 05) e'\ceptlnose fenCing condition thai 

had margmai p-\ alue (p=O.OY"' ). In addition. fac tors \\ Jlh p-\'alues less than or equal 10 0.20 

jj 
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were fitted inlo I he In uitivariale logislic regression III odeL Nevertheless, none of Ihe faml­

level risk faclors \\ere al so found slalistically significant (p>0.05) (Table 6) . 

Table 6. The effec t of ri sk factors on farm -level seropositivity 10 brucellosis in the intensive 

management system 

Variables " Number Unh aria te Multiva r iate 
(% ) OR P-"alue 95% CI O R P-" a lu e 

~os it hes 

Herd size fa cto r 

I - 20 107 2 (1087%) 

2 I - 50 7 1(1 429%) 03 0102 06-1 05 4 16 0800 

> 50 3 0(000%) 

Li- estock species 

intermix 

Absence 6- 1 (I 49'':10) 

Presence -15 2 (-I .14"';') 0' () 831 0.1 - 8 -

Fencing condition 

Int>!.;! 9.\ I (1 08'~"') 

Loo<e 19 2(\OSY' , 10'1 o I)'i" 0,9· I~o I 16 ~ 008-1 

Replacement st rate!:~ 

Ov.n farm \' I (I 1-l"~J 

OutSide source 26 2(-69~,1 " ) 1{)" 0.6-8('1 158 0.15 -1 

\lat ing practice 

f\alUra\ 23 \( -l .35"'0) 

An1l1Clailnsemmallon SO 2 0 1~e(rl II, n'iSS O(J-l -58 

II ~ !! ienic condition 

Poo~ ' If .! 2 (ll)~ \ 

Good 
, 1 (16 6-veJ 10 , 0(1-;3 O.S - L~.! 9 2 \ 0698 

\" a ren es~ on b r uce llosis 

'0 105 2(190'01 

Yes 1 (I..l 29° 0 ) S 'i 0097 0.7 - IllS 6 L! (1 0151 , number of obsef\ JllOns, • farms practlcmg les ... IhJn three h\!,!.lenlC measures I -<epJrJIIOn of CO\\ s dUring 
panurl11on. proper dT5po~al of fetal membranes and or Jbm1cd Ictus. c1eanmg and tllslnfewon of stables and 
proper \\ aSle and m,,:1ure dlslJO~all 



-l. 2.2. Herd-level seroprevalence in the ex tensive herds 

In the extensive ly managed herds. II H2 31 % } herds were detected seropositi ve using e FT 

among the 26 e xammt!J \\ oreo\-er, the range for \\ 1!hin-herd p r('valence diffe red between 

none to \5,151.>", (533) bascd on eFT. 

L'nivariate logistic Tl!grc:sslOn analysis results revealed that hcrd-le \ eJ seroprevalence in the 

transhumancc management sub-system (80%) \\ as sIgnificantly higher than preva lence in the 

sedentary system (p<O (1) The \'alues of OR mdlcateJ that transhu mance herds \\crc about 

17 times more likely to be seropositive than herds 1Il the sedentary system. I lowc\er. herd 

size was not asso!;iated \\ nh herd-level seropositi\-ny to brw.'ellosis (p>0.05) (Table - ). 

Table 7. Herd-level nsk factors to brucellosIs serOpOSlII\'IIY 10 the e\tensive management 

system 

Variab les 

Systemic fac tor 

Sedentaf) 

T ranshumance 

I-I erd size factor 

I - 100 

)01 - 200 

>200 

'\"" number of observallons 

, 

16 

10 

14 

6 

6 

:\umbcr (0'0) 

posith e.'J 

) (I, -, 

., (Soo , ) 

4 (28.57' 0) 

3 (50_00°/0) 

J (6667 .J 

-' .3, Res ults of the questi onnaire survey 

L·nivariatc analys is 

O R P value 95% CI 

1- 3 0.005 

, -- ) 

5 

0.368 

0.125 

23-127.3 

0.3 - 18.0 

0.6 - 39.0 

-l.2.1. Results of the questionnaire survey in the tntensive farms 

The mean herd size in the studied 112 farms was 13.6- ranging from 1 to 174 animals. \V llh 

respect to the herd structure. the results revealed that the propor1 ion of cows in the herd was 

50 %, heifers 21 %. bulls 3% and ca lves 26% (Annex - ). The breeds of animals in the 



intensive fann s compnses of 1113 crosses (Friesian x local). IS Holstein-Friesian and 7 

indigenous (I Raya, 4 Barka and 2 Arado) breed animals Of the 112 faml owners questioned. 

most famls (44%) were establ ished in the last ten years and 34% of the faml owners attended 

high school or college education . On the other hand. for 20% of the fann owners , dairy 

fanning is their major occupation and in the remaining. dairy fanning is a sideline business. 

With regard to provision of\"cterinary services, only 14°'0 of the farms had service on regular 

basis. About 42% of tbe farnls used hired labor. Of all the farm owners questio ned , none of 

them had a maternity pen or separate cows during partu rillon. Only 3% of the farm s practiced 

cleaning and disinfection: likewise. 3% of the faml s properly disposed any aborted fetu s 

and/or fetal membranes. The responses of 112 faml owners to questions related to different 

fann chara cteristi cs are illustrated in Annex 8. 

Concerning disease problems. Ihe following diseases were reported by the faml owners in the 

order of importance: maslitis. anthrax, pneumonia. abortion. lump} skin disease. and FI\ ID. 

The other questions \\ ert' related \\ ilh kno\\ ledge of fann owners on diseases that cause 

abortion in cattle and ahout brucellosis. Only 8 (7~ I faml owners replied thai they kne\\ 

brucellosis as well as other diseases that cause abortion In caltle. Descriptive statistJcs of 

reproducti\e perf0n11anCe of animals in the intensive management system is presented III 

Table 8. 

Table 8. Descriptive statistics of reproductive pcrfonnancc of animals In the mtenSl\e 

management system in Tigray Region 

Description :; R3IH!(' ' lea n Sid. Dev iati on 

Age (year) 1135 0.6 -1\ -l '3 2.91 

Age at first calnng (yeilr) ;05 1.9 - -131 0.64 -
Interval smcc last calving (months) 666 I - 2..l 6.-16 4.44 

'\0. of calnng -05 1 - IS 2.95 1 87 

, number 01 obsen 4110ns 

.l 3 2. Results of the quesI10nnalf\! survey III tht! C.\\l'lhl\C held.; 

Of the 26 \ isited herds. Ihe proponion of herdl' practl:-Ing. ,",cdclllary husbandf) system \\ as 

62°0 compared 10 38% for the transhumance sub-"~";kil1 "Ill!.! animals in the extenSl\"p 

44 



managemcn t system comprises of 127 Raya, 121 Barka and 568 Arado breed. Wi th regard to 

animalm ovement too ther areas, a II the herds in the t ranshumance sub-systcm move from 

place to place seasonally in search of feed and/or water but not in the sedentary sub-system. 

With reference to water sources in the dry season. 19 herds used ri\'ers, 6 wells and 1 lake. On 

the other hand, knowledge of famlcrs to diseases that cause abort ion in cau le and about 

brucellosis was in the order of 4% and 0%. respectively. Famlcrs claimed spoiled feed and 

febrile conditions as causes of abortion when they werc asked to mention specific diseases. 

Howe\er. farmers in almost all herds (90%) mentioned physical injury and mat ing as the 

main causes 0 f a bortion in can Ie. Fanners were also asked to describe t hc most important 

cattle diseases in their herds in the preceding year. The ans\\ er was variable, however. on the 

average: septicemic. diseases (amhrax, pasteurellosis), parasitism, FMD. trypanosomosis and 

blackleg were described in that order of importance. The proportion of herds that had a 

hi story of abortion or stillbirths and hygroma were 96% and 19%, respectively. Descriptive 

statistI cs o f reproductive performance o f animals in the c).tensi \·c management system is 

depIcted in Table 9. 

Table 9 Descriptive stati stics of reproductIve performance of animals in the extens i\"e 

management system in Tih'Tay RegIOn 

Descrip tio n :.; Ra nge 'l ea n Std . Deviation 

Aile I \'car) SI6 I I - 18 6. - 2 2 .76 

Age at first cal ving (year) 669 2 I I - 9 5 15 0.92 

Inler. al..,mcc last calving (mon ths) 6 -1 ,- I - 50 - 9' 6.12 

" 0. of .:ah lllg 6-2 I - I I 271 1.63 

, number of observatIons 

4 .4. I~t' .. ull " of hum a n b rucellosi ... "i\lr\('~ 

'\one llf the ISS human sera samples tes ted by RBPT ga\c PO:;!!I\·\.' reacti on. 
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5. DI SC SSION 

5.1. Individual animal scrop reva lence in the intensive farms 

The 0.26% seroprevalence of bovine brucellosis in the intensively managed animals was 

considerably lower than rn ost 0 f the previous repons so far in Ethiopia and other African 

countries. Many repons recorded a higher prevalence of brucellosis in the intensively 

managed cartle herds as compared to those in the extensive management system. In Ethiopia, 

seroprevalence repoIlS o f 39% at the Institute of Agricultural Research in western Ethiopia 

(Meyer, 1980). 8.2% in Arsi area (Molla. 1989), 22% in Chaffa State Dairy Farm in 

nonheaslcm Ethiopia (Simaro, 1994). 8.1% in dairy farms in and around Addis Ababa 

(Asfaw el a r, 1998) and II % - 15% in daiI') fanns and ranches in southwestern Ethiopia 

(Bekele e( al., 2000). respectivel y, are among others who reported relatively high 

seropre\alence figures In different areas of the country. In other African countries, 

seropre\'alence of 8.2% was found in dairy cattle in Eritrea COmer et al., 2000b). In the 

Sudan. t-.lcDermort el al. (1987) have also reported a prevalence of 15.45% in Kongor Rural 

Council Csing 510\\ agglutination test in Dar es Salaam. Tanzania, 141% of the tested 

samples showed positi\-e results (\\'emhaupJ el al .. 2000). Jma el al. (1996) also obtained a 

pre\alence 01'6 3% and 15~ in dauy and ranch anima\'" respectl\cly. III cont rast to 4.3% in 

e:\lensl\'ely managed indigenous breed of ammals in Tanzania 

In the present study, the finding of low indlyidual animal s eropre\'alence in the intensive 

fanns IS sllnilar to observations made by rolosa (2004): howe\er. it was sligh tly higher than 

the resuhs H,'ported by Yayeh (20!).}). Yayeh (2003) ohser,ed a prevalence of 0 \ ..1% by 

screening .... :': crossbred dall: cattle In north Gondar zone, On the other hand. the proportions 

of pO~H1\e reactors reported by ToJosa (200":) were 0 JO According to Tolosa (200..1). the 

reasons fOI the lo\', prevalence of bonne brucellosis in hiS slUdy area were: better hygienic 

pracllce~, the use of matem1t: pen and or <;,cparation of cows dunn:,; panurition. cleaning and 

disinfection acti\·lties. culling of mfected animals. depending on own herds for replacing 

stock. and faml owners had beller kno\\ ledge on brucellosis III the intensive farms than in the 

e\tensl\ C S\ stem. 

L'nlike to pre,'ious repons. Belihu (~002J and Tesfay (1003'1 had observed negative results 

Belihu (~()(~~l found no reactor ammals to RBPT after screemng -:..1 7 ani mals at Selak 



Mulo·Selale and Degem areas of central Ethiopia. Likewise, Tesfay (2003) reported similar 

result by testing 100 crossbred animals in selected si tes of Tigray Region. Belihu (2003) 

attributed the negative resu lts to a small herd sizc nature of the fanns he studied and probably 

to the awareness created by previous studies to faml owners who could have selectively 

eliminated positive reactors. 

The present observa tion of low seroprevalence in the intensive dairy famls of thi s study 

might have arisen from a number of reasons: It could be associated to the relatively younger 

age of the intensive dairy system in the Region. Because of the long·ex isted civil unrest in 

the Tigray Region. commercial dairy fanns in cit ies and towns of the Region were not 

introduced and developed al the same time and rate as in othe r areas of the country. It was in 

the last decade that the local breed animals managed under the traditional system were 

upgraded by intensive artificial insemination service and changed into intensive dairy famls. 

The resu lt of the questionnaire su rvey also revealed that 4~% of the famls were establi shed in 

less than ten years period and 39% were in the lasl 20 years. The other reason m ighl be 

related to the small herd sIze natme of most famls and the fact that replacement was made 

mainly from 0\'IfI fanns. Thus. the intToduction of animals from multiple sources that harbor 

brucellosis was low Th!s result was supported by the results of the questionnaire suncy that 

showed about 78.5-:0 '0 of the famls used to replace animals from their own herds. In the s tudy 

area, artificial insemination is being practiced a nd semen is supposed to be collected and 

processed from Brucella free breeding bulls. Contact between fanns was also neghgible as 

more than 84% of the intensi\'e fanns had no contac t w1th the neighboring herds. 

5.2. Ind ividua l anima! sC' rop re, 3lence in th e extrlls ive herds 

The 3 19% seropre\ alcnce result of brucellosIs !11 cattle in the extensive management ~ystcm 

is in agreement \~ nh figures reponed from OIher area" of the country and COllnlneS \\ lIh 

similar callIe husbandry s~slt:ms (Bekele ('/ (I/.. 1909: Chant! 1:/ al .. 199-l. in DJ!boutl. J!\\a e l 

01.. 1996, in Tanzama. Kebede. 2000~ Omer el al. 2000b. in Eritrea: Tolosa. 100-l). In 

general. in the extensi\c caltle ma nagement system in Ethiopia. prevalence figures \\ ithin thc 

range of 0.77% (Tolosa. 100J) to 8.2°1t1 (Mekonen, 2001) were reported. 
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In the extensive can Ie production system. significantl y higher seroprevalence of Brucella 

antibodies was detecled among can Ie in the transh umance management system. This cou ld 

be attributed to the mobi lity of herds and the large herd size of canle in thi s system. The 

higher prevalence observed In large herd size is similar to observations made by Kagumba 

and Nandokha (19-8). Hellmann el al. (1984), Miga er al. (1996). Asfa\\ el al. (1998), 

Bekele el af. (20001. Asmare (2004) and Tolosa (2004 ). According to Hellmann el al. (1984), 

large herd size enhances the exposure potential, especially following abortions through 

increased contact and common feeding and watering points promoting transmission of 

Brucella organisms Moreoyer. Omer et 01. (2000b) explained that mobile herds have greater 

opportunity to come illlo comact with other potentially infected herds during their movement 

into the different areas. Furthennore. migration increases the chance of coming into contact 

with geographically limited or seasonally abundalll diseases and also increases the 

opportuni ty for interact ions of domestic and wild animals (YlacPherson. 1995). 

On the contrary. the finding of low brucellosis pre\'alence In the sedentary husband!)' system 

is conSistent \,ith :;everal pre\ious reports (Thimm and \\'undt. 1976: HeUmann el af.. 1984~ 

Miga e! ill. 1996: \lcDennon and Arimi. 2003). It was obser\'ed thai cattle in this system are 

smaU ins ize and "edentar;. \\ ilh I ink pOientla! 0 f C llnta.:t \\ ith other infl'cled herds. thus. 

there was less m" of acqUiring the disease \1cDermon and Anml (10031 described. in 

general. the lllcidence of brucellosis is high 111 pastoral production systems. and decreases as 

herd size and size o f land holding decreases. Sllnilarl~. Hellmann t!t af. (19~4 ) stated that 

herds of bigger Size \\ere found to be more frequently infected than smaller herds. 

In the extensl\e management system. the slgnificantl~ higher sc:ropre\'alcnce of Bruct!lla 

antibodIes In ma!Ure Ihan in Immature 31llmals IS In :lccordance \\ IIh man~ rcpor1s 

According 10 \\';?Ikcr ! lQ99) and Radostits d d! (2000) . callie bccom~ II1creaslOgl~ 

suscepllble as Ihe~, approach breedmg age Our iinding. is also consistent \\ ith the findings of 

lIellmann e,'';: \1 qq). :\~ij,';\ el al. 119950 1. Beh'le <!l <u' (2000). and Kubuafor t.{ at. (2000) 

\\ ho reported sigm:J.:antl~ hIghe r proportion of POSilJW reactors in older ammals 

The ahsenet· nf rea Ie rea.:tor animals in thi~ sttldy could probabl~ be dut: to the smaller 

number of m:llc: n=J-) ar:Jmals studied as compared to females In= 1 90": 1 II was also 

reported thaI ~erolngical response of male animals to Brucella infecllon is hmited (ra\>. fo rd 

el al (19901 I1ldl13ted that the testis of Infected male animals \\ere usuall) observed 10 be 



non-reactors or showed low antibody titres. Simi larly. icoletti (1980) stated that male cattle 

are more resistant than females. However, the apparently high seroprevalence figure in 

female animals than males in this study agrees with the findings of Asfaw el al. (1998). 

Beke\e e/ al. (2000). Kubuafor el al. (2000). and Tolosa (2004). 

The significantly higher seroposti\'ity result in the large herd size categories is in consonance 

with several authors. Large herd size was reported as one of the majo r risk facto r fo r 

occurrence and higher prevalence of bovine brucellosis (Hellmann e/ al .. 1984; Miga e l al., 

1996: Asfaw el al .. 1998: Bekele et al., 2000; rvlcDemlOll and Arimi, 2003; Tolosa. 2004). 

Moreover. III the extensive system, a significantly higher seropos it ivity to brucellosis in 

animals In the hotter lowland agro-c1imate. which is unsuitable fo r survival of Brucella 

organisms is unexpected (Radostits el al., 2000). H owever. t his could probably show that 

agro-climate is not crucial risk factor for occurrence o f brucellosis but may have a 

confounding effect wlIh management system. 

5.3. Hrrd-lC'vcl srroprr\ al cncC' 

Due to tht: 10\\ prc\·,tlence of brucellosis in the intenSive famls. the strength of associations 

bemeen most of Ihe faml -level management related risk factors and brucellosis 

seroprevalence stalllS was not significant. Though. none 01 the factors considered for herd­

level pre\'aience III the inlCnsive system were sigl1lficam. the influences of management 

related risk factors and characleristics of the population for occurrence of mfection In a herd 

are reponed to haH' an imponam role (Salman and ~leyer. i98J : Crawford el al.. 1990). On 

the other hand. In the e:-.tensive system. lranshumance management system showed 

51gnificantly higher fisk of seroposiliviry \0 brucellOSIS at herd-level \\ hen compared to the 

:sedentary system The consIstent significam finding: of thIS fisk factor at the indJ\ Idual animal 

and herd-level seropre\alence showed the importance of the management of herds in 

brucellOSIS epidemiology Owrall. in addition to prc\'alence estimate. knowledge of herd or 

faml-JcH'1 fisk factors for cattle brucellosis was considered essential for introduction of a 

cosl-effectn-e and efficient brucellosis control program 

The high herd-Ie\-el seroprevalence in the extensi\(~ management system mlghl 5hO\\ the 

mobilllY and interaction of the herds. difference In herd size. animal husbandry and 
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movement paltems. However. the wide range fi gures in the within-herd prevalence could 

probably be the result o f presence or absence o f potential foci of infection wi thin the herd for 

disease transmission among members of the herds and to management and hygienic measures 

practiced in the fanns. 

A history of prc\·ious abortions or stillbirths was signifi cantly associated with brucellosis 

seropositivity both in the intensive and extensive catt le production systems. This could be 

explained by the fact thai abortions or stillbirths and retained placenta are typical outcomes 

of brucellosis infection (Swell er al., 1990; Radosti ts er aJ .. 2000) Similar results were al so 

obtained by Kubuafor er af. (2000). McDermott and Arimi (2002) and Schelling el al. (2003). 

5..4. Q uestionnaire results 

The question naire sun·e) resuhs showed Ihal in the intensl\eJy managed anima ls. most fanns 

were of small herd size (mean 0::= 14 . range 0::= I . 17-1) \\lth little or no contact among them 

and replacement was usually made mamly fTOm own farms. These factors were not probably 

conducive for the introductIOn and transmission of bruce!losis from onc fann to the other. 

Howc\er. if once brucellosis \\as introduced into any of the fanns. the disease might have 

disseminated easily among members of the same herd since the management and h) gienic 

practices were poor. This IS Jllstllied by the absence of maternity pen or separtlli on of cows 

dUring parturition. lack of proper disposal of aborted fetus and or fetal membranes and poor 

farm hygienic stams. Simdar1~. in the extensive system. lad of proper disposal of fetal 

membranes and '-or aborted feru:. could facilitate contam111ation of pasture or watenng point. 

thereby_ r esulling In rapid:, rn::~J 0 f the disease On I he other hand. awareness uf 13nners 

both In the intensl\'e and e\ten::l\·e production system 01 tht' RegiOn on diseases thai cause 

ahortlOn In cattie In general Jnd brucdlosis in particular \\ as almost poor As a resull. Ihls 

lack ofkno\\ ledge could pre\em fanners from taking all mana gem em and hygienic measures 

necessary for preventing Ihe Imroduction and estabilshment of bmcellosis. The poor 

management and hygle11lc conJlIion and lack of awareness on brucellosis bOlh III the 

mten<;i\e and extcns\\·eJy managed animals is similar to the findings of Tolosa 1:200J ), 

howe\·er. there was a discrepancy wllh regard to stock replacement strategy. In the- stud~ 

made by Tolosa (200 .. n. most nf the famlers were relYlIlg on outside sources for stock 

replacement contrary to thiS obscr.·ation 
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5.5. I-IUIl1!t1l brucellos is 

Absence of Brucella antibodies in human serum samples in Mekelle area doesn't mean 

absence of human brucellosis in Tigray Region. However, the absence of Brucella antibodies 

in human samples in the present study cou ld be associated with the low seroprevalence of 

brucellosis in cattle in Mekelle area . Weidmann (1991) and WIIO (1986) indicated that 

prevalence of brucellosis in humans is largely associated with the prevalence of the disease 

among domestic animals around him. The other reason could be lack of sampling people who 

are at high risk of acquiring brucellosis . According to WHO (1986) and Swell and 

8rocklesby (1990), brucellosis is an occupational disease occurring most often in 

veterinarians. famlers, stock inspectors. abattoir workers. laboratory personnel and butchers. 

Ii was suggested also that more cases of human brucellosis occurs in rural areas where most 

of the people are fanners or in close contact with animals (Alballa, 1995). It is also 

recogni7cd Ihat samples taken from hospital are usually biased and unrepresentative . 

Elsewhere 111 Ethiopia. seroprevalence of 2.4% (Toiosa, 200J) and 5.3% (Asmare. 2004) 

wcre reponed In Jimma and Sidama 70ne, respectively. lIo\\c\er. III both cases serum 

samples \\ere taken from occupational groups and thus do not represenlthe prevalence in the 

population Omer et al. (200 ~ ) recorded also a prevalence of?-fl in humans in Eritrea. 
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6. CO;\"C LLSIO;\"S A.",D RECO~D1 E;\"DATlO:-lS 

6.1. Co nclusio ll ,) 

In this s tudy_ 1\ c an be concluded that. 

.:. BO\'ine brucellosis IS a wide spread ana an endem ic disease in Tigray Region wi th 

relativel} hIgher seropre'"alence In t he extensive than in the i ntensi\"e management 

system . 

• :. Transhumance management system and age of animals \\ ere identified as major ri sk 

factors for seroposit ivity to brucellos Is in the extensi'e management system . 

• :. The current management practices are inadequate to prevent fun her introduction and 

establi shment of brucellosis in the intensive management system and aggravation of 

the sitU3ti('In in the eXlensJ\-e management system 

.:. r\ w:lreness ~mong ihe 11\ e-.iock 0\\ neTS on brucellos is is very poor 

.:. In the present stud}. pubilc health Impo r1ance of bruce llosis could not be estab lished 

In the human populatIOn e\amlnt:d 

6.2. Reco mme nd at ions 

The conlro l 01 bo\-me brucellosIS IS 11 para mou nt Imponancl! \.'onsidenng the economic 

impal.:t of the di~ease to the hwstock industry and Its repercussion on human health. 

Ho\\ e\er. (.:nlltrol method~ can \-ar: )n the bas is of th" epldcmlOloglcal situation of the 

disca ... e anJ economic de\t'!opmt::-H 01 tht.! country The pre~enl lindlllg of 10\\ pre\alencc In 

the mkn:<-:\c d.ur:- farm:-. theor .. :icJIl •. ..:vulJ Justll) the aprlkJ1 m of test·and-slaughter 

policy. ho'.\e\"C'r rractl\:3l1y~ tr.:~ ..:ou.la"t be Implemented for J number of reasons: the 

prevailmg un..-ontwlled olmmal :llll\Cment In the RegIOn, the hlJ;h l'm,t for compensallon, 

mlra .... tructurl'. Jla:;nosls and sunell1an,:-e aCII\1ties 1:-. unaffordablt.: JIl the pre~ence of othel 

pnonr: cpl700tic dlsease:<-. and s~(,c\.;o·.\ ners cooperation ma~ III It be reliable: "mce their 

knowledgt:· on the disea~e and iI~ Impact is low 1I0WC\cr. there IS a need to design and 

Implement ..:ontrol measure:'. alm1n:,' al pre\ entmg run her spread 01 the disease 10 the Region 

through thl:: u"t:: \f bener mOJ03; eme:-ll rracllces, \\ hich are chc..Ir and practlcal options 
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Accordingly, the following recommendations are made: 

.:. Implementation of betler management practi ces like replacement of animals from 

own sources or introducing brucellosis free anima ls. the usc of materni ty pen or 

separa tion of cows during parturition, proper disposa l of fetal membranes and/or 

aborted fetu s and clean ing and disinfection activ ity . 

• :. Movement of dan)' animals in Tigray Region or importation 0 fa nimals should be 

allowed after the animals are certified "brucellosis free" . 

• :. Education of fanners on economic and public health importance of brucellosis is 

needed . 

• :. Continuous su rveillance of brucellosis in dairy herds is necessary to follow the status 

of brucellosis . 

• :. Furthe r study on human brucellosis is required pal1icularly in high-risk occupational 

groups. 
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8. ANNEXES 

Annex J Summary of seroprevaJence surveys of bovine bmcel losis in Eth iopia 

Sources Prc\,. Sys tem Breed Locat ion S~lInpl e T ests 
(%) 

Meyer (1980) 39 IntenSive Cross Cenlral EthIOpia 1010 RBPT 
Hadgo (1987) 9.8 Intensl\e Milled Batm Dar 678 CFT 
Shlferaw (1987) 11 \hxed Milled Central Ethiopia 3577 SA T. CFT 

\lolla (1989) 886 InlenSIH Cross Arsi 2178 RBPT 

762 [ntenSI\/: Cross 21i8 SAT 
Wendlmu (1989) IS IntenSI\(' Cross Central EthIOpia NA RBPT 

3 Extensl\e Zebu Central EthIOpia SAT 
Zev. du (1989) 15.8 Intensive Cross Sidamo m RBPT 

116 Intensi\e Cross SAT 
Ylrgu (1991) 1.1 2 Intensi\e Mll;ed Aberonsa 35i7 

Rash id (1993) -'8 - [nlensl\e Cross Bako area NA RBPT,C FT 

Slntaro (199.l ) 22 [ntenSI\!: C",,, Chaffa Slate farm IS' RBPTSA T 

Shlfer3v. (199.1 1 169 \ll\ed \11\ed 8ahfr Dar 1~55 RBPT 

123 SAT 
Asfa\\ ct al (19')() " [ntensl\e FrlcSlan In and around II [.! RBPT CFr 

Cross AddiS Ababa 

Be"ele (./ ai , (~(){i() '9 Inten51\ c \h\cd Southeastern EthIOpia ,", . 
~-~-, RI3PT.CFT 

Kebede (2000 ) I' E\!ensl\(' Local '\onheastern Ethiopia 36.1.1 RBPT.CFT 

\1ekonen (20011 S ; Extensl\e \lp,ed t\onhv.esu:m 'A RBPT 
EthIOpia 

Va~eh (2003) OJ ..! [ntensl\e Cross Gondar lone ~S3 RBPT.CFT 

Tesfily(2003) fJ [ntcnsl\e Cross 11gray Region lOll RBPTOi 

069 E'lensl\c Local Tigra} Region ,~ RBPTCFT 

Asmare (200.1) ~5 [ntenSI\e Cross Sidama lone 1\1 I RBPT.CFT 
1- [\Iensl\ {' Local Sidama lone 1(,2- RBPT,CFT 

T olosa (2001) ., Intensl\'; Cross Jlmma lonc 50fl RBPT.CFT 

02 E\tensl\e Local Jmlma lone l3u5 RBPT.CFT 

Pre\ ., Pre\alcncc " ',)1 a\allable. \\t,ed for breed when 1\\0 or more breeds \\ere In\Clhed. \1J\ed for 

systems when Sl:r\e~s \\l·re <·Mrled OUI In bI'ln Inll'nSl\e <lnd nlenS!\e management s~~tem' 
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Annex 2. Materials. preparation, evaluation and titration of reactives for CFT 

Materials for C FT 

• 

• 

l'vlicro titer plates (U-sha ped), multi channel and single channel micropipcltcs, pipette 

tips. universal bottles for preparation of solutIOns. s tmers (magnetic), plate sealer tape, 

test tubes. measuring cylinders, weighmg balance. themlometers, pH indicator, 

incubator, water bath. deep freezer, cen trifuge. etc 

Standard Brucella obol"(w: antigen (CYL. :\e\\ !law. Weybridge. Surrey KT15 JNB, 

UK) with I: 10 working strength, complement (Biomc·ricux. France at 1 :20 strength ), 

hemolysin or amboceptor (Inuitu l PourqUlcr, I· ranee at I :700 workin g dilu tion), 

positive and negative control se ra (BgV\" Berlin Germany). 

• Shecp RBC (bled from live animal at the :"-!ationcd Vete rinary instinlle, Ethiopia), 

Veronal buffer and Alse\er·s solutions (prepared at the NV I, Ethiopia). 

II. Preparation of sheep red blood cell s (S RBC) for the hemolytic system 

• 7.5 ml of sheep red blood cells was drawn into 12 5 ml of in Alse\'cr's solutions and 

centrifuged al 2500 rpm for 5 minutes_ 

• The supernatant was discarded and replaced by \'erollal buffer III calcium and 

magnesium (VCM) 

• The sheep red blood cells were re-suspended in diluents comple tely and this procedure 

was repeated 4 times. 

• Before discarding the supernatant after the last washing, the volume of the packed cell 

was measured by placing an identical tube next to the blood contai ni ng tube filled up 

10 the level o f blood by a measured amount of water until the meniscus of SRBS was 

reached. 

• SRBC was diluted in VCM to 2% suspension and sto red at 4°C. SRBC for CFT should 

be at least two days old. 

Ill. Amboceptor's (Hemolysin) titration 

A. I :500 to I :8000 serial dilutions of amboceptor was prepared 

• 5 test nlbes were prepared and 1 m of veM was added to tubes 2 to 5 
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• 10 p I amboceptor was mixed with 4990).11 VC M in the fi rst tubes and Iml was 

transferred up to the fifth tube 

8. I 750 amboceptor was prepared and serially diluted serially up to 1'12000 

• 5 test tubes were prepared and Iml ofVCM was added to test tubes 2 10 5 

• I 0 ~tI amboceptor was mixed with 7490 J .. d VCM in the first tube and I Illi was 

transferred up to the fifth tube in order of ascending dilution 

1:500 

1:750 

I: 1000 

I: 1500 

1 :2000 

\:3000 

1 :4000 

1:600 

\:8000 

I: 1200 

C. 0.5 ml from each of these test tubes was transferred to a second set of 10 tubes 

Start with the J: 12000 dilution (working from lower to the higher concentrations) 

D l Oll ofVCM was added to each of the test tubes 

E 0.5 ml of 2% sheep red blood cell was added to each of the test tubes and shacked well 

F. The test tubes werc left on the bench for 10 minutes 

G I ml of complement at \\ orking dilution was added 

H The tubes were incubated for 30 minutes in a water bath at J70C 

L SRBC sensiti7ed by mix!Ilg. equal volume of2% erythrocytes with diluted amboceptor and 

allo\\ standing for 30 mmutes at room temperature or \\ nh agitation 

J Result was read and the la'l tube showing minimum haemol)1ic dose (MIlD) was 

recorded. 

IV E\aluation ofcomplem~nt 

• 

• 

Freeze dried compleillent was reconstituted \\ nh diluent according to Its instructIOn 

I: 100 complemclH \\ as prepared 

Complement was added mto tht· 9 wells Incn:-asing h~ 5 pi every time, staIllllg \\ nh 

IOpl 

• Diluent was added In 10 the 9 \\ ells In decreasine: amount by 5~t!. St3rtlllg \\ nil -W).ll 

25 ~d of antigen \\ a" added Into the \\ ells 

• TIle plate was placed III water bath a r"c for I hr 

2S~11 of hemolytic s~ stem \\ as added to all (he \\ dl~ 

The plate was sh,l(ked ilnd put again in the water bJth at 37"Cfor 30 minutes 

• The test was read b~ recordmg the Illmilllum hemul~11(, dose of complement (~lI1DI. 

which W3:, represented by the first well showmg. c0mpietC' hacmoiysis. The next \\ell 

66 



contains the full hemolytic dose (FJ-ID) The complement dilution "'" lFHD/dilution of 

complement ic. 2FHD 100. 

\' Titration at anllgcn 

i\1icro titer plate [ 

• 

• 

25 ~d of\'C~ 1 was added to every well ofU·plate 

25 ul pre·diluted antigen was added to \\ells of row A. B. C .. (j 

13)' serial doubling dilution 25 pi of antigen was transfcrred from ro\\ .\ to B and again 

from ro\\- n to C. etc., unt il ro\\ G by multi·channe l pipette. 25 pll1lJ:"oun.: was 

discarded from ro\\ (i (row II \\ 111 onl~ ":-()ntam the diluent). 

Micro liter plale II 

• 50 ,Ld of \'C;-"\ was added to all the \\elb of U·plate 

• 50).11 of pn>dLluted posJli\'e control serum was added to all \\ ells of column I 

• 50 ~d was serially transfe rred by I\\"o·fokl dilution. frolll co lu mn I 101: and again from 

column ~ t03 elc until column I J 50 ~li \\ a:, discarded from column II 

i\1ix plale I and II 

• 25 ~tI \\ as transferred from plate II to Plale I 

• 25 pi of com pie men I at working dllution was added 10 all \\ells of plate I 

• Plate I was incubated at 37°C for 30 mmutes (covered with sccond empty plate) 

• 25).11 of2% sheep red blood cell!:;. amboceptor pre·mixed. equal volume. I.c. 25 111 of 

sheep red blood cclls and 25 ~Ll of working dilution of amboceptor\ was added to all 

wells. 

• The plate was covered with seahng tape, shacked well and kept III \\·ater bath al 37°C 

for 30 minutes 

• The last well with 50% sedimentation was read and recorded . The highesl dilulion of 

antigen \\ilh 50% sedimentation ;s the limiting antigen concentration or the right 

comer value. 
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Annex 3. Serum sampling format 
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Annex 4, Questionnaire format for intensive farms 

CROSS-SECT IONAL ST u n Y ON T il E EI' IO D II OLOGY OF BOVI NE 
BIHlCELLOS IS IN T IGRA Y REG ION 

I. Genera l Informat io n Oat e -------------

II. Wereda _____ Tabia _____ Owner name _________ _ 

1 2, What is your major occupation? (I = dairy farming. 2 = othe r) 

1 J. What is your educational stalUs? (I = illiterate, 2 = elemental)l, J = high schooL 4 = 

College) 

2. Fa rm a nd manage ment in format ion 

:! 1 When did you ~tan farmmg dairy? 

2:! What is the size of your raml" 

~ J Is your faml fenced') (0 no. I yes) 

2 J \\"hat type of labor do ~Oll US\! for the fam,') (1 falmly. 2 = hired, 3 = both) 

2.5 Ho\\ do you get \etcnnary sen ice? (I = regularly, 2 = on call bases, J = both) 

.2 6. What is the structure and composllion of your herd') 

Catego ry of an imals Brerd of animah I Tot:ll 
Local Hoblcin-Fric<.;iall Cross 

<'0\\5 I Pregnant -Lactatin!! 
I -- + T 

Dr. 
!l eifers 1 <2\'I's 

2<";\,I':'. 

Bulls Mature (>3\T_~) I ~ 

YOlln J (1<3\1"s) I 
Cah cs I Female ('_l~T) 

-l- +-, 
I Male «l)T) 

~ 

Total I 

Do you keep any of thl.: 1'0110\\ mg ammals 1 (1 ... mall rummants. 2 equlIl\!-'.:::' 

camels . .:l other.;) 

If so. IS there a dlrert l'ontact of cattle \\ I1h thest: animals') (0 = no. 1 = yes) 
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2.8. Is there contac i among your animals and other herds? (I = no contact, 2 = fencc 

conlact, J "'" pasturc contact. 4 :: mixed enti rely) 

2.9. Do you ha\e your own bull or bulls? (0 "'" no, I = yes) 

2 1 O. Where do you ge t replacement stock" (I buy In. 2 = o\\n farm, 3 = bOlh) 

2.11 How do you breed your animals? (1 = artific ial Insemination. 2 = natural service. 3 = 

bOlh) 

2.12. What are ~ our culling criteria? (1 = disease. 2 = other reasons) 

2.13 Do your cattle receiye any supplementary feeding? (O = no, 1 =yes) 

Ifso, whal ___________________ _ 

2. \4 . Do you sepa ra te cows during parturition? (0 = no. \=yes) 

2.15 . Do you have a matemity pen in your farm? (0 = no. 1 =yes) 

If yes, ho\\ is it maintained? (1 = strictly guarded. 2 = partially guarded. 3 = connected 

with other pens) 

2.16. What do ~ ou do to the ahorted fetu..;. anli 'or after bIrth'} (1 = bury, 2 = thro\\. 3 = dom g 

nothing, .1 = othcr) 

2.17 What do ~ou do to a floo r or str<l\\ contammated \\lth a CO\\ birth discharges? 

(I = cleamng and dismfectlon. :! = only cleaning. 3 = doi ng nDlhing) 

2.18 Do you feed pooled n1l1k to cah cs" (Q no. 1 ~t:~ ) If yes. how? 

J . Disease information 

J I What \\ ere the most Import ant can le dlsea~cs encoun tered at your rann in the prc\'IOUS 

year? 

Lo,:a l name Scientific namt' 

.' 1. Do you k llo \\ any disease tha i causes abortIOn In ~'J It\e ' ) /0 no . I = yes) 

Iryes, what are they') 

Lo.;al name SClcnu fi c name 
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3.3, Do you know a dIsease characterized b~ abortIon and retained placenta to first - calf 

he ifers frequently afte r fi\-e month of pregnancy'} (O == no. 1 = yes) 

If yes, \\ hal IS the name of the disease') 

3.-1 lIa\'e you encountered any abortion or stiJlblnh III your farm last year') (O = no, I"" 

yes) 

3.5 II<lve you seen s\\elling on kn..:e or testIcle in your animals" (0 no. I yes) 

3.6. Have you come across placental retention for marc than 1-1 hrs to your fann last year'! 

(0 no. I = yes) 

3.7. Have you seen birth of weak calves at your faml') (0 =- no. I=yes) 

-I. Farm inspec ti on (s upport ed by obsc f"\ a tio n) 

-I I. \\'hall~Vc of JllInlal hOllse do you have" (I = pen. ]: :-= bam. 3 fn:c stall) 

-1_2 . \\-hat is the type of floonng to thl! J.mmal house') f I = concrete.]: c.mh.3 other) 

-1.3 . Do you lie the annuals or keep loose? (I = tie. ]: = loose) 

-IA. Does the budding allow sunshine into the animal house? (0 = no. I yes) 

-1 .5. Ha\e you provided adequate floor space to each anima! (220xlIOcm)"' (0 =-no, I = 

yes) 

-L6. Ho\\ do you dispose annnal \\ash~ hke dung. urine and left over led fodder? 

(1 =- poor. 1 = good. 3 =- WI") good I 
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Annex 5. Questionnaire fonnat for extensive herds 

C ROSS-SECTIO:>"AL STUDY 0:>" THE EI' IO D II OLOGY OF BOYI;\,E 

BRUCELLOSIS I:>" TIGRA Y REGIO;\' 

I. Gcncra llnformat ion Date ----------

Wereda ____ Tabia _____ Village _____ Herd ____ _ 

I arne of respondents ____________________ _ 

2. ;\lanagcmcnt informatio n 

2.1 What is your callie husbandry system" (1 = sedentary. 2 = Iranshllrnance) 

2,2. What types ofli\'estock species are kept ill the area'l (1 = cattle, 2 = sheep. 3 == goats. 

4 = equmcs. 5 == camels. 6 = others) 

2 3 Do you rno\ e your animals to other area..; In search of feed and or \\ atd' (0 = no. 1 = 

yes) 

, ..! \\'hat IS your grazmg system? (1 = communal.:2 mdi\·idual. 3 both) 

2.5. Whal is your \\aler sou rce in the dry season" (1 mer.2 :,pnng.3 pond. 4 = well. 

5 = borehole, 6 = other) 

2.6. What type of house do you use for your ammals',1 (1 only fenced, 2 fenced \\ ith shed. 

3 other) 

27 \\'hat type of mating do you use'} (I randlJm natural. 2 natural with selection. 

3 amficlal msemmation . .J = olhen 

3. Disea~e informati on 

.3 1 \\·hat were the most important cattle diseases encountered 111 your herd during the 

pre\lOus year" 

local name 



3.2. Do you know any disease that causes abortion in cattlc? (0 = no. I = yes) 

If yes. \\hat are they? 

Local name scicntdic name 

3.3, Do you know a disease characterized by abortion and retained placenta in fi rst - calf 

heifers frequently after five month of pregnancy? (0 =- no, I = yes) 

[fyes, what is the name of the d isease? 

3.4. Have you observed abonions or sti ll births in your herd last year? (0 = no, 1 = yes) 

3.5. Do you separate co\\'s during parturition? (0 -= no, 1 - yes) 

3.6. What do you do to the aborted fetus and/or after birth? (I =- bury, 2 "" throw, 3 =- doing 

nothing, 4 =- other 

3. 7 , Have you obsef\cd s\\elling on knee or testicle III your 3mmals'! (0 =- no. I =- yes) 



Annex 6. Seroprevalence of hovine brucellosis by breed of caHle in Tigray RegIon 

6 ..s.& 
~ 

5 

'" "- 4 
~ 
u ~ < •• 

= -~ 
• 3 
> 
~ 

" 0-

[ 

I ' " .-U-
0 2 " ~ -

<n 

1 

0 

CU-7 
1-

/ '-~ 7' . 
Cross Barka Raya Arado 

Breed of cattle 

Annex - . Composl!lOn of cattle herds In Ihe inlenSl\c fanns ()j rigray RegIon 

Total Cows Heifers 

Categories 

74 

Bulls Calves 



Annex S Summary of fam1 cha racteristic s III the intclls1\e (ann'> of rigray Region 

\ ari llbh.' description Re~po nses of farm 0\\ ners (n = 112) 

Ca t e~oriC5 \0. of \ c< (esponse~ 0/0 of responses 

bl3blish!1lent ptriod of the farm 

~ 10 ~TS " " 
IO:::20)T5 " 39 

> 20 )TS 19 ,-
Edu cational stalU~ of farm 0" nl'r~ 

II1I1Crale 25 22 

Elementary " " High school ::!:\ 25 

College 9 

\Iajor occupatio n of farm 0\\ ntrs 

Dal~ farmln£ " 20 

Othcr lD 80 

T~ pe of labour use 

Famll:- 'J )h 

Hired ,- .!2 

Both 25 22 

\' elerinar~ senice pro\ is ion 

On regular baSIS 16 " 
On call baSIS 

., 82 

Both J 4 

O\\nership of bulls ,- 24 

Hou sing t) pe of Ih e farm 

p" 45 40 

B,m 6' 60 

Floor [~pe 

Concrctc " 13 

Eanh JO ,--, 
Feedin~ ofpooll'tI milk 10 cahes ,- N 

Occurrence of abortions or 25 22 

stillbinhs 

Presence of h~grollla " 19 

Occu rrence of placental retention 55 49 

Binh of wuk c:llves n 2O 

Farms with good milking h~ l!ien e 6 ; 



9. CURRICll LIJ~1 VITA E 

1. Persona l data 

Name: Gebretsadik Berhe 

Date of birth: February 1968 

Place of birth: Tigray, Ethiopia 

Marital statu s: Manied wi th two children 

National ity: Ethiopian 

Profess ion: Ve terinarian 

Occupation: PACE Project, Mekelle Branch Coordinator 

2. Educational background 

Ycar 

1976· 1880 

1981·1986 

1986·1992 

16 i\jay - 24 

June 1996 

12 June - 11 

Sept. 1998 

2003·200; 

Instituti o n 

IIibrel Elementary School 

Fassiledes Compo Secondary School 

Addis Ababa University. Faculty of 

\'clerinary }'lcdicinc, Ocbre Zeil 

International Cen tTe of Insect 

PhysIOlogy and Ecology. Kenya 

lm\"er~n~ of Edinburgh. Edinburgh 

Addis Ababa Universlf),. Faculty of 

\'clennary \ledicine. Ochre Zeit 

3. \\ o rk ex peri ence 

('crti ficate 

ESLCE certificate 

Doctor of Veterinary 

~ledicine (D\' j\I ) 

Certificate in Tsetsc 

TrappJI1g Technology 

Cenlfica le III Project 

Planning and Management 

~lSc in Tropical '·ctcrinary 

I-_pidcmiology 

Yea r Insti tution Re~ pOllsibili~ 

January 1993 Pm'atc Entcrpnse 

. April 1993 

\<tay 1994 - Tigray Burc;w of Agriculture 

June 1996 and '\atural Resources 

July 1996 ~ Tigray Bureau of Agriculture 

ro date and ;\atmal Resources 
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.... Specia l skill~ 

• Computer skill m \I S DOS . MS Wmuo\\j. \IS I"xcd and ~I S Acce.,;s 

• 3/d grade dnvmg license 

5. Language .. 

Tigngna' .;pcJ.klllg and writing 

Amhanc. speakmg and wri ting 

English: speaking and writing 

6. Publi c !lIi o n ~ 

.:. Som~ morph,)mctric data of the Donkc\ ,I" Ihe Dcbre Zeli an.:a (.;,tudenI scientific 

joumcy pfllgram) 

.:. EconomIC Importance of small ruminants I~ LihiopI,} (Semtnar paper) 

.:. The effeci of eleva ted testicular temperatu!"~ on semen quality of EthlOpIJn \ lenz and 

HorTO rams (0\':-" 1 thesis) . 
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